PCP05- SG -1. METHOD AND APPARATUS FOR PRI NTI NG AN | MAGE FI ELD OF | NVENTI ON
The present invention relates to a nethod and apparatus for producing print
froma bayer imge. The invention has been devel oped primarily for a
digital canera including an integral printer for providing a paper print

of an image captured by the canera and will be described hereinafter with
reference.dogs dhat application. However, it will be appreciated that the
invention Is not limted to that particular field of use. CROSS- REFERENCED
APPLI CATI ONS Reference may be had to the followi ng applications, claimng

riority from Au i {S] L cati er PQ890
8at ed 1% Sept enbj‘bé?Bég:?Al'ﬁ Zﬂ\ﬂféﬁﬁéﬁgﬁghﬁmﬂ'\"ém I?@ | nvention
Application No.No. PCT/ AU00/01074PCP2Met hod and Apparatus for Sharpening
An | mage PCT/ AUOO/ 01073PCPO3Met hod and Apparatus for Up-Interpolating a

Bayer | mage PCT/ AUD0101076PCP t aratus for Rotating Bayer
| mages In the interest of bre\%ﬁ[p&%éﬁg%@”di scl osure of these
applications has been incorporated here by way of reference. These

cr oss- r ef er encelaRBFaE BYFNYAL repiesclpiayBetred andaapraraiye fRr eEedtpipn Pt fred$ f or

i mpl enenthRe ihBge. conpact printer system SUMMARY OF | NVENTI ON According to
a first aspect of the invention there is provided a nethod of providing an

i mage for printrRgnatsd RAe:eN 8dverPedbimiRlebr Lital @RfEhQIhd MM ikBgral
corresponds tQ a @r edeterm _nedf conti nuous tone resolution, the nethod

i ncl udi ngPiFE 1 Peyidinga PaBeipTINg o'es Imsge cantupd Py feramerasindgil he Sevcribeddi cat i ve
of the i negenafteheitrdratesenseto thét abbieatioheHevartitetbe Spriciatidaid teaMntion

resol uti 9 not limited to that particular field of use,

CROSS-REFERENCED APPLICATIONS

Reference may be had to the following applications, claiming priority from Australian
Provisional Patent Application number PQ2890 dated 16 September 1999:

International Patent Ref.

Application No. No. Title of Invention
PCT/AU00/01074 PCP02 | Method and Apparatus for Sharpening An Image
PCT/AU00/01073 PCP03 | Method and Apparatus for Up-Interpolating a Bayer

Image
PCT/AUQ0/01076 PCP04 | Method and Apparatus for Rotating Bayer Images

In the interest of brevity, the entire disclosure of these applications has been
incorporated here by way of reference. These cross-referenced applications describe related

modules and methods for implementing the compact printer system.

SUMMARY OF INVENTION

According to a first aspect of the invention there is provided a method of providing an
image for printing at predetermined bi-level dot resolution which corresponds to a

predetermined continuous tone resolution, the method including the steps of:




converting the first data set into a second data set of the predeterm ned
continuous tone resolution; converting the second data set into a third
data set of the predeterm ned bi-level dot resolution; and nmaking the
third data set available to a printer at the predeterm ned bi-level dot
resolution. Preferably, the first resolution matches the predeterm ned

bi -l1evel gdot.Lesolution. In other enbodiments, however, the first
resolution is greater than the predeterm ned bi-level dot resolution. In
still further enbodinent the first resblution is |l ess than the

predeterm ned bj:level - r UL r. rabl y.a first data set
isin are red, EEF é‘g'ﬁggr{ﬁsqg%taesgfﬁ%thggi mngt"%‘fia%dﬂ{%h(}eé]ta épeﬁgmhétbﬁ?dg{ef"élg%agnsi ve
to a cyanconimugentone eelulpsl | ow (CMY) format, and the nethod includes the
addi tional step of converting the third data set froman RG format to a
CW format. |n eonyedifeinedicst figta isetinte anetdraldisianest otibs pteldetertingy whtishes peni ng
the second,datqpat- Aternatively, the method includes the preferred step
of sharpening the first data set. Preferably, the first data set is

obt ai ned Tr om acoﬁﬁé\‘ﬁﬁé thgggéoﬁg dQ’tQQettintg amfd% selt Bpﬁggﬁﬁetg%ne%tb?-%vgfd t .
conpensating the first data set for non-linearities In the sensor device.
Mor e pref@@Bioy; anlhe st ep of conpensating includes converting the first
data set froma plurality of x bit sanples to a plurality of y bit

sanpl es, wher e Raking thegihisch datgrsst gyaiplde &bkprinter at he rpierdpteymined gi-lerl giber abl y
al so, theeg®miged i ncludes the step of planarising the first data set into a
red plane, a green plane and a blue plane. In a preferred form the nethod

i ncludes the f upfch@dons RDFstsoliEh RIalh&d 18 pfRbtelifed Bilisvhi dlRtRoRfIn, fhe Mo of
dar kest pixels and the n% of the I;{gﬁtest pi xel's; adjusting the first data

! 1 L es adj ] ]
set to edi &EMPREMARS.dOWEYE KBS firstieslition isgepteidhansthe Agdetpaifaditeveldel set to
equat e t hesdi¥oofin kiillghites empbdieért theMkPRB 0B i8S fesPiah Sledddtterhingd biddvapd

i ncl udes éoktle ddointi onal step of adjusting the first data set to provide a

pr edet er m ned W't e bal ance. More preferably, the nethod includes the

additional ste f d'ush_'i the first data set to provi a predeterm ned
range expansi On'pre%%bﬁ Ji’ﬁfr eQ’lgst data set is in are red, green and blte (%\(L:‘!B??ormat ang%'ue
printer is responsive to a cyan, magenta and yellow (CMY) format, and the method includes the

additional step of converting the third data set from an RGB format to a CMY format.

In a preferred form the methed includes the step of sharpening the second data set.

Alternatively, the method includes the preferred step of sharpening the first data set.

Preferably, the first data set is obtained from a sensor device and the method
includes the step of compensating the first data set for non-linearities in the sensor device.
More preferably, the step of compensating includes converting the first data set from a plurality
of x bit samples to a plurality of y bit samples, where x > y. Even more preferably, x =10 and y
= 8.

Preferably also, the methed includes the step of planarising the first data set into a

red plane, a green plane and a blue plane.
In a preferred form, the method includes the further steps of:

determining for the first data set the m% of darkest pixels and the n% of the lightest

pixels;
adjusting the first data set to equate the m% of darkest pixels; and

adjusting the first data set to equate the n% of lightest pixels.



preferably, the color resolution of the first data set is increased while
mai ntai ning the sane spatial resolution. In a preferred form the first
data set is selectively adjusted for providing the image in a
predeterm ned rotational orientation. According to a second aspect of the
invention there is provided an apparatus for providing an image for
printing gt@spredetermned bi-level dot resolution which corresponds to a
predeternlned continuous tone resolution, the apparatus including: input
means for receiving a first data set imdicative of the i mage, the data set

being in a Ba esol.utio a n

convgrti ng they feg‘%?&m r%th?d ndpges tﬁe aég't Halcfge{p o %Stgﬁ%%g{% e%?étterm' ned
cont i nuoumoYidme Prﬁéigterrmmd)whltepbé’dﬁﬂefséwmg pr@%[ﬂlsly, ftior meting écluidergthe ddiseebnd dat a
set into @ed by écqhsqﬁg heSRl B deh® prB%@éjQtp?éd@eﬂﬁqedohnb@}éﬁdang&; EVES Yot | o

and making the third data set avall able rinter printing at th

pr edet er nﬁ’"ﬁ@ﬂabbh the|cglpéresalgtlonrtg§6q first eafa Sﬁir‘éf"@Feé’ﬁ‘F‘%/Wh'leHéa"ﬂtP'ﬂ@E theogamayt i on
mat ches tépatifpradrtier m ned bi -1 evel dot resolution. Alternatively, the
first resolution is greater than the predeterm ned bi-level dot resol ution.

In other enbodunrwaénedw@m\mtrmsttdaﬁ skt i& S1edtiOSPhalidtIYol frolidRpthd e the
predeterm ne dot . resolution. Preferably also, the first data set

isin a re@f?® ?@éﬁgéﬁﬁt'oﬂ?'&@e'{tﬁ@) format and the printer is responsive to
a cyan, nmagenta_ an qﬂ_}/ell mat, wherein the processing rreans

converting the PHIOFH%Gt35aRd f"gfi‘iﬁ‘\ of heeeRign here fsoPravidsdyans appattus for
Pr ef er abl proadisman iage &ip patiag bsa |5|haét§rﬁfr83d tbhieves @otoashidian #hisietorresponat Rer

enbodi negg?redggwﬁg ?ntlm?ebs?fﬁ_{%gésge?gl e aerQ the first data set. In a

preferre orm usmc'f’ '®h a sensor device and t he

i nput nmeans co nsate the fir tasI for_ non-|i ar|t|
sensor devi ce. eﬁp% ef*5bY'(9 @ @afg% "g'ﬁat'v? ﬁé*ﬂ‘é&?ﬁ&sﬁs%lf’?‘sﬁe ?’85“9 n
non- | i neaﬂﬁaﬁeeﬁirmai@fmﬁe's‘e@bmvrartl ng the first data set froma plurality of

X bit sanples to a plurality of y bit sanples, where x >y. Even nore
preferably, x =sdbibliagnthepns=id8.coRregtingrthdlfist dataesdt rifoita sexand dptaasetirof stes t he

first dat[geose@érmingggonzamgo%gto%%gluﬁ&;green pl ane and a bl ue pl ane.

processing means for converting the second data set into a third data set of the

predetermined bi-level dot resolution; and

making the third data set available to a printer for printing at the predetermined bi-

level dot resolution.

Preferably, the first resolution matches the predetermined bi-level dot resolution.
Alternatively, the first resolution is greater than the predetermined bi-level dot resolution. In
other embodiments, however, the first resolution is less than the predetermined bi-level dot

resolution.

Preferably also, the first data set is in a red, green and blue (RGB) format and the
prirter is responsive to a cyan, magenta and yellow (CMY) format, wherein the processing

means converting the third data set from an RGB format to a CMY format.

Preferably also, the apparatus sharpens the second data set. In other embodiment,

however, the apparatus sharpens the first data set.

In a preferred form, the first data set is obtained from a sensor device and the input

means compensates the first data set for non-linearities in the sensor device. More preferably,



More preferably, the input neans: determnes for the first data set the nt
of darkest pixels and the n% of |ightest pixels; adjusts the first data set
to equate the nPo of darkest pixels; and adjusts the first data set to
equate the n% of lightest pixels. In a preferred form the input neans
adjusts the first data set to provide a predeterm ned white bal ance. Mre
preferablycpo%&e i nput nmeans adjusts the first data set to provide a
predet ermi ned range expansi on. Even nore preferably, the input neans
increases the color resolution of theafirst data set while maintaining the
sanme spatjial resolution. Preferab t he input. S | ectivel y, adjusts
The f1 ot MASTEP ST P Mo IR R R o Bt e SEF B e

or i ent at i ®ampleade® pldiafiy of wbitsaniples dvtesper . Bybn tiee drefeably.ixon|0 drider=eB.i s

provi ded a camera including: a CCD array for providing a Bayer imge; a
printer for sel Befdratdy, yhepinputintkang pangises thedirstatpeset dntd aaed plpparaagreen as

descri bed f, ei ving the Bayer i mage and providing the rinter
i YA ) g y g p g p
with the %%F%dggg'% piagwg such that the printed inage is produced. Brief

Description of 1 / rred enbodi ments of the invention will now
be descri bed, byg\%&%‘%&'ggi‘*&;@%‘@%%ﬁﬁ'y, with reference to the follow ng

description and_FEi gu . Flg. ho a _high lLevel image flow of the PCP.
Fig. 2 shows a B#%%w{egisfggtg%ﬁq’r%gﬂ a[f%hsée%?’ngidggﬁegtqi’&eﬁs.a e "%" gﬁl Y bl ock
di agr am ofixelshe PCP connected to Printcam hardware. PCP05-SG -5 Fig. 4 shows
a 4-inch Mem et printhead. Fig. 5 shows the arrangenent of segnents in a
4-inch print headdjuds e 6t detrosed totdyeata theanfy efamkestodixefspad es i n a pod,
nunbered by fixing order. Fig. 7 shows the arrangenent of nozzles in a
pod, nunbered bydjlsteitie figt datalet to eqbatg the§¥sdfdigitest pigis.onopod. Fig. 9 shows a
podgroup. Fig. 10 shows a phasegroup. Fig. 11 shows the relationship

bet ween segnent B, af prefeged fips, tEhapeyreas adjusts the first data set to provide a

predetermined white balance. More preferably, the input means adjusts the first data set to
provide a predetermined range expansion. Even more preferably, the input means increases

the color resolution of the first data set while maintaining the same spatial resolution.

Preferably, the input means selectively adjusts the first data set for providing the

image in a predetermined rotational orientation.
According to a third aspect of the invention, there is provided a camera including:
a CCD array for providing a Bayer image;
a printer for selectively providing a printed image; and

an apparatus as described above for receiving the Bayer image and providing the

printer with the third data set such that the printed image is produced.

Brief Description of the Drawings

Preferred embodiments of the invention will now be described, by way of example

only, with reference to ihe following description and Figures.
Fig. 1 shows a high level image flow of the PCP.
Fig. 2 shows 2 block diagram of the PCP in isolation.

Fig. 3 shows a block diagram of the PCP connected to Prinicam hardware.



podgr oups and chronopods. 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 di agram of
the image capture chain. Fig. 15 shows the arrangenent of pixels in a Bayer
CFA 2G nposaic. Fig. 16 shows the linearize RGB process. Fig. 17 shows the
pl anari zepdggﬁgeorocess. Fig. 18 shows a bl ock diagram of the inmage print
chain. Fig. 19 shows a sanple color range for a single color plane. Fig. 20
shows the steps involved in white bal ance and range expansion. Fig. 21
shows a bl ock diagyam of ,apparat.us .capable of perform ng white bal ance and
range expansi onl.:'gF{%.OWiﬁ4§"ﬁé§3\\/sle"f'}%ém0t§$?dgus color plane pixels in relation

to CFA resolutign.,.  Fi 23 shows the effect of rotating the green plane by
45 degrees. Fi 99'92543“%36033{’%98813&&%{&8%“%‘ %‘%éﬂ“ﬁh&'a@% "pi xel s for the green
pl ane. PCP05- SG_-6- Fi 25 shows the process, of mappi ng. novenent in

unrot ated CFA s 'gc%sqoﬂ’g?rﬁtag?%que@ﬁﬁngif%é‘éqa?‘?dg.”“r%er%&}g'”ﬂoﬁ%ck di agr am of
t he sharpen process. Fig. 27 shows the process involved in hiogh- pass
filtering a singPe’ ?WH‘F%&?E@”%”%?@‘“\RPTZWS inya Body nNEEedRY| loadifggrdeb s’ shows t he
transformation in conversion fromRG to CMY. Fig. 29 shows conversion
from RGB to CWFByS $hoWp P REMOPest er pol ation. Fig. 30 shows pi xel
replication of a single pixel to a5 x 5 block. Fig. 31 shows a bl ock

di agram of the Rai$shoWRPREIPIBecess. Fig. 32 shows the process of
reformatting dots for the printer. Fig. 33 shows a bl ock diagram of the

i mage capture ubiPt10 $opys a pmsegiByE a bl ock di agram of the image access unit.

Fig. 36 shows a bl ock diagramof the image histogramunit. Fig. 37 shows a
bl ock di agram ofigt Hé y"pqqut b¢g rafatienshipc detween segments, firegroups, phasegroups,

poedgroups and chromopods.

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.

Fi

g. 15 shows the arrangement of pixels in a Bayer CFA 2G mosaic.
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.

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

range expansion.
Fig. 22 shows the various color plane pixels in relation to CFA resolution.
Fig. 23 shows the effect of rotating the green plane by 45 degrees.

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



Fig. 38 shows the bl ock diagramof the Menjet interface. Fig. 39 shows the
generation of AEnable and BEnable pulse widths. Fig. 40 shows a bl ock

di agram of dot count logic. Fig. 41 shows the interface of the print
generator unit. Fig. 42 shows a block diagramof the print generator unit.
Fig. 43 shows a bl ock diagramof the test pattern access unit. Fig. 44
shows a b&gﬁ_ggiagran1of Buffer 5. Fig. 45 shows a bl ock di agram of Buffer
4. Fig. 46 shows a bl ock diagram of the Uplnterpol ate, Hal ftone and

Ref ormat process. Fig. 47 shows how t® map froma standard dither cell and

a staggered dither || . . PCPO5-SG -7 Fig. 48 shows Lock di agr f the
Convert RGB to LavHTSUB LB PoRr S PR i leh ko RrL G R A e (TR 2

Fi g. 50 s@iowspage.basi c hi gh-pass spatial filter using a 3 x 3 kernel. Fig.
51 shows a bl ock diagram of the sharpen unit. Fig. 52 shows the structure
of Buffer 1 Fi gFig53 shhess blackdimedm di thgslampenfordches. Resanpl e and Create

Lum nance Channel process. Fig. 54 shows a bl ock diagram of the Convol ve
Unit. Fig. 55 shigwa shhes biegecesfinpivie Indigheraes filessh 4 sicor uheaheoept with Fi g.
56 shows Ioyenent in x or yinrotated and unrotated space. Fig. 57 shows

t he address of "entries in Buffer 1's green sub-buffer. Fig. 58 shows the
dependent . on r Fig. 59 shows 4

rel ati onship be ween renenhrie ! t.atlon.
X 4 sanpling of I:'Ifghe S&?‘gseﬁegﬁrés ?{@Iaf.?onli? ‘f""%’é“’%ﬁ%we% tQEbf&gr een sanpling type
1. Fig. 61 sho X 4 green s %'9 % ﬁ Fi g. 6(5 shows the two types
of row addressi E% ’ﬁfbospo‘ﬁ? gjé'ﬁ‘?rs'ﬁ'? E‘r’m %g?l 5@%@’ ré!'”%?ig'l"’ég G of entries in
buffer 1's red g.nd blhue s.ut?- bEf ft.er S. . F%% ﬁt4 shows the first 16 sanples
read for cal cul aPi g Py Lre! fiPleation ghiagingspXe 8 Re 1 ho%ver | appi ng worst case
4 x 4 reading from blhue alr)lld red buf];c ers. Fig. 66 shows a bl ock di agram of
the rotate, whit8 Haawearlaroisos el B prlrHenProssss:.
' Fig. 32 shows the process of reformatting dots for the printer.

Fig. 33 shows a block diagram of the image capture unit.

Fig. 35 shows a block diagram of the image access unit.

Fig. 36 shows a hlock 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. 39 shows the generation of AEnable and BEnable pulse widths.

Fig. 40 shows a block diagram of dot count logic.

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 test pattern access unit.

Fig. 44 shows a block diagram of Buffer 5.

Fig. 45 shows a block diagram of Buffer 4.

Fig. 46 shows a block diagram of the Uplnterpolate, Halftone and Reformat process.

Fig. 47 shows how to map from a standard dither cell and a staggered dither cell.




Fig. 67 shows the active inmage area within the generated coordi nate space.
PCP0O5-SG -8 | OVERVIEW OF THE PCP 1.1 H GH LEVEL FUNCTI ONAL OVERVI EW The
Printcam Central Processor (PCP) possesses all the processing power for a
Printcamand is specifically designed to be used in the Printcamdigital

still canmera system The PCP 3 connects to an image sensor 1 (for inmage
capture) {iGa Mem et printer 2 for image printout. In terns of inage
pr ocessi ng, e PCP can be t hought of as being the translator of i mages

fromcapture to printout, as shown in.fFigure 1: The Image Sensor 1 is a

CMOS | mage sens whi ch tures a_ 15 i rage. The | mage
Sensor is the iﬁgg@ﬁhﬁffﬁ?gg&#ﬁamdﬁﬁ% W"eﬁh@@éﬂcw'ﬁgo‘%?s i nch 1 ong 1600dpi
Menj et printer Eapabl e of printing in three colors: cyan, nagenta and

yel l ow. The Pri 'Ph‘bga“iﬂ’oY‘%aP'ﬁ‘éW ﬂ'g%%{ BU% device. The PCP 3 takes an inmage
fromthe | nage Sensor rocesses it, and sends the final formof the

i mage to the Pr F'ﬁt@e%ﬁw?a Fic Hgh- FPﬂSPﬁbat'a'é'i"‘Ffd’é’"ﬂﬁé 1 E§el Sensor | captures
in RGB and the Printhead 2 prints in CMY, the PCP 3 nust translate from
the RGB col or spdc¥ %hewweloeh\meaf@nefrth%ﬁ@a@n uhe PCP 3 contains all of the
requirenents for the internmedi ate i mage processing, including white

bal ance, col or Figorasbevs Ha sktire afiwfenbppi ng, i mage sharpening, and hal f
toning. In addition, the PCP 3 controls the user interface and entire
print process, EQOW ghowg & bipglodiparagrof ghe Rasampteyansk CieptgdenfiranemChannghe PCP 3
al so contgbhssi nterfaces to allow export and inport of photos, conplying
with the DPOF (Digital Print Order Format) standard. |.2H GH LEVEL | NTERNAL

OVERVI EW The PCRg354 shoflesbig (?mngﬁhg@g{vb,g@ggg using a 0.25 mcron CMOS
process, with approximately 1 lTon transistors, alnost half of which

are flash MENDI ¥g 05 Hb@AL he ofdBMf pikBik SendrS8f5orh Redlefist | Mt ed area of 16mMe.
The esti nmat ed rralsr;]uf acturi na cosp §§n r| n t e ?ea?ﬁgml The PCP 3 is a

relatively st rahgkgafsﬂfam&e%ﬁf IEEUI ?ﬂqotgtg§5m&3t%tﬁﬁ gpa(c@n be reduced by the

use of dat apath conpilation te ues, nacroce and | P cores. The PCP

3 contai ns: ﬁ."%r%ﬂ&ﬁsdth%%&s% Qﬁé?é}trﬁ ﬁ rjge?i GRLA &%H% > MBytes of
mul ti-Ievel FI ash nenory ercerm IR nmage Sensor
Interface 98 i nlglbdﬁ sﬂ&vé tﬂgga?atlwb% eléjrq Ig;[een éntrles dependent on rotation.

Fig. 59 shows 4 x 4 sampling of the green channel.

Fig. 60 shows 4 x 4 green sampling type 1.

Fig. 61 shows 4 x 4 green sampling type 2.

Fig. 62 shows the two types of row addressing for green.

Fig. 63 shows the addressing of enfries 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.

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.




16 KByte Flash nenory for program storage 13 4 KByte RAM for program

vari abl e storage 14 PCP05-SG -9- The PCP 3 is intended to run at a cl ock
speed of approximtely 100 Miz on 3V externally and 1.5V internally to

m nimze power consunption. The actual operating frequency wll be an
integer multiple of the Printhead operating frequency. The CPU 10 is

i ntended to.bg. a sinple mcro-controller style CPU running at about 1
MHz. Both tﬁe CPU 10 and CMOS sensor interface 12 can be vendor supplied
cores. Figure 2 shows a block diagram®f the PCP 3 in isolation. The PCP 3

is design cam systens. Figure 3 shows a bl ock di agram of
the PCP 3$§g%ﬁ¥§@3)# ﬁHEI#e rest of the Printcam hardware. 2PRI NTHEAD

BACKG?CIJ:?I/& The PCP 3 is sleem fically designed to connect to a 4-inch
(10-cm W@Hlpﬁ"r:-h HYGQHONAL OYERYIRY i nt head 2 is used as a page-width

printer, producing a 4-inch wide printed image wthout having to be noved.
| nst ead, paper 20F PEntgam Geatpl Hrocgssor (PEROwrossesaest alt the prcessingeraivep for aas shown

i n Fi gur ePrthicarh a'hdmgﬁaw ddNighkd bk N6& il B’eW'ﬁE@@d%ﬁ&Qtllﬂcdﬂé@sﬁ{ehnfﬁ@ad 2

consi sts [y me each segnent 1/2 an inch in th. "Each of the

segnent s z‘tf’gcf’?ﬁ% SB? 2 ftRge sehsen | (foh fpage £2Rine)- yAar Iad‘O\?r%i%‘t@'”@Véﬁordmﬁieffer ent

part of ;trh@upagerms)ofp:mglmpecéslgegfthmabplmgpe thollgkt 9 @8 ibking i ednskald osegMEnt s

are showny Sf;,og{p tuﬁeto hr%nﬁ 3*1;%0\9.14 r?:t 2 prints dots at 1600 dpi, each
B 87

dot is 22. space ed Smapart. Thus each hal f-inch
segnent ptint s Elwn@a?§enwrt1hs @mncg; iT@geresnser, whioh capgpemali 50§ ¢ WOPESBL i ons: .

Table 1. Final hxgeenbahsgeAdis R Ghieviggment Segnent Fi rst dot Last

002, 399 32, 40 3 99 43, 2003, 999
dot 00799 18001T SngrJnZt%ea%Z is ‘a 4 inch long 1600dpi Memijet prlnter capable of printing in three

colors: cyan, magenta and yellow. The Printhead is the image outpuf device.

. The PCP 3 takes an image from the Image Sensor 1, processes it, and sends the
final form of the image to the Printhead 2 for printing. Since the Image Sensor 1
captures in RGB and the Printhead 2 prints in CMY, the PCP 3 must translate from
the RGB color space to the CMY color space. The PCP 3 contains all of the
requirements for the intermediate image processing, including white balance, color
correction and gamut mapping, image sharpening, and half toning. In addition, the
PCP 3 controls the user interface and entire print process, providing support for a
variety of image formats. The PCP 3 also contains interfaces to allow export and

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

The PC'P 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?. The estimated manufacturing cost is $4 in the year 2001.
The PCP 3 is a relatively straightforward design, and design effort can be reduced by the use of
datapath compilation techniques, macrocells, and IP cores. The PCP 3 contains:

. A low speed CPU/microcontroller core 10

. 1.5 MBytes of multi-level 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




54,0004, 799 PCPOh-SG -10- 6 14,8005,599 7 15, 6006, 399 Al though each segnent
21 produces 800 dots of the final imge, each dot is represented by a
conbi nati on of bi-level cyan, magenta, and yellow i nk. Because the printing
is bi-level, the input imge should be dithered or error-diffused for best
results. Each segnment 21 then contains 2400 nozzl es: 800 each of cyan,
magent a, gﬁgs'gellomL A four-inch printhead 2 contains 8 such segnents 21
for a total of 19, 200 nozzles. 2.1.1 G ouping of Nozzles Wthin a Segment
The nozzles 22 within a single segnentg2l are grouped for reasons of

physi cal stabiljt s, wel | m nin zati on of power consunption during
printing. In tehh%)ég? %ﬁy%tﬁ%‘%ﬁ o S 3 FIpSk snged BFﬁﬂ’pr‘Ei‘fmﬁﬂy ﬂg&zﬂ'@s"%%\ér e the
sanme i nk exsealyend 1.5Vrintereallyso ofinipiesvpswes @ossunplioroMhe a0 UpirQ@g fdGeenbpde to
enabl e a - i.ahs rintin d ri.nt he 2 supports
two pri nt%‘fﬁr?lgtLa ég@g" Sﬁ?gt@? ‘F}ct)[\%rb ?]P}% ggg‘%trét@%ggﬂ'yegg V\g?e gr aé'lg'-s "g?rfdgggoobeoae made

i n di ffer@mplegriggwentralendtyle @Pak ingming atrebpite! Milk- Spibettie HIAUNI0 agd EMRS 96
nozzl es 2gendérantéridced2 848 VerlR Qusplidy dof@m each 4- inch printhead 2. The
fired nozzles should be maximally distant, so 12 nozzles 22 are fired from

cach segrent. Trighbnanald o U0l apaahescp 34sdhpher ent sets of 96 nozzl es
e,

must be fired. In the high-speed printing no 2 nozzles 22 are fired
si mul t aneousl y : = Ll Bt i Q s,..22 shoul d
be nmaximal |y di i’fé;ﬁ?l?@g;ﬁeg@n%cﬂfgz B g’ﬁr@%‘?ﬁ?yg‘ﬁmlﬁ%“rrﬁ égg%&saé‘éér?gr?{a.graﬁ“o fire
al | 19, 209 fed/A &sonneged lgitherrestehihe Septearphard@arenozzl es nust be fired. The
power consunption in the | owspeed node is half that of the high-speed
nmode.  NoZRRINGWEAER BACHAR®UNDener gy consuned to print a line, and hence a
page, is the same in both <cases. In a scenario such as a battery powered

Printcam the pOwePCR anisspapifidaly desighgd o’ AR B aﬂh%am-dnhmwlﬁ@ daﬁtgém speed
printing., R - - 2.1.1.110 zles Make a Pod A single pod 23
consi sts %fﬁgg’%ﬂfﬁ%dl %is Yo eﬁ%"%@&ﬁﬁ%ﬁ pl"?"fﬁc'P%?e%\'?m }“'!de%”ﬂ%gi'r'%%e

without having to be moved. Instead, paper 20 is printed on as it moves past the printhead 2,

as shown in Figure 4.
2.1COMPOSITION OF 4~INCH PRINTHEAD

Each 4-inch printhead 2 consists of 8 segments, each segment 1/2 an inch in length.
Each of the segments 21 prints bi-level cyan, magenta and yellow dots over a different part of

the page to produce the final image. The positions of the segments are shown in Figure 5.

Since the printhead 2 prints dots at 1600 dpi, each dot is 22.5um in diameter, and
spaced 15.875um apart. Thus each half-inch segment prints 800 dots, with the 8 segments

corresponding to positions:,

Table 1. Final Image Dots Addressed by Each

Segment

Segment First dot Last dot
0 ¢ 799
1 800 1,599
2 1,600 2,399
3 2,400 3,199
4 3,200 3,999
5 4,000 4,799




22 are in one row, and 5 are in another. Each nozzle 22 produces dots
approximately 22.5pm in dianeter spaced on a 15.875mgrid. Figure 6 shows
the arrangenent of a single pod, with the nozzles 22 nunbered according to
the order in which they nust be fired. Although the nozzles 22 are fired in
this order, the relationship of nozzles 22 and physical placenment of dots
on the pr%pted page is different. The nozzles 22 fromone row represent
the even dots Fromone line on the page, and the nozzles on the other row
represent the odd dots fromthe adjaggnt [ine on the page. Figure 7 shows
the same pod 23 with the npzzies 2 Baynbered ccord%g&ito the order in

whi ch t hey nust withinap 3 are|therefore

| ogi cal |y separjated by the W dth ofséop dot. The exacgazgi stance between the
nozzl es 22 w | | —depend—on—theproperties—of—theMnret—FH++nrg nechani sm
The printhead 2 is designed with staggered nozzl es designed to match the

fl ow of paper 20. 2.1.1.23 Pods Make a Chromapod One pod 23 of each col or

(cyan, nmgenta, ,and yello are grouped into a chromapod 24. A chronapod
24 represents dﬁﬁp@?%ﬁ?%%@%@”&&%ﬁﬁg‘ﬁ% 56 df"lﬁie"fsta?ré’”ﬂo'ma%n?a&h dokég of 10
dots, on mpleéaitaity d don®Batiohluf bidaaCtyaf ridgeReCanaseNeink. Beffues ﬂ\@?)l’lﬁ@lbqg pods

B terend e &h“@%"% oo e Byelt R B ST G Ster BB ko be’a const ant

nunber of dot - hs and st theref aken t account when
printing: the \(Ij\%? Bome % tcﬁ%ta@@g%&ﬁ&zﬂeésg@ ?el":ﬂb‘g Yy A% &Mt | i nes
t han t hos@llomﬂfnmremhwnmemf Tageits & soch seghleate2h & 2 ks of TEOPLIAsI Ng

al gorithmnust allow for a variable distance up to about 8 dot-w dths

bet ween cat.06Rupmgef Noklies WithiAh Sgmendetails). Figure 8 illustrates a
singl e chromapod 24. 2.1.1.35 Chronmapods make a Podgroup 5 chromapods 24

are organi zed l'ﬂﬂieOn@zz@!s mglvathppﬁlgrn@upseaﬁaemszm% gj?ré\ﬁa@d GEH RERAO G phRRLAI NS 30
nozzl es %@b ach %? grou& contains 150 nozzl es 50 cyan, 50 nmgenta, and
50 yel | RWHBZ3T ¥ N FRURR FL PEHET FAOSWPRIRR di‘"r‘f‘gl:?’{j"ﬂ'ﬂ% '@te”ﬁft"ﬁpﬁﬁfcé'rrapods
nunber ed sability, Ndbtel oftldatoztidwestdis tharseme ekt rasevoira t I@ﬁﬁ‘ltbf RWEOEaBaaAStioh,S
exagger atg‘?&pg@s aé‘e'nf?arcfewenaﬁngp%?w ?%ed%%dgh%h %%eﬁ r.n% gs make a Phasegroup

2 podgr oups are organi ze 08 S| 6. The phasegroup 26
is so naned b el of nozzl es 23 hi , ha eqgr are fired
. th% é’H%ﬁ i
si rul t aneousl ye@%r ésrn 2 pports two prm?’ng speeds %o allow dlf%ren 8/L|:l>gwer trade
offs to be made in dlfferent product configurations.

In the low-speed printing mode, 96 nozzles 22 are fired simultaneously from each 4-
inch printhead 2. The fired nozzles should be maximally distant, so 12 nozzles 22 are fired from

each segment. To fire all 19,200 nozzles, 200 different sets of 96 nozzles must be fired.

In the high-speed printing mode, 192 nozzies 22 are fired simultaneously from each
4-inch printhead 2. The fired nozzles 22 should be maximally distant, so 24 nozzles are fired

from each segment. To fire all 19,200 nozzles, 100 different sets of 192 nozzles must be fired.

The power consumption in the low-speed mode is half that of the high-speed mode.
Note however, that the energy consumed to print a line, and hence a page, is the same in both

cases.

In a scenario such as a battery powered Printcam, the power consumption

requirements dictate the use of low-speed printing.




given firing phase (this is explained in nore detail below). The formation
of a phasegroup from 2 podgroups 25 is entirely for the purposes of

| ow- speed and hi gh-speed printing via 2 PodgroupEnable lines. During

| ow- speed printing, only one of the two PodgroupEnable lines is set in a
given firing pulse, so only one podgroup of the two fires nozzles. During
hi gh- speed printing, both PodgroupEnable |ines are set, so both podgroups
fire nozzT%ﬁ?&%bnsequently a lowspeed print takes twice as long as a

hi gh-speed print, since the high-speedqprint fires twice as many nozzles

at once. Figure 10 illuystrates the conposition of a phasegroup. The
di st ance géﬁé‘iH“’éﬁf%@ﬁt%ﬂodgroups is exaggerated for clarity. 2.1.1.52

Phasegr oups make a Fi reﬂroup_ Two phasegroups. ( PhasegroupA and Phasegr oupB)
are organi zed i fitthdlg pef @P@S'S?Siqfégf‘%ﬁs 27 shafjpg A camppPp B resapysiv-iSogzeh
segment . 3 sre @i eHeIbw 2ohd & fe FandMBE Gabliesids @2 hrMcad! dots dpbroRimlalt® By nozzl es

27 simul taneously. Two e lin AEnabl e and BEnable, allowthe firing
of Phaseg'Pg'l?f)n errlé%azc Fi@" 535‘%%%@? Eﬁﬂrg@n%?‘ﬁ e %fﬁ%@ﬂ?ﬁ@ﬁtﬁ'@eﬁdm er ent
firing phesezles Theuralraretapeonding td tse gldenimwhinh fiegong bt fitedThe di st ance bet ween

adj acent groupings is exaggerated for clarity. 2.1.1.6Nozzle G ouping
Sumary Tabl e 2Aik®ugh themuarlgs 28 atehiieechinZlik @rdgr, dbiprengisnship & rpedleyt Freadt Tabl e

2. Nozzl : i sin A- | I a f
& oupr aoTECHMBERE U BiepdrD b bty Bl R Wk DT BBIES 22 rom ongram . 11 pog
23Nozz| egepesenpibhid peemdats iChe ereline @n pmeds, and thedivziesheroiive phei3row 3eprédedigr oup

25Chr omappslsdd st RORARO YBBcchL e FARED55 FPdBJ?eS?Qﬁ%?g% (@)Ea@l%w@mﬁ e300

hasegroup Firegro 27Phaseqgr oups per firegroup?:
P 9 r%zz!esZ num Ffgred accordinggto thepordeEin which thegy 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. The printhead 2 is designed with staggered nozzles designed to match the
flow of paper 20.

2.1.1.23 Pods Make a Chromapod

One pod 23 of each color (cyan, magenta, and yellow) are grouped into 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 Memijet operating parameters, and may vary from one Memjet design to another, The
distance is considered to be a constant number of dot-widths, and must therefore be taken into
account when printing: the dots printed by the cyan nozzles will be for different lines than those
printed by the magenta or yellow nozzles. The printing algorithm must allow for a variable
distance up to about 8 dot-widths between colors (see Table 3 for more details}. Figure 8

itlustrates a single chromapod 24.

2.1.1.35 Chromapods make a Podgroup

5 chromapods 24 are organized into a single podgroup 25. Since each chromapod
contains 30 nozzles 22, each podgroup contains 150 nozzles 22: 50 cyan, 50 magenta, and 50
yellow nozzles. The arrangement is shown in Figure 9, with chromapods numbered 0-4. Note

that the distance between adjacent chromapods is exaggerated for clarity.




Segnent 21Firegroups per segnment4:12, 400 4-inch printhead 2Segnents per
4-inch printhead8: 119, 200 2. 2LOAD AND PRI NT CYCLES A single 4-inch
printhead 2 contains a total of 19,200 nozzles 22. A Print Cycle involves
the firing of up to all of these nozzles, dependent on the information to
be printed. A Load Cycle involves the |oading up of the printhead with the
inforrratigé?: f;[-s% be printed during the subsequent Print Cycle. Each nozzle
22 has an 48506ti ated Nozzl eEnable bit that determnes whether or not the
nozzlie will fire during the Print Cyclie. The Nozzl eEnabl e bits (one per
nozzle) a lgaded via a s of shift registers. Logically there are 3
shift regé'g‘f'é??og%rf’”g‘%ﬁ'ﬁg"n?Sé‘?ﬁ‘f@“’b’@r color), each 800 long. As bits are
shifted into the shift register for a given color they are directed to the
| ower and upper 2 PREFHPELOGFE opnizeddnte apinciseriasegroup g& Thy, phasegruB @8 itieep
shift r egé::?iaﬁfedim%memb?;mﬂ nﬁizlets\m witbifa pﬂ?@l@ro%biafdfirétﬁé}h@?gﬁé@ély@ﬂﬂwgféﬁ_r f t hg
upper nozgzl es.. and one for e lower nozzles. ernate bits are shifte
into the 'Yetnzﬁrr"ﬁ phissp ﬁﬁ 'ér'sn%{lpFa'rng‘élms'P%r?g?taﬁel?‘@r Tﬁélsftofr?@o'é%ftae‘?'}ﬁ?gr?“r?tf@ﬂ ace is
concer ned? phdmseuperzd tshentieehi &rdhes ipngbees8@Oodeperdsiidl high-egres treintingOrige2 al | t he

shift regpRirisefpranteen fully |oaded (800 |oad pulses), all of the bits
are transférred 1n parallel to the appropriate Nozzl eEnable bits. This

bt aken. pi ace A ARS el Bhoin A e B0 kbbb iloe b IR WAL O
Oycl e carfinBe eupe.soraMt eearvdayr akthe duefires npzrespBuriol igh-speedi prfing Hoth

Nozz| eEnaiddgrobirfanRGiReY e 8kt, idWoteRfigRlipd M8 nB¥Adt cAnbeduRnty? 18w cle
The Load t%:% ebi ) colncer(raled W th ?nggdi %g] tﬁ rint heildpsyzash\i“,f F@:ﬁpgers

. ) adl e.p 0" .
with the 7Rt WCRISHPNIHE P36 PEEn siitsethe; Widh-sreqd pirt (s tigerpss@givent 21
has 3 i npuwksediteat |y related to the cyan, magenta, and yellow shift
regi sters. These inputs are called CDhataln, Mbataln and YDataln. Since
there are 8 seghptsi0 RERREesSHe- dofnpobiti@r of ar phagedredpal Thef diddndceObdivednnput
lines per_d4-inch printhead A single pulse on the SRClock line (shared
bet ween aﬁdﬁcﬁrﬂg’gd Ouﬁfés)ex?ggfﬁast?ozﬁ?rs%" @ 24 bits into the appropriate shift

Fegl St ersS; 4.1.52 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 simuitaneously. 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.

2.1.1.6Nozzle 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
Pod 23 Nozzles per pod 10:1 10
Chromapod 24 Pods per CMY chromapod 31 30
Podgroup 25 Chromapods per podgroup 5:1 150




Alternate pul ses transfer bits to the | ower and upper nozzles respectively.
Since there are 19,200 nozzles, a total of 800 pulses are required for the
transfer. Once all 19,200 bits have been transferred, a single pulse on
the shared PTransfer |ine causes the parallel transfer of data fromthe
shift registers to the appropriate Nozzl eEnable bits. The parallel transfer
via a pul se on PTransfer nust take place after the Print Cycle has

fini shed. "&PH&t wi se the Nozzl eEnable bits for the Iine bei ng printed wll
be incorrect. Since all 8 segnents 214gre | oaded with a single SRC ock

ul se, an intin roceéss, nmust produce thejdata,in the correct |sequence
1I‘Oor t he p?/ E&ﬁ?ﬂrgugi@ an Bﬁ%%ipg.pergwgsﬁgﬁugt $RA otk pul e wi | ngor ansf er
the CMY bi{ sirdgpgupt2re next pRsdeBloufdyser Bregro@et 0, 8002:11600) 2400, 003200,
4000, 4800f—antd—56060—The—second—SRcoeck—putse—wH—transfter—the-dW bits
for the nexfedmeritat Cycl eFieqieups persggment1601, {24014:13201, 4002400801 and
5601. After Dl ses the Plranster pulge can| be gjven.| It is

i nport ant 3§n%g gm%?g?(t 1§e%n(1jedﬂsa%eag'e"{?nﬁ”%1 do tputs, althouqhbo?ﬁ)pnted
during the sane Print Cycle, do not appear on the same physical out put

| i ne. The physical separation of odd and even nozzles within the
printhead, as well as separation between nozzles of different colors
ensures thaLoimanp RRINT QvcoeBice dots on different |ines of the page. This
relative difference nust be accounted for when | oading the data into the
p][i nL headk The AcdingRl 4-indh fpfilgh@émiCE ﬁbrﬂaihi aa&ﬁd@fpwmd b @gzlﬁez.qm@mccwé Eti cs
of the inkjet chani sm us i,h the rinthead. The differences can be
def i ned b'?/%\?"g? irt%b'r'gg Oﬂjp ténaﬁ %B’eﬁ%a?zéle%AeP%”dteﬁte""cﬁ“"sf"é"ﬁ'@@tm”ﬁ%g?v@%’ﬁe%@zzI es of
di f f er entloadCosls invelyrs tiBRloading upef thestigthea Wibttheeiefornmatiziz lode paifited H@ingdtine col or .
Table 3 ; transferred to segnent n of a printhead on the first
4 pul ses.sﬁl‘?'a Iljéerjﬂg.nﬁitccl)ré ]g'r of Dots Transferred to a 4-inch Printhead

Pul seDot Yel | ow Ei i i ) -
28008+1N+D23N+D%%§%%%?5+%8 éj%ﬁi@@%@dﬁ%ﬁ%@ﬁﬁ%{%’%?&%{ %t 5g,egwﬁﬁ%boer?°tof i nes
bet ween tihenemieMikiregiuriehise Fgnioyclen dha NezzieEreblg bitskiens/per ngza) are loaded

via a set of shift registers.

Logically there are 3 shift registers per segment (one per color), each 800 long. As
bits are shifted into the shift register for a given color they are directed to the lower and upper
nozzles on alternate pulses. Internally, each 800-deep shift register is comprised of two 400-
deep shift registers: one for the upper nozzles, and one for the lower nozzles. Alternate bits are
shifted into the alternate internal registers. As far as the external interface is concerned

however, there is a single 800 deep shift register.

Once all the shift registers have been fully loaded (800 load pulses), all of the bits are
transferred in parallel to the appropriate NozzleEnable bits. This equates 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 parallel load of all

NozzleEnable bits occurs at the end of the Print Cycle.
2.2.1Load 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,




3D2 = nunber of lines between two rows of nozzles of the same color (likely
= 1) PCP05- SG -15 38005+2NN+D, N+2D, 48005+3N+D2N+D, +D2N+2D, +D2 And so on
for all 800 pul ses. Data can be clocked into the printhead at a maxi num
rate of 20 MHz, which will load the entire data for the next line in 40s.
2.2.2Print Cycle A 4-inch printhead 2 contains 19,200 nozzles 22. To fire
themall at once would consune too nmuch power and be problematic in terns
of ink reffPT*%nd nozzle interference. Consequently two firing nodes are
defined: a | owspeed print node and aqhigh-speed print node: In the

Iowspeed print node, there are 200 phases, with each phase firing 96
oz 2T oe. hE SRy BIA S2400101 BPAdesiRES er PETiAFENh S PSRN SREIGEBIS. | 1
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It is important to note that the odd and even CMY outputs, although printed during
the same Print Cycle, do not appear on the same physical output line. The physical separation
of odd and even nozzles within the printhead, as well as separation between nozzles of
different colors ensures that they will preduce dots on different lines of the page. This relative
difference must be accounted for when loading the data into the printhead. The actual
difference in lines depends on the characteristics of the Inkjet mechanism used in the
printhead. The differences can be defined by variables D, and D, where D, is the distance
between nozzles of different colors, and D, is the distance between nozzles of the same color.

Table 3 shows the dots transferred to segment 71 of a printhead on the first 4 pulses.

1 8008" N N+D,? N+2D,

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

's = segment number (0-7)
D, = number of lines between the nozzles of one color and the next (Hkely = 4-8)

3D, = number of lines between two rows of nozzles of the same color (likely = 1)




PCPO5- SG - 16- The AEnabl e and BEnabl e are separate lines in order that the
firing pul ses can overlap. Thus the 200 phases of a | ow speed Print Cycle
consi st of 100 A phases and 100 B phases, effectively giving 100 sets of
Phase A and Phase B. Likew se, the 100 phases of a high-speed print cycle
consi st of 50 A phases and 50 B phases, effectively giving 50 phases of
phase A a se B. Figure 12 shows the AEnable and BEnable lines during a
typi cal N Q%ycle. In a high- speed print there are 50 2s cycles, while
in alowspeed print there are 100 2s 1gycl es. For the high-speed printing
node, the firiing qrder dygs,, Chr ¢
Podgr oupEnabl ¢ 11 (Phases & and zz|l e$el ect 0,
Podgr oupEnabl d ] @
Podgr oupEnabl ) zla¥a¥s B el ect O,
Podgr oupEnabl e 11 (Phases A and B) ChronapodSeIect 4 hbzzIeSeIect 0,
Podgr oupEnabl e 11 (Phases A and B) Chr omapodSel ect 0, Nozzl eSel ect 1,
Podgr oupEnabl e 11 (Phases A and B) ChronmapodSel ect 3, Nozzl eSel ect 9,
Podgr oupEnabl e And goprderell 880 avfepsB)  Chr ommpodSel ect 4, Nozzl eSel ect 9,
Podgr oupEnabl e 11 (Phases A and B) For the | ow speed prlntlng node, the
firing order |SD@Pﬁ?Wbﬁdm¢9¢wﬁdhﬁp@W§@éabﬁmﬁh@umhmghf%bﬁﬁdwmmdamMMQwe

PodgroupEn@ghﬂamﬁ§m1$engﬂanMQ§ﬁ§ of PodgroupEnable = 01 and 10 are

substituted as follo Chr omapodSel ect 0, Nozzl eSel ect 0, PodgroupEnabl e
01 (PhaSQ§2 dﬂg% ChronapodSeIect 0, Nozzl eSel ect 0, PodgroupEnable 10
(Phases A Chr omapodSel ect 1, Nozzl eSel ect 0, PodgroupEnable 01

Ph A d B S | ect 1, | t. 0, Pod b 10
(Phases A Z” 5&4 TOREIBALS Bl ool IPEas R ogvS ey b abeitan ©b1
(Phases Aoasitinegipo ml@hrmw&pwsm er@bielBatlcNOZthBSéIlrétcrteflleandﬁnrdgeauprﬁnabhe 10
(Phases &:&Qédqu@lt!y h@ﬁlﬁ’d'%@%sﬁle%ﬁne% awgée%@%tlﬁ%oo%’ an@%ﬁ?ﬁb‘&%ﬂ}ﬁb@ 01

PodgroupEn

(Phases A B) Chr omapodSel ect 4, eSelect 9 e 10
(Phases AF%Wd B) When a nozzle 22 fires, it takes approximately 100s to

refill. The nozml e 2Rw- €1ﬁéﬂqirlnt bRdd,i thed :b@fzoo hbdlss witefeabt phaseBririgaee! apsed.
This limts the fq rlntIEQP?%§S to 100s per _line. In the high-speed

print node, the" eRyaIgR PR SPHEM U PPHEC P4 between firing a
. In the high—speed print mode, there are 100 phases, with each phase firing 192

nozzles. This equates to 24 nozzles per segment, or & per firegroup.

The nozzles to be fired in a given firing pulse are determined by

. 3 bits ChromapodSelect (select 1 of 5 chromapods 24 from a firegroup 27)
. 4 bits NozzleSelect (select 1 of 10 nozzles 22 from a pod 23)
. 2 bits of PodgroupEnable lines (select 0, 1, or 2 podgroups 25 to fire)

When one of the PodgroupEnable lines is set, only the specified Podgroup's 4
nozzles will fire as determined by ChromapodSelect and NozzleSelect. When both of the
PodgroupEnable lines are set, both of the podgroups will fire their nozzles. For the low-speed
mode, two fire pulses are required, with PodgroupEnable = 10 and 01 respectively. For the

high-speed mode, only one fire pulse is required, with PodgroupEnable = 11.

The duration of the firing pulse is given by the AEnable and BEnable lines, which
fire the PhasegroupA and PhasegroupB nozzles from all firegroups respectively. The typical
duration of a firing pulse is 1.3 - 1.8 us. The duration of a pulse depends on the viscosity of the
ink (dependent on temperature 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 temperature change.




PCP05- SG -17- nozzle fromone line to the next matches the refill tine,

maki ng the hi gh-speed print node acceptable. The | ow speed print node is
slower than this, so is also acceptable. The firing of a nozzle 22 al so
causes acoustic perturbations for alimted tine wwthin the common ink
reservoir of that nozzle's pod 23. The perturbations can interfere with the
firing of anot her nozzle within the sanme pod 23. Consequently, the firing
of nozzl € MThin a pod should be offset fromeach other as |ong as
possible. We therefore fire three nozzges froma chromapod 24 (one nozzle
22 per color) and t hen nmove onto the next chromapod 24 within the podgroup
25.  In the | ow! %E8E0RYs Pt PREPWR 8% ﬁeﬁ%"aﬁo'd’@?dhﬁ?e?ﬁ‘ahl‘"@ fring eyl Bt at el y.
Thus the &erlahmonepedso Brases bi’m mwbs@ééu mﬁlgywb&s&usﬂmalpl prfalsésealheifoorae t he

first chr odflr S g.10_x 2 uentI each
pod 23 is | : é 8ffectwe? Blvmggg& éet teﬁgq\ha d Phsaﬁcaédﬁ%ewaﬁe Itl?,ec? cP{

podgr oupshigbsneee pfint ceate ¢oogieltdne@ A PTﬁm ath80 B phades oafleptively gwmg\mmms:es af single
podgr oup 6ﬂé§éA%h& pgalség before the first chromapod fires again, totalling 5
X 2s cycles. Consequent |y each pod 23 is fired once per 10 .is. As the ink
channel is 300 i

1500m' s, the rtraqs:I ﬂggltz 9\5& &gn%ﬂaa% ath%e m@gg%gndﬁg ypfgé'm Cf%%uls % he | ow
speed noduéshaEpesriniiere é@éﬁém C)@Baél‘fé‘sie frlcﬂlowqeeed@wélnqrearpup@ drteycldanpen, and
t he high speed node allows 25 resonant cycles. Thus any acoustic

i nterference i sFerithd high-spread piting wade e finPordSaspl e Ti mi ng As an exanpl e,
consider §he i BhdGaflasBilitl N&ﬁle%@le&o esoo@';ouﬁhegb%mpﬁas%sﬁ%g&'é as is
required by Print cam oto In secon the 4-inch

or
pri nt head® nust 8?’?’?\‘?"0@8'6@1#?’%?3?'8“)9 ?L%‘@G)“F’E’Pﬁﬂ?nﬂl(ﬁ@asﬁf)/\taﬁd Bb, 000 lines in
2 secondse yi el dshrambpdiSelettPENazIeB0IBctios Poddroup Ellect 1RPhdtks Al 8) and a singl e
process. et or naf MBBopi R et s bS, Pt P e bR 2B Py at o
amount. Fromt h@hrpmamdisﬁlgctﬁonzI@éIeﬁtler\pdgtdmeEmabw‘sgem;kepmancu Brode allows a .
4-inch print heaéhr%ﬁ%apd&%bl@&t oaﬂoﬁléhblfe&ﬂ PSb%rduBEr?a%% 413Phe|s@ ﬁde W speed pri nt
node, 96 nozzles 22 fire per firing pulse, thereby ena he printing
of an entlre line within the specified tine. The 800 SRCl ock pul ses to the

pri nt heads 2 (eacmoﬁgmbeeaIssnoztzreselaéterMd@gauaénd@letﬁ)(phaweix aAd 8p take place
wi t hin the 200 line ul se cannot exceed

e,
200 $1800° = 250K¥OMPRRY E‘g‘ﬁﬁng"?ﬁﬁﬁe&t ¢ T%P'F.’éa&if WE*E"J%B% Agpdked at 4MHz.

Inaddition - g o
For the low-speed printing mode, the firing order is similar. For each phase of the

high speed mode where PodgroupEnable was 11, two phases of PodgroupEnable = 01 and 10

are substituted as follows:

. ChromapodSelect 0, NozzleSelect 0, PodgroupEnable 01 (Phases A and B)
. ChromapodSelect 0, NozzleSelect 0, PodgroupEnable 10 (Phases A and B)
. ChromapodSelect 1, NozzleSelect 0, PodgroupEnable 01 (Phases A and B)
. ChromapodSelect 1, NozzleSelect 0, PodgroupEnable 10 (Phases A and B)
. ChromapodSelect 3, NozzleSelect 9, PodgroupEnable 01 (Phases A and B)
. ChromapodSelect 3, NozzleSelect 9, PodgroupEnable 10 (Phases A and B)
. ChromapodSelect 4, NozzleSelect 9, PodgroupEnable 01 (Phases A and B)
. ChromapodSelect 4, NozzleSelect 9, PodgroupEnable 10 (Phases A and B)

When a nozzle 22 fires, it takes approximately 100us to refill. The nozzle 22 cannot
be fired before this refill time has efapsed. This limits the fastest printing speed to 100us per

line. In the high-speed print mode, the time to print a line is 100ps, so the time between firing a




PCP0O5- SG -18- the average tinme to calculate each bit value (for each of the
19, 200 nozzl es) nust not exceed 200s 119,200 =1 Ons. This requires a dot
generator running at one of the foll owi ng speeds: 100 MHz generating 1 bit
(dot) per cycle 50 MHz generating 2 bits (dots) per cycle 25 MHz
generating 4 bits (dots) per cycle 2. 3FEEDBACK FROM THE PRI NTHEAD The

print head 2 roduces several |ines of feedback (accunulated fromthe 8
segment s)"°¢ feedback lines are used to adjust the timng of the firing
pul ses. Although each segment 21 praoduces the sane feedback, the feedback
fromall qrrents share the same tri- state bus |ines. Conseq uentlgl only
one segne'?ﬂzzﬂmé‘t ong finerde theapexh retrheRe the defiiines, making e Bigksppaed gprint mode

SenseSeqSgkesibid. TREI0ANPBEH phnt Rodkat Blowé tKanams 88 adiRactdpiapense |ines for
t hat segnent. The feedback sense lines will conme fromthe sel ected segnent

1l‘mlt : | the I’IEXt Tl&ﬁﬂﬁ]@&:‘QﬁB}_ﬂﬂ Y (Sa@isesTél@usft@ﬁ&b_ﬁﬁdﬁowﬁﬁIlltllité@igﬁneﬁwl@]_lrrﬁs

ol | ows: e contro ow ho rinthead is is

L) et b SSURET of P At Geershar 2u TR Fefty palhs e ers R b8 fiftber at ur e
af f ect s tdfenvthscoskit withih thé hane phd 23.\Gersgentyf GienBing hEnmmts mmhh%r pchjow nmuch

vol tage ig, M%bloﬁ‘%t?roh %:F%thgpé#%hé)a% pos-gIE» sV\%I thggﬁ)r gth?g %?r at he

conpensat e or a e source
pul se wi dihremappd e énae inpfzier 32sper prlorpanst thesl heve C@fo thén pext e'yb@@mm%yvﬂbl@}ﬁm per
square) ofogblagp 2fiCct uator heater. This allows the controller to adjust the

pul se wdths to naintain a _constant energy irrespective of the heater
resistivi 't y. VRt vispest RiNtipg @ode fier RADPREPHES BIRISH SPArAHY- (THes BRi% i cal

part of the heat:redimapowlzlth/ltﬂilﬁ]boméﬂbygrbltﬂastrmst En’/oudmefoteomlelfténe@bmmvdq"r@nd
etching variatigns 1S h contr r adj ust the uI se width
appropriately. @aﬂb%ngﬂ é%f_@@e eCzP”iecf-"F%t %%S‘/jc%3é54fﬁ(£°nﬁ?ipﬁ H& process
has a strong t eindbsbightspessit miptiat modre theqeadoiobps aﬁateeﬁrp@toaeﬂnereThﬂ'sotheénsure
that the first seahlBs f wilifa Ehﬁ?l@h F%&Qélﬁ?é‘bé?@r@ it fﬁ;é?eﬁrbﬁéﬁd?jtﬂr&m si ze,

the equilibrium tenperature nus before printin ots. This is
acconpl i shed vi agaip, W%W@étx 2¢|§§ycéas Consequently each pod 23 is fired once per‘lO LS.

As the ink channel is 300pum long and the velocity of sound in the ink is around
1500m/s, the resonant frequency of the ink channel is 2.5MHz, thus the low speed mode allows
50 resonant cycles for the acoustic pulse to dampen, and the high speed mode allows 25

resonant cycles. Thus any acoustic interference is minimal in both cases.

2.2 3Sample Timing

As an example, consider the timing of printing an 47 x 6 photo in 2 seconds, as is
required by Printcam. In order to print a photo in 2 seconds, the 4-inch printhead must print
9600 lines (6 x 1600). Rounding up to 10,000 lines in 2 seconds yields a line time of 200 us. A
single Print Cycle and a single Load Cycle must both finish within this time. In addition, a

physical process external te the printhead must move the paper an appropriate amount.

From the printing point of view, the low-speed print mode allows a 4-inch printhead to
print an entire line in 200 ps. In the low-speed print mode, 96 nozzles 22 fire per firing pulse,

thereby enabling the printing of an entire line within the specified time.

The 800 SRClock pulses to the printhead 2 (each clock pulse transferring 24 bits)
must also take place within the 200 ps line time. The length of an SRClock pulse cannot
exceed 200 ps/800 = 250ns, indicating that the printhead must be clocked at 4MHz. In addition,




PCP05- SG -19- The Preheat cycle involves a single Load Cycle to all nozzles
with 1s (i.e. setting all nozzles to fire), and a nunber of short firing

pul ses to each nozzle. The duration of the pulse nust be insufficient to
fire the drops, but enough to heat up the ink. Altogether about 200 pul ses
for each nozzle are required, cycling through in the sane sequence as a
standard Print Cycle. Feedback during the Preheat node is provided by
Tsense, and*cthtinues until equilibriumtenperature is reached (about 30 C
above anbient). The duration of the Prgheat node is around 50

m | liseconds, and depends on the ink conposition. Preheat is perforned

bef ore edff g5t ime calpyipte egeiulit vabte (for pasbtof Hie 19i29P npertesbmpsimeksxceess it i s
done whi | Bopde19mmoe 1@as. T his Sedulréd S ddt GERFatbruAng ADbhd i @le-foldwihg2fdani ng Cycl e

In order to red t he chances. of nozzl es becom ng clogged, a cleanin
y N AR e bPLCan pR et § g clogg i ng

cycle can"be u fnt job. Each nozzle is be fired a
nunber of * t i nes50 MHe gareraibg @ bike(dbts) mpoyege. The cl eaning cycle i nvol ves a

singl e Load Cycgggbgggk%mggﬁgh%@?@j&yc 5 (i.e. setting all nozzles to

fire), and a nu [ Se€s to each nozzle. The nozzles are

cIeaned0¥i?féé§§ﬁgﬁgggmqgﬁgk&TL%éﬁng sequence as a standard Print Cycle. The

nunber each nozz 22 is fired depends upon the ink

CP oo bSO S NPk SRl i P PSR B B
I WERFACEse@UmRWeﬁfeedhagt lned atenchd p_raidfmbhb«atinﬁg bithe tidﬁ@ pluikd. mnhqngh each
i omapodSa Shr 3 anfrstes (ip i ekl b fHERC P G ool B8 e e el cct
whi ch nozZ#atebyslinas- Geesessentiienly ong segment-2d ot e FaupEviedkedPBsabl e t he
podgroups to fire (choice of: 01, 10, 11) AEnabl elFiring pul se for
phasegr oup A BEh&BFePFithe $rpspitadelecblinepiiRadgritistBorPOROZNEles the sense
CDat al n[ Omdd BRwIsehRBA TheOreedback sense lines will come from the selected segment until the
next SenseSegSelect pulse. The feedback sense lines are as follows:
. Tsense informs the controller how hot the printhead is. This allows the
controlier to adjust timing of firing pulses, since temperature affects the viscosity of
the ink.
. Vsense informs the controller how much voltage is available to the actuator.
This allows the controller to compensate for a flat battery or high voltage source by
adjusting the pulse width.
. Rsense informs the controller of the resistivity (Ohms per sgquare) of the
actuator heater. This allows the controller to adjust the pulse widths to maintain a
constant energy irrespective of the heater resistivity.
) Wsense informs the controller of the width of the critical part of the heater,
which may vary up to + 5% due io lithographic and etching variations. This allows the

controller to adjust the pulse width appropriately.

2.45PECIAL CYCLES

2.4.1Preheat Cycle

The printing process has a strong tendency to stay at the equilibrium temperature. To
ensure that the first section of the printed photograph has a consistent dot size, the equifibrium

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




cyan shift register of segments 0-7 MDatal n[0-7] 8Magenta input to nagenta
shift register of segnents 0-7 YDatal n[0O-7]8Yellow input to yell ow shift
regi ster of segnents 0-7 A pulse on SRO ock (ShiftRegisterd ock) |oads the
SRC ocklcurrent values from CDhatal n[0O-7], Mbatal n[0-7] and YDatal n[ 0-7]
into the 24 shift registers. Parallel transfer of data fromthe shift

regi sters (% 5% e PTransferlinternal NozzleEnable bits (one per nozzle).
SenseSegSel eCT 1A pul se on SenseSegSel ect ANDed with data on CDat al n[ n]

sel ects the sense |lines for segnent n.igIsenselTenperature sense

VsenselVol t age e RsenselResi sti vi ty sense WsenselWdth sense Logic
GND1Logi ¢ grguniﬁigfﬁ'ﬁmﬁ YERIeE a5ty Logd Bydads glpogrlesyiButidi «/sstirg Akt uat or
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Internal Segment nnect1 o scrlp
chr omapodpLUﬁeF IfOFfGia@feﬂC(Z@eADe reﬂter@ti Meing ﬂ@@@h&tﬂﬂdsweseqmem awtaghe Frinom t he

pod will ¢idee (0-9) PodgroupEn 2Enabl e the podgroups to fire (choice of.
01, 10, 11% abl e AEnabl elFiring pul se for phasegroup A

Feedback during the Preheat mode is provided by Tsense, and continues until
equilibrium temperature is reached {about 30° C above ambient). The duration of the Preheat

mode is around 50 milliseconds, and depends on the ink composition.

Preheat is performed before each print job. This does not affect printer performance,

as it is done while the page data is transferred to the printer.

2.4.2Cleaning 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.

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 nozzie 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.
2.5PRINTHEAD INTERFACE SUMMARY

A single 4-inch printhead 2 has the following connections:

Table 4. Four-Inch Printhead Connections

Name | #Pins Description
ChromapodSelect 3 Select which chromapod will fire (0-4)
NozzleSelect 4 Select which nozzle from the pod will fire (0-9)
PodgroupEnable 2 Enable the podgroups to fire (choice of: 01, 10, 11)
AEnable 1 Firing pulse for phasegroup A
BEnable 1 Firing pulse for phasegroup B
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regi sters. PTransferl1Parall el

regi ster

regi ster SRCl ocklA pul se on SRCO ock
MDat al n and
transfer of data
Nozzl eEnabl e bits (one per
EEREESegSe 1 A pul se on SenseSegSel ect ANDed with data on CDatal n

TsenselTenperature sense

VsenselVo| Jas%el @)_ se RsenselRegi é Vi tt sensetV\ﬁeg%?e%E 'g @%nse LOE
G\D1Logi c| gP2aid Logi ¢ PVRILLogil CYBBREY 1]Y57 AV (RgHS gRYS V21 Act uat or
Powle rNS T% Aubakhp-» 8 segngnts 3 n@%@mé wpuﬁb lna@@%@aﬁf r%lstgll cM@%néDnWISS' NG
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overvi ew YD@fﬁlé[UP'd:P f unic8 i onal| ivieljow ml@lﬁalyetww shifbisoinigr @Eﬁgmqfrﬁfg@é‘ to fa
variety of (It;llt ut print formats of stleps
i nvol ved i% K] ng an i nage froryur:[é[:seOn(\Sk jo¢ ';%;REO'STJE ?Efa a high
qual ity output print. W can bregf ;L 7 |tr QL 8 wo i nage
pr ocessi jg chains,_ eacht with 3 mage (‘;mturp Chaji n
Pri nt Chal Prrazter 1 Parallel transfer of data from the shlft registers to the
internal
NozzleEnable 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 Voltage sense
Rsense 1 Resistivity sense
Wsense 1 Width sense
Logic GND 1 Logic ground
Logic PWR 1 Logic power
V- Bus Actuator Ground
bars
V+ Actuator Power
TOTAL 44
internal to the 4-inch printhead, each segment has the following connections to the
bond pads:
Table 5. Four-inch Printhead Internal Segment Connections
Name #Pins Description
ChromapodS | 3 Select which chremapod will fire (0-4)
elect

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

PodgroupEn | 2 Enable the podgroups to fire (choice of: 01, 10, 11)

able

AEnable 1 Firing pulse for phasegroup A




The Image Capture Chain is concerned with capturing the inmage fromthe

| mrage Sensor and storing it locally within the Printcam The Print Chain
is concerned with taking the PCP05-S G -22- stored imge and printing it.
These two chains map onto the basic Printcamfunctionality as foll ows:
Take&Print = Image Capture Chain followed by Print Chain Reprint = Print
Chain For_exanple, a user may print a thunbnail inmage (Take&Print), and if
happy w tTPHE results, print several standard copies (Reprint). This
chapter describes an inplenentation i.sgependent inmage processing chain that
nmeets thé guality qui rlepent s of Printcam, At this stage, we are nqt
consi der ﬁg"@eactl qhow 'tg'ﬁrég %ﬂsgé‘g?é?ﬁ?amfgbperforned in terns of harldware,

but rathecpaasat nmust be dop.inplib@%fan dhitnegistens nmust be nmapped onto tlhe
vari ous whtts—wthin—therPCP—Regar-dl-ess—ef—t+hePCPinplerentatton—t here
are a nupb®atadi condt r ai niagenta iMiétoirpasgntaishificroistes a CFA based cont one RGB
i mage. oyt put [, mage for ef..printhead (bi-Tevel dots atf 1600
dpi) in Y atggll ar gpaoe_J{%H‘H"}pgﬁgy%sswtﬂ%g'ss%ne output width (4 inghes

w de). 3| @RtRypported Pri AbulkOsBrRAINShifEistrSEH) WaliSthd cifdnt @fiues Of |out put
print fofmats, as phown |iffonl@bbi@inMDAtaInaht YDaamERe tHeldashinireditieref t he |i mage

is 4 inches—(natching thF—pﬁ—m—heaﬂ—\m—di—Wpri nt
out vari e8Tramen e 61 suppelietransieye detsdiont the w1t egistersdpiirdpenal Rat i gQut put
Si ze Qut put resol uti on Rot'ereiebrable HiE fRePeRRoz8I80 dpi) Standard 302: 34" x

1276400 030080 b bosia s e edeiml 00 A 4380 REPHEGE sdnsor

does not [-provi-de—ofientation—+nformation. nput-i-rages—are
Tsense 1 Temperature sense
Vsense 1 Veltage sense
Rsense 1 Resistivity sense
Wsense 1 Width sense
Logic GND 1 Logic ground
Logic PWR 1 Logic power
V- 21 Actuator Ground
V+ 21 Actuator Power
TOTAL 65 {65 x 8 segments = 520 for all segments)

3IMAGE PROCESSING CHAINS

The previous sections have dealt only with the highest level overview of the PCP
functionality - 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 concerned with capturing the image from the Image

Sensor and storing it locally within the Printcam. The Print Chain is concerned with taking the




captured at the same resolution (1500 x 1000), and may need to be rotated
90 degrees before printout. Figure 13 illustrates the nmapping between the
captured CFA inmage and the various PCP05-5G -23- supported print formats.
Not e that although the inage is shown rotated 90 degrees anti- cl ockw se,
the image can be rotated cl ockwi se or anti-clockw se. 3.1 MAGE CAPTURE
CHAI N The Imas%e Capture Chain is responsible for taking an i mge fromthe
| mage Sen$6f*Sand storing it locally within the Printcam The |Inage Capture
Chai n involves a number of processesgbhat only need to be performed during
i mge capture The Image Capture Chain is illustrated in Fi qure 14, with
subsequerﬁorgqeé‘ﬂalgﬁr?é‘dd’é 201 Abeseree SBPTBAp SRS bask: HriMqaratyac QEAYAS 1 The
i nput i negiwweones from an |nage sensor 1. AIthough a variety of inmage
sensors are av . color filter array
(CFA). The Baye?a'@gpmﬁ ’m%tge il ”re a"i"%a?‘"fep bBPB V\HI ch are defined here.
The i mage* capt uRedlnb‘f/P:trm@he:WDS sensor 1 (via a taking lens) is assunmed to
have been sufficiently filtered so as to renove any aliasing artifacts.
The sensor it seFdreRamplam wspeay print athumbodil iBads (TakeBiPriat), mes o hayipyovithtfe 1500 X
1000 sa@%ﬁs % @g,tstgj glymiddl % rrangerrent is the Bayer color filter
ﬁuﬁﬁe capias ( E rin . . .

array ( each p1 xel k arranged in a 2G npsai ¢ as shown in
Figure 15: Each 0 re gr een,
and bl ue respecrlﬁél)va;ﬁg[éfdiésgn%éeab(mg@hﬁﬁ??ttog nq%f) én&%@ﬁ% &?éeggnsﬂ ghea 'nrr{éata ic
cont ai ns Mmetpihagualidhreatiwments wf Frivieam. AdthisRstags, werareBwt Bensidetingesxaoty ftowve

m ssing agd Xfocbﬁfr@rlg%ﬁ&ﬂmemﬁtterp@ JTRRRMARS BLE AP WHIPAGSICRN dorRE TRELENT €
out. The CFA is considered to performadequate fixed pattern noise (FPN)

suppr essi Wptions Musbbe ’ﬁ@%ﬂefjf’@"ﬁ@’aﬂ@” ”Fﬁ%w'm'fht@%'gggﬂsor 40 is unlikely to have
a conpletely linear response. Therefore the 10-bit RGB sanples fromthe
CFA nust be conR¢Etess ot e BEP implementatian. therpae@ yawer qf coslipinganpl es are

transl ated int on&.h)put ;n{agaaaarcmmb@sodmnewmagé | ookup tables (one table

per col or Pixels fr ines . w4 etc. in i.nt g heRandG
t abl es, V\i‘ll le pfhx e “? Wbaﬁe 'ﬁ Re? gém?ipﬂ'ggea%,(bé‘?"efs&ést & gﬁ@:&@ﬁ'”i %%%e G and
B tabl es. This spece@npisetvelyythe serepeuipdmidtiof4 indhes wide).

3.0.1Supported Print Formats

The PCP 3 supports a variety of output print formats, as shown in Table 6. In all
cases, the width of the image is 4 inches (matching the printhead width}). Only the length of the

print out varies.

Table 6. Supperted Image Formats

Output Size Output resolution
Format Name Aspect Ratio {inches) {at 1600 dpi) Rotation
Standard 30 2:3 4" %6 6400 x 9600 90
Passport 31 2:3 4" % 6" 6400 x 9600 90
Panoramic 33 4:6 4" <127 6400 = 19200 90
Thumbnail 32 2:3 4" x 2.67" 6400 x 4267 0

The image sensor does not provide orientation information. All input images are
captured at the same resolution (1500 x 1000), and may need to be rotated 90 degrees before

printout. Figure 13 illustrates the mapping between ihe captured CFA image and the various




orientation of the canera. The process is shown in Figure 16. The total
anount of nenory PCP05-SG -24- required for each | ookup table is 210 x
8-bits. The 3 | ookup tables 45 therefore require a total of 3 KBytes (3 X
2' bytes). 3.1.3Planarize RG 41 The pixels obtained fromthe CFA have
their color planes interleaved due to the nature of the Bayer nosaic of
pi xels. By this we nean that on even horizontal lines, one red pixel is
fol | oned °5SGgreen pi xel and then by another red pi xel - the different
color planes are interleaved with eacgb other. In sone inmage processing
systens, an inter]|eaved format is hly useful. However in the Printcam
processi nﬁ‘pBWe‘?ﬂ"t f9rmaty; 5@?”{‘%@“ tﬁ‘f‘)r‘réa@f 5| YPwRtrotaed 9y §a9FRFS BF- pl anar
RGB. A pl advhwise alik imaggean b2 roaRd tibewideas afte@stkarpar ated into its conponent
colors. In the case of the CFA RGB imge, there are 3 separate inages: one
i mge cont.aivaceCAprle CRaINf ed pi xels, one inmage containing only the blue
pi xel s, and one imge containing only the green pixels. Note that each

pl ane onl y Iepreseitase tQ&urB'@H%Insis REpdrle 16 Abighg #Miahe 16 heambiabdnéor
sanpl ed. No resanpling is perfornmed during the planarizing process.
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position in the approprlate color plane's image (therefore in the sane
ori ent at i bh? H?gf'ﬁé“%fﬂ\) The red 45 and blue 47 planar inmages are exactly
one quarter of the size of the original CFA image. They are exactly half
the resol ution fhf BR3P FRIALS N anTiege eansarld Aloyeh a variglyeaf insgge sempersef or e
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Each contone sample of R, G, or B {corresponding to red, green, and biue
respectively) is 10-bits. Note that each pixel of the mosaic contains information about only one
of R, G, or B, Estimates of the missing color information must be made before the image can

be printed out,
The CFA is considered fo perform adequate fixed pattern noise (FPN) suppression.

3.1.2Linearize RGB 40

» The image sensor 40 is unlikely to have a completely linear response. Therefore the
10-bit RGB samples from the CFA must be considered to be non-linear. These non-
linear samples are franslated into 8-bit linear samples by means of lookup tables

{one table per color).

Pixels from the CFA lines 0, 2, 4 efc. index inta the R and G tables, while pixels from
the CFA lines 1, 3, 5 efc. index into the G and B tables. This is completely independent of the

orientation of the camera. The process is shown in Figure 16. The total amount of memory




PCP0O5-SG -25 3.1.4Stored I mage 42 Each col or plane of the linearized RGB
image is witten to nenory for tenporary storage. The nenory shoul d be
Flash 11 so that the inage is retained after the power has been shut off.
The total anmount of nenory required for the planarized linear RGB inage is
1, 500, 000 bytes (approximately 1.5 MB) arranged as follows: R 750 x 500
=375, 000 es B: 750 x 500 =375,000 bytes G 750 x 1000 =750, 000 bytes
3.2PRIhﬂ'(§%ﬁ?@'The Print Chain is concerned with taking an existing inage
fromnmenory 42 and printing it to a_Mgnjet printer 2. An inmage is
typically printed as soon as it has been captured, although it can also be
reprint eo‘eﬂ‘f'reg ToriPEhiBeNuP fslp £l < EyPits. ﬂwé@éooéwrétaaleﬁd%@rew regigha tofabgli r ed i n

t he i mages gBpreesst Zighyeddpi n in order to produce high quality prints from
CFA captured images. Figure 18 illustrates the Print Chain. The chainis

di vi ded 4§ 9p@Endk!iRdi0sr esol utions. The first is the original inmage capture
space 50 (the same space as the CFA), the second is an internediate

resol ution 51 (tﬁeps%lgobt;i%g@ froﬁ:\QHé 'C@Hg‘gﬁe ttl%r} P)!r E)%hgg {,ntegg%lga I“%

resolution is t rinter resolution €s o evel dot s.
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3.1.4. 3. tlstkcs 60 A nunber, of statistics re t he

entire i rfﬁ eaﬁ%(gﬂ'“l ??CEBthﬁ TROMEdM BT RIPEESSing YEBES R ’FtP'll“é“’%if%E”@t ﬁaﬂ %ﬁ’l‘ﬁ’ce and
range ex pasaﬁul tioweanindke Prtdear prackssiTdigsent thatalgslithes aithote eficied iftwarkngy
gathered&lg)qaqla Regall prints of a particular captured inmage 42, and can be
gat hered epar a e]y fromthe red, green, and blue planar images. PCP05-5G
-26 3.2.2.1Buil H pH 2 289 n%ge 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 perfarmed during 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 image. They are exactly half the resolution in each dimension. The red and blue
images are therefore 750 x 500 pixels each, with the red image implicitly offset from the blue

image by one pixel in CFA space (1500 x 1000) in both the x and y dimensions.

Although the green planar image 46 is half of the size of the original CFA image, it is
not set out as straightforwardly as the red or blue planes. The reason is due to the
checkerboard layout of green. On one line the green is every odd pixel, and on the next line the
green is every even pixel. Thus alternate lines of the green plane represent odd and even
pixels within the CFA image. Thus the green planar image is 750 x 1000 pixels. This has

ramifications for the resampling process (see “Resample 64" on page 28 below).




The first step is to build a histogramfor each 8-bit value of the color

pl ane. Each 1500 x 1000 CFA image contains a total of: 375,000 red pixels
(mn 19-bit counter required) 375,000 blue pixels (mn 19-bit counter
requi red) 750,000 green pixels (mn 20-bit counter required) Therefore a
single 256 x 20 bit table is required to hold the histogram The process of
buil ding the histogramis straightforward, as illustrated by the follow ng
pseudocod®™ Gy | = 0 to 255 Entry[l] EndFor For Pixel = ImageStart to

| mageEnd p = Inmagel Pixel] Entry[p] =,Entry[p]+1 EndFor 3.2.2. 2Determ ne
H gh and Low Threshol ds Once the histogram has been constructed for the

col or pl ght4Stereddmaonde ysed to determne a high and | ow threshol d. These

t hreshol ds can be used for automating | ater white bal ance and range
expansi on duri ngaahteloppiape opthgdbexizeBREBrigaghis willee dhatedondar tehworbmber  of
pi xel s frithdNanBinfchRe) sHEUIdWMR FRAST08Y thhthfe inS4edartasdd dHeX HleSoolvar P&

expendabl e and t%gerefore equal. In the sane way, we consider the n%

li ght est 35°R&M %0 be expendabl e and therefore equal. The exact value for n
is expected to be about 5% but will depend on the CFA response

charact eri sti cs'herfatal RS §° Bremaet BPHTad 19h then &landrized fivess t RGB) image jss

st r ai ght fQ500600d bytk$ (abprésimu@ly 1. SMBIangedtd3faogs t he col or plane's histogram

fromthe count fay 0 wards (. 1, 2, 3 etc.) wuntil the n%total is
reached or we hé‘%sotxréggél | ed %Pﬁ%‘g‘éﬁ han a set anobunt from 0. The hi ghest

of these wal uesBi®s0xdA8Fder ed376/980 byyes t hr eshol d of the col or pl ane.

Al t hough §here ps;q .digh €r encgg obstwgeen these darkest val ues, the

di fference can be consi dered expendabl e for the purposes of range

expansi orh_gmeehger bal anci ng. PCP05-5G -27- The process of determ ning the
n% | ightest values'is simlar. It involves stepping

The Print Chain is concerned with taking an existing image from memory 42 and
printing it to a Memijet printer 2. An image is typically printed as soon as it has been captured,

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 illustrates the Print Chain.
The chain is divided into 3 working resolutions. The first is the criginal image capture space 50
(the same space as the CFA), the second is an intermediate resolution 51 (lines of 1280
continuous fone pixels), and the final resoluiion is the printer reseclution 52, with lines of 6400

bi-level dots.

3.2.1Input Image

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

Image Capture Chain described in Secticn 3.1.4.

3.2.2Gather Statistics 60

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

separately from the red, green, and blue planar images.




t hrough the col or plane's histogramfromthe count for 255 downwards (i.e.
255, 254, 253 etc.) wuntil the n%total is reached or until we have
travelled further than a set anmount from 255. The |owest of these val ues
is considered the high threshold of the color plane. A though there is a
di fference between these |ightest values, the difference can be considered
expendabl e for the purposes of range expansion and col or bal anci ng. The
reason fo?*??%bping after a set distance fromO or 255 is to conpensate for
two types of inmmges: where the origipgal dynam c range is |ow, or wher e
there is no white or black in an image In these two cases, we don't want to
consi der tH&1EHY] Histawa®f upper and lower values to be expendabl e since we
have a low range to begin with. We can safely set the high 73 and |ow 72
t hreshol ds to b&hoiessier istipduidp fistogrampfox epchi&bitsauest thacelyr danepEaeh The
exact di moarceo\CFA indgpesdaiaya fok€ofCFA, but will be two constants. A sanple
col or range for | o plane js sho in Figure 19. Note that although the
entire 0-255 raﬁéﬁﬁﬁ§eiﬁé§§hWQj%?ﬁco%m%rﬁﬁﬂgd%olor plane's pixels, this
parti cul ar i mage73 e blue pbwil(hiar 9ibingeter Najueeddl so t hat the sane n% hi st ogram
range 70,,71 is - aolar in the lowend 70 than in
PR G o i 20 R e B

the high end 71. se't stogram nust contain nore pixels

wi th high val ue§he%f8r%%rsg1tg%%§%g?pﬁbﬁgag'%]% l%guiFegrt]c; h@? !hoWIS{%nd. The high 73 and

| ow 72 threshol ds nust o IEE e ROl 5P ISR i ndi vi dual | y.

This information will be ed. to, cal cul ate ran scal e and .of fset factors
to be used in ?f?}ee Ploster OT:JAE?'I? 09 4 g'hsco = rsﬁﬁ'@ﬁm ‘%‘;\n%si @HStﬁIegcgééhe The

f ol | owi ngolfpsingdseusideodel | ustrates the process of determining either of the
two threshol dsgo(to-f§ pg -the | ow threshold, StartPosition = 255, and Delta
= 1. To find theEngﬂI threshold, StartPosition = 0 and Delta = -1). The
pseudocode assunes at reshold is an 8-bit value that waps during
addition. Thresh8f¥ = StartPosition Total = 0 TotalDelta = 0 Wile
((Total Del ta < axDetlt a)mANDt{rEotakmageMaxPi xel s)) Threshold = Threshold +
Delta Total = Total .EnbLyiThreshold] TotalDelta = TotalDelta + 1

Entry{p} = Entryl[pl+l
EndFor

3.2.2.2Determine 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% darkest pixels to be expendable and therefore equal. In the same way, we consider the n%
lightest pixels to be expendable and therefore equal. The exact value for n is expected to be

about 5%, but will depend on the CFA response characteristics.

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 values, the difference can be considered expendable for the purposes

of range expansion and color balancing.




PCP05- SG -28 EndWil e Return Threshold 3.2.3Rotate Inmage 61 Rotation of the
image 61 is an optional step on both the Capture and Print and Reprint
processes. Different print formats require the image to be rotated either 0O
or 90 degrees relative to the CFA orientation, as shown in Figure 13. The
rotation amount depends on the currently selected print format. Although
the direction of rotation is uninportant (it can be cl ockwi se or
count er - cTG8KM se since the new orientation i s onl y facilitating the
printhead width), the rotation directbon will affect the relative
registration of _the 3 color planes. Table 7 summarizes the rotation
required for ealPf PP & GRIFERINING i PRdiSbipstgiaivgs isceimilasy [t dwelyes sigppingabl e 7.
Rot at i onsthfoughmhErdoostarit adidgpam from thé:?foiég‘ttfoﬂ'_?_l_?sl?ﬂaﬁlﬁue!?dlid ogéz.oz%e,rzmt Fotad) on
St andard P art 3190 Panoram c umbnai i.nce are
Cotat | ng I 0 67 980 eodredan PRLES A ratplss e s s P T
rotati on lpwest eblgeseRwiues isransitéreththe fhigh thredteld afttgecobaplabe Aiteagih tare isya r ow,
and for adiﬁé?ér@% 'b@lﬁ/egﬁ th%g? Iigh’fe@fva'id@@,glﬁe Gifitke Jaﬁ%g cgr%li&éma. egﬁengi%lg ‘the

the 3 col or

Regi stration o or planes nust take the rotatio ITéction into
account . BEPsasyfirange papasperamicolnBaimege Expansi on 63 A photograph is
seldomtaken in ideal lighting conditions. Even the very notion of

"perfect |ighti hep easedifentappingiagerfa sal gistanes ram 8 gb RS ity tanypensats for twe t er ns
of phot ogysphkeim=ged subject matter. However, in all cases, the subject
matter of a photograph .is illumnated by light either froma |light source
(such as the suff"®f eREYR? dYTagHR PR%)IS198r i ts own |ight (such as a neon
sign). PGPCh- SGvhe2®there is no white or black in an image

In these two cases, we don't want to consider the entire n% of upper and lower
values to be expendable since we have a low range to begin with. We can safely set the high
73 and low 72 thresholds to be outside the range of pixel values actually sampled. The exact
distance will depend on the CFA, but will be two constants.

A sample color range for a color plane is shown in Figure 19. Note that although the
entire 0-255 range is possible for an image color 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.

The high 73 and low 72 thresholds must be determined for each color plane
individually. This information will be used to calculate range scale and offset factors to be used

in the later white balance and range expansion process.

The following pseudocode illustrates the process of determining either of the two
thresholds (to find the low threshold, startPosition = 255, and Deita = 1. To find the high
threshold, StartPosition = 0 and Delta = -1). The pseudocode assumes that Threshold is

an 8-bit value that wraps during addition.

Threshold = StartPosition

Total = 0

TotalDelta = 0

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




In nmost lighting conditions, what nmay appear to the photographer as "white"
light, is usually far fromwhite. Indoor lighting for exanple, typically
has a yellow cast, and this yellow cast w |l appear on an uncorrected

phot ograph. To nost people, the yellow cast on the final wuncorrected

phot ograph is wong. Although it may match the view ng conditions at the
tinme the Cphot ograph was taken, it does not match the perceived color of

t he obj ect’ is therefore crucial to perform white bal ance on a

phot ogr aph bef ore printing it out. Insghe sane way, an inmage can be
perceived to be of higher quality when the dynam c range of the colors is
expanded to mat AR f ul | range in each color plane. This is particularly
useful to do befetvem HirepivAde IS resanpled to a higher resolution, |f the
dynamic range is higher, internediate values can be used in interpolated
pi xel pos3.z.oRetate Imugs 6 Ng a stepped or bl ocky i mage. Range expansion is
designed to give the full 256 value range to those values actually

sanpl ed. | n therbesdh &aseimidacs1l BVERSsptdA! WRpidh BEMPBRACIPWE an@dMeint e hi ghest
val ue is Fgreg?ﬁed to 255. Al the internedi ate values are mapped to

proportio V?Cﬁfsglsrredl ate values between 0 and 255. Mathenmatically, the
operation perf%%ed IS & transl ati on, of LowThreshoId 72 to O followed by a
scal e. The for reptprigHigpRisigRdre the ingge tabe rpjaled)either O35PR degrpeseigyivey
RangeScal te BecCRX orienhtioe aRahgaSndigract. The Fotap a(rldugmeiféwde%h@ihdjcurrently

LowThr es I d Lim val ue
reduce t h@%‘e?t)ed %ﬁﬂggr%%g Aﬁﬁ%ﬂ‘l%% ?ﬁnz%j on ofl?&?tion |? hr? %p anfa bt ctan bfe cmckw1%ea?cu| ating
LowThr es mpﬂter-c?@kwé% SImﬂw OfW grigntepion Iscmbrﬁmllt@mthesmntb@u widthep e rvtailqmes
(LowThr esdiakidnang aﬁamm &F?e@ts%t)onvuf the B&oR HlREEHabEOF surfidG el He0

pl ane, and only need be cal cul ated once per inmage. Both tasks can be
under t ak & ag‘?”rfﬁ‘i’”t'r&ﬂg’éﬁ%th”"‘a@"?ﬁfé%""Pﬁ’”@i‘?jE'lFé02?1“3“8[‘nce this step invol ves
a scaling process, we can be left with sone fractional conponent in the
mapped val ue e.g. the val ueTable FeyotatignstitenbCPA origutativerfot han di scard the
fractional conponent, we pa&gnFormalsit result (8 bits of integer, 2 of
fraction) on to the next stage of the inmage processing chain. W cannot
afford the menor n‘?'i-'ﬁrnt\ e entire inangoqétioﬁnore than|8-bits, but we
can nmake good usé c* t+he—hgher—+pselutien—+Athe—resanpH ng stage.
Consequent |y the ﬁlﬁ@é@rdﬁ@rage is 8tBts, and the output image has 10-bits
per col or conponen assporggﬁe "ogi cal gjocess s shown in Figure 21. PCPO5- SG

Panoramic 33 20

Thumbnail 32 0

Since we are rotating only by 0 or 90 degrees, no information is lost during the
rotation process. For a rotation of 0, the image can be read row by row, and for a rotation of 90,
the image can be read column by column. Registration of the 3 color planes must take the

rotation direction into account.

3.2.4White 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 source (such as the sun or indoor lighting), or its own light {such as a neon

sign).




-30- It is inportant to have a floor of O during the subtraction so that
all val ues bel ow LowThreshold 72 to be mapped to 0. Likew se, the

mul tiplication nust have a ceiling of 255 for the integer portion of the
result so that input values higher than H gh Threshold 73 will be mapped
to 255 3 2. 5Resanpl e 64 The CFA only provides a single color conponent per
pi xel ;%’ coordinate. To produce the final printed i nage we need to have
t he ot her 81t conponent values at each pixel. Utimately we need cyan,
magenta, and yel |l ow col or conponents aL_each pixel, but to arrive at cyan,
magenta, and yel |l ow we need red, gr een and blue. Wth our o

one- col or - per - pinc@pst lishfiag reritiang, @Netaay aper doriisrRbRtogmafer s Hulite] idht dg

posi ti on, usoaity faefrone @flitel thdesitiightRig&ordxd@ plNElpicAly B89a yEllowstBYd RBVRIEY een,
and needtoetlmate re red, green,

ve the full
and bt ue €81 1 R8T En e B e e Psroman Touut ptblin 15 el S n cyesnal
resol ut i owncomextpe! phstograph ishveorfa. Aloughuit pray mateh theutievany cohditiand dit thie @ime tiad t hough
the outp , i f .
const ant u[%hg o9 éﬂﬁtggé’ f’a&ér?é gaééh\'gat ng%ﬁﬁftﬁ:?egéﬁqvgc% E'olx?r of {hg%ﬁe& Ipltsﬁlgeréfgr%%{ur%elz dis
t her ef or et%a'@@md’(ﬂt%ba'wpé a&h@tosrﬁﬁ" ketare efintingheets t o consider: Interpolate
to CFA resolution (mninmal interpolation), and then perform sharpeni ng,
col or conver si ol thEjsaae| ways @alimaggpcanoba hercgvednto bee glohigher anality winen s t he
advant ag%yﬂém@ rarﬁﬁ"b‘ﬁttl%'ﬂoloﬁ"@d&ﬁéﬂd@@t&ﬁét@ﬁltheqfﬂlfiraﬁé)é etk BYE! SaddNT ﬁ i he | ow

resol ution. ver it has the disadvantage of Tequiring nore 8-bits
per col orpaﬁtt?HJﬁ@h%ﬁ“' {H9pkeereRads 5rfe§3r‘i'§"‘?drff’ér@@Teéf%'uf'%ﬁéh%ﬂynamm
i nt er nediratge kalighes iméredibe JaReoicae et luged Mt iglepolaliesikel PoMitiong .’stvbiain{:)lanaI

I | ut | t h
cal o-up beB8 bilack FE%al el olgbndirdGuitfet B G 28 B choatine var ue
per cycl evalueg ﬁ?@?%@lﬁ@pl@dt*o thehlgespraset the dwvastivaluenis nidpper fodl, faod thestiigtiepieni ng
and col Orvaﬁjgnéfl%ﬁﬁiegrﬂo 235 IAB thelASrmiddBtcARN RE LRIRPE &Q&rgpoﬂnaﬁ B(qr%%{r}%hfa@g

process, providing maxi num accuracy. However It | sadvant age of
requiri ngalyes peiveen handi#Sb- t hat is capable of producing | bi-cubic
interpol ated val ue per cycle as well erform ng sharpening and col or
conversion, all Matﬁeraﬁlca'{reﬁﬁg@etworap@"fqﬁgwgch/trﬁr@.latiqmef Eevdihprsheld g2 ke Onel

nmust be Ifarog,edgyl@g@kb trRe RRRlYis bhwrnPlefnr es kernel to the high-res inage.
Wrse still, for shar penl there nust be at |east 3 w ndows kept onto

the out put i mge (eaftel CT)r{%éfﬁl‘n@o‘ﬁ”%ﬁ%@fd)dﬁ%m&m%éfﬁfﬁﬂw nes) since on a

h
single print nygher the %ygeScaleFactor = (HighThresh 125615 Threshold)
reshold — LowThresho

RangeScaleFactor should be limited to a maximum value to reduce the risk of
expanding the range too far. For details on calculating LowThreshold, 72 see Section 3.2.2
“Gather Statistics”. These values {(LowThreshold and RangeScaleFactor) will be different for

each color plane, and only need to be calculated once per image.
Both tasks can be undertaken simuitaneously, as shown in Figure 20:

Since this sfep involves a scaling process, we can be left with some fractional
component in the mapped value e.g. the value 12 may map to 5.25. Rather than discard the
fractional component, we pass a 10 bit result (8 bits of integer, 2 of fraction) on to the next
stage of the image processing chain. We cannot afford the memory to store the entire image at
more than 8-bits, but we can make good use of the higher resolution in the resampling stage.
Consequently the input image is 8-bits, and the output image has 10-bits per color component.

The logical process is shown in Figure 21.




magenta, and yellow dots represent dots from6 different |ines. PCP0O5-SG
-31- Neither of these cases take into account the fact that the final print
output is bilevel rather than contone. Consequently we can strike a mddle
ground with regards to resanpling, and achieve the best from both nethods.
The solution is to interpolate to an internedi ate resol ution. Shar pening
and col or __conversion occur at the internmediate resolution, followed by a
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There are two extreme cases to consider:

. Interpolate to CFA resolution (minimal interpolation), and then perform sharpening,
color conversion. Finally scale up to the print resolution. This has the advantage of a
constant sharpening kernel and color conversion at the low resolution. However it
has the disadvantage of requiring more than 8-bits per color component to be stored
for the interpolated image or intermediate vaiues will be incorrectly interpolated
during the final scale-up to print resolution. It also has the disadvantage of requiring a
scale-up unit that is capable of producing 1 print-res interpolated value per cycle.

. Interpolate to the print resolution, 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 interpolated value per cycle as well as performing sharpening
and color conversion, all on an average of a single cycle. The sharpening kernel
must be large enough to apply the CFA-res 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 enfry lines) since on a single print cycle, the cyan,

magenta, and yellow dots represent dots from 6 different lines.




X,y = coordinate in mediumres space x'y' = coordinate in input space nps
= mediumres pixels per input space sanple kl,2 = (0, -0.5) depending on
rotation This nmeans that given a starting position in input space, we can
generate a new line of mediumresolution pixels by adding a Ax and Ay of
11lnps and O respectively 1279 times. The fractional part of x and y in

i nput spagﬁmggg be directly used for | ooking up the kernel coefficients
for inmage Teconstruction and resanpling. Note that k1 and k2 are 0 and -0.5
dependi ng on whet her the image has beep_rotated by O or 90 degrees. Table

8 shows the values for k1l and k2 in the red and bl ue planes, assum ng that
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Since the print image is printed as 1600 dpi dithered bi-level dots, it can be safely
represented by a 320 dpi confone image. Consequently an intermediate resolution of 1280
contone pixels provides no perceived loss of quality over 6400 bi-level dots. The later scaling

from 1280 to 6400 is therefore an exact scaling ratio of 1:5.

To decide how best to resample, it is best to consider each color plane in relation to

the CFA resolution. This is shown in Figure 22 for a rotation of 0.

3.2.5.1Red 45 and Blue 47

Looking at the red 45 and blue 47 planes, the full CFA resolution version of the color
plane can be created by scaling up the number of sampled pixels in each dimension by 2. The
intermediate pixels can be generated by means of a reconstruction filter (such as a Lanczos or
Exponential filter). Only one dimension in the kernel is required, since the kernel is symmetric.
Since red and blue have different offsets in terms of their initial representation within the CFA

sample space, the initial positions in the kernel will be different.

The mapping of output coordinates (in 1280 space) to input coordinates depends on
the current rotation of the image, since the registration of pixels changes with rotation (either 0
or 90 degrees depending on print format). For red and blue then, the following relationship
helds:




As can be seen in Table 9, the red and blue inages are scaled up for al
image formats. Consequently there will not be any aliasing artifacts

i ntroduced by the resanpling process. 3.2.5.2G een 46 The green plane 46
cannot be sinply scaled up in the sane way as red or blue, since each line
of the green plane represents different pixels - either the odd or even

pi xels on_alternate lines. Although in terns of the nunber of pixels it is
represent%??@%Bto say the green inmmge is 750 x 1000, the imge could
equally be said to be 1500 x 500. Thi_gyconfusion arises because of the
checkerboard nature of the green pixels, where the distance between pixels
is not equal ‘i W¥€and y di nensions, and does not nmap well to image
reconstruction or resanpling. The nunber of interpolation methods used by
ot her systens f¥¥ ~GPEERAPBIALYeEEsBICuUCtion is testinony to this - from
near est nei ghbor replication to linear interpolation to bi-linear

i nter pol ati on ak¥ FfeaEngeiitinp¥epasst ructi on. The nmappi ng of out put
coordinates (in 1280 space) to input coordinates is conceptually the sane
for green as itmps=Mediumdes Rixals ner theut sPaee samplei ng depends on the current
rotation of the inmage, since the registration of pixels changes with

- rotation (eithek:6{&r-0.80depardineagotdiégnendi ng on print fornmat). For the green
pl ane the follow ng relationship holds: x-(x)+kl nps Table 9. Red and Bl ue
Scal e Fact ors f olis meaggehFgivamb stayiing positioR)in ink@ sPaR) e S glvrad@new ling, y =
coor di natg rﬂeﬂiufﬁﬁ‘rgédﬂm)rq ﬁ§ei§ﬂ%ing)§&'an& P&%&rﬂb%ﬁ% rsébebtgglgHZ . THYS ~

medi umres pi xel s per 1nput” space sanple k1,2 = {0, -0.5} depending on

rot ati on TREUGHRt Rt KE XrdY WH AW $age caT be| disely, useHcfon iprlvag upftherkeingim r es

pi Xel s pejoefHiasms Rr imagP focoskiDdd SndRsdh@ingr i Nt format. G ven that the

pl anarized RGB i mage has the follow ng planar resolutions when unrot at ed:

R 750 x 500, Boté &t K P8R, ars0 af8@b. X dddAing bi@neiiter b im%éi-ﬁfa@ héer Rfatddne
a

di fferent, out f or mat see Fi re 13) are shown in e 10. Note that
with the by (yoPBB degrees. 1Sablg 8 showsgt e values for k; and ?(z in the red and blue planes,

assuming that the rotation of 90 degrees is anti-clockwise.

Table 8. Effect of Rotation on k1 and k2 (rotation is anti-clockwise)

Red Blue
Rotation From
Format Original CFA
: k4 kz Ky kz
Standard 30 90 0 05 -0.5 0
Passport 31 a0 0 -0.5 0.5 0
Panoramic 33 a0 0 -0.5 05 0
Thumbnail 32 0 0 0 -0.5 0.5

The number of medium res pixels per sample, mps, depends on the print format.
Given that the planarized RGB image has the following red and blue planar resolutions when
unrotated: R: 750 x 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 image format, the

entire image is resampled into 1/4 of the output space.
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The green plane 46 cannot be simply scaled up in the same way as red or blue,

since each line of the green plane represents different pixels - either the odd or even pixels on

alternate iines. 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.

The mapping of output coordinates {in 1280 space) to input coordinates is

conceptually the same for green as it is for red and blue. The mapping depends on the current

rotation of the image, since the registration of pixels changes with rotation (either 0 or 90

degrees depending on print format). For the green plane the following relationship holds:

(i) iy
mps.

¥ = (L) +k,

mps.




acconplished by nultiplying each ordinate by 1142. These two
transformati ons conbine to create a nmultiplication factor of 1/2.
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 kernel y. Simlarly, as we advance
iny by k, we increase by k/2 in kernel x and increase by k12 in kernel vy.
The rel atiizc%lshé ps between these different coordinate systens can be
illustrated 5-Eﬁ/ consi dering what occurs as we generate a |ine of nmedium
resolution pixels froma CFA space ingut imge. Gven a starting y
ordinate in CFA [nput space, we begin at x=0, and advance 1280 tinmes by
11nps, generati Wberg new pi xel at each new | ocation. The novenent in
unrotated CFA space by 1llnps can be deconposed into a novenent in x and a
novement in y i &Y FGPYPEHe incpdiuneeEpacthe process is shown in Figure 25.
Since cos45 = sin45 = 1112, novenent in unrotated CFA space by 1/nps
equates to equ¥l TROOEHERIN iNRUtEPacRd v by 11(nps112). This anount nust now
be scaled to match the normalized kernel. The scaling equates to another
mul ti plication BySIIEdumeshRieiRen Pyt space sepplerrent of 1/nps in unrotated CFA
space equates to a novenent of 112nps in kernel x and kernel y. Table 11
lists the rel at kerdhi-pobéerarding anhetalidir ee coor di nate systens for the
different formats:. PCPCb-SG -36 Table 11. Geen Plane Kernel A Values for
| mage Formats UA? withithe dRotSeand dIUERA pispess dheAGMbeSH avdiumiKes piedls perSemptat Scal e
Factor111, 504 Rt .
PassportO. ‘éﬂ?@ %@2%9%% . 78@%2%%&?#%2‘9%%%%%% 276“6%%@613 the following
Thunbnai | RRNE5 (esPHBNS V88 2ratsad: TalfPR 13005 Ro R0 « 1949 Gol@nePoq. thekegeltel space
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However, given that the A is alnost 1, and that each of the 4 inages is

only 1/4 size, _aliasing wabe {fafiresa Plane Scale Factors for Image Formats
Format Mapping mps 1mps
Standard 30 1000 = 1280 1.28 0.78125
Passport 31 1000 = 640 0.64 1.5625
Panoramic 33 500 = 1280 2.56 0.390625
Thumbnail 32 1500 = 1280 0.85 1.17648

These scale factors allow the mapping of coordinates between CFA resolution input
space and medium res space. However, once we have a coordinate in CFA resolution input
space, we cannot perform image reconstruction and resampling on the samples in the same

way as red or blue due to the checkerboard nature of the green plane 46.

Instead, for the purposes of high quality image reconstruction and resampling, we
can consider the green channel to be an image rotated by 45 degrees. When we look at the
pixels in this light, as shown in Figure 23, a high quality image reconstruction and resampling

method becomes clear.

Looking at Figure 23, the distance between the sampled pixels in the X and Y

directions is now equal. The actual distance between sampled pixels is “/ﬁ as lilustrated in

Figure 24.




noti ceabl e, especially since we assune ideal |ow pass filtering on the
green during inmage capture. 3.2.5.3Reconstruction 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 for signal

reconstru&tpbso and quality of the resanpled i mage. A satisfactory
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considering what occurs as we generate a line of medium resolution pixels from a CFA space
input 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 shown in Figure 25.

Since cos45 = sind5 = 1/V2, movement in unrotated CFA space by 1/mps equates to
equal movement in x and y by 1/(mpsv2). This amount must now be scaled to match the
normalized kernel. The scaling equates to another multiplication by 1/42. Consequently, a
movement of 1/mps in unrotated CFA space equates to a movement of 1/2mps in kernel x and
kernel y. Table 11 lists the relationship between the three coordinate systems for the different

formats..
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then scal e the resul

ts.

is shown in Figure 27. The act ual

st andard hi ghpass fil

ter kernel

S.

ker nel

The process of producing a single filtered L pixel

used can be any one of a set of

A basic but satisfactory highpass filter

i's shown in thi ?aH.Ieeri m@tﬂ%ﬁ i’rf?:@erf'?ént Fnh%r!%%aic@ is@l@é%%y%%umber less than 1,

but in rotated CFA space, only the Passport image has a A value of greater than 1. As a result,
aliasing will occur for the Passport print fermat, but not for any of the others. However, given
that the A is almost 1, and that each of the 4 images is only 1/4 size, aliasing will not be
noticeable, especially since we assume ideal low pass filttering on the green during image

capture.
3.2.5.3Reconstruction Filter for Red, Blue and Green

The exact reconstruction filter to be used will depend on a number of issues. There is
always a trade off between the number of samples used in constructing the original signal, the
time taken for signal reconstruction, and quality of the resampled image. A satisfactory trade-off
in this case is 5 pixel samples from the dimension being reconstructed, centered around the
estimated position X i.e. X-2, X-1, X, X+1, X+2. Due to the nature of reconstructing with 5

sample points, we only require 4 coefficients for the entry in the convolution kernel.

We create a kernel coefficient lookup table with i entries for each color component.
Each entry has 4 coefficients. As we advance in output space, we map the changes in output
space to changes in input space and kernel space. The most significant bits of the fractional
component in the current kernel space are used to index into the kernel coefficients table. If
there are 64 entries in the kernel table, the first 6 fraction bits are used to leok up the

coefficients. 64 entries is quite sufficient for the resampling in Printcam.




3.2.6.3Add Filtered L to RGB The next thing to do is to add sone proportion
of the resultant high pass filtered |um nance values back to the | um nance
channel . The inage can then be converted back to RGB (or instead, to CW).
However, a change in |um nance can be reasonably approxi mated by an equal
change in R G and B (as long as the color space is linear). Consequently
we can Sthe col or conversions altogether by adding an equal
proportlon o‘rf % he hi gh pass filtered Ilum nance value to R, G and B. The
exact proportion of the high-pass-filtsered i mage can be defined by neans
of a scalzg F ctor f Lis the high-pass-filtered | um nance pixel, and k is
the const&fi Qfﬁ?rbe actor, we can defi ne the transforrrati on of shar peni ng
R, GandBasfoIIo . PCPCB- 5 G=G+ kL (limted to 255
each) B = B+kl edma@%ﬁﬁpg’ée" thtge QE%FE‘S?%&P%’PG@HWT"%P%’@ Arintedr|dgsdly. dsnbi ned
with the shaa:leanc_ﬁ ditéroghoilla tteha)pndru mhipa FAf tehbl&tfonpddhﬁeﬁ?ﬁo(zv&% &emtenmageﬁ 2.6.2)

f h t he RGB
bxer, -t navfrEBlfich 4 Ao, N8 e P ok BB eRiots 05 oaet PaRBE R rNbaE oot

3. 2. 7Conwe¢,tblueoor@mﬁn8{3 algfven maeirmtsmqraIShar@Bmg edqcheocooplaey iptependandygiREB t o CWY
i's sinplyise t&‘cdlbr%m% Ig'ﬁar?)el%g should n@te'é@ﬂ@gﬁdile& tla'tﬁb Iﬁmﬂ%{r%re%h%eraoﬁﬁﬁl ot hat the

CMWY space has a |1 near response, i's definitely not true o p| gnent ed
i nks, an&%?ﬂty‘ed‘&?taf“éﬁt‘ﬁfa‘ﬂ"@éaﬂ'&?" @&%Wlﬂé’@éfﬂchaﬁ@ The individual color
profl l e of a particular device (input and output) can vary considerably.
Consequent |y, t8harganingifsroinveles thearansigtioned g iRGE image e 3 calps spaseathiesw f or

future SQH@QAhﬁnanbé\K%epéiﬁgd Rb ﬂﬁ@{eﬁmalnaerrﬂ?ﬁr% cotf ritdrMbRonTOGR asIHLsT $Q4by ed for
Pri nt cam Ee transfo ons re;@lre in Figure 28, Lab s

chosen bePaliuiance eh 1p“l‘”"ll\étl eﬁﬂ?r?‘?ﬂeﬁ@% E}Wﬁdﬁ'ég R\?Z}’OPOW’P R befiahds to
t he nappipags-filteoed tehson ofai@pelummamr) Rty tthe &raird iveagp Ghallcebe ghaneied Habletopr i nt er

ganut is Fﬁé@ B:? &)lr loyCW Eﬂ‘n(?e' \peezq'e \ég'i% !oyprlm otupfn %Mﬁ Cre% poscgé’s i sahown in Figure 26.

However we can avoid much of the color conversion steps if we consider the effect of
adding a high-passed-filtered L back into the image - the effect is a change in the luminance of
the image. A change in the luminance of a given pixel can be well-approximated by an equal
change in linear R, G, and B. Therefore we simply generate L, high-pass-filter L, and apply a
proportion of the result equally to R, G, and B.

3.2.6.1Convert RGB to L 80

We consider the CIE 1976 L*a*b* color space, where L is perceptually uniform. To
convert from RGB to L (the luminance channel} we average the minimum and maximum of R,

G, and B as follows:

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

L =

3.2.6.2High Pass Filter L. 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 kernel
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 kernel 85 will be sufficient to

produce good results.




Rat her than performthese transfornati ons exhaustively, excellent results
can be obtained via a tri-linear conversion based on 3 sets of 3D | ookup
tabl es. The | ookup tables contain the resultant transformations for the

specific entry as indexed by RG. Three tables are required: one table 90
mapping RGB to C, one table 91 mapping RGB to M and one table 92 mappi ng

RG&B to Y.PTri-Iinear i nterpol ation can be used to give the final result for
those entT$8%%¢ not included in the tables. The process is shown in Figure
29. Tri-linear interpolation requiressgeading 8 values fromthe | ookup

table, and performng 7 linear interpolations (4 in the first dinension, 2
in the second, HM§Wers 1 RaRase fiersip of thejkgielnf e 1 BWe Bis sFectie eepings$6 ¢ he

i nter mﬁdi I&t}lﬁired&?rllfﬁ x 3ieﬂoh\kkwmgﬂmn}3c{m\ Pt aMﬂigwﬁa i:&OQéﬂo}ﬂtiﬁn &%at:@.uslﬂgﬁ}@- ]§G )
-40- The gize of the. |l ookup table reqguir ends on the ljn ity of the
transf or nRET oA leasrﬂéec%arsf[rsrgﬂrdsé:a"ngitéee rB‘?"e'grﬁrEﬁRf éag’eépisrfsetahfhg{ 32%1[ PEtion is
17 x 17 xketrefappligd to teeoddiumtesgiuinispace. will ke digquatel@r «l shdrpeditd.e i s 4913 bytes
(less than 5KB). To index into the 17-per-dinmension tables, the 8-bit input
col or conponents are fTasati2dcak FabtoadopCoMolitiontritey (4:4). The 4 bits of
_integer give Théindex, and thefd bits pf fraction are used for
interpolatipn. 3.2.8Up Interpol ate 67 The medi umresolution (1280 w de) CwW
i mage must how (F@™H- | nter PEAIt ed B3 t he Kerpgllin Mepies (1249 Baadeon |( 6400

wi de). The [ atan@arisoexack | vk 5|i n3at h| giq@wmssons. Al though it i|s
certainly pesstbte—tobili+neartyinterpolatethe 25values{1:-5{in both X
and Y di nensPa#eyrt3t he res®8ant vaPRes| wirel onfe be printed contqgne. The
results wl phe dithere angd pr n%ﬁg o[ =T ever. G ven that the cagntone 1600
dpi resul t s Wil o] ronied Tt o|di tRered’i-l1evel dots, the accuracy of

bi -1inear ipreimpebisz on frems320 dpest o] AGR0xdRE Wi Il not be visilble (the
medi um r esortt-er—was—ehesen—fet—this—veryr+eason)—Pxel—+rephication wl |

t herefore produce good results. Pixel replication sinply involves taking a
single pixel, and using it as the value for a larger area. In this case,
we replicate a single pixel to 25 pixels (a5 x 5 block). |If each pixel
were contone, thé &3ty Syaerapprliad ob soRyd-repipags; Hiedesevilhbs aaled to be
di t her ed, acttr@ing td ta€ bedisfactbNiatled ihBe 3bner Shddedbhle BperkiRWebivaloihs alndligs @n t he
contone va i Hal ft one 68 The

| - Jh i h in F 30. 3. .2.
print head aﬁm%ﬁg (%arﬁ??%rgg%gﬁa@h%F%B&i ?{'E":aﬁ'd"é uré'g‘?"ﬁgé 3§@t9rlaf%v@d thensspiBie vie nust

results. The process of producing a single filtered L pixel is shown in Figure 27.

U

The actual kernel used can be any one of a set of standard highpass filter kernels. A

basic but satisfactory highpass filter is shown in this implementation of the PCP in Figure 50.

3.2.6.3Add Filtered L to RGB

The next thing to do is to add some proportion of the resultant high pass filtered
luminance values back to the luminance channel. The image can then be converted back to
RGB (or instead, to CMY). However, a change in luminance can be reasonably approximated
by an equal change in R, G, and B (as long as the color space is linear). Consequently we can
avoid the color conversions altogether by adding an equal proportion of the high pass filtered
luminance value to R, G, and B. The exact proportion of the high-pass-filtered image can be

defined by means of a scale factor.

If L is the high-pass-filtered luminance pixel, and k is the constant scale factor, we

can define the transformation of sharpening R, G, and B as follows:




therefore convert fromthe contone CWy to a dithered CW inmage. Mre
specifically, we produce a dispersed dot ordered dither using a stochastic

dither cell, converting a contone CM image into a dithered bi-level CW
i mge. The 8-bit 1600 dpi contone value is conpared to the current position
in the dither cell 93. If the 80-bit contone value is greater than the

di t her ceLé ggue an output bit of 1 is generated. O herw se an out put
bit of 015 generated This output bit will eventually be sent to 4Al though
a 17 co 17 co 17 table will give exceldgent results, it may be possible to
get by with onIy a c% 00 9 conversion table (729 bytes). The exact size
can be determ néd | ati on. The 5K conservative-but-definite- results
approach was ctheﬂ(TemLIhQHpmwﬁemzﬁﬁeﬂﬁalﬂ s docunent. PCP05-SG -41- the
printhead and cop ingle nozzle to produce a single C,C M or Y dot.
The bit represents WFe% er or not a particular nozzle will fire for a

gi ven color and position. The sane position in the dither cell 93 can be

used for C, M @f‘@bu}/se t 's@alé BcRPEHSSIo it b%(bBnglnecpwfthﬁwQQ@Eﬁe %ctBﬁJﬁquaces the

C M and Y dots for different lines in the sanme print
staggerln@gmﬁﬁﬁﬁ%rﬂ??¥%F%ﬁ§e@BW6?@@’&6?§m@?ﬁ@@%?@€4y gives us staggering in
the dither cell. The half-toning process can be seen in Figure 31. The size
of the dither c&nge tb%S'?fé‘f?é'rﬁ‘ﬁé‘a%qunr@éP'Péé%ﬂ“ﬁRﬁ@rp"@f thetisagmiap e cefoeded Si nce

we are poaincdaigotieOl bepintews s, the cell size should be larger than 32 x
32. In addition, to allow the dot processing order to match the printhead
segnent s, 3.3 B€orietfo einyidie 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|n>%he'_%pet|l:§ té{@%gﬁei %EQ#QQEI{&“ E&%%‘EEY %;rﬁ@gual ity results, and

di vides evenly into ach entry ‘dither cell is 8
bits, for a totél—oi—ZBOO byt es (apprOX|nater 1.5 KB). 3.2.10Reformat for
Printer 69 The hiBal _pyocess before being sent to the printer is for the
dots to be for ted into the correct order for being sent to the

print head. The dofs st be sent to the printhead in the correct order -
24 dots at a tinme as defined in Section 2.2.1. |If the dots can be produced
in the correct idewer thisrcopersivhiasgunfds.tieat tieHEMYIppdcahes piieat Rspoide, viiidhher

functi oNgs 8GRk l@rtr(ﬁ trhé"?f'rﬁgn% 2 u\k{g én@%nfé%rurt g@ttru rfcgri'%rﬁg baseQ?nrl)%]E glsrﬁ gig%)lu\pl)gl gfes

(each value 1s d’sen
24. The prise é@@'eloé aPRDigar CH"‘”F? Qmué a@P outARcapvahi congiderals Grasedubrely, be sent

to the prdigw e astubatdyork B8ioNVRIRIVRI b B &bk 3G Sutdre-sensors, inks, and printers, a more

accurate model is required for Printcam.

The transformations required are shown in Figure 28. Lab is chosen because it is
perceptually uniform (unlike XYZ). With regards to the mapping from the image sensor gamut

to the printer gamut, the printer gamut is typically contained wholly within the sensor gamut.

Rather than perform these transformations exhaustively, excelient results can be
obtained via a tri-linear conversion based on 3 sets of 3D lookup tables. The lookup tables
contain the resultant transformations for the specific entry as indexed by RGB. Three tables are
required: one table 90 mapping RGB to C, one table 91mapping RGB to M, and one table 92
mapping RGB to Y..Tri-linear interpolation can be used to give the final result for those entries

not included in the tables. The process is shown in Figure 29,

Tri-linear interpolation requires reading 8 values from the lookup table, and
performing 7 linear interpolations (4 in the first dimension, 2 in the second, and 1 in the third).

High precision can be used for the intermediate values, although the output value is only 8 bits.




4CPU CORE AND MEMORY 4. 1CPU CORE 10 The PCP 3 incorporates a sinple

m cro-controller CPU core 10 to synchronize the image capture and printing
i mge processing chains and to performPrintcam s general operating system
duties including the user-interface. A wide variety of CPU cores are
suitable: it can be any processor core with sufficient processing power to
performthe required calculations and control functions fast enough to net
consumer eXpett ati ons. PCPOB-SG -42- Since all of the image processing is
perfornmed by dedi cated hardware, the QEU does not have to process pixels.

As a result, the CPU can be extrenely sjnple. However it nust be fast

enough to run t he® 9193 lopyp Sebleiigrviteg dﬁp‘iﬂdﬁ RE et liReardy e i BFioFequi res
a SKHz  priecesfimendéy €x6iHa€h ﬁifoleéh mslgpalb,bmmq@mx 1B a7*RhitH d=ps e®QBlbits.

m cr o- con,gqp!sifra;%g i, ‘9%1%’5{%%3 S@ﬁha& . Ther e is no need to rrai ntain

instruction rent Printcam nodels. Different

PCP chip designs r fabr cat i fferent panu turers, wthout
requiring to | ii%ﬁg%x (ﬁo &?rg 8 Jrtdes: 1 éblﬁér\'ﬂungl WeREFEAEHEE avoi ds
t he chi p teatedars fixedrpdbinti rmrrfbarsmlaaa 'Ifhas4 l:tscmjnmteg:br igivetthe inB€X, rapd ket 4 Witd bf | nt el .
Associ at W . is a Program ROM 13 and a small Program

Scrat ch Wfﬁeﬁ%%f%r%g@ommm cates with the other units within the PCP
3 via ne O Particular address ranges map to particul ar

units, @éﬂ EE‘T%B@Q@#G ange, to parti cuI ar registers within that

parti cuI ar unit,_ This includes the ser and parallel interfaces.

4. 2PROGRAM ROM 1 ‘)le‘z?{’érefs"'ﬂ’%‘g‘f‘%&iﬂ wife) ‘ﬁeﬂ\ﬂgi UsknquhRe Y sBleRREd S t he PCP
3. The RONMuirinEresdieipe (6480 gide} Mise GRUs ekatie 5 iitth dgimendidisnot be nore t han

16- 32KB. 4. 3PROGRAM RAM 14 Li kewi se, a snmall scratch RAM area 14 is
i ncorporated i nAImotzdﬂﬂt BGertanly Sbsecwe tb fb&hneﬁlﬂy&gﬂéﬁ:mamde2510£ﬁesr(®15 iMnBate Xt 0

gzggﬁggagﬁ ;ﬁ%%ns)h%%eresluﬁan? gall?e%ewnl no? IE)e 81p}ntéaJ (%%to?zg r‘l%tg rr%stlx s{ ﬁ@ b% 311 he RAM size

convent i omg printed)bidevel. Caiep dwt thecotondy1H00 dhigedutls witi toe henevionte ditheaed ta-ﬂmrart 4 KB.
4. 4CPU MEMRY, DECRERo i inear interpolation from 320 dpi to 1600 dpi will not be visible (the
medium resolution was chosen for this very reason). Pixel replication will therefore produce

good results.

Pixe!l replication simply involves taking a single pixel, and using it as the value for a
larger area. In this case, we replicate a single pixel fo 25 pixels {a 5 x 5 block). |f each pixel
were contone, the result may appear blocky, but since the pixels are to be dithered, the effect is

that the 25 resultant bi-level dots take on the contone value. The process is shown in Figure 30.

3.2 9Halftone 68

The printhead 2 is only capable of printing dots in a bi-level fashion. We must
therefore convert from the contone CMY to a dithered CMY image. More specifically, we
produce a dispersed dot ordered dither using a stochastic dither cell, converting a contone

CMY image into a dithered bi-level CMY image.

The 8-bit 1600 dpt contone value is compared to the current position in the dither cell
93. If the 80-bit contone value is greater than the dither cell value, an output bit of 1 is

generated. Otherwise an output bit of 0 is generated. This output bit will eventually be sent to

4Although a 17 ¢ 17 20 17 table will give excellent results, it may be possible to get by with onlya 900 9 9
conversion table {729 bytes). The exact size can be determined by simulation. The 5K conservative-but-definite-
results approach was chosen for the purposes of this document.




The CPU Menory Decoder 16 is a sinple decoder for satisfying CPU data
accesses. The Decoder translates data addresses into internal PCP register
accesses over the internal |ow speed bus, and therefore allows for nenory
mapped |1/ O of PCP registers. PCPCb-SG -43 SCOMMUNI CATI ON | NTERFACES 5.1 USB
SERI AL PORT | NTERFACE 17 This is a standard USB serial port, connected to
the interpal,ghip | owspeed bus 18. The USB serial port is controlled by
the CPU 10. The serial port allows the transfer of images to and fromthe
Printcam and allows DPCF (Digital Primt Order Format) printing of

transferr external .contr CH P SERI AL | NTERFACE 19
This is t@gpg@n&ag 8%%'\%-[355'8 AP P" Oﬂ%cretassmgl:e ??,?@@(8&0{5 ¢ fbrepsedithal chip
| ow- speedWhEti"ﬁE;0&!8)1th@Cl@U@Mi&fr@dorprgmeocdbrdmdmmm.jche two is used to
authenticate the print roll [1,2] and for the follow ng functions:

Acqui re ink chafbesard msitiosin tikcdjibier @l OB ean lea:mmmdlam dﬁdm ™ islBEcaudd ack the
anmount of y,0apge4 pnﬁthégdeﬂprMeg ﬁg'ﬂ)eﬁlt ahtf d 'fc;?tdl ?%*1 Imes émha%ee%lgg%/ﬁlef .

insufficient paper to print the feques pr|n ol nal

havi ng th’ep‘%ﬁgsgmlgﬁ e d@@ﬁﬁ@@torqddiomﬁhctwﬁégwwmmgenr@m Ghaidhedcaind to the
print roll"s QA Chip 5 using separate lines. The two QA chips are

i npl emented as Thﬁﬁﬁ’ffé@ﬁ"imweéﬁcmepser[IBFIQUﬁef31onI y asingle line is used, a
clone print roll manufacturer could usurp the authentication nechanism
[1]. 5.2.1 PrinThereity of shegith@hvief 98 derents pr thatresoltion afohmseutmib Hets imicaiens i t's

own QA chir pRducliteretfids lib®, tﬁ@&ll%ﬁz@%hodl&ﬁquﬂﬁr[th%f ﬁﬁuh a%gltu];lp fo 1B M1 Ni Ng

the best possible print uallt and 1s | enent ed
Aut hent i &Y PGResehg B[dS] to ”‘ﬁﬂ‘"é‘ tQ%B"'rﬁietag S@Hmfd‘é& Hesize Oéihleéé%ﬁf é@ll %.'Qulf-i istelyns :

Tabl e 13.diRid evenly Did 808 (s thiiré Sre(6b6 adth M<A61E QRIRES HelphihRBad) RO6Basi ¢ Header
Flags etc. (16 bits) 1RGCSerial nunber (16 bits) 2ROBatch nunmber (16 bits)

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 1.5 KB).

3.2.10Reformat for Printer 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 2.2.1.

If the dots can be produced in the correct order for printing {i.e. the up-interpolate and
dither functions generate their data in the correct order), then those dot vaiues (each value is 1

bit) can simply be collected, and sent off in groups of 24. The process is shown in Figure 32.
The 24 bit groups can then be sent to the printhead 2 by the Memjet Interface 15.
4CPU CORE AND MEMORY

4,1CPU CORE 10

The PCP 3 incorporates a simple micro-controller CPU core 10 to synchronize the
image capture and printing image processing chains and to perform Printcam’s general
operating system duties including the user-interface. A wide variety of CPU cores are suitable:
it can be any processor core with sufficient processing power to perform the required

calculations and control functions fast enough to met consumer expectations.




5Read Only PCP05- SG 3DO6Paper remaining in mm(16 bits) 4ROCyan ink
properties (32 bits) 5RO 6ROVvhagenta ink properties (32 bits) 7RO 8ROYel |l ow
i nk properties (32 bits) 9RO 10-12ROFor future expansion = 0 (48 bits)

13- 15RORandom bits, different in each chip (48 bits) Before each print, the
anount of paper remaining is checked by the CPU to ensure that there is
enough fo|g Ptapg currently specified print format. After each print has
started, tAe “Anount  of paper remrai ning nust be decrenented in the print
roll's QA chip by the CPU. 5. 3PARALLEIl42.NTERFACE 6 The parallel interface 6
connects the ch I.ndi vidual static_electrical signals. The CPUIis

able to control Qﬁ%ﬂlﬂgfthet 'NBLEPRHITRE FiPETRMEL PYsfisAlpd hapas: the BPVidaes he
| ow- speednot bere:. to(pra‘seesss;ecetsu a8 adestilt ftos CROcan deémemlyemmmmwyvmmﬂsdbd /0.

Table 14 g |l ILnterface. -44 Ta
Connect i ons to Qg Weiﬂgl Nt gg’?g%@r 8?)'%r?ect ﬁ%tn G Setgéple('f)n . ns *Papa %%wport
st epper nPeRsOuLA e@IR¢ ot @ ﬁ‘etahlﬁtcgﬁe@mafhfﬁ%&@Wb@r@rO@]ttOlerGammmg abolteinoi dCut 1

Flash triggerQutl Status LCD segnment driversQut7 6Decrenent Only PCP05-SG
Status LCD comon driversQut4 Paper pull sensorlnl

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.

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

particular registers within that particular unit. This includes the serial and parallel interfaces.
4.2PROGRAM 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.

4.3PROGRAM 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 large scratch area.
The RAM size depends on the CPU chosen (e.g. stack mechanisms, subroutine calling

conventions, register sizes etc.), but should not be more than about 4 KB.
4,4CPU MEMORY DECODER 16

The CPU Memory Decoder 16 is a simple decoder for satisfying CPU data accesses.
The Decoder translates data addresses into internal PCP register accesses over the internal

low speed bus, and therefore allows for memory mapped I/O of PCP registers.




Buttonsin4 TOTAL24 5. 4JTAG | NTERFACE 7 A standard JTAG (Joint Test Action
G oup) Interface 7 is included in the PCP 3 for testing purposes. Due to
the conplexity of the chip, a variety of testing techniques are required,
including BIST (Built In Self Test) and functional block isolation. An
overhead of 10%in chip area is assuned for overall chip testing
circuitry. 61MACGE RAM 11 The Image RAM 11 is used to store the captured

i mge 42.7TH*3 mage RAMis multi- level Flash (2-bits per cell) so that the -
image is retained after the power hasgheen shut off. The total anount of
menory rﬁ%}fi red for _the Iﬁl anarized linear RGB image is 1,500,000 bytes
(appr oxi QWQN@AIWNA T%ﬁ@é@'@s‘ follows: R 750 x 500 =375, 000 bytes B:
750 x 500 =375,000 bytes G 750 x 1000750, 000 bytes The image is witten by
t he | maged-EHPBHERIAYHQRT INTRRFAGEET by both the I mage Histogram Unit 8 and
the Print Generator Unit 99. The CPU 10 does not have direct random access
to this inmage nEnpis)a stardamilsIB sariclemst, tdneesterhigehepinteariabchin lawisheeditna 8. Access
Unit. 7I : ' ' e
functional | ty%&%?&etgwg@} r%%degmrr%bgg %gb-tﬁ%%tg%Eﬂ'lglglh)?vsg%q%g‘ééfgﬁfﬁt%e%tr%’ Section
3. 1. The 3nddipe thagdtigicamUpric a"aw&@;ﬁ’& (Pigitall Prink Pedey Farmahieprintnggd tragefersask

| nt er f acen3Be uhddh@REMNZRSNENEe RGB data via a | ookup table 96, and finally
wites the linearized RG inage out to RAMin planar format. The process
i's shown 5 Pakicid SERAL INTERFAGEP@P- SG -46 7.1 | MAGE SENSOR | NTERFACE 98 The

| mage Sensor Interface (ISI) 98 is a state nmachine that sends control
information t D8 1V ol i r ol and

pi xel cl ock ulogﬁe]és.'éi n or eaﬁﬁ?xg S?‘gég(?%?l ﬁg@h%g‘ga%éﬁé@eﬁ%ﬂ@pﬁgﬁﬁ%ﬁ i kely
to be a s%‘ﬁr1geﬂ‘ec%ch“mﬁ¢'®tﬁ? pietocolibgees 81edwe isHzadioautheiisate therprint rali1.2ls i t sel f
contr ol | eghdaly thdvenoimagenctsat ure Unit State Machine 97. 7.1. 11 mage Sensor

For mat Acquire ink characteristics

. Acquire the recommended drop volume
. Track the amount of paper printed and request new print roll when there is

insufficient paper to print the requested print format.

The reason for having two ports is fo connect to both the on-camera QA Chip 4 and
to the print roll'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].

5.2.1Print Roll’s QA Chip 5

Each print roll consumable contains its own QA chip 5. The QA chip contains
information required for maintaining the best possible print quality, and is implemented using an

Authentication Chip{2]. The 2586 bits of data are allocated as follows:

Table 13. Print roll’s 256 bits (16

MIn] Access Description
0 RO® Basic Header, Flags etc. (16 bits)
1 RO Serial number (16 bits)

2 RO Batch number (16 bits)

®Read OCnly




Al t hough a variety of image sensors are available, we only consider the
Bayer color filter array (CFA). The Bayer CFA has a nunber of attributes
whi ch are defined here. The imge captured by the CMOS sensor (via a taking
| 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, with a
resolution of 1500 x 1000 sanples. The nost |ikely pixel arrangenent is the
Bayer col®F% 9 ter array (CFA), with each 2 x 2 pixel block arranged in a
2G nosai ¢ as shown in Figure 15: Eachscontone sanple of R G or B
(corresponding,to re@ egreen,Pand bl ue .resglﬁ%tivel y) is 10-bitjs. Note that
each pixel of| the npgaic contZPSSAFEP TR *Mout "only one of R G or
B. Estimtes |of the Ssi ng £ . must be nmade before the image
can be print P%i out he CFAC(?),saﬂci:n(l)( gpgé'rg% I2?’(@S)perform some anount of fixed
pattern noi se § FPN)| Rouppr essi on. Addi ti onal FPN suppression may required.
7. 2LOOKUP TABEE—96—jthetookup table96—+s a ROMmapping—the—sensor's RG to
a linear RGB.| 9t matBRes thdMageni@dniirreperien(33tiddess 40 described in Section
3.1.2. As such, thel ggMis J KBytes (3 x 1024 x 8-bits). 10 bifts of
address cone |[fraomthe ISl __while the 2 bits of TahleSelect are generated
by the I mage |Gapt ureROnit' s [Stetibwe inklpeipenties @Z bitsy. 3STATE MACHI NE 97 The | mage
Capture Unit's—State_vlching 97 generates control signals for tihe I mage
Sensor Interflate 1,| BRd gendrates addresses for linearizing theg RGB 40 and
for planarizing {hel ghmage dai@nfle efpShlio $ambks) The control signals sent
to the IS 98+4nformthe 1Sl to start capturing pixels stop cdapturing

pi xel s etc. ThsS-B&- bp ROaddr egsRadaorh bt diffrentlinedch phip#dd ltsP6 mat ches t he
current |ine bermg read—fromthe +Si—For everm tines (0,2, 4 etc.), the
2-bit address is Red, Green, Red, Geen etc. For odd lines (1, 3, 5 etc.),
the 2-bit address is Geen, Blue, Geen, Blue. This is true regardl ess of
the orientation th a. Th 1-bit addres ent to | mage RAM 11
S the write adasiom SRERIEmdlEorpioR bnBRG KT oRT < JRHE

addr ess ftoat tege s @foughh®r thedsurrgntyeapecifiedcbribt feemad] Affee sachTprint has started, the

amount of paper remaining must be decremented in the print roll's QA chip by the CPU.

5.3PARALLEL INTERFACE 6

The paraliel interface 6 connects the PCP 3 to individual static electrical signals. The
CPU is able to control each of these connections as memory-mapped /O via the low-speed

bus. (See Section 4.4 for more details on memory-mapped I/O).

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 QOut 1
Focus Motor Out 1
Capping solenoid Out 1
Flash trigger Cut 1
Status LCD segment drivers Out 7

*Decrement Only




addresses increment as pixels are witten to each plane. 7.3.1 Registers
The Image Capture Unit contains a nunber of registers: Table 15. Registers
in lmage Capture Unit NameBitsDescription MaxPixel s12Nunber of pixels each
row MaxRows12Number of rows of pixels in inmage CurrentPixel 12Pi xel
currently being fetched Current Rowl2Row currently being processed The
address i Acrosege RAM to store the next Red pixel. Set to start .
Next R2laddress of red plane before image capture. After image capture, this
register will pqgint to the byte after-45he red pl ane. The address in |Inmage
RAM to store the S‘lakﬁL@&ﬁMn@idfﬁérs Set tocptart Next@21addrejs of green

pl ane bef or e i mgge—capture—AfFter—t+age-¢apture—this—registgr wll point
to the byte afterPHPUFEBH pl ane. The address in | thge RAM tjo store the
next Blue pixel. 3af,t0 start NextBZIladd >SS of DIUF piane fore i mge
capture. After im:mn ("FH')TIII‘F‘ this regis b owill ft to the byte after

t he bl ue pl ane. EvenEven2Address to use f gbTRVEN T O / even [pi xel s Even
Odd2Address to use for even rows / odd ptxels QddEv s to use for
odd rows / even pixels OddCdd2Address to use for odd rows / odd pixels
PCPCb-5G Go 1 -48- Witing a 1 here starts the capture. YYIthgtﬁ 0 Pe:e
stops the.i tur A O is witten here automatically by the state
nacﬁlne af #gﬁgsﬁﬁ Eﬂ&?gf MaxPi xel s have ben captured. In addition, the

| mmge Sensor Interface 98 contains a nunber of registers. The exact
registers will Q858ARIdJHAG fioint FagdcirmGionp) Intetiens gnis IBIUNMKGE tRCPESS NI T 9

testing purposes. Due to the complexity of the chip, a variety of testing techniques are required,

including BIST (Built In Self Test) and functional block isolation. An overhead of 10% in chip

area is assumed for overall chip testing circuitry.
6IMAGE RAM 11

The Image RAM 11 is used to store the captured image 42. The Image RAM is multi-
level Flash (2-bits per cell) so that the image is retained after the power has been shut off.

The total amount of memory required for the planarized linear RGB image is
1,500,000 bytes (approximately 1.5 MB) arranged as follows:

) R: 750 x 500 = 375,000 bytes
. B: 750 % 500 = 375,000 bytes
. G: 750 x 1000 = 750,000 bytes.

The image is written by the Image Capture Unit, and read by both the Image
Histogram Unit 8 and the Print Generator Unit 99. The CPU 10 does not have direct random

access to this image memory. It must access the image pixels via the Image Access Unit.
7IMAGE CAPTURE UNIT 12

The Image Capture Unit contains all the functionality required by the fmage Capture
Chain, as described in Section 3.1. The image Capture Unit accepts pixel data via the image
Sensor Interface 98, linearizes the RGB data via a lookup table 96, and finally writes the

linearized RGB image out to RAM in planar format. The process is shown in Figure 33.




The I mage Access Unit 9 produces the neans for the CPU 10 to access the
image in I mgeRAM 11. The CPU 10 can read pixels fromthe inmage in

| rageRAM 11 and wite pixels back. Pixels could be read for the purpose of
i mge storage (e.g. via the USB) 17, or for sinple inage processing.
Pixel s could be witten to ImageRAM 11 after the inmge processing, as a
previ ousl}y saved i mge (loaded via USB), or inages for test pattern

pur poses. °f&8¥® patterns coul d be synthetic images, specific test images

(l oaded via the USB) or could be 24-hisg_ nozzle firing values to be
directly I oaded into the printhead via the test node of the Print
Gener at or 7-UMAGESENSQRINTERBAE Hecess Unit 9 is a straightforward access
mechanismto | mageRAM 11, and operates quite sinply in terns of 3

regi sters as shéhmlriage SeiisprintegaceTIhI 98 is] § state macRing thet wends tdatielBiferaBdacr i pt i on

| mageAddrggimes steﬁscrra@e%d% fl\éfn'\e}ts admswagﬁﬁéh\/&@ék%égs i oRRAQ rédOm

ImageAddress into Val ue. = ue to | nageAddress. Val ue8Vval ue
stored at! ?%@A’iﬂﬂﬁté’gg‘e('ﬁlﬂs M@to—beﬁe%ﬁc‘a@/ﬁ'h@o’? eslfggeseeor 'H%ib‘@&ﬂ‘(ﬁress (if
Mode = WTHea3 id ieif sbritiolddiy@hedifnabdeaptire gmit Aeteschldaioy. i s very sinple, as
shown in Figure 35. The State Machine 101 sinply perfornms the read/wite
fromto I pg sortBppaver the CPU 10 wites to the Mdde register.
PCP05- SG -49 9MAGE H STOGRAM UNI T 8 The Inage HistogramUnit (IHU) 8 is

desi gned to genggate, Qbiﬁewn e@enga@%%vs}ébuerm F{J&%mrtwsa,%rw&'ﬁage

Processi nfgt Chai n_descri ection ener at es

hi st ogr arfiet Y (FfahakheRsyerdt™ f}?ﬁ@é@mﬁﬁ’ftoﬁa@@%ﬁ? é’ﬁ'c'ﬂ)ﬁfe@eﬁleﬁ‘e@ach The | mage
Hi stogram Unit 8 is typically used three tines rint. Three different
hi st ograns are §#t FEgegartgae bpdre eMPOSrsepsaanda aEal@w EP%S asmet dgyhaid i s

gat hered, bebhgufr@&myhlsereoegoeasaaaényo@@dny éllaQiﬁéjgrﬁlfaEt@ THRIRRHr r@fthaea.h gypeand hi gh
t hr eshol ds scal i nﬁjﬂf actors etc. remaj nder of the I_%I’I nt

process. BE et & AFESPIGN B oEh F\Qﬂ?/ SFWB'eﬁlTé‘F HBPHWF@ RBEH22pemegE e see
Secti on Béecobr dird aBaciCFay wah Bach.2 x 2 pixel block arranged in a 2G mosaic as shown in

Figure 15:

Each contone sample of R, G, or B (corresponding to red, green, and blue
respectively) is 10-bits. Note that each pixel of the mosaic contains information about only one
of R, G, or B. Estimates of the missing color information must be made before the image can

be printed out.

The CFA is considered to perform some amount of fixed pattern noise (FPN)

suppression. Additional FPN suppression may required.
7.2LOOKUP TABLE 96

The lookup table 96 is a ROM mapping the sensor’'s RGB to a linear RGB. It matches
the Linearize RGB process 40 described in Section 3.1.2. As such, the ROM is 3 KBytes (3 x
1024 x 8-bits). 10 bits of address come from the IS, while the 2 bits of TableSelect are
generated by the Image Capture Unit's State Machine 97.

7.3STATE 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.




9. 1H STOGCRAM RAM 102 The histogramitself is stored in a 256-entry RAM 102,
each entry being 20 bits. The histogram RAMis only accessed fromw thin
the 1HU. Individual entries are read fromand witten to as 20-bit
guantities. 9.2STATE MACHI NE AND REAQ STERS 103 The State Machine 103

foll ows the pseudocode described in Section 3.2.2.1. It is controlled by
the registers shown in Table 17. Table 17. Registers in Inmage H stogram
Unit NameBit%i%escri ption Total Pi xel s20The nunber of pixels to count
(decrenments until 0) StartAddress21Wigre to start counting from

Pi xel sRemai ni ng20How. man ixels remain to be counted Pi xel Val ueBA wite to
this register | O3ISHP ’@ELﬁ‘i’f‘t i 0 19 198 ippReirgdPLie st sapiuripg Rikelfestop

hi st ogr ameapfdriepitsmmte. 20The nunber of Pi xel Val ue pixels counted in the
current histogram It is valid after a wite to Pixel Val ue.

Cl ear Count 1Det eTig 268 atidieishent tb ke MHoRipOTHHRIVECOBBhesWhé burRat FHeQRgGeat t he

tart of the hist A ] t h ts t I d, d
0 causes THLTESINEE T8 PEnil o tAFSURTEH (1 & FE QEShr Rres Cour e s (o
t he exi stadddinesolind, $)etc. PORCISGCAGss it Gré&dy BME| Greerg BluelTHielk erus tegiitdiess bie

hi st ogr arg,pEa% A L a 0 here stops the histogramprocess. A0 is
written here %ﬁ‘?no%g}ﬁégg{é%y by the state nmachine after Total Pixels has

counted down to T i i S_ | t.u
SOt Al PrxoLe wi ¢ hE pEOFaddils B HIRORL HAP 1T ROE WiSadafesk %rif ity (o
375, 000 fves egistersspaig thedetrentsadiiesh formeach @t thesred.ofreerhand dle gidreneThe

Cl ear Coundqamisteh inbreniilayiidLar@whidnQo AR f@Rer egi ster. Once the count has
finished, the individual values in the histogramcan be determ ned by

witing Of.é’llr’éeg}i&egi xel Val ue and

The Image Capture Unit contains a number of registers:

Table 15. Registers in Image Capture Unit

Name Bits Description
MaxPixels 12 Number of pixels each row
MaxRows 12 Number of rows of pixels in image
CurrentPixel | 12 Pixel currently being fetched
CurrentRow | 12 Row currently being processed
NexiR 21 The address in Image RAM fo store the next Red pixel. Set to start

address of red plane before image capture. After image capture, this
register will point to the byte after the red plane.

NextG 21 The address in Image RAM to store the next Green pixel. Set to start
address of green plane before image capture. After image capture,
this register will point to the byte affer the green plane.

NexiB 21 The address in Image RAM to store the next Blue pixel. Set to start
address of blue plane before image capture. After image capture,
this register wilt point to the byte affer the blue plane.

EvenEven 2 Address to use for even rows / even pixels
EvenOdd 2 Address to use for even rows / odd pixels
OddEven 2 Address to use for odd rows / even pixels
0ddOdd 2 Address to use for odd rows / odd pixels




readi ng the correspondi ng Pi xel Count. 10PRI NTHEAD | NTERFACE 105 The
Printhead Interface (PH') 105 is the neans by which the PCP 3 | oads the
Menjet printhead 2 with the dots to be printed, and controls the actual dot
printing process. The PH is a |logical wapper for a nunber of units,
nanely: a Menjet Interface (M) 15, which transfers data to the Menjet
printhead, and controls the nozzle firing sequences during a print. a
Print Gerdf%St Unit (PQJ) 99 is an inplenentation of nost of the Print
Chain descri bed in Section 3.2 on pagg.24, as well as providing a neans of
producin est patpern El 'ﬁ} Bt I i near obt ai ned
froma f or mat capt ure?éggwnttemefg?gutgm t@& ::egﬂlaf &ﬂSEe a 1600
e a"%‘a"‘ ¥t eyt ace

dpi dithered CW i mage IN%D QJ
15. In addition _ tithe P ﬁ&,@éof ggtslx a?{mn r‘r% “whi_ch Pnabl es the CPU 10

to specify precisely whi ch nozzles are fired durlng a print. The units
within the PH are controlled by a nunber of registers that are programred
by the CPU. The internal structure of the Printhead Interface is shown in
Figure 37. 10. | NehBiloh, (NTERASHsSnEHeeMBrpating anembacéregiMets) Tidbexaonnect s
the PCP t,9,LB8 wAdeplmitin themid FsBﬁéoM Br‘?‘o@?n. provi ding both data and

e

approprlate si gna s to contr the nozz | oading and firing sequences

during a 1 The Menjet Interface 15 is sinply a State
Machi ne 1@@%@8%3% Whl ch follows the printhead |oading and firing
order descri bed n Secti on 2, and includes the functionality of the
Preheat cycl e ahtf 'CPEafTsE lér)‘)'cq Rrodyigeyyibe greppRdgr tf“l"lC§Hé?|tQ)?F°2334h‘?L'"@H?I'”SeCt| on

2. 4. 2. Thea$dRAM 51.ITeadPUEL @nirdddpiteleroat hein@@dh fM23eRAMah@he arikfpidisdat a
sour ces: | 1s. This neans that all nozzles will fire during a subsequent
Print cycqe and is the standard mechani smfor | oadi ng the printhead for a

Pr eheat F t he 24- t f
egster of t ne T o biced 1 e REPEF ghiriaen Sorog (€09 BeithED G o rage,
whet her isimijeinzge apicessed. Pikas coutit bet writen printageRAM Th\eft@4hd3n1age pratassing,r om t he
PQU i's difelileiod baved ihbG REddBL NEAGsBNG: nabelirdr e APLRIG SHurfoll Fals

patterns could be synthetic images, specific test images (loaded via the USB) or could be 24-bit

nozzle firing values to be directly loaded info the printhead via the test mode of the Print
Generator Unit 99.

The Image Access Unit 9 is a straighiforward access mechanism to ImageRAM 11,

and operates quite simply in terms of 3 registers as shown in Table 16.

Table 16. |AU Registers

Name Bits Description
ImageAddress 21 Address to read or write in ImageRAM
Mode 3 0 = Read from ImageAddress info Value.

1 = Write Value to ImageAddress.

Value 8 Value stored at ImageAddress (if Mode = Read)
Value to store at ImageAddress (if Mode = Write)

The structure of the Image Access Unit is very simple, as shown in Figure 35.

The State Machine 101 simply performs the readfwrite from/to ImageRAM 11
whenever the CPU 10 writes to the Mode register.




pulse is sent to the PGQU. At the end of each line, a 1-bit 'AdvancelLi ne

pul se is also sent to the PQU The Ml 15 nust be started after the PGJ 99
has already prepared the first 24-bit transfer value. This is so the
24-bit data input will be valid for the first transfer to the printhead.
The MJI 15 is therefore directly connected to the Print Generator Unit 99
and the gﬁ%?(gal printhead 2. The basic structure is shown in Figure 38.
10.1.1 COnneé%lons to Printhead The MJII 15 has the follow ng connections to
the printhead 2, with the sense of inpdt and output with respect to the

MII 15, T [ n connections on the printhead (see Section
2). Tabl e&wgﬁ%ﬁé%@ﬁhﬁét i ons Nane#Pi ns110Descri ption ChronmapodS
40Sel ect which chromapod will fire (0-9) elect Nozzl eSel ect 40Sel ect which
nozzl e from t he TRDENAGR Histggrane UpipUdY) d\siigpipretiriopiange pialogemp of inploesegr oup A
BEnabl e10fehtiitedGboypthle Srink Ohageh Reegisiy PCRirChedcabd B- JdBNYa. aywb AU &M@, cyan
shift registe f,se mafnt§ 0-.7 MDat al n\&_O-? 80Magent a i nput to magenta shift
register of o e&%bsmggagr& orplagarformat mpgos PSR fIptRe2ey yel | ow shi ft

regi ster of segnents 0-7 PCPO5-SG A pul se SRCl ock1l0on SR ock

(Sﬂi f t Regi ster(:lﬁrg% 29P SHRIW IR GriF SRicAaSE S Tee BRPORRPEN Ttyey different

MDat al n[ Quistdgramsl aldagatterddDerd] pdrrblor piae:. Eécrsﬁ)i;]é b thQ;f@}a&{ Brgétheﬁedltht@ r&?l‘ﬁ]snt head
PTransfer 0P . of data frao e ift registers. to the

o1 1t nead?s et f otk 38l rE WyPorld G bRSLIS, s eBetieiS dsle i 10

pul se on GRENEGEgER s inixNExeds. ot norganfermationadsl fw@Dia¢ bibtograt sballdiod ssethe sense
lines forse3@@BMANB 2.2 and Section 3.2.4.

9. 1THISTOGRAM 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-bit quantities.
9.2STATE 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. Registers in Image Histogram Unit

Name Bits Description
TotalPixels 20 The number of pixels to count (decrements until 0)
StartAddress 21 Where to start counting from
PixelsRemaining 20 How many pixels remain to be counted
PixelValue 8 A write to this register loads PixelCount with the PixelValue

entry from the histogram.

PixelCount 20 The number of PixeiValue pixels counted in the current
histogram, It is valid after a write to PixelValue.

ClearCount 1 Determines whether the histogram count will be cleared at
the start of the histogram process. A 1 causes the counts to
be cleared, and a 0 causes the counts to remain untouched
(i.e. the next histogram adds to the existing counts).




TsensellTenperature sense Vsensell Vol tage sense Rsensell Resistivity sense
Wensell Wdth sense TOTAL41 10.1.2Firing Pul se Duration The duration of
firing pul ses on the AEnable and BEnable |ines depend on the viscosity of
the ink (which is dependent on tenperature and ink characteristics) and the
anount  of power avai lable to the printhead. The typical pulse duration
range is g 1.8 s. The MII therefore contains a programmbl e pul se
duration ta ?e i ndexed by feedback fromthe printhead. The table of pul se
durations allows the use of a | ower cest power supply, and ai d; in )56
mai nt ai ni nore accurfat e drop e, Pul se Duration,ta has
entries, g%d i's mdexgI by thx\g'bf Sngé}i(s{gpsme%s(i afﬁéitaéﬂ tztr"j’ﬁ The

its of addregs come fLOMLMRQNSS the etn ‘9“ I addr ess
cone from Tsense. Eac entry §0L§te |dt,‘§ntoq}n represents a |xed por nt val ue

lines is shown in Fr gure 39. The 256 byte table i's wrrtten by the CPU 10
before printing the photo. Each 8-bit pulse duration entry in the table
conbines: Brightness settings Viscosity curve of ink (fromthe QA Chip) 5
Rsense Wsense Therypiradisagefdhe eedisps is tpepioh BtIPiRgs Mih the3Det nBhenos The

Ml 15 mejindionSohile G thatooGit (éBesﬂaléJ@@%r &), @tet@ddrgss%tﬂqecﬂde@s Br gs%a‘romthe
pri nt head 2. E dot c upt or ach col or is a 32-bit val ue, I vidual |y
cl ear ed Lm;a@r Fr{%)ggts\m% and wrlte a 1 to the Go register. Once the count has’ frnlshed the

individual values in the histogram can be determined by writing 0-255 to PixelValue and

reading the corresponding PixelCount.

10PRINTHEAD INTERFACE 105

The Printhead Interface (PHI) 105 is the means by which the PCP 3 loads the

Memijet printhead 2 with the dots to be printed, and controls the actual dot printing process. The

PHI is a logical wrapper for a number of units, namely:

. a Memj.et Interface (MJI) 15, which transfers data to the Memjet printhead, and
controls the nozzle firing sequences during a print.

. a Print Generator Unit (PGU) 99 is an implementation of most of the Print Chain
described in Section 3.2 on page 24, as well as providing a means of producing test
patterns. The PGU takes a planarized linear RGB obtained from a CFA format
captured image from the ImageRAM 11, and produces a 1600 dpi dithered CMY
image in real time as required by the Memjet Interface 15. In addition, the PGU has a
Test Pattern mode, which enables the CPU 10 to specify precisely which nozzles are
fired during a print.

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

The internal structure of the Printhead Interface is shown in Figure 37.
10.1MEMJET INTERFACE 15

The Memiet Interface (MJ1) 15 connects the PCP to the external Memjet printhead,
providing both data and appropriate signals to control the nozzle loading and firing sequences
during a print.




control. Each dot count can hold a maxi mum coverage dot count of 69 6-inch
prints, although in typical usage, the dot count will be read and cleared
after each print. Wiile in the initial Printcam product, the consumabl e
contains both paper and ink, it 1is conceivable that a different Printcam
nodel has a repl aceabl e ink-only consumable. The initial Printcam product
can countdown the anount of mllineters remaining of paper (stored in the
QA chip 5¥%%e Section 5.2) to know whether there is enough paper
available to print the desired formagy._.There is enough ink for full
coverage of all_supplied paper. In the alternative Printcam product, the
dot counts can 'ﬁ%’&'@“ﬁﬂ?ﬁ?% 15¢skimaly aStptg Machine 10Aseekiqur 39) Bhichfolwier  t o
predi ct Vﬁ’l@ﬁnrﬂlﬁﬁ%dildﬂalﬂlngahd firind @def mrslﬁﬂdtin SéctibME 2, aHaenduides B8 senctidhamyer t he

I f trid \Mi th hi p 5.
Gount g PhERE SIS e bl S8 i fesSd i¥estanaldt PBFSefit EBhsors ” and ¢
ts the i f t dd (O
N itten to the SXURB CEta e et HIRAR on & FUtT HACES WP not be print ed
unl ess t here i sAll &ndbigmeamkthbtedl hozzbe dvilblré dwihg bilsebsegemt Piint cyringed slire | nk

W thout. get i gy ety Bl WDIEB TS brnbid SR et Jhpebtygut of the do

counter for cyan 1s own I n renal nin count ers
(MDot Count and Nt BoRthbit infus helpingbmTransierdegjser o thePE4 o This islthe standerd
identical in sheaatod Bl‘ﬁ'mné-Qn JnaﬂB%x'eﬁltalef Sed Ebﬂpu@’o%h%% &%ﬂbﬂ&bﬁaﬂ?ém\%tt h the

MII 15 via a register set. glsters al low t he paraneterize a
print as well a 'Li‘e e e '?%tééeogfﬁel? Z\eielil ‘SF’lpHPthfﬂdo@de%é b“T‘?‘F@a‘F%I FEWPIng
regi sters are cpudeds sed td the Pi3e). Mlthe eddbfl eactlfhe, MR mjteAdvhiteEind paKe BegHoSt er s

Regi ster Nanme Print Paraneters Nuniransfers Description The nunber of

transfers requirted to Ioad the pr| nt head (usually 800). This is the nunber

of pul ses on th f ﬁ' data v I ue t.ransfer
for a given |i ne bE’u #‘eg?ﬁ\eomgy)?é aspglrer’latdyr?[ueﬁﬁ@? fsrate%e M ne the
dur ati on tehsfar \@iquTl'ge lpgd) §1@ Zé-mntldﬂe input will be valid for the first transfer to the printhead.

The MJI 15 is therefore directly connected to the Print Generator Unit 99 and the

external printhead 2. The basic structure is shown in Figure 38.
10.1.1Connections to Printhead

The MJI 15 has the following connections to the printhead 2, with the sense of input
and output with respect to the MJI 15. The names match the pin connections on the printhead

(see Section 2).

Table 18. Printhead Connections

Name #Pins 1o Description
ChromapodS ;| 4 0 Select which chromapod will fire (0-9)
elect

NozzleSelect | 4 Select which nozzle from the pod will fire (0-9)
AEnable 1 Firing pulse for phasegroup A
BEnable 1 Firing pulse for phasegroup B

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

Q|Oo|(O|0C|O

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

7

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




Col orEnabl e lines. Duration range = 0 - 6s. NunlLi nesThe nunber of
Load/Print cycles to perform Monitoring the Print StatusThe Menjet
Interface's Status Regi ster LinesRemai ni ngThe nunber of lines remaining to
be printed. Only valid while Go=1. Starting value is NunLines.
Transf er sRemai ni nThe nunber of transfers remaining before the Printhead is
consi dered gl caded for the current line. Only valid while Go=1.
SenseSegneh 8-bit value to place on the Cyan data lines during a
subsequent feedback SenseSegSeIect pugge Cnly 1 of the 8 bits should be

set, corrg ing to one |of the zI If non zero t he
24-bit va gge@fq?ttenPto theéprl rre%t es mlﬁ taln !%ﬁ? is all

1s, so that all nozgzles w| | be ﬂ)étﬁ 0 rm{oq% sef\“f rg a4 [g rlnt Dat s
process. [his_is used durilng the eani E t he

24-bit va| BEramgfért t en1t o t hieopri rwaaaadtrah@fﬁe& dbra@nmntth@srﬁrfneg‘ste@e@%atcr Unit.
This is the case during the act ualnthpadmhieng:l Mzzleﬁﬁabﬁﬁ”mfb@orﬁmdrmylelest
i mages. A.,LIUIIb Reset A wite toti leg ster_resetsthe MH—stopg any

n

| oadi ng of SHIFAEYHg brocesis8s, |dh g aﬁegﬁ%@'%@@ wiihtdataen
SenseSegSef" CtA wite to this ridgfdeap! sEecl haRPIvaInGR e PRoaest  he Fdedback

bit of theysdhatus registery; and fehdsnRe Pikse on the SenseSegSel ectl line if

t he Loadi DPots—and Pr!nt!ngD\tc status hits are all 0 |f any of tlhe

status bi|¥seamse setitthe Hdedbackoltegd sense cl eared and not hi ng more i|s done.
Once the yarious sanse tinNes nav en tested, the vaiues are ptaced in the
Tsense, VEENEE® Rsenbe. and V\Ser{geé’ F‘é‘ °§%%rs, and then the Feedback bit of
t he Statuswsegiester| {s set|.] The Jyredhask continues during any subsequent
print operations—OdeA—wite—ef—1tothisbit—startsthetLoadbots-/
PrintDots €9tAles. A 4iotal jof Nunmlines lines are printed, each containing
Numlransfers 24-bit transfers. As each line is printed, LinesRenaining

decrenents, and

10.1.2Firing Pulse Duration

The duration of firing pulses on the AEnable and BEnable lines depend on the
viscosity of the ink (which is dependent on temperature and ink characteristics) and the amount
of power available to the printhead. The typical pulse duration range is 1.3 to 1.8 us. The MJi
therefore contains a programmable pulse duration table, indexed by feedback from the
printhead. The table of pulse durations allows the use of a lower cost power supply, and aids in

maintaining more accurate drop ejection.

The Pulse Duration table has 256 entries, and is indexed by the current Vsense and
Tsense settings. The upper 4-bits of address come from Vsense, and the lower 4-bits of
address come from Tsense. Each entry is 8 bits, and represents a fixed point value in the range

of 0-4ps. The process of generating the AEnable and BEnable lines is shown in Figure 39,

The 256-byte table is written by the CPU 10 before printing the photo. Each 8-bit

pulse duration entry in the table combines:

. Brightness settings

. Viscosity curve of ink (from the QA Chip) 5
. Rsense

. Wsense

o Tsense

. Vsense




Transfers Remaining is reloaded with Nuniransfers again. The status

regi ster contains print status information. Upon conpletion of NunLines,

t he | oadi ng/ printing process stops and the Go bit is cleared. During the
final print cycle, nothing is |loaded into the printhead. Awite of 0 to
this bit stops the print process, but does not clear any other registers.
-54 PCP05-SG C earCountsA wite to this register clears the CDot Count,
MDot Count P°P&Hf YDot Count, registers if bits 0, 1, or 2 respectively are
set. Consequently a wite of 0 has nqoggffect. TsenseRead only feedback of
Tsense fromthe | ast SenseSegSel ect pul se sent to segnent SenseSegnent. Is
only val i P-1$DetfoumSedbackVvalid bit of the Status register is set.

VsenseRead only_feedback of Vsense fromthe |ast SenseSeqSe!ect pul se sent
to segment Sensé&%eireht mainteingf goupheh e inpmbefeof Pets ot #ekvedlerdirgst fromfther he

St at us r eginflesd 21 1he 381 coufIENEEREN} i@@h?/-biiemtpa.aﬂsidesnra@%a@néerr Rctfgr | ast
SenseSegSel e tFrﬁpHI se sent taﬁ se%rr_ent SenseSegnment. [s onlﬁ valid if the
G o sl

Feedback V@ geop& grapigynseygragedot equnt QRER RUheErs GHIHoR Bedback
of Wsensetypicab n3dghahd ésttolbewi oSegSahe clbarpdibise es@iprint 0 Segnent SenseSegnent .
Is only valid if the FeedbackValid bit of the Status register is set.

CDot Count Read owhije B2heinkial Foitehm @Fodoptathe doisamasa coritéind beh piden el . it

Yoot Count REAPRATS 135 2giterdB o8 BRI Bip bpiecedi oy el uPPHERERS. he
Ml 's St dbitid PReigars pedudtsamcdubtdown theeiosttenf millirdterbiremainingeef papdr ddtored 51 as
follows: HablaenpG - Mblselicil4 1RRUwWMEther 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 to update the QA chip 5 in order

to predict when the ink cartridge runs out of ink. The processor knows the volume of ink in the

cartridge for each of C, M, and Y from the QA chip 5. Counting the number of drops eliminates

the need for ink sensors, and prevents the ink channels from running dry. An updated drop

count is written to the QA chip & after each print. A new photo will not be printed unless there is

enough ink left, and allows the user to change the ink without getting a dud photo which must

be reprinted.

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

structure.

10.1.4Registers

The CPU 10 communicates with the MJI 15 via a register set. The registers allow the

CPU to parameterize a print as well as receive feedback about print progress.

The following registers are contained in the MJI:

Table 19. Memjet Interface Registers

Register Name Description

Print Parameters

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




NanmeBi t sDescription If set, the MJIl is currently |oading dots, with the
nunber of Loadi ngDotsldots remaining to be transferred in
TransfersRemaining. If clear, the MJl is not currently |oading dots
PrintingDotsllf set, the MIIl is currently printing dots. If clear, the M
s not currently printing dots. PrintingAlThis bit is set while there is a
pul se on the AEnable line PrintingBlThis bit is set while there is a pul se
on the BEMABT¥ |ine FeedbackValidlThis bit is set while the feedback val ues
Tsense, Vsense, Rsense, and V$ense arggvalid. Reserved3- -55 PCP05-SG - 56-

Printin 14Thi current c fired while the
Printi ng%{ugsg@ﬁ? 'Us bi 4 Cff §%’ n”iﬂg?r &%ﬁi’"é’f% é]gp?'??eonctﬂ?r bnt
nozzl e bding fired whil e Phed? ?WWF w' é'@%ai B %ﬁt is set. 10.1.5Preheat
and C]earlmmm&aﬁles Thé1ﬂ£ﬁ@ﬁmﬁgﬂﬁﬂng&Qpﬁghog&ﬁ*ﬁs are sinply accopplished
by Settlrg approprtate-+egt Sters: SetAHNezz} 1 Set—the
Pul seDur gtNaforingdliestrint t 0 ei ther a | ow durati on (|n t he case of the|preheat
node) or [t N appropriage, dro CLI n rarion for cleani ng node Set
Nun1_i) nes t%atﬁsn tﬁg nﬁm gheWmFPWE @ Sé%t %a%ge houl d be fired Set the Go
bit and tlheRsRehdinkh@r thee E@ntkarbﬂﬁw@s Jéﬁmafhlngad RorRANOANGaliB Whid ceXCl es have

conpleted. 1 O 2PRI NT ( gﬁﬁ@ The Print Generator Unit (P@EUJ) 99
is an inplenentation nf%mﬁc -Cgﬁe F&rﬁllgﬁf Chain described in Sectipn 3.2,

as wel | gsrrasevsRimgira | Teansmias ofgranSfH{SIrérgalmleglbefqﬂatﬂeﬂrlﬂ&ead:léOdiﬁstdbl%ds npl est
poi nt of \d ew, the PGU|maded fdetse timent imbc@ilacdid bbila®ert. t he | mage RAM 11 and

the Me 'eT_TﬁTéTfaCE—15——ag—Shqmn—TF—ﬁt9Ur%rﬁtT—The—Pﬁtrrakes—a—pra1arized
M SenseSegment The 8-bit value to place orfthe Cyan data lines during a subsequent

feedback SenseSegSelect pulse. Only 1 of the 8 bits should be set,
corresponding to one of the 8 segments.

SetAllNozzles If non-zero, the 24-bit value written to the printhead during the
LoadDots process is all 1s, so that all nozzles will be fired during the
subsequent PrintDots process. This is used during the preheat and
cleaning cycles.

If @, the 24-bit value written to the printhead comes from the Print
Generator Unit. This is the case during the actual printing of the photo
and any test images.

Actions

Reset A write to this register resets the MJI, stops any loading or printing
processes, and loads all registers with 0.

SenseSegSelect A write to this register with any value clears the Feedback bit of the
Status register, and sends a pulse on the SenseSegSelect line if the
LoadingDots and PrintingDots status hits are all 0. If any of the status
bits are set, the Feedback bit is cleared and nothing more is done.

Once the various sense lines have been tested, the values are placed
in the Tsense, Vsense, Rsense, and Wsense registers, and then the
Feedback bit of the Status register is set. The feedback continues
during any subsequent print operations.

Go A write of 1 to this bit starts the LoadDots / PrintDots cycles. A total of
NumLines lines are printed, each containing NumTransfers 24-bit
fransfers. As each line is printed, LinesRemaining decrements, and
TransfersRemaining is reloaded with NumTransfers again. The status
register contains print status information. Upon completion of
NumLines, the loading/printing process stops and the Go bit is
cleared. During the final print cycle, nothing is joaded into the
printhead.

A write of 0 to this bit stops the print process, but does not clear any
other registers.
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sent to segment SenseSegment. Is only valid if the FeedbackValid bit
of the Status register is set.

CDotCount

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

MDotCount

Read only 32-bit count of magenta dots sent {o the printhead.

YDotCount

Read only 32-bit count of yellow dots sent to the printhead.
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The MJ!'s Status Register is a 16-bit register with bit interpretations as follows:

Table 20, MJ] Status Register

Name

Bits Description

LoadingDots

1 If set, the MJI is currently loading dots, with the number of

dofs remaining to be transferred in TransfersRemaining.
If clear, the MJl is not currenfly loading dots

PrintingDots 1 If set, the MJl is currently printing dots.

If clear, the MJI is not currently printing dots.
PrintingA 1 This bit is set while there is a pulse on the AEnable line
PrintingB 1 This bit is set while there is a pulse on the BEnable line

FeedbackValid

This bit is set while the feedback values Tsense, Vsense,
Rsense, and Wsense are valid.

Reserved




the lmage RAM 11 to Buffer 5 via the Test Pattern Access processl110. The
other chain consists of 5 processes, all running in parallel. The first
process 111 perforns |Inmage Rotation, Wite Bal ance and Range Expansi on.
The second process 112 perforns Resanpling. The third process 65 perforns
shar pening, the fourth process 66 perforns color conversion. The final
process 113 5perform3 the up-interpolation, halftoning, and reformatting for
the print@f%Sfhe processes are connected via buffers, only a few bytes
bet ween some processes and a few Kkikgbytes for ot hers. W | ook at these
rocesses a fr reverse order ng for
ltohe print rfﬁ-g@"ggtﬁ °\'71§‘E°f{re4 ent|i F;E:?;]SEB ss’"egf; 'ﬁ@%"dfbglngﬁ?fjt“ihh%%ﬁr protesses
and buffer size requitrlenentis PR ERMSeS aooarent n sumrary holever,

t he buf f erprigiimgmezadse shamwn IrThlsT.ataJlsme%mrred?ﬁB&&rbSﬁgf@a whadihg 21. Buffer
sizes for Print Generat|or Urlﬁrlnﬁng)GtsluaiLfseJlitﬁst&éles)CorrpOSI ti on of Buf f er
Buf f er 1188RedBuffer—=—61+tnes—of 6—entrires—@10-btts—each—=45bytes Bl ue
Buffer = 6 lines of 6 entries @10-bits each = 45 bytes Green Buffer = 13
lines of 6 entries @10-bits each = 97.5 bytes Buf fer 2246 x 4 RAM 3 | i nes
of 4 entries of L @8-bits each = 12 bytes 3 colors x 4 entries @8-bits
each = 12105\RRseheatppeleanng Cytles s(RGB) @8-bits each Buffer 423, 0403
colors(CW) x 6 lines x 1280 contone pixels @8-bits each Buffer 593 x 24
bits TOTAL 23, 2B Asaring prdRiched pgles argfsimplyiestomplished drselting eprsogsistecesses
have si gnkdisieant | ookup tables or nenory conponents. These are sunmari zed
in Table 22. Table 22. Menory requirenents within PGJ Processes UnitSize
Conposi tion of %ﬁm"rz@?ﬁenfs

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.

J 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
completed.

10.2PRINT 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 Memjet Interface 15, as shown in Figure 41. The PGU takes a planarized
linear RGB obtained from a CFA format captured image from the imageRAM, and produces a
1600 dpi dithered CMY image in real time as required by the Memjet Interface. In addition, the
PGU 99 has a Test Pattern mode, which enables the CPU 10 to specify precisely which
nozzles are fired during a print. The MJI 15 provides the PGU 29 with an Advance pulse once
the 24-bits have been used, and an AdvancelLine pulse at the end of the line.

The PGU 99 has 2 image processing chains. The first, the Test Pattern mode, simply
reads data directly from Image RAM 11, and formats it in a buffer ready for output to the MJI.
The second contains the majority of Print Chain functions {see Section 3.2). The Print Chain
shown in Fig. 18 contains the functions:

. Gather Statistics 60
. Rotate Image 61
. White Balance 62




(bytes) Rotate/ Wite Bal ance / Range 0 Expand Resanple |I Convert to

L1, 1523 kernel s, each 64x4x12-bits SharpenO Convert to CMY14, 7393
conversion tables, each |17x17x17x8- bits Uplnterpolate 1 Hal ftone /

Ref or mat 2, 500Di t her Cel |, 50x50x8-bits Test Pattern AccessO TOTAL 1 18, 391
PCP0O5- SG -59 10.2.1 Test Pattern Access The Test Pattern Access process 110
is the neans Gy whi ch test patterns are produced. Under normal user

ci rcunst dEESC this process will not be used. It is primarily for

di agnosti c purposes. The Test Patterngfccess 110 reads the |Inmage RAM 11 and
passes the 8-bit values directly to Buffer 5 118 for output to the Menj et
Interface® It dB®We¥Pa¥io8PPy the 8-bit values in any way. The data in the
| rage RAM 11 V\Daégin{mazr oduced by the CPU 10 using the Inage Access Unit
9. The data rea rorglrrage RAM 11 is read in a very sinple waparound

f ashi on. WPPs are used to describe the test data. the start

addr ess of the Convstttdj;‘/M\éﬁGand the nunber of bytes. Wien the end of the
data is rgached th‘e‘? Satgsis read again fromthe beginning. The structure
of the Test Pattern Access Unit 110 is shown in Figure 43. As can be seen
in Figure®*43, theflned® Pattern Access Unit 110 is little nore than an

Addr ess C:‘eneratnéforln’la‘aformmé}e@t arted, and with every AdvancelLi ne signal, the
generator reads 3 bytes, produces a TransferWiteEnabl e pul se, reads the

next 3 bytes, afgh ddebo ¥akkdins JiQF thask fuﬁqyama tmx%@pt.or%f ddiferAdiisRs gopul se,
the TransferWiteEnabl e pul se is given, the next ytes are read, and the

wai t occutePesga e CalrsStetiies sﬁ%éhetﬁﬁq 10 ‘tqq%thﬂm%ﬁ’d'éﬂ?%@“ Mot 8 dhresyfifagse upon
t he processceRgbs oagaien), driQipplics @ont KN alGRithiRS She lealn@érs tHeffuidiadi Nng 3

bytes, t haere 'tAt‘u%d ?nseusn cgt;qﬁee fDéEJCHQ f%rll%assdn%l‘ ¥ch%"&‘9 gnJ Qpre%g accuract;y, because there
would be tco much memory required to hold the entire image at high accuracy, and speed,
because a simple CPU 10 cannot keep up with the real-time high-speed demands of the

Memijet printhead 2.

The PGU 29 takes as input a variety 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 be seen in Figure 20. The most direct chain goes from
the Image RAM 11 to Buffer 5 via the Test Pattern Access process110. The other chain
consists of 5 processes, all running in parallel. The first process 111 performs Image Rotation,
White Balance and Range Expansion. The second process 112 performs Resampling. The
third process 65 performs sharpening, the fourth process 66 performs color conversion. The
final process 113 performs the up-interpolation, halftoning, and reformatting for the printer. The
processes are connected via buffers, only a few bytes between some processes, and a few

kilobytes for others.

We lock at these processes and buffers in a primarily reverse order, since the timing
for the printhead drives the entire process. Timings for particular processes and buffer size
requirements are then more apparent. In surmmary however, the buffer sizes are shown in
Table 21.




val ues from | mgeRAM 11 and wites themto Buffer 5 118. The first 8-bit
value is witten to Buffer 5 s 8-bit address O, the next is witten to
Buffer 5's 8-bit address 1, and the third is witten to Buffer 5 s 8-bit
address 2. The Address Generator 119 then waits for an Advance pul se
before doing the sane thing again. The addresses generated for the |Inage
RAM 11 are based on a start address and a byte count as shown in Table 23.
Tabl e 23.7°T&5%° Pattern Access Registers Register NameDescription

Test ModeEnabl edl f 1, TestMde is enahlsgd. If 0, TestMde is not enabl ed.
PCP05- SG Dat aSt ar t Dat at . ength -60- Start Address of test data in | nage
RAM Nunmber of 3 byte data.T seudocode illustrates the
address g nera oflny i‘q\le% lgngrn 'z.eﬁgornnrm%ﬁﬁef%.[g' Rlﬂ ses —are not th\_l\m_ Do
Forever Adr - Dat clSt art | Remai ni ng = DatalLength Read Adr into Buffer 5 (0),
Adr=Adr +1| Read Adr Sizet o] Buffer 5 (1), Adr-Adr-+ Read Adr into Buffer 5
(2), Adr-AdBsffer Re rﬂajrtn$)ng = Remai ni ng- CompogiRemaf Buffeg = Remai nijng =

Gt o ro edRebo It e D hﬁemmpng“@é %“’ s B RAE ‘%’%?;"Q“%% R e Rt a for
b@f’e BUf}er' aﬁ%sn"t 66"%?% 10- b't% ?Cg]"l%z@’teishe sanle for
od

the 8 segnents of jcyan (
magenta, jand Byte |2 for %‘leﬁﬁ)ﬁPﬁeAFtél‘“PﬁétOé6§@f'%s @fm?lis prohs Hraebviesr  odd/ even

pi xel s sepgiated by 1 forszenhgf dot line.
3 lines of 4 entries of L @ 8-bits each = 12 bytes
3 colors x 4 entries @ 8-bits each = 12 bytes

Buffer 3 3 | 3 colors{RGB) @ 8-bits each

Buffer 4 23,040 | 3 colors(CMY) x 6 lines x 1280 contone pixels @ 8-bits each
Buffer 5 9 | 3x 24 bits

TOTAL 23,264

Apart from a number of registers, some of the processes have significant Ibokup

tables or memory components. These are summarized in Table 22,

Table 22. Memory requirements within PGU Processes

Unit (If;tz:s) Composition of Requirements
Rotate/ White Balance / Range 0
Expand
Resample / Convert to L. 1,152 | 3 kernels, each 64x4x12-bits
Sharpen 0
Convert to CMY 14,739 | 3 conversion tables, each 17x17x17x8-

bits

Uplinterpolate / Halftone / Reformat 2,500 ; Dither C'ell, 50x50x8-bits

Test Pattern Access Y

TOTAL 18,391




10. 2. 2Buffer 5 118 Buffer 5 118 holds the generated dots fromthe entire
Print Generation process. Buffer 5 consists of a 24-bit shift register to
hol d dots generated one at a tine fromthe UHRU 113

(Upl nter pol ate-Hal ftone and Reformat Unit), 3 8-bit registers to hold the
data generated fromthe TPAU (Test Pattern AccessUnit), and a 24-bit

regi ster used as the buffer for data transfer to the Ml (Mem et

| nt er f acejSF%rife Advance pul se fromthe MIl |oads the 24-bit Transfer
register with all 24-bits, either fromthe 3 8-bit registers or the single
24-bit shift register. Buffer 5 therefore acts as a double buffering
mechani s %%tTashBatipsmAreas8d dots, and has a structure as shown in Figure
44. PCPCb-SG -61 10.2.3Buffer 4 117 Buffer 4 117 holds the cal cul ated CWY
i nternedi at e r e3bf destdrptterr2R@esseprpcessnt18na the meges bBwhichried paergeatr at ed by
the Col Or pr6QRYE NFHIBNNPMACRES ciklimstands ARE R ess W nbhise MRy, kY SHRelyabe.

Hal ftone and Reformat process 113 in order to generate output dots for the
printer. OF[cPUPEPeSt he Contone Buffer is dependent on the physical

di stance between the nozzles on the printhead. As dots for one color are
bei ng gener at ed' fofeshRateFheseeni 10 Pais the brage RAM 1hang rasersdhe SdbMaveson a

di f f er entdidebtiydo Bufeer Beti18 Gor gapertatRMentjBantd®ice f §R6thol Modit @e Hbitialke rent
physi cal |ines are one r, d and even

rinted at t jme fromthe inter - o
dots from dif¥er een({a% '([)’Bl?epmagia i%ﬁ’ﬁﬁ ‘5?1"91& Pﬁog?cgﬂ]f’quhen(géu 6‘2*’3'%1% Magfhi s
concept iAccesgdlritioned and the distances are defined in Section 2.1.1. The
practical upshot is that there is a given distance in high-res dots from
the even cyan tiotdatd fendligrh Irbdpe RAdD Ehis acadon 8 vérg siniple vardichryual Fashiodotws. | n

order to QL I ' r cont one
o1 xol 5. ¢ 1oy SeB P BERERGENRI I ot S yRarL R, b bl Bl LR 5 e
t he rati Pf8riesithenerand of hp data isgesnhgh thecdpty i rred apan froms thedgeinningdi um r es
line is sanpled 5 times in each dinension. For the purposes of buffer
lines, we are ohtestuelesf thedestiiaiiem Acetisadnib 1 Bris showndnfigure ddisi der 5 dot

| ines comng froma single pixel line. The distance between nozzles of

di ff erent col orAs fan be-@en it FSgufel 6P dredT asy Patiernvigeesst Unitar8rielitta mdre thig an

t her ef or exRRSY BRnGatoMoCHNG METedBarRCRRlAL Qﬂvéﬁkéfir%rkﬁ:g%aﬂhe#g?é#%h@eic%r 17

dots in inclusive distance. The worst caSe scenario ISt dot
lines i nct RiRSs POAWep gshrangtsrWitteReabler RfRearegds b next 3 bytes, and then waits for an

Advance pulse. At the Advance pulse, the TransferWriteEnable pulse is given, the next 3 bytes
are read, and the wait occurs again. This continues untii the Advanceline pulse, whereupon

the process begins again from the current address.

In terms of reading 3 bytes, the Address Generator 119 simply reads three 8-bit
values from ImageRAM 11 and writes them to Buffer 5 118. The first 8-bit value is written to
Buffer 5's 8-bit address 0, the next is written to Buffer 5's 8-bit address 1, and the third is
written to Buffer 5's 8-bit address 2. The Address Generator 119 then waits for an Advance

pulse before doing the same thing again.

The addresses generated for the Image RAM 11 are based on a start address and a

byte count as shown in Table 23.

Table 23. Test Pattern Access Registers

Register Name Description

TestModeEnabled If 1, TestMode is enabled.
If 0, TestMode is not enabled.




pi xel line. This inplies 5 pixel lines, with dot |ines generated as 1, 5,
5 5, 1, and allows an increase of nozzle separation to 10. To ensure that
t he contone generation process witing to the buffer does not interfere
with the dot generation process reading fromthe buffer, we add an extra
medi umres line per color, for a total of 6 fines per color. The contone
buf fer qtphseg efore 3 colors of 6 lines, each line containing 1280 8-bit
contone val ues. The total nenory reqU|red is 3 x 6 x 1280 = 23040 bytes
(22.5 KBytes). The nenory only requi.lggs a single 8-bit read per cycle, and
a single 8-bi ite every 2 nt on ixel is redad 25

ti rres)g Che soelEE o0 bf P e SR, '“C"E‘aae RaM5. popos- dc - 62-
Buf f er 4 can|petatemjtrenent ed mmsembeyt@ymlt&tda@bl e access (read|and wite)
RAM r unni ng at the—rnomnat opccu of—the Pt at-head—dot generun Of pPr ocess,
or can be inplemented as RAMrunning 4% faster with only a single read or
write access per cycle Buffer 4 is set to white (all 0) before the start
of the print prpo] 2. 4Upl nt er oI ate, Halftone, and Reformat For
Printer Al though” °W?5ﬁt“&°g‘?ﬂ ’QLES@’ tegydhleradgiess oeiicrlipRf G Asvancelineandht or

t asks 113Advaece piiks aredoishowepar ate tasks by Section 3.2.8, Section 3.2.9
and Section 3.2, 10 respectively, they are inplemented as a single process
in the hardware inplenmentation of the PCP 3. The input to the

Up-interpol ate, H&FftBHE T8 Reformat Unit (UHRU) 113 is the contone

buf fer (Buffer 4)Retdipigontiacslienght he pre-cal cul ated CWY 1280-res

(internmedi ate resehuhi ep)o bn@EEs HE Aasel:tAayll is a set of 24-bit values in
the correct order Interface 15 for subsequent
output to the prer?%1 églgl\%‘?aggh?lf erﬁé %% e 24 out put bits are generated
1 bit at a time, &AU>*dendtt Buftfﬁ]é522f)b|AP‘rSAHFT1t register in Buffer 5 118. The
control of this prodess ecewisifrdm t he Advance and Advanceli ne signals
from the Ml 15.;sVWiepaithhe UHRU 113 starts up, and after each AdvancelLi ne
pul se, 24 bits are ngn%ce qW are clocked into the 24-bit shift

regi ster of Buffer i éb Shi Ft\W1teEnabl e signal. After the 24th bit has
been cl ocked i nE—dMLansLeHALpLeEna.bJ—e_pwée_Ls_guLen,_and_Lhe_nexL 24
bits are generated. After this, the UHRU 113 waits for the Advance pul se
fromthe MI. V%@nfhef%ov&dwléfn@féh?)éif’b'ematprﬁnws that the dptaissheaningiut ioEthebl e

pul se is @ihwes i CByﬁU(f k8he ozid e dféEijoF e 8%&1&1@& é%nr‘i &m%r'esé‘gﬂ“’eﬁw é’tt:?d bef ore
wai ti ng %{]la Elr cti ce, once he first dvance |se IS gl ven,
|

synchr on o StRoPE a&ﬂgytle@tf?fryéi’%ﬂ@%ﬁ%e ﬁ‘ﬂ? %fezéf bitf Pe fSCEdlpvesvery 24
cycl es t hewerakpaated by 1 horizontal dot line.

10.2.2Buffer 5 118

Buffer 5 118 holds the generated dots from the entire Print Generation process.
Buffer 5 consists of a 24-bit shift register to hold dots generated one at a time from the UHRU
113 (Upinterpolate-Halftone and Reformat Unit), 3 8-bit registers to hold the data generated
from the TPAU (Test Pattern Accessinit), and a 24-bit register used as the buffer for data
transfer to the MJI (Memjet Interface). The Advance pulse from the MJI loads the 24-bit
Transfer register with all 24-bits, either from the 3 8-bit registers or the single 24-bit shift

register.

Buffer 5 therefore acts as a double buffering mechanism for the generated dots, and

has a structure as shown in Figure 44.




The Upinterpol ate, Hal ftone and Reformat process can be seen in Figure 46.
The Hal ftone task is undertaken by the sinple 8-bit unsigned conparator
120. The two inputs to the conparator come fromthe Staggered Dither Cel
121 and Buffer 4 117. The order that these values are presented to the
Unsi gned Conparator 120 is determ ned by the Address CGenerator State
Machi ne 122, which ensures that the addresses into the 1280-res i nage

mat ch t heS&gifent - ori ented order required for the printhead. The Address
CGenerator State Machine 122 thereforgqundertakes the Up-Interpolation and
Refornattln for Printer tasks. Rather than sinply access an entire |line
at a timeld fR47%% 0l ution, and then reformat the line according to the
printer Iookup reqU|renents (as described in Section 3.2.10), the
reformatting i sBdRiteVEdoly thaeriatatadopMY Antermedigieassqlyign 61280+es) comensne

buf f er h( Bmfa@eerauﬁér ﬂ-i@en@:@ﬁd BERROCSIr céndersRRDHcbd6e, BAd addassea By Bp-or 120
uses the cor I’

dit 121 to st agger ed
dar essedMORREE Hp S P GePALE Pretta S e s SEle gy oS ge PTOH 3. 2. .
However, since the daot t&ns re generated in the correct order for the
printhead, the S7&¥% t'f'en§ enRTepis qerqient qngthe RRSKA! dianch detween dievi des
evenl y i moazi&Déh th€pristieepd emd Hots far gme/mrnrpﬂsbeingcyeneratealfteode bielcalgigg [dofsor  one
segnent remai ni n egnment s X ther ceI I
or ovi desv\dg ‘Jsi d;ﬂ?re%?&)lo? %ﬁea n%reqtr}ﬁe ﬂse laamsq geggrag?% o eSnet effecr‘% |539| t5 g d%‘f
posi ti on Hhisi¢ahénegi arhemnt@ceatl the ame tee fromdie brmterdwﬁd @ne atenciptsofran dltferento t he

fact thategf fu%rseaﬁd bk &85t IRES pBELG. @ﬁ@%ﬁrﬂ:re&dls %&plélnﬁd S e ldidlhced 9fe €aCHh Of
the colors. The addressing for the dither cell is therefore quite sinple.

Ve start 9&finesdin Sectipn 2dilar row in the St aggered Dither cell (e.g. row 0).
The first dither cell entry used is Entry 0. W use that entry 24 tinmes
(24 cycl es) to Henrspded UPH@f i3 1B |t isfapgive) istaice Bighighhtes dotg @mtthe Avenadvance

to Entry cha®iiots Owougdh th%frﬁﬁjentﬁrlfofsﬁo 4R, oddGelloRVRd. IN0RE td Minkmkd Yerlratidhbis

conti nue r es in order ener 9,200 dots. The
Hal ftones'ﬁ%é) ”(?h%fﬁe]q%@fghearﬁ' U\'Blr?sscci“ e pfxﬁ%c%fg\f"ﬁ'ﬁeéﬁﬁ '??8%‘(9&%5 § 8% causes
t he addr gsfergemdiuiieor. t 0o advance to the next rowin the dither cell. The

Staggered Dither cell 121 is so called because it differs froma regul ar
di t her cell byS:hen/melgatrbtmémddmaaﬂhreymhugﬁ-mesm&t|ag@eéaﬁ.méﬂnjn5reiss|n@ecause we

generate KX S n xek 0) on different |ines,
and saves%ﬁ ﬂleﬁ‘%ﬂgﬁ; ress n"?}‘% S'O(T ﬁ%ﬁﬁ% ?ngﬁsﬁgn% Rk |||ne9 advan onTytcomfehnednext row
and back v fimepsied, ﬁ@m'&tcpwesétd@f tuTeSZ:am;m%@hBa Sﬁglguprxel 8. Sheodistace si npl e

di ther celelweds no2hés BOWHERNTBRork tis 140 Aokt @ELAARYG Al bRt pSlamettis). @ the
sane s Z%hereforteeassume 8, which gives a separation distance of 16 dots, or 17 dots in inclusive
distance. The worst case scenario is that the 17 dot lines includes the last dot line from a given
pixel line. This implies 5 pixel lines, with dot lines generated as 1, 5, 5, 5, 1, and allows an

increase of nozzle separation to 10.

To ensure that the contone generation process writing to the buffer does not interfere
with the dot generation process reading from the buffer, we add an extra medium-res line per

color, for a total of 6 lines per color.

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

{each contone pixel is read 25 times). The structure of Buffer 4 is shown in Figure 45.




that for determ ning the "oddness" of a given position, we nunber the
pixels in a given row0, 1, 2 etc. The 8-bit value fromBuffer 4 117 is
conpared (unsigned) to the 8-bit value fromthe 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 5 118. O herw se
a "0" bit is output to the shift register of Buffer 5. In order to

hal ft one #§%260 contone pixels, 19,200 contone pixels nust be read in. The
Address Generator Unit 122 performs tRhs task, generating the addresses
into Buffer 4 117, effectively inplenenting the Upi nt er pol ate task. The
addr ess gener at Péfer AN beAmPIpEtER PeFindle cyde dqubleracrses isad 2o upie) BAMed t han

t he addre\eﬁnu@eﬁemeaﬁdnﬂﬁb: Eeedloh e Pribthedd dz:ﬁfbéner:mut pld0éssOMeah Ye SlplenéArD - SG
-64- The A or reagﬁn Buf f er only begins once the first

row of But A’"H‘B% %éaes erw*{’t"ttéﬂs'” é’H’H‘i“ﬁFﬁcgeS? BUSYSY Buffer 4 are 0, so
they will effec ely be whit nted ots). Each of the 6 effective
out%ut | i nes haéfg? é Etf’e"th't?/\fat'ﬁ?%ﬁﬁorgﬁ‘ﬁ ﬁé?”%trpéﬁ‘,’ﬁ?sonal conponent. The
i nt eger portion of the regi ster is used to sel ect which Buffer line vviII be
read to WiiHintewiolate blalitone,pwdReformpbFardiripterf or t hat particul ar col or'
odd and even pixels. 3 pixel counters are used to maintain the current
posi tion withi nAlegetefite Up-lniereplate.s Halfons, edpRpfamgt FerobBmter tabksADR @si xel

address) defindibRepSafidsREby 6&ioh 58, S&TB HLBGnd sé&ﬂﬁ%@% redpBctREIPTREY then,
address generation for reading Buffer 4 requires the followng registers,

as shown 9"&impiggieated as aR@@'Fﬁ%?SSN&WE§?’?é’a@9'§l’ﬂﬂ‘,‘§'ﬁ@‘°ﬁ|°f@e P8P3) Cyanddé bits
(3:3) Magent aEven6 bits éS 3) Magent aCdd6 bi tsRﬁé{S 3) Yell owkven6 bhits (3:3)
Yel | owdd6 bi t sTHe3ingyt feythe, "'AFSR&'ﬂteb?"?@"'(el?L”dSR geai t it URBRY 4 1Biig dhe( 11: 3
Yel | ow P_sdRigA¢ boifdrS(Buffdr: 8 117 containing the pre-calculated CMY 1280-res (intermediate

resolution) image. The output is a set of 24-bit values in the correct order to be sent to the

Memijet Interface 15 for subsequent output to the printhead via Buffer 5 118. The 24 output bits

are generated 1 bit at a time, and sent to the 24-bit shift register in Buffer 5 118.

The control of this process occurs from the Advance and Advanceline signals from
the MJI 15. When the UHRU 113 starts up, and after each Advancel.ine pulse, 24 bits are
produced, and are clocked 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 waits for the Advance pulse from the MJI. When
the Advance pulse arrives, the TransferWriteEnable pulse is given to Buffer 5 118, and the next
24 bits are calculated before waiting again. In practice, once the first Advance pulse is given,

synchronization has occurred and future Advance pulses will occur every 24 cycles thereafter.
The Uplinterpolate, Halftone and Reformat process can be seen in Figure 46.

The Halftone task is undertaken by the simple 8-bit unsigned comparator 120. The
two inputs o the comparator come from the Staggered Dither Cell 121 and Buffer 4 117. The
order that these values are presented to the Unsigned Comparator 120 is determined by the
Address Generator State Machine 122, which ensures that the addresses into the 1280-res
image match the segment-oriented order required for the printhead. The Address Generator
State Machine 122 therefore undertakes the Up-Interpolation and Reformatting for Printer
tasks. Rather than simply access an entire iine at a time at high resolution, and then reformat
the line according to the printer lookup requirements (as described in Section 3.2.10), the

reformatting is achieved by the appropriate addressing of the contone buffer (Buffer 4) 117, and




P ADRL1 bits (only holds integer portion of X_P_ADR) The initial values for
the 6 buffer line registers is the physical dot distance between nozzles
(renmenber that the fractional conponent is effectively a divide by 5). For
exanple, if the odd and even output dots of a color are separated by a

di stance of I dot, and nozzles of one color are separated fromthe nozzles
of the next 8 dots, the initial values would be as shown in First Line
colum in Gﬁ% e 25. Once each set of 19,200 dots has been generated, each
of these counters nust increment by Il.ggractional conponent, representi ng
the fact that we Table 24, Registers Required for Reading Buffer 4 PCP05-SG
_65- are ¥EHIG Y thecompgialos 1 2Guses fescorrRetiqpkur, & fhe githeticalb H) te matciniie
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'the AdvanceLine pulse which causes the address generator to advance to the next row in the

dither cell.

The Staggered Dither cell 121 is so called because it differs from a regular dither cell
by having the odd and even lines staggered. This is because we generate odd and even pixels
(starting from pixel 0) on different lines, and saves the Address Generator 122 from having to
advance fo the next row and back again on alternative sets of 24 pixels. Figure 25 shows a
simple dither cell 93, and how to map it to a staggered dither cell 121 of the same size. Note
that for determining the “oddness” of a given position, we number the pixels in a given row 0, 1,

2 etc.

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

In order to halftone 19,200 contone pixels, 19,200 contone pixels must be read in.
The Address Generator Unit 122 performs this task, generating the addresses into Buffer 4
117, effectively implementing the Uplnterpolate task. The address generation for reading Buffer

4 is slightly more complicated than the address generation for the dither cell, but not overly so.




magenta, and yel | ow pixels. This process of two sets of 24 bits - 24 even
then 24 odd, is perfornmed 400 times. W can then reset the Pixel Address
counters (X_P ADR) to O 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 sinple form
PCP05-5G ‘[Q, %'éabl e 26. Address Generation for Reading Buffer 4
#Addr ess cul'ati onComment -P_ADR =Gener ate address for even Cyan_P
ADRpi xel in Cyan segnent 0 and Cyan_RgADR += ladvance to next pixel for
cyan (nmods) 1CyapEyen: P ADRP ADR += 1 0€%vance to segnent 1 (cyan
2CyanEven: P_ADRE_?A%%} isg%ﬁrﬂﬁ\vgﬁéeédf’ggg ARy bég'(l%%g)th%ftﬁiémévﬁ)ﬁf_%mp_ADR
+= 160AdVveasceet ovrigey MbatrerBaitioy anp of ByierBvan 0P sADRY wiDietive i GRAMIBNEE t O
segnent 4pr(n )SQ/anEven: P ADRP ADR += 160Advance to segnent 5 (cyan)
6CyanEven: P&% '‘ADR += 160Advance to segnent 6 (cyan) 7CyanEven: PdQDRP ADR
+= 160Advance t e a anEven: P. ADRP ADR :Genergrte_a ress
for even Magent gi% %%x%f[eg% %ﬁf’é‘gﬁr}t{eas ERGnSTS'D VAR nteger JdJrastional g
advance tepmpengnt.gingdéitegepporiion of the regigienis asefrio skiget @VelyButen Fveenitl Be ABRER ADR +=
160Advancgrekfie§esiREtholdie the color for that particular colors odd and even pixels. 3 pixel

counters are used to maintain the current position within segment 0, and a single temporary

counter P_ADR (pixel address) is used to offset into the remaining 7 segments.

In summary then, address generation for reading Buffer 4 requires the following

registers, as shown in Table 24.

Table 24. Registers Required for Reading Buffer 4

Register Name Size

CyanEven 6 bits (3:3)

CyanOdd 6 bits (3:3)

MagentaEven 6 bits (3:3)

MagentaOdd 6 bits (3:3)

YellowEven 6 bits (3:3)

YellowOdd 6 bits (3:3)

Cyan_P_ADR 14 bits (11:3
Magenta_P_ADR 14 bits {11:3
Yellow_P_ADR 14 bits (11:3

P_ADR 11 bits {only holds integer portion of X_P_ADR)

The initial values for the 6 buffer line registers is the physical dot distance between
nozzles (remember that the fractional component is effectively a divide by 5). For example, if
the odd and even output dots of a color are separated by a distance of 1 dot, and nozzles of
one color are separated from the nozzles of the next by 8 dots, the initial values would be as
shown in First Line column in Table 25. Once each set of 19,200 dots has been generated,

each of these counters must increment by 1 fractional component, representing the fact that we




(magenta) 10Magent aEven: P_ADRP_ADR += 160Advance to segnent 2 (rnagenta)
11Magent aBEven: P_ADRP_ADR += 160Advance to segnent 3 (magenta) 12Magenta

Even:

P_ADRP_ADR += 160Advance to segnent 4 (nmgenta)

13Magent aEven: P_ADRP_ADR += 160Advance to segnent 5 (nagenta)
14Magent aEven: P_ADRP_ADR += 160Advance to segnent 6 (nagenta)
15Magent aEven: P ADRP_ADR += 160Advance to segnent 7 (nagenta)
16Nhgentd§?gﬁ¥b_ADRP_ADR =Cenerate address for even Yell ow P_ADRpi xel in

Yel | ow segnment 0 and Yellow _P ADR +=gi_advance to next pixel for yellow _

(rmod 5) PCPO5- SG 17Yel | owEven:; P. ADRP ADR += 160Advance to segment 1
(yel | ow) FBYRPPHGEoePixs! AliRes Krke verticeb Bima0sion: he tesuiaghyalites il hen barap

19Yel | owEshewh ih SoBR INBRcatinlin ABlY 28.0Mtd DalsmRy MR R 0:@sidcahére We atf)ehlremEven: P

ADRP_ADR #+=_160Advance to segnent 4 (yellow) 21Yel |l owEven: P ADRP_ADR +=

160Advanc

0% segnment 5 (yellow) 22Yell owkEven: P ADRP ADR += 160Advance to

segnent 6 (yello 23Yel | owEven: P ADRP_ADR += 160Advance to segment 7
(yel | ow) P_?;R'F—_Z Ri¢ italRatyrand Ipcoay bine Yalpes fastls @ RufferAfoyan P ADR

pi xel

in Cydf9¢fent 0 and Cyan P ADR += 1
First Line Second Line
Name Calculation Value Buff Value Buff

CyanEven Initial Position 0:0 0 0:1 0
CyanQOdd CyanEven+0:1 01 0 0:2 0
MagentaEven CyanOdd+1:3 (8) 1:4 1 2.0 2
MagentaOdd MagentaEven+0:1 2:0 2 2:1 2
YellowEven MagentaOdd+1.3 {(8) 33 3 34 3
YellowOdd YellowEven+0:1 34 3 4.0 4

The 6 buffer line registers then, determine which of the buffer lines is to be read for a
given color's odd or even pixels. To determine which of the 1280 medium res pixels are read
from the specific line of Buffer 4, we use 3 Pixel Address counters, one for each color, and a
singte 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 hits - 24 even then 24 odd, is
performed 400 times. We can then reset the Pixel Address counters (X_P_ADR) to ¢ 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.




advance to next pixel
segnent 1 (cyan) etc.
i s shown here.
Tabl e 26 shows a better view of the parall el

addr esses
st eps.

operations during the address generation.
= 0.0 CyanQdd = CyanEven + 0:1 WMagentaEven = CyanOdd + 1:3

CyanEven

Note t

hat it

is listed as a sequenti al
nature of the
% Cal cul ate start positions

for cyan (nods) 25CyanCdd: P_ADRP ADR += 160Advance to
The pseudocode for generating the Buffer 4 117

set of

Nhgentacug}@?%%gentaEven + 0:1 Yellowkven = MagentaGdd + 1:3 Yell owOdd =

Yel | owEven + 0:1 Do N tines (depends .gg_print size)

Cyan P ADR = 0 Magenta

PADR =0 Yellow P ADR =0 Do 400 tinmes % generate the even pixels for

the first set of 24

Blpleze udie

Sl AT,

f%1;4Cyan P ADR Cyan P ADR

pixel =P

+= 0:1 8—ttres—b6 G 4+ re=0yankven, —p
ADR) P ADR +% 160 EndDo P ADR = Integer port)on of Magenta P ADR
P Adr +=[0:4 Do 8 t Adeéress Calculation Comment
- P_ADR = Generate address for even
Cyan_P_ADR pixel in Cyan segment 0 and
Cyan P_ADR += 1 advance to next pixel for cyan
{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 Cyankven: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)
8 CyanEven:P_ADR P_ADR = Generate address for even
Magenta_P_ADR pixel in Magenta segment 0
Magenta_P_ADR +=1 | and advance to next pixel for
. (mod5) magenta
9 MagentaEven:P_ADR P_ADR += 160 Advance to segment 1
(magenta)
10 MagentaEven:P_ADR P_ADR +=160 Advance to segment 2
. {magenta)
11 MagentaEven:P_ADR P_ADR +=160 Advance to segment 3
(magenta)
12 MagentaEven:P_ADR P_ADR += 160 Advance to segment 4
(magenta)
13 MagentaEven:P_ADR P_ADR +=160 Advance to segment 5
{magenta)
14 MagentaEven:P_ADR P_ADR += 160 Advance to segment 6
(magenta)
15 MagentaEven:P_ADR P_ADR += 160 Advance to segment 7
(magenta)
16 MagentaEven:P_ADR P_ADR = Generate address for even
Yellow_P_ADR pixel in Yellow segment 0 and
Yellow P ADR +=1 advance to next pixel for yellow
{mad 5)

Magent a




ReadBi 3f f er 4(1 i ne=Magent aEven, pixel P ADR) P ADR +- 160 EndDo P ADR =

I nteger portion of Yellow P ADR Yellow P Adr += 0:1 Do 8 tines
ReadBuf f er 4(1i ne=Yel | owkven, pixel=P ADR) P ADR += 160 EndDo % 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 tines ReadBuffer4(line=CyanCdd, pixel=
ADR) P A@g += 160 EndDo P ADR = Integer portion of Magenta P ADR Magenta
P Adr %% 8 tines ReadBuf f er 4(1 i ne=Magent aGdd, pixel =P ADR) P ADR +=
160 EndDo P ADR = I nteger port i on of GYeI low P ADR Yellow P Adr += 0:1 Do

8 tinmes RegdByf e o} I:PADé PAtéDR+= ndDp Now
G e B VLA BTN | OMehe RL 1 TP A oo B ediment PRl
18 YellowEven:P_ADR P_ADR +=1860 Advance to segment 2 (yellow)
19 YellowEven:P_ADR P_ADR += 160 Advance to segment 3 (yellow)
20 YellowEven:P_ADR P_ADR += 160 Advance to segment 4 (yellow)
21 YellowEven:P_ADR P_ADR +=160 Advance to segment 5 (yellow)
22 YellowEven:P_ADR P_ADR += 160 Advance to segment 6 (yellow)
23 YellowEven:P_ADR P_ADR +=160 Advance to segment 7 (yellow)
24 YellowEven:P_ADR P_ADR = Generate address for even
Cyan_P_ADR pixel in Cyan segment 0 and
Cyan_P_ADR +=1 advance to next pixel for cyan
{mod5)
25 CyanOdd:P_ADR P_ADR += 160 Advance to segment 1 {cyan)
etc.

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

operations during the address generation.

% Calculate start positions
CyanEven = (:0

CyanCdd = CyanEven + 0:1
MagentaEven = CyanOdd + 1:3
MagentaOdd = MagentaEven + 0:1
YellowEven = Magentaldd + 1:3
YellewOdd = YellowEven + 0:1

Do N times (depends on print size}

Cyan_P_ADR = 0

Magenta P _ADR = 0

Yellow P ADR = 0

Do 400 times
% generate the even pixels for the first set of 24 bits
P_ADR = Integer porticn of Cyan P ADR
Cyan P ADR += 0:1

Do 8 times




CyanQdd += 0:1 WMagentaEven += 0:1 WMgentaOQdd += 0:1 Yell owEven += 0:1
Yel | owOdd += 0:1 EndDo EndDo 10.2.5Buffer 3 116 Buffer 3 is a '
straightforward set of 8-bit R G B values. These R val ues are the

shar pened nediumres (1280-res) pixels generated by the Sharpen process 65,
and read by the Convert to CMY process 66. It is not necessary to double
buf fer Bul]f,cfg ﬁ3 116. This is because the read (Convert to CMY) process 66
only requitres ' the REB values for the first 39 cycles, while the wite
(Sharpen) process 65 takes 49 cycl ese,@ef ore being ready to actually update
t he RGB val ues. 10. 2. @eCQQl\%ger“{me anEven g%nver sion fromRG@G to CW is
perforned in the nedium resol ution space pj(xf rés) as described in
Section 3.2.7. The co‘hﬁ%‘i’ér&ﬁoprocess 66must produce the contone buffer

pi xel s (Buffer 4) 1Ekdpat a rate fast enough to keep up with the

Upl nt er pol at e- Hal f toRgx Beﬂ‘ngggtggtpop{;gge&rsmjg;%a Sizpce each contone value is
used for 25 cycl es in_ %ach of the x"and y di nensions), the

conversion process °de “tagﬁe up fo 25 cycles. This totals 75 cycles for all
3 col or conponent s.P°Théif*ocess as described here only requires 14 cycles
per col or conponent, msatdvrtdre (linepPui-nREBevabues-matmial |y freed after 39
cycles. If the processxhs . ingbenmented with logic that requires access to
the input RGB valu Jor nore than 49 cycles, then Buffer 3 116 wl|l
require doubl e-buffering, since they are updated by the Sharpening process
65 after this tinme.PFhe~carser siconor eipedtoridd@Ras tri-|inear

interpol ation. Threeifohs X 2da +x o7 | ookup tables are used for the

conver si on process:REB;1Q QIan 90, RGB to Magenta 91, and RGB to Yellow

92. However, since weReQ e, K éc Yesl to erf_or[n each tri-Ilinear
interpol ation, there (%8"" erﬁéé Bt RS P TP Hear i nterpol ation unit.
I nstead, 8 calls to &-Prhearté? nterpol ati on process 130 is nore than

adequat e. PCP05- 5G endif}

% 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
ReadBufferd {line=CyanOdd, pixel=P_ADR)
P_ADR += 160
EndbDo
P_ADR = Integer portion of Magenta P ADR
Magenta P Adr += 0:1
Do 8 times
ReadBufferd {line=MagentaOdd, pixel=P ADR)
P _ADR += 160
Endbo
P _ADR = Integer portion of Yellow P ADR
Yellow P Adr += 0:1
Do 8 times
ReadBufferd {line=YellowOdd, pixel=P ADR}
P_ADR += 160

EndDo

% Now can advance to next “line”

CyanEven += 0:1




Address generation for indexing into the | ookup tables is straightforward.
W use the 4 nost significant bits of each 8-bit color conmponent for
address generation, and the 4 least significant bits of each 8-bit color
conmponent for interpolating between values retrieved fromthe conversion
tabl es. The addressing into the | ookup table requires an adder due to the
fact thatpcdphgs ! ookup table has dinensions of 17 rather than 16.
Fortunately, multiplying a 4-bit nunber X by 17 is an 8-bit nunber XX, and
therefore does not require an adder orggwultiplier, and nultiplying a 4 bit
nunber by 172 (289)cj.scNlyoslightly nore conplicated, requiring a single
add. Al though the |nterpglatypn could be perforned faster, we use a single
adder to generate HiaresEds afd have a single cycle |nterpolat|on unit.
Consequently we ar et io*= @al cul ate the interpolation for generating a
si ngl e col or conponentover@m-REBL i n 14 gycles as s?omn in Tabggnfg. Tgﬁd
rocess nust be re JLigres in order to generate cyan, nm
5e||ow1 Faster netﬁ%%gggﬁg pogglble but not necessary. Cycl eLoadEffective
Fet chAdj ust ADR H%gﬁ%terlnterpolate 1ADR = 289R 2ADR = ADR +17G 3ADR = ADR
+ B 4P1RCGBADR=ADPR}?1 H5P2RGB+1ADR = ADR + 16 6P1RG+1 BADR = ADR + 1P3 = P1 to
P2 by B 7P2RG+1 B+1ADR = ADR + 271 8P1R+1 GBADR = ADR + 1P4 = P1 to P2 by B
9P2R+1 B+ BufeABR16¢ 16P5 = P3 to P4 by G 10P1R+1 G+1 BADR = ADR + 1P3 =
Pl1 to P2 by B 11P2R+1 G+1 B+1 12P4=P1 to P2byB 13P6=P3 to P4byG 14V=P5 to

P6byR Tabl e 27. Biffer bIJQQ&fralgrﬂﬁ)ﬂfde)b@tof 8RBt ROG, BAkREs, %@é’eelfiéhqglug C?g 5G 71-
As shown |n Tab i ster and adder can be use

addr ess gaRe re'é'l i Of T'ﬂt"%s @h@gﬁeﬁ)&ﬂﬂf 9enpieled byghes ghasbesy precess 65, r@glrquetns can be
used t o hbé Gonvetté&r Gl ipatcess 66.

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

10.2.6Convert to CMY 66

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

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

process can take up to 25 cycles. This totals 75 cycles for all 3 color components,

The process as described here only requires 14 cycles per color component, with the
input RGB values actually freed after 39 cycles. If the process is implemented with logic that
requires access to the input RGB values for more than 49 cycles, then Buffer 3 116 will require

double-buffering, since they are updated by the Sharpening process 65 after this time.

The conversion is performed as tridinear interpolation. Three 17 x 17 x 17 lookup
tables are used for the conversion process: RGB to Cyan 90, RGB to Magenta 91, and RGB to
Yellow 92. However, since we have 25 cycles to perform each tri-linear interpolation, there is
no need for a fast fri-linear interpolation unit. Instead, 8 calls to a linear interpolation process

130 is more than adequate.




results - 2 registers hold values | oaded fromthe | ookup tables, and 4
registers are used for the output fromthe interpolation unit. Note that
the input to the linear interpolation unit is always a pair of 8-bit
regi sters P11P2, P3/P4, and P51P6. This is done deliberately to reduce
register selection logic. In cycle 14, the "V"' register 131 holds the
8-bit val uerokb®al |y cal cul ated. The 8-bit result can be witten to the
appropriate location in Buffer 4 117 during the next cycle. A block diagram
of the Convert to CMWY process 66 can Y®-seen in Figure 48. Assumi ng the
process is first 851G n c one pixel is
e gSlﬁ%lg ﬁh@ex E‘%p‘?’ e t%ll{lﬁé %% ra' Nt%n”ar‘g V{’thﬁ taUn agai n

stored into the cyan O-res cont €ess |

on the saﬁé"oshi*_%“flcﬁ’ﬁtﬁ'ts Pﬁe%rﬁeﬁ"h‘to@ftcﬁfépwgfefﬁt addrgsg eileneraﬂwsandatge dtleascont one
pi xel is sigrafcact bite bieakhe-bit H@@Qﬂhﬁorﬂeatgf@r|ﬁt@§)0@%5&ﬂ%&8%m&rreﬂlg\}eﬂ o}rMhe the

yel |l ow co ner.at e sane I nput
resul t ant Qoth Omakéﬁ%e#hel agﬁr'sef%?ge‘ﬂto t%ﬁ Boﬁﬁéa%qub'wsf?ﬁgd?’é@e&)%m”BUf fer).
The addr etbs lcgbtnetﬁue hamdifemsioms iof 1 Tigthieothtil €6. G—‘enﬂirﬁtw bakibigihg & Bufthambd)x 117 is
straightf £ i dr corrpan orSelect bits) is
used to wrﬂ{t{\g Stjgn éabzt Mb% %% (ﬁr?neefaeq%gldgg ﬁ‘eg g‘rcg‘!ew&n“"ﬁlﬁ’f‘?’ F‘”q s
written t@URYiRgRf bit number h)efWh'ﬁanlmllwwmeremmphcamd riteiringw sbiglecidel e 45.
The pi xel address is increnented by | every 75 cycles (after all 3 colors
have been writt &eusiTifie internolaien woulgubetrednrted faster awemdesa Wil :mdauppj ng once
every 5 H@&C&Idté‘st@es%t{d s ri b sinply
0 15 3. 49%’1_ o o SI'?a'%el_ a sh%leoéygﬁ thrfpoILatic?IG@Ht éﬁr%g%ﬂml\g\%g e %.Drl]% out
with the # 58? tf"i@‘%’ﬁ?‘%ﬁ"’%)’m gf’ﬁ?@'”QBtﬁ'fg@rW@f £IMp@ERiffeam RGBT épewleshas out put
from t he fRewamlableQ@7eBiecirouBsIM0NDe PERERE S tilbe in ord¥l &F GondrafdiVRY, §lHeEB and L
ordi nate. The out put from Buffer 2

Ell)éel;oe: a’?‘g f o@c} g%tgr%etmdgl%r\é%%%%“W‘?ﬂcer?e?séau| res a 3 x 3 set of |umnance
val ues 135 centered on therl xel bei ng‘ﬁshar pened. Consequently, during the

shar peni ng process 65 Tablg &F - rilineqs dntgropation for selor genversios  x 3 array of
| um nance yalues) as well as the cofresponding RGB value 136 for the center
| um nance %%oaﬁha mﬁyét‘;@m h&dJG&)AtDRSFea%{Qrncmcfelprﬁ/erpoaet% and the
correspond center—varue—ust ca Y
Resanpl e- Ct dat eL{ini nanfe process 112ADﬁ'ﬁ88$Fbg| cal View of accessks to
Buffer 2 115 is shown ] n Figure 49. GE U?&Dﬂ%ﬂsﬁé e actuat Tnptenmentation
of Buffer 115 s sinply as a 4 x ent 8-biit RAM with the
addressing!{ 8n read and| write provi dm[gq&tt\eRefgectlve shifting of yalues. A
2-bit colu

4 P1 RGB ADR = ADR + 1

5 P2 RGB+1 ADR = ADR + 16

6 P1 RG+1B ADR =ADR + 1 P3=P1toP2byB

7 P2 RG+1B+1 ADR = ADR + 271

8 P1 R+1GB ADR = ADR + 1 P4=P1toP2byB

9 P2 R+1GB+1 ADR = ADR + 16 P5=P3to P4 by G

10 P1 R+1G+1B ADR = ADR + 1 P3=P1toP2hyB

11 P2 R+1G+1B+1

12 P4=P1toP2byB

13 P6 =P3to P4 by G

14 V=P510 P6 by R




counter can be incremented with wapping to provide a cyclical buffer,
which effectively inplenents the equivalent of shifting the entire
buffer's data by 1 colum position. The fact that we don't require the
fourth colum of RGB data is not relevant, and nerely uses 3 bytes at the
saving of not having to inplement conplicated shift and read/wite | ogic.
In a given cle, the RAMcan either be witten to or read from The read
and wri tepcﬁP%%?esses have 75 cycles in which to conplete in order to keep
up with the printhead. 10.2.8Sharpen _Fhe Sharpen Unit 65 perforns the

shar peni ng task described in_Section 3.2.6. Since the sharpened RGB pixels
are stored i nt oABIPIEY NSaRIEE7. BIRINAISHAPH EPOIHI AN GRS DReERC (P 2fERE  t he

Cﬁnvert fj @n%ﬁorpfnmméfboﬁ@ tapiak. thétﬁ'ﬁf 86 r@jli‘éﬁﬂ'ﬁéﬁb@u%oﬂbwahtemtat@e
shar pened_wi t hi,n arpeni n cess, i nvol ves a

1Tt or o rebits 2 2gecelers GE vaies faseo FPR R AR IR GRS S tr et T or 2)
and addi ngutguh&orh ithet isterpdlationbanitkNoeta that thia énpRGB thmlmpmnetarcpslatummdheamaysbaed in
Tabl e 12 ;Y%qt(h'Sno tsgﬁgtbl%rbﬁlz’zz F%’F% 9 P5®8. ﬁﬁ? JST&%EQE% ftoflleh&c%rre# I S a

basi c ass fifter using convo 1'on erne as s gure
50. The rﬁ%ﬁ“%'al%c fin ¢yeler 4 ‘@e (“:\éi’lf%ﬁj?rt%t't@éih%iﬁéhe 8-bit ¥aed fé@"y cpivtlatedy Be 8c:lsyfcl e

| 0ads t heeb @R b Witent6 B E&bprﬂafélowtubm.n%uﬁérrmﬁ7alnﬁg%%ﬁrc yié.xel value (the
center pixel shifted left by 3 bits The next 8 cycles Subtract the

remai ni ng 8 pi XRlpio¥kiGsm ofhb @ol@vef'tlt&@MY%Focst 66UeR bé E@enﬁrﬁ"ﬁllbur@ 4procedure can
be acconplished by an adder. Cycle 10 involves the nultiplication of the

result by a COnai{@Ring thétdrocekbiisSs rgrtqm{oaq%erlat% dae tﬁ@r@%tﬁ%ﬁ% b8 il 9, but

is aregister to allowthe anount to altered D twaré by sonme scal e
factor. ThEWOIGEEP BHEAL12P&Tos IR B tT@eth@eﬁ is dhengHp 2gRI 8D esSamf t h a
ceiling ORGRMput &denendté e MabéhtBpikéiemhid rilgehtd ofitbhié B&el7i, stofdd ird1¢he’ 4.

Cal cul ati th d I f
e Rl SRR R P b Ront o b b Bl 4R 57
st ruct ur eR@B inphicarBhbe pevitantnielovcrirel Isstoseibnto ithe yellqut280kds. cofioee mdider unit 142

connected to Buffer 2 115 is a subtractor with a floor of 0. TMP 140 is
| oaded with 8 xThehedfresssigeherstah ufer dmrl’angngoctjnelter.mﬁ)m(:olfuffé’IS)(Bufandﬂr t hienist he next

8 L I b th
ubt r act g opforwatdoh SR SheedsUd depordlfy b BHpseleh SiBls BhANF ety B O
9), the 1of thsi threg gplan buffarsTiVRe Gyvpn buderrigiwiitgnl th ed ciple 335 M@eﬁa@mmycl(: B8Qpi cal | y
179, but 4hadediow 8hly@s @5 CaRt gkl adfledsN@linctdintc@ ByOr eveRN79eycRdi (el 6fls and

witten
colors have been written). The line being written to increments with wrapping once every 5

Advanceline pulses. The order of lines being written fo is simply 0-1-2-3-4-5-0-1-2-3 etc... Thus
the writes (25 x 1280 x 3} balance out with the reads {19200 x 5).

10.2.7Buffer 2 115

Buffer 2 accepts the output from the Resample-CreateLuminance process 112,
where a complete RGB and L pixel is generated for a given pixel coordinate. The output from
Buffer 2 115 goes to the Sharpen process 65, which requires a 3 = 3 set of luminance values

135 centered on the pixel being sharpened.

Consequently, during the sharpening process 65, there is need for access to the 3
x 3 array of luminance values, as well as the corresponding RGB value 136for the center
luminance pixel. At the same time, the next 3 luminance values and the corresponding RGB
center value must be calculated by the Resample-CreateLuminance process 112. The logical

view of accesses to Buffer 2 115 is shown in Figure 49.




back to TMP 140. Only 8 integer bits of the result are witten to TMP (the
fraction is truncated), sothe limt fromthe nmultiply unit is 255. If a
scale factor of 119 is used, the maxi mumvalue witten wll be 226 (255 x
8 / 9). The scale factor is 8 bits of fraction, with the high bit
representing 1/8. The variable scale factor can take account of the fact

t hat dlffgggngsprlnt formats are the result of scaling the CFA inage by a
different” Anbunt (and thus the 3x3 convolution will produce
correspondi ngly scal ed results). The .sharpened values for red, green, and
bl ue are caIcuI and cle 74, and witten

ed durin
to the R G an ‘éag g eéc'\{a(y?” gtﬁ”ﬁﬁr%lysl'ié'mpwr?é At ¥ P &24RNvESRI BAM, The
cal cul at i with meaﬂ@esm@ dnneddnageve wﬂ&%the&ﬁsdtm)kryﬁuﬁdw vaﬂds A DBt @flunidVP t o

Buf fer 2 | n enter Addr.ess
Gener at i on F%r ?? T g@”ﬁﬁ%r&ngn?&f g'ﬁipwg%p"ﬁ pr%ﬁ%f ef’® HE er W'§'°h ﬁvﬁﬁ'y G and
B in cycimplgnmeats tfﬁsequaﬂdntmsmfé@qjéeemtweb@er Réﬁ%ibhgmﬁlmmmm@wbh eTmeZaclttﬁt makes

use of thge gtlrbgib theBIHH Bk @ﬂ&%%t% is I ‘?elé\%q( & mgr% s & tif Pi t
S

col um co onent (representi ngt ms s e read), and
a 3-bit \98 of B é%'%ﬂht"u ipglemgn OEQWP“OE@d Slfuﬂﬂ@f’reeﬂdf“ﬂfe hrgie 'ealamﬁ CyGiRitfer

starts atRAMeas kitler Be vaiieh tosHreateidrs. 1rei rbdl Mdapié REkbeR¥E hive /B G)RS §S. The
order of whu&matd' n fe n.Table 28. The C register is the

2-bit col UMM gg%p%ggn"tor(éﬁ'"%?‘ﬁeé’pU%’V\fﬁ]@?@””t 4% addition on Cis nodulo 4

(waps within 2 bits). Table 28. Read Access to Buffer 2 during 75 Cycle
set Cycl elfif¥@ERIPdate C 0C, L2C=C-1 1C, L1 2C, L2 3C, L3C=C+1 4C, L1 5C,

L3C =C+1 6C, L1 7C, L2 PCP05-SG -74 8C, L3C=C-1 9-71No access
The éharpen Unit 65 performs the sharpenlng task described in Section 3.2.6. Since

the sharpened RGB pixels are stored into Buffer 3 116, the Sharpen Unit 65 must keep up with
the Convert to CMY process 66, which implies a complete RGB pixel must be sharpened within

75 cycles.

The sharpening process involves a highpass filter of L (a generated channel from the
RGB data and stored in Buffer 2) and adding the filtered L back into the RGB components, as
described in Table 12 within Section 3.2.6.2 on page 35. The highpass filter used is a basic

highpass filter using a 3x3 convolution kernel, as shown in Figure 50.

The high pass filter is calculated over 10 cycles. The first cycle loads the temporary
register 140 with 8 times the center pixel value {the center pixel shifted left by 3 bits). The next
8 cycles subtract the remaining 8 pixel values, with a floor of 0. Thus the entire procedure can
be accomplished by an adder. Cycle 10 involves the multiplication of the result by a constant
141. This constant is the representation of 1/9, but is a register to aliow the amount to altered
by software by some scale factor.

The total amount is then added to the R, G, and B values (with a ceiling of 255) and
written to Buffer 3 during cycles 72, 73, and 74. Calculating/writing the sharpened RGB values

during the last 3 cycles of the 75 cycle set removes the need for double buffering in Buffer 3.
The structure of the Sharpen unit can be seen in Figure 51.

The adder unit 142 connected to Buffer 2 115 is a subtractor with a floor of 0. TMP
140 is loaded with 8 x the first L value during cycle 0 (of 75), and then the next 8 L. values are

subtracted from it. The result is not signed, since the subtraction has a floor of 0.




72C, R 73C, G 74C, BC=C-1 After Cycle 74, the Cregister holds the colum
nunber for the next calculation set, thus making the fetch during the next
Cycle 0 valid. Sharpening can only begin when there have been sufficient L
and RGB pixels 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 columms. 10.2.9Buffer 1 114 Buffer 1 holds the

whi t e- baléﬁﬁéﬁyand range- expanded pi xels at the original capture spatial
resol ution. Each pixel is stored withz30 bits of color resolution, conpared
to the imge RAM i nmage storagf color resolution of 8 bits per |er

Buffer 1 is arr IH§Odnadon cxia&vee &) yhetiupiiothis BIR 144 @r“@'tp"%@ 3 &ai%ach

col or pl aﬁaoro(iyplcé@dwa%t ur@ieesoftwireon@d do at the ¥dctor chn 5é& BPLGed)\vd Witk of t he
buffers

IS re 52. r'n the co 5.cycles ntries
are read ¥ E% each C)P A Lé RS9, ff %rtgée %Stf" aﬁ%%'myeﬂi" Tﬁ% (éggﬁ Pl'sntg'"ﬁ?q%‘ﬁess 112,
and up t cso2@e hlewfmlaltbmmuuiple unit ist25&nlf achledacBr ol P dy gseflt the nexaaim vamenrber
depends qm.tfene%@%guz?g 854 Qs /a@)d ThE& agyrf&%}t Sdugtspﬁxﬁelctltﬁ'g%ﬁ' e r@wsmg

resanpl in ers must e enou rea
witing dﬁweﬁﬁf‘&"ﬂﬁ & FR)M@”abierﬁcélﬁffé‘?t?fn@‘"vtﬁlf%a@ﬁ@taﬁ@l%@ﬁf thedugiiferenttanet r ead

process, fémmws.le&narr@surt%aqcéinh@mee@m iRhgeBby 8Whferdnt ambti® (B6cAInGs hRCEQY S
sca Panoram c), the sane input pixels can

very | arge

be Y ead domtape PSS andl selrasn Rernel " posi t7on for' T esam ing).
Eventual Iy, however, the nex? gq i xels wl | ﬁw red. If are not
scaling up so 'E‘,ﬁns‘hafpﬁﬁe%"@\/deb % £9% 9798 aB%b’“? é’i‘j’lﬁa é'ateﬁé\"r&gé:yf"ﬁgzn%e pi xel
gener at i 018, ayCCwie 74, @nd wiittehitdthé R, ¢, en>d<B eem:ke%a;f Bufeo 1 180 o wiith persyalk e

factors i | e, Tabl t he . se.for l,i t
passpor 115 anpiauh Aflald i hete s iR ¥ Bk FERGuloRo IR Bngrz 105
Passport apfl Bicoggstendipgigitiesateintegpikdhat 4 Iocatl ons can be cont al ned within 6

CFA pi xel positions. However, each row of green sanples only holds every
al t er nat e pi xel Addr¢rsS>ameahan it lstaaighdiaivwardl Vg iing todBuffar &1 teeig gimpéoR.f& rand Gw

(worst cage dlé o, 78050374 gg;?ecﬁ\%lya RARS @t}fr&rﬁ%]‘férrﬂ H@r’nal&gﬂsg 1P e yl}fB¥|e”E“t in
Y|nd|cates e requirenment of ana It1ona col um, ci(
Fi nal |y, r@ﬁjr%@‘cﬁuﬁprgq'g]e address consists of a 2-bit column component (representing which of the

4 columns should be read), and a 3-bit value representing L1, L2, L3, R, G, or B. The column
number starts at 1 each line and increments (with wrapping) every 75 cycles. The order of
reading Buffer 2 is shown in Table 28, The C register is the 2-bit column component of the

address. All addition on C is modulo 4 (wraps within 2 bits).

Table 28. Read Access to Buffer 2 during
75 Cycle set

Cycle Address Update C
0 C L2 C=C-1

1 C, L1

C L2
C L3 C=C+1

G, L1

C, L3 C=CH1

C, L1

~N (S| ] W N

C, L2




sanple colum is required for witing. This gives a total of 6 sanples per
row. 7 rows are required for a single sanple. To generate the 3 sets of
RGB pi xels for each x position, the nmaxi mum novenent iny will be 4 rows
(3.125 = 2 x 1.5625). Mowvenent X adds one sanple row above and bel ow.
Consequently a total of 13 rows are required. For nore details see Section
10. 2. 10. The red and bl ue planes have a A value for Passport of 0.78125,
|nd|cat|ng Thdt 4 locations can be contained within 4 sanpl es. An

addi tional sanple is required for w.zing while the remaining 4 are being
read. This gives aftotal ;of 5 $ es per ro& whi ch is fiurther increased
to 6 sanples to match the green Pprane (for a?t purposes). 6 rows are
required to cater {or npvenent |iNg agecesEOr nore detalls see | Section 10. 2. 10.
Each sub-buffer is IHpIchHLcd as—a—RAM-wth-deeeding—to—+ead or wite a
single 10- bit sanple peR cycl ¢ ®he sub-buffers are sunmdrized in Table
29, and consune les$s th 200 [Byges. Tabl e[ 29. Sub-Buffer| Summary

Buf f er Conposi ti onBiLts Red Buffer6rows x 6 sanples x 10-bilt s360 Bl ue
Buffer6 rows x 6 sanpl es4x 10- bictB360 G een| Bufher 13 rows [x 6 sanples x 10
bi ts780 TOTAL1500 10—2-1tOResanpte—and—Create—tumnance—Channel The Resanpl e
and Create Lum nance Channel process 112 is responsible for generating the
RGB pi xel value in mediumresol ution space by appropriate resanpling the

whi t e- bal anced d nge- anded R and B pl anar inages, as described
in Section 3.2. gﬁeﬁéygg-g%éﬁ‘? SR %ﬁgh‘??'uq’%”‘é{mﬁrtf‘?réﬁ? nexhealquiaeTh st e

val ues f dhustrhakirgi theeietcRABingi theedext @gleeldid.as t he | um nance values for the
pi xel above and bel ow t he RG@ pixel nust be generated for use in the |ater
shar peni ng pr oc8tsspenifigeat brigbeyir \Dmdhér@ha@rb@d:u&jfﬁwanm@nd?@ Mﬁélélﬁnt@éﬂnd 3L

I i i t d
e mum o RTS8 Rt eyt o St P S SR rofheg Gid tedpreiagndl 6. 1)
we nust dh¢ Buffer 2 erile pcesiums amcmmlms. 3 pi xel coordinates -

10.2.9Buffer 1 114

Buffer 1 holds the white-balanced and range-expanded pixels at the original capture
spatial resolution. Each pixel is stored with 10 bits of color resolution, compared to the image

'RAM image storage color resolution of 8 bits per pixel.

Buffer 1 is arranged as 3 separately addressable buffers - one for each color plane of

red 145, green 146, and blue 147. A simple overview of the buffers is shown in Figure 52.

During the course of 75 cycles, 16 entries are read from each of the 3 buffers 3 times
by the Resampling process 112, and up to 29 new values are written to the 3 buffers {the exact

number depends on the scale factor and the current sub-pixel position during resampling).

The buffers must be wide enough so that the reading and writing can occur without
interfering with one another. During the read process, 4 pixels are read from each of 6 rows. If
the scale factor is very large (e.g. we are scaling up to Panoramic), the same input pixels can
be read multiple times (using a different kernel position for resampling). Eventually, however,
the next pixels will be required. If we are not scaling up so much, the new pixefs may be

required before the next pixel generation cycle (i.e. within 75 clock cycles).

Looking at the scale factors in Table 9 and Table 11, the worst case for scaling is the
Passport format 31:




the pixel in question, and the pixel above and bel ow. Thus we have 75
cycles in which to calculate the 3 nediumres RGB sanples and their
corresponding L values. Buffering L values (and hence RGB val ues) to save
recal cul ation requires too nuch nenory, and in any case, we have
sufficient time to generate the RGB values. Buffer 4 117 contains nedi um
res pixels but cannot be used since it holds sharpened CWY pixels (instead
of unshar pdgﬂ RGB pi xels). 10.2.10.1 Resanpling The resanpling process can
be seen as 3 sets of RGB generation, _.egch of which nust be conpl eted
within 25 cycles (for a total maxi num el apsed time of 75 cycles). The
process ot genef 2 $RY RS RgR ‘ﬁ@f%\:faﬁ?oﬁté’m P2 infiatipe ”‘é"éél’?cé@"gciﬂ ocesses
performed in ppg 6dnkeﬁﬂed viithie saz;ﬂpcpbkeabmnnsmoﬁevdr hﬁclmmdﬂb&teh @é}mﬂés daly and t he
cal cul ati on of ﬁd d ever g{e natq'rg : anhlrredl u rtes% Jgtl on %I xel gr di nate. The
theory for generaii Ag eas Pl TS ISPTre bt Al H&mPEUAE rle?nu"§ B 3. 2.5,
but the upshot {(wrettdseds fvet §, duarma mgrst tﬁsemltlahmgselon)etﬂomnanum\‘i iodicdted t er s,
one on each. chapgehy bmbhCriSPaRold samae%@ﬁqﬁn%amgespgﬁanw@n Rekifighei | mage
reconstruction points, requiring 4 coefficrents in

convol ution ker FREIPIY lymds Erquirgdder wiitipg- é"rh‘tS givgs a%}twgsm@wq s 7178 sanpl e

point is not reﬂulré@ﬂbd f@WMHIdJo%h&&b&ﬁé 9Re@for REB fHRM dtdc@sol ution
R pixel is achlev q%/Ehrunnln ctlonfllter on the R

ere onst
data, Cal cul at | BTGP WeESHBHT MIAVPRE M bRe S92 52 7 dRPRMEreB™ Unni ng
an image reconsXradds iooa sémple eow ahotehandGadiat. Conssutiedty| « ttataf an roks blke medi um
resol ution B pi S i mage reconstruction filter on
the B data. Al tﬁ%lred Foqﬁu‘{ee‘r?%g ge%#ggHsMrl c in x and y, they are not
the sane for eatht '@6I9@¢' bisk ipses Ravgria Balde éor Rapspertyf 0F815, indisatingrfeatider nel

due to their sigkdighs bm@eec&mea%ﬁrnlégarﬁaes Bt adbiiiEnaPs B PO & relliRalid the
rotation required for ﬂ%nreconstructl on,_must have a different kernel.

The high level W E‘%Whiﬁ the pranaiying-4 are beigg r458- Tigves tﬁab‘ﬁr‘r’éag’ﬁ’es Pe[dP¥ss
generation i s nwhicts kortherPGR8&se8Go -6/ Eamdibe td' em@hTthé REechr QRS Gorcaatdn! y
begi n when t her e h | s.i.n Buffer|l for the urrent i xel line
bei ng gener at edS" %gss) 89{5{% B’B £ %r%%g)sga S0 "R UE Y Pkt 3et%'éls\/%eebeen
witten to eachSestion He2.t®bl or planes in Buffer 1 114. The Resanpl i ng process
112 must stall until that tinme. To calculate a given color plane' s nmedium
resol uti on pi xeFachaghlreyffenis ihplemeRél asycRAY with dedodinb keereadior vaitpéd yingieéo-ker nel

to the 4x4 3ApRIE AbBaThe\WRb BOR)Y abREmMhal2eli &1 Tile 40 DUEARL HYiedd) 200

bytes.
Table 29. Sub-Buffer Summary
Buffer Composition Bits
Red Buifer 6 rows x 6 samples x 10-bits 360
Blue Buffer 6 rows x 6 samples x 10-bits 360
Green Buffer 13 rows x 6 samples x 10 bits 780
TOTAL 1500

10.2.10Resample and Create Luminance Channel

The Resample and Create Luminance Channel process 112 is responsible for
generating the RGB pixe! 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




each of the 4 rows of 4 input sanples. We then apply the 1 D kernel

(i ndexed by y) on the resultant 4 pixel values. The final result is the
out put resanpl ed pixel. Applying a single coefficient each cycle gives a
total of 16 cycles to generate the 4 internediate values, and 4 cycles to
generate the final pixel value, for a total of 20 cycles. Wth regards to

precisionl5 the i nput pixels are each 10 bits (8:2), and kernel
coeffici M & Hre 12 bits. W keep 14 bits of precision during the 4 steps

of each application of the kernel (878), but only save 10 bits for the
result (8:2). Thus the sanme convol ve engi ne can_ be used when convolving in
X and y. CFriaoe 2R aqliopube Gmingioe taliss foptieivgn REP el WA the BT

resanpl i ngiuyes G ass pixdl dobee Ganbdw eeRGE pkbIOnusiSe ROSMRed for Fisg i theSdter The
process oﬁﬁégﬁ%ggling t hen, involves 20 cycles, as shown in Table 30. Note

that the Brkel 1 etc. refers to the i nput fromBuffer 1 114, and is

Kk f by tf ddr essi ng .mechani | ow). Tabl e 30. The 20
Oyere resanpl e LirciMEnaRie R FroRelt i g Vebe P TRl 51 oioEes S 1
Pi xel 1TNRatdXE 2]nRduine avitage bl B MIBMH JhRowxiurPoh| G, 3RNB BXb4jvBowid, Pi xel

s’ sx TR 00 Bl A S B FEB U o

TVP , Pi xB? pelinqusitirpvnd, thepiel abgvavend bolpu] Frud v@, havk 78| cydFhvp, whigh ©3X[ 1] Row
4, Pixel cbitMRteXted AbHawrds REB ¥@hpled HME thbp ¥brddsBowing L aiuse! 3TWP

Buffering L values (and hence RGB values) to save recalculation requires too much
memory, and in any case, we have sufficient time to generate the RGB values. Buffer 4 117
contains medium res pixels, but cannot be used since it holds sharpened CMY pixels (instead

of unsharpened RGB pixels).
10.2.10.1Resampling

The resampling process can be seen as 3 sets of RGB generation, each of which
must be completed within 25 cycles (for a total maximum elapsed time of 75 cycles). The
process of generating a single RGB value can in turn be seen as 3 processes performed in
parallel: the calculation of R, the calculation of G, and the calculation of B, 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 56 sample points, requiring 4 coefficients in the convolution kernel (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 reconstruction filter on the G data, and calculation of the medium
resolution B pixel is achieved by running an image reconstruction filter on the B data. Although
the kernels 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 plane, due to
the rotation required for image reconstruction, must have a different kernel. The high level view

of the process can be seen in Figure 53. Address generation is not shown.




16X[ 4] Row 4, Pixel 4TMP, V4 17Y[1] VITMP 18Y[ 2] V2TMP 19Y[ 3] V3TMP 20VY[ 4] VATMP
(for output) 10.2.10.2Ceneration of L 8 As described in Section 3.2.6.1, we
must convert 80 fromRG@G to L for the subsequent sharpening process. W
consider the CIE 1976 L*a*b* col or space, where L is perceptually uniform
To convert fromR@& to L (the |Ium nance channel) we average the m ni num
and maximumof R, G and Bas L = MNR G B +MAX(R, G B) _ 2 follows:
The gener%?wﬁﬁ;of a given pixel's R G and B values is perfornmed in
parallel, taking 20 cycles. The totakytinme for the generation of L as
described here,_is 4 cycles. This nmakes the total tine of generating an
RGBL pi xel set 20F ESRTRIEY PiRress can ey¢ Pedin whethtipts e pipueh pikels pritfeddor nust be
conpl et edhatdrkeinnpiddd ligydirggenerdiae. Thid wikbd M chseC@ide U hUEmhe ofsRialaye BEdr t en out

to Buffer 115 | e 25th cycl res eneration is _described bel ow
A singl o e abPEedy vansY Bl £ B ERP R Bl P REFR S
subsequenh#tyimge used for selecting the 2 inputs to the adder, as shown in
Tabl e 31. The division by 2 can sinply be incorporated in the adder. -78

PCP05- SG - 79 Tabt eal@date Sgiverttalamplant’'s Mediuanesdibirn pasedliuewedhave Gfipariéssons
NENWRA%%%%BTW% ﬁql'quo t@gzpsa%%]alea, we apply the 1D kernel (indexed by x) on
each of the 4 rows of 4 input samples. We then apply the 1D kernel (indexed by y) on the
resultant 4 pixel values. The final result is the output resampled pixel. Applying a single
coefficient each cycle gives a total of 16 cycles to generate the 4 intermediate values, and 4

cycles to generate the final pixel value, for a total of 20 cycles.

With regards to precision, the input pixels are each 10 bits (8:2), and kernel
coefficients are 12 bits. We keep 14 bits of precision during the 4 steps of each application of
the kernel (8:6), but only save 10 bits for the result {8:2). Thus the same convolve engine can

ba used when convolving in x and y. The final output or R, G, or B is 8 bits.
The heart of the resampling process is the Convolve Unit 150, as shown in Figure 54.

The process of resampling then, involves 20 cycles, as shown in Table 30. Note that
the Row 1, Pixel 1 etc. refers to the input from Buffer 1 114, and is taken care of by the

addressing mechanism (see below).

Tabte 30. The 20 Cycle Resample

Cycle Kernel Apply Kernel to: Store Result in
1 X[1] Row 1, Pixel 1 TMP
2 X[2] Row 1, Pixel 2 TMP
3 X[3] Row 1, Pixel 3 TMP
4 X[41 Row 1, Pixel 4 TMP, V1
5 X[1] Row 2, Pixel 1 T™MP
6 X[2] Row 2, Pixel 2 TMP
7 X3] Row 2, Pixel 3 TMP
8 X[4] Row 2, Pixel 4 TMP, V2
9 X[1] Row 3, Pixel 1 TMP




BROOx BGLOO Since the add nerely adds the mininmumto the nmaxi num val ue, the
order is uninportant. Consequently, of the 2 inputs to the adder, Inputl
can be a choice between Rand G while Input2 is a choice of G and B. The
logic is a mnimzation of the appropriate bit patterns from Table 31.

10. 2. 10. 3Address Generation for Buffer 2 The output fromthe Resanpler is a
singl e RGB %nxel and 3 lum nance (L) pixels centered vertically on the
RGB pi xel "PYHE€ 3 L val ues can be witten to Buffer2, one each 25 cycl es.
The R, G and B val ues nust be wi tteﬁgafter cycle 45 and before cycle 50,

since the sec pi x ener ate'?]l t he, cent ér_ nj xel whose R@®B val ues nust
be kept. The BE er2 g@ [ess s"‘fs’tP F% 210 col um conpohent
(representing j ch ofxphe 4 cclmuw‘@pl,,@;go be ™™bB tten to), and a 3 bit

val ue representing+tH—+t2—1+3; B—Fhe—colum—nurber—starts at 0
each line, and thcrenpiis (with Wﬁixﬁb‘b evel yMP5VEycles (i.e, after

writing out L3 10. 2| 4Addr e ron 1 Kernel "Cookup] The net hod
of cal cul ating he ke %ﬂ} addr %?owcf rg%sama ;}é" descri bed at [the end of
Section 3.2.5 jory page} 8] Each mj‘v\rl@|P|xle|S2 1 digengional, with 64 entries in
t he tabl e. The6nost—stgntftgant—bt+ts{truncated)—of—the—+racti onal
conponent in th® curreffl ker nel| Ryt €xgke used ™H i ndex into |the kernel
coefficients t e. fhe fir es, rdinate 15| used to

i ndex 7Don't cggp st a?{gw CPQ5- <‘§0-“;]Rzgp&1¥%9 kPr 19&,'3?‘/V\£i le in the next 4
cycles, the Y |ordi nat eY[h}s used. \8i nce the kerngMpis symetric,| the sane
kernel can be [used—for—botth—Xand—Y—For—eachtof—the—1280—+esanpl ed val ues,
we need to prodlite 3 pIRels - t{H pixel in qué¥Pion 161, and {the pixels
above 160 and bgj ow 16¢af hat pijxgl . Rather thap,generate a center pixel
and then nove upand down fromlthat center pixel we generate |a pixel 160
and generate [t20e two| kel s 16M4 162 bel ow i { TMPher sgaond pi xel 161
generated i's takento be the center pixet— W thenreturnto—the original
row and generate the next 3 pixels in the next output position. In this
way; as shown in Figure 55, we generate 3 pixels for each of the 1280

posi tionsyy STk Wgrangngeacurrent position in kernel space. As we advance
to the next pi xel i

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 convert from RGB to L (the luminance channel) we average the

minimum and maximum of R, G, and B as
I = MIN(R, G, B) + MAX(R, G, B)
2
follows:

The generation of a given pixel’s R, G, and B values is performed in parallel, taking
20 cycles. The total time for the generation of L as described here, is 4 cycles. This makes the
total time of generating an RGBL pixel set 24 cycles, with 1 cycle to spare (since the process

must be completed within 25 cycles).

The value for L can thus be safely written out to Buffer 2 115 in the 25th cycle.
Address generation is described below.

A single 8-bit comparator can produce 3 bits in 3 cycles, which can subsequently be
used for selecting the 2 inputs to the adder, as shown in Table 31. The division by 2 can simply

be incorporated in the adder.




Xor Yinorig
kernel coordin

i nal
at es.

i nput space, we add appropriate delta values to these

Looking at Figure 56, we see the two cases for
W consider the novenent

and unrotated i nput space.

AY, with their val ues dependent on

of nps (see Section 3.2.5).
the red and bl ue channel s,
for apprdptfat®% val ues of AX and AY. W can now apply the AX and AY val ues

to novenent within the kerne

the pri

For the green channel,
AX = 1/ nps and AY = 0. See Table 9 and Tabl e

nt format,
AX =

and henc
AY =

r ot at ed

in X and Y as AX and

e the val ue
1/ 2nps. For
11

Consegyent |y, when we advance in X, we add

AX to X and subtract AY fromY. In the unrotated case, this nerely
subtracts 0 fromY. Like anc we .add AY to X and AX
to Y. W can do this becyasn?éjfgmﬁlecr'l qqm?(angﬁla’ﬁ(/bﬁgefifer“’g by 90 degrees. The
addr ess gener at+on-Hoer—kerrel—ogkup—assumps—a—startirg—poestt+on set by
software, and [two deltat AX and QY with regpect to npvenent in Y in kernel
space. The addressNgengeramson | ¢gi CRFG shown GseBt he| f ol R:BM Ng pseudocode:
Col umKer nel Y F St art Kef nel CollumRernel X = Sfart Kernel X Do |NLi nes tinmes
(however many loutput lijnes therefare to process§ Kef nei X = Cagl utmKer nel X
Kernel Y = Col umKegnel Y| Dog1280(t1 me Gener at gPI xe Kernel ¥ = Kernel X +
Del taY (novenent_in Y) KernelY £ KernelY + DelfaX (hmvenent iln Y)
Generat e Pixel| PCPGB-SG - 81R Ker hel X & Kernei X + Del [ aY (orovenent in YY)
Ker nel X = Ker net-Y—+DBettaxX{mnovefent T Y) | GeneratePixet—Kernel X =
Col umKer nel X # DePt ax ((movénent [in X Kennel YI'= Co| umKernelly - Del taY
(movenent in X) EgdDo [Col ugnKer hel Y g Col unmKegnel Y| + Dg) t aX |(novenent in
Y)

B G 1 0 0

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 Input2 is a choice of G and B. The logic is a minimization of the appropriate bit

patterns from Table 31.

10.2.10.3Address Generation for Buffer 2

The output 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 before cycle 50, since the

second pixel generated is the center pixel whose RGB values must be kept. The Buffer2

address consists of a 2-bit column component (representing which of the 4 columns is to be

written: to), and a 3 bit value representing L1, 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).

10.2.10.4Address Generation for Kernel Lookup

The method of calculating the kerne! address is the same as described at the end of

Section 3.2.5 on page 28. Each kernel is 1 dimensional, with 64 entries in the table. The 6 most

significant bits (fruncated) of the fractional component in the current kernel space are used to

index info the kernel coefficients table. For the first 16 cycles, the X ordinate is used to index

"Don't care state




Col umKer nel X = Col umKer nel X + DeltaY (nmovenent in Y) EndDo As shown in
t he pseudocode, the generation of 3 pixels occurs 1280 tines. Associated
with the generation of each pixel is 2 additions, which can be perfornmed
during the course of the CeneratePi xel 25 cycle task. Each Gener at ePi xe
task is 25 cycles, consisting of 4 sets of 4 cycles indexing the kernel
via Kerneppofgoefficients 0, 1, 2, 3), followed by 4 cycles indexing the
kernel via KernelY (coefficients 0, 1, 2, 3), followed by 9 wait cycles.
Note that all values are positive and gbract i onal onIy The two carry outs

fromthe ; val u out t to the address
gener at i on ogﬂ%ii@%e(m Ufg ? gxég 09@ \&eléﬁor%atﬁ 'sllﬁegssd g’é 'SBgP'BWJ'C Hhese
carry outsaedgaektanbeps¢didi kodit ¢ anthét her or not the particular ordinates

for the kernel wapped during the nmathematical operation. Wappi ng can be
ei ther above 1 ber dseh ofthe,128ltestrhed edudst we seal Wnagysiupo S ipixils e theTpies! tnvo carry

out bits @lsidl &9, §|§:Mhe els"hoRO1 8 %AMP&IB\@I%%? e Bl ?%%ﬁ%ﬁ‘%ﬁ bate g U TOT

use i n de erntning ative I np ut I nes rom
10. 2. 10. 5%48F exe %H&ﬁ“d‘t‘i"éﬁpfaﬁi’ dstifi frem t@tw@rmbwig@ne@tg@ pixeh d€0 fndom

Buf ferl 1de4|ieraw’lh§ hNOCQib‘Fd £815 164 befouk M Cingisdatab| fp)kel ﬁﬁq;feﬁéﬁt@@liseta@ﬁftg %E%he145 146
and 147 - | ane EacH can either read from or

witten t%?“%[,?‘i“ﬁd”g&‘@ﬂ r%‘ifﬁfoethg?‘i*?é”ai CEGil @eTﬁ’?}EE?é‘ebtfe‘ W@'%?E‘Fé‘g’“i%mb‘r oken

down i nt opcBitigretis tii$ w2y, sy shws, inOfigure &b, @& geR&rayT IpRsls ffor edchaf ganepsat | on of
each pi xed St,ﬁgch 25 cycle set involves 16 reads fromBuffer 1 followed by
9 cycles wth no access. Buffer 1 is written to during these 9 cycles. The

W th 4 groups ot ‘ELiede dand BosoTEkarie spece AV aftgpce p TRt i oo
gener at i oh ok Wdh origing) lpviespagr iver addi angropBatadeitesdes th these abroell cabidingte.he

first pixebkitd SFiRVESS B esses for
cal cul ati ngk't%te sdeacond %f%et“@g&%éé\sg%ﬁ&g%e-g%H(?["ﬂf)ﬂaggJ&Eg/s%gggwai t cycles), and

finally generatyyagotdf: the n%qgtéﬁﬁ@@am aé,tieatdw ql,.tmiéﬁt?u&é Aeg%gsﬁt onPY 9

wait cycl es) Each col or plane has I1ts own starting ress
par amet er!e Prigg forRat andshepee e valys ofypef @S%ﬁgdfafi 82§ et the sepeh Ghansglc AX 6f  t he

1280 posiAY omgmpd. agiHehed didifue chBheRsS AKRe/SRIENY = 308ANERE J 4RMpRe | i ne

of 1280 sa[r};prla%grot)r%té\pauesO&Xart'cpAeYtvvo carry out bits fromthe Kernel

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 kernel lookup assumes a starting position set by
software, and two deltas AX and AY with respect to movement in Y in kernel space. The

address generation logic is shown in the following pseudocode:

ColumnKernelY = StartKernelY

ColumnKernelX

StartKernelX
Do NLines times (however many output lines there are to process)
Kernel¥ = ColumnKernelX
KernelY = ColumnKernelY
Do 1280 times
GeneratePixel
KernelX = KernelX + Delta¥Y (movement in Y}
KernelY = KernelY + DeltaX (movement in Y)

Generate Pixel




Address Generation Unit are used to update these Buffer 1 address
paraneters. 10.2.10.6G een buffer 146 Address generation for the green
sub-buffer 146 within Buffer 1 114 is nore conplicated than the red

sub- buffer 145 and bl ue sub-buffer 147 for two nmain reasons: the green
channel represents a checkerboard pattern in the CFA. Alternate |ines

consi st o%m,gg%or even pixels only. To resanple the green channel, we nust
effectively rotate the channel by 45 degrees. there are twi ce as many
green pixels than red or blue pixels..gResanpling neans the reading of nore

sanpl es in the samg, agppynt .of 1] o re are stjill 16 sanples read to
generate each pixel in nedﬁrnl}le;}zege%pl)té%:%?mbﬁ[t‘e ‘fhlérXIé is a higher likelihood

of advancing the btfFFE’ e&etety nelelfite fexerert Iipkel i hood depends on the
scal e factor used.GeHeowevRrel t he same concept of using a RAM as a cycli cal

buffer is used for #hg..greemumehaniel . pdhex dheRRSUR; Ruffer is a 78 entry

RAM wi th a | ogi cal &Qﬁ&g:: O%HK%t:neJlg rows, each containing 6 entries. The

rel ati onshi p between ress and 106gi-cal™pesiti 6h*is shown in Figure

57. The sanples iTBuffer 1 146 represent a checkerboard pattern in the
CFA. Consequent | gplugaapkes =i plomngemow (eegtaxaddressesnl,y 13, 26, 39, 52,

65) may representc@adrOhe1even Rikelsix dependi g oR.t R current line wthin

the entire imge -and whether or not the image had been rotated by 90
degrees or not —niF%—rr?rH—usff&t—ed—hﬁ—H—gtﬁhe—SS—Geﬁseqﬂem—l—y—\Wen we map

a 4x4 sanpling greﬁs onto the bléffer, there are t o _ possi biIitie_s for the
interpretation 0f SPRY {hf geeudagods, thesgpneration, of 3, pixels \gscury @80 dimes.

addr essi Mpsociglepeitdihagemntiohet &ueh pixkids £ addigns, Whidhezah be hepinaseairng ey odd or
2yen Pl xelfree L8 cLRNS, LAY el 808, Uh LN LIBIRRLAL 000 g ave L he

same addressing as odd row I'mage rotation SINnce hol d
odd pi xel ¥ 4 sstscefd gusles tinfexingl ther kerms! Wi t<hrieira devefiigents 0oh 2 3N fbllowkdpe 4t he

PCPCE- SG cyBids in@6kiTR tRAidh R ik RYLES, BYARIHRWS 1., B 1ol SRSy oAl 90 since
they both hold even pixels. The (deci !si onis sﬁm‘rari zgd iaﬁtckfcg%fe 32. Table

32. Det er mi ni NgN&8ARY: 1ol ail¥d SreRRUsiltd G HELEM ohiy "R %8R! STy RSt OFNE the
L nesdeL};/)Qe?ting of the X and Y kernel values are output to the address generation of Buffer 1 {see
Section 10.2.10.5 on page 71 below). These carry out flags simply indicate whether or not the
particular ordinates for the kernel wrapped during the mathematical operation. Wrapping can be

either above 1 or below 0, but the result is always positive.

The two carry out bits are also sent to the Rotate/WhiteBalance/RangeExpansion

Unit for use in determining the relative input lines from the image.

10.2.10.5Address Generation for Buffer 1

The Resampler 112 reads from Buffer! 114, which consists of 3 individually
addressable buffers 145, 146 and 147 - one for each color plane. Each buffer can either be

read from or written to during each cycle.

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 invoives 16 reads from Buffer 1
followed by 9 cycles with no access. Buffer 1 is written to during these 9 cycles. The 16 reads
from Buffer 1 114 are effectively 4 sets of 4 reads, and coincide with 4 groups of 4 reads to the

kernel for each color plane.

The address generation then, involves generating 16 addresses for calculating the

first pixel (followed by 9 wait cycles), generating 16 addresses for calculating the second pixel




0Qdd Li ne8EvenType 1 90Even Li ne8EvenType 1 90Qdd Li ne8QddType 2 The act ual
4x4 sanpling wndowis the way we effectively rotate the buffer by 45
degrees. The 45 degree rotation is necessary for effective resanpling, as
described in Section 3.2.5. Assuming for the nonent that we only need to
generate a single resanple, we consider the buffer addressing by exam ning
the two types Gof 4x4 sanpling w ndows as shown in Figure 59. Although the
two 4x4 sanpﬁ"cfng types look simlar, the difference cones fromthe way in
whi ch the 4x4 mapping is represented .ign_.the planar inmage. Figure 60
illustrat th i n of the Type 1 4x4 sanpling to the green

sub- buf f e&‘?sn‘"@ﬂe?“’n?ﬁg'{ ?Vglgﬁs)?a?dé' Iy-graeraing{he A agdrossesfor tigdurdpixe! @lewed si nce
the 4x4 sayphv@tarles. 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 caBadhecoke@Rné Raditgowrestériing BiiffebiOsdireby paramettif] AT YHRES etaddr essi ng
of the 16 l.es there are. two S rocessin row, Processing of
Rows 1 an1(§SS doﬁssefyaﬂggineéege r@%%?cﬁ\é@%g 1?&%‘3(235%3 s lg'f" ﬁ'i'FeIaS}d a%{ggéﬁrin%r) as
processi mfivaas framang 18e of 128ppniples lie Kevwesk theptwo cass bulgbits dnam Be &echel of

Type 1 i AL nekatl i i ws 1 and 3 of
Tohe 2. VR ceRgm Al Keu o SRARHIOR AT 1 BHAERIBIEILG N L e Type B

171, as s{yMb.écrebl B 19¢. G ven a starting position for the 4x4 w ndow
(WndowStart Adr) and a starting type (WndowStartType), we can generate

h dd f itfe i
the addresses Qédr@ﬁe%én@raﬁmérgﬁle Ibéé%%?;? Q{}ﬁ%@ﬁ!ﬂe %vntgrﬂt %%ffe* t16”914e is tn%fe

traversing the two sets of 4 s rea “first sanple val ue
we add arfopefitsirddugn.thgred spl-bidier § Plye sukxbifier 143 ferrtve Meindeaserss next sanpl e

position.. The ofntsRdenvétahnelleRdnto EHBKDIRRI pdern R the ©FAL Mterh€ iRds§ Set
fromthe fourth sa I]‘e(lj t he armqnt E{eided tolarglve at the first sanple
point for the n‘é%(n?'gFPng ‘fﬁh&"‘?ﬂﬁ'ﬁ‘ef?ﬂ? - 48 EERTIPID NG AECH CHBEE! fe 8%Rbl e
col utms) . Af t er effegidweiyrrattteniee ahaaiel by48 debreds.sanpl es, we swap between TypeA
and TypeB, The ig@icfe (e astilGloAkh Aot B 3P SRA TR lsORe BBl AN EnS Bl OF 10

sanples is shown int ol T'ow'ng pseudocode. i o"78
caters for the ©péng efamoreeantnigs,in g same winpent wSineertigte are still 16 samples read

to generate each pixel in medium res space, but there is a higher likelihood of
advancing the buffer each time. The exact likelihood depends on the scale factor

used.

However, the same concept of using a RAM as a cyclical buffer is used for the green
channel. The green sub-buffer is a 78 entry RAM with a logical arrangement of 13 rows, each
containing 6 entries. The relationship between RAM address and logical position is shown in

Figure 57.

The samples in Buffer 1 146 represent a checkerboard pattern in the CFA.
Consequently, samples in one row (e.g. addresses 0, 13, 26, 39, 52, 65) may represent odd or
even pixels, depending on the current line within the entire image, and whether or not the

image had been rotated by 90 degrees or not. This is illustrated in Figure 58.

Consequently, when we map a 4x4 sampling area onto the buffer, there are two
possibilities for the interpretation of the samples. As a result there are two types of addressing,
depending on whether the current line is represented by odd or even pixels. This means that
even rows with image rotation 0 will have the same addressing as odd rows with image rotation

90 since they both hold odd pixels. Likewise, the odd rows with image rotation 0 will have the




TypeAB = WndowStart Type Do 4 tinmes For N=0to 4 Fetch Adr Adr = (Adr +
Tabl e[ TypeAB, NJ) nod 78 EndFor TypeAB = NOT TypeAB EndDo The | ookup table
consists of 8 entries - 4 for Type A 170, and 4 for Type B 171 address

of fset generation. The offsets are all relative to the current sanple
position (Aar). Table 33. Ofset Values for 16-Sanple Address Generation
TypeABNO‘fset 0014 011 0214 0337 101 1114 121 1337 PCP0O5-SG -85- At the end
of the 16 T&4Ss, the TypeAB bit will be the same as the original val ue

(1 oaded fromWndOWSt artType). Readingsa single set of 16 sanples is not
enough. Three sets of 16 sanples nmust be read (representing 3 different
posi t i onsS3ME eSS A PYNdavE Widliimagp setation 9Rysineq dhex pgthgtold sien mixelst Thend
second sedecBion kGusalispkeisn Tédesker nel positions are updated by the kernel
address generator. The carry bits fromthis update are used to set the

w ndow for the next set -pjméL@z g@%ﬁ,ﬁ,gs'gﬁephnbwp&arry bits index into a

tabl e cont ai nr ng—an offset—and—=a bt the—offset—+s—added to Fhe
W ndowStart Adr, and the flag is uged to determ ne whether or not to invert
W ndows tart [TyRadation Current Line Pixels Type

0 Even Line 8 Odd Type 2

0 Odd Line 8 Even Type 1

90 Even Line 8 Even Type 1

a0 Odd Line 8 Odd Type 2

The actual 4x4 sampling window is the way we effectively rotate the buffer by 45
degrees. The 45 degree rotation is necessary for effective resampling, as described in Section
3.2.5.

Assuming for the moment that we only need to generate a single resample, we
consider the buffer addressing by examining the two types of 4x4 sampling windows as shown

in Figure 59.

Although the two 4x4 sampling types look similar, the difference comes from the way
in which the 4x4 mapping is represented in the planar image. Figure 60 iliustrates the mapping
of the Type 1 4x4 sampling to the green sub-buffer. Only the top 7 rows and right-most 4

columns are shown since the 4x4 sample area is contained wholly within this area.

The mapping of buffer pixels to sample rows for the Type 2 sampling process is very

similar, and can be seen in Figure 61.

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 generate the addresses for the 16 samples by means of an 8 entry

table (for traversing the two sets of 4 samples). When we read the first sample value we add an




The values for the table are shown in Table 34. Table 34. Updating

W ndowSt art Adr and W ndowSt art Type Kernel X Kernel Y O fset' Type

CarryQut CarryQut 000ONo change 011l nvert 1014l nvert 112No change At the end
of the third set of 16 sanples, the kernel positions are updated to
conpensate for advancenent in X in unrotated input space. This tine, a
different_notion direction is produced, so a different offset/ TypeAB

nodi fyi nd¥%06i% is used. We cannot add these offsets to the current

W ndowst art Adr val ue, because that regpesents a position two novenents in
Y away fromwhere we want to start the novenent. Consequently we | oad

W ndowst a¥ts@diomifig tapleieiaiia ariermasbsampimostion: fae oléset wip feread paBledwpe (A,

TopSt ar t Asle gamd Thel oSt @drih ﬂ@rfounm%amgﬁe@mb @t@oﬁrheleéderdﬂé aliné E\Mhé first Snpflr r ent
line of 128 ress generator

The t ca t he Ker nel

are used Qobn? YoRb g Fakice (aﬁé “E‘i? 6%‘? Ef'%ﬁ?LWL ﬂﬁ? BLF"?bfétc’f 8"’@8(:?0"‘{“83)%\8%& art Adr
and whet hgenenatingneacht @wi ofvérsemplep Svarsiviy betweds Tyedtdraed TyheB. dlid bogiorfod S

nmodul o 7 £ r

donst QT A oo et BF BhQE R M carlis SR T R GAR pEllb e,y (¢ ¢
of 16 saﬁweégdltlwwmlﬂ&ca%fmmaycml bufigtiat i ng TooSt artAdr and TopStart Type
Ker nei X Ker nel YacS seld-Jyepeacar r yQut CarryOJt 000No change 0112] nvert
10141 nvert

TypeAB = WindowStartType
Do 4 times
For N = 0 to 4
Fetch Adr
Adr = (Adr + Table[TypeAB,N]) mod 78
EndFor
TypeAB = NOT TypeAB
EndDo

The lookup table consists of 8 entries - 4 for Type A 170, and 4 for Type B 171

address offset generation. The offsets are all relative to the current sample position (aar).

Table 33. Offset Values for
16-Sample Address

Generation
TypeAB N Offset
0 0 14
0 1 1
0 2 14
0 3 37
1 0 1
1 1 14
1 2 1
1 3 37




1113No change After processing the 1280 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 nmust be determ ned. Since the sanples are
al ways | oaded into the correct places in Buffer 1, we can always start
fromexactly the sane position in Bufferl (i.e. TopstartAdr can be | oaded
froma copnst ant Posi ti onQAdr). However, we nust worry about which type we
are dealing Wit h, since the type depends on how nuch we advanced.
Consequently we have an initial PositiggnOlype which nust be updated
depending on th arr t flags fromthe kernel address generator. Since
vvep are novi ng th'ﬁrﬁnﬁtogﬁl?dfwegﬁspﬁ'?e Lpstibit pibe By isame sa dhs eigngbvauie as
f or updat (laaded imelowStsasttTyg¢, except that it is performed on PositionOlype
i nstead. The new value for PositionOTlype is copied into TopStart Type, and
V\';'] ndowst ?rtAdr Readn@g:cshgmmobii %a?bleg Renot éricugh. Tllitééisétis‘aﬂ163§an{p|'é@ e i Ine-
The sanpl ] rocess a.given osition lin nnot i.h ungi
there ar e'leg(g%%ﬁ%ﬁ?mznﬁte’r(ﬁ#eeéeqt OOps By E‘_’L,u'ﬁ)rBF" ddnput ?’Pé’?eg' ‘%3}"3[%0?%% frst s
Rot at el WeecerBadeh ity RanmnipsEibp &aselopesitinst are ufidatesi wi thé kerod addré@88gangcidtes aft er
t he startrf i i ) ng Bl ue
THf caRAGHEL FRVMNls! UpBath SRAIsSE %%e?{;\ﬁ ﬁ@rﬁ%w or th%r}t%a %t—.'ft é? 1671%?7%9%. hd

buffers Buffer 1_I's_ red sub-buffer ue su are sinply 2
RAVE acce¥s &gy bils ndex friqa fabls septainig apatiset Bud @ éwitflag. Jbe pijeetis adgrsttoles a

| ogi cal arkhange/RMr, Bid the NEYNS usiR6 ReteMNRY MR Br Kot WThVdrEE nalBE L8l | onshi p
bet ween I%AMa drfest?l %gp | ogi cal. ,ga%%ition is showmn in Figure 63. For red
and bl ue, EEUPS PEe Bl HIoW8 It TP ead are al ways the top 4x4 entries.
The remaining two columms of sanples are not accessed by the reading

al gorithmat this stage. TPep@d-Updatipgy WindewStatthdsgad gener ati on for these

first 16 sanples is si npMindevw3taittyPeg position (in this case 0) fol l owed by
16 steps of addition nodulb 36, as shown in the flol | ow ng pseugocode: ADR
= Start ADR Do{4 tkammix Do # tikgeserADR|F ADR + 6 MOD 36 End Do| ADR = ADR +
13 MOD 36 CarryOut CarryOut Offset Type

0 0 0 No change

0 i 1 Invert

1 0 14 Invert

1 1 2 No change

At the end of the third set of 16 samples, the kernel positions are updated to
compensate for advancement in X in unrotated input space. This time, a different motion
direction is produced, so a different orfset/Typeas modifying table is used. We cannot add
these offsets to the current windowStartadr value, because that represents a position two
movements in Y away from where we want to start the movement. Consequently we load
WindowStartadr and WindewStartType from another set of variables: Topstartadr and
TopStartAdr, representing the first entry in the current line of 1280. The two carry out flags
from the Kernel address generator are used to lookup Table 35 to determine the offset to add
to TopStartAdr and whether or not to invert TopStartType. As before, the addition is modulo 78
(the size of the green RAM). The results are copied {0 WindowStartadr and WwindowStartType

for use in generating the next 3 sets of 16 samples.
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After processing the 1280 sets of 3 seis of 16 samples, the next line of 1280 begins.
However the address of the first sample for position 0 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 same position in Buffer1 (i.e. Topstarthdr can be loaded from a constant
PositionOAdr). However, we must worry about which type we are dealing with, since the type
depends on how much we advanced. Consequently we have an initial Position0Type which
must be updated depending on the carry out flags from the kernel address generator. Since we
are moving in unrotated Y input space, the logic used is the same as for updating
WindowStartType, except that it is performed on pPosition0Type instead. The new value for
PositionOType is copied into TopStartType, and WindowStartAdr 0 begin sampling of the

first position of the new line.

The sampling process for a given 1280 position line 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).
10.2.10.7Red and Blue buffers

Buffer 1's red sub-buffer 145 and blue sub-buffer 147 are simply 2 RAMs accessed
as cyclical buffers. Each buffer is 30 bytes, but has a logical arrangement of 6 rows, each
containing 6 entries. The relationship between RAM address and logical position is shown in
Figure 63.

For red and blue, the first 16 samples to be read are always the top 4x4 entries. The

remaining two columns of samples are not accessed by the reading algorithm at this stage.




of 01, we want to add 1 to WndowStartAdr, and don't care about

W ndowSt art Type. The green values can therefore be safely used for red and
bl ue. The worst case is advancenent by 1 in address both tines, resulting
in an overl appi ng worst case as shown in Figure 65. At the end of the third
set of 16 sanples, TopStartAdr and TopStart Type nust be wupdated. Since we
are noving in X (and adding AY=0to KernelY), the carry Qut from KernelY
will al wdyE°%® 0. The red/blue equival ent of Table 35 is shown here in
Table 37. Note that there is no Typeggolum, since Type is not inportant
for Red or Blue. Table 37. Updating TopStartAdr and TopStartTyFe )

(Red/ Bl ue) Ker nEio@ddisss gengratipq topihesedirst \Geameiss jsyimRY deertipeLrosition (in this The
process afas@OiMalReied gy 16 Q8psahaddition érodiilo 3880 sa@irsin @fe fdioping @ksudbédbhe next is
the same as faqr.qreen,, the PositionOAdr w [l be the same for the first set
of 16 sanples for a given line (PositionOCAdr = 0 for red and blue), and
Type is irrel e&nt " Tneration of the next |ine cannot begin until there
are enough sanpl es i niBuf ferl. Red and bl ue generation nust start at the
sanme time as green genefst L GhyorSes cannot begin until 128 cycles after the
start of a neM/ghagm(see Section 10.2.11). PCP05-5G -89- 10.2.11 Rotate,
Wi te Bal ance an ange Expansion 111 The actual task of |oading Bufferl
114 fromthe | magé® RAM® Y 378l 3fes the steps of rotation, white bal ance,
and range expansigr 111, as described by Section 3.2.3 and Section 3.2.4.
The pi xel s nmust be produced for Bufferl fast enough for their use by the

Resanpl i ng pror@sser] Ids addiéss deRaasont Madhafibih i giffareht f@h theOdrédHdctRihnel 5

cycles, this unit nmust be able to read, . process, an tore 6 red. pixels, 6
o1 e o xdTaLTer R 'ap S ecioofite bofeRB st RRSTos iy BcRe SteBp SeeSiaBer « aken
by readi rghgme & theirad tehe bhpprhemelsataed eintéyr use different values in the tables. This

reduces design complexity. The only difference then, becomes the addition modulo 36, instead

of addition modulo 78. This can be catered for by a simple multiplexor.

Locking at the various address generation tables for green, and considering them as
applied to red and blue, it is apparent that there is no requirement for a Type, since both the red
and the blue channels do not need to be rotated 45 degrees. So that we can safely ignore the
Type value, the red/blue equivalent of Table 33, shown in Table 36, has two sets of identical 4

entries.

Table 36. Offset Values for 16-
Sample Address Generation

(Red/Blue)
TypeAB N Offset
0 0 6
0 1 6
0 2 6
0 3 13
1 0 6
1 1 6
1 2 6
1 3 13




Once a given pixel has been read fromthe appropriate plane in the inage
store, it nust be white balanced and its value adjusted according to the
range expansion cal cul ation defined in Section 3.2.4. The process sinply
i nvolves a single subtraction (floor 0), and a multiply (255 ceiling),
bot h agai nst col or specific constants. The structure of this unit is shown
in f=igurgH6.; The red, green and blue | ow thresholds 72, together with the
red, green, and blue scale factors 173 are determ ned by the CPU 10 after
generating the histograns for each colsgr plane via the Inmage H stogram
unit 8 (see Section 9). Depending on whether the current pixel being
processed in the pi peline is red, green or blue, the appropriate | ow

t hreshol d and SGa thactor is mult 11{({?1 exed inpto tS, subtract unit and

mul tiply unit, orth PIE" BB R FIP e Ve MECedR X rhsfrs advandng t8rthegtexhe i n
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i nt eger =l cghry oﬁhﬂrdfn E{Qﬁaei)@@ll! %@vé?'b%%epf_oikh'@ dt §abIL B4, 3RS okif B&sab@&cﬂr?é?\rcgssent 8
bits of mteg and 2 bi The nultiplier 1/4 has a result
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resul t ofeithbreWinidwStatAdr ot Wadewdthr B p& -sbittis is Rbe@efor FedSHd blué SlsS. 1 the@agkS , and

the fracgiy t rt _fromthe act unif 172 and
mul tiply %an?p?élui%ﬂo da& to mo%wSé?l?dr anc{(t?onrti C?rﬁ| oul‘t)% n@w??ﬂ'ﬁ tl?en%‘ae"by t he
Addr ess CEhep aﬂmwe@%e b@\mfdh U$Q§i fef edend bieé yThehvers cadeds mahéemeent by 1 rhe

uni t. Theaqads %ﬁtltﬂ@é’%saﬁihéjiﬂ ah %v@@ﬂﬁﬁd\wst%sé%hgmﬁlggﬁre%ﬁ a given cycle,

only one access can be made to the 1, and on a glven cycl e,

only one accesSaGRS ehEofBIBird Qet%‘l"flé gémales #%p%tarqmr ﬂ% ’I705 t‘%\é ype abl g gycles, 3

sets of 16 cycles are used for reading usage is 3

sets of 2HIgGE Sice W5 aremegng '@aﬁj@”q Bfl'q'WGOtWK@mMD tth%wbr@st froPhigdrogitves a

total of vﬂfValWﬁ.EQﬁ CS@he RA/bIud kauilAdM 6F TeW6!36 % dhakn Rére W TdoRSs7( Roth Gt hEreb! U, 6
green). TQ he two co ‘ﬁtral n%z gg $at|sf|ed if the timng of the
wites to gfﬁ’i‘p ”"c’%lsh"c??ﬁgem RROEANA R PEPHE of the Resanpl er 112.
10.2.11.1 Address Generation for Bufferl Once the resanpling process is
runni ng, we are only concer ned faPleR7vWndating TerStadriandl during the peri od
when the Resanpler 112 is not (eR#EREYRe(BAdBIUe) Si nce t he Resanpler has 3
sets of 16 reads eag¢h 75 cycle period, therefjare 27 cycljes avail able for
witing. Wien the resagghex i S|nNot kekify N, {Wwe want to | oad up Bufferl as

fast as possible, whiclcagane a|wit&ryout Offset*
0 0 0
0 1 -
1 0 6

1 1 -

The process of advancing from one line of 1280 sets of 3 pixels to the next is the
same as for green. The Position0adr will be the same for the first set of 16 samples for a
given line (Position0adr = 0 for red and blue), and Type is irelevant. Generation of the next
line cannot begin until there are enough samples in Buffer1. 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).




to Bufferl 114 each cycle. Address Ceneration for Bufferl consequently runs
off a state machine that takes these two cases into account. \Wenever a
value is | oaded from|mgeRAM 11, the adjusted value is witten to the
appropriate color in Bufferl one cycle later. Address Generation for
Bufferl therefore involves a single address counter for each of the red,

bl ue and gl sub-buffers. The initial address for RedAdr, BlueAdr and
GreenAdr 1S 0 at the start of each line in each case, and after each wite
to Bufferl, the address increnents bygl, wth wapping at 36 or 78,

t.h buffer being wiften to is red, green or blue.
ﬂ;{)eg?: ng1 %Fﬁwog?tge‘&\}r‘&? ﬂn°§§8H 59% E’?a@S‘ﬁBrﬁ?)d A col utm of green will

[ e g tvmcetherate of red or blue, for
o SRS ALLIR t e L SSabEe eoet
wite is Redon Whit¢ baltremeRed Bodef @phnsitn 1RedMescrmdA¢sF?|oR@W| - éné]rSe’Je'tAlgpd 36
Else If t c e Buffer t ueAdr
Bl ueAdr :‘}Sﬂ%f‘uﬁe%AdrmgrlsoT\%t %e%%&c% ’y B”M tkflaest 8”(1”% lflréh?}eri'SFé)y t@ EP?@'H’“’Wl te to
G een Buf fregsss a2 @iéémeﬁthat@uemm@lngl&gr@aree‘ﬁmwclas thisomil nid8t belzmil t read, f
10. 2. 11. 2A6lHe Shd GBRAT al b&é\sf&ﬂueld%‘leamwg%ﬁqbzx@' sane can be read in one o

two orientations - rotated by O or 90 degrees (anti- clockw se). This

transl ates effe I he pl anar
PCPO3- 56 01 | gibtoel Aafe el S Sndafit i W‘?@ B ERE STl

const ant Q¥EGt 9Ly p"Feé b besit repdiom %@Pr%@ﬁ "e afsthﬁeﬂnﬁgeagorlemagesweappl ng

for such waitewalahadrmt gs aSuLaGSIRRY éccgraimg A thk %]??_ Tzﬁ;ﬁatns@rﬁ cﬁt&&gg:ﬁ) B%@E? L ne ﬁl s
as fas

must rea g RAMllto
equat es ?%ecg&s‘%’ 231 ﬁh CRRESE b3 ”‘é"&'ﬁg et '@L? HOEEPR (flopeQafip ¢ ﬁb‘P'Elé{rﬁ%f’onl y
occur onceilisg)clrithuagrinshalae snméeln corstdedThadtuctremetrinb ischbwimFigefe 66, 6, and
13 sanpl es,

The red, green and blue low thresholds 72, together with the red, green, and blue

scale factors 173 are determined by the CPU 10 after generating the histograms for each color

plane via the Image Histogram unit 8 (see Section 9).

Depending on whether the current pixel being processed in the pipeline is red, green,
or blue, the appropriate low threshold and scale factor is multiplexed into the subtract unit and

multiply unit, with the output written to the appropriate color plane in Buffer 1.

The Subtract unit 172 subtracts the 8-bit low Threshold value from the 8-bit Image
RAM pixel value, and has a floor of 0. The 8-bit result is passed on to the specialized 8 x 8
muitiply unit, which multiplies the 8-bit value by the 8-bit scale factor (8 bits of fraction,
integer=1). Only the top 10 bits of the result are kept, and represent 8 bits of integer and 2 bits
of fraction. The multiplier 174 has a result ceiling of 255, so if any bit higher than bit 7 would
have been set as a result of the multiply, the entire 8-bit integer result is set to 1s, and the

fractional part setto 0.

Apart from the subtraction unit 172 and multiply unit 174, the majority of work in this
unit is performed by the Address Generator 175, which is effectively the state machine for the
unit. The address generation is governed by two factors: on a given cycle, only one access can
be made to the Image RAM 11, and on a given cycle, only one access can be made to Buffer 1
114. Of the 75 available cycles, 3 sets of 16 cycles are used for reading Buffer 1. The actual

usage is 3 sets of 25 cycles, with 16 reads followed by 9 wait cycles. That gives a total of 27




for a total of 125 cycles. Plus an extra cycle for the final value to be
witten out to Bufferl 114 after being | oaded from | mgeRAM 11. To nake
the counting easier, we round up to 128 cycles. After the first 128
cycles, the checking for the requirenent to | oad the next colum of

sanpl es for each of the 3 colors occurs each 75 cycles, with the

appropri al e S%rrpl es | oaded during the subsequent 75 cycl es. However, the
initial Ctf’lng of whether to |oad during the first set of 75 cycles is
always 1 for each color. This enabl esghhe final 6th columm of each col or

W t hin Buff 0 he filled, At end of ch 75 cycle riod, the

Ker nel XCaEfVF‘Sfa?tcyFﬁeﬁgmf ‘Pﬁ't%%f:ﬁnregoig(?ﬁ' enp Sreen)- 'St'H%a”F(ég &ITB‘F%'& 3&ner at or
i n the Resésfigt élthe]tthﬁhgcsthehremésedBufferﬂﬁﬁre:rdmw’tethefwaﬁtheclésexthe Reehriprer 10£. sanpl es
should be read. Simlarly, an AdvancelLine pul se restarts the process on the
f ol | owi ngldd.1el AddrdsisdEdderatioh MERUfgAQut flag is set. Since each 'read
effectively becones 6 or 13 reads to fill a colum in Bufferl, we keep a
starting positiOncea theaesharplibg paadmnieeurﬁrﬁhgt he asre>dn1yr emdérned/ @it msiond<eep a
coor di natg /3l He. o .9 ?xj.io'dQn{"Kem% ﬂees%rlgﬂ s Rt Qg Yo P‘éﬂw@gth%%rsg' nates to
enabl e edge pi xel reB iCat1on, constant < color, an W consi der
t he acti VviasiBrrage’ 18@adsedshi7hgyald reipdh ﬂ?ﬁﬂpa'ﬁt?f@mi@ravatmnd@‘ Werg MVheeltfteal n
actions t@sdapid AeR rddhRb, vv@\%rﬁmas@ép Quf%rpég BidR ptos@olé%&cme%@awnﬂ;he

coordi nates can either "be before_the img Inside the i mage, or after the
i mage, bdP BYE 1t B¥ngachrovpip ndddregidCeneiabipy ot fler pRrseygOHy TURS pif fu plates 7,
al t hough rhdwRing e &kelthsdedRo tives & docburd VERenBas akeies isexaeg o imsheRAM

Gener at | onl UREHATS ?4'%ﬁ§W%¥tﬁﬁ%p%?%a§C§8fwe%eﬁffq%hﬁgheﬁ%@ighﬂ? £ However

si nce address 98 rsastt %\r r.om rnevov carry o trs andnp\d anceLi ne
pul ses fromthe ? %ﬁ{eé ‘HB@F?d'E Lveg ag gi§F uner iRA 87D s
gener at i agrfithieaed, &luk lanfbgrserrmlbsbutferatThnumial arvlrask far IaeiAAd\BamaLamrmﬂme isi S
bounds. oy elPdh o ot odteldfed. B vEP oy BRHET, pE RS elipdl,
of the cuirlewih werpneat ¥ Tiedependinarrpverether thedufeseping wrifiindo isried, lesgenon t he

next |iney @rue%ttarnem&@rﬁee le.ﬂaﬁ ,eaérhfs SRIBRLAE ACBRMHIN Bt WilltpicalABeGeaS
expect ed, ddress changes depends on ‘whet her we

are wrapp ?W? hﬁﬁgﬁﬁf‘fﬁyett%raﬁé’tff@é’rpﬂﬁ & egAdenust produce edge pi xel

replication Wnen needed.
The logic is shown in the following pseudocode:

If the color tc write is Red
Write to Red Bufferl at Redadr
RedAdr = RedAdr + 1 mod 36

Else

If the celor to write is Blue
Write to Blue Bufferl at Blueddr
BlueAdr = BlueZdr + 1 mod 36

Else

If the color to write is Green
Write to Green Bufferl at GreenAdr
GreenAdr = GreenAdr + 1 mod 78

EndIf

10.2.11.2Address Generation for Inage RAM

Each plane can be read in one of two orientations - rotated by 0 or 90 degrees (anti-

clockwise}. This translates effectively as row-wise or column-wise read access to the planar




When there is no wapping of the image (i.e. all print formats except
Passport 31), we performthe actions in Table 38 as we advance in |line or
pi xel. To rotate an imge by 90 degrees, the CPU 10 sinply swaps the ALine
and APi xel values. Looking at Table 38, the only time that ADR changes is
by APi xel when Pixel Sense is 0, and by ALine when LineSense is 0. By
followng these sinple rules Adr will be valid for edge pixel replication.
O cour s€.°FP¥5% constant color is desired for out of bounds coordinates,
that value can be selected in insteag of the value stored at the
appropriate address. Table 38. Actions to Perform when Advancing in Pixel
or Line LiMAgamh geditop; we pliomadasatireh eertsntiotyer conpiaptrcoler fireads gpisidg[image 0- Adr =

Adr +ALI nduh@Aes well sRdihade WEbpe) fABucFpridformiAb- boiRaddpaids1. = Adr +ALi ne + +0Adr
= Adr + APi xel ++ 8We conpare the current Line ordinate with

ActiveStart Li neAtaﬁ@Isté%f éé%EBﬁlrkllzﬁV@wé frubtirBRY the INeRXASH a6 lobd DS BUMER1 €@ | the
value "-"_If Activ < ActiveEndLi we call the val ue

VoSt Ak ou R ey ohE - Yok maliien oty HEetip aeamplb Soghgvei REs B Pt  ent
Pi xel or dinlyadceurwhtds AdininseStabbdeRitosabd, anidh Asbns/BEndiRis)es..q, ﬁncplmfnplés

Activest | Xe?%‘%ﬁz\é%gﬁ?s H]ts@ﬁ t?ale&b%ieéa;tp% F”[i’c IIl{/eeE%%%ln ¥P: X‘?ﬁ B eﬁmeﬂi

- ActiveEn e va we call

t he val uesften-beingpioRdst Bmn 193geRPH éﬂ-|vanakea\@mongﬂ,tmg\@agemwleyowmtoemahe
previ ous Sepse (-,0,+) for Line and Pixel with the new sense. Wen the
sense is """ we use the advancenent as described in Table 38, but when the

ordi nate becomegdite it 1?@185)%% thé cl?ecklﬁﬂ)%l' e réc{u?éﬂw&t Eo%é*d)the o B WRGAS 6 the Adr

with a new val ue not based on a . Assum n% e start address
for the cEMPlenfor|safrofdpe 3cpas C\R@“%S?Pha@\/%(ﬁe% ity '%qn%pp&pa?tﬁ S@W’P'F?ﬂ@aﬁ‘%’xt l'i ne
once the dudhd ®8ubsetitenh 25 cRREMHERNET Bk Griltial Y&tingCA WhetBerttd Ball QLirMhd tst

set of 75 cycles is always 1 for each color. This enables the final 6th column of each color
within Buffer 1 to be filled.

At the end of each 75 cycle period, the Kernelxcarryout flag from each color plane
of the Kernel Address Generator in the Resampler 112 is checked to determine if the next
column of samples should be read. Similarly, an Advanceline pulse restarts the process on the

following line if the KernelyCarryout flag is set.

Since each ‘read’ effectively becomes 6 or 13 reads to fill a column in Buffer!, we
keep a starting position in order to advance to the next ‘read’. We also keep a coordinate value
to allow the generation of out-of-bounds coordinates to enable edge pixel replication, constant

color, and image wrap.

We consider the active image 180 as being within a particular bounds, with certain
actions to be taken when ccordinates are outside the active area. The coordinates can either
be before the image, inside the image, or after the image, both in terms of lines and pixels. This
is shown in Figure 67, although the space outside the active area has been exaggerated for

clarity:

Note that since we use (0, 0) as the start of coordinate generation, MaxPixel and
MaxLine are also pixel and line counts. However, since address generation is run from kernel
carry outs and Advanceline pulses from the MJI 15, these outer bounds are not required.
Address generation for a line simply continues until the Advanceline pulse is received, and

may involve edge replication, constant colors for out of bounds, or image pixel wrapping.




If a change is in Pixel, and the pixel sense changes fromO to +

(i ndicating we have gone past the edge of the inmage), we replace Adr with
the LineStart Adr and replace Pixel with ActiveStartPixel. Line remains the
sane. |If a change is in Line, and the |line sense changes fromO to +
(indicating we have gone past the edge of the inmage), we subtract

Del taCol upn from Adr and replace Line with ActiveStartLine. Pixel renains
the sanme. DETYAColum is the address offset for generating the address of
(Pixel, ActiveStartLine) from (Pixel, gActiveEndLi nedl) ghe | ogi c }‘or) _

| oadi ng the set nunber |l es (either 6 or 13 ependi ng on col or S
shown ign the f ol 5aiaNg aﬁsaéia"&ﬁ dge:° Ith%@rm”'i:'fa}"b"ﬂ%é‘ﬁf)l‘”éﬂﬁ iRdnovBiig &e next

Fi r st Sanpémﬁiaseltheradrtm,:n&t liisd Gasrpihe Adine Moe, thé bamsie’§ Godddinals wilodraiex@d Sense =

Pi xel Sens xel Llne = Li neSense

((ol dLi ne BUEE ot 1 }?e R respic FalRE ity %1%&9’1“%%’)‘79 P WIERRSE

i NAct i ve)araNg ﬂu%mlstaama)wd m8sirppddgceedde pixtlaetliGaioo whet seededanpl e =
Fetch(adr) Endlf line =1line + 1 If ((LineSense(line) AND w apl nage) adr
= adr - Del t aCoWWhemtheferiencwiappingefSteeimbge fe. dilpsalférmbislexcepSemsedrd 31aye == " 0")

AND ( (ol dﬁérﬂ%ﬂ'ﬁs&tior@dﬁ ﬁb@dfs ds \Pg la{:i\?aln.lsg% ,'r:r{%dérf pixeﬁnl%%ta%cgrg ﬁﬁa%g b_ygg%

degrees, the CPU 10 simply swaps the ALine and APixel values.

Looking at Table 38, the only time that apr changes is by APixel when PixelSense is
0, and by ALine when LineSense is 0. By following these simple rules adr will be valid for edge
pixel replication. Of course, if a constant color is desired for out of bounds coordinates, that

value can be selected in instead of the value stored at the appropriate address.

Table 38. Actions to Perform when Advancing in Pixel or Line

Line® Pixel® Pixel Change Line Change

- 0 Adr = Adr + APixel

- +

0 - Adr = Adr +ALine

0 0 Adr = Adr + APixel Adr = Adr +ALine

0 + Adr = Adr +ALine

& -

+ 0 Adr = Adr + APixel

+ +

*we compare the current Line ordinate with ActiveStartLine and ActiveEndLine.If Line <
ActiveStartline, we call the value “-".If ActiveStartLine £ Aine < ActiveEndLine, we call the value
“0".If ActiveEndLine £ Line, we call the value “+°.

*We compare the current Pixel ordinate with ActiveStartPixef and ActiveEndPixel.If Pixel <
ActiveStariPixel, we call the value “-".If ActiveStartPixel £ Awne < ActiveEndPixel, we call the value
“0™.If ActiveEndPixel £ Puxel, we call the value “+”.




The setting for such variables as FirstSanpl eLine, FirstSanple Pixel, and
FirstSanpl eAdr is in the address generator section that responds to carry
out flags fromthe Kernel Address Cenerator, as well as AdvanceLi ne pul ses
fromthe MJII. The logic for this part of the address generation is shown
in the foll ow ng pseudocode: FirstSanplePixel = 0 FirstSanpleLine =0
First Sanpl eAdr = FirstLi neSanpl eAdr = ActiveStartAddress count = 0 Do
Forever |f°PPX¥%r nel XCarryQut) OR (Advanceli ne AND Kernel YCarryQut). OR
(count < 5)) Do N Sanples for this calggr plane (see pseudocode above)
Endl f ol dPi xel Sense = Pi xel Sense(Fi rst Sanpl ePi xel ) ol dLi neSense =
Li neSense( Fi r st SAAPMVRRARING, WerSIMphGcRRtneEs the arcxires 185 610V Ly Péslint = 0
I(:|( rL st Sgﬁmifﬂ-th@ ﬁeﬂfi;érﬁ&.ﬁﬁlﬁ&_ﬂ tﬁé»isépi\@e o weﬁisé?eﬁe&ﬁﬂﬁﬁ&lﬁ%?ﬁtﬁﬁs dgsd?ib%d‘ in dTable 38,

i neSens ir i ne wr apl mage). Fir ineSanpl eAdr =
St ar ¢ adar BLehed Bt Peisterie AN RPLBLE ARt g bodoat He TR RE hawin
( ( Li neSeres sgw-ialst 184 bpded Lonnedelta-Ass@hihg AblRe¢othd lstarteBeénesefol B¢ crrent line so

1) BT Al 3 RSPRIR AL R AT P SR o -

Fi r st SanptaamEpie follewingr st Sanpl ePi xel + 1 count = count + 1 |f
((Pi xel Sense(Fi fatchagalieRIPHRY, Jand the pike) sehMDNUNGE FBRYB)o + [hdiSkimpRhaRdr =
FirstLineSanpl eéc\)% past the edge of the image), we replace Adr with the LineStartAdr and replace
Pixel with ActiveStartPixel. 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 DeliaCeolumn from Adr and replace
Line with ActiveStartLine. Pixel remains the same. DeltaColumn is the address offset

for generating the address of (Pixel, ActiveStartLine} from (Pixel, ActiveEndLine-1).

The logic for loading the set number of samples (either 6 or 13, depending on color)

is shown in the following pseudocode:

line = FirstSampleLine
pixel = FirstSamplePixel
adr = FirstSampleAdr
Do N times (6 or 13)
0ldPixelSense = PixelSense (pixel)
oldLineSense = LineSense(gLine)
inActive = ({ocldLineSense == InActive) AND (oldPixelSense ==
InActive))
If ((NOT inActive) AND UseConstant)
Sample = ConstantCclor
else
Sample = Fetch{adr)
Endif
line = line + 1
If ((LineSense{line) == “+”) AND wrapImage)
adr = adr - DeltaColumn
line = ActiveStartLine
ElselIf ((LineSense(line) == “0"} AND ({(oldLineSense == “0%))
adr = adr + Deltaline
EndIf

EndDo




Fi rst Sanpl ePi xel = ActiveStartPi xel Elself ((Pixel Sense(FirstSanplePixel)
- "0") AND (ol dPi xel Sense __ "0") ) FirstSanpl eAdr = FirstSanpl eAdr +

Del taPi xel Endlf Endlf PCP0O5-SG -95 EndDo 10. 2. 11. 3Regi ster Summary There
are a nunber of registers that nust be set before printing an inmage. They
are summarized here in Table 39. To rotate an inmage by 90 degrees, sinply
exchange the DeltaLine and DeltaPi xel values, and provide a new

Del t aCol Uh ue. Tabl e 39. Regi sters Required to be set by Caller before
Printing Register NaneDescription | magg.Access Paraneters Wapl mageTile
image reads to replicate image when out of inmage bounds If O, inage edge
replication or WSFBYRY e ifs VEBROIPR s Fivat S 6r i aUsreotist WAt Aiigel-ndhds. | f
1, a constiabtsamleadr is & thetaddraethenBathr Aattioy Bat REpofdd raseRbken-gd deasie of red

sanpl e (Acti artPi xel ., ActiveStartlLine) in._l e ctiveStartLi neRThe
Frrot Cvar e A oot At R DLt bute ot DO Sh bed vl b

Act i veEnddfitreefiiges fdnestion is seovaut theffollowing dseuflorodé:he i nage in red space
ActiveSt art Pi xeh;RTihanfipStivahid pixel for the image in red space (in
relation to pixel 0Q) ActiveEndPixel RThe first pixel out of bounds for the
image in red spate—Beles are 0 0 ! s to
nove from one |iigetSewplelEr ndxtstiinetaolgpacerBeltaProiefrRIhe anount to add to
the current addysess=t nmove fromone pixel to the next on the sane line in
red space

Do Forever
If ((KernelXCarryCut) OR (AdvancelLine AND Kernel¥YCarryCut). OR
(count < 5))
Do N Samples for this color plane (see pseudocode above)
EndIf
oldPixelSense = PixelSense (FirstSamplePixel)
oldLineSense = LineSense (FirstSamplelLine)
If (AdvancelLine AND KernelYCarryOut)
count = 0
FirstSampleLine = FirstSampleline + 1
FirstSamplePixel = 0
If ({LineSense(FirstSampleline) == “+”) AND wraplmage)
FirstLineSampleAdr = StartAddress
FirstSampleline = ActiveStartLine
ElseIf ((LineSense(FirstSamplelLine) == “07) AND (oldLineSense ==
“07))
FirstLineSampleAdr = FirstLineSampleAdr + Deltaline
EndIf
FirstSampleAdr = FirstLineSampleRAdr
Elself (KernelXCarryOut OR (count < 5))
FirstSamplePixel = FirstSamplePixel + 1
count = count + 1
If ((PixelSense(FirstSamplePixel) == “+”) AND wraplmage)
FirstSampleAdr = FirstLineSampleAdr
FirstSamplePixel = ActiveStartPixel
ElseIf {(({PixelSense(FirstSamplePixel) == “0”} AND (oldPixelSense
= Q7))
FirstSampleAdr = FirstSampleAdr + DeltaPixel
EndIf
EndIf




The anmount to add to the current address to nove from a pixel
line of the Active inmage area to the sane pixel
line of the Active inage area in red space.

Del t aCol umRt he | ast
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value to use if address out of bounds and UseConstant=1 G een
ActiveSt art AddressGrhe address of green sanple (ActiveStartPi xel
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Const ant Col or RRed col or

I n | mgeRAM PCP0O5- SG The ActiveStartLine&irst valid |line
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space
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ActiveSt art Addr essBThe address of bl ue sanpl e
ahle A% 460
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Iess
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igtars Rrayiredity bp setyCalles baforg Arinting | e
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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 returned.

Red

ActiveStartAddressR | The address of red sample (ActiveStartPixel, ActiveStartLine) in
ImageRAM

ActiveStariLineR The first valid line for the image in red space (in relation to line 0)

ActiveEndLineR The first line out of bounds for the image in red space

ActiveStartPixelR The first valid pixel for the image in red space (in relation to pixel
0}

ActiveEndPixelR The first pixel out of bounds for the image in red space

DeltaLineR The amount to add to the current address to move from one line
to the next in red space

DeltaPixelR The amount to add to the current address to move from one pixel
{o the next on the same line in red space

DeltaColumnR The amount to add to the current address to move from a pixel in

the last line of the Active image area to the same pixel on the first
line of the Active image area in red space.

ConstantColorR

Red color value to use if address out of bounds and
UseConstant=1

Green

ActiveStartAddressG

The address of green sample (ActiveStartPixel, ActiveStartLine)} in
ImageRAM

Const,ant Col or GG een col or

or the
i ne

ndgediSer idife | MROE in bl ue space fighimfont art Pi xel BThe firgt valid
the—Tnage b i ' i i '
Image Access Parameters




0) ActiveEndPi xel BThe first pixel

out of bounds for the image in b

ue space

Del t aLi neBThe anount to add to the current address to nove fromone line to

t he next

to nove from one pixe

in blue space DeltaPi xei BThe anount to add to the current address
to the next on the sane line in blue space

Del t aCol umBThe anmpbunt to add to the current address to nove from a pixel

in the | ast
line of the Active i mage area in blue space.

| ine of the Active inmage area to the sane pixel

on t he
Const ant Col or BBl ue col

first
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to use if address out of bounds and U@gCDnstant =1 Wi te Bal ance and Range
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claim 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.
ConstantColorG Green color value to use if address out of bounds and
UseConstant=1
Blue
ActiveStartAddressB | The address of blue sample (ActiveStartPixel, ActiveStartLine) in
ImageRAM
ActiveStartLineB The first valid line for the image in blue space (in relation {c line 0)
ActiveEndLineB The first line out of bounds for the image in blue space
ActiveStartPixelB The first valid pixel for the image in blue space (in relation to pixel
0)
| ActiveEndPixelB The first pixel out of bounds for the image in blue space
DeltaLineB The amount to add to the current address to move from one line
to the next in blue space
DeltaPixelB The amount to add to the current address to move from one pixel

to the next on the same line in blue space

DeltaColumnB

The amount to add to the current address to move from a pixel in
the last line of the Active image area to the same pixe! 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

Redl.owThreshold

8-bit value subtracted from red input values

GreenLowThreshold

8-bit value subtracted from green input values
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1. A nethod of receiving inmage data, indicative of an inage, and providing
toa printer print data, corresponding to said image data, the print data
being in a predetermned print format and having a predeterm ned print

resolution, the nethod including the steps of: receiving the inmage data ;
converting the image data into first format data having a first '
predet er mppegss resol ution; converting the first format data into the print
data; and making the print data available to a printer for printing. 2. A
met hod according to claiml wherein the-first format is different fromthe

print for Mluel GwTrfesh®Y hod S%QQQIDQEMa&Qd f%rﬁ’-blﬂé ’npﬂ lafb@i M 2 wherein the i mage
data i s i p—Bayer—Ffornat has—a prede 4. A

met hod ac¢ &Ked$aatpFedorany )ﬁ@lt@\‘:af&:ﬂaat:*medfdrmn@emkpanmrmftrdm)niensr st datg has a

predet er mj nuous ne resol uti 5. A et tiodaccording—tojany one
of the pr <=%é%f’”§&aq‘?ﬁaﬁof’rs Nhg’ftéfaﬁe Rigr ‘ﬁFgf?{ra(ﬁ‘ﬂ? §XARESIONT IpeR AREIR T ni neg

bi -1 evel delesandHabibi 0N 6588k RO @Q%rrﬁdnageip%néwof%@p%l the praceding
C|a|n‘s V\A']'\rCinthClnrage Uata |c ln a rn nrnnn Qh MIIIF\? ar nat and
the printer is responsive to a cyan, nagenta and yeIIOM/(CNN) fornat, t he
met hod further including the additional step of converting the print data
fromthe RGB format to the CMY format. 6. A nethod according to any one of
the preceding clains, the nethod further including the step of
mani pul ating at | east one of the inmage data, the first format data or the
print dattlREFEREM@E®0d according to claim6 wherein the inmage data is

sel ecti vdllly Siggrrgdkdiasearkinn 998y Onfieaticavgpn b nbmakles. i N a predeterm ned rot ati onal
or i ent at il@h.SilgsrbragkRaseaciu $9BofuemeeioniOhg. | mage data, indicative of an inmage,
and providing to a printer a print data, corresponding to said i nage data,
the print data being in a predetermined print format and having a
predeterm ned print resolution, the apparatus including: input nmeans for
recei vi ng the iAtthgeghdhé mventiBCREDeBbdetBbedsainpbierRica® apeific@kartety @l Ng t he

i mage datb% &Bk@iafah}ﬁhh&%&%ﬁéd ﬂa(ﬁeaarQEfNeit ril%a%( be embodied in many other forms. The

foliowing numbered paragraphs provide the addressee with a further indication of the scope of

the invention, although other novel and inventive features and combination of features. will also

be clear from the disclosure therein.




first predeterm ned resol ution; processing neans for converting the first
format data into the print data; and output neans for making the print data
available to a printer for printing. 9. Apparatus according to claims$8
wherein the first format is different fromthe print format. 10. Apparatus
according to claim8 or claim9 wherein the inmage data is in Bayer format
and has a predeterm ned i nage resolution. 11. Apparatus according to anyone
of clai ne"@8%S% 10 wherein the first data has a predetermnined continuous
tone resolution. 12. Apparatus accordiggg to any one of clains 8 to 11
wherein the print data has a predeterm ned bi-level dot resolution. 13.
Appar at usyaegi-di ng to any one of clains 8 to 12 wherein the inmage data is
in ared, green and blue (RG) format and the printer is responsive to a

cyan, magenta and N e{ckfOW of %ln% Qﬁa{@tdataam@c&tng o@QrPNa@B%d' iditdes ot he
addi ti onal neans for convertin print data from an f or mat to a Cw

format . THNCAPIYA APy SOTERSRREKIE ) e o6 ke 51 PTE} SHREEIR0 oA PreocieRpnaet hod

further ipgluehidignd HRRAGS pfédéteﬂﬁﬁédbilha’ébdhgloa,tthé RaBbd IBEediRf thé Biepd dTRge dat a,
the first format data or t data. 15. Apparatus according to claim
14, including neans’ epein t?@ﬁ@ Py adj usting the image data for providing
t he i mge in a predanertngnibe imageatatoonml firgriorerat dath dmvind 8 firsb predetemicaimer a

i ncl udi ng the app&kRhuS of any one of clains 8 to 15.

converting the first format data into the print data; and

making the print.data available to a printer for printing.

2. A method according to claim 1 wherein the first format is different from the print

format.

3. A method according to claim 1 or claim 2 wherein the image data is in Bayer

format and has a predetermined image resolution.

4. A method according to any one of claims 1 to 3 wherein the first data has a

predetermined continuous tone resolution.

5. A method according to any one of the preceding claims wherein the print data is

of predetermined bi-level dot resclution

6. A method according to any one of the preceding claims wherein the image
data is in a red, green and blue (RGB) format and the printer is responsive to a cyan, magenta
and yellow (CMY) format, the method further including the additional step of converting the print
data from the RGB format to the CMY format.

6. A method according to any one of the preceding claims, the method further
including the step of manipulating at least one of the image data, the first format data or the

print data.

7. A method according to claim 6 wherein the image data is selectively adjusted

for providing the image in a predetermined rotational orientation.

8. Apparatus for receiving image data, indicative of an image, and providing to a
printer a print data, corresponding to said image data, the print data being in a predetermined
print format and having a predetermined print resolution, the apparatus including:

input means for receiving the image data ;




PCP05-SG
-99-
sampling means for converting the image data into first format data having a
first predetermined resolution;

processing means for converting the first format data into the print data; and
output means for making the print data available to a printer for printing.

9. Apparatus according to claim 8 wherein the first format is different from the

print format.

10. Apparatus according to claim 8 or claim 9 wherein the image data is in Bayer

format and has a predetermined image resolution.

11.  Apparatus accerding to anyone of claims 8 to 10 wherein the first data has a

predetermined continuous tone resolution.

12.  Apparatus according to any one of claims 8 to 11 wherein the print data has a

predetermined bi-level dot resolution.

13.  Apparatus according to any one of claims 8 to 12 wherein the image data is in
a red, green and blue (RGB) format and the printer is responsive to a cyan, magenta and
yellow (CMY) format, and the apparatus includes the additional means for converting the print
data from an RGB format to a CMY format.

14.  Apparatus according to any one of claims 8 to 13, the method further including

means for manipulating at least one of the image data, the first format data or the print data.

15.  Apparatus according to claim 14, including means for selectively adjusting the
image data for providing the image in a predetermined rotational orientation.

16. A photo camera including the apparatus of any one of claims 8 to 15.




