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
referencePCE%_étGhat application. However, it will be appreciated that the
invention "is nhot limted to that particular field of use. CROSS- REFERENCED
APPLI CATI ONS Ref erence may be had to the foll owi ng applications, claimng
priority fromAustralian,  Provisjonal Paten || catl er PQ2890

fiat ed 16 Sept enb METHED ANE AHEARBIMS FRFCRRIREING AN A% on ro. No.
Title of Invention PCT/A000/01074 PCPQ2 Met hod and Apparatus for

Shar peni ng An I mage PCT/ AO00/ 01073 PCPO3 Met hod and Apparatus for
Up-Interpol ating a Bayer | mage PCT/ AO00/ 01076 PCPO4 Met hod and Appar at us
for Rotating Bayer |mages |n tRELPEINYENIONrevity, the entire disclosure
of these applications has been incorporated here by way of reference.
These cross- r ef Ereamessatt npgitiore eefatesre adeelead 4nd aperave fer prasideinerrinh fiem @et hods
for inpl epatihas. the conpact printer system SUMVARY OF | NVENTION According
to a first aspect of the invention there is provided a nmethod of providing
an image for piidihicRfbrtus BEEHGIVELEID 1R fhally ToreVditalQmeF LSRG ANntdfphich
corresponds to a predeterm ned continuous tone resolution, the method

i ncl udi n@"ntgefos Peyiding fa: PapEPYint G@n inage eariired AY the Fmest andarih b éescrivedl cat i ve
of the | mRgmaftbhathdalemnseio thdt abPRatInEHSIRE RIAIMbe APRIciaRIdRLE tHeQRRntion

resol utian; ﬁonver [ irst data set into a second data set of the

pr edet er f REJMEFHP E%Eg%ricn%r il 3t usd

CROSS-REFERENCED APPLICATIONS

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

International Patent Ref.

Application No. No. Title of Invention
PCT/AUQ0/01074 PCP02 | Method and Apparatus for Sharpening An Image
PCT/AL00/01073 PCP03 | Method and Apparatus for Up-interpolating a Bayer

Image
PCT/AU00/01076 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 bilevel dot resclution which corresponds to a

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



tone resolution; converting the second data set into a third data set of
the predeterm ned bi-level dot resolution; and making 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-I|evel dot
resolution. In other enbodi nents, however, the first resolution is greater
than the predeterm ned bi-Ievel dot resolution. In still further

enbodi nment the first resolution is less than the predeterm ned bi-Ievel

dot resolution. Preferably also, the farst data set is in are red, green
and, D\ K B (hOLITRY 5 RRFsdl Cor ILIEY: e L SBPRESLYS S & o EXARerRgENt @ and
converti wgn’ttnh@uSttbnerrdS%lalpta set froman RGB format to a CW format. In a

preferred formthe nethod includes the step of sharpening the second data
set. Alternat icoeveptingtthefiraiedateoskt ine b seesd dhie spr &ftler predeteringped ebntebauspeni ng
the fi rsﬁon@%&hﬁg Preferably, the first data set is obtained froma

sensor device and 'the nmethod includes the step of conpensati ng the first

data set for NORldIGatd Ldces: dla LOSuSTHIRGEAR G5 pbMiSmBleSbEEAP LY, the

step of corrpensa Ing-inc es converting t a set rom a

pl uralityesopfiorxapdt sanples to a plurality of y bit sanples, where x > vy.
Even nore preferably, x = 10 and y = 8. Preferably al so, the nethod

i ncl udes the stregkingf thelthitdatats setgavalablef for & printeit &t thetrradateoniaed bideveptieine, a
green plangdgfl a blue plane. In a preferred form the nethod includes the
further steps of: determning for the first data set the nto of darkest

pi xel s and the qu/ﬂagg;l%ft {RE fiksh QAgFﬁﬁJn %bﬁ%@ c}ﬁe péﬁlét&ﬁwgaﬂg; {eDa dB{ Fe§$lutf3ﬁtlﬂ set to

equat e the ntb of est pixe justin fir st
equate t Iﬁ’&‘ehﬂ/ﬂ‘bﬁd'mﬁ‘%f‘@ﬁmbﬁwf@ respupgrsis SGaIeBihaPﬁ'éef @P%W'”et‘ Hée‘fﬁéf"l’iod

i ncl udes rddartigAH il QmRbr hhtRRinfht RelfitdBlebol@ioh MBledd tha thel BledeBMindddi-leRsIOVi de a
predeterm ned white bal ance. More preferably, the nmethod includes the

addi ti ongP“e%"fLE'B” of adj ustl ng the first data set to provide a predeternined

range expansi on. Even
Preferably also the first data set is in are red, green and blue (RGB) format and the

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 method 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 cbtained 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 method 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 i mage for
printing pflos g predeternined bi -1 evel dot resolution which corresponds to a
predeternlne continuous tone resolution, the apparatus including: input
means for receiving a first data set-Bndicative of the inage t he data set

being in a Bayer,  f res n,

convgrtl ng the 'fr?fFf'gly’gE?Qeihé’? '”CII 8S g]esaéjgjgn art) OPgH{F [?ﬁ %?Hgta Sg{attoer m ned
cont i nuopsvide mepredsdanined omijte paiem:@sMoragprﬁkaabbl fmrm@MVIefFltudenghet h@it@e@!ond dat a
set 1Nt 0 Rpldelabfloalf AE ol <G prABAPbREELARL RdotBansRAl ElRSRLHL T 0N

and maki ng ta set av printer for printing at t he
pr edet er lﬁquﬁiéﬂhbltbe F‘é‘?ferPSQ'}ﬁ'P" pe8e|fiitidgte, sebisingpagsH ywhile pintqining the S8@LUt i on
mat ches thaiapessaber mned bi-1evel dot resolution. Alternatively, the
first resolution is greater than the predeterm ned bi-Ilevel dot resol ution.

In  other enbodj %F&éwed@iﬂefﬁ@'ﬁrst &eh@sét'lsf s?eﬁecflmdﬁk!eg'Fbr'pﬁ)vidﬁﬁ%etﬁ!ﬂa{;b hhe
predeterm ned bi-Ievel resolution. Preferably also e first data set

isina Pé’f?deﬁf'ﬁ'é‘?f’rammﬁ‘f%@”t(a%) format and the printer is responsive to
a cyan, magenta and yellow (CWy) format, wherein the processin nmeans
converting t he ASRPTRIS i e Seed Fspentoh herysniel fhare 8 @“’d‘d@i’l/l?”fatBP?thf’s

Pr ef er ablysviing@n ihdf faipRimi4S p$é'tﬁ[dﬁﬁiﬂ§d bibeveb &R eardiutkat whiGedorredpands ther
enbodi nent ens the first data set. In a

ha
preferredP F%?P{%(m'f‘%fgwl'“wug?s‘agﬁ?s %tf‘m tﬁ %qoé"’it%s Y99 a sensor devi ce and t he
i nput neans cqnpensat the fir a t for..non a |t| E%’Pg'”

sensor device. ' F@ewz?ré?%frk?a%éﬁggta S‘???t'vet?féhe ’B]ﬁﬁ%rtle

non- | i nearBayéréamiatdf ladicke esolotioner t i ng the first data set from a plurality of
X bit sanples to a plurality of y bit sanples, where x > y. Even nore
preferably, X =ahfirgneesns=foBcorfetihgtiabfing datheset it sweamisdqia s thes t he

first datpraedgt%tm|he%tc%ntﬁ1u5§sqorpe reso?tii'uozﬁ1 green

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

predetermined bi-leve! dot resolution; and

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

level dot resclution.

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
printer 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 sef. 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,



pl ane and a blue plane. Mdre preferably, the input neans: determ nes for
the first data set the nto of darkest pixels and the n%of |ightest pixels;
adjusts the first data set to equate the ntbof darkest pixels; and adjusts
the first data set to equate the n% of |ightest pixels. In a preferred
form the input nmeans adjusts the first data set to provide a
predeterg%gﬁg whi te bal ance. More preferably, the input neans adjusts the
first data St to provi de a predeterm ned range expansi on. Even nore
preferably, the input nmeans increases4-the color resolution of the first

data set while maintai ning the s spatial .r lLLutiaon. Prefer . the

i nput rre%esw?é’fa%sé’?'\/@i Vng‘gf%g’?s’s'"%?rqqgesf:?'}vgfmﬁg"[eg%ggl{a15 %Emglra 3?r§|ftﬁ§fl)¥qlute i mage
in a predenhgesiomgdralit eftyibiimahples, wbereat> o Bvenuere pdifgrablit, & =d 0tehdl ¥ & 8aspect  of
the invention, there is provided a canera including: a CCD array for

provi di ng a Bayeefeiabiggide impup mieariseplafadsesstbe dict datelsgt jproow redli pigpea aréent ed

i mage; a n as descri bed above for receiving the Bayer imge
and provﬁ%ﬁ%énfﬁﬁeég%ﬁter with the third data set such that the printed

i mage i s producged. Btief scription of the Drawi ngs Preferred enbodi ments
of the inventi ghﬁorﬁﬂeferaﬁo% énpgka@%?nlgbed, by way of exanple only, with

reference to the, foll ow escripti.on d.Eigures. Fig., 1l sh a _.hi gh
| evel inmage flo teé'f"”??‘lﬁér 9%3&3 aé"’.‘ FS)? tg (5“&72 oéd%'%%sélf"xgisaa@rge{'ﬁ? 8?" (?\kll@htﬁ in
i sol ati omixeli g. 3 shows a bl ock di agram of the PCP connected to Printcam
har dwar e. PCP05-SG -5- Fig. 4 shows a 4-inch Menjet printhead. Fig. 5 shows
t he arr angenentadpbts defiret dbia seito agubte the m%ofidatkestaikelsFang. 6 shows t he
arrangenent of nozzles in a pod, nunbered by fixing order. Fig. 7 shows
t he arr angenentadubtstteAirdt @staisat ta equexts tha uttiné lightksbyixdloadi ng order. Fig. 8
shows a chronopod. Fig. 9 shows a podgroup.

In a preferred form, the input means 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 the foilowing description and Figures.
Fig. 1 shows a high level image flow of the PCP.
Fig. 2 shows a block diagram of the PCP in isclation.

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



Fig. 10 shows a phasegroup. Fig. 11 shows the relationship between
segnents, firegroups, phasegroups, podgroups 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 i mage.
Fig. 14 shows a bl ock diagramof the imge capture chain. Fig. 15 shows the
arrangenent é pi xels in a Bayer CFA 2G nosaic. Fig. 16 shows the

| i neari ze process. Fig. 17 shows the planarize RG process. Fig. 18
shows a bl ock diagram of the inmge prisat chain. Fig. 19 shows a sanple

col or range for_a, single, col or ane. Fig. 20 shows the steps involved in
whi t e bal ance J#H4PQH§5”$Q5%ﬁ§W%#W' g% 21 shows a bl ock di agram of
apparatus capahle_o erform ng white bal ance. and. .range expansion. Fig. 22
shows the vari 3{'95ség?v%rth?)f‘ré"’wge’ﬁ?%é%egf"ﬁ'%?g'laaﬁng}hp?%he A resolution. Fig.
23 shows the effect of rotatin thg g%een planeﬂg% ag ﬁs reﬁs. Fig. 24
shows the di st &8 SBASRATIGEHEUGT M-KET B 2P0 UARSIGH Q¥ "34%{ €. PCP05- SG - 6-
Fig. 25 shows the_process of mapping nmovenment in unrotated CFA space to
rotated CFA spift& shesysghe areangameie oaEistR adeddialetsH by R8Yegdf®en process.
Fig. 27 shows the process involved in high-pass filtering a single

| uni nance pi xelFigBEhowsp drgmapofternel . Fig. 28 shows the transformation in
conversion fromRG@ to CMWY. Fig. 29 shows conversion fromRG to CW by
trilinear interftbPabeverd Podpioge- 30 shows pixel replication of a single pixe
to a5 x 5 block. Fig. 31 shows a bl ock diagramof the half-toning process.

Fig. 32 shows tHig1pphmmssphesegraspor matting dots for the printer. Fig. 33

shows a bl ock diagram of the imge capture unit.
Fig. 11 shows the relationship between segments, firegroups, phasegroups,

podgroups and chromopods.

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

even dot.
Fig. 13 shows the orientation of print formats based on the CFA image.
Fig. 14 shows a block diagram of the image capture chain.
Fig. 15 shows the arrangement of pixels in 2 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. 35 shows a bl ock diagramof the imge access unit. Fig. 36 shows a
bl ock di agram of the inmage histogramunit. Fig. 37 shows a bl ock di agram
of the printed interface. Fig. 38 shows the bl ock diagram of the Menjet
interface. Fig. 39 shows the generation of AEnable and BEnabl e pul se
widths. Fig. 40 shows a bl ock diagram of dot count logic. Fig. 41 shows
t he interEQ%EGof the print generator unit. Fig. 42 shows a bl ock diagram

of the pFln generator unit. Fig. 43 shows a bl ock diagram of the test

pattern access unit. Fig. 44 shows asbl ock di agram of Buffer 5. Fig. 45

shows a bl ock dja m of Buffer 4. Fig. 46 shaws a bl di_.agram of. the

Upl nt er pol at e, CPF%% 12}6% s eropesP SF Wﬁ?p"ggrrf}%vgglgf‘t n wr&a%&%s&?\geg{%%afég nap
froma sCaAdps@. di ther cell and a staggered dither cell. PCP05-SG -7- Fig.
48 shows a bl ock diagram of the Convert RGB to CWY process/ Fig. 49 shows
a bl ock di agr amrigobe Buwwkerblazk diagrgm dbheshaysn @odeasi ¢ 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 tAg 23 biows e @odks Budi¥edrin Righcbgss filding hewsledurihack paélagham of

t he Resampl e and, Create Lum nance Channel process. Fig. 54 shows a bl ock
di agram 8F tHE ¥5nvol ve Unit. Fig. 55 shows the order of pixels generated

(1o L1e 1 20oPLe) o i e S R SR gl il Bl
S DU e g 5B RS S AP LSS ALERD ot oo dependen
SO o SR B S of oS SRl o I S g ype

Fig. 31 shows a block diagram of the half-toning process.

Fig. 32 shows the process of reformatting dots for the printer.

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

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

Fig. 36 shows a block diagram of the image histogram unit.

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. 63 shows the addressing of entries in buffer 1's red and bl ue
sub-buffers. Fig. 64 shows the first 16 sanples read for calculating first
pi xel . Fig. 65 shows the overl appi ng worst case 4 x 4 reading from bl ue and
red buffers. Fig. 66 shows a bl ock diagramof the rotate, white bal ance
and range expansion unit. Fig. 67 shows the active inmage area within the
generategfﬁﬁ_ di nate space. PCP05-SG -8- 1OVERVIEWOF THE PCP 1.1 H CGH
LEVEL FU L OVERVI EW The Printcam Central Processor (PCP) possesses
all the processing power for a Printgamand is specifically designed to be
used in the Printgamdigital .still .canera he PCP 3 connects to an
i mage sensor 1 F?grggs?or‘ﬁg e&%zggiaﬁrragqf%éan?&)méerﬁ%%gotn&hf)?-f’rr?f%srspg for inmage
printout. In ter of I e, processi.n the PCP can be thought of as being
t he translator%%gﬁgFWHGEQQ¥¥§WP@EH$EF@*@0 printout, as shown in Figure 1:
The Inmage Sensor | is a S | e sensor, whic tures a 1500 x 1000 RGB
i mage. The | nad!ég'égﬁ'%o&s aiggs‘f’ﬁ'éﬂ%%ﬁgs@a'i'aiﬁ[ﬂuﬁw gégig‘?ﬁe Printhead 2 is a 4
inch | ong 1600dpi Menjet printer capable of printing in three colors:

cyan, nmgenta éﬁa59@%%&&“%%8@@?mﬁ¥ﬁ@éﬂwP@1Wﬁe i mge output device. The
PCP 3 takes an imge fromthe |Image Sensor 1, processes it, and sends the
final form of tfieS ﬁﬁU@tWﬁ“Wﬁémpfgﬁﬁﬁéad 2 for printing. Since the |mage
Sensor 1 captures in RGB and the Printhead 2 prints in CMY, the PCP 3 nust
transl ate fromFia 198 sk @dliesk digskae of Betfirsamply ap8|Grate harivancerehaprgd 3

cont ai ns pRkéssof the requirenents for the internediate i mage processing,

i ncl udi ng white bal ance, color correction and ganut mappi ng, | nmage

shar peni ng, angidgh EndwRRiohak dbfraRdf tHelBRvond@nit. PCP 3 control s the user
interface and entire print process, providing support for a variety of

i mage formats. flh6s Bdns3hetdrd@ of ARHiPhMBratddli@l tRE R, al | ow export and
i nport of photos, conplying with the DPOF (Digital Print Order Format)

standard. 1. 2bhihh LeElnd SHERMAL NERA NI RRR sholss desi gned 10 be

fabricated using a 0.25 mcron process, wth approximately 10 mllion

transistors, alﬁiﬁﬁé’? slgﬁjsftheogddﬂgé glhsn féginfétﬁﬁh’ BOH Yot at Ic .RAM Thi S
| eads to an estimted area of 1 . The estiated manufacturing cost is $4
in the year ZOCHQ. 58 shows the relationship between green entries 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 entries in buffer 1’s red and blue sub-buffers.

Fig. 64 shows the first 16 samples read for calculating first pixel.

Fig. 65 shows the overlapping worst case 4 x 4 reading from blue and red buffers.

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.



The PCP 3 is a relatively straightforward design, and design effort can be
reduced by the use of datapath conpilation techniques, macrocells, and IP
cores. The PCP 3 contains: A |low speed CPU mcrocontroller core 10 1.5
MBytes of multi-level Flash menory (2-bits per cell) 11 A CMOS | mage
Sensor Interface 98 inside an I nmage Capture Unit 12 16 KByte Flash nmenory
for progr, 5§%orage 13 4 KByte RAM for program vari able storage 14

PCP05- SG' - he PCP 3 is intended to run at a clock speed of approximately
100 MHz on 3V externally and 1.5V inBernally to m nimze power

consurrptl rating frequency wll be an integer multiple of
the Print ﬁ&fd&]g@f@%% l?&Equency. The CPU 10 is intended togbe a si gpl e
m cro-controller IQ/Ie CPU, running at about 1 MHz. Both the CPU 10 and
cMOs  sersbieH KEWRLEUNCTIONAL QVERWEWendor suppl i ed cores. Figure 2 shows a

bl ock diagramof the PCP 3 in isolation. The PCP 3 is designed for use in
Pri nt cam syst erfge RrinigameCeantrghbipeessoryPERk posaefea ! 1T PeprssipgposerciShAect ed to
the rest paficihandsispdcirankiRsigvRnEpe @daﬁthmgmmmumn&a@ym el s

speci fical Ly, desi ned t 0 connect 4-inch (10-c t head 2.
The' pr i nPREACIMPES Fautinass STpagh % Her HIADA LN PHG2 15t FOR w do
printed ipreee. Inwertrsal imdye\iragsdin, e PCR ech bd thetghadf apbgiey theGrangatprafnt ed on
as 1t m‘éﬁﬁ%&% éﬁl&rﬁ% ,.'erouﬁ%gsr?uwn u"f‘é‘.aérgqm in Figure 4. 2.1 COMPCSI TION OF

4-1NCH P finthea consists of 8 segnents, each
segnent 2/ 2 an ThadagaSénsngt i$ a CiA@Elimade seheor.swdigheqqpiyres B 1@99 H180GRCBev el

cyan, magenta gg %é Hw\%{gg%r%o%%{euﬁaéﬂ:fz&ﬁﬁ% part of the page to produce
the final imge. positions of the segnents are shown in Figure 5. Since

the printhead 2ThﬁrP ”i‘?f”;eaﬂ8t'%aét'”cﬂé%’9 13?)‘?"9' Mamigt priter icapadle oS RiiNtAI By %8t er, and
spaced 15. 875mcapasr &yanTrhag&naaﬁhyémaMTnelT&iathsagm;mage altsie 8SRedot s, with the

8 segments COI"Ir i OSIfrto!rn0 e Ima -Ié engor]ﬂ ﬁ}'CQ%Las %tn? & eDgs;[ the

Addr essed by Ea@ﬁﬁ:‘%%ngk?é%? an image g P
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 RGR 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 PCP 3 is designed to be fabricated using a 0.25 micron CMOS process, with
approximately 10 million transistors, almost half of which are flash memory or static RAM. This
leads to an estimated area of 16mm?. 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 technigues, macrocells, and IP cores. The PCP 3 contains:

. A low speed CPU/microcentroller 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



Segnent First dot Last dot O O 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 PCP05-SG -10- 6 4,800 5,599 7 5,600
6,399 Although each segnment 21 produces 800 dots of the final inage, each
dot is represented by a conbination of bi-level cyan, magenta, and yellow
ink Because the printing is bi-level, the input imge should be dithered

error- gg, fsgsed for best results. Each segnent 21 then contains 2400
nozzI es: "800 8ach of cyan, magenta, and yellow. A four-inch printhead 2
contains 8 such segnents 21 for a total- of 19,200 nozzles. 2.1.|1G ouping
of Nozzles Wt ment T nozzl e 2 W thi ingl 21 are
grouped for regIl r@%g%pw%gf’%a mntag |CT°°%5peed Or? me'%a{ég( {%os@g{’?@% of power
consunpt iestarndilyandd . intetriatiygto mlnimxmemonwlpm(mhe agluallyipkiating freguensyal of 10
nozzl es ﬁnﬁﬁeecnntlm%g?mplb'atﬁhégﬁﬂ a(a'orge erg; fFe%géFﬁ:yqfheWO i€ ARAYIL by

groupi ngs are na ena gt; -speed printin

node
The pri neimpiedmiEresenspeller stylewePr fUﬁ'ﬂ'FQ]Qf ghavbdMide Bath éﬂﬁ ary f18r%ﬁt0'§ %ed/ power

trade- okEssof RiePfoc@8n bovalidbf RpsiRlE cete@duct configurations. In the
| ow-speed printing node, 96 nozzles 22 are fired simltaneously from each

4- inch printheag s sHg altider diaGamad #e FORQh tholforTaxi mal |y di stant, so 12
nozzles 22 are fired from each segnent. To fire all 19, 200 nozzles 200

different sets {Qf pP6 9104&diGRd M Bke RPrihichR dystdrils, FlRGrely &Bm@e%ek Phdrthi Ng
node, 192 nozzles 22 are fired sinultaneously fromeach 4-inch printhead

2. The firteaPRBAsreectd iahe (Astofifee FREGERIIYYAES st ant, so 24 nozzles are
fired fromeach segnent. To fire all 19, 200 nozzles 100 different sets of
192 nozzRERINTHEADBACKSGROUNI2 power consunption in the | ow speed node is
hal f that of the high-speed node. Note however, that the energy consuned
to print a |in@he®it hienpecifalyapeignédsto ichrnesiara 4-inctbd0dam)} Memjet printhead

2. The printhead 2 is used as a page-width printer, producing a 4-inch wide printed image
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 22.5pm in diameter, and
spaced 15.875um apart. Thus each half-inch segment prints 800 dots, with the 8 segments

correspaonding to positions:.

Table 1. Final Image Dots Addressed by Each

Segment

Segment First dot Last dot
0 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




cases. In a scenario such as a battery powered Printcam the power
consunption requirenents dictate the use of | ow speed printing. PCP05-SG
-11- 2.1.1.110 Nozzles Make a Pod A single pod 23 consists of 10 nozzles 22
sharing a conmon ink reservoir. 5 nozzles 22 are in one row, and 5 are in
anot her. Each nozzle 22 produces dots approximately 22.511m in dianeter
spaced opcﬁ%s_géﬂ?Sm grid. Figure 6 shows the arrangenent of a single pod,
with the™nozzles 22 nunbered according to the order in which they nust be
fired. Al though the nozzles 22 are fiftoed in this order, the relationship of
nozzl es 22 and| physjcal placerrent 4@fp dots on|the prijgged pade is
different. Thepfnozzles 22 §romone row repres g )its from one
| ine on the page, and the Inozzl es 6100 he ot her row Bgppesent | the odd dots
fromthe adjacent—tinmeonthe page Frgure 7 shows the same pod 23 with the
nozzl es 22 nunbered according to the order in which they nust be | oaded.
The nozzles 22 within a pod 23 are therefore logically separated by the
width of 1 dot. The exact distagnce bet n,the pozzles 22 wll depend on
the properties A@P"“@Heea%rﬁe%'f‘erﬁf%qr Prﬁﬁucﬁé\ﬁgnqoism‘)f [%ﬁe%rﬁfi'rﬁ?gﬁe%mzd(ﬁs'gdesi gned
W t h st agpessettedipza teasbirdtian ofibblvél oyamatedentdiend Jdllomingf Bagayzerthe2@inti®y id. 1. 23
. Pods Make. ) genta, and yell ow)
are grou;g)'elgv |’neg@p&%ﬁ%ﬁ%@g% %ﬁ?r&;orgeﬁr%gﬁg%ggl%oé%g%{g%}”ésggnts di fferent col or
conponent s of ne i,zon .S f ) 0 ILEf l_ipes. The
exact di st ancetéé‘g?§ mneﬂtd]igﬁ ftie%e%\ot%ka(':ngl %ﬁoog‘gééeosz§8§j:e;%%hn§fswaf6’n$% ﬁ%‘ﬁv@lﬂ]@et
oper at i ngellparAfeet-versprintiead Bragntaiag 8/such eeantants AVkerjadotabld 48.890 nagzlesmot her. The
di stance is considered to be a constant nunber of dot-w dths, and nust
t her ef or g.1l@ré @ ofiINUzeles WEBLNSeghl@n printing: the dots printed by the
cyan nozzles will be for different lines than those printed by the nagenta
or yell ow nozzltes .noZZe B Wwithih R0sia)iQ 8&dnidhtemasd g@dlipeafof egasensverr pharkitae
di st ance ug.to about 8 dot - wi dft hs between col ors é ee ]Tatbl e 3 for Jrore
det ai | s) SOty G5 8 =5 TipiTugafat RISPYVeL CRTUEPIGR, SR SATES: oSS T HVE o mapods
make a Petdglitpuptotal oht®negaled shad tiar sancy glungseedir.i Inteama of powgr €opdgliaup 25.
Since eaggu&pd’s%mgéje to enable a low-speed and a high-speed printing mode.

The printhead 2 supports two printing speeds to allow different speed/power trade-

oJ

offs to be made in different product configurations.

In the low-speed printing mode, 96 nozzies 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 nozzles 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 sefs 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 scenaric such as a battery powered Printcam, the power consumption

requirements dictate the use of low-speed printing.



contains 30 nozzles 22, each podgroup contains 150 nozzles 22: 50 cyan, 50
magenta, and 50 vyellow nozzles. The arrangenent is shown in Figure 9, with
chromapods nunbered 0-4. Note that the distance between adjacent
chromapods i s exaggerated for clarity. PCP0O5-SG -12- 2.1.1.42 Podgroups
make a Phasegroup 2 podgroups 25 are organi zed into a single phasegroup 26.
The phas 2uR 26 i's so nanmed because groups of nozzles 23 within a
phasegr oup 3F8 fired simul taneously during a given firing phase (this is
explained in nmore detail below). The-formtion of a phasegroup from 2

podgroup 5 e t he purposes of | ow speed and hi gh-speed
printi ng 2111?*'%% &8‘1(%75%%% e lines. During |owspeed printing, only one

f the t P d b I t fi I
one. podar oup. of* S PRSFPUSS Flogoades BHPHE § e g g enor n”
Podgr oupBnat ie ohe roes asd Bameb anaieer biddch npzrtig?Dprpducks dats pparelirestely C2Agrequent | y
a | ow Speﬁﬁjar%té&tp?ced%iﬂe‘%ééysﬁrg sgﬂ§ I'-l 96 §§o tné Qljpangglﬁ%q E5 's:ﬂéle pi%%ﬁ the

hi gh- spee ires nozzles at oOnce

illustr at?@swm@ 22owposied pengrdifg taff]st@a@e@rvﬂm fhEFH@JSHH‘J%ﬂT@mce bet ween adj acent
podgroups is exaggerated for clarity. 2.1.1.52 Phasegroups nmake a Firegroup
Two phasegr oupitheighdiegnaraiss 22 rate Pled de fricourd®) tharrelationgbimiol Berzien 28 aadsi ngl e

firegr OUP?])%%aE %éenneﬁt b éo%pwpmoe iS QIR ThE'r{o%soﬁ';p?rorg7on§rr§wso named
because fire the sane nozzl es 27 sinultaneousl %ﬁ Two enabl e

li nes, AE‘rﬁ’é%P'ét t%@/eBEﬂtaErp@ ong ling9p AE2gS. BRY e neFzlepra SRl PR 1F822¢ s and

Phasegr Om%da%zsl fRdin tHéd&!R@&dErﬂé ol tas paq;lef Figtire Mt sHolvs ititgsanthipsezs wilie
arrangenent ) omm rfj@gre 11. t ance bﬁamggn adj acent groupi ngs

is exagB@?E?éa”V%Pa% P “?hioTe@RH@?b SEYEEE mary Table 2 is a
summary of the nozz 1o]i n i nf head. Table 2 upi ngs
for a single 4- ﬁé‘ﬂ”g‘“rs "f‘n‘g‘ﬁﬂg p?éafﬂq’ P®a tE‘?FS "B Serakged BN&“B%B%\E
Conposi t denTiRabizot Gatmte beMeza e @271Ba 32 wilindeperit dn 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 Memjet 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
distanice up to about 8 dot-widths between colors (see Table 3 for more details). Figure 8

illustrates 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.



Pod 23 Nozzl es per pod 10:1 10 Chromapod 24 Pods per CW chromapod 3:1 30
Podgroup 25 Chromapods per podgroup 5:1 150 PCPO5- SG - 13- Phasegroup 26
Podgr oups per phasegroup 2:1 300 Firegroup 27 Phasegroups per firegroup
2:1 600 Segment 21 Firegroups per segnment 4:1 2,400 4-inch printhead 2
Segnents per 4-inch printhead 8:1 19,200 2.2LOAD AND PRI NT CYCLES A single
4-inch pp%ggg ad 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 Cytde involves the |oading up of the
pri nt hea the nf or ma o be printed during the subsequent Print
Cycl e. Egg\#ér%g)z "'fﬁ "haz‘i‘g atzgr'?asae {08 ated Nozzl eEnabl e bit that determ nes
whet her or not e Nnoz durln t he Print . ,

Nozzl eEnabl ¢ bi%@ggrawes Bue Hspyieed b S809d Buteestin ' T Bigbeariiize i

regi st er so nanogl leahlsy gtdues ef rerdesR3skithirta pregegoierse pred sigwitfmentsly dnieg per

color), @&%ﬁ@%h&%’]ﬁn |é6‘§>8)tl.':9rﬁftd§n Ab % d%@llfbteﬁgyng %r%%n%?h%ﬁﬁasregﬂhéﬁ for a

gi ven co or t I ower upper on alternate
pul ses. ErnOégrnanq 95 i getelg do- tﬂeetplr@ﬁesr of jougirged @nd JighSRERY BEWNS Vit 4o 400-
deep shi pbadr&BERIRS hes.one for the upper nozzles, and one for the |ower
nozzles. Alternate bits are shifted into the alternate internal registers.

As far as the @&F.ﬁg’:ﬂ@lspééatglﬁﬁr@c&w aqe%%%aﬁédgrm@ﬁméuneg t&%enlasgn@nm ngl e
800 deep _shift register he shift isters have been fully

| oaded (BB AUsgdSDHENME 8y podgrque of fftﬁh‘éfOtﬂfftSsﬂO&F‘%S L&F%E*B&PPP@& AiRtNga PP | eI to

t he appr ppddraipEndinzimes ERalt, o Bbth podgfdlips fikonbaties Cofsequaiting llav-gRedblirg|
ansf the Print Cycle

transfer _of 19 200 bits. e the t r has ta

Lt er el fierat o . RSl 2050 T DB Rk SRoblPE Bk afkrt L
| ong as tdmzleparankcé.el | oad of all Nozzl eEnable bits occurs at the end of
the Print Cycle. 2.2.1 Load Cycle The Load Cycle is concerned with | oadi ng
t he printhead' Figete flo ifusgated alies compdsitivh eof nephaselgrdupt TIRy cliséinse MewekrEnabl e

bits. adjacent podgroups is exaggerated for clarity.

2.1.1.52 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 simultaneously. Two enable lines, AEnable and BEnable, allow the
firing of PhasegroupA nozzles and PhasegroupB nozzles independently as different firing
phases. The arrangement is shown in Figure 11. The distance between adjacent groupings is

- exaggerated for clarity.
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 chromaped 31 30
Podgroup 25 Chromapods per podgroup 5:1 150



Each segnment 21 has 3 inputs directly related to the cyan, magenta, and
yel l ow shift registers. These inputs are called CDataln, Mbataln and
YDatal n. Since there are 8 segnents, PCP05-SG -14- there are a total of 24
color input lines per 4-inch printhead. A single pulse on the SRC ock line
(shared between all 8 segnents) transfers the 24 bits into the appropriate
shift registess. Alternate pulses transfer bits to the |ower and upper
nozzl es respectively. Since there are 19,200 nozzles, a total of 800

pul ses are required for the transfer-1Xnce all 19,200 bits have been
transferr gthpg.pbupdse p:jI%EQstt&epﬁgg Leds PTransfesy 1ine causesgd he
paral lel t shift registers to tthe appropyiate
Nozzl| eEnal:IRrreQntusZT The pa?tabdaged»upspaﬁsémupw ap pulzsle on |PTransf®ee |nust take
pl ace aftqr_ttie Primt Tte tas finished: eTw se theg NozzieEnabl e bits

for the !lr‘%QB‘BFr?d pri nt ddregiopps pﬁés‘?gﬁleatrect Sinde all |8 segmdM s 21 are
| caded Wi t|hy @ctSirithesd §RO§H§;|§1ePtHIp§re4 mém%nﬁfeb@t ng RFOCEeSy W%bz@tﬁ oduce the

data in t he_correct seguence f the nrlnf As an C\v:\nr'nln he first

SRCl ock pul se will transfer the CIW blts for the next Prlnt Q/cle s dot O,
800, 1600, 2400, 3200, 4000, 4800, and 5600. The second SRC ock pulse wll
transfer the CW bits for the next Print Cycle's dot 1, 801, 1601, 2401,
3201, 40@2LO4ABANDHRINTGOMLESAft er 800 SRC ock pul ses, the PTransfer pul se
can be given. It is inportant to note that the odd and even CWY outputs,

al t hough pri nt edsidgie i4rigeh priméhesdZecoftainsta ©pad|og 19200 notzeapife dv Pom Gyble sane
phyS! cal Htgb“l&uthe Ll’l fugq&alpf;%ﬁés(eQOzﬁgspaéﬂtnh on (Me |ﬂﬂ9naﬁ199toelyee inf¥ ZE' es

withint as separation between nozzles o i fferent

col ors eh @S’fet"l't’&t"e?t e pading Lp piribriedenegsd wih B informetiondp pe prinksdugng hie page.

Thi s rel aits¥guentidnt ey@nce nust be accounted for when | oading the data into
the printhead. The actual difference in |ines depends on the

characteri sti Cgapf ndb@ dorHek etq a%ehea Im:eéﬁétlé ant thhejetehﬁméﬁ Bewkr ol s
di fferences can be defined vari abl es D is the di st ance

bet ween Hﬁﬁ?@%Wtyff'“%jij‘frf“@rt%en'?r"ﬁ&yﬂ? sTheah'ﬂiZ'BE”qb? lt‘tﬁéO'H’l%efB?Fé@) BEt'0R%EA nozzl es
of the sq@m sedfefkift reghtdd.e 3 shows the dots transferred to segnment n of a
printhead on the first 4 pulses. Table 3. Order of Dots Transferred to a
ﬁl; i2r[])ChDPr i Nt headgicdNphele HQADshiflNebistrsZpelNsedhent Zon8 QRSdolorf\tBEh3sdsibhgt Rs

) + )

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 ower 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,



'S = segnent nunber (0-7) 2D, = nunber of lines between the nozzles of one
color and the next (likely = 4-8) 3D2 = nunber of |ines between two rows
of nozzles of the same color (likely = 1) PCP05-SG -15- 3 8005+2 N N+D,
N+2D, 4 8005+3 N+D2 N+D, +D2 N+2D, +D2 And so on for all 800 pul ses. Data
can be clocked into the printhead at a maxinumrate of 20 MHz, which w |
load thg.gptire data for the next line in 40s. 2.2.2Print Cycle A 4-inch
pri nt head contains 19,200 nozzles 22. To fire themall at once would

consune too nuch power and be problenst-ic in ternms of ink refill and nozzle
i nterfergn L firnin fi.ned. peed print
node an d% Pehareﬁ%?arf%F QHJ Iotr r%ut I}ﬁgs per4 |n ”ﬁtﬂ%\sd ﬁ %ng)alsg I’%ﬁ measr#b(%)%\é:kﬁlﬁﬁer e are

200 phas @Qared\n bteweea(ﬂi %)h%ggreenfSi) rfrlamjersehe Ab2#s édo thehprprepgiatet st tegiste®. nozzl es

per Seg”ﬁﬁgmat@ ulg‘esof?énsfe'r fbfo'EcPHB Iowérnanhhﬁ)pgf‘ %I@P?@ége&ﬁélpt&ﬁ@dﬁeretg?@re are
100 phases W|t each P?ase I ring nozzles. This equates to 24 nozzles

per segnihe00 inzzles. adptar of 398 mylps a"FHéqu'TS‘iiqré’ée Y%‘Siﬁé QVICP@WPRO%U@ RA¥® firing

gz I fse ar see;al.ettaaéfanréted Shigle phldal 6nSthQIaNgé?eaapmSe#eeme &alﬁgéﬁﬁ% p&l%aﬂgjl_ (t)rEnsﬁérrdla miptz)gs
rom reqr zzl eSel e sel ect ) nozzl es

froma pgﬂ % %Etlr?%gtﬂftﬁaﬁa?pé%’ﬁﬁﬁﬂz‘g lquaﬁ(??{tfsel ect 0, 1, or 2 podgroups

25 to fire) V\h one e Pod rou lines is set, onl e specified

2 o S P S0 P S FOSBL OVl S LR 5 ety UL L IS,

Nozzl| eSehm)‘tnishé&hé)lmebmid’theNoijIEEnalﬂeﬂ@rprﬂmbiemg lptimted witlibe irsertect. bot h Of t he

podgroups will fire their nozzles. For the | owspeed node, two fire pul ses
are required, mnb@azmd@mm@‘lakﬂ1eadéd]nﬁlharsmguasmpgm§é A8y printifpirodels€

hi gh- speed mod nly . .one ulse is uir. wi,t h Pod rou Enable = 11.
The dur apieypresios S o Ahgelshied S8 s U8 blfiearpnt b S AMHC R AR e | nes.
whi ch  f BRElotkhpulhal dgneemthe OMY Pitsabegﬁm@pﬂa’nfmz_ﬂszles dot Bn80Al N6G0L 2¢4Yx oups

respecti ﬁ’ﬁ]'oyz;ooﬁh@ob Y4 G8bo TﬂHEé’éoh&’@Réfocl@leée%P arBFHrﬁ?e ANy BitsYor thd ndkt | S The
durati on of depends on the viscosit y O
Print Cycles dot 1, 801, 1601, 2401, 3201, 4001, 4801 and 5601. After 800 SRClock pulses,

the PTransfer pulse can be given.

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 produce 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 7 of a printhead on the first 4 pulses.

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

1 8005 N N+D,? N+2D,

2 8005+1 N+D;* N+D,+D, N+2D,+D,

'S = segment number (0-7)
2D, = number of fines between the nozzles of one color and the next (likely = 4-8)

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



i nk (dependent on tenperature and ink characteristics) and the anmount of
power available to the printhead. See Section 2.3 on page 18 for details
on feedback fromthe printhead in order to conpensate for tenperature
change. PCP05-SG -16- The AEnabl e and BEnabl e are separate lines in order
that the firing pulses can overlap. Thus the 200 phases of a | ow speed
Pri nt Cygkﬁﬁéﬁnsist of 100 A phases and 100 B phases, effectively giving
100 sets of ase A and Phase B. Likew se, the 100 phases of a high-speed
print cycle consist of 50 A phases ants50 B phases, effectlvel gi ving 50
phases of phase A gng AL BEnabl e

| i nes during i i .
cycles, whilejin a | ons 3 For t he
hi gh- speed pr i i * F—+S- i
Nozzl eSel ect O, PodgroupEnabIe 11 (Phases A and B) ChronapodSeIect
Nozzl eSel ect 0, PodgroupEnable 11 (Phases A and B) Chr omapodSel ect
Nozzl eSel ect 0, PodgroupEnable 11 (Phases A and B) Chr omapodSel ect
Nozzl eSel ect 0.APSAGH BIPEBROAUSEL1 (Phases A and B) Chr omapodSel ect
Nozzl eSel ect 0, PodgroupEnable 11 (Phases A and Chr omapodSel ect
Nozzl eSel ect 1,Datbepgrhee pinte thetpripibpadsal @ maxipan E}e of 28 upishy sl llesgt
NOZZ|eSeM@g%n@dannggugﬁﬁ@h{ﬁ)@1 (Phases A and B) Chr omapodsSel ect
Nozzl eSel ect 9, PodgroupEnabl e 11 (Phases A and B) For the | ow speed
printing,noge mt&@ﬁ firing order is simlar. For each phase of the hi
speed nnge wher e odgroupEnabIe was 11, two phases of PodgroupEnabl e
and 10 are su i I S t
PodgroupEnabqug%I g§£%§%?%°Q8ﬁ§192§£?%%ggo Sg%zgam m %ﬁ%i#ﬁigkggt
Podgr oupEersyine ta@mueh pewess and dacprediematictin temap ot Bl Ireftitand nogle irtesseeness t
Podgr OUp%BﬁQqﬁerﬂ% WERARERodes ARG dBlined: 43 Sﬁﬁln%aé ahd ANAGTSREE bARL
Podgr oupEnabl'e 10 (Phases A and B) C1ronapod8e ect 3, Nozzl eSel ect
Podgr oupEl®481 e 01 (Phases A and B) Chr omapodSel ect 3, Nozzl eSel ect
Podgr oupknabl e 4 Gnhd Bapesd Arimndodd) therdhfed B PASek ewith 4achNoiazbk 6ibed @6t

Podgr oupEnabl e 01 e(spphé}ss gqsua es ?on% rll':’c)zzles per segment, or 3 per firegroup.

PWOPWNE

>
o
=

@@@O_OOOII(Q

. In the high-speed print mode, there are 100 phases, with each phase firing 192

nozzles. This equates to 24 nozzles per segment, or 6 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 ps. 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.



Chr omapodSel ect 4, Nozzl eSel ect 9, PodgroupEnable 10 (Phases A and B) Wen
a nozzle 22 fires, it takes approximately 100s to refill. The nozzle 22
cannot be fired before this refill tine has elapsed. This limts the
fastest printing speed to 100s per |line. In the high-speed print node, the
time to print aline is 100s, so the tinme between firing a PCP05-SG -17-
nozzl e f ‘g_ma, Qe line to the next matches the refill tinme, making the

hi gh- speed print node acceptable. The | ow speed print node is slower than
this, so is also acceptable. The firi1sg of a nozzle 22 al so causes acoustic
perturbatlons f eser\. gl r_of that
nozzle's pod 2 ‘%@a'ﬂ%ﬂ‘ﬁ%#g?tﬂ%ﬁ%e E?ﬁratﬁ"éers f 'gromqtt'%r}h%ﬁ”qg pu Ses caR

anot her nezizp. eFhusé thei 200 tphases afre Iqyoghe2d Pri@dlysiecrassiat lof 100t A ghdsies ﬁn@mﬂ B nozzI es
Wi thin aglpeggs e?fgﬁwélg gma %6% t%off PR @%nd Phigr 'B. i%e%n@@gthéﬁo@gﬁa%bplo?a

t her ef or Ire t 9zI'es froma hr omapo one nozzle 22 per color)
and t henhigbrsecedpriol Obfﬁ@‘??ﬂéb‘ét Df@ﬁwwnﬂﬁo\ﬁ Q*ﬁ'ﬁ?ﬁ eifpstivehygidnaorfirieses of | n t he

| ow speeghfkildnipgaddede the podgroups 25 are fired separately. Thus the 5
chromapods 24 vvlthl n both podgroups nmust all fire before the first

chromapod firegig,ROR) %OWEQE@JAEMBQ; i B‘Er%%leqm&l. &ﬁmg@ow&@ﬂwmweewﬁ pod 23
is fired once er 20s. the hi gh-speed printin e, the podgroups 25

are fireli9p cf@%?drf&”t thq”ﬁlﬁ'ﬁe Etor?é‘sﬁyc'??h\”'ﬂi'ﬁé’bﬁﬂ’é" spREYR ﬂihﬁreé"% 1RWAE ¥Edgr oup must
all fire before the first chromapod fires again, totalling 5 x 2s cycles.
Consequent | y ef@hthﬁb'éh?%eei@”'ﬁtlnﬁé’d’d@rﬁﬁ%f"b’@r"rdfb'ss As the ink channel is 300m
:cong and.t h]ga V@hﬂﬁldﬁ&d%ﬂecﬁ@}ﬂl&_ﬁzlé%ldgm noagrom;sﬁnamamnd:haae‘iaomdsa)dt heI lresonagg
requency of t in n [ spee e allows
resonant —cycl egif%'}ap?‘i%%ﬁgﬁ%F$%§%%°F%°@?ﬁ@ﬁ1 &Nasetoﬁ% rgéh speed node
allows 2% r es@rna:Mapoq&elleesz NbhiesSetent/0, doduretpbmable tt &fhesesfcandiB) m nimal in

both casgs. %:hﬁogﬁg%]ﬁlea Wagzlé%%m%{'o %@ggupeenaagﬁlﬂﬂageétpg&dts)m ng of

printing an 4" seconds I'sS require Printcam In

order to*print C@fqomﬂdﬁeﬂ%tﬂl\@mto {FlegarunEaahie ib? (ﬁﬁ‘??ﬂ?a“daﬂﬁ’@ét print 9600 -

lines (6,x 160@hronfApbitbidatn, Wo-AigbekRt D @Rabrblemabid 12(FHASRMIsMmdE) el ds a |ine
time of 200 s. A single Print Cycle and a single Load Cycle must both

finish wthin this time. In addition, a physical process external to the
pri nt head must Oﬁmw&pbd&lqaamwozﬂése@m FlodgratigEnae tin{Phasescnartd® printing

point of view dhe | oV RRELoRNd ool ®MRahl 2 NS08 11 FnISR LLldHyhead to

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 elapsed. This limits the fastest printing speed to 100ps per

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



print an entire line in 200 s. In the | ow speed print node, 96 nozzles 22
fire per firing pulse, thereby enabling the printing of an entire line
within the specified time. The 800 SRC ock pulses to the printhead 2 (each
clock pulse transferring 24 bits) nust also take place within the 200 s
line tinme. The length of an SRC ock pul se cannot exceed 200 ps/800 =
250ns, |qg;c§£|ng that the printhead nust be clocked at 4MHz. In addition,
PCP05- SG. the average tinme to calculate each bit value (for each of t he
19, 200 nozzles) must not exceed 200si7/- 19,200 = 1 Ons. This requires a dot
generator runnin one, of the follow n ng 1 bit
Lot “peroedttar Snd enang bet Maviris 3 TSP U R B pE MRl S ERp s

gener at i agegtalie tThe (chodmepd pint moyeis slowdr, BHERBBAGKa FREETEEE. PRI NTHEAD The
printhead 2 produces several l|ines of feedback (accunulated fromthe 8
segnents) . TheTﬁeemﬁaﬂhrktﬂeszamecmsedammﬁadpusmammeﬁtbdhﬁgﬂ@ﬁeWW®1firing

pul ses. fA‘I thnQ\m p m%?%s%rvmr P\%ﬂqmtozz%el ;pod%u I?esp trtgr%a§ ant RRABRG N tﬂeﬁﬁrﬁ/eedbaCk

fromall "segnen Safe 17l nes nsequent only
one seg rremnomler avzzke wnthrretheasnmprp@d@ecb@ém&k thenfirng| of enoggtest Within a po

SenseSeggel Rk %ﬂs@ﬁrdﬁb‘%ﬂ oter Bs 4G 3s Csts%fé‘ We HReRiRs fu%hﬁre@ !BSAes flongs for

t hat segnent. f eedback sense 'ines will come fromthe sel ecte segrrent
until t h@hrorn@a@fi 284enedgelset RO |a§<éthe*‘m1@‘f? i g orxtshioarPed Higwithyytge

fol | ows: podhrRP2s. i nforns the controller how hot the pr| nt head is. Th| S

allows the controller t ad ust of f| epperature
affects fhe vi &8’&'?‘%8‘6&1@8 etﬂ%/g EPF %orergr‘;;reé11 sgpaéaot%} ﬂ]%?étﬁe ﬂgw much
voltage is ava|chrabllapaodsd4tvhmmetmtm;ammmups mhstsali dird loafere theefirgthtonebbefires o
compensat e for ggaif kool 5% Mlied EOR YAl PGy BOYSEE 1RY ondero6is0 t he

pul se wi dt h. nse [ e controller o e resistivity (Chns per
square) of theln ﬁ@thﬁt@ﬁe%émﬂé@ motyh the APIRPS 4521 Hred rtegatner- ?Hs&éﬁ YUst the

pul se wi dths t @nhidRipdai2a wﬁhm%%ﬁféfe%&gr&ﬂﬂﬁ%f all rrre%mmhe et dfonidped heat er
resistivity. Wense jnforns the l(c.:;(ﬁ)?ntrol r e critical

part of the he&6p Wlipg Th2HFRyCITh S9nIFRuGHY 9%737 P&Eggts r‘"TIdi %”ﬁ%ﬁ‘?’égl‘i‘?c and

etching variations. This allows th
As the ink channel is 300um 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.

2.2.35amptle Timing

As an example, consider the timing of printing an 4” 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 ps. A
single Print Cycle and a single Load Cycle must both finish within this time. In addition, a

physical process external to 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,



controller to adjust the pulse width appropriately. 2.4SPECI AL CYCLES
2.4.1 Preheat Cycle The printing process has a strong tendency to stay at
the equilibriumtenperature. To ensure that the first section of the
printed photograph has a consistent dot size, the equilibrium tenperature
must be met before printing any dots. This is acconplished via a preheat
cycle. PCP05-SG -19- The Preheat cycle involves a single Load Cycle to al
nozzl es Wth ds (i.e. setting all nozzles to fire), and a nunber of short
firing pul ses to each nozzle. The durg-ion of the pul se nust be

insufficient to fire t ro ., byt nou h u get her
about 208 EPIZETE [c3 H'@E‘F ‘ﬁ%é?\t (‘ééi " eé’%h?fttg%j?&’ CPZZleSr} uspmt ﬁxce%]&)t he same
sequ_echZ%msmmwrdmnd s mguire©y dbiegenéreledivacikg ahwne n@he ftvéovmgadweats node is
provided by Ts equi libriumtenperature is reached
(about 30 C abggiﬁgn‘gg%r ?\BH-FEgﬂ%g&Q%JICLn of the Preheat npbde is around 50
m|liseconds, &AMHIgseeraing@rits kasts) pR c¥derposi ti on. Preheat is perforned

bef ore egch p“zQ'fl\AHz(HénerItﬁHg&BitQ%t ptrpfif ect printer performance, as it is
done whil e the page data |s transferred to the printer. 2.4.2C eaning Cycle

I n order ot 6§k§¥%ddﬁﬁ apf nozzl es becom ng clogged, a cleaning
cycle can e undertaken before each print job. Each nozzle is be fired a
nunber o b Sk fealh 20HRLREL e SROREE o TRBGLERLNAUGNF Bl Beohves @

single Load Cycleée nozzles to
fire), ameprentshfbefeedbackindsrge pisddesadivsh tf@dmmgmiﬁ@l figing W@Srﬂ@ﬂ@@aﬁ'ﬂ e

cleaned Yighdnh®r proditBs mezsérln@ féédﬁédngmée&am%ﬁqsau%e@wwﬁ{a% 6 ssthe fyCl €. The
nunber of tines that each nozzle 22 is fired onthelnk

conposi t P8 PRt Hereegreninpaly AR ECHRIhE bt A 06‘8 'ﬁ"”gﬁfeé bagk- with preheat,
the cleaning cycle has no effect on printer performnce. 2.5PRI NTHEAD

| NTERFACE SUMVARPHISR o theySerseSeareieds iing ANBSE wih Aala op freyan §Rablss; theysense
connecti m{é‘éfor tHeR Bddineht. THE Wedbdik Red2eiliRdsh@mEbriOMIE Hel sl btetNaggneHiflintisthe

Descri pti next SenseSegSelect pulse. The feedback sense lines are as follows:

J Tsense informs the controller how hot the printhead is. This allows the
controller to adjust timing of firing pulses, since temperature affects the viscosity of
the ink.

» 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 square) 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 to lithographic and etching variations. This allows the

controller to adjust the pulse width appropriately.

2.4SPeEcIAL 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 equilibrium

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



Chr omapodSel ect 3 Sel ect which chromapod will fire (0-4) NozzleSelect 4
Sel ect which nozzle fromthe pod will fire (0-9) PodgroupEnable 2 Enable
t he podgroups to fire (choice of: 01, 10, 11) AEnable 1 Firing pul se for
phasegroup A BEnable 1 Firing pul se for phasegroup B PCP0O5- SG - 20-

CDatal n[0-7] 8 Cyan input to cyan shift register of segnments 0-7

MDat al n[ é%%sg Magenta i nput to magenta shift register of segnents 0-7
YDat al n[ Yellow input to yellow shift register of segments 0-7

SRCl ock 1 A pul se on SRCIock (ShiftF@gisterClock) | oads the current val ues

from CDat al n[ Oﬁ'lgf"e%)% %cle ']VP ﬁ]’ m %]L(I;)%téll E‘d 17]1?22@ ‘tfl,qgg %hl f

regi sters. PTr ara InF’egl sters
to the notzeshafireNond heBmabl o short &'Ingmueeq)@reanfmzqzz@) The &ﬁm@ég@@%et 1A

pul se on ﬁ@@é&ﬁ@&%‘én‘??& faré'\il?@%r Lt SabRna eS8 AeNh]anS tf?e?taﬁodt hggsense
ot

lines for segnent n. erat ure sense Vsense Vol t age sense
Rsense 1 PFié,%Sl fait gagh f'?/zz?e%% éequ'(/%je ingithippght iR theespsie seavpnee enpstendaryPintgr ound
Logi ¢ PWByde LOgi c power V- Bus Actuator Ground bars V+ Actuator Power
TOTAL 44 ?(nt ernal to the 4-inch printhead, each segnent has the follow ng

connections to FeBiback AshgPRESPredeadPnfode-is pRMfded iy TR R adniribL LA
Segnment Connecti ons
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 fo 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 nozzle firing sequence as a standard Print Cycle. The number of times that each nozzle
22 is fired depends upon the ink composition and the time that the printer has been idle, as with

preheat, the cleaning cycle has no effect on printer performance.
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




Nane #Pins Description ChromapodS 3 Sel ect which chromapod will fire (0-4)
el ect Nozzl eSel ect 4 Sel ect which nozzle fromthe pod will fire (0-9)

Podgr oupEn 2 Enabl e the podgroups to fire (choice of: 01, 10, 11) able
AEnable 1 Firing pul se for phasegroup A PCP05-SG -21 - BEnable 1 Firing

pul se for phasegroup B CDhataln 1 Cyan input to cyan shift register

MDat al n ?: E1\4?98nta I nput to nagenta shift register YDataln 1 Yellow input to
yel | ow shif Fegi ster SRClock 1 A pulse on SRC ock (ShiftRegisterd ock)

| oads the current values from CDhatalrzm- Mdataln and YDataln into the 3
shift regi PTrangfer 1 [Paral; the shift
regi st erzg C’rﬁr??aﬁlﬂ% n'r er n,al Nozlz @E@ uluﬁ}to c&%f%gl&egrpae?égfi'nnoefznzlfscm}le) SengeSegSe 1
A pul se ()M[Sﬁlﬂ&SpgSel e¢ts ANDedMugdhha mtana:mgeﬁﬁahnalresglmloémmenﬂs@eﬂ t he
sense |imes—forthis segment-—jfsenset |enljJ?er ature-sense vsense 1iVoltage

sense R$&ReRIMO-Aesi sti Vidty sent@owpuhisacPMantireo Sl easgEO- G 1| Logi c

ground L VWR 1 Logl g powefr * ctuator Power
TOTAL 65 %glgibxﬁs segmantg = 5200 fiﬁi’z\,‘%ﬂ ﬁ“%‘?‘aﬁ‘t@%’g‘“ Mé“k °ag;thé PRGKESS! NG CHAI NS

The previious sections have dea| {zDéggyhm mntohhé besHm ,gg,gtgﬁs I evel overviiew of
the PCP Hunetionak-ty t-hat—pef—mappirg—CFA+mages—to—a—var+ety—of out put
print forwatasfet n fact, [tlher e [aPaallel transfer of data from the shift 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

Internai 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 chromapod 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: 61, 10, 11)
able
AEnable 1 Firing pulse for phasegroup A




a nunber of steps involved in taking an inmage fromthe i mage sensor, and
producing a high quality output print. W can break the high I evel process
into two i mage processing chains, each with a nunber of steps: |nage
Capture Chain Print Chain The Inmage Capture Chain is concerned with
capturing the image fromthe Image Sensor and storing it locally wthin
the Prin m The Print Chain is concerned with taking the PCP05-SG 22
stored i mageé and printing it. These two chains nap onto the basic Printcam
functi orIaI ity as follows: Take&Prisd1-= Inmage Capture Chain foll owed by
Print Cf Reprjint = l e, a user may print a
t humbnaill %Era?f.m%p p L1 op ?Tnhgbu@ﬁg' thfag in“%i?a\rf,pf h_the resmlsp_pm:, sever al
st andard Ccmqmms (Reipri nt )Cyaﬁl‘hpmﬁtcod:ya:pbtﬁﬁtre@eaacrl bes an i rrpl enent ati on

i ndependent mage {processi Ny chai m that—neets the quatity Tequitement s of
Pri nt camM3&telf hi s |t age| MRESHE BPHAR Megsnid St ERideexact |y how the prpcessing

i's perforgggin terns of YQIWW%yeMSHfWe&% what nust be done. These

functi ons_nust.-be lmapped e various Onits within the PCP Regardl ess
of the PERdI®R| engnt at i pA pulshen 8RElek ShiftRedister Qidck)doatts tthreadurerd valuesThe| | nput
imge i3 a CFA baged copfran&DRER,, Mmgm and‘ﬁf[mtajrmmmjbeisﬂlﬁfg@giser# or a Menj et
printhec bi - Tever —dots _at 1600 ap S al ways
t he sane Eﬂ wildth (| zf‘r % ﬁ/ﬁ) ‘iata . ?éﬂﬁ?%sﬁr%gﬂﬁ?‘ﬁf”a ormats The
PCP 3 supports a \ariet B SIEURPSIP IR G as.shown in Table| 6. In

all cas %%nsééaﬁsw dt h of AtplRe biBEReESgSbIdcNAMNITS LilhtainDdtdWesdictnt head
wi dt h) . cm;ty the llengt h| gk sk lingd fonthis@bgmatdr i es. Table 6. Supported | mage

For mat s -&utput—St-ze—dtput—resotut+on—Forrat—Narre—Aspect—Rat+o—(inches) (at
1600 dpij)Tserseation1 St apdereergdoezeses” x 6" 6400 x 9600 90

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 preducing 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



Passport 31 2:3 4" x 6" 6400 x 9600 90 Panoramc 33 4:6 4" x 12" 6400 x
19200 90 Thunbnail 32 2:3 4" x 2.67" 6400 x 4267 0 The i nage sensor does

not provide orientation information. Al input inmages are captured at the
sanme resolution (1500 x 1000), and rmay need to be rotated 90 degrees before
printout. Figure 13 illustrates the mappi ng between the captured CFA i mage

and the \é&[gg s PCP05-SG -23- supported print formats. Note that although
the image ' 1's shown rotated 90 degrees anti- clockw se, the i mage can be
rotated cl ockwi se or anti-clockw se.-2-11 MAGE CAPTURE CHAI N The | nage

Capt Ch S d
Storing FERIGRAR GLp e b e phreFihmafnd T geseIrinE CRBRY Bl ves o

nunber ofolloys:ocesses that only need to be per f or med durl ng i mage capture.

The 1 magg Capt oo dehi Nlefo cobliSt EpYaRybaufPRERA S, i LD subsequen:

sections detailing the su nents. 3.1.1 Image Sensor 1 The input inage
conmes frem an iReagdd é’@ﬁé@ram Although a variety of image sensors are

avai l abl e, we only consider the Bayer color filter array (CFA). The Bayer
CFA has a nunbépr e>@fnp§temsdnmawrlmtbwlmaéImﬁl(%d&lﬂréﬁ)ean@h@wwﬁéth@aptur ed

by the CMXSE Qéveﬂa| {¥hcBrdod ﬁa@gtmnh@ns) is assumed to have been

sufficiently Itered so as to renpve any aliasing artifacts. The sensor

itself has an %E%ﬁgpt(erro%gérf%@gn Rnfemeitdibn fﬁdéﬂ%ﬁ@édﬁrﬁ% p?gcegsfﬂﬁoch)ém

sanpl es. The nost I xel arrangenent 1's the er color fllter array
(CFA), winehtsdhecqpalbity EG%IF%@?”%PH’G!B*CQW hediaop ve o6 f\%%%ﬁ'ee% ROV n
Figure lie fra6Rsifd rrGT Brief oRharfware! bld raler Wespandivagidne. Tiede green,

and bl ue res ectlve bits te that ch pixel of the npsaic
cont ai ns ‘i”ﬁthB Yo 86"%% ”tcb'g? arl?H%“rl‘\ng'tﬂ"t chg B. Esti mates of the

m ssing color information nys forethel can be printed
out. The CFA i feggderiied ¢ '”}BEFTBBWW% Eﬁ?é‘f@"‘f‘??(%& tfaé’?ﬁ noi se (FPN)
suppr essison. EhémahilsmewrsEEFR(BBseﬂbontEheRGBmesensor 40 is unlikely to

have a Corrpl et E‘I'lhé/ outpu et%%ge S%Dr anlagmje ?\Eh% g fb‘?—lebg\edots at 1600 dpi) in CMY color

space, and is always the same output width (4 inches 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 {mafching the printhead width). Only the length of the

print out varies.

Table 6. Supported Image Formats

Output Size Qutput resolution
Format Name Aspect Ratio {inches} {at 1600 dpi) Rotation
Standard 30 2:3 4" x g" 6400 x 9600 90
Passport 31 2:3 4" x g" 6400 x 9600 90
Panoramic 33 4:6 4" x 12" 6400 x 18200 a0
Thumbnail 32 2:3 4" % 2.67° 6400 x 4267 o

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 the captured CFA image and the various



10-bit RGB sanples fromthe CFA nust be considered to be non-linear. These
non- |linear sanples are translated into 8-bit |inear sanples by neans of

| ookup tables (one table per color). Pixels fromthe CFA lines 0, 2, 4
etc. index into the R and Gtables, while pixels from the CFA lines 1, 3,
5 etc. index into the Gand B tables. This is conpletely independent of the
ori ent at %8;35-&2 the canera. The process is shown in Figure 16. The total
anount of "nehbry PCP05-SG 24 required for each | ookup table is 210 X
8-bits. The 3 | ookup tables 45 therefzam-e require a total of 3 KBytes (3 X

210 bytes). 3.1.3Pl.anarize The, pixel s.obtained fr t he CFA have
their cof%?rporquaﬂr& forig rﬁ'@?ﬁ% %&'8uqmoth§h'g'ag%éf’t %roé” noquatteﬁje&g]ge [Fesdlhi ¢ of
pi xel s. 8yckivsesthevenage amn tidratatedloekvdse dr@nii-zliockwéde. | | nes, one red pixel is

foll owed by a green pixel and then by another red pixel - the different
col or pl ariemcE@APTUREE€HARAVEd W th each other. In sone inage processing
systens, an interleaved format is highly wuseful. However in the Printcam

pRggcezsi lng Sy_strﬁénmergbe:aai_ugmi.dimiaﬁes@mm@%etaem@ b inflge frigh_marrﬂ@ge@enm pl anar

: pl anarized image is _one. that _has been separated into its copponent
col ors. ?an}ﬂrgg ‘gla%gﬁ’o‘f”thfrhg’e@ﬂ%*ﬁj@@e @?Pi‘#fg 0 BvAeS 3 BYEPY Blges: one
i mage copbedshesitatamiyynebtié beepkrfophededusing omege icaptgre. Trenivape Cagiuerthaintihe bl ue
pi xel s, 2 . i.nj . . Dl Not e that each

Dl ane. onfteaah R0 Ts SRS AR ABldre bRl 80 BkBhans "2 P LTy

sanpl ed. _No. res ling is performed during the planarizing process. As a
resul t, ?'ﬁé'"ﬁge%gﬁﬁ?ﬂ B pl anes are not registered with each other, and the
G plane is twi ce as Iaég%e as either the R or rocess is

: . [ | anes.. The
Shown ' Fi gur €h utiesbeers o b Lwiss e iAol Aede SUBBRTEE on t he
col or of afkheailpblielsontyom@esiter thet Bxgrer dlor pledr apay(EFA). AheBaenCFA bad fsuniext
position fiaﬂrit he %c%rég%eiﬁﬁt color plane's image (therefore in the sane

or i ent at PG THLES L hee“?'ed 45 and bl ue 47 planar inmages are exactly

one quarter of _the size of .th r.j.gi nal Al e.. They are ctly half
the resol uti oan’%'”éa% r?a%wfﬁ%fﬁ’% ﬁ“c?n&M&f‘%é’e?sé’(ﬁ?g‘r’{%l e 'e?sl)ré%%ss?urg?‘gét a&? efore
750 X S5S0Beepisuffitigntizdittéred wo atotréveovectly ialirmpg aitiigpts. The sensofitsibbasfanaspedie bl ue
:jinamgsﬁs |b gﬁg@gf ﬁmh al rE'sogt:ié] 5366 « (‘I 6&9&&&%0% mogt Iilgﬂ/t ;ﬁ(eq Q?ar?éelﬂm idthe

Bayér color filter array (CFA), with each 2x2 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 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 fo be non-linear. These non-
linear samples are translated into 8-bit linear samples by means of lookup tables

{one table per color).

Pixels from the CFA lines 0, 2, 4 etc. index into the R and G tables, while pixels from
the CFA lines 1, 3, 5 etc. 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



Al t hough 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 pl anes.
The reason is due to the checkerboard | ayout of green. On one |ine the
green is every odd pixel, and on the next line the green is every even

pi xel . Thus alternate lines of the green plane represent odd and even

pi xel s mﬁ%ﬂ%g the CFA i mge. Thus the green planar inmage is 750 x 1000

pi xel s. THi€*Ras ramifications for the resanpling process (see "Resanple
64" on page 28 bel ow). PCP05-SG -25--3;1.4Stored | mage 42 Each col or pl ane

The momol JUERHE FeBoHene 12 s biral ™ hooRihgien & Pt BRAMeA of! €0 Poner

has beers K8ys (Bk2° biths. t ot al anount of nmenory required for the planarized
linear RGB image is 1,500,000 bytes (approximately 1.5 MB) arranged as
fol |l ows: 31RpIahalzeREBQA1= 375, 000 bytes B: 750 x 500 = 375,000 bytes G
750 x 1000 = 750,000 bytes 3.2PRINT CHAIN The Print Chain is concerned

vvir_t Et te rakizngAan_T%éip%reisr%{dir{@%nf frfé”@l?@?&éeywéiz caBdpiafsi i![%irl]éwedbﬁué ® me{vern' St
pri . niltnmage | s prcally printed asS soon as |1 _has Deen captureaq,
al t hough "pirecdiesPaysr B'@S%I%Hrﬁ"?ﬂseﬂym's. We mga (s PN F"é%‘dl?f‘ﬁ?’g Inspgherelr e a
nunber obixstti€RSovweRhyid @8eri Pixdl B them B atiae esispiey- thb diflerentncotor glaned are pr oduce

hi gh qual it rints fr A captured i [ gur il J t he

pr it cndieeRindh 3 Ao a6 e Biea iR M iRl oA B 2,
t he ori giusedll. Hoveger ic tetAlinsars peccessB@ sygterheths alpwitiypsare mese effirienOFAprkinghe
second ignﬁgn&@&ﬁgnndiate resolution 51 (lines of 1280 continuous tone

pi xel s), and the final resolution is the printer resolution 52, with |ines

of 6400 bi -1 evel, 4ol s imdo@ss bt Bthad @Q%eﬁ?ﬁectfﬂﬂq cbffpSHent coidhs. A gari zed
RGB i mage 42 stored 1 n planar form as store y the mage Capture Chain
descri bedaderpf $iectFAHRGCE image, thereare Bsepasate Spages<sang dgaggrontaining only the red

pixels, one image containing only the blue pixels, and one image containing only the green

pixels. Note that each plane only represents the pixels of that color which were actually

sampled. No resampling is performed during 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 gquite 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, itis
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).



A nunber of statistics regarding the entire inmage need to be gathered
before processes |like white bal ance and range expansi on can be perforned.
These statistics only need to be gathered once for all prints of a
particul ar captured i mage 42, and can be gathered separately fromthe red,
green, and bl ue planar inmges. PCP05-SG -26- 3.2.2.1 Build Histogram The
first stggﬂog_g to build a histogramfor each 8-bit value of the color plane.
Each 15 %"9000 CFA | mage contains a total of: 375,000 red pixels (mn
19-bit counter required) 375,000 blage pixels (mn 19-bit counter

r equi redé ZSOd 00 green pi xels (mn 20-bit counter required) Therefore a
singl e 238-4"I84 3984 e is required to hold the histogram The process of

bui I ding the histogramis strajghtfar d, as il|ustrated the follow ng
pseudocode: ForFafh Zolgy Q'?J‘ez‘géﬁe l*:‘%?'f‘%??l 2 IPoe R g PdPerﬁ‘?r&gc?; eMpGRYest ar t

t o | mageEpthge pTie hemge [shbuktebd FEsH 1Y B that theninayd 3] rethineEnfiérahe power has

3.2.2.2Det erm ne: H gh and Low Threshol ds Once the hi stogram has been

construc eee@spgtrothe color plane, it can be used to determ ne a high and

| ow t hreshol d. g‘getse thre hgl ds can_be (y%ed forlan%Hée% tiarng{GJBa[ er white

bal ance and rangé BXpaRSEP UFTHRYG FRECH TN FYELES MBAS GG E°thr eshol ds

on the ndsB@E0 vtepilampraxiniatalyr .6 MB) hiraigedjasisllowse consi der the n% dar kest

pi xel s tQ be expe £ and shesRfoee equal . In the same way, we consider
the n% |ightest gl?))@(‘g(%s to be e’xpeg%abl e and therefore equal. The exact

val ue for n isBexiee®F to bé75.¥HAMES5% but will depend on the CFA
response.char ags; @50 stows Thesqioaeees of determ ning the n% darkest val ues
is straightforward. It involves .

3.2PRINT CHAIN

The Print Chain is concerned with taking an existing image from memory 42 and
printing it to a Memjet 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 original image capture space 50
(the same space as the CFA), the second is an intermediate resclution 51 (lines of 1280
continuous tone pixels), and the final resolution is the printer resolution 52, with lines of 6400

bi-level dots.

3.21Input Image

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

Image Capture Chain described in Section 3.1.4.

3.2.2Gather Statistics 60

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

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



steppi ng through the color plane's histogramfromthe count for O upwards

(i.e. 0, 1, 2, 3 etc.) wuntil the n%total is reached or we have travel |l ed

further than a set anmount from 0. The highest of these values is

considered the |l ow threshold of the color plane. A though there is a

di fference between these darkest values, the difference can be considered

' expendabh%(%gg t he purposes of range expansion and col or bal anci ng.
PCPO5- SG' ~27- " "The process of determning the n%lightest values is simlar.

It involves stepping through the colgg- plane's histogramfromthe count

for 255 q'.\%@ﬁr@ﬁ-{%t' .e. 255, 254, 253 etc.) wuntil the n%total is reached

or until “ehAVE T7'89%8M ed further than a set anbunt from 255. The |owest

of these values_is. considered the high thre |.d of the color plan

2 though 1 ner o THe Tast §Eprib 4 B HeepuiaB o7 Tred e 11 e oL e, S dlor®, FiSF

di f f er enasocamdoeCradnsgalenathsetelndtabl e for the purposes of range

expansi on and I [(oloIopy .fQr stopping after a set distance

fromO or 255 %g%@go%%ﬁ%%%é@ﬁé9}@§o%ﬁ%§§@§% s of imges: where the

ori gi nal +«dynam 35,08hbue pixel$ nin 19pit coupleereguitedere is no white or black in an

i mage | nthese 459@0f GRES pixMe(nHOH0-bit WRRr deQuife@nsi der the entire n% of upper

and | ower values to be expendable since we have a |low range to begin wth.

Ve can saf el y Seridl6alhgh 2q 3200hON AgbhicROhS et gahe outsi de the

range of pixel values actually sanpled. The exact distance will depend on

the CFA but wij, B%Js\w[\%ﬁgm@h@%s isﬁg%gmh”l%'t Etra‘?&'rf%aFd?‘%geiqu‘PrEteé‘ Olhgr pl ane

is shown in Figure at al't e entire 0-255 range iIs

possi bl e fqllgwingpsaudengde:col or plane's pixels this particular image has a
smal | er range. shotre- al spz4shat the same n% hi stogramrange 70, 71 is
represented by aEI,_arrygﬁr: gange in the low end 70 than in the high end 71.
This i s because the”hi stogram nust contain nore pixels wth high val ues

cl oser togetheF"&8hpared to the | ow end. The high 73 and |l ow 72 threshol ds
nmust be det er mrpedifdr= ¢achsook or Peas¥ed individually. This information

w Il be used to gal eMl@atextange scale and offset factors to be used in the
| ater white bal apce ?g%(r?% gXpansi on process. The foll owi ng pseudocode

illustrates the proces qu%gFerm' ning either of the two thresholds (to
find the Ioth&%ﬁﬁal_d,_sLau_Egsi_t—Lg»-—%s,—and—Deu-a —1—TFofind the

hi gh

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.



threshold, Starteosition = 0 and Delta = -1). The pseudocode assunes that
Threshold is an 8-bit value that waps during addition. Threshold =
Starteosition Total = O TotalDelta = 0 Wiile ((Total Delta < MaxDelta) AND
(Total < MaxPixels)) Threshold = Threshold + Delta Total = Total +

Entry[ Threshold] TotalDelta = Total Delta + 1 PCP05-SG 28 EndWhile Return
Threshol d.o4 g s@- SRotate Image 61 Rotation of the image 61 is an optional
step on bot the Capture and Print and Reprint processes. Different print
formats require the inmage to be rotatzt- either 0 or 90 degrees relative to
the CFA orientation wn. 1. N ] ends on
the currently a@elpé%cteés Ofsdé?erfn 6 ma tﬁe 9,/ %h%%t Val'ﬁe‘% 'ﬁosnﬁfa;f gg&n%(;{%‘éor‘%epgﬁ ation is
uni npor t &meugfithe eion plaee’e hl@@ﬂwnsf@nohhe countifor é55 ddvapRigs diee. 895 2841258 elgdw

orient at 'uf‘?tﬂ tHe%’t@{?)ltaY is r@&hgd BraIn'tllrMa ﬁal%@ trQJ;éIIQJ ﬁ'ﬁﬁg tI’Mndc'Hb} am&h‘f? frBerZQé 'T‘HQ
direction w | fect the relative re%stratlon of col or pl anes.

Table 7 M?ﬁté?f |”Z3é% V"’L‘"I*R? is peisidered ihe kigiuthresbeld ot the seler Rﬁqenf‘"ﬁ%ﬁ'}r@?mf'? 8m t he

ori gi nal d@Epan@r bedidentthadB lighad valus, tHBalifftkdned Sarf BedEBnEHiére® EXpRNEAId f0NthE OF
Print Formats Print Format Rgt%t % Standard 30 90 Passport 31 90
B2° °’§a ggn

Panor ami &"8F 6" HHLABAE e are rotating only by 0 or 90
degrees, no |nf rmatlo Is lost durin
rotation of O, ﬁéeﬁs?fh & SiepRing efter a6t (ﬁ%W"me“o%r 2R

types of images:

the rotation grocess For, a

SFPREFBEARI R of 90,

. where the original dynamic range is low, or

. where 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 pseudeocode illustrates the process of determining either of the two
thresholds (to find the low threshold, startPosition = 255, and Delta = 1. To find the high
threshold, startPosition = 0 and belta = -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 = Threshecld + Delta
Total = Total + Entry[Threshold]
TotalDelta = TotalDelta + 1



the i mage can be read colum by colum. Registration of the 3 color planes
nmust take the rotation direction into account. 3.2.4Wite Bal ance 62 and
Range Expansion 63 A photograph is seldomtaken in ideal |ighting
conditions. Even the very notion of ™"perfect lighting conditions" is
fraught with subj ectivity, both in terms of photographer and subject
matter. %ﬁé , inall cases, the subject matter of a photograph is
illumnate y light either froma |light source (such as the sun or indoor
lighting), or its owm |ight (such as-z8neon sign). PCP05-SG -29- In nost
i ghting condi tsh%ﬂ? what may appear to the photographer as "white" |ight,
is wusually far rom V\/m te. Indoor lighting for exanple, typically has a
yel | ow cast, a ;

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

phot ogr api2.-3Rotate mage 6Al t hough it nmay match the view ng conditions at the
time the photograph was taken, it does not nmatch the perceived col or of

t he object. |t Raatibhef dfeoimage BUids ah optianapeted on rhotbhihe eCapturenande Pom and

phot ogr ap ]lﬂ,ﬁE L&printing it out. In the same way, an image can be

per cei ved P ot 1i gher quality when the dynam' c range of the colors is
expanded to mat I icularly
userul to do basye i forralsPRERe R 85N SR el AP0 of X Soddhe rBANE 11 2
dynani c tg tingEA wsieiplieps smqwem ﬁtgd'iea‘lﬁeTb%ﬂwgn é@ﬁurﬁéeméaom Heittrentigol at ed

pi xel poghibd@Srint ?dﬁ’ﬂhtd!ﬁ\n%ugh h%to‘ﬁ@&fég o@Fothbﬁ’%M@Hﬁlﬂ@c (it Banee c@&&ﬁ’é&sdron i's
designed to give t full 256 val ue range hose . val ue

a
sanpl ed. SPtarigiocydse sincgdhe newRlienigligis °0‘&fﬁ?@taf’%9 the pyipag yigh). 'gﬁ('iOt?t}‘?é hi ghest
val ue is dﬁramaednut :ﬁrezﬁtae réihdwet rbgstl'aﬂiblerofmdl mtcelon/plbms Talsle rrmmpnmﬂuzésothe

proporti on ues betwe 55 Mat hemati cal |y, the
oper at i o’ % (§I esac p'i"?‘ goﬁ@%atof"otﬂeg?g"]_ hP%esn 72 to O followed by a

scal e. The forrrul a i s shown_here:_ Pixel Pi xel - LowThreshoI d) x

RangeScal eFactor where Ran 5I%’#%¥@P5F‘°mé °’C?1ﬁt"i‘j'r?“'fﬂ'r eshol d
- LowThr eshol d) RangeScal eFAEECT@MS 1 d he linited to a npxi num val ue to

reduce the risk jof expanding the range too far. For detajls on cal cul ating
LowThreshol d, 72| see pagacEddat 3- 2.2 Rotation

Standard 30 90

Passport 31 90

Panoramic 33 90

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}.



"Gather Statistics". These val ues (LowThreshol d and RangeScal eFactor) w |
be different for each color plane, and only need to be cal cul ated once per
i mge. Both tasks can be undertaken sinultaneously, as shown in Figure 20:
Since this step involves a scaling process, we can be left with sone
fractional conmponent in the mapped value e.g. the value 12 may map to

5. 25. Ra%Q &k.skhan discard the fractional component, we pass a 10 bit
result ( bi'ts of integer, 2 of fraction) on to the next stage of the

i mage processing chain. We cannot affegd the nenory to store the entire

i mge at nore than .

resol ution in t most isgh?rﬁl COhdIP s, \\f\’f\ﬁat%a&gﬁg a? togt%{(é)%h&ﬁﬁ gy%vh% qgﬁ{ :SS
8-bits, aﬂwllvlfm;fromtmte Inmugeghﬂassfouexmmlg tmqallschﬂsm Nﬂ@ﬂp@%eémd this Yeliewl ogi cal
process g gsti\llJ s ebln%rF érgHﬁ(%rrgéted W@%pﬁ ?h%st éetOpI'eSthb WQ!W &R o Peltie a

floor of btraction so | ues "bel ow LowThreshold 72
to be mappewreetsd ehotqqrmw weongs Aboyah ﬂtm@u meta'? lhew'emtco'rﬁatwes atteeiime R§ of 255
for the h&b@gwwméﬁdnomdws nohBatbleb bbresied doith of P bjedtal it @@ rdiirgbaciait han

H ghThr esho 73 will be 2, 5Resarrp| e 64 The CFA only
provi des %p‘%{iﬁbl"’g'tec'i‘f‘l'a&f:e edolts) %pﬁ‘%gérep‘?r?ﬁng' ¥ty) coor d| nate. To produce

the final printed i %’ﬁ;e we need to have the ot hjﬁ col (of0) ongnt val ues at
each pixel. U'WDiRmEATS WRE HbE098\AEA, PenByeaited, o H5d°Ty/u9 eb\f\’F et 8¥ponent s
at each pipelic rdagé of e calbrsi iy ex;aahdetytamatmtye mlilla,an@nd egel tadaw plamenEidglisr ed,
g(r)re}ggngzl%al? culfar g useftu tIOCCPu t(;an‘a?or:]'eg gﬁ ?T%?_ |Q r%sa Ip?(eg to geh t 5 eolpﬁ%\lxe f ttlﬂbcihfngrqlc

green. QOrange lﬂhgghWam@rrgecwﬂ valgerd carels] useg Iesmt.ennalafed méxgl posdliobd, weoidipyen i f we
di d have sfeBE'edbelocl(ﬁlqa%j:hgﬁéb exFé]'Q ioRlidkfesigRbPb ohe mqmefges,ameran@@mh&%A

resol uti on pi xel resolution image 1s not the final out

resol uti dﬁ'ueﬁ aetuglly ameied- I fherhssigtese e '%ﬁﬁtp‘(ﬂ”ef'ﬁ)f‘\?ﬁﬁedvtarq gad thFHb‘,ghBﬁya cal

wi dt h of v&lh@nspﬁéd"pb@d: 255BGIEthe SntérMBEIhE Valubtare MedpBad BiprdfRBnaikimitgrmedibie
const ant ledth of thepgé%nt head is therefore 6400 dots. There are two

extreme (USRI Interpolate to CFA resol ution (ninimal

i nterpol ation), and th erform sh |.or ally
scale up to thé‘”?ﬁ?‘?’?ﬁcﬁés@?d’??rﬁ?‘f’" ﬁ?ﬁ{gn#aﬁgﬁ H@sg‘ ﬂftc é% ’“gd % %@t ant
shar peni fgjoke&t hied scalrdTiedbraiuiatoshoende@n at the | ow resol ution. However it

Pixel' = (Pixel— LowThreshold) x RangeScaleFactor

256
(HighThreshold— LowThreshold)

where RangeScaleFactor =

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 simultaneously, as shown in Figure 20:

Since this step involves a scaling process, we can be left with some fractional
component in the mapped value e.g. the value 72 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.



has the di sadvantage of requiring nore than 8-bits per color conponent to
be stored for the interpolated image or internediate values wll be
incorrectly interpolated during the final scale-up to print resolution. It
al so 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 re§§gggbon t hen perform sharpeni ng and col or conversion. This has
the advantage of only one resanpling process, providing nmaxi humaccuracy.
However it has t he di sadvant age of remu4r|ng a scal e-up unit that is
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perform ng shar or convers a SI ngI e
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at | east kept onto t output i mage (each “containing a nunber of
6400 ent |l‘13?PP‘?dnt@§§5 since on a single print cycle, the cyan, nmagenta, and
yel | ow dots represent dots from®6 different |lines. PCP05-SG -31 Neither of
t hese casa2s$Ressreple®80 account the fact that the final print output is

bil evel rather than contone. Consequently we can strike a m ddle ground
with regards taheesRphly peggvidearxdsiagdiceloe comgonbaisper fpbem(nytdvoniekitzods. The

SO1 ULt on gl doinb B RBLA fiadeCn@Redd b Hall Heifir 8 Pwﬁ[so%?t e efegagng and
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conversion timng he i ntermedi ate resol uti on nmust be hi gh enqugh so
that t hé’Pé’”EiYshaH% theged campefigal fot § Paisiarppsitipn. byt vk aeqst fofstipale gl“ﬁﬁ”?ﬁn

bi - | evel gicBRg® .welfy 4 grebn, BHE hedd@o edtititesr@dandisiud.f there was a single
interpolation to the print resolution (rather than two). Since the print

i mage i St p(rji Bt e F webdld heh tthdiflﬁlh.e,a egledri, ahe bRk ddrat 30m;bdnemanbrtyacrseml y
represente nLrone 1 na se uen
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over 640heutpuefoahat dates, thé ipoydicat endthsnfaiei pripted fimaga i4 286Gtanb(4640es E§1QOF|er efore
an exact a5 hi Bt iinf wnd pnch f1AGLAR QiBWcBESt Lo resample it s best

to consi eac on to e CFA resolution. This is
shown in Figur el'hg.r% af,eot(’vo a.fota éasgs to%ons?der:?" 2.5.1 Red 45 and Bl ue 47
. Interpolate to CFA resolution (minimal interpolation), and then perform sharpening,
color conversion. Finally scale up to the prinf resclution. 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 values 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.
. Inferpolate 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 cdnversion, 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 sil,
for sharpening, there must be at least 3 windows kept onto the output image (each
containing a number of 6400 entry lines) since on a single print cycle, the cyan,

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



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 nunber of sanpled

pi xel s in each dinmension by 2. The internediate pixels can be generated by
means of a reconstruction filter (such as a Lanczos or Exponenti al

filter). Only one dinension in the kernel is required, since the kernel is
SymMet ri Gepgsa;nce red and blue have different offsets in terms of their
initial representatlon within the CFA sanple space, the initial positions
in the kernel will be different. The-ftppi ng of output coordinates (in 1280

space) to i ”p“tN&tﬂgrr d! tt%%% %gseg‘?{ﬂé ﬁa%unt tngfaﬁ:whgtetné r:ﬁa‘?ﬁ;ﬁrﬁt oﬂﬁut% BHJGfSIr' Tage,

since the registration o
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relati On%rﬂhachlmltﬁésbeslrfrdm Hoth WethoasTPs/ + k y' _ (p) +k2 PCPO5- SG -32- where
X,y = coordinate in nediumres space X' y = coordinate in |npUt space nps

= mediumres pl-ﬁ%l §)quﬁﬁa |sI BpiHlterp%@%Cﬁa é@%ﬂﬁedfé?e 1n,230mm{rp 1Sha$er§aig Q&P%]SP ng on

rotation This neans given a starting position in input space, we can
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gll Sllnglnd Cliéi ( ré?ltlc%tthé) Bnﬁt%mg&t i's p%tgg §¥M1 é&)) dpi lgﬁl%re% Hﬁevaﬁ?otté”,‘titi &R b'érs%]f or mat

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

ffom 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 cutput 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
holds:



k, k2 k1 k2 Standard 30 90 0 -0.5 -0.5 0 Passport 31 90 0 0.5 -0.5 JOC6
Panoramc 33 90 0 -0.5 -0.5 Thunbnail 32 0 0 O -0.5 The nunber of nedi um
res pixels per sanple, nps, depends on the print format. G ven that the

pl anarized RGB i nage has the follow ng red and bl ue planar resol uti ons 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 thePPESSBort image format, the entire image is resanpled into 1/4 of
t he out put space. PCP05-SG -33- Tabl ez®. Red and Bl ue Scal e Factors for

| rage Formats Format Mapping nps |inps Standard 30 500 1280 2.56 0.390625
Passport 31 500"®&X 1.28 0.78125 Panoranic 33 250 1280 5.12 0.1953125
Thunbnai |l 32 750 1280 1.71 0.5848 As can be seen in Table 9, the red and

bl ue i mages ar exgtetEdnapHinmmRdive Es fRABe formats. Consequently there will
not be any aliasing artifacts introduced by the resanpling process.

3.2.5. 2G een 4YIAeoqdinaininiirmhaPas® cannot be sinply scaled up in the sane
way as red or blue, since each line of the green plane represents

di f ferent pi xel mps= @ediprerestainelspgtinptt seacesapplfel s on  alternate |ines.

Al though in terns of the nunber of pixels it is representative to say the
green inmage i sk75@0,X0.9)G@pcndingenirgtatipe coul d equal |y be said to be 1500 x
500. This confusion arises because of the checkerboard nature of the green
pi xel s, where tTis destant givbres wleding pesteingn input spane, we gai genaraie argy (pe

di mensi on g%pa i RRGS t e 1979 thesarme! i ng.
The nunbé?”%&ﬂﬁﬁggﬁ%gﬂg%?o ﬁ%@%%é&gﬂged bﬁﬁ%%ﬁg?rgﬁgﬁeng for green pl ane
reconst r detliooal past ot st by NPy $AFFE can e ofiieplyarsedt ©on BeYRG &P tP%b‘F’ri”Eiati on to

linear i nbgfiiiol gt RchistlidiBdRand rebabmingol ation and heuristic _
reconstruction. The nmappi ng of output coordinates (in 1280 space) to input

coordinates i s NGORHERtMAK] e RBd SPIBJeRlin@breRIRktIRS tHelimbge HaBbetredtatsnd bl ue.
The napplbr;go gre g réggsregsr.] 'l:[aglg BClélrEorwesnt%e values for k; and k- 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 Originai CFA
k1 kz k1 k2
Standard 30 20 0 -0.5 -0.5 0
Passport 31 a0 0 -0.5 -0.5 0
Panoramic 33 a0 0 -0.5 -0.5 0
Thumbnait 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 resofutions 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.



rotation of the inmage, since the registration of pixels changes with
rotation (either O or 90 degrees depending on print format). For the green
pl ane the following relationship holds: X, = (nps) + kt y' _ (nps? ) + kZ
PCP05- SG -34- where x,y = coordinate in nediumres space x'y' = coordinate
in input space nps = nediumres pixels per input space sanmple kj,2 = (0,
-0. 5} dePendlng on rotation As with the red 45 and bl ue 47 planes, the
nunber dfum res pi xel s per sanple, nps, depends on the print format.
G ven that the planarized RG inage hgs the followi ng planar resolutions
rhen unrotated: R 750 x 500, B: 750 x 500, G 750 x 1000, the scale

actors for the differ f e shown in Table
10 Note 1 hatwi-tht-ne TpedtBtind LEBEe FadGrs Toa bty e
resanpled into 1/4 of the|l output space. Table 10, G een Plane Sqgal e Factors
for | nage FOrmat Bormfabr mat | MappMagpings 1/ ppsmpst andard 8Mps000 1280 1. 28

0. 78125 Passpor,t T000 O 0.64 62b anor 500 1280 2.56
0. 390625 T1§Pﬁ5'%%{fj?'&32 15 go 1280:>01éi§1 3‘558 Thagrggogégl e factods allow the

mappi ng of cegsfbmat es bef peen CGEAesagsol Utizen inpmVauEpace and rmediumres
space. However ve—a—ecoordtnate—tmCFAresoluttonTnpgt space,
we cannot pePeeramic@dge ree®hst ract!P¥h anf tfesanp?19R¥1%h the sarfples in the
same way as$ 'ue fine to tThe Ker,boar d re of the green pl ane
46. | nstead Tp%rﬁbn[ahg pur DESGS Of:>h| %d”' aﬁiTE)y i g!gé%‘éprnan ructilon ang
resanpling, we can consi der the green ‘channel to be an i mge rotated by 45
degrees. When we |look at the pixels in this light, as shown in Figure 23,
a high quality inmage reconstruction and resanpling nethod becones clear.
Looki ng at Fi gusecadde dcbe idiTstil@ncthe bed wed hlue lireagearapd echiqyi goefos all imagke X and
Y

formats. Consequently there will not be any aliasing artifacts introduced by the resampling

process.
3.2.5.2Green 46

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

interpolation and heuristic reconstruction.

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:

oo (2
mps.

- y)+
7 (mps k



directions is now equal. The actual distance between sanpled pixels is , as
illustrated in Figure 24. PCP05-SG -35- The solution for the green channel
then, is to performinage reconstruction and resanpling in rotated space.
Al t hough the sane reconstruction filter is used as for resanpling red and
bl ue, the kernel should be different. This is because the relationship
between the sanpling rate for green and the highest frequency in the

si gnal i §¢%PPPerent to the relationship for the red and blue planes. In
addition, the kernel should be nornalsfed so that the 42 distance between
sanpl es becones 1 as far as kernel coordinates go (the unnormalized

di stances bet WABIF resanpling coordinates nust still be used to determ ne
whet her aliasing will occur however). Therefore we require two

transf or mat i ongeY = saREdinaie ia medidmires $R8F° unr ot at ed CFA space into rotated CFA
space. This can be acconplished by nmultiplying each ordinate by 1/42,
since we are rotyat FeRimRje ManPulidi§fees (cos45 = sind5 = 1/42). The second is
to scale the coordinates to match the nornalized kernel, which can be
acconpl i shed bymRaA MeHNY rasPixela@Rr iIBRUIPRREE 82BRIe 1/ 42. These two
transformations conbine to create a multiplication factor of 1/2.
Consequent |y, ds2 9, dchldarsnding opftdicat ed 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 iAsoribdleeredys en@blue 4k plprgs) the pusbel of mefisades piyelsges samPiker nel .

The relat) g,”géﬂeﬂc?s beteesht ihase cilioh ek @R pleReiel REBEMSYS heTheGaWIG

illust ratéJ y considering what occurs as we generq’z;t?eF a I{) e of di um
resol uti GlEa featdions whem ueRiatedh Re &50 i< bt By lgE 0% GrefrPar d rtﬂ]enﬂgG

or di nat e tdcibr&oAnk BifflenSiugCiors RegFigurat13Xard shawmdn Fahiant dotetZB Gith inees by

1/ nps, generatin new, pi xel .at each_ new | fi.on. venment in

unr ot at ed 2ERA! %&?‘5“‘8&7“%9%8 A D&Y epg%drr'ﬁtgggdo f?‘%togigg&r‘?og\g%nent in x and a
novenent iny in rotated CFA space. The process is ShO\i_WI in Figure 25.
Since cos45 = sin45 = 14XabledPctitesp Plane S6pl8Fastars fRENaggs FomyS 1/ nps equat es
to equal novenent in x and by 1/ (nps'12)| This anpunt nust |[now be scal ed
to match the |nor | ker nel . isgal i ng egiat es| t oqapet he

mul tiplication byn‘?loiégpwns :quen‘?i?@p,ﬁ% LY cuﬂﬁt of 1/’011?24 mjunr ot at ed CFA

space equat es |tSerdaddPenent of 19902npz | H280%y nel2® and

-

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 biue 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

ND

directions is now equal. The actual distance between sampled pixels is , as illustrated in

Figure 24.



kernel y. Table 11 lists the relationship between the three coordi nate
systens for the different formats:. PCP05-SG -36- Table 11. G een Pl ane
Kernel A Values for Image Formats Unrotated Rotated Format Scal e Factor
CFA space A CFA Space A Kernel A 111 (nps) nps nps 2nps Standard 1.28
0. 78125 0.552 0.391 Passport 0.64 1.5625 1.105 0.781 Panoramc 2.56 0.391
0. 276 0.;%55 Thunbnail 0.85 1.17648 0.832 0.601 Table 11 shows t hat

movenent TR R2r nel space is always by a nunber less than 1, but in rotated
CFA space, only the Passport i mge hasgs-a A val ue of greater than 1. As a

result, aliasi f th P f f

of the ot hers. Theaiien BERFereSt it te SR 1 afinEima®d Mebneridion 380 100 Y
4 i magesrdsamplingyn Hlatedsipaes. Althaugs itregsardiel reconettuctien filteois jugechis for resapeiegal | y
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sanmpl es hétaserd I‘Teearﬁrblri’@ msmreunatbemgt $til pensbd e tetehmiteewheathe chliagirguwidl ocdue
estimte X+2. Due to the nature of

1,
reconst rﬂ%"?‘?vﬁrd Wteﬁor%we§e§ﬁp? eOtran ?rmat"\)/\r/?e( only require 4 coefficients for
the entry in tHee U":mtvsaltmtnaomﬂmtﬂ@ICFAV@aw e cotatet &Aeppaseelliis 6peRe | ookup

table with n e%géd\?\ﬁzﬁsﬁg rbr\{erﬂﬁlrblﬁr@ QAchCOHRRE Yt 1142, B VRN bieYrolasy By 45

coefficients. ceiln \ét put space, we nap the changes in out put
space to changdsoees gt s§Yacd/ hd kernel space. The nost significant bits

of the fracti onak sedRETRASSdHe thé cddiindiey tb @iatchkiRy ehalzpakemely ehithsad bt 0 | ndex
into the kernel coefficient are 64 entries in the kernel

table, the fi r§P°°81pf'?h§albyB‘HF'Bli"'f'%e%\CPé’“{ﬁaéeb eﬁ\?% ook up the

These two transformations combine to create a multiplication factor of 1/2.
Conseqguently, 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. Similarly, as we advance in y by k, we increase by k/2 in kernel

x and increase by k/2 in kernet y.

The relationships between these different coordinate systems can be illustrated by
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 = 142, movement in unrotated CFA space by 1/mps equates to
equal movement in x and y by 1/{mps+2). This amount must now be scaled to maich 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:.



coefficients. 64 entries is quite sufficient for the resanpling in
Printcam PCP05-SG -37- 3.2.6Sharpen 65 The i nage captured by the CFA nust
be sharpened before being printed. Ideally, the sharpening filter should
be applied in the CFA resol ution domai n. However, at the inage capture
resolution we do not have the full color information at each pixel. |nstead
we only have red, blue or green at a given pixel position. Sharpening each
col or pl &4& ?%dependent ly gives rise to color shifts. Sharpening should
i nstead be applied to the | um nance cggannel of an inage, so that the hue
and saturation of a given pixel will be unchanged. Sharpening then,
invol ves the translati ?legfn %ﬂe@cﬁahﬂgﬁefﬂﬁu fSPin%rqeifBﬁ«Eéstere the
| um nance i s-separatedFromthe—+eratn the—col-gr—nfornatqi on (such as
HLS or Lab)| 80. Thg | um nance|l channel 81 can then be sharpened|82 (by
adding in a|proportijon of the hi girotmags-|fi| Retatedl ver{si on of th
| um nance). | Finally, the ent| redpmecsmoulewaéeﬁvertMrMK to RGB 83
(or to CW si iEke |a Q%psé to priint out in_&MWy). The prlocess|is shown in
VOi

U

Fi gure 26. However v d rruﬁ,lﬁof tthe sQf2 cornver gimpR steps if we
consi der the-effeect adding-a—hi-gh-—passed-—+Ht+teredqt—back—+n{o the i nage
- the effec Staﬂdadchaln@e in theoF&@nance ®$52 t he i made3®1A change in the
| um nance of _a giyern pjXel can ||-ap mat ed Dy equal | change in
linear R G Pﬁ??g% Thet ef ore J\i%g eﬁgzl?’gatp L, I’Iog_%?paqq-f' lter L, and

apply a pr Jﬁgﬁ&érﬁle of ¢ he resub.tagﬁqual |yl 6276R G and.B5 3.2.6{1 Convert
RGB to L 80pP\e——constder—the—CHE31976t*arb*—~cotor—spac where 1 i s

per cept ual | y Towrmral m0.8&o convel #7648om RGP L (t he |Qﬁﬁ nance ¢hannel) we
average the mninmum and maximum of R, G and B as follows: L = MNR, G
B) +MAX(R, G B) 2 3.2.6.2H gh Pass Filter L 84 A high pass filter 84 can
then be applied to the |um nance information. Since we are filtering in

rod 15 space nahbel ShIANCRAWERBA kAN RAGE aelienpd Rinsl Ebmahar pen ng

kernel can be scale ass result can be scale
appr opr i buté @tafeﬁ@cpe%e‘% 0&'&191%?38690” '@H%*ﬁ?@rﬁ hpusi Igrea?b@ﬁWd?'F T K&erFA, but
a 3x3 copuRhYtiitsclabingl PaSspvl lotintBematbli kdt @htany 6f 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 filtering 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 n entries for each color component.
Each entry has 4 coefficients. As we advance in output space, we map the changes in output
space to changes in input space and 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 look up the

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



produce good results. PCP05-SG -38- If we were to increase the size of the
kernel, Table 12 shows the effective scaling 86 required for a 3 x 3
convolution in CFA space as applied to 1280 resol ution space, using the
green channel as the basis for scaling the kernel. Fromthis table it is
clear that a 7x7 sized kernel applied to the nmediumresol ution space wll
be adequg&%5%gr all sharpening. Table 12. Scal e Factors for Convol ution
Filter Fofmal Scal e 3x3 Kernel in Med-res (1280) Space Standard 30 1.28
3.84 3x3 or 5x5 Passport 31 0.64 1.923mone, or 3x3 Panoramic 33 2.56 7.68
X7 Thﬁgg%ghl 32.0.85 2.55 none, or 3x3 If a 3 x 3 filter 85 were applied
on the mBd°PB&PERBYe, the result will be scaled 86 according to the scale

factor used in_the general || cal e operatipn. Gven th in
Tabl o 12 (par { Thaie gontred b OR GER Gt v Thopapeeterors hgRgarold BERVIRE
filter 8bharmenbhgtfitensiwakl g bipdied iregel CRA rddobitipr doess KMdwegerodl dienipage si ngl e

filtered L pixel is sh hA 4 t Ker dUsEAnGRaDe be any
one of a %8 TBB%SOIg%OQrW aér%%b%ﬁﬁg%gﬁ ??l t'réf?r . g?fl%l%% %ﬁbggg‘%acl‘%ut y(s%éailc}tglasfactory
hi ghpassreidi blue pr greers#faugivanrpixeh pesitionp$remening erencas plepe iderendentiyigyas e 50.

3. 2. 6. 3Add, Fichibedhd. dhafRniRFEholiSnsi&titbelabhiRE td e Bifhidahcd chaAtilofAiMady, opor ti on

of the resultant high pass filtered | um nance val ues back to the | um nance
channel . sofhat ‘h?rﬁ@*ea”géﬁ‘“'iaﬂ‘é“no‘c@eg“’%ﬁ%’l’"ﬁ"b?f ¥5a09$ RGB (or instead, to CW).
However, a chan%e in lumnance can be reasonably approxi mated by an equal
change in R GShamening e nvelies the tremrtation plgn RER seagednty F‘ﬁ%’&"rs)p.acetﬂ%‘é%quent |y
we can msqlijr?knédﬁ@ isﬁ@pﬁﬂ'ate@%ibﬁ?ﬂh& réMhsndal lt:ﬂg@bdilafinfbly‘narl?ﬁdd(sn91 aHEeS| valab) -
proportign t he hi i|tere u ce value to F n : e
exact pr B(E)JB? [UgHnagee ‘?rﬁgﬁei?gﬁa“ptg%”ib% ﬁ%ﬁfpgp‘%gaé}ia(ﬁ‘éﬁded'"gérha Bré’porg%'} ?gﬁhe‘%'gg‘y means

of a scapassffia@tdrersibf olthe untifemcd)i Ginallyaths -ehiirke tirmagedshiouldiba @neverted kadk toand k i s

the cons 5@%%33&'?{)) ﬁ\ﬂﬁf%ﬁ%g B&ﬁ%&oggw%r&?gﬁtwcﬂmf The FO&d:0 RLWPR FRfureiar peni ng

R G an a OWs:

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)

L 2

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.



R = RtkL G= G+ kL (limted to 255 each) B = B+kL O course, the scale
factor applied to L can be combined with the scale factor in the highpass
filter process (see Section 3.2.6.2) for a single scale factor. Once the
shar peni ng has been applied to the RGB pixel, the inmage can be converted
to CW 83 in order to be printed out. 3.2.7Convert to CWY 83 In theoreti cal
terms, the conversion fromR&B to CW is sinply: C= 1-R M= 1-G Y= 1-B
However fHi%S€onversion assumes that the CWY space has a |inear response,
which 1is definitely not true of pigmmmted inks, and only partially true

for dye-based inks. The indivjdual , color file of rticul.ar device
(i nput and out gLty W&/ W&'Fﬁseé%??ed‘grt%’??el’%ﬁgééﬁ%?\"fsl t@f" g%é"%ﬁ"?“é‘%ﬁ?or
accur at e reunsteos b Gk 3 aghvuletion iIRSFA Gpadel asvepblid th UR80 esgeivecpase, isitestheand
printers, a re acgurate I i [ ;

t ransf or H&CI SHEFP {e utlg? Bﬁl%ﬁogg ‘gﬂﬁm}%i%ﬁgyghoﬁgth%gt%b{gﬁglhgéc 83:552% Tbsézgguse it
is  per cépheabplied tmihé medinfuredolukien SPvE) will Wi Bequalgdor@d shaspaniie: mappi ng from t he
i mage sensor gamut to the printer gamut, the printer gamut is typically
cont ai ned whol |y wit hiTabld2. sSensPictoafiert ConRalukien Fitean per f or m t hese
transf or matffons exhaustivel'y, excelTent] results can be obtalned|via a
tri-linear |conversion based on 3 sets gf 3D Iopkug tabl es.  The | pokup
tabl es contai nFermet r esyl tS6ate t | an¥kBor nat KEeme! dfed-ves (18BL9RACR oty as

i ndexed by |RésBhdardtoee t dbl esgarle g@guijradorome table 90 mappi ng| RGB to C
one table 9 i to—M—and—one—table—92—mapping RSBto .
Tri-linear |iRasepopditati o c@fi4 be| usk}® t d e Bre final result for those
entries ngt_included i

i

trie T tapl TH rocess 1s shown in Figure 29.
Tri-linear |iTt8PF5 3t i or rg'g_%i reserrg'ﬁesadi ngxe8 values fromthe | ookup table,

and perf orjmygbdaildznean i ager H-Ol atsons Hofeidndkdhre first dinensioh, 2 in the
second, and—i—-A—the—third)—Hrgh—prectston—canbeusedfor—the
i nternedi ate val ues, although the output value is only 8 bits. PCP05-SG
- 40-

If a 3 x 3 filter 85 were applied on the med-res image, the result will be scaled 86
according to the scale factor used in the general image scale operation. Given the amounts in
Table 12 (particularly the Standard print format), we can use a 3 x 3 filter 85, and then scale the

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

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:



The size of the | ookup table required depends on the linearity of the
transformati on. The recommended size for each table in this application is
17 x 17 x 17", with each entry 8 bits. A 17 x 17 x 17 table is 4913 bytes
(less than 5KB). To index into the 17-per-dinension tables, the 8-bit input
col or conponents are treated as fixed-point nunbers (4:4). The 4 bits of

i nt eger gépogz éhe i ndex, and the 4 bits of fraction are used for

i nterpol ation. 3.2.81Jp Interpolate 67 The nmedi um resol ution (1280 w de)
CMY i mage nmust now be up-interpol atedig-o the final print resolution (6400
wi de). The ratijg1 is giz’tly 1:5 in both dinensions. Athough it is
certainly possi 1e & itlinearly interpolate the 25 values (1:5 in both X
and Y di nensi or(s‘)—- & ekl esimitedtto 285 emd) Wi | | not be printed contone. The
results will bepdL té] r d and printed bi-level. Gven that the contone 1600
dpi results w Iﬁ? be tur ed into dithered bi-level dots, the accuracy of

bi -linear interpolation from320 dpi to 1600 dpi will not be visible (the

nedi um r esol ut ifRWeS i\ RaRRadid aphildt %o L/eéerer AN witRitheedcal &tdr Gathe on Wi | |
t heref ore produce good results. Pixel gJp)elrl cat| n sinply invol ves taking a

si ngl e phigbeass HigqPig Sﬁésqetseﬁtéo"tar?ea%)af‘l”@es'? scgle €1‘° ger area. In this case,
we replicate a si ng@e pi xel to 25 pixels (a 5 x ock% | f each EI xel
were contone, §U?rPem%heé;95%fh"f‘ppb?dot8WR%P‘Xeé’ltﬁ%@’aﬁ e e to be
di t her edio ¢ire a8 fnfoeddr td e printedtlout. he 25 resul tant bi-level dots take on the
contone value. The process is shown in Figure 30. 3.2.9Halftone 68 The
print head »2d,svsioycipppabl e of printing dots in a bi-level fashion. W nust
therefore convert fromthe contone CGW to a dithered CW inmage. Mre

specifically, WenelbRdiemandoRRIRATAHCRIIRNE siigyer using a stochastic

dither cell, converting a contone image into a dithered bi-Ilevel CW

i mge. The 8 bi € 4800Rdpi contone value is conpared to the current position
in the dither ggll {92 If the 80-bit contone value is greater than the
dither cell value, an_output bit of 1 is generated. O herw se an out put
b|t of 0is gengr‘ate‘dB This output bit wll eventually be sent to
"Although a 17 00 17 00 17 table will give excellent results, it may be
possible to getHobzyveMtﬂihcmméryioaa&ucﬁs thatth® ChOhspers hasre lirghl respons whighes) . The

exact si Zede? htqgo?ﬁ%@ﬁtgd R)(? %h&'HMg érﬁﬂl rIQfér éghg -hased mks The individual

conser va | ve resu oac was chosen for the purposes of
t his doc gﬁgmroﬁlepg‘ﬂ:z@garﬂ;@lar device (input and output) can vary considerably. Consequently, to

allow for accurate conversion, as well as to allow for future 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, excellent 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.



-41- the printhead and control a single nozzle to produce a single C, M or
Y dot. The bit represents whether or not a particular nozzle will fire for
a given color and position. The sane position in the dither cell 93 can be
used for C M and Y. This is because the actual printhead 2 produces the
C M and Y dots for different lines in the sane print cycle. The

st aggeri ng, 82 the different colored dots effectively gives us staggering in
the dithéf The hal f-toning process can be seen in Figure 31. The size
of the dlthgr ceII 93 depends on the-4msol ution of the output dots. Since
we are pro u0| 160 i ze,.sh n 32 x
32. In addition hgtsgeé? hs&?oﬂ‘ﬁpe ag'&cﬁqu‘r?%g%osegigsnon 58 Réé S'ol?‘?he tﬁahgftg{lmeattafl nt head
segnent s The leosinzmied kize foe ealiht thide Indh3$ Iapptibﬂirght$1|7dfeldl>117 Vﬂlh\?ia@l‘eeréfvéﬁlt%/ into
800 (si ng,‘ew.f hﬁoxqﬂétge éqg éj&ke% (Iert‘ﬂéﬁgk@eg”E”t of the printhead). A dither

cell size o ar ge ‘enough to produce high quality results, and

divi des evenly 4Jnt 8%0%«%61Ttdepﬁlﬁ%ens&ﬁfﬁlegmh@yfs &f m%ﬁ'te c§id tc!&ﬁargoﬁe‘ﬁ{s arkS 8

bits, for a total appr oxi nat el ORef or mat
for Printrested@s Tikes- mrmaummr@é@é)s Thefidrite ob éiaggr sléﬁnﬁhet igdexnandg et Bits 9fs f or

the dots; gaioﬁg,eflggmph@pdd]g,p the correct order for being sent to the
print heacf dots nust be sent to the printhead in the correct order -

24 dots fined in Section 2.2.1. If the dots can be produced
in the cgkr@c?t'"terp Tite or printing (i.e. the up-interpolate and dither

functi ons gener te thelr fa th rdery ...t val ues
(each val ue is 1 D Ex &?PMO (ge %o\)lrlg%%’ %uggﬁg bSe '?HSI%) IQtI'Eﬁ tcsg;{r?%ups of
24. The pn®pergsesolstig{6400 vide) Figuatis ig@xaclihks bdothidimensiodps can then be sent
to the printhead 2 by the Menjet Interface 15. 4CPU CORE AND MEMORY 4. 1CPU

CORE 10 The Pcmtaougn dids petaifyespsaibls iterpiHipeariydrterpelatatihen?d eaiueShlss duobpedn X0 t o
synchronize, td@rge nsio Yfe %@@Fam \%IL%QQIJ"FH’O{ ﬁg brfﬁ%d'cgﬁ(gﬁe ﬁﬁ@Fe%ﬁl%' W]@b&éﬂﬁ’ﬁbr@g and to

perform Prin eneral  operatin ties includng
user - i nt end prinded Ylexpld@ivemihpiethg castoner %6‘?' asuliy il Be fufngd|indo d'“'lefedd%tﬁ"%e any

Pr 0CeSSOl,Ohe AMburdby D Ibf-ifebeRlergdla@6e &8 20 R@M@He‘oo dBie\Rr‘fl @bbd hsbleanei r ed
cal cul ations and contro unctions fast e?oiy)g ? copsuner
expect at medum egabgion aas_chosen for this very reason el repli catlon will “therefore produce
good resuits.
Pixel replication simply involves taking a single pixel, and using it as the value for a
larger area. In this case, we replicate a single pixel to 25 pixels (a 5 x 5 block). If 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 tfo 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 dpi 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

*Although a 17 o 17 o0 17 table will give excellent results, it may be possible to get by with onlya 90 90 9
conversion table (729 bytes). The exact size can be determined by simulation. The 5K conservative-but-defi nite-
results approach was chosen for the purposes of this document.



Since all of the inmage processing is perfornmed by dedi cated hardware, the
CPU does not have to process pixels. As a result, the CPU can be extremely
sinple. However it nust be fast enough to run the stepper notor during a
print (the stepper motor requires a 5KHz process). An exanple of a
suitable core is a Philips 8051 mcro-controller running at about 1 M.
There is no need to naintain instruction set continuity between different
Print canT*ipt®l s. Different PCP chip designs may be fabricated by different
gan_uf act u(rjer S, dvmthout requiring to.4icense or port the CPU core. This

evi ce i ndependence avoi ds the chip vendor K- i as.has occurred in
the PC nilieesningad #ndicapiel a SAge GeFak Baraies? ?‘H@eéﬂtﬁ B et hré“ei”tﬁpée&?%tﬁm ROM 13
and a SNMahbth&op gbtarpaBiciiat miazle RANkel4r a dien doRUaikDposiionTuni cates with the ot her
units within the PCP 3 via nenory- mapped |/ O Particul ar address ranges
map to parti culyhe skiik bésitiodMlthwidithdr Belle@BCdan bangel fot ©, M= M. Thib asrbelcag'est ers

Wi t hin that artlcul it. Thi th i al. and

i nt erfac&e.ac ugl @ﬁﬁ@éﬁﬂ%@@ﬁ éﬁé ﬁ:\&%“&r %ﬁ?r?ﬂ(ﬂmﬁ? 'rh%silggl Pa |gcorporat ed
into theTE’é:E{a@genﬂ'@@‘tMﬁesemeo!ordepmmdfﬁecﬁ\relytgws@Plsiagsltmm@m,fhdomhewtbuI d not be
more than 16-32KB. 4. 3PROGRAM RAM 14 Li kewi se, a small scratch RAM area 14
i s incorporat edihehaibtohing pldCEsdan & seee irt Figure pf.ogr am code does not have to
mani pul ate i mages, there is no need for a |arge scratch area. The RAM si ze

depends on t he T6R\iz6 BpHe itie? cgl 93depshdsracharessiatkn of theroatpui duts. Sircé wag

conventi ons 8 i r si et bu h t 4 KB.
4.4CPU M Fﬁ' i%ésrﬁh &Ef%%hou‘td b%ﬂ?egerg\aﬂg%gl%?smg&gn&n @%"ﬂg@gder for
sati sfyi dot fBRIdsshay @derde eekbdhe prmﬂneam@eﬁs the aige pidbedithg¢need Sa@ld‘ff ¥8a¥s into

i nt er nal b d
ther of or VP PUEH b 860 REEEBRRZAOUE ad 1 o pdH BaRE o b B RRY a4

S0OMMNI CATI ON { NFEREACES, & 345, %E&g’stefﬁggﬁw WERREAGE it sra

standard USB seri a connected to the i nternal
divides evenly info 800 (16 times). Each entry of the dither cell is 8 bits, for a total of 25 0 bytes

bus 18.

(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 values (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 13.

4CPU CORE AND MEMORY

4.1CPU CorE 10

The PCP 3 incorporates a simple micro-controfler 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 contro! functions fast enough to met consumer expectations.



The USB serial port is controlled by the CPU 10. The serial port allows the
transfer of images to and fromthe Printcam and allow DPOF (Digital

Print Order Format) printing of transferred photos under external control.
5.2QA CHI P SERI AL I NTERFACE 19 This is two standard | ow speed serial ports,
connected to the internal chip | owspeed bus 18. The CPU nedi ated protocol
bet ween th&skMo is used to authenticate the print roll [1,2] and for the
followi ng functions: Acquire ink characteristics Acquire the reconmended
drop volume Track the anount of papet#2printed and request new print roll

when there is s&%«% bt i oo RRBELSInG & &rrﬂomedtd;%ea.mmrmner&pd qaa! The

reason for having two po connect to he on-canera (?A

and to Dpape foRrogess P’K%is @Q?’C‘,‘ﬁﬁﬁt @elﬁ%@“%%?ﬁﬂﬁy F'WHESH‘JWFHE" it REstOR Chl ps
ar edl npl %F?@ﬁ&@h&ﬁtrurﬂﬂ{ehQBMeEaﬁdt{?VHlﬁhg Fésprlfnﬂ(the stepBéY Yo®r setqagésealsxm is

used, a clone_print rol facturer _cou ut hentica

Tochan; sROPE) A bl ARORNS coes e B WA pvAler FENNG B At o
contai nsMHzs own QA chip 5. The QA chip contains information required for

mai nt ai ni ng the best possible print quality, and is inplenented using an
Aut henti cation TGb:iepi{s 2\]).ne&'dﬂ¢ﬁ3 Atk hstnmfmrdedtaoarneitﬁbémmt dfferas Frinlchraws:

Tabl e 13. Print._roll 256 6. .M 5 Basic
Header, B° g‘a% %‘F I'em( 1@: BF'P sc{%&g'is &6‘/ erf:g”]élr Gﬂ%ﬁ e(’?fﬁ zpnu aftu?rwaga‘ftch
nunber ( fe§uiding &) licebReardbo@rihy CPURDE. I@s-dédice Bldéxeadmp@lvomssﬁralthpngndqn m{ 16

DLLS). ¢ 2ioBRQANad 1l oBERRETHhERC (AePhirfhich RO © RO Magenta ik properties

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

The CPU 10 communicates with the other units within the PCP 3 via memory-
mapped /0. 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 mere 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 /O of PCP registers.



7 RO 8 RO Yellow ink properties (32 bits) 9 RO 10-12 RO For future
expansion = 0 (48 bits) 13-15 RO Random 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 for the currently specified print
format. After each print has started, the anount of paper renaining mnust
be decremgpdsed in the print roll's QA chip by the CPU. 5. 3PARALLEL

| NTERFACE 6 The parallel interface 6 connects the PCP 3 to individual
static electrical signals. The CPU t43able to control each of these
connect i M Adgyvia the | owspeed bus. (See Section 4.4
for nore detal IUs on nenory-nmapped /O . Table 14 shows the connections to

t he paral | pter Connections to Parallel Interface

Oonnecti51‘1%#55%%[)%%%%%%&?%&transport stepper notor Qut 4 Cuillotine
notor Qut 1 Focus Motor Qut 1 Capping solenoid Qut 1  Flash tri r Qut 1
Status LCD segngiiti® arsfa\V@"i“'gtUé?tse'?af pSf)ng’P'é??éet‘?tm @?I‘Verlﬂwﬁ-'%s’geﬁg-bugggt us LCD

conmon dimhy €SB séXidl pétt is Pap@ilediiyl the SRS OIThe Berdal pdtidlban theltransier bOTAlgeé

5. 4JTAG | RE 7 A standard i ng. T iQn . u rface 7
5 e udBu TR T Bt A o, BEOF (oM Pl 836 Bifbr{iE E hehlri 75,
t he chi pphetoyendeeexyered cerdrot i ng t echni ques are required,

5.2QA CHIP SERIAL INTERFACE 19

This is two standard low-speed serial ports, connected to the internal chip low-speed
bus 18. The CPU-mediated protocol between the two is used to authenticate the print roll [1,2]

and for the following functions:

° Acquire Ink characteristics
J Acquire the recommended drop volume
J Track the amount of paper printed and request new print roll when there is

insufficient paper to print the fequested print format.

The reason for having two ports is to connect to both the on-camera QA Chip 4 and
to the print roll's QA Chip 5 using separate lines. The iwo 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 256 bits of data are allocated as follows:

Table 13. Print roll’s 256 bits (16

M[n} Access Description
0 RO® Basic Header, Flags etc. (16 bits)
1 RO Serial number (16 bits)

2 RO Batch number (16 bits)

Read Only



including BIST (Built In Self Test) and functional block isolation. An
overhead of 10%in chip area is assuned for overall chip testing
circuitry. 61 MAGE RAM 11 The Image RAM 11 is used to store the captured

i mge 42. The Image RAMis nulti- level Flash (2-bits per cell) so that the
image is retained after the power has been shut off. The total anmount of
menory required for the planarized linear R&B inmage is 1,500,000 bytes
(appr oxi Ret%ePy 1.5 MB) arranged as follows: R 750 x 500 = 375,000 bytes
B: 750 x 500 = 375,000 bytes G 75044 1000 = 750,000 bytes. The image is

witten by the | mage Gapture _Unit, and rea - both the Image |Hi stogram
Unit 8 and thé Pri rechenerai BPP%ﬁ‘?Ta"@@%'“Wg@%Plo does not haye direct
random acce$§ 10 { |nag¢ nenor . ..access the imge pixels via

t he 1 mage Access Urri!{oS 7] ﬂﬁk&ﬁgﬁg&fg The 1 mage Captune Unit
contains all |&he fum@jlonallty reqU|red by the Inage Capture Chain, as
descri bed i ni-Seet+¢a—3—1t—Thet+mage Capture—Unit—accepts prxet|data via the
| mage Sensof 6l nt er fRéte 98 Magnid Inls aroperties (REBYat a vi a a | ookup table 96,
and finally A%Ites i Mneari zed RGB i mage out to RAMin planar format.
The process IS sho In Figure 33 PCP05-SG -46- .71 | MAGE SEN$OR | NTERFACE
98 The | nmage| gensor Hant er f aC&eldnShR proferiies (32 Isfspt e nmachi ne that [sends
control inforrat+eof—toe—the{ CMOS | nage Sensor, including franej|sync pul ses
and pixel cl o8k pul|dés in o der toread the inmage. Most of the 1Sl is
likely to be ur cell manufacturer.] The ISl is
itsel? contr ﬁ?gg y The | aap ghﬁgﬁp&gﬁnur gQBfH 7.11. 11 | mage
Sensor Formal 1Ahshowgh a va R@mymomm|MﬁgensenmmcmpamemawalIable, we only
consi der t he'Bayer—cotor—Fftt+ter—array(CFA—The Bayer CFA has a nunber of

attributes which are defined here. The inmage captured by the CMOS sensor
(via a taking lens) is assuned to have been sufficiently filtered so as to

renove any aI|a5|ng artifacts. The sensor itself has i o of

B i o a1 e ST PO RO PEGTI RS G ABTSS P FRE Bt B by bk

arr angerrmat thefe it k@ough for the currently specified print format. After each print 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 parallel interface 6 connects the PCP 3 to individual static electrical signals. The
CPU is able to control each of these connections as memory-mapped I/O via the low-speed

bus. (See Section 4.4 for more details on memory-mapped 1/0).

Table 14 shows the connections to the parallel interface.

Table 14. Connections to Parallel Interface

Connection Direction Pins
Paper transport stepper motor Out 4
Guillotine motor Out 1
Focus Motor Out 1
Capping solenoid Out 1
Flash trigger Out 1
Status LCD segment drivers QOut 7

®Decrement Only



Bayer color filter array (CFA), wth each 2 x 2 pixel block arranged in a
2G nosai ¢ as shown in Figure 15: Each contone sanple of RR G or B
(corresponding to red, green, and blue respectively) is 10-bits. Note that
each pixel of the npbsaic contains information about only one of R G or
B. Esti mates of the missing color information nust be nmade before the inmge
can REiRked out. The CFA is considered to perform some amunt of fixed
pattern n0| se (FPN) suppression. Additional FPN suppression may required.
7. 2LOOKUP TABLE 96 The | ookup table 964is a ROM mappi ng the sensor's RGB to
a linear RGB. tStgﬁggaggom%g,edMegearl ze |R6B process 440 descr|bed in Section
3.1.2. As such, ROM 3 KBytes {31024 x81bt+ts)—21B{ bits of
address cone frolﬂanehBJllISShaorV\hl I e the 2 bilhs of Tabl{dSel ect afe generated
by the I nmage Ca‘g%ure Unit™s State vachi ng 97 7. 3STATE VACHINE 97 The | mage
Capture Unit's n

YPBS Machi ne 97 generatds"control si‘gnals fof the |mage
Sensor Interface 1, and generates addressgsgrdior Ii!Fggri zing fhe RG 40 and
for planarizing the imge data 41. PCP05-SG -47- signal s sent
tothe IS 98 informthe ISl to start capturing pixels, stop capturing

pi xel s etc. The 2-bit address sent to the Lookup Table 96 matches the
current line being read fromthe ISI. For even lines (0, 2, 4 etc.), the
2-bit ad@BIAG WTERFACEG een, 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 ori ent ati orA sibndahielTédén@piat TeFhactRh -Gypup) ddetfaes  isiprudadan theePCRhade RAM 11
S qihe Wdshiy AAHES DUl ind gﬁnalémgsfthe rga%%a.re%%ﬁés%ﬁgsteamcﬂm; he redtitgnt

address reen anes dr esses
i ncr errenﬁnchigln@ﬁk%" | @uiirle Sgif iT ?%tbﬁ”dt fyneiae) bls’lc'&ﬁ@'at'oﬂ 4n PV‘FQB@?dsQfépé iTIKBIP| mage

Capture Yriatis £Q0hed B5oRral eRP &lstidf circ@@y. sters:  Table 15. Registers in | nmage
Capture Unit

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 x 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 Image 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.



Name Bits Description MaxPixels 12 Nunber of pixels each row MaxRows 12
Nunmber of rows of pixels in image CurrentPixel 12 Pixel currently being
fetched CurrentRow 12 Row currently being processed NextR 21 The address
in lmge RAMto store the next Red pixel. Set to start address of red

pl ane before image capture. After image capture, this register will point
to the byte after the red plane. NextG 21 The address in Image RAMto store
t he next P€§% 8% pixel. Set to start address of green plane before imge
capture. After inmage capture, this rggister will point to the byte after
the green plane. NextB 21 The address in Inmage RAMto store the next Bl ue
pi xel . SEIMAGESENIOR INFRRFASE 98! bl ue pl ane before image capture. After

i mge capture, this register will point to the byte after the bl ue plane.
EvenEven 2 AddrTbsdmage Sessesr intarface/ 89l) Pdiae statemashing thes ends portrpbiate™aligfdr ess t o

use for ?ovtﬁgc@‘gﬁm/ag@%sﬁ‘ 8 lding @ﬁjé;éﬁlﬁ@ p@se@qﬂﬂ pRs cto@k bl.ﬁ@sfr%rdérdéireb@% /

even pi xels dress to use for r ows 5p i xel s S t

-48- Go thevinpgs. Mpshof tha S is lkelyiq e ?ﬁ@UfE%Fp?EiJ rffé?m F fr?%gﬁéea o Mrayac %rFOps t he
irrage CERS 19 R-itsd¥ Bnirdlled\by tht GRadadl=ptuALlANSthte dakhiye & t he state nachi ne
after MaxRows of MaxPixels have ben captured. In addition, the |mage

Sensor ik e%ﬁ SEiaai Ns a nunber of registers. The exact registers
. 1
Wil depztrﬁ on f% ?mage Sensor 1 chosen. 8/ MAGE ACCESS UNIT 9 The | mage

Access Unit 9 %tf?%ﬁjecﬁréﬁ Qg Qé sér@grsta@?\gﬁéﬁlel%etoﬂiy%ﬁm teBaybl@@® i n

| mageRAM 11. Th Ixels fromt elmaelnlmageRAMll and
write pi fikdrsrabEER). The E@Iescﬁbmsda Bé"heéafcﬁﬁf'@ﬁe%%éc“@? gd 0 nage storage
(e.g. via the USB) 17, or for i npl e i mage processin Pi xel s coul d be
witten to | magaRAndElcaniurask by ﬁe GMRS ee1500 (4esa ftakiyg lens) is assumed to have

been sufficiently filtered so as to remove any aliasing artifacts. The sensor itself has an aspect
ratio of 3:2, with a resolution of 1500 x 1000 samples. The most likely pixel arrangement is the

Bayer color filter array {CFA), with each 2 x 2 pixel block arranged in a 2G mosaic as shown in

Figure 15:

Each contone sample 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 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 »
1024 x 8-bits). 10 bits of address come from the ISI, 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.



as a previously saved image (|l oaded via USB), or images for test pattern
purposes. Test patterns could be synthetic inmages, specific test inages

(l oaded via the USB) or could be 24-bit nozzle firing values to be
directly |l oaded into the printhead via the test node of the Print

Generator Unit 99. The Image Access Unit 9 is a straightforward access
mechani sm.t o InageRAM 11, and operates quite sinply in terns of 3
reglster§ F&5€hown in Table 16. Table 16. | AU Regi sters Nane Bits
Description | mgeAddress 21 Address- 4x»read or wite in ImgeRAM Mde 3 0

g 5:?3;;?2} Lga e/adr 3 A[ﬂ{‘tggrg ?}nfﬁm)%a mfor tﬁe sYE%‘Q/ fort cg?ttfl@tgﬁé‘?sd%ﬁs val ue

IrrageAddrce;st@rir@ipfxeMetibe Wite) The structure of the Image Access Unit is
very sinple, as shown in Figure 35. The State Machine 101 sinply perforns
the read/wite ﬁhéwittamd#eﬁﬁg@'mtki\ﬁhélookﬂpé'labl’e@ﬁ ndiche€Rlg cL@entring bsing teathe Mode
regi ster, 0 9l wg r Uni t
(ITHY) 8 rgmgg Ebﬁ-%even Elneesn(e'r atel_éhl sto raﬁgmggls%r?gh%segg?%%rg‘gﬁ rg%dlacg]y t he
Print | madeélifesdt@ssietg, t@¢131brh adsessris ﬁ@@m BiUES&EQqnoﬁ'U% Thisgs trogyeodriessotii v

gener at eg, kO He cOhed! anar format inages with sanples of 8 bits each
The Image H stogramUnit 8 is typically used three times per print. Three

different hi Stﬂ%er g% a%ﬁu%s&@éﬁﬁ:{ 8 ImAHE RRRY 11CRIRY \ wﬁtleadaﬁresdfﬁﬁhwet im3Be.a

hi stogram i s gat the res are anal yzed in order to determne the
| ow and Ahegk registershsiddibe %Eﬁ]tﬁ%‘e?%@f &peh af ke rech 9reRe 2Pt bUE PRES P nder  of

the pri nluRb@es eronEALasITRER stV idon plae ow the N st ogr am shoul d be
used, see Section 3. 2 and Section 3.2.4. 9.1 H STOGRAM RAM 102 The

hi st ogr ar}né,{]ﬁegls;ergs stored in a 256-entry RAM 102, each entry being 20
bits. The’ ogram RAM i s only accessed fromvmthl n the I HU. | ndividual

entries are real%eflr%ggné‘(?a%%re %{éOE%P]StBQ“IUﬁ'IEGFQ(Q r&]’is‘erﬂuant ities.

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
NextR 21 The address in Image RAM to store the next Red pixel. Set to start

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

EvenEven 2 Address to use for even rows / even pixels
EvenQdd 2 Address to use for even rows / odd pixels
QOddEven 2 Address to use for odd rows / even pixels
0OddOdd 2 Address to use for odd rows / odd pixels




9. 2STATE MACHI NE AND REQ 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 Inage Histogram Unit Nanme Bits
Description Total Pixels 20 The nunber of pixels to count (decrenents until
0) StartAddress 21 Where to start counting from Pi xel sRermai ni ng 20 How
many pi xeksostsgemai n to be counted PixelValue 8 A wite to this register

| oads Pi xel Count with the PixelValue entry fromthe histogram Pixel Count
20 The nunber of Pixel Val ue pixels cofthted in the current histogra It is
valid affep a witle to ihg a/ahete startédhe aaptiord N rithg et rerasto@shavbabdel t he

hi st ogr am count wijl | be| cdpaas.ed) @tvrittdrehesd autdmaicailyivg tHel stitogecimepftocess. A 1
causes the counts|to bgMekRmavselMaghickishale bauspiireche counts to rema|n

unt ouche : 05- SG
-50- Go 1 Wltlng a 1 here starts the histogramprocess. Witing a 0O here
stops the hi stogram process AOis witten here automatically by the
stat e machi ne aI Pi X down to 0 i cal, usage
of "the regi ot end apgigpoEUbedi et IRt 8 o Y R B PO EE SR il s
to incl ud@uateTswmeiewldrmhtr(edrr@geS%plowo‘a@r red), StartAddress with the
address of the red plane, CearCount with 1, and wite a 1 to the Go

regi st er giMAGE AODEESSWNITAS finished, the individual values in the
hi stogram can be determined by witing 0-255 to Pixel Val ue and reading the

correspondi ng Hhé%é&tmess@ﬁ@d}%&%%é M&%ﬁ&% éﬁ@1if tbeacE’éésmﬁé}%Qe hnter face
(PHI) 105 is the nea whi the PCP 3 |loads th pr.inthead 2
with t he IgeaesAM! 1b§h?JPPHt18d’a“ éeﬁ’ﬂ pB‘S’ﬁtfrPP)"l tge Wf?éfeéfblmi‘a?%t ﬁ‘F‘i’ Wf'tFﬂi’@‘e'ﬁr ocess.
The PHI pus.a | ogi cal wapper for a nunber of units, nanely:

Pixels could be read for the purpose of image storage {e.g. via the USB) 17, or for
simple image processing. Pixels could be written to ImageRAM 11 after the image processing,
as a previously saved image (loaded via USB), or images for test pattern purposes. Test
patterns could be synthetic images, specific test images (loaded via the USB) or could be 24-bit
nozzle firing values to be directly loaded into the printhead via the test mode of the Print

Generator Unit 99.

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

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

Tabie 16. IAU Registers

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

1 = Write Value to ImageAddress.

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

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

The State Machine 101 simply performs the read/write from/fto ImageRAM 11

whenever the CPU 10 writes to the Mode register.



a Memet Interface (MJl) 15, which transfers data to the Menjet printhead,
and controls the nozzle firing sequences during a print. a Print
Generator Unit (PQJ) 99 is an inplenmentation of nost of the Print Chain
described in Section 3.2 on page 24, as well as providing a neans of
produci ng test patterns. The PGUJ takes a planarized |inear RGB obtai ned
froma CFA format captured inage fromthe I nageRAM 11, and produces a 1600
dpi dith8FEFSEMY inmmge in real tinme as required by the Menjet Interface
15. In addition, the PGQJ has a Test_Rpattern node, which enables the CPU 10
to specif eci se which nozzles are fired during a print. The units

W thin tﬁﬁ“gﬁﬁ Hisd @tﬁﬂMHN'E@ by a nunber of registers that are programred
by the CPU. The internal structure of the Printhead Interface is shown in
Figure 37. 10.ThelmagrEtistrormmrintHU § isrprsigueshjoctenpratedtsiofamy RioT§9eE5S connect s
the PCP {Quir&if bk bha! lnMB@]F%ceBélhd\Uﬂ@iaCHescr[bé@\m dett@nbnz b. et iHiarndly
appropriate signals to control the no zzé1 0] f%q)t and hf| ring sequences
during a9preraies hipegsens @Go'a%aifmﬂqﬂtémm SPAP'EY Pace” 1% s SI rrpl y a State
Machi ne 106 (see Figure 38) which fol the printhead d firing
order descri bederimagtisioaran Ynit %mfy?'ﬁvua%ds*hf%é'"ﬁid’@f P%’Ha r?e d'g?re r}t he

Preheat @u&gRnNe @Etﬁ@r@dﬂ NGe PRE bedor pfand eBaphitivech histogentis gath&ed) ttie @adisSect i on

2.4.2. The M ta.into. the f ice dat a
2% 2 Tl b ST% ARk ReThE oM i B! LAMogh el
subseq uettte rBmbinder of/ bk erintpretesss Foﬂ'reore gfametion§n ey Naﬂrﬁ'%%f@b ﬁhqu@ahih 48t he
print heaq?é 8Lt gﬁgt}%;,fsg&hgﬁapl ng cycle. Fromthe 24-bit input held in

the Tran regilster e PQJ 99. This is the standard neans of
printing t it be a captured photo or test pattern. The
24-bi t &%i‘gbﬁ@%ﬂwﬁﬁ@& IS di rectly sent to the printhead and a 1 bi t

' Advance' contr uI se.. i a
1-bit ' Advance -Ii%ﬁé“ [ﬁ"%'éseﬁés red m asenfentrgdpwoﬁé?%h%@ %’] 15 rrust be
started afstogrant ReMH%nBQachweratfmmawurpﬁheﬂlaerkﬂthI@al fenirigs ageqregd fromt 3ngnsf er

val ue. Twnﬁe.{%%%% d;glt data input wll be valid for the first
transfer to e

9.2STATE MACHINE AND REGISTERS 103

The State Machine 103 follows the pseudocode described in Section 3.2.2.1. it is

controlied 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 PixetValue 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 fo
be cleared, and a 0 causes the counts to remain untouched
(i.e. the next histogram adds to the existing counts).




The MII 15 is therefore directly connected to the Print Generator Unit 99
and the external printhead 2. The basic structure is shown in Figure 38.
10.1.1 Connections to Printhead The MII 15 has the follow ng connections to
the printhead 2, with the sense of. input and output with respect to the
MIl 15. The nanmes match the pin connections on the printhead (see Section
2). Table 18. Printhead Connections Nanme #Pins |/O Description ChromapodS
4 0 Sel e€t"%WhPch chromapod will fire (0-9) elect NozzleSelect 4 0 Select
whi ch nozzle fromthe pod will fire (§69) AEnable 1 O Firing pulse for

phasegroup A BEnable |1, 0 Firilng.nul a - c 7118 0
O T o 1 AL O B
Magenta | nput to magenta shifiG LEAESHEy BE saRIBRRRS afdr TétalPBkALE[ 0-[7] 8 O

I.6CHed &fwn@d 0. Segment s 0- 7 PCPO5- SG 52 [SRC ock
s from
CDat al n[0-7], MDataln[0-7] and YDataln[0-7] into the 24 shift registers of
the printhead PTransfer 1 0 Parallel transfer of data fromthe shift
registers to the printhead s internal Nozzl eEnable bits gfgne per nozzle).
SenseSegEn 1 0 Taepysicabussge SEHeasaizets dbleesshnpdgtaliiels Wit the &tel aymaerchat al n[ n]

ie: e%lst gggs ztgﬁlglgdé iﬁgﬁécguﬁi (efg‘?%ﬁ@,éﬁot r retdjl,_m@dréssj wiiep ebd@rbey & tseRae Vsense

ense eS| St | VI Sens i

TOTAL 41 piane, ClearCount with 1, and write a 1 to the Goyregister. %ncé/ﬁeenc%Snt]hals ﬁnWisrge;[d,h thgense
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 Memijet interface (MJI) 15, which transfers data to the Memijet 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 Memijet 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 CPU.
The internal structure of the Printhead Interface is shown in Figure 37.
10.1MEMJET INTERFACE 15

The Memijet Interface (MJI) 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.



10.1. 2Firing Pul se Duration The duration of firing pul ses on the AEnable
and BEnabl e |ines depend on the viscosity of the ink (which is dependent
on tenperature and ink characteristics) and the anount of power avail able
to the printhead. The typical pulse duration range is 1.3 to 1.8 s. The M
therefore contains a programmabl e pul se duration table, indexed by feedback
fromthe Fprlnthead The tabl e of pulse durations allows the use of a | ower
cost pomE$ ﬂ%ply, and aids in rmaintaining nore accurate drop ejection.

The Pul se Duration table has 256 entsgies, and is indexed by the current

V d T Th 4- V ,
and the Tover - 105 Megieprend 8 SmeliRes rE sl flo. CEEERE b R RS PP
and repr gsenbtieat Ibadingcin Giingt ordarldeecribed intfectioarife anbinclglesdhe thélowlbfcéss of
ge”efat'mg P %a&gaéghcfgé%b@%ag%gﬁgch%ﬁn 58ciBHOUA dnfl sEtHDE. 29, The

256- byt e ore printing the photo. Each

8-bit pulse d%aMJ ent rdgtal %;hg&ﬁ%%def ﬁﬁé@o&g%mdﬁé%&ﬁée@ess settings

Vi scosi ty curve O ense Wsense Tsense
Vsense PEP05- S@ll 1sa’hlslr®eams Baball rozzies will figalunm 2 SubsepyptPANHYClg, dimihe of t he

nunber of dots s%kdé?@ﬁ]@ct%ﬂisﬂrforf Ibédﬁﬁ thd d&mrie@@fm EF’I’e’HEQ%ﬁdIeangT &eledot count for

each color is val ue, indivi cl ear ed ynd ﬁ‘?elsﬂ‘g
control . *Each &&m headbit bR hel) inths Tﬁ%ﬂeﬁ{ﬁﬂsﬁbﬁ}félﬁ%ﬁﬁ dot hésdﬁu #9 6-inch
prints, althougfeahdlof pridtPig@n imatageetndr e daapta@d photubt testipetteradtie 2adit cl ear ed

after each pri ile tn the initial Pr|nt Q bl e
contai ns both 53'5%}%%59 H}ly 'Sidf're(gli”sseat R OrreR ead% gt%ugg'hﬁ&j%rgn({a nt cam
model has a re;phlaeisadahtao thekRGIN| Af theorrs wiradsihdine, 'Eh‘ebl’t IAFIYEtnP%l-IlnePPW'W*éaﬁP product

can countdown t @{ﬁg {, of mllineters remaining of paper (stored in the
QA chip 5 - see ectron 5.2) to know whether there is enough paper

avall abl e o pi 0y B A0 (el MR PQTISS fad SrelPpiabrkd b 2

coverage of all paper ternative
transfer value Th!S |s 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

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 o Description
ChromapodS | 4 0 Select which chromapod will fire (0-9)
elect
NozzieSelect | 4 O Select which nozzle from the pod will fire (0-9)
AEnable 1 O Firing pulse for phasegroup A
BEnable 1 O Firing pulse for phasegroup B
CDataln[0-7] | 8 O Cyan output to cyan shift register of segments 0-7
MDataln[0-7] | 8 o Magenta input o magenta shift register of segments 0-
7
YDataln[0-7] | 8 0] Yellow input to yellow shift register of segments 0-7
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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 3-hit

pulse duration entry in the table combines:

Brightness settings

Viscosity curve of ink {from the QA Chip) 5

Rsense

Wsense

Tsens

Vsens

e

e



SenseSegnent The 8-bit value to place on the Cyan data lines during a
subsequent feedback SenseSegSel ect pulse. Only 1 of the 8 bits should be
set, corresponding to one of the 8 segnents. SetAll Nozzles If non-zero,
the 24-bit value witten to the printhead during the LoadDots process is
all 1s, so that all nozzles will be fired during the subsequent PrintDots
process. pddab.§zi S used during the preheat and cleaning cycles. If 0, the
24-bit value witten to the printhead cones fromthe Print Generator Unit.
This is the case during the actual pr#nting of the photo and any test

i mages. Agihpfcoddtset A wite to this register resets the M, stops any

| oading or printing processes, and |oads all registers with O.

SenseSegSel eCt rfi, Wl 48 rahidild 3 bl lof thernumbtho@ms aif cBlP Rk nohemEeedback
bit of the Status register, and sends a pul se on t SenseSegSel ect |ine

if the PwEeAgDHeKohsrRINHer erCch 8PS § 3§tbettvet§e m\@dua%:f%rqd ypden FrOcERSPr of t he
status  Birkrdl. B&® o@feéoumtdaﬁ hﬁ@%dr%ﬁ%nbé&veﬂa@e @dteatr@df @mimaqsrmsngthmmnl s done.

Once the various se ave been te val ues are placed in
t he TsenQBmmﬁﬁﬁﬁs@egﬁ§8W§ %”ﬁﬁﬁ“V¥@ﬁ§@mF€ ?§?@?@“ﬁand t hen the Feedback
bit of the Status register is set. The feedback continues FIQ%

hi

subsequent pri M{higEeihentighRinteag progyct fhe gopsumabls goRiaws feih pé‘f’%{r"’t”
LoadDot sls/coRdemataIDaha LHiferes. Pribtcaot @bdedhas Blusdiddeasie linkhey @nhsunpablentreel, each

containin Transf S 24- bi transfers

P meo Ronfta TR AT ket Solidon SRRl SrmufibeRriBmeRS of SarBl e

NumTr ansfheGA dga’ﬁ nsecTPeetigt AL knowgmsth@’rth@’enﬁtmonw pavenavadabit erinther mat i on.
Upon Coml[sﬁta fe?.:ﬁn Qf T mrﬁs& ink fut%%ﬂagé etéunédpagd%e&eﬁ;smé LRRsatped the Go

bit is ear Duri n final print %P , Is |loaded into the
pri nt heaBrint@muprpgust, dfe @t cintstiag bsuu'@edslts’db% He 0;5? Pwtatep B&EDIP BHifirdeHes not
cl ear any prétidt @herk B8liklRFSdge runs out of ink. The processor knows the volume of ink in the

cartridge for each of C, M, and Y from the QA chip 5. Counting the number of drops eliminates
the need for ink sensors, and prevents the ink channels from running dry. An updated drop
count is written to the QA chip 5 after each print. A new photo will not be printed unless there is
enough ink left, and allows the user to change the ink without getting a 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 vellow 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 300).
This is the number of pulses on the SRClock and the number of 24-bit
data values to transfer for a given line.
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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 0, 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 bits are all 0. If any of the status
hits 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
transfers. 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 loaded 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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of the Status register is set.

CDoliCount Read only 32-bit count of cyan dots sent to the printhead.
MDotCount Read only 32-bit count of magenta dots sent to the printhead.
YDotCount Read only 32-bit count of yellow dots sent to the printhead.

The MJI's Status Register is a 16-bit register with bit interpretations as follows:

Table 20. MJI Status Register

1 Set the Pul seDuration register
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Name Bits Description

LoadingDots 1 If set, the MJI is currently loading dots, with the number of
dots remaining to be transferred in TransfersRemaining.
If clear, the MJ] is not currently loading dots

PrintingDots 1 If set, the MJl is currently printing dots.
If clear, the MJ! 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 1 This bit is set while the feedback values Tsense, Vsense,
Rsense, and Wsense are valid.

Reserved 3 -




shown in Fig. 18 contains the functions: Gather Statistics 60 Rot at e
| mrage 61 White Bal ance 62 PCP05-SG 57 Range Expansion 63 Resanple 64
Sharpen 65 Convert to CWY 66 Up-Interpolate 67 Halftone 68 Reformat
for Printer 69 The PGJ 99 contains all of these functions with the
exception of Gather Statistics 60. To performthe Gather Statistics step,
the CPU 1Q.gakls the Image H stogram Unit 8 three times (once per color
channel ), and applies sonme sinple algorithnms. The remai nder of the
functions are the donmain of the PGJ 82 for reasons of accuracy and speed:
accuracy| phergusembiRr £4 Wollrds Reldd 06 cirlGhcH®AAPoY béifgifted RElleltBe hol d |t he
entire ifrage at high agcuraCpsintingoots pa@ebitiskecause a sinple CPU 10 |cannot
keep up wth—the—reat—t+retigh-—speed—demands—of the—Menjet—printhead 2.
The PGU D8rintiapidezzigs i npdt a Waﬁ_h@@wthéﬁurﬁa}@ﬂ?élﬁéﬁiggflfﬁ%wh'lfdhg RGB tg CWY
conversi pn tabl es, constant § PRSI s18WAPHE SRhi t e bal ance and range
expansi on, scale factors for resanpling, and I mage access paraneters that
allow for rotation. The two process chains can be seen in Figure 20. The
nost direct chain goes from the Image RAM 11 to Buffer 5 via the Test
Pattern A [0 ot her chain consists of 5 processes, all
runni ng i1§'q%§?e§\%?teﬁ%%%g}qar-Js}::t?esprocess 111 perfornms | mage I[I%ot ation, Wite
Bal ance and Range ansi The seco rfqr l'i ng.
The third procdS BTSSP gy A CRARSSHE SO aorBreb L p R, | O
col or comgistss:on. The final process 113 perforns the up-interpolation,
hal f t oni ng, anq?emlf\]g%ﬂggt;{ ng for the printer. The processes are connected
only a

via buffers, ew byt es between sone processes, and a few kil obytes
for ot hers. 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.

) 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 Memijet Interface 15, as shown in Figure 41. The PGU takes a planarized
linear RGB obtained from a CFA format captured image from the ImageRAM, and produces a
1600 dpi dithered CMY image in real time as required by the Memjet Interface. In addition, the
PGU 99 has a Test Pattern mode, which enables the CPU 10 to specify precisely which
nozzles are fired during a print. The MJl 15 provides the PGU 99 with an Advance pulse once

the 24-bits have been used, and an Advanceline pulse at the end of the line.

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 foir output to the MJL
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



Ve | ook at these processes and buffers in a prinarily reverse order, since
the timng for the printhead drives the entire process. Timngs for
particul ar processes and buffer size requirenents are then nore apparent.
In summary however, the buffer sizes are shown in Table 21. PCP05-SG -58-
Table 21. Buffer sizes for Print Generator Unit Size Buffer (bytes)
Corrp_05|t|on of Buffer Buffer 1 188 Red Buffer = 6 lines of 6 entries @
10-bits BeASEe 45 bytes Blue Buffer = 6 lines of 6 entries @10-bits each
= 45 bytes Geen Buffer = 13 lines of76 entries @10-bits each = 97.5
bytes Buffer 2 24 6 x 4 RAM3 |lines of 4 entries of L @8-bits each = 12
bytes 3°col or RapouERFPFPEE3 @ 8-bits each = 12 bytes Buffer 3 3 3

col ors(RGB) @ &kedhhgesach Buffer 4 23,040 3 colors(CW) x 6 lines x 1280
contone pixels 8-bits each Buffer 59 3 x 24 bits TOTAL 23, 264 Apart
froma ndnmber of2P&QP3ters, some of the processes have significant | ookup
"tvgbl es Of rrprmrqm;mnfp_@mas. These are summarized in Table 22. Table 22.

nory requirernen ih PGU Processes Size Unit (bytes) Conposition of
Requi renent s %}qgﬁa@wﬁﬁe Bal ance / Range O Expand( >Iéesa)rrpl en}) Convert to
L 1,152 3 ker ndfaftonef®h 64x4x12-bits Sharpen 0 Convert to CW 14,739 3

conversi Qn t abl s, mea6 prikiekdgx17x8 bits Uplnterpolate / Hal ftone /
Refor mat 2,500 Dither Cell, 50x50x8-bits P

The PGU 99 contains all of these functions with the exception of Gather Statistics 60.
To perform the Gather Statistics step, the CPU 10 calls the Image Histogram Unit 8 three times
{once per color channel), and applies some simple algorithms. The remainder of the functions
are the domain of the PGU 99 for reasons of accuracy and speed: accuracy, because there
would be too 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 99 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 look 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 summary however, the buffer sizes are shown in

Table 21.



Test Pattern Access 0O TOTAL 18, 391 PCP05-SG -59- 10.2. 1Test Pattern Access
The Test Pattern Access process 110 is the nmeans by which test patterns are
produced. Under normal user circunstances, this process will not be used.

It is primarily for diagnostic purposes. The Test Pattern Access 110 reads
the Image RAM 11 and passes the 8-bit values directly to Buffer 5 118 for
output to the Menjet Interface. It does not nodify the 8-bit values in any
way. ThePd#f8%in the I nage RAM 11 woul d be produced by the CPU 10 using the
| mage Access Unit 9. The data read fggom Ilmge RAM 11 is read in a very

si npl e waparound fashion. Two registers are used to describe the test
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Apart from a number of registers, some of the processes have significant lookup

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

Table 22. Memory requirements within PGU Processes
Size

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

bits

Uplnterpolate / Halftone / Reformat 2,500 | Dither Cell, 50x50x8-bits
Test Pattern Access 0
TOTAL 18,391




Test ModeEnabl ed If 1, TestMdde is enabled. If 0, TestMde is not enabl ed.
PCP05- SG -60- DataStart Start Address of test data in Image RAM Datalength
Nunber of 3 bytes in test data The foll owi ng pseudocode illustrates the
address generation. The AdvancelLi ne and Advance pul ses are not shown. Do
Forever Adr = DataStart Remaining = DatalLength Read Adr into Buffer 5 (0),
Adr=Adr+|l Read Adr into Buffer 5 (1), Adr=Adr+l Read Adr into Buffer 5
(2), Adr2&§P39 Remmining = Remaining-1 if (Remaining - 0) Remaining =
gataL_ength End]PO| I]E S thhe responsibgdity of the CPU 10 to ensure that the
ata i s nmeaningfu or the printhead 2. Byte O is the nozzle-fire data for
the 8 seé%ﬂ?%sqgﬁﬁﬁryaﬁ?cﬁﬁt 0 = segnment 0 gtc.), Byte 1 is the same for
magenta, and Byte 2 for yellow. Alternate sets of 24 hit odd/ even

_ _ re for

Bixel's Separat S PHIS ASRRSRIPTRRGES 1 hé. PEnesns gyl B34 SR &F 5 116

20' ds t htﬁroﬂ@:]l:é@.r ag%d Bd.@{as_ ﬁé_e? QMtUnteanesy, ki prBcdsa twilGen eratsedrit iprpdmeds for Buf f er
consists of a -bit shift register to hold dots generated one at a tine

from t he 9BRIRSHIC RUPPSBYp| nt er pol at e- Hal ft one and Reformat Unit), 3 8-bit

regi sters to hqld_the dat enerated  fromt TRPAU (Test .Pat f.ern
AccessUni t), aﬁ@egeﬁﬁaﬂ??‘%‘gﬁssﬁ?@f‘a L4 089 eMSt]faf"gfpa SF thﬁ:%'é{{sv s

167 FTansfer to
the Ml @ideny ®tBuffet 21 fseejutpul hethdtheaitt intgpiates d doponot ingdifMbie Bthiiadivesihe 24- bi t

Transfer re istrgr ] I s b it it i
| 2 TRE b il 8l %ﬁa)%%’ SloliGHrod bQTBY BE CPUSTPldng REInRigBT S OF
the si _ngf’@“gﬁx bt “Shi e hadi Seer “§qu ereJr%ut er}e ore acts &s angggubl e
buf f eri ngcemseblaih®.sm f or the generated dots, and
The data read from Image RAM 11 is read in a very simple wraparound fashion. Two
registers are used to describe the test data: the start address of the first byte, and the number

of bytes. When the end of the data is reached, the data is read again from the beginning.
The structure of the Test Pattern Access Unit 110 is shown in Figure 43.

As can be seen in Figure 43, the Test Pattern Access Unit 110 is little more than an
Address Generator 119. When started, and with every AdvanceLine signal, the generator reads
3 bytes, produces a TransferWriteEnable pulse, reads the next 3 bytes, and then waits for an
Advance pulse. At the Advance pulse, the TransferWriteEnable puise is given, the next 3 bytes
are read, and the wait occurs again. This continues until 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.




has a structure as shown in Figure 44. PCP05-SG -61 - 10.2.3Buffer 4117
Buffer 4 117 holds the cal culated CMY internedi ate resolution (1280-res)
contone inmage. Buffer 4 is generated by the Col or Conversion process 66,
and accessed by the Up- Interpolate, Hal ftone and Reformat process 113 in
order to generate output dots for the printer. The size of the Contone
Buffer is de gndent on the physical distance between the nozzles on the
printheaggmﬁg dots for one color are being generated for one physical |ine,
dots for a different color on a diffesent |line are being generated. The
net ef fect ifsphihgly6 diff erlegly ARSI Gt bidigmagedii nted at the one time
fromthe pri n?(-"r - odd and leven dots from é!ffgr_erm_gu;p&t_u_nqs, and

di fferent |inesalp@gthcol or. (THiirsbet ofhkipyds in sedepd ai ned and t he di $tances are
defined in Section—2—i—1—The practicat—upshot—T5 that there 1S a given

di stance in high-res dots fromthe even cyan dots through the magenta dots
to the odd yellow dots. In order to mnimze generation of RGB and hence

CMWY, the nediumres contone pixels, tha nerate those high-r dot,s are
buffered in Buf‘%hérf°"2?\’“'"§ipﬁ%t@°$ﬂﬁ% "|uaff?%s %‘F%ﬁ%'aﬁﬁﬁ”% Of) ierH‘“'e’s“9 agcﬁ‘ﬁngeh%des li nes
is 1.5 eacdncepdiasmrémadshowme is  sanpled 5 tines in each dinension., For the
purposes of buffer lipes, we are only concerned wth 1 dinension, so only
consi der 5 dot Iines coming froma single pixel Iine. The distance between
nozzl es of diffefehf €6FFFE is 4-8 dots (depending on Menjet paraneters).
W therefore assemen8yg wheehemgitves a separation di stance of 16 dots, or 17
dots in inclusive@.adhst BcEacidtes Wol skagage1scenario is that the 17 dot
l'i nes i_ncludes__tﬁga ast,dot, l.ine,froma gi,ven pixel line. This inplies 5
pi xel lines, wt ot lines generated as 1, 5, 5, 5, 1, and allows an
i ncrease of nozzRerddiyalHei ¥ntto® 16 #0°éf5dre that the contone generation
process witing Remstthagbuféerngoes not interfere wth the dot generation
process readi ng firomdhgiguf her, we add an extra nediumres |ine per
color, for a total of .6 |ings per color. The contone buffer is therefore 3
colors of 6 lines, each Fine contalning 1280 8-bit contone val ues. The
total nmenory r o i = - —The
menory only requires a single 8-bit read per cycle, and a single 8- bi t
wite every 25 leipdheresponsibility of the CPU 10 to ensure that the data is meaningful for the

printhead 2. Byte 0 is the nozzle-fire data for the 8 segments of cyan (bit 0 = segment 0 efc.),

Byte 1 is the same for magenta, and Byte 2 for yellow. Alternate sets of 24 bits are for odd/even

pixels separated 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 (Uplnterpolate-Halftone and Reformat Unit), 3 8-bit registers to hold the data generated
from the TPAU (Test Pattern AccessUnit), and a 24-bit register used as the buffer for data
transfer to the MJl (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.



(each contone pixel is read 25 tines). The structure of Buffer 4 is shown
in Figure 45. PCP05-SG -62- Buffer 4 can be inplenented as single cycle
doubl e access (read and wite) RAM running at the nom nal speed of the
pri nt head dot generation process, or can be inplenented as RAMrunning 4%
faster with onIy a single read or wite access per cycle. Buffer 4 is set
to white &% 0) before the start of the print process.

10. 2. 4UpFit%&rHol ate, Hal ftone, and Reformat For Printer Although the

Up- I nterpol ate, Hal ftone, and Reforne§iFor Printer tasks 113 are defined
as separate tasks b¥ Section 3.2.8, Section 3.2.9 and Section 3.2.10
respect | YeRyBuied117 5, o inplenented as a single process in the hardware

i npl enentation of the PCP The input to the |nte ftone and
ReFor mat Ot ¢ EOER S T B A CUEEH CRe RS fasab it (4025 SIRE ai mi g

the pre- galgeubateed .@%eﬂaZ&Dbyr 86 Clolon tonvERcraprecess GSOéndtacoes)sed hpte. Up'l-'heh
output is a set correct ord o the

v ot | pdaeatrishs g Reietiionet 4IA'R ottt b ha b Pyl APl C ;e
118. Th6240ttb ted 1 bit th
24-bit shift uépélgﬁzﬁ:” %‘ﬁ C%ﬁ‘f"f‘g%ﬂ éri}igeF’e\“ﬂ%"lt(?Bﬁ? ra}lys'S? Sﬁa%ngb[r?tglgéensggoccﬁrs

f r om t hend\chea 6 eheapticithAakl & cletsiforeonsicginars being genetrdied M’]bl‘lelﬁyS!Wﬁé'ffﬁ dpte  UHRU
113 star }gz (?u iff rghrt]%ﬁlgrr é’\ 5 d%?enhﬁ@;/ﬁg%gfn @@n&&%& efhfe%%t Qi’fetc§ |sq{1§ 6 BfGeMced, and

are cl oc bt s regl ter 0
Shi ft Wi pisBivalbines siegmiated at fifet ane t!ﬂ@efrolmtﬂ? msinter hadd wewee |de§l€@a1 fifferent

Transfer thbGtQﬁQ@mn@ dﬂﬂalre?@ lihes Sk \813r. THROcdnbEpt N Bhkpladdkd dMdt the Alsing@ngreat ed.

After this waits for the Advance pul se fromthe M. Wen
t he Advaﬁ%f@e‘é)lﬁ‘l%eé“‘é‘r?rﬂles the TransferWiteEnable pulse is given to Buffer
5 118, and the next 24 bits are calculated before waiti

practice, once ThperacfigabupshehjaHebthsia is @ gven disipare in e P?}% frﬁ'g%%ﬁ"eﬁas
occurred cﬁiﬂldjofsuh‘éli@ N Yig6Rta Pot FLthe viid Lellow@ots. B\bBdey t2dinimicd @detali@r &faf t er .

The Upl nterpol ate, f nd Ref or mat. cess | ure 46.
The Hal f Bg‘ﬁearle?RC‘? Eﬁk h’grr?%ﬁ‘érhmﬁyco{“ﬁge %%%a?gerﬁ%?e th%ge ﬁﬁgge sc&c%’rtr{grrgat or
120. Thebuftensa ihBpitdrd. t 0 t he conparator conme fromthe St aggered Dither Cell

121 and Buffer 4 117. The order that these values are presented to the
Unsi gned ConparsaicerhelZfo bismetiinerasi linediobhigH-lee linsddsl N §ssaclamediuat e 1St &t e

Machi ne 12 2@6% IH&:Q% ?nnésa% ?metnglglll fop %eﬂﬂx?;g §§$ &ouBf el N %Irg %gryrc%%erde'aag e

mat ch t h&%8 g ed or or the printhead. dress
Gener at owith Stdimhensiiacs oy meldterhéudetf Imee Cm@@ﬁ@@k@%’“@'ﬁé'xﬁldmﬂ?@r‘ﬂjﬁﬁ@ﬁ on and

Ref or mat Bbturgerf QlBZzPJs' O Gfierent colors is 4-8 dots (depending on Memjet parameters). We
therefore assume 8, which gives a separation distance of 16 dots, or 17 dots in inclusive
distance. The worst case scenario is that the 17 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 435.



tasks. Rather than sinply access an entire line at a tinme at high
resolution, and then reformat the line according to the printer | ookup
requi renents (as described in Section 3.2.10), the reformatting is

achi eved by the appropriate addressing of the contone buffer (Buffer 4)
117, and PCP05-SG -63- ensuring that the conparator 120 uses the correct

| ookup fpgim-tke dither cell 121 to match the staggered addresses. The

Hal ftoning task is the same as described by Section 3.2.9. However, since
the dot outputs are generated in thé2orrect order for the printhead, the

size of the D s L& bel.%lemeﬁte@ae% gmscqcl& faa&mé tacéébélzr&.ﬁﬁar@wfné)mmto 800.
Consequently a given position in i ther fo one segnent wll be

t he sanmefWgPd phiae P%’ﬁ‘ﬁ?'rﬁpﬁ‘@? of f%@%ﬁ?@ dm@‘*BﬂiW Ftﬂ?‘ieﬁ% (©F €31\ he ‘B‘Pl‘?{ﬂeﬂ‘ég a
sat i sf achORAMr@mingli% fAsedashiyRethgietedbs tritacdesd.pds cyclBe sanme position in
the dither cell can be wused for different colors due to the fact that

di fferent |inegufdra iHei ROvHEBIQAbetredte dthrofiRBint brogss.f or each of the
colors. The addressing for the dither cell is therefore quite sinple. W

start at, 493*{ fMt@erﬁﬂW ,lg% ﬁ&ggppgﬂzpther cell (e.g. row 0). The

first d|t 1er ce entry used I's Entry use that entry 24 tines (24

cycles) to geng BF?JL@? h ué:ﬁtQ pQIE% 1 Blofd, | arfd agrgmtp%r g?ﬂél{, H%%?Qféda‘fémce to

Entry 1 of row We reévert ck to hi's” conti nues
for all deIlgedzaﬁ)saﬁyr@teetssHSrbwp@t@n 3L, gestion 8129 211d| Septipro®d)1wsrectivEivethelal f t one

Uni t t hege$h@BReRbtasWidifoR fridess hie RFNBRE RlpidRnREbS& i Bchs causes t he

address generator to advance to the next rowin the dither cell. The

St aggered Dit hehe GRl tol%l, Upsméﬂmra@é | 28hoRE GRAH S&:fdrinad URE @JﬁRU)rW@ R thegul ar
di t her cell by havin and even |lines staggered. This is because we
(it dn S cop

gener at eCQf)‘H’tﬂeatMﬁ‘ere tainiag the Pre-FaitHAsed SMY0 1 280 veqi (nfegpediate | | nes,
and savegsdiftRn\itgeSthe(RiRE &l HEet 17 24ibn QBELEAWI tHE chriect 3R¥RIBAR sieﬂt fohge next row

d back t t t i mpl
i ther _CHPTIELBeRERcl Bt Peeate SFpohd e repBesEyatets PHeF 158RT S00R B thet
sane si zae gbinrated 1 hidt aftiore, det senintb therig-Hitsbift regiderdrs Buffeob 188.gi ven position, we

nunber the pixels in a given row0, 1, 2 etc. The 8-bit value from Buffer
4 117 i s conpalesdcdntmissf e prbcdso cbdies Borbithe Advbnee dndorvarvelinsStiggdefrad Di t her

O.E| ! 121 II\IJI Hg%ﬁéﬁ h%rl,_!LF/lkLEHW taXéalJ[%] andsﬁﬂgr ?%cée§q¥5$«t%ﬂun9r ulg Uﬁl bn{‘s éhe

di t he rels 'éf’ of Buffer 5
118. Ot hmwcg@ aad 'a@ cldgked iptg tfaﬂﬂfbmitsmftregiﬁer of SuffenS hyveryPhiftdritelgfabpidnalk 5.

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 puise 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 Uplnterpolate, Halitone and Reformat process can be seen in Figure 48.

The Halftorne task is undertaken by the simple 8-bit unsigned comparator 120. The
two inputs to the comparator come from the Staggered Bither 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 line 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



In order to halftone 19, 200 contone pixels, 19,200 contone pixels nust be
read in. The Address Cenerator Unit 122 perforns this task, generating the
addresses into Buffer 4 117, effectively inplenenting the Uplnterpolate
task. The address generation for reading Buffer 4 is slightly nore
conplicated than the address generation for the dither cell, but not overly
so. PCP05-SG -64- The Address Cenerator for reading Buffer 4 only begins
once the"Fi%Sf row of Buffer 4 has been witten. The remaining rows of
Buffer 4 are 0, so they mnll effectivgly be mhlte (no printed dots). Each

of the 6 effective out I nes hs arelst t

fracti on&PSU“BQ)WﬁUH%ﬁ?'T‘FP %T 12 pagretre porect! ?{‘”8 o Wb I&H‘ST %et"g%?l smﬁ@ég' ®to
sel ect WRiagfer&dddrsssds.ne wi Il | be read to effectively upinterpolate the
color for that particular color's odd and even pixels. 3 pixel counters
are used to WﬁiT‘hbﬂHaﬂtohh@ta@klI'sl'tﬁéﬂsarﬁ@&i Hesnbedl HyhGetticrey aONHovernideathsi ngl e

tenporary = counter ddre t o.of fset t
renai ni n6°t7° ?é'bsr?é‘?lﬁ’%mr I?erpﬁ é@?ﬁﬁ’frf/&t%%eﬁ%ri@c? r'g%sf!'s géhr?esr"?tOf%%? II((r?ee"a1 i
Buf f er 4 iy engssnrseshat itadividek leestilynigto 808 gt ebequsntiyasgisdnavnitipmin Taghiteregl!l fdrabl e 24.

Regi sters gn%\%pg’m ol %g%gé% “nfefn%{::] é ﬁﬁgl'eﬁtge 55@@@@;&,,@@@@@ 6 bits

(3:3) ent a Its 0 3) entaOdd 6 bits
(3: 3) Yeatlstm@vms@ amdssc(naecsyw Sexzacm daldle Ga’BPtPQS'TCE‘ fa)the ghea CAMRe14 bit s
(11 MagetbegifardNPEbidrd dbd fond fédt: tl‘?at dlﬁ&bhﬂ%ﬁo&é@anééerhrdi& e(tihb sImB ABR 11
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exarrpl e V%e.? us_fz tE%te?ngg%%P se g%% cgfc %lgen%%té th%fs (?O|099#09 all %rs%grﬁgrﬁéra% %nby a

di st ance
advance to Entry 1 of row 0. After Entry 49, we revert back to Entry 0. This continues for all
19,200 cycles in order to generate all 19,200 dots. The Halftone Unit then stops and waits for
the AdvanceLine pulse which causes the address generator to advance to the next row in the

dither cell.

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 to the next row and back again on alternative sets of 24 pixels. Figure 25 shows a
simple dither cell 93, and how to map it fo 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 ete.

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 Uplinterpolate task. The address generation for reading Buffer

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



one color are separated fromthe nozzles of the next by 8 dots, the initial
val ues would be as shown in First Line colum in Table 25. Once each set
of 19,200 dots has been generated, each of these counters nust increnent
by 1 fractional conponent, representing the fact that we PCP05-SG -65- are
sanpling each pixel 5 tinmes in the vertical dinension. The resultant val ues
will then be as shown in Second Line colum in Table 25. Note that 5:4 + 1
= 0:0 sihge there are only 6 buffer lines. Table 25. Exanple Inital Setup
and Second Line VaI ues for the 6 Buff@r- Line Registers First Line Second
Li ne Name Cal atlon aIu uff Va B anEv Posi,tion 0:0
0010 Cyan d?%(ﬁ%‘v ?‘3{ ¥-r524 “%ery‘”ﬂ)bbe@n vgtﬁeb&?{ h?‘i@?ﬁ(m 1: 4
1 2:0 2 nhihpentedbea 'I‘mgemuaﬁgemwd)of]&m'em arey, 302hewell etheokiveinbavibitentnraQdd+1: 3
(8) 3:3 3 Yel | onOdd Yel | owEven+0:1 3:4 3 4:0 4 The 6 buffer line
regi sterg eterm ne which of the buffer lines is to be read for a

gi ven col or d i.xel T diumres
pi xel s are rea%d °h P f)met Effgctwe Oﬁtf’m %eg%sefl Wgﬂ%ﬁ"@hﬁgn %egtﬁggn&%%%?e Addr ess
counters ,coropmneﬁtofheea’rcgerwgﬁlgm of thmkgister isiused @ Sﬁbﬁtﬂmfélr%ﬂﬁ@fdlﬁﬁ%*rbe(rﬁﬂqﬂtm) whi ch
I s used %8%dtlﬂ§$f)ﬁplhtlréﬁglafeaﬁ1@ &) BN bvat %%Ehlée&'ia?gtodhsands@&ﬂrﬁie@ ¥ pién t he

next by mediumres pixels this distance is 160, Since 800 is
di vi si bl eowsese gieyuspy temaigiingthe ?“rf@éﬁ"%‘?@ "’(‘W@ seareydt 2pdAeingle BPPYAE 3 Pi xel
Addr ess oM@ ADR YMixel SRR ik @sdde offsebiftbites@Raining7 skheergsen cyan pi xel s,
then the 8 addresses for the even magenta, and finally the 8 addresses for
the even yell ow, sM@mbReRetl tudiRes GaiiRationfort RAdIAG Bulsran requirg@atfalowmgd yel | ow
pi xel s. This grocess of two sets of 24 bits - 24 even then 24 odd, is

per f or e (RIS 25 FRn pEaRlet-t hen reset the Pixel Address counters (X_P_ADR)
to 0 and advance the 6 buffer line registers. Every 5 |line advances, the
next buffer |ine i s now ¥able24aRepisteesReavired faiReadipg BuffehA t he Convert to CWY

ru?f?](f' do:%s) d

process). Tahle 26 lists the|steps in a sinple form PCP05- SG
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



-66- Table 26. Address Generation for Reading Buffer 4 # Address

Cal cul ation Comrent P_ADR = Cenerate address for even Cyan_P_ADR pixel in
Cyan segnent 0 and Cyan_P_ADR += 1 advance to next pixel for cyan (nods)
1 CyanEven: P ADR P_ADR += 160 Advance to segnent | (cyan) 2 CyanEven: P_ADR
P_ADR += 160 Advance to segnment 2 (cyan) 3 CyanEven:P_ADR P_ADR += 160
Advance percsegment 3 (cyan) 4 CyanEven: P_ADR P_ADR += 160 Advance to
segment 4 (cyan) 5 CyanEven: P ADR P_ADR += 160 Advance to segment 5 (cyan)
6 CyanEven: P ADR P_ADR += 160 Advance®®o segment 6 (cyan) 7 CyanEven: P_ADR
P_ADR += algeﬁogmﬁﬁlr\@aé'b%ﬁ pix8 5SREHEEA the KekieX AensBn. %ﬁgéﬁﬁéht RalfdRvilPteiBe 2s Gener at e

address for even Mage se a P ADR 1
and advafb¥tip SResef b‘F)?%JFmFB‘rTabter?édE'?te%N% ﬁ&&ggﬁ‘&%ﬁ"%{a%ﬂ% “ADR +=
160 Advamngse.to segnent 1 (magenta) 10 NhgentaEven P _ADR P_ADR += 160
Advance to segnent 2 (magenta) 11 MagentaEven: P_ADR P_ADR += 160 Advance

to segnent $ap6 PRGSHhAk it ymFaaaE\,x@&mmeeﬁmhtsmr Eelgance to
segment 4 gpgge a) 13 MagentaEven: P_ADR P_ADR += 160 Advance to segment

5 (magent 3 PR—F=—160 AdVENCE 10 SEgmeEnt| 6
(magent a) |15 NhgentaEven:P_ADR P_ADR[+= 160 Advanck to segnent 7
First Line Second Line
Name Calcutation Value Buff Value Buff
CyanEven Initial Position 0:0 0 0:1 0
CyanQdd CyanEven+0:1 0:1 0 0:2 0
MagentaEven CyanOdd+1:3 (8) 1:4 1 2:0 2
MagentaOdd MagentaEven+0:1 2.0 2 2:1 2
YellowEven MagentaOdd+1:3 (8) 33 3 3:4 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 Buifer 4, we use 3 Pixel Address counters, one for each color, and a
single temporary counter (P_ADR) which is used to index into each segment. Each segment is
separated from the next by 800 dots. In medium res pixels this distance is 160. Since 800 is

- divisible exactly by 5, we only need use the integer portion of the 3 Pixel Address counters. We
generate the 8 addresses for the even cyan pixels, then the 8 addresses for the even magenta,
and finally the 8 addresses for the even yellow. We then do the same for the odd cyan,
magenta, and yellow pixels. This process of two sets of 24 bits - 24 even then 24 odd, is
performed 400 times. We can then reset the Pixel Address counters (X P_ADR) to 0 and
advance the 6 buffer line registers. Every 5 line advances, the next buffer line is now free and

ready for updating (by the Convert to CMY process). Table 26 lists the steps in a simple form.



(magenta) 16 MagentaEven: P_ADR P_ADR = CGenerate address for even

Yel l ow_P_ADR pi xel in Yellow segment 0 and YellowP_ADR 1 advance to next

pi xel for yellow (mpd 5 ) PCP05-SG -67- 17 Yel | owEven: P ADR P_ADR += 160

Advance to segnent 1 (yellow) 18 Yell owEven: P_ADR P_ADR += 160 Advance to
segnent 2 (yellow) 19 Yell owEven: P_ADR P_ADR += 160 Advance to segment 3

(yel low) 20 Yell owEven: P ADR P_ADR += 160 Advance to segnent 4 (yellow)

21 Yel | oRERP&R®P_ADR P_ADR += 160 Advance to segnent 5 (yellow) 22

Yel | owEven: P_ADR P_ADR += 160 Advanceg.o segnent 6 (yellow) 23

ie: : oﬁven E ﬁ% E ADR += 160 Advance to segment 7 (yellow) 24

el | owEven: '
segnent and mmn%geamﬁ_%greer g‘b%néi%ﬁ&r?fo? REQle&ﬁﬁﬁerlgl?‘zl PC?&‘[?E pl\?(.slbsl) n25q,an
CyanCdd: P_ADR P_ ADR += 160 Adyance to segnent |1 (cyan) etc. The pseudocode
}‘prtggnerah ng thepaufé‘sgr 4 117 adcHiesstesm i S Shown hecemmidot e that | it is

| sted ag=a sequentTal set of fabl e 26 t ew d

paral |l el | hature of the operat F@gﬁﬁ(—fxé ng the erateadgregﬁ%é%}éﬁ I the
Cal culatp staft positions CyafEyehn—= 80 0 Cya r RENSYor

Magent aEyen 5 CyanOdd + 1:3 M Maﬁ%'ﬁ*”Nhgenta ven + 1 Ycel I owEven =

Yel | ondd =| ¥B%dwEven + 0: 1

Magent aodd + |1: 3

Do N tinmes (depends

on print

si ze) 1 CyanEven:P_ADR P _ADR +=160 Advance to segment 1 {(cyan)
2 CyanEven:P_ADR P_ADR +=160 Advance to segment 2 (cyan)
3 CyanEven:P_ADR P_ADR +=160 Advance to segment 3 (cyan)
4 CyanEven:P_ADR P_ADR += 160 Advance to segment 4 (cyan)
5 CyanEven:P_ADR P_ADR += 160 Advance to segment 5 (cyan)
6 CyanEven:P_ADR P_ADR +=160 Advance to segment 6 (cyan)
7 CyanEven:P_ADR P_ADR += 160 Advance to segment 7 (cyan)
8 CyanEven:P_ADR P_ADR = Generate address for even

Magenta_P_ADR
Magenta P_ADR +=1

pixel in Magenta segment 0
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

{mod 5)




Cyan P ADR = 0 Magenta P ADR =0 Yellow P ADR = 0 Do 400 tinmes % generate
the even pixels for the first set of 24 bits P ADR = Integer portion of
Cyan P ADR Cyan P ADR += 0:1 Do 8 tines PCP05-SG -68-

ReadBuf f er 4(| i ne=CyanEven, pixel=P ADR) P ADR += 160 EndDo P ADR =

| nteger portion of Magenta P ADR Magenta P Adr += 0:1 Do 8 tines
ReadBuf f ec#b6-ké 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 tinmes

ReadBuf f er 4(1j ne=Yel | owEven, pixel =P-¥DR) P ADR += 160 EndDo % generate

t he odd pixel sYétIGWE\telnaD_ﬂDRst $CtADR +246hi ts B AdRcetd smt;agmm (VEEBD\E/) gn of
Cyan PADR Cyan PADR+=0_1—Dp 8 ti mes ReadBufifer4(tine=CyantCd fxel =P
ADR) P APR +H="¢l'g@Even:P_ADR P ADR += 160 Advance to segment 2 yellow)P
19 YellowEven:P_ADR P_ADR += 160 Advance o 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 & (yellow)
22 YeliowEven: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 CyanQOdd: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 = 0:0

CyanOdd = CyanEven + 0:1
MagentaEven = CyanOdd + 1:3
MagentalGdd = MagentaEven + 0:1
YellowEven = MagentaOdd + 1:3
YellowCdd = 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 portion of Cyan P ADR
Cyan P ADR += 0:1

Do 8 times



EndDo P ADR = Integer portion of Magenta P ADR Magenta P Adr += 0:1 Do 8
ti mes ReadBuffer4(line=MagentaOdd, pixel=P ADR) P ADR += 160 EndDo P ADR
= Integer portion of Yellow P ADR Yellow P Adr += 0:1 Do 8 tines

ReadBuf fer4(1i ne=Yel | owQdd, pixel=P ADR) P ADR += 160 EndDo % Now can
advance to next "line" CyanEven += 0:1 PCP0O5-SG -69- CyanOQdd += 0:1
Magent aEven += 0:1 MagentaOQdd += 0:1 YellowEven += 0:1 YellowOdd += 0:1
EndDo EndBo™"%0.2.5Buffer 3 116 Buffer 3 is a strai ghtforward set of 8-bit
R, G B values. These RGB val ues are.ghe sharpened nediumres (1280-res)

pi xel s generated by the _Sharpen proc 63, .2pdkead by the Convert to CW
process 66. It is no%e%dggg%éggin{%yaégi%l' e ﬁ?ﬁ PerD Euffer 3 116. This is

because the read (CorRv&Et*™t 6°° CMY) process 66 only requires the RGB val ues
for the first 39 cyedoes, while the wite (Sharpen) process 65 takes 49

cycles before being fRady.tQ.actuabl s update o hex RGB val ues.

Magenta P_Adr += 0:1

Do 8 times
ReadBufferd {line=MagentaBven, pixel=P ADR)
P _ADR += 160

EndDo

P_ADR = Integer portion of Yellow P ADR

Yellow P Adr += 0:1

Do 8 times
ReadBuffer4 (line=YellowEven, pixel=P_ ADR)
P_ADR += 160

Endbo

% generate the odd pixels for the first set of 24 bits
P ADR = Integer porticn of Cyan P ADR
Cyan P ADR += 0:l
Do 8 times
ReadBufferd (line=CyanOdd, pixel=P ADR}
P_ADR += 1&0
EndDo
P_ADR = Integer portion of Magenta P ADR
Magenta P_Adr += 0:1
Do 8 times
ReadBuffer4 (line=MagentaOdd, pixel=P_ADR)
P ADR += 160
EndDo
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 Lo next “line”

CyanEven += 0:1



10. 2. 6Convert to CWY 66 The conversion fromRG to CMY is perforned in the
medi um resol uti on space (1280-res) as described in Section 3.2.7. The
conversi on process 66nust produce the contone buffer pixels (Buffer 4) 117
at a rate fast enough to keep up with the Upl nterpol at e- Hal ft one- Ref or mat
process 113. Since each contone value is used for 25 cycles (5 tinmes in
each of %hﬁmé and y di nensions), the conversion process can take up to 25
cycl es. Ki€>Fotals 75 cycles for all 3 color conponents. The process as
descri bed here only requires 14 cycl esgper color conponent, with the input
RGB val ues actual Iy freed after 39 cycles. If the process is inplenented
with logic that requires access to the input RG values for nore than 49
cycl es, then BuffeM*®"9F&*Wi'TI1° tequire doubl e-buffering, since they are
updat ed by the ShaMpeniavgd proGéss 65 after this tinme. The conversion is
performed as tri-| vo@akeiAtierpel ation. Three 17 x 17 x 17 | ookup tables
are used for the c9€%§r§hon process: RGEB to Cyan 90, RGB to Magenta 91, and
RGB to Yellow 92 wever, since we have 25 cycles to perform each
tri-linear interp®it™&tion, there is no need for a fast tri-Ilinear
interpolation whadte. Instead, 8 calls to a linear interpolation. process 130
is nore than adequate. PCP05-SG -70- Address generation for indexing into

t he | ookyp.otseiakess 115 straightforward. We use the 4 nost significant bits
of each 8-bit col or conmponent for address generation, and the 4 | east

si gni ficant bitgq0f 3 RACHRmBbva@UePbr £OMROBED alli &Y. ThéHeQiGB’ba&és%e et ween
values retrieved fromthe conversion tables. The ad ress%%gylnto t he

| ookup t aB#rBened qiRdiugsTead128ues) PGS 9eBeTPIRE bY Hie SHaFRen Preggss LB e has

di mensi omge @dnvdiftoraMgbcdsbde. 16. Fortunately, multiplying a 4-bit nunber X
by 17 is an 8-bit nunber XX, and therefore does not require an adder or

mul tiplier, andiis Hbt'riebeﬂslsé{ry ftOdoRblé bblfér BOHér3er 6 hisliy Bedad@the read (Cdnyersiol ght | y

nore conplicat ed, rin | i,nt er n could
be perfo Pf%@ié}ﬁ &é g § B‘t’%q‘l E‘eﬁg’ﬂgﬁé %Qgﬁ‘gzpfg‘rwe'eme né)g %i’g nd have
a single pﬁmeéseeatm{eempckaatslbefmrm:rtg reddynis aquriintipdatatbe BGB valokse to cal cul ate
the interpolation for generating a single color conponent fromRG in 14
cycl es, a§.2.68BAVEH fotMRBE e 27. The process nust be repeated 3 times in
order to generate cyan, nmagenta, and yellow Faster methods are possible,

but not necessaf- coh@lin #dm RdB kd BRAY isi gateiiRal iR tihed Melioh resdidibn Gpaveer si on
(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 Uplinterpolate-Halftone-Reformat process 113. Since each
contone value is used for 25 cycles (5 times in each of the x and y dimensions), the conversion

process can take up 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 tri-linear 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 tri-linear interpolation unit. Instead, 8 calls to a linear interpolation process

130 is more than adequate.



Cycle Load Effective Fetch Adjust ADR register Interpolate 1 ADR = 289R 2
ADR = ADR +17G 3 ADR=ADR+B 4 P1 RGB ADR=ADR+1 5 P2 RGB+1 ADR = ADR + 16
6 P1 RGt1 B ADR = ADR + 1 P3 Pl to P2 by B 7 P2 RG+t1 B+1 ADR = ADR + 271
8 P1 R+1 GB ADR = ADR + 1 P4 Pl to P2 by B 9 P2 R+1GB+1 ADR=ADR+16 P5=P3
to P4byG 10 Pl R+1 Gt1 B ADR = ADR + 1 P3 = P1 to P2 by B 11 P2 R+l G+1
B+l 12 P4z ﬁ% P2byB 13 P6=P3 to P4byG 14 V=P5 to P6byR PCP05-SG -71 As
shown in ? l'e 27, a single ADR regi ster and adder can be used for address
generation into the | ookup tables. 6-8®ts of 8-bit registers can be used to
hol d | nter nedi 3k fiesl BEMiSn Tor ki RGheIbRh MRl WeRid-BadaN. WeaRt tge | cokup
tables, and 4 registérs are use output fromthe interpolation
unit. Notdemestaignifitast bitsnfeashys-blt olpi eramenemifesradeiieas sestsralion and éhesd lRasts a

pair of &ktank @Q'O‘FE%% HtoBReortpdhéit for@ft@pd?aﬁfn& BetwdbH ValleS réleuved fleh ier at el y

to reduce register selection | ogic e er 131
hol ds t héowebﬁ'qn tgRiesu e pofesSo (ig Hﬁl'%ﬂk{é%l‘a%*ﬂ{@q%eﬁﬁ? agqeégvﬁ {0 t&%?"f‘ bféaw. tten
to the amwlewupm He@ @xidneibns of 1Bukthethah 161 Fatdinatelpgmiltigyingexa-bit yerhiger XA bl ock

di agram of the rt to r S 66 can n

Assumi ng%f’ h% ! r%‘cgé nu@g?r %N '@ tﬂerfa gre, avsy 1Yt rl&%,f% ?dﬁigr P 'ia%[t@ éeﬁtan(‘:j an

cont one pnm$ngmgimvmmbdiwnﬂﬁﬂﬁwes@Vﬁﬂ@mﬂ80w¢e@nmbﬁ@bnmubugﬁém@e¢ﬁé process

is then run again on the sane RGB input to generate the nmagenta pixel.

Thi s nagent a co¥ithougd e Xekrpplsticnt coueidbe pedortnke fasteigwnatuse 122 8Dgle exlderolet one

buffer. Fi ! ReE&Hs Etf LhSmage RGB
et Y £ i g% 63 W{,m@d in§&botktn U8 oty AR

i nput, |xe I'S stor into yel 'ow 1280-res
cont one Isaitlete fhe imaeolatiely f@é sef‘géﬁ’fi@@ atsinglg eRISF corp F?OE‘P"ﬁdFOf"oR@‘% & HoRelshedshuf f er

(Buffer 4hownlif Thle 27. The process must be repeated 3 times in order to generate cyan, magenta,

and yellow. Faster methods are possible, but not necessary.

Table 27. Trilinear interpolation for color conversion

Cycle | Load Effective Fetch Adjust ADR register Interpolate

1 ADR = 289R

2 ADR = ADR +17G

3 ADR=ADR+B

4 P1 RGB ADR = ADR +1

5 P2 RGB+1 ADR =ADR + 16

6 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=P3toP4byG
10 P1 R+1G+1B ADR = ADR +1 F3=P1toP2byB
ik P2 R+1G+1B+1

12 P4=P1toP2byB
13 P6=P3to P4 by G
14 V=P5ioP6hyR




straightforward. A single address (and acconpanying Col orSelect bits) is
used to wite to each of the three color buffers. The Cyan buffer is
witten to on cycle 15, the Magenta on cycle 30, and Yellow on cycle 45.
The pi xel address is increnented by 1 every 75 cycles (after all 3 colors
have been witten). The line being witten to increnents with wappi ng once
every 5 AdvggceLi ne pul ses. The order of lines being witten to is sinply
0-1-2 -3- 48 1-2-3 etc... Thus the wites (25 x 1280 x 3) bal ance out
with the reads (19200 x 5). 10.2. 7Buh‘1e_r 2 115 Buffer 2 accepts the out put

bl xel 1 gener Aecovo R Sl bk HratPRERaPN g1 R SRR TARRE POT
115 goes gérerdtihe irh thepeskup tablsss § s6i5, of \&Fhltdhgtsteitqman@s used tcxhtﬁd gtarmediate umi nance
val ues  J3mC %g&sgg% hllEs Bhgl R oRALHEN B 4 RILREAMETLLYor 8T T N the

shar peni ng proce need for access to the x 3 array of
| um nanceutpw|figesthe agerméqtlpn a@t NQ@ fbﬁir‘@e@%r‘ﬁi“ﬂéj"ﬁ@@‘@%ﬂ'ﬂ'@" ¥a6iE Svayhe cent er

| um nance,ph@bit re@rstefréﬂpws@npsm rae.d Ftsma ﬁ'ﬂ?étls aorhéwana@cae@ ¥ @S reditert he
correspondi ng RGB™ center val

Resanpl. e§@‘é'8’i‘ LGN AR B fieo e‘§§'5tf'i§” ?*H%thﬁ&ji it Vﬁﬁ'e f'U‘%/ 'é\ﬁft‘]'?)“fiatﬁdc dBg&dt (o

Buf f er 2rekilibednestiiumtoitite dppepfiste ARatioRGPRGEREG1 17 rngthenad tyslel | npl enent at i on
of Buffer 2 115 is sinply as a 4 x 6 (24 entry) 8-bit RAM wth the

addressi ng on etk @Rgran dftie: Gunoar GIOMY procese b6 eat besees hiFigureup. of val ues. A
2-bit colum counter can be increnented with wapping to provide a

cyclical bufferassiihgihe @tdcesd ik ‘ﬁn%{ ¥in td wmaﬁaﬁ ﬂ":beesﬁlhﬁt \tﬁin&!ﬁbto@é pigdli fting

the entire buffer's dat f act t
require RPN We&éﬁ%ﬂ#&d?s ”aﬂggoih%gm&rsél ﬁlgﬂ? U aa%d] ?Petrhgﬁ’ﬁgug es 3
byt es at RGBeinpeavigegerafe thetmdyantangxel. GTHisTplagentan tooreppiked dt etdreshinfor thand
read/ wri E’l%gl ?Qllféﬂ r{-:-j‘g1 St dﬂe %Sflﬂarcﬁfr%lllg’thet NSow BAM S B thx?é?atQ?frW ihtets%'ﬂet 0 or

read from esses have 1 cycl’es In

conpl ete RiGB irmuti end the réseiignt milowptxnl iy $fereg intihh é%{BW 1280-tes 8gﬁ%nedveﬁer) The Shar pen
Unit 65 perfornms the sharpening task described in Section 3.2.6. Since the
shar pened RGB fihg eddsiress egeserstierd frnwitiButd dhe Zontews bufis Ghippéh 1A ® 65 nust

ir()lef(:gl uﬁu\.sé\f{él%.tforgnﬁgdr Q(e%,rnh\eé%ratddFeQS QW a%o%ﬁ%g%lormb&mlté Pldel So Aits At € RCB
of the three color buffers. The Cyan buﬁer |s wntten to on cycle 15, the Magenta on cycle 30,
and Yellow on cycle 45. The pixel address is incremented by 1 every 75 cycles (after all 3
colors have been written). The line being written to increments with wrapping once every 5
Advanceline pulses. The order of lines being written to 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 x 3 set of luminance values

135 centered on the pixel being sharpened.

Consequently, during the sharpening process 65, there is need for access to the 3
x 3 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,



The sharpening process involves a highpass filter of L (a generated channel
fromthe RGB data and stored in Buffer 2) and adding the filtered L back
into the RGB conponents, 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 convol ution kernel, as shown in Figure 50. The high pass filter is

cal cul at edr@wser 10 cycles. The first cycle | oads the tenporary register
140 with 8 tines the center pixel value (the center pixel shifted left by 3
bits). The next 8 cycles subtract thé2temaining 8 pixel values, with a

floor of 0. Thumeté&maﬁmbleﬁﬁn@fdhccﬂ!@w@ 2CA8 is Qmpfaagarmlsm%dtrm arradder .
Cycle 10 |Itp1\{ A the mul ti constant. 141. This

h
const ant 10 5% EFeshng o ety oS s, el eoshiing o vahesy B 2 e
anount t@othre'ca@dbe neresrintedawith brapsiogdo seadde & agtiiosl. bufiee whidhabffeatimelynt i S

t hen add : | jd itten
to Buff eﬁq%’lgﬁﬁrtrt‘?ﬁg Bgm%l Q%'ﬁ' ﬁ'%%‘w‘gﬁ#%&&‘éﬁ@l 11a ‘ﬂﬁ*&} ‘\I/vr %gé)rhgﬁ?tethéﬁ]ar pened
RGB val ud® dogiirauee tﬁﬁé’“ﬂb%'“@" effRPR datafs nokeelepantcgns reerslevserSeﬁwmgt thee need
for dOUb'stn@hf)ffr%f hdVhg! t8 vﬁ&lérﬁ&ﬁ cénph&?t@d shift Hicd Hz‘é@lwﬁﬂ(e IBJ’@ IrSQ@va@ e Can be

seen in r The uni t connect ed IS a

subt r act 5%%1\]:"’{"113' o tPeOB‘f‘ttertOGr repﬁ,ﬁroml;{be r%‘dwaad*@'é? 9\’/]0???5%8 '9@"?% GN?'?%'P L val ue
duri ng cwhice tdcofrpleterib prdeatdtketh@witttie préwtiead L val ues are subtracted from
it. The result is not signed, since the subtraction has a floor of O.
PCPO5- SG10.83shiMeh N the 10th cycle (Cycle 9), the 11 bit total in TMP 140
is multiplied by a scale factor (typically 1/9, but under software control

so that the fact@ishe@8n DRt @@bé%?rﬁéjt)]e @ﬁgpé@ﬁd?ttés%meﬁaﬁ%lﬁnté%cﬂa}{% A4 &innly 8

integer bits of the result are wit raction I's truncated),

so t he | heshaPerssh RGRPixlS ﬁfieﬁFO{ﬁduﬁ'PtBUff%r 348§, the ﬁhﬁp@tﬁmltcﬁ& rast lgepap withg | s

used, t hmert&mummow bHBces¥B6, tihih iMbllel aRemglee F(G@@xéﬁ mast/ be%}larpgﬂé@ witGial €
fact or s’g@écf)lts of fraction, with the high bit representing 1/8. The

vari abl e % factor can take account of the fact that different print
formats are thgare ult of scalin CFA image by a different anpunt (and

thus the 3x3 TRRANGPrGePS In &"]6 @hﬁ?f’ﬁrf%‘gﬁf)h sryepted chpg! Frmstiet s) . The
shar pene&GBalateeshdfstured i@ Buffer Heand addid; thé ﬂeeraﬂebabalmulmtmla eamidongnté el e 72,

Cycl e 7§escﬁt§la% |%I!)Ig 1Z ttfw%rgiec% é&. tO ; h%SRl'he %I}pﬁ%s ﬁ‘ehe%ﬁiztg%rb% g;chfsf Ieg

3 116, one wite a1 SO EEY o per
si npl y t highregsifitter UWQﬁ 3>?I3|\64°n10dutlsml<¢re¢1 #8'sgovR) inEjgurecitd B corresponding to the
center pixel.

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 allow 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 resuit is not signed, since the subtraction has a floor of 0.



Address Ceneration is straightforward. Witing to Buffer 3 116 is sinply R
G and B in cycles 72, 73, and 74 respectively. Reading fromBuffer 2 115
makes use of the cyclical nature of Buffer2. The address consists of a
2-bit columm conponent (representing which of the 4 colums should be
read), and a 3-bit value representing L1, L2, L3, R G or B. The col umm
nunber stargs at 1 each line and increnents (wth wapping) every 75

cycl es. HRE& Bt der  of readi ng Buffer 2 is shown in Tabl e 28. The C register
is the 2-bit colum conponent of they3address. addltlon on Cis nodulo

4 (waps within 2 bt 2 ead, A 75 I
set Cycle Addr Q&%ﬂgdb%i%ta CYf?e kﬁée%ﬁﬁ %gb'i ° ?SST@Q 1?@ u"l'_p% (g AL C:C+Q/1C éel
C L1 57€ctoﬂ_@jp@3@+ﬂ[9 bat @det doftiale, cobfol BEREGS {H8@actatdan e @dJU‘éth)@ﬂ@ writter9- 71 No
access Y/ h

‘he ool ul%chr‘ﬁo m gt} Bnl),r%~| Zté%eq bj t?o&ﬁ e%tgftb%r%ﬁﬁlttéyt? IT?/IP ﬂ"re fltat'}%nqs {rlﬁﬂgé&)g{ Ch0| ds
during té$rethadit froycthe moltiplilund is 25alf gesshladecta el 9| '§/ Uﬁﬁ’gm‘? Wﬁ!ﬁ”“ﬂ Mé¥® have

been Suf\m.tfe'n%ﬁ bk ﬁed@%ﬁ &oj éﬁlmevwcutet@aor 0 Buf befrackion, Switht math.gmsﬂ hi ghpass
filter is valid). sh arP process nust therefore s

Buf f er zreme:swnw@cags viripblegrrierfadiar fRP ke BFUHRSCT e fast %hf%fﬁnﬁpfﬂzx

formats are the result of scallng the CFA image by a different amount (and thus the 3x3

convolution will produce correspondingly scaled resuits).

The sharpened values for red, green, and blue are calcutated during Cycle 72, Cycle
73, and Cycle 74, and written to the R, G, and B registers of Buffer 3 116, one write per cycle.
The calculation performed in these 3 cycles is simply the addition of TMP to Buffer 2's R, G,

and B corresponding to the center pixel.

Address Generation is straightforward. Writing to Buffer 3 116 is simply R, G, and B
in cycles 72, 73, and 74 respectively. Reading from Buffer 2 115 makes use of the cyclical
nature of Buffer2. The 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 Buifer 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

C, L1

C L3 C=C+1
c u
C, L2

~N el AW N




Buffer 1 holds the white-bal anced and range-expanded pi xels at the original
capture spatial resolution. Each pixel is stored with 10 bits of col or
resol ution, conpared to the image RAMinmage 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 sinple
over vi ewpghpsishe buffers is shown in Figure 52. During the course of 75
cycles, 16 entries are read fromeach of the 3 buffers 3 tinmes by the
Resanpl i ng process 112, and up to 29-ffew val ues are witten to the 3
buffers (the exact| nuniger depends on the gamdoet factor angd the current

sub- pi xel positi onq—durtng-resgnpti-ng)—Thetbuffers—rust—be w de enough so
that the reading and wtling ddP €8 without interferihg with one
another. During tHe read,process,z 4 pixels|are read fromeach of 6 rows. I|f

the scale factor i|ls very largda. [ o g...\we_are scaling up taofPanoramc), the
sane i nput pixels|can & read a:ruﬁtl ple tinmes (using a different kernel
position for resa pi;llg;. Evertuatty,—however,—thernext—pi xels will be
required. If we arle not’scalind® so nuch, §%e! new pi xel 5§ may be required
before the next pixel generation cycle (i.e. wthin 75 clock cycles).
Looking at the scale factors in Table 9 and Table 11, the worst case for
scaling is the Passport format 31: PCP05-SG -75- The green plane has a A

val ue for Passpgetceie 4, %reg‘isﬂéﬂ'h@l%& &H%Q:otu%tmﬁble%ﬁfhb%ﬁt c%ﬁﬂ!aho‘ﬁ%e?ont ai ned
wi thin 6 CFA ?I xel é%posmlo s. However, each row of green sanples only

hol ds ev&ly MErPe R Prizeine neiCyoIn BRI t hat only 4 sanples are required
per row (worst case is 4, not 3, due to a worst case initial position).
Movenent in Y iSHa@iPepgeeEn C{“H@EQ'@&@P'F BREermave peegrputigigntt v RCERMAR Witedl um,

maki ng Sto BuifRAR (36 thatharghdatOmet is adPTIR: §RlgeAMrdcEss ekt tHeRforé @fall WAt t | NQ.
This gives row. 7 rows are required for a single

total of 6 sanp|es
sanpl e. %%gﬁr%r%rft%prpﬁeésga% Vgncgg%}-’?ééolbmgi%l s for each x position, the
maxi mum novenent iny wll be 4 rows (3.125 = 2 x 1.5625). Mvenent X adds
one sanpl@2PBufferdc\’é and bel ow. Consequently a total of 13 rows are
required. For nore details see Section 10.2.10. The red and bl ue pl anes
have a A val ue Buiger Treidsdbg whitsfbalpnoghiarg rangecixearded gixely at tha origingt gartwds can be

cont ai negpahitrBddiutifn. 33'%:@?6) b&&i-is HBredth 1o W& br S PdsBIutich, E@fﬁ,saréoe@ thedfnagdr i ting

while the renaini ng are being read. This gives a total of 5 sanples per
r oW 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 anather. 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 muitiple times (using a different kernel position for resampling). Eventually, however,
the next pixels will be required. If we are not scaling up sc much, the new pixels 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:



which is further increased to 6 sanples to match the green plane (for
startup purposes). 6 rows are required to cater for novenent in y. For
nore details see Section 10.2.10. Each sub-buffer is inplenented as a RAM
with decoding to read or wite a single 10- bit sanple per cycle. The
sub-buffers are sunmarized in Table 29, and consune |ess than 200 bytes.
Tabl e 29, CP%Q Buf fer Sunmary Buffer Conposition Bits Red Buffer 6 rows x 6
sanpl es & Bits 360 Blue Buffer 6 rows x 6 sanples x 10-bits 360 G een
Buffer 13 rows x 6 sanples x 10 bits-7380 TOTAL 1500 10. 2. 10Resanpl e and
Create Lum nan Channel The rocess
112 is responsﬁﬁ? 8reF%PEa”eg%??ear‘§Y?ﬁﬁen£5 Pt %%’%? A\#&El@qn&% Ig%%%%egol ution
space by appr opeicaitaingdegtin CF@plkéiewsitmlstl@“tmdaraeﬂtédovanfcgf?@rﬁ@ém@%pﬁhhded R,

G and B pl anarholldg%gﬁ? alt@atd SREN TRE Gl %@Bhl?q smple dnt &PeQ]ﬁlre%Gber?&N on page

28. In addition um nance val ues or the given RGB pixel, as well as
the | um nance (wembtsese Bdr natiedysi te @ wos 9% ifiel PB%!‘I'Q‘)‘\)V“@W@""R@' bindierteny st be

generated for Wserehiirdniaft bﬁ&r%dduﬁ)harmen@owfommg SThrenally, ren &ddltioneed f or
producing the R& val ue and 3 val ues_is 75

n
sinply the averrg3geesruppe rﬁ‘i‘%‘f?‘i’ﬁ?ﬁ%"’ﬁtﬁl? TSR %tlal ‘g% Séf"pﬁﬁaerémf’a;m‘évsgl ven
pi xel | ocati omre &qareSerata 6ingld s2mfile.1)g generataitit edetealt RGR bixelpfadacex RGB

val ues for 3 pi X% C{%grdl anerﬁ vemteﬁean%letﬂr&ng e1§5'~%1§62§) MaGe rF?é el above

and bel ow. Thu$® have of e hto I cul ate lumres
RGB sanpl es an& advblmewnm@swwn@hong and pelpwe Sonseafendly @rigtal o & [Pé‘@ Fand hence

R val ues) to, ¥, ?&Qﬁ&reugtaﬁgs%as@amm@aot 00 rmch memory, and in any
case, we have s Icient tine generate the B‘FUH 117

cont ai ns*nedi urihg éad ﬂdxté‘l'esp'aflﬂﬁtha&%lﬁr‘f’oﬁ'%ef%g%ﬁip%’f ﬂf %7’?1125H "%WQF Hened CW
pi xel s (i nst eaghcamins &8s harpaBaiRed Rithn @i saaipR). Ad Qdditich8l. shrig@sia mpduired) for

writing while the remaining 4 are being read. This gives a total of 5 samples per row,
which is further increased to 6 samples to match the green plane (for startup
purposes). 6 rows are required to cater for movement in y. For more details see
Section 10.2.10.

Each sub-buffer is implemented as a RAM with decoding to read or write a single 10-

bit sample per cycle. The sub-buffers are summarized in Table 29, and consume less than 200

bytes.
Table 29. Sub-Buffer Summary
Buffer Composition Bits
Red Buffer 6 rows x 6 samples x 10-bits 360
Blue Buffer 6 rows x 6 samples x 10-bits 360
Green Buffer 13 rows x 6 samples x 10 bits 780
TOTAL 1500

10.2.10Resample 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



The resanpling process can be seen as 3 sets of RGB generation, each of

whi ch nust be conpleted within 25 cycles (for a total maxi num el apsed tinme
of 75 cycles). The process of generating a single ROB value can in turn be
seen as 3 processes perfornmed in parallel: the calculation of R the

cal cul ati on of G, and the calculation of B, all for a given nedium

resol utiqn $ é coordi nate. The theory for generating each of these val ues
can be fSURG in Section 3.2. 5, but the upshot is effectively running three
i mage reconstruction filters, one on7@ach channel of the image. In the

case of the erf.orm.i ec truct ints,
requiri n@”ﬂa%et% Wﬁd@?ﬁ dhe; 'Hm'f'ﬂ'?ecgé’SEH?/S f?’ﬁ?’? g'verk%(lg% = éissl Vr"lélé’%gﬂr?éwﬁge%ﬁ ci ent
is al wayslué fnthet pixeb abdve sdrelow HheiREB pisel mutst beqmem@t) for Comipete dater| y,

cal cul ati diumresolution R pixel is achieved by running an

i mge reé’gng%m@c&?cgn@fl lter on the R data. Calcul ation of the nedium

resol ution G pltelineSioRd o pRdulig Y MUd feilardd B0 Gl ELABIAHEL cifen 1] L Er
on the G data, an 9 resol ution El xel

achi eved tizy Lrlmnlmplyghtaﬁ\fﬂramgé theemininem ged mexmum| of & Greng Befopa Qé{?‘ap"(ﬂl t hough

the ker n%cﬁ%ﬁé@ee%’%é’ﬁ@ﬂ We’fm@f"g’fe}ftwefylbﬁiﬁué’éIQGI@Q&Iuésh’@r §|§l§@cédﬁﬁna@éﬁh col or
pl ane. R an are |y " to be the sane kernel due to their | ar i mage

char act effiespirel dn agstion, [fed @epP'é‘ﬂé’bo‘(fL@”dt below. Haus gedidvef® t‘éﬂ?ﬁ ’I“e"%T igh o i mage
reconst r Ygkii@B theuaddilhares RGEMhpRE @A thisie Edradspontilvg Lvalgs.| evel view of the
process can be seen in Figure 53. Address generation is not shown. PCP05-SG
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cal cul ate,a gi ven Bo ane' s nmediumresolution pixel value, we have 25
of Uns aB?n
cycles availa 0 app y the kernel to the 4x4 sanple area, we apply the

1 D kern ( x) on each of the 4 rows of 4 input sanples. W
t hen appﬁbzﬁﬁgﬂ %ﬁ%’e’?‘ el (indexed by y) on the resultant 4 pixel val ues.

The final resulf, résqﬁq@ﬁ%f@&,@e%& %ﬁ%gl@évfgslglsétgl ROBokbArA o8t hich

coefficient each es t0 generate
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medium resolution pixel coordinate. The theory for generating each of these values can be
found in Section 3.2.5, but the upshot is effectively running three image reconstruction filters,
one on each channel of the image. In the case of the PCP, we perform image reconstruction
with 5 sample points, requiring 4 coefficients in the convolution kernel (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.



the kernel (8:6), but only save 10 bits for the result (8:2). Thus the sane
convol ve engi ne can be used when convolving in x and y. The final output
or R G or Bis 8 bits. The heart of the resanpling process is the
Convol ve Unit 150, as shown in Figure 54. The process of resanpling then,

I nvol ves 20 cycles, as shown in Table 30. Note that the Row 1, Pixel 1
etc. refewsostse the input fromBuffer 1 114, and is taken care of by the
addr essi ng mechani sm (see below). Table 30. The 20 Cycl e Resanpl e Cycle
Kernel Apply Kernel to: Store Result ¥h- 1 X[1] Row 1, Pixel 1 TMP 2 X[ 2]

Row 1, Pixel 2 fHéResamplilcddrotRWedn offy K&Jin whehMRerd o éHou&Q s infugh t¢ TMP, V1
5 X 1] Ev:] Row 2, Pixel 3

Pi xe Pi xel
™ 8 X] Z'T ﬁBWtf'er@?;Fmg 9?‘[\%’;‘&{/5%'5@"%91713%%@09 beS%'B”‘" Hfte NerpbrensG - 78-
10 X[ 2] Raiterto datixeflthe2cokiviBlandslin BLSdr 1Rav. The Fisarapling provE3s 1A 2 Xudd stdamtil3, Pi xel
4 TVP, V3 fln.'a‘ X[1] Row 4, Pixel | TMP 14 X[2] Row 4, Pixel 2 TMP 15 X[ 3]
Row 4. Pixel 3 TVP 16 X[4] Row 4, Pixel 4 TMP, V4 17 Y[1] V1 TMP 18 Y[ 2]

\L/Z 8TNP 19 Y 3]'1'0 Icu ca 59(3 (IoAdr pl\éﬁe ;I' %dxgnoréso%ltl plxgl v%me welhave (Z?g@)?crleat lon of
available. To apply the kernel to the 4x4 sample area, 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 o 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

be 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).

Table 30. The 20 Cycle Resample

Cycle Kernel Apply Kernel to: Store Result in
1 X[11 Row 1, Pixel 1 TMP
2 X[2] Row 1, Pixel 2 TMP
3 X[3] Row 1, Pixel 3 TMP
4 X[4] Row 1, Pixel 4 T™P, V1
5 X[1} Row 2, Pixel 1 TMP
6 X[2] Row 2, Pixel 2 T™P
7 X[3] Row 2, Pixel 3 TMP
8 X[4] Row 2, Pixel 4 TMP, V2
9 X[11 Row 3, Pixei 1 TMP




As described in Section 3.2.6.1, we nust convert 80 fromR@& to L for the
subsequent shar peni ng process.

where L is
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As described in Section 2.2.6.1, 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

follows:

and

L

maximum
= MIN(R, G, B)+ MAX(R, G, B)

of R,

2

G, and B

as

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.



10. 2. 10. 3Address Generation for Buffer 2 The output fromthe Resanpler is a
single RG& pixel, and 3 lum nance (L) pixels <centered vertically on the
RGB pixel. The 3 L values can be witten to Buffer2, one each 25 cycles.
The R, G and B values nust be witten after cycle 45 and before cycl e 50,
since the second pixel generated is the center pixel whose RGB val ues nust
be kept. pdhigesBuffer2 address consists of a 2-bit col um conponent
(representing which of the 4 colums is to be witten to), and a 3 bit

val ue representing L1, L2, L3, R G-8&-B. The colum nunber starts at 0
each line, and increnments (with wapping) every 75 cycles (i.e. after
witing out L3). 10.2.10.TAP@dncSdedtonef Bin ot Max bdéed pala Lookup The net hod
of cal cul ati ng the kernelcompdrigss i s the sane as described at the end of
Section 3.2.5fon page 28. Each Kernel is IT[dinensional, with 64 entries in
the table. The 6 nost |significant bits (truncated) |of the fractional
conponent in tthe Wit rent pMel fspa re hsed®} ilnde®*Bnt o [t he ker nel
coefficients fabler Forf thesfirsft 16 ctyclep, the X ordinate i§ used to
index 7Don't |care state PCPO5-9G -80- thetkernel, while in the next 4
cycles, the Y|ordimate|is used. [Sincelthe kerndl is |symatric, the sane

kernel can be|used forbothX—and Y. —For egchof thg—1280Tesanpl ed val ues,
we need to producé33 piersR- t pi%%l in qué%tion 1612 and |t he pi xel s
above 160 and|bel gy 162 thag pixel. Rather|than gengrateqa center pixel
and then nove } ; a pixel 160
and generate{theBwo pixelB 16 W it.0 The [secomd pixel 161
generated is takern, to he th T — We then jreturmn to(the origina
row and generate the next pixels in the next output pdsition. In this
way, as shown in Figure 55, we generate 3 pixels for each of the 1280
positions. Thus we have a current position in kernel space. As we advance
to the next pixel in X or Y in original input space, we add appropriate
delta val ues t Gidchare a@&rdﬁl@biyc‘é@lﬂé dhdalifBum OBk i gkinim eyl heSfiderWe see t he

t f ted . th t
O andoym R Carrr gl P L im o yahatke” BRAT sen e £ e BRlveby RA o1 mmt
and hencé, whie inalit@ds af chajps of SeendSBeThe fogB. i .abmininfization loethgrappropddtamitel , AX =

= 1/2 ed and bl ue channels, AX = 1/nps and AY = 0. See
TabI e 9 ER%mf f"ﬁatﬂ%aq

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 hefore 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 kernel 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 (truncated) of the fractional component in the current kernel space are used to

index into the kernel coefficients table. For the first 16 cycles, the X ordinate is used to index

"Don't care state



11 for appropriate values of AX and AY. W can now apply the AX and AY

o novenent within the kernel. Consequently, when we advance in X,
we add AX to X and subtract AY fromY. In the unrotated case, this
subtracts 0 fromY. Likew se, when we advance in Y, we add AY to X and AX
can do this because novenent in X and Y differs by 90 degrees. The

val ues t

to Y. W
addr ess
sof t war e

space. The

Col ut€mKe
ti mes (howe
Col utmKe

Ker nel X =

gaggggtlon for kernel | ookup assunes a starting position set by

two deltas AX and AY with respect to novenent in Y in

merely

ker nel

address generation | ogic-8s- shown in the foll ow ng pseudocode:

E)hrt]e ernef_ wﬁ ntthe nen et{ %tcleg#%mr%%qu L 88 §in§é b q(éﬁél%g%%en@icﬂhgnes

here are to process
Eam¢kerl¥€épare¢9w53d@obethﬁl@ﬁﬂel Y Do 1280 tinmes Gener at ePi xel

Kernel X + DeltaY (nmovement in Y) KernelY = KernelY + DeltaX

(nmovenment i n Y)For Gahenf dtee! 28D xedarPBROBSG weSteed ke prodiick Epikely nthkXixel Del t aY
hu%o rg)ln% Iéﬁ& Qﬁ%(E(xeﬁ%'éﬁéJa% a"ﬁd[BQeIIoRnfi%%Z( {ﬁgxgl GTQ@ nﬁathé} tPQn %%;%FE% gt ePi xel

(novenen
Ker nel X

er nel novement Ker nel

| umKernel Y -

Del taY (meRieTRbet andntheg) mO%W@HWrFFP"K@P‘rF@PteW’*dOH'P el Gl ﬁé’l‘xﬁ" 160880t ax
(movenenjgeddiatd the t@@lpbkgg K81, b YeowGOrHeTEdte R Skel 181 @a%araaéﬁ i(sma Eepd then YY)

EndDo As 'shown jn pseudocode the nerai ﬂ h %
Tinps. " et B i BRie teamahak P A e ma e rEs 5 Eat PURE
can be pesditohmedthduvaygstdmewn in Figure 55, we generate 3 pixels for each of the 1280

positions.

Thus we have a current position in kernel space. As we advance to the next pixel in
X or Y in original input space, we add appropriate delta values to these kernel coordinates.

Looking at Figure 56, we see the two cases for rotated and unrotated input space.

We consider the movement in X and Y as AX and AY, with their values dependent on
the print format, and hence the value of mps (see Section 3.2.5). For the green channel, AX =
AY = 1/2mps. For the red and blue channels, AX = 1/mps and AY = 0. See Table 9 and Table
11 for appropriate values of AX and AY.

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 lockup 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 = StartKermelY
ColumnKernelX = StartKernelX
Do NLines times {(however many output lines there are to process)
KernelX = ColumnKernelX
KernelY = CclumnKernelY
Do 1280 times
GeneratePixel
KernelX = KernelX + Delta¥Y {movement in Y)
KernelY = KernelY + DeltaX (movement in Y)

Generate Pixel

1280
whi ch



course of the GeneratePixel 25 cycle task. Each CeneratePi xel task is 25
cycles, consisting of 4 sets of 4 cycles indexing the kernel via Kernel X
(coefficients 0, 1, 2, 3), followed by 4 cycles indexing the kernel via
Kernel Y (coefficients 0, 1, 2, 3), followed by 9 wait cycles. Note that all
val ues are positive and fractional only. The two carry outs fromthe
updat i ng pgfosishe 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 sinply indicate whether or not-8he particular ordinates for the
kernel wapped durkaget:he mmbhemabiral @pekratd ony) Wappi ng can be either
above 1 or below O, hbut, the result. i.s,always positive. The two carry out
bits are also sent to the Rotate/ WiteBal ance/ RangeExpansion Unit for use
in deternining the®feratFvE!i nput |ines from the inmage. 10.2.10.5Address
Generation for Buf kemelx FhixlResampler ElPxr gadsrchr amBufferl 114, which
consists of 3 indigigual Lyco:addeessabl &) b teksneldan 446 and 147 - one for
each color plane, Each buffer can either be read fromor witten to during
each cycle. The rea ing process of 75 cycles is broken down into 3 sets of
25 cycl es, one sé&PLWBFREIDTY Y EPEEFHPeH e PEARr&PT 8 o™ &ach pixel . Each 25
cycl e set invol veslubfxeredds ColomiBufidlgr+ belthol (howeehtbyn 9) cycl es with no
access. Buffer gdgdos Witten to during these 9 cycles. The 16 reads from
Buffer 1 114 are effectively 4 sets of 4 reads, and coincide wih 4 groups

of 4 reads to thesnkar ﬂeihef&'euﬁgﬁgb R CBf'eanatﬁJﬂeof Ihﬁxe"[’sdGEﬁ@ 198 8mad.i on

t hen, involves generatin resses calculatin Irst pixel
(fol I OV\B&SWI&‘W\M&W‘“@C@R‘JP@Q‘)” of sasfepix! isrgadafions whiss §@3b9 pRrfoppgddiring thRg t he
second pic¥ete BEROELSGr28%221 £ 8lcleQudkdEdh Rnavai dri CHChaSS 25 aytthsf dondibting

generatln t he addresses for t e.third 'x%.fol 9 it

cycl es). “EASRS %?ociygfﬁ q %‘rﬁ’a%e ikproe %K%ﬁnﬁjr’{){cﬂ ’%‘%ﬂtsf é'rﬁvgzghlﬂg'ég’e‘bg?ﬁnet ers.

As t he 3cgtsindeking (b6 kerddnvesses:1a@efjcings at ©d, F)ovllaaad by Bfvatt hele:280 posi ti ons
along the line, and as the sanpler advances fromone |line of 1280 sanples

to the next, tinetd thet slhvdlyescare pbsitive dndoffactidnal biey.Merle twAd:drrgesats Genethat i on
Unit are u i I‘Oth(laJp(d deY F(hrﬁe eva gsf ];r%roug'pu?%dl\:\e a§ I %[ﬁefnng}a %f E;-U%Fhl Q,6G een

buffer 145 enera reen su T Buffer 1
114 i s nmdedion 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 Buffer1 114, which consists of 3 individually
addressable buffers 145, 146 and 147 - one for each color plane. Each buffer can either be

read from or written to during each cycle.

The reading process of 75 cycles is broken down into 3 sets of 25 cycles, one set of
25 cycles for the generation of each pixel. Each 25 cycle set involves 16 reads from Buffer 1
followed by 9 cycles with no access. Buffer 1 is written to during these 9 cycles. The 16 reads
from Buifer 1 114 are effectively 4 seis 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



conplicated than the red sub-buffer 145 and bl ue sub-buffer 147 for two
mai n reasons: the green channel represents a checkerboard pattern in the
CFA. Alternate lines consist of odd or even pixels only. To resanple the
green channel, we nust effectively rotate the channel by 45 degrees.
there are twice as many green pixels than red or blue pixels. Resanpling
neans thgcm%ggding of nore sanples in the sane anount of tine - there are
still 16 Sanples read to generate each pixel in nediumres space, but
there is a higher Iikelihood of advasming the buffer each tinme. The exact

i -kel I ho d deggégwclcyci faﬂgfr]a ¥ggnera in dwe%%daddmélgg\fﬁ the lli'lp(ﬁg Z@Io Ecept of

using a 'S us f'or the green e green
sub- buf f by 9msiteyck8).entry RAMwith a | ogi cal arrangenent of 13 rows, each
containing 6 entries. The rel ationship between RAM address and | ogi cal
position i s shdaph color farguae it§ wn Faging Bufiéré s:dimssReerdregters. Astibe Besstsefent a

checker boar gdrg%% gr%%egg'aﬁggor%gég of t@lﬂz%% Eifdrls Yaton ?‘%ln@saddrbs%@sd’nﬁﬁﬂér( €.g.

addr esses may re esent 0 even pixel's
dependi ngdwncashieont ane Enet of | 2R sahRies fo tt’ﬁée%n‘PP 0 FRTRRYE bifnbloraaa KPelor not

the i maggabadchRemon 0hifdre dsdito ObaHEBERRION 1 AAtess pitbmetes. 1 | | ustrated in
Fi gure 58. Consequently, when we nmap a 4x4 sanpling area onto the buffer,

t here argobwe.scRabuUlLl 146l €s for the interpretation of the sanples. As a
result there are two types of addressing, depending on whether the current

line is repr eseuah@@s @ﬁn@%n%rwareem%%uﬁéhm wRABuiBal 118vignmérews Wit h
i mage rotation wi th i nmage

rotatlon°m9@m§F%E€“Fﬁé?j%@ﬁﬁmﬂdﬁﬁaﬁﬁﬂmb?ggﬁtgqﬁfa%RTEBm”Fﬁé'de rows Wth
i mage rotation tk Wiekh chael fepesdrEPAThétkerb8ad maere inddr 8BS Nprate dnesn rows

W Lh rage rotation 30 ACRhSuOh) B ChRUEIDl deboela Jchlalon 1

sunmari zed i n TBT'% m nin ype Rotation
Current Line Pieffedtiseliyopae the cieved byidade@e&dd Type 2 0 Odd Line 8 Even Type

1 90 Even Li net'hege gﬁéqu\’icg_ ¥?ﬁ1anjry green pixels than red or blue pixels. Resampling means the

reading of more samples in the same amount of time - there are still 16 samples read
to generate each pixel in medium res space, but there is a higher likelihood of
advancing the buffer each time. The exact likelihood depends on the scale factor

used.

However, the same concept of using a RAM as a cyclical 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



90 Odd Line 8 Odd Type 2 The actual 4x4 sanpling window is 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.

Assum ng for the nonent that we only need to generate a single resanple, we
consi der the buffer addressing by exam ning the two types of 4x4 sanpling
w ndows gg gh wn in Figure 59. Although the two 4x4 sanpling types | ook

simlar, ifference cones fromthe way in which the 4x4 mapping is
represent ed in the pl anar image. Fi gmw_ 60 illustrates the mapping of the
Type 1 4x4 sa o the n sub tQp. .7 nd

ri ght - no§fM22 'i‘ﬁs gﬁ@ Xre ﬁ%ﬁ "07ec ré’ ’ﬁce t&%’bf’é}ﬁg?lgéw?n p'g%snt@l ned

whol | y widédision is buremarizediin TBhle 38appi ng of buffer pi xel s to sanple rows for
the Type 2 sanpling process is very simlar, and can be seen in Figure 61.
In both Type 1 and Type T2biedd! msishingingBampinglfypsanpl es there are two ways
of processi Mg a row. [Processing pf ROWS] L and 3 Of] Type 1 addfiessing is
the sanme (rellatively |speaking) ag procegsing rows |2 and 3 of Type 2.
Li kewi se, proc®&otating 1 owsirrentdace 4| of Type 1P'¥°£Sthe san®yRe el afi vel y

t

speaki ng) as|progessi Ng =QYSLIde angd 3 g0f Typepdyd W (Wil |Ty§é'-l.ig| hese row
addr essi ng nethods—Fype-A-170andi-FyrpeB-1+t—as—shown—+n—Fguie 62. G ven
[
[

a starting position for tQrdlhed w ndéw (W ndest artAdr)Tyafnél a starting type
(W ndowst art ype)P we car% enerat g tne agddresses tar sanpl es by
means of an § entPy |§‘9rlr6% ttaversihg the 't wo setsyE)Ef' 4 sanpl es). Wen
we read the fi rs'rgosarrpl e U@IL% we| adg an| PCP@gq SG -|84- gpéset firomthe

tabl e to arrilve—atthe—nrext—sanptepoesitton—Fhe—offset—wiH—depend on the
type (A, B =0, 1). The offset fromthe fourth sanple is the anount needed
to arrive at the first sanple point for the next line (and nust take
account of the nunber of sanple columms). After generating each row of 4
sanpl es, we swdpe et sppl WRPWT G RBWaY ME qﬁﬁﬁfl"‘c’:!yfr?f?te RehdieatY A3 t he
addr essegedreds, i@ groeSBaticl is AceSSHIPlof SifdctveSBSEMDlihd) ak Bescisdd i0Bkdtign
pseudocogreét The addition nodulo 78 caters for the cyclical buffer. Adr =
W ndowsSt art°Adr TypeAB = W ndowSt art Type

Assuming for the moment that we only need to generate a single resample, we

1%

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 illustrates the mapping
of the Type 1 4x4 sampling to the green sub-buifer. 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 fraversing the two sets of 4 samples). When we read the first sample value we add an



Do 4 times For N=0to 4 Fetch Adr Adr = (Adr + Tabl e[ TypeAB, N)) 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 offset generation. The
offsets are all relative to the current sanple position (Adr). Table 33.
O fset Values for 16-Sanple Address Generation TypeAB N Ofset 0 0 14 O
11 0 28Bhos$53 37 101 1114 121 13 37 PCP05-SG -85- At the end

of the 16 reads, the TypeAB bit will be the same as the original val ue
(1 oaded from wi ndowSt art Type). Readi n§4a single set of 16 sanples is not

enough. TdHs6EoREhS tble td ﬁrlwﬁﬁﬁﬁﬁxﬂ%pl%sm% £ ETF‘% Gﬁsf‘epﬁﬁ %@[ﬂatnh 136 P‘% tﬂﬂe (I\e rent

posi tions |§}(Ep tIéatedm ut space) the end Irst and
second sef =8 h es%ﬁ‘]?ﬁ‘ theduribsppalk iHhs emeym deaged tﬁﬁﬂ‘fi? éHhﬁiirStW%r nel
add(r]I essf geimerfat e .nexiThe @ad rn)usbltéks detgumt ﬁhm bUdRkRY &f a&mpra&@@rﬁg@) $@kr t he

wi ndow f o n ex_into a
table co eg%r%ﬁ 8%;(:?11 (5 f%fce){I K-t %%ln‘:? ﬁfvf"‘p-gl g‘bee"\'?ﬁge faf'g 18’ d@ﬁ'c B t he

W ndowst agengdiing tafnahdrmeé ﬂoag smge sgtefl 16 sancddscs shane mvmetfdslbmng Ipbséu@bcdde. | nvert
Wi ndowSt afie BdBifon modulo 78 caters for the cyclical buffer.

Adr = WindowStartAdr

TypeAB = WindowS3tartType
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 (adx).

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




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 CarryQut CarryQut
Ofset' Type 0 0 0O No change 0 1 1 Invert 1 0 14 Invert 1 1 2 No 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
di fferent,.pRt;on direction is produced, so a different offset/TypeAS

nodi fying table is used. W cannot add these offsets to the current

wi ndowst art Adr val ue, because that repfesents a position two novenents in
Y away from whe t et t ad

W ndowst ar t Adr AﬁH@’%\?d"gmh t@rrté pEahef Hgm ang\?ﬁ% tg%é}(ﬁ) ggg{réléar \QE\:’AIU(%

Topst ar t Agpdegigm WiogrsErartAge). representing the first entry in the current
line of 1280. The two carry out flags fromthe Kernel address generator
are used to | odkeadinJatsingle38t of d6 demelesris met aneghoT reeete of Wodmpled MPSPBL ar t Adr
and whet hsa{d ((gérprég%tmg 3 dsfﬂaxeﬁf [SosTQrR:SFu it JM&%ﬁd «%u&%;&r) Sttt %{dﬂb wspghdl s

nmodul o he size of ?reen e results are cop i ed
W ndowst é?@%drsefa‘i’fda\ﬁaﬁ'ﬁlﬁﬂf’%l ?W@@s't'qr@@r%@areﬁ bydbroketeg! ﬁadr?#»?eg%%tors sets

of 16 sarmpkesry MRk tﬁﬁu&@te dralk&d B%et tip ditidbw gor T Bikedet Aie sanfblesomat ar t Type
Ker nel X Ker nel

t T
art . pgosy G TR IR a B S ng ah B enerd Pt fre 1y Hbe{RetH s hee s or 3
sets of J6ndasplesiy, driddhaifiagtis Lseddo détert@0vHptigr orsnot toHinee e ndoavberelede.ess of

the fi rst.l.hgqg[pés%jtggtaglg%ietghg@nQ]%E@n the next |ine nust be determ ned.

Table 34. Updating WindowStartAdr and

WindowStartType
KernelX KernelY
CarryOut CarryOut Offset’ Type
0 0 0 No change
0 1 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 offset/TypeaB 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 windowsStartType 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 resuits are copied to windowStartadr and WindowStartType

for use in generating the next 3 sets of 16 samples.



Since the sanples are always | oaded into the correct places in Buffer 1, we
can always start fromexactly the sane position in Bufferl (i.e
Topstart Adr can be | oaded froma constant PositionQAdr). However, we nust
worry about which type we are dealing with, since the type depends on how
much we advanced. Consequently we have an initial PositionOTlype which nust
be updat %g %%Bendl ng on the carry out flags fromthe kernel address
generator.” Since we are noving in unrotated Y input space, the |ogic used
is the sane as for updating Wndowstsst Type, except that it is perfornmed
on PositionOlype instead. The new value for PositionOlype is copied into
TopStart Type, and Wndomﬁtagretﬁdgp,yéamgnggtaﬁgmdmpgiarﬁlgge first position
of the new | i ne—The—sanptpngprocessyfor—a givem 1280 position |ine cannot
begin until there are enqugh entries|jin Buffer |1, placed there by the

Rot at e/ Wi t eBdl an!SerRBhgeExpaﬁ@'m'N Unjt. _This wi Il occur 128 cycles after
the start of aachCHBRU ng (GaEYQuEtibhn Rfsst'11)] 10 YR 7Red and Bl ue
buffers Buffer| 1's ped sul:-buffer 145) and bl ue sjulo éishfer 147 |are sinply 2
RAME accessed as—eyetcal—buifers—Epeh—buffer—s—30—bytes;—bhut has a

| ogi cal arrandgenent Oof 6 rlows, é&ach Ftontalding |g"@ftries. The rel ationship
bet ween RAM address ,and T dgical ,posit|jon’i shownmver;lt Figure 63. For red
and blue, the{first 16 sanples Po be tead Bre alld the tap 4x4 entries.
The remaining two gqol umg of sanpl esj are 1ot accmsaﬁdgdoy the readi ng

al gorithm at this—stage—PEPO5-S6=87—The—=addressgeneration-for these
first 16 sanples is sinply a starting position (in this case 0) foll owed
by 16 steps of addition nodulo 36 as shown in the foll owi ng pseudocode:
ADR = StartADR Do 4 tinmes Do 4 ADR = ADR + 6 MOD. 36 Do A
ADR = 13 MDD 3GOERHo BN DRGIR! 5ot Ff Lol 1B SEmBEn AT Do b RO
di f f er entHolve@miHehldgecertheiratngadiple 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. TopsStartadr 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 Position0Type instead. The new value for
PositionOType i8 copied into TopStartType, and WindowStartAdr to 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.



Rat her than design two addressing nechanisns, it is possible to apply the
green addressing schene to the red and blue channels, and sinply use
different values in the tables. This reduces design conplexity. The only
di fference then, becomes the addition nodulo 36, instead of addition
modul o 78. This can be catered for by a sinple nultiplexor. Looking at the
vari ous agedseas generation tables for green, and considering them as
applied to red and blue, it is apparent that there is no requirenment for a
Type, since both the red and the blu&7¢channels do not need to be rotated
45 degrees. So i r : | ue
equi val ent of T-fiﬂt%laagd%% &@ggﬁﬁtmgr%egpg 1385'9@3%%%&&@ I%ég%tgrﬁ%% éc{g@gﬁ]@?@% 4
entri es. cFdoligwed i Fosigps\ghaddisian medulq 86, asshewnsn Redellowing cpavdpeadeon
(Red/Blue) TypesB-Nstkiset 006 016 026 0313 106 116 12
6 1 3 13 PCP03;,SG.;88- As with green address generation, we nove twi ce in
Y before advancing to the next entry of 1280. For red and blue there is no
scal i ng between MVehf in kernel space and novenent in the input space.
There is al so no reébatiam. + Astope3arove in Y, the AY of O is added to
Kernei x (see kernpgl nraddress generation in Section 10.2.10.4 on page 69). As
aresult, the c t, f rneix wll never be set. Looking at Table
34, the only posglﬁ%)%e&g&&??@)c%s are xernei x/ Kernel Y val ues of 00 or 01.
In the case of ZB®2°the green solution is no-change to either

W ndowSt art Adr or WndowSt art Type, so this is correct for red and bl ue

al so. In the cd¥wevess thipraddygss gararatiop regrtianism ds YifferemviBnaihe Atieen chaanation’ t
care abogkiy el Weligh ivbYRBressiNEMBEHRRBMS, it is possible to apply the green addressing

scheme to the red and blue channels, and simply 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.

Looking 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 fo 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




val ues can therefore be safely used for red and blue. The worst case is
advancenent by 1 in address both tinmes, resulting in an overl appi ng wor st
case as shown in Figure 65. At the end of the third set of 16 sanpl es,
Topstart Adr and Topstart Type nust be wupdated. Since we are nmoving in X
(and addi ng AY=0Oto KernelY), the carry out fromKernelY wll always be O.
The red/ b $qui val ent of Table 35 is shown here in Table 37. Note that

t here |s “ho. ype columm, since Type is not inportant for Red or Bl ue.

Tabl e 37. Updating TopStart Adr and TepStart Type (Red/ Bl ue) Kernel X KernelY
CarryQut CarryQut Ofset' 000 O01- 106 11 The process of
advancing fromone |ine of 1280 sets of 3 pi xels to the next is the sane
as for green. The wi | rst t f 16
aarples Tor a4 iR ear aass Gelamn Al MRy R RET ¥ Bl iy Beingtry pe 1 s
i rrel evarehtry Getgspakoroad efd bllue theexis nol scalingczetween rbeyginantumkemeltshagecandr e
enough samplas! irpthg'ljr{ptj rﬁ)Lace %ﬁ&em% tagﬁpﬁg%'n%rerﬂ‘\sttreﬂgfdls%ﬁd he sane

time as green generatl SO cannot In until es after the start
of a neup Kémely eekasagl s gengratin in 0f 0. Bon pe_m 89} Asrpiestle thewni t e

Bal ance aggy Ran@s EXRarRsliP He\)el' be I&eL@R%QQ{ T&tﬂ§54 afe brﬂﬁ&s@@le%&ﬁr@’nbesl 14 from
t he Image RAM 11 i nvol veﬁ s of é)t | bal ance, ﬁ range
expansi oA re iR Fasieralay© t N &g C:?S‘?O 8 9?@5??8?9” i3 no clipngerge pi xel s
must be thwmmwrmhaoﬁwymemgim i§ oorreichier med asdbiby altdidn Resasepl | ng
process 1 Thi s t Sin -Of lgs, IS unit
nust be a%% we want to &%d% (s} Wndog,gta % gr}d don‘g g%p%gf}\l*rgiloggégf%%u 'gr% pq“}(%l s, and
13 green Vpl’uﬁsetaﬁ thél?hferedm satb%auseri deraed amd @t’%ﬂ hﬁsvomhd@etiak@ﬂanné@m Mg pi xels

in the appiRR iR fndl n%@ultlng ifPA6 SveRaHingBibrRicX&] ashBswPRefuread from the

appropriate plane in the image store, it nust be white balanced and its

val ue adj ust ed QG F%hd Fird B8 of HEEnHRP AL AN EAARIHLBE 100 Pefugask i n

updated. Since we are moving in X {(and adding AY=0 to KernelY), the carry out from KernelY
will always be 0. The red/blue equivalent of Table 35 is shown here in Table 37. Note that there

is no Tyree column, since Type is not importani for Red or Blue.

Table 37. Updating TopStartAdr and

TopStartType {Red/Blue)
KernelX KernelY
CarryQut CarryQut 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 PositionOadr will be the same for the first set of 16 samples for a
given line (Positionondr = 0 for red and blue), and Type is irrelevant. 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).



Section 3.2.4. The process sinply involves a single subtraction (floor 0),
and a nmultiply (255 ceiling), both against color specific constants. The
structure of this unit is shown in Figure 66. The red, green and bl ue | ow
threshol ds 72, together with the red, green, and blue scale factors 173
are determned by the CPU 10 after generating the histograns for each col or
pl ane vi acbdigsl mage Hi stogramunit 8 (see Section 9). Dependi ng on whet her
the current pixel being processed in the pipeline is red, green, or blue,
the appropriate | ow threshold and scaf® factor is nultiplexed into the

subt ract 1gniiraak, WmlerB'aQIn}éeHﬁHﬁand@'éx akdign PHL PUt Written to the
appropriate color plane in Buffer 1. The Subtract unit 172 subtracts the

8-bit |ow Th_rl_e:ﬁlgl_agtuéﬁ%s%eof“aelﬂb Bbﬁ‘er?’lm fronk ﬁ%grﬁ e%M/IHH gﬁhlv s‘éﬁh%&éps‘g&d has a

fl oor of O. bit result 1S passed on to t peci alize
nul tipl y "R#ion, whilsi belaneg apd parig%xrﬁa'éo'ai bi. @s @awéedogzv $eptiorg3 Bidtand Ggrtiont act or

(8 bits af24 ﬁ‘ﬁ@tplxﬁlﬁ ,must Bé Sﬂ)@ﬂceh for- BL@aHyfaEthﬁlo&proﬂ@m#P'uE§ bPthet ﬁ&ahﬁlﬁxﬁl t are

kept, and rqg qag& 8 s 8 inte bits of fraction

mul tipli 834 'Sa[“?aémae ‘WP RS Ng'e@rwg@é?s Sx5'epsthig Ht BHE PRAGR eBhan bit 7
woul d  haweedseamn sted 6 &si pixelses tilié pieélstahe 18ylebh pkals. the entire 8-bit integer
result is set to 1s, and the fractional part set to 0. Apart fromthe

subtracti on unmhe bBﬁbnaJhdtalﬂbﬂ st isyuridBitdked B redding p"mjsqﬁ ItﬁeYap@fopMﬁé |6rdeﬂ t hl s
nerat o fectiv

t
Stht e mabhPhd 9HER eRdtes el Man il BB et g PohE thich hes-kiab o
fact or s: white laa!@cetémctzlgsoda@e agjykipd ep@rdiariesise wage emensmdmlmtatrctmﬁhemge RAM

11, and @Qcti%n%'zvﬁ':fhg}.‘)@c@ss é?rmal%/ iR @%Qﬁélé sGtFaci @@&g)tﬁd%ﬁnmg&%g 114. O

the 75 avall able cycles, cycles are for rea 5Euffer 1
The act ua?"'"ghQakjégwﬁsfsofere%%c'ﬁﬁcozﬁar&whegtrucwr@ of thig umiia slovindn FigyiedSby 9 wai t
cycles. That gives a total of 27 PCP05-SG 90 available cycles for 25
wites (6 red, Thepdugrees agd dloig)ow tygs§olde B dogeier milb theoiedt gregmesd ke

sati sfi egedd fa&t&@ 173 Hﬂer@ﬁteﬂf]ln&h@y fﬂé bb@smta@te nbRlidg he hBeh@ms Wrihcr dforwai t
cycles of the 11. 1Addr ess é%neratlon for Bufferl Once

the resaRprs gy 658%£§§Qﬁ¥mpﬁﬁﬁ§ﬁﬁeSﬁgmaPé only concerned with witing to
Buf ferl during the period when the Resanpler 112 is not reading fromit.
Si nce the Res aPﬁP%}d'“g R whetherdhe cusrent gixel B%Q%Pr@"é‘éfﬁdmtwme@‘eﬁ%ﬁdo@ et here are

27 cycl esr s tHeadpb@piidds oWrthdebivl andhee ther i rﬂ@ﬁtﬂ@éeﬁrntd fhe ROBtracUNRiang, We
rertor? LB e Bl BERRRT R Sral l B Peonsmuonc 1y uns
off a state 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
multiply 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 heen set as a resuit of the multiply, the entire 8-bit integer result is set to 1s, and the
fractional part set to 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



machi ne that takes these two cases into account. Wenever a value is |oaded
fromlImgeRAM 11, the adjusted value is witten to the appropriate col or
in Bufferl one cycle later. Address Generation for Bufferl therefore

i nvol ves a single address counter for each of the red, blue and green
sub-buffers. The initial address for RedAdr, BlueAdr and GreenAdr is O at
t he starf. S)J each line in each case, and after each wite to Bufferl, the
address ificTenent s by 1, with wapping at 36 or 78, depending on whet her

t he buffer bei ng witten to is red, goeen or blue. Not all colors are
witten eah erlo reen w| reguire

repl eni SHE ?yc %9(8'625 ‘ﬁ”éesf b?% ugggcﬁ,re%? 5 ?neans thé Wci Sgnslf%m lagpgi cis
shown i nsditfied ifdid tovinang trpsmwdcadf@ﬂ Cdnfmcteheth(tfw veait w@ea/wflﬂteé?ﬂssmﬂerdHWi teto
Red Bufferl at RedAdr RedAdr = RedAdr + 1 nod 36 Else If the color to
wite i s10BUelAddesscGeneraBbuforBuffeddr | at Bl ueAdr Bl ueAdr = Bl ueAdr + 1 nod
36 Else If the color to wite is Geen Wite to Geen Bufferl at G eenAdr
G eenAdr = G eénédthe+redammliodg pBcedsnid| rinrliy, 2vel dre2oktid caassrn@e méh atritiop ¢ or | mage
M i e AT Pfhe B Aol RS Ber #0164 REAUARTE Sinch Mkl 0 or 00

degr ees s tr nslates e ctively as roww Se or
col um- V\H‘a§@ aetsaxﬂ‘i@tﬁgé%gach65tcwée pririgphdirerpap@Es-cgeiss vatahle foﬂ‘ﬂff‘t'a@}d?”?qf’d?ﬁ we

al | ow qu?anpdlé?%l ndt ?tmninﬁa&é Wt @ Ioﬁ@ﬂ§h§ﬂfﬁr1 GQ#a@f asf P¥sibI6 AfHichOHénk AGaritdTRgE
bounds, as as or. such_print forrra S as P gart 31. At

the startf '%Hﬁe'@alzw Eﬁ‘i"‘rﬁy"'ﬁ ﬁ‘é‘Pr@% %ﬁ%et'at'f’@af‘af Byfiery ﬁ%@%&ﬂﬁ’ﬂ“”ﬁd’

Buf f er| rhdchine@itat taksd thas: twasssebhreo acEbirg. VEopnate 3 vialie & Isided fremamegse\M 0 a

sanpl e eﬂlﬁ F}S ﬁxfr":%létg_d vaﬁ{e S:Q‘ \.qu ttenqgt @ Taaggop %tey co‘l)o(% ?ni%uﬁ%ﬂ %F %gc?é)l!aﬁépn s have been

| oaded, urms or a total of 125

%ﬁ? :c :?i les an es,tsr ene ?é?on for uffer1h t‘lzﬁere%opea |Jnvo \%5%%&9% apo%ress C(t)l}n?eq fé%%%ch

of the red, blue and green sub-buffers. The initial address for Redadr, Bluehdr and Greenadr is
0 ai the start of each line in each case, and after each write to Buffer1, the address increments
by 1, with wrapping at 36 or 78, depending on whether the buffer being written to is red, green
or biue. Not all colors are written each 75-cycle period. A column of green will typically require

replenishing at twice the rate of red or blue, for example.

The logic is shown in the following pseudocode:

If the coler to write is Red
Write to Red Bufferl at RedAdr
RedAdr = RedAdr + 1 mod 36

Else

If the ceoler to write is Blue
Write to Blue Bufferl at Blueldr
BlueAdr = Blueidr + 1 med 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



after being | oaded from Il nmageRAM 11. To nmeke the counting easier, we round
up to 128 cycles. After the first 128 cycles, the checking for the
requirenent to | oad the next columm of sanples for each of the 3 colors
occurs each 75 cycles, with the appropriate sanples | oaded during the
subsequent 75 cycles. However, the initial setting of whether to | oad
during tP&D%%é set of 75 cycles is always 1 for each color. This enables
the final 6 colum of each color wthin Buffer 1 to be filled. At the
end of each 75 cycle period, the KernEIXCarryCut flag fromeach col or pl ane

of the Kernel, Addr.ess ner n th Resa e i
determn gnqg]e pﬁgglﬁ%rktwe 8‘1«1& ?<el I '?lrlﬁ |on or co uﬁtanq Bélrorzfor r%agssgu%( e |n"a§
Advancelbnedpus sell peistage W@pplhefOpS@M}sstf@'matsra@ Pagsplott@M ng line if the

Kernel YCarryQut flag is set. Since each 'read' effectively becones 6 or 13
reads to fill a\tmlswmfbanhammﬂaewe muest relae 18 laagdRAM 1 hig IgeosiptBufertiind or der to

advance. gso fats{]gs %&BI r at\ég toag gﬂﬂlg%&%s tocggérg;?lggée%ggag Lf‘@es Bllnglcgqu the

gener ation o oun S Coor ates 0O ena 0] xe [Tcati on,
const ant onlg odcgr oncaﬁ@olumasg@awba@ﬂ logaled e mieans Biselumps Phfeb.iattldd samesas bei ng

Wi thin agpandihiGh 24 c;}é@b‘ NElgs anbdrd G forting fmé\%!u@'ﬂ:ﬁbé fritke bk BT aR4
coordi nates are outside the active _area. The coordi nates can either

before t AeriteiRgdoaden dirte!magerielde o (Sriakﬁf"?eeF"“f‘W@ FaRiEgee BT “Pr‘fot@?ms of
i nes angycpigxels. This is shown in Figure 67, although t he space outside
the active area has been exaggerated for cl arity: Not e that since we use

(0, 0) as the s¥arthe frkt m&pﬂémak@hgamgﬁ@tthqu.mm t¥ @lad &echexMalkhinn® ar e
neratl on i.s an from

al so pixel and i ne u However, ﬂ} 1S2d

kernel — B3PHISP BT é’ﬁg’ %d‘i?éoﬁ%%‘f_“’l”ﬁ 8%° ‘?sr‘ﬁ ‘?‘ﬁ@p prRfSamlesdeedslt er
bounds at@ingtie subspauedds cydekd Hewmregemaemmahsemnd ofrwieether tedoai dpihg thedirsti nues
unt i1t NEot/efYBNGEL BRI 950! Sach 2661 REL orBRIEs 1XFHal Al Qbin GFBE @R call on,

const ant ors oun I mage pi xel wrapping. PCP05-SG -92-
| f we havihimBuffeddiakesilezdr, of the current sanple, and want to nove to the
next sanple, either on the next line or on the same line, the sanple's
coordinate wi | At thirangef eash 7erysiecreden. theutertdicagayour flagfPaieastheclr @lires s

changes gependmePRiNbal B&Herits iRl HERRBILRY12 B Hebibath AeRFhihY & theRgR, and
must produce edge pi xel repllcatlon when needed.
column of samples should be read. Similarly, an AdvanceLine pulse restarts the process on the

following line if the KernelvCarryout flag is set.

Since each ‘read’ effectively becomes 6 or 13 reads to fill a column in Buffer1, we
keep a starting position in order o advance to the next ‘read’. We also keep a coordinate value
to allow the generation of out-of-bounds coordinates to enable edge 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 coordinates are outside the active area. The coordinates can either
be before the image, inside the image, or after the image, both in terms of lines and pixels. This
is shown in Figure 67, although the space outside the active area has been exaggerated for

clarity:

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.



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

foll ow ngcpdagge sinple rules Aar 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 instea®of the value stored at the

appropri ate addf £8$avel: C r d"\@:ﬁﬁ 1 Pixel

or Line Line8 Pixel9 %P%(gdrg%hgﬁqw m?%éh%‘%aﬁgfé@ H tdb\g]\é@&gPtﬁgg 0 - Adr
= Adr +ASfREe. giher ayihe-nexdine-or ap; &eeﬁanmvne—thﬁcﬁaml@@n qverd"@teml!\@hanﬂemar +ALi ne

+ 0 Adr esxpifedtodBheXRby ih WhlchV\ﬂe QOEBSY chahf deBbAdNdn WidlRr YWeth@ atHpipt h
Acti veSt art Li &&a&{yd Act i veEnd &L{;fl f Line < _ActiveStar L| ne we call the

val ue "-"* & &page; 3 HTé”S efd%ﬁ"f‘:{/?ﬁmt?%‘@he”\ﬁﬁe t he val ue
"0 f Actl veEn Line Ltne, t he val ue "+" are t he current
Pi xel ordinate et”ﬁheA%tslnx‘?é‘ﬁl‘pé’f“E}Ig?y?SI‘ma&ﬁ(ﬁ' eaglt ?’{Pé@ﬂﬂﬁﬁ ﬁ’é’FptIFFS@I‘JQéF) we
Act i veSt perfdrinxed actives @aldbld B8 av aleUsdvadck iAGhE \6e Dixall TRirote anAmAge By 90
Acti veEn I |l the va Actl veEndPi xel Ptxel, we call
t he val u(age"ré(é?s thf’%bﬁ% @p%%wapﬁl éﬁLlnSV?/n%%”ﬁ i ﬂlije we sinply corrpare t he
previous sense en the
sense is "-" L()OK'Q? E{{%\rgblﬁéggﬁ%e ﬂrf'e Egtxzﬁ)gﬁ?qgﬁséﬁ qyﬁp‘f‘ﬁlb"l’@"%é‘elsefﬁﬁ’sv\hen t he
or di nat e Olbanddwasinewhenkindfiznsels 0( By Bllowinpvthesg simpemubstaor wil bewelidfprdaipe t he Aar
W th 2 BRY akhEnOf cRARCH (Udndaf] hbPls SSRUITHNGE EFED bfiGindballa addr ess
for the current li1ne so Can advance to the STart o ext line
once t heVf fa8ke spipsted =na§teaéewhgéﬁ@r%@re@,at togappeqpriatd @ddress. f ol | owi ng: | f a
change is in Pixel, and the pixel sense changes fromO to + (indicating we
have gone past the edge of the inage), we replace Adr with the
Li neStart Adr and repl ace

Table 38. Actions to Perform when Advancing in Pixel or Line

Line® Pixe!’ 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

+ +

e 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 ActiveStartPixel and ActiveEndPixel.lf Pixel <
ActiveStartPixel, we call the value “.If ActiveStartPixel £ Awne < ActiveEndPixel, we call the value
“0".If ActiveEndPixel £ Puxel, we call the value “+".



Pixel wth 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 inage), we subtract DeltaColumm from Adr and replace Line
with ActiveStartLine. Pixel remains the same. DeltaColum is the address
offset for generating the address of (Pixel, ActiveStartLine) from (Pixel
ActlveEngh -1) The logic for |oading the set nunber of sanples (either
r ependlng on color) is shown in the follow ng pseudocode: line =
Fi rst Sanpl eLi ne pixel = FirstSanpl ePsxel adr = FirstSanpl eAdr Do N tinmes

6 13) ol dPixel S = Pi dL
(Li ngrSensZa( gLi nlefe?“ﬁﬁ(rﬁsr?ewg‘g‘-‘lw%(f BWPJE%S"ﬁ“é 8?\%%3 rewgﬂs Sﬁln"fnee Q§FNB”? o? f‘?(lel Sense
| nAct i vewith e refMN@Esd. Mk ithessensiND “Usie Got teadvancerSzmps deseril@grisTabie 8bl or el se
Sample = %I&@Ql?éj&r)ilaatg'ﬂgéoﬁeg'oﬂteof Bou.lrﬁd@ﬁe ma'vﬁ frdnt b&ﬁ@&ﬁ'@@pﬂ%le‘tﬁ@ﬁdm

wr apl mage) lTne = ActiveStartLine Elself
( (Li neSeRsEM vatye)notbased o a AR} e\e%ﬂnmq Vi eapdle stgrt pydresgdpr the gyrentlinedpt aLi ne

Endl f  Enige FéQPQe‘ﬁ/a%é o W st 6 thehdxt M@ Irdé theuGhent Bhd ARl RSN @6nerated, we

Fi r st Sanpl eLi ne rst Sanmpl ePi xel , and
rrB:an do the ’follown P

. If a change is in Pixel, and the pixel sense changes from 0 to + (indicating we have
gone past the edge of the image), we replace Adr with the LineStartAdr and replace
Pixel with 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 DeltaColumn 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)
oldPixelSense = PixelSense(pixel)
oldLineSense = LineSense(gline)
inActive = {({oldLineSense == InActive) AND (cldPixelSense ==
InActive)}
If {{NOT inActiwve) AND UseConstant)
Sample = ConstantColor
else
Sample = Fetch (adx)
EndIf
line = line + 1
If ((LineSense(line) == “+”) AND wrapImage)
adr = adr - DeltaColumn
line = ActiveStartLine
ElseIf ((LineSense(line) == “0%) AND ((oldLineSense == “0"}}
adr = adr + Deltaline
EndIf
EndDo




First Sanpl eAdr is in the address generator section that responds to carry
out flags fromthe Kernel Address Generator, as well as AdvancelLi ne pul ses
fromthe MII. The logic for this part of the address generation is shown
in the foll ow ng pseudocode: FirstSanplePixel = 0 FirstSanpleLine =0

Fi rst Sanpl eAdr = FirstLineSanpl eAdr = ActiveStartAddress count = 0 Do

For ever lpépo%g ernel XCarryQut) OR (AdvancelLi ne AND Kernel YCarryQut) OR
(count < N Sanples for this color plane (see pseudocode above)

Endl f ol dPi xel Sense = Pi xel Sense(Fi r s¢4anpl ePi xel ) ol dLi neSense =

L neSense(Fl [ SURBTRL D! P sucl, ok AARE LIS, Q1D KEr REL YCRLIXOUL) igunt = O
( (Li neSenaseFmrs¢r8aipph dtsi a@yeSAwwmen@géyat r@ppmsup n@rSaqrqb fagsdronc=the

Start Addkg,%%, /fddFe%% H%}Lat%tL'aQ)%en'aéA‘ﬁE\}W?&mr Eﬂsfe@ﬁor# 2. The Jos c)for this part

((Li neSense(First dLi neSense

Fi r st Li nég RO gk p ythghfolioxyind Deepgoceder i ne  Endl f Eirst Sanpl eAdr =
FirstLi neSarrpI @AdeamEi@eia‘l LKer nel XCarryQut OR (count < b))

Fi r st Sanpl ePi xel . = b ePixel + 1 count = count + 1
((Pi xel Sense(F i
Fi r st Li neSanpl| @fSamplerdr

count = 0

| f

FirstLineSampleAdr = ActiveStartAddress

Do Ferever
If ((KernelXCarryQut) QR (AdvanceLine AND KernelYCarryQOut) CR
{count < 5})
Do N Samples for this color plane (see pseudocode above)
EndIf
01dPixelSense = PixelSense{FirstSamplePixel)
cldLineSense = LineSense (FirstSampleline)
If (Advanceline AND KernelYCarryOut)
count = 0
FirstSampleline = FirstSampleline + 1
FirstSamplePixel = Q
If ((LineSense{FirstSamplelLine) == “+”) AND wrapImage)
FirstLineSampleAdr = StartAddress
FirstSampleline = ActiveStartline
Elself {(LineSense(FirstSampleline} == “0”) AND (oldLineSense ==
0"y
FirstLineSampleAdr = FirstLineSampieAdr + DeltalLine
EndIf
FirstSampleAdr = FirstLineSampleAdr
Elself (KernelXCarryOQut OR (count < 5))
FirstSamplePixel = FirstSamplePixel + 1
count = count + 1
If ((PixelSense(FirstSamplePixel) == “+") AND wraplImage)
FirstSampleAdr = FirstLineSampleAdr
FirstSamplePixel = ActiveStartPixel
ElseIf ((PixelSense(FirstSamplePixel) == “0”) AND (oldPixelSense
== “0"})
FirstSampleAdr = FirstSampleAdr + DeltaPixel
EndIf
EndIf



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 Sunmary There
are a nunber of registers that nust be set before printing an inmage. They
are summarized here in Table 39. To rotate an imge by 90 degrees, sinply

exchange t.he .-Del taLine and Del taPi xel values, and provide a new

Del t aCol unm val ue. Table 39. Registers Required to be set by Caller before
Printing Register Nanme Description kpmge Access Paraneters Wapl mage Tile
i mage reads to renlicate i mage when out of inmage bounds UseConstant |f O,

| mge edge reph ' ' ' nds. If

1, a con ' rned. Red ActiveStart AddressR The address of
red sanpﬁgé? gﬁ?é@%????hﬁbgl, ActiveStartLine) in |nmageRAM

ActiveStartLin he fi val i ' i " e |_n
relation to |i ﬁ@%‘;) Ste ﬂé]'gj ﬁ‘b%@ﬁ&‘ﬁ%é%%%% ib% Isggl qefsﬁeg&g]hﬁg %r'} %@gﬁﬁgy 1gl I](t)ar t he

i mage i n spmthatzsdciere At Thve SOailo Ppiis R Thegef by 80 dearepsl simelexdhongg e | mage
in red SpRGA ifd dha DRI iPRIIR, MPpRlvideDnehBdyelidiiag. R The first pixel out

of bounds for the inmage In red ( _
e Oy o5 s hafie 34, RESRFs Redlired I0p D8 I Slied M EPapRaE® D! 1aPI Xel R
L4 AU L4 T \q T wTrIC L4 TITOV O LELIA 2 rJ

space

The anmount L U ent—address Aoyl xel
Register Name Description

Image Access Parameters

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 refation 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
to 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

Del t aLi neR The anmpbunt to add to the




to the next on the sane line in red space DeltaCol umR The anount to add to

the current address to nove from a pi xel
i mage area to the sane pixel

in the | ast

on the first

line of the Active
line of the Active inage area in

red space. Constant Col orR Red color value to use if address out of bounds
and UseConstant=1 G een ActiveStartAddressG The address of green sanple
(Acti veStPe‘;okgbxel ActiveStartLine) in |mageRAM PCPO5- SG - 96-
ActiveStartLineG The first valid line for the image in green space (in
relation to line 0) ActiveEndLineG Tée-first line out of bounds for the
| mage | N |GAGELGHIARE ANk Hikifthe ot & ﬁemsge ih érbn %3bd th Rzt iR {he | mge
I n green |space (In rel at to pixe ti veEnd The first|pixel
out of bdunds—for—the |Innn N green cn:\r\n Del-t-al-i nn(‘ The ampunt 0o add to
the curr en%ctmﬁlhldlas@Gt o] nnﬂe ﬂrsﬂum ahef blourmb forttioe itrfage in@xgenispaagr een space
Del t aPi x t FENt _address _to. NMove fromopne pi xel
to the ne>&°t%‘?§ti’¢f’@‘ ?a IT'W ”Si* ﬁa“drpg‘é'r{”s‘b%@@gbé’lg{%ﬁﬁoﬁpﬁ?ﬁ‘@’ﬁ*ﬁt@"é?mum to add
to the current address t|d” e froma pixel in the last line of the Active
i mage ar eaAat.@bénhﬁ::(a@[rﬁ plmlrrﬁa.xéﬂaeuffbs@{dsfdrltnéemgée |F:B%er?\§;§dc¥e i mage a][ ea in
green spaee ConstantCol eepn-cotor—valve—touse+faddress—oew{ o
bounds andPeltekisegdnst ant -1Theam99ntﬂ@aqldﬁeSt%Utr¢mad@’s@30W feldpesslneof | bl ue
sanpl e (ActiveStartPi xel to}t@trievte@graﬁm thege) in | nageRAM Acti veStartLi neB
The first R dﬁlne’ror [ U 1o r ne 0)
) . he amorr% oa l%ec 3 %Sc?r stomo e\%m 8n ;{!Qel
Act i veEndLi ne% ﬁl e first Ehré‘%e%‘{)tnt %'"fiﬂ & ar&dn f) A bt space
DeltaColumnG The amount to add to the current address to move from a pixel in
the last line of the Active image area to the same pixel on the first
line of the Active image area in green space.
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
AcliveStartLineB The first valid line for the image in blue space (in relation to line 0)
ActiveEndLineB The first line out of bounds for the image in blue space
AcliveStartPixelB 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 fo 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 blue space.
ConstantColorB Blue color value to use if address out of bounds and

UseConstant=1

White Balance and Range Expansion Parameters

RedLowThreshold

8-bit value subtracted from red input values

GreenLowThreshold

8-hit value subtracted from green input values




ActiveStartPixel B The first valid pixel for the imge in blue space (in
relation to pixel 0) ActiveEndPixelB The first pixel out of bounds for the
imge in blue space DeltalLineB The anmbunt to add to the current address to
nove fromone line to the next in blue space DeltaPi xel B The anount to add
to the current address to nove fromone pixel to the next on the sane |ine
in que &gg Del t aCol umB The anount to add to the current address to nove
froma pixel Tn the last line of the Active inmage area to the sane pi xel
on the first |ine of the Active inaggrarea in blue space. Constant Col orB

Bl ue col drqg%lowhr{g%o\ﬁse |gb,§,g1q[ees'§§t,é%@d ok dhey vand UseC_onstant = Wiite
Bal ance ange Expansii on Par anet

subt r act edrédSoaleRzetbr i nput8~va$oakesfact@uee}:rfbomﬂ'dmmhmhad oBreldipixelsal ue subtract ed
from green—Tmput —vat ues —Bi-uetowThrestot d 8-

8—hit—vatue]
subt r act dCerGIRAIT RO anﬁ biy%ﬂalﬁégctorﬁgﬁgerarpg%p@}smg OHPEERREE'S fact or used
for rangq gupRBSEGkOT o PLoSElisio Gk ASAALRERSIRR Pl bxsgal o Taftor used

for rang expansl on of gr-een plxe eScal ekactor 8- t _scale factor
used for range expansi on of bl ue pi xel s 11REFERENCES [1] Si | ver br ook
Research, 1998, Authentication of Consumables. [2] Silverbrook Research,
1998, Authentication Chip. Although the invention has been described with
reference to specific exanples, it will be appreciated, by those skilled
inthe art, that it nay be enbodied in many other forns. The follow ng
nunber ed {pREFBRENCEr ovi de the addressee with a further indication of the
scope of [1]t BRvelbiér REsk4dh, 1985, Lb@bG R0k YelonsnaxM@ds. and i nventive features and
conbi nat ifxn sivferbi@BReseRSh, WOR |4udbsieariobehisl ear fromthe disclosure therein. 0
-98

Although the invention has been described with reference to specific examples, it will
be appreciated, by those skilled in the art, that if may be embeodied in many other forms. The
following numbered paragraphs provide the addressee with a further indication of the scope of
the invention, although other novel and inventive features and combination of features will also

be clear from the disclosure therein.



PCP0O5-SG We claim 1. A nethod of receiving inmage data, indicative of an

i mage, and providing to a printer print data, corresponding to said i mage
data, the print data being in a predetermngd print format and having a
predeterm ned print resolution, the netheg- i ncluding the steps of.

recei ving theppspagge data in Bayer format with a predeterm ned i nage
resolution; converting the image data into first format data having a
first predetermned resolution; converting the first format data into the
print data; amwmgkcigiki ng the print data available to a printer for printing,
wherein the predetermnmined print resolution, predetermned i mage resol ution
and first predetermned resolution are different fromone another. 2. A

met hod accor dithg tA rﬁétﬁddrbflrewé)ﬁﬁgﬂn&géf&taf !neﬁénvfeQ:rfEﬁtam V\gedd‘né F‘nrvﬁ%ftéromthe

print format, \? e od accor gt laim1 Pst data
has a predet eP'?‘H":ﬁe%f'" | FRIGERP r%‘%l"ﬂ?geoﬁatail th%ﬂﬁ"éﬁt Hela teingoindiang to

any one of thereqlﬁf@’mnngmtlfcmmafsanmbamgna tphelelrmindd BivitarabdiutioRf th@ megRker m ned
bi -1 evel dot {néﬁd?:lng%é@t@ s%. A nmet hod according to any one of the preceding
cl aims wherein the |mage ata is in ared, green and blue (RGB) format and

the printer is res'BBﬁ’fi‘ﬁ‘i‘Q/'éeffBaQ& désaammBam@e'mtanth antbdgterthioed in@dfesdidionmt , t he

met hod further incéandirvg thBeimagelidbtaOnB! firf trehaP biate ORNRETd B t data
fromthe RGB f (ftmaﬁ to the QW format. 6. A r?et?lod acgorﬂl tng%{i%eﬁﬁ?gone of
c

t he preceding arns, the method further including the step of
mani pul ati ng at Iéﬁ’gYeWéhQ)ﬁrstfh@atM@atmmWntdm dndrst format data or the

print data 7. A miiethagertshatibe B AMcPpsegn the [mge data is
sel ectively adj usted fo FE@O ég predeterm ned rotational
ﬁ’dﬂ:%'@ eermme prlnt resoiutto predetermmed image resolution and

orientation.
f rst predetenmned resolution are different from one another.

2. A method according to claim 1 wherein the first format is different from the print
format. S |
3 A method according fo claim 1 or 2 wherein the first data has a predetermined

continuous tone resolution.

4 A method according to any one of the preceding claims wherein the print data is
of predetermined bi-level dot resolution. '

5. A method according fo any one of the preceding claims wherein the image data
is in a red, green and blue (RGB) format-and the pnnter is responsive to a cyan, magenta
and yellow (CMY) format, the method further including the additional step of oonvertlng
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
mcludmg the step of manipulating at ieast 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 imge data, indicative of an imge, and
providing to a printer a print data, corres%ondi ng to said i nage data, the
print data being in a predetermned print fornmat and having a

predeterm ned print resolution, the apparagds including: input means for
receiving the pgmgesdata in Bayer format with a predeterm ned inage

resol ution; sanpling neans for converting the inmage data into first format
data having a Birst Apgaradaefoerereiviag imegotiath, iiRikatiy ST SiRiap 478 PR¥idingto a
converting thepfitdrSt ok i he_.pr.int a; an out put “means for
maki ng the pri F\lildt%rla% :ﬁ lgt\r/g_igt %’agﬁt&{) %ﬁé‘gpﬁ"i % Kgr'm?g@r 9%?| fiei W{?t qﬁﬁe&"é’i‘% I Ae

pr edet er mi ned- PEFFIE™MNed dript foppat 4pd d@wing araresieterminedy print essolutitri, e apperatuéi r st
predet erm ned ingsdhgati on are. different fromone another. 9. Apparatus
according to claimg@ m%rag%nrt he. fi el format is different fromthe print
format. 10. ApparatUs ac@or & igFelB9dheimags d8ir inBayes fsmat wikhea prededermiteta has
a predet er mi ne¥egewRelitivnous t one resol ution. 11. Apparatus according to any
one of clainms 8 to sihpiEhel ' . rredet ermi ned bi-Ilevel
dot resolution, 12 Aéjé)ar atgéu@_f%ﬁg‘%ré’?“ﬁté“eﬁ@’tag%@%ﬁg% f%qngf%éa vingafipst
wherein the in’ﬂ%‘éeﬂ'ﬁ‘f‘ fesolipny  red, green and blue (RGB) format. and the
printer is felspgnSiN@?esmgameéfﬁmorcﬁﬁ@ﬁmb%e&i%ifonm'da%%té@I}érhlﬁ}mtfa%[af;@ﬁd, dand ]'Ehe
appar atus incl udes r_c erting the print data from
an RGB format to a‘;&tvb??t,@%ﬁ?&%?%ﬁ'@ﬁ%@%&?&ipﬁ et 18 RiRdorie of cl ai s
8 to 12, the net hod" e e Pradeterrigecherint rasalitionf predetemiinedl imbdengsdiitioh @ast  one

of the image didtpredétaenidddrredoldtion SRldirdanerdM ofd ol Nt data. 14. Apparatus
according to claim 13, including nmeans for selectively adjusting the inage

data for providing the inmage in a predetermined rotational orientation. 15.
A phot o caner & i nclRERrAlYs eeerdifsplarciinu§ whikreinte fisfomiat & diffei@nt Borh Ghelifint

format. . :

10. Apparatus according to claim 8 or 9 wherein the ﬁfst data has a predetermined
continuous tone resolution. '

11. Apparatus according to any one of claims 8 to 10 wherein the print data has a
predetermined bi-level dot resolution. |

12. Apparatus according to any one of claims 8 to 11 wherein the image datais in a

_ red, green and blue (RGB) format and the printer is résp’onsi_ve 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.

13. Apparatus according to any one of claims 8 to 12, the method further including

means for manipulaﬁng at least one of the image data, the first format data or the print
data. - | ' ' '

14. Apparatus according to claim 13, including means for selectively adjusting the.
image data for providing the image in a predetermined rotational orientation.

15. A photo camera including the apparatus of any one of cfaims 8 to 14.



