PCP0O7- SG METHOD AND APPARATUS FOR CHANG NG THE RESCLUTI ON OF A BAYER | MAGE
FI ELD OF | NVENTI ON The present invention relates to a nethod and appar at us
for up-interpolating a Bayer inage. The invention has been devel oped
primarily for a digital camera including an integral printer for providing
a paper print of an inmage captured by the canmera and will be described

her ei naf t pgpgiid h reference to that application. However, it wll be
appreciated that the invention is not limted to that particular field of
use. CO PENDI NG APPLI CATI ONS Reference may be had to co-pendi ng
applications claimng priority fromAustralian Provisional Patent

Appl i cation nunber P890 dated 16 Sepfénber 1999. The co- pendi ng

appl i cat i OrETeTDIAND AP RARATES FHOR mnmﬂ@ﬁﬁEfr@Esp@ t he
compact printer system The co-pending applications ed si rrul taneousl y
to the present application, are &BAYEBIMAGE | nternational Patent Ref.
Title of Invention Application No.No. PCT/AU00101075PCPOLMet hod and
Apparatus for Producing Print froma Bayer |mage PCT/ AU0O0/ 01074PCPO2Met hod
and Apparatus for Sharpening An | mage PCT/ AUOO/ 01076PCP04Met hod and
Apparatus for Rotating Bayer | irligdd QBUNMERTIOGN | NVENTI ON According to a
first aspect of the invention there is provided a nethod of providing an

i mage for prinThagesnt avgntiedetaeso aadtiod ahesgarad et for BSMbigbiatiy 2Bdyehn
correspongs,d 0 a predetermned continuous tone resolution, the nethod

i ncl udi ng t%e steps of PCPO7-SG -2- receiving a fi rst data set indicative

of the image, t?ﬁe H\?etnﬂonsl%ts b%gr'i leelopeoapr |Errforfaoc¥igp } camera mcludnggsz;[m |¥1t%3rgl ution;
printer for providing a paper print of an image captured by the camera and will be described
hereinafter with reference to that application. However, it will be appreciated that the invention
is not limited to that particular field of use.

CO-PENDING APPLICATIONS

Reference may be had to co-pending applications claiming priority from Australian
Provisional Patent Application number PQ2890 dated 16 September 1999. The co-pending
applications describe related modules and methods for implementing the compact printer

system. The co-pending applications, filed simultaneously to the present application, are as

follows:
International Patent Ref.
Application No. No. Title of Invention
PCT/AUOD/01075 PCP0O1 | Method and Apparatus for Producing Print from a
Bayer Image
PCT/AU00/01074 PCP0O2 | Method and Apparatus for Sharpening An Image
PCT/AU00/01076 PCP04 | Method and Apparatus for Rotating Bayer Images

SUMMARY OF INVENTION

According to a first aspect of the invention there is provided a method of providing an image for

printing at a predetermined bi-level dot resolution which corresponds to a predetermined

continuous tone resolution, the method including the steps of:




resanpling the first data set into a second data set at the predeterm ned
continuous tone resolution; sharpening and col or converting the second
data set to generate a revised second data set; up-interpolating the

revi sed second data set to forma third data set at the predeterm ned

bi -1 evel dot resolution; and naking the third data set available to a
printer apcdhg; predeterm ned bi-level dot resolution. In accordance with a
second aspect of the invention, there is provided an apparatus configured
to provide an image for printing at a predeterm ned bi-level dot resolution
whi ch corresponds to a predeterm ned continuous tone resolution, the

appar at us bei ng progranmed and confi gu?'éd to: receive a first data set

i ndi cative of tehevingraget detdest thalcative @F thd @hayg, tha data BaytRingfii0s BRjer Amat at 1 1 St
resol uti ogﬁrs{{@&glm%.e the first data set into a second gata set at the
predet erm ned conti'nuous tone resolution; sharpen and col or convert the
second dat a seftesaoplige ier istalate sebvits edesnd dath sabaths ptedetetniindditcatipeliat e t he
revi sed sgrORdoiRha set to forma third data set at the predeterm ned

bi -1 evel dot resolution; and output the third data set to a printer at the
predet er m ned HiarReRiPe Endieior FRYSHing ihgsecond dafaset tegenecatea revised secpnddata r ed
that the detrst data set is in a red, green and blue (RGB) format and the
printer is responsive.to_a cyan, magenpta and vellow (CMy) format, and col or
conversi on ste‘ﬁ'lp%@oﬁag ﬂ&eoﬁ%"ésrepi??@g‘?d;é’a?eé%tn RIMaasBird f4atamsgh 2RAS f or nat
to a CMy fregatarmined bi-lectdat dsnloiormarich t he third aspect of the invention,
there is provi I Walo N ar,r fo rovidin ayer

i mge; a pri njt@r o}hggtgfdeg?dla\r/%:t ;/ég%lrggsi%?angﬁgerpérti tﬁ%é’(ﬁe dl’etrfeg'a@?d gh'a‘geéf?ds

appar at us s8R di ng to the second aspect of the invention, configured to
provide the printer with the third data set such that the printed inage is
pr oduced. In pesorianeavitiza Feprd asped of thpinvemionfthertis Myvide ag spiratiecanéglired

embodi menb rovkie b ndgRY&PRY ath bledBMhiIRG KRG bEhiuBY wiRY SesFrA0H ©

a predetermined continuous tone resolution, the apparatus being programmed and configured
to:

receive a first data set indicative of the image, the data set being in a Bayer format at a
first resolution;

resample the first data set into a second data set at the predetermined continuous tone
resolution;

sharpen and color convert the second data set to generate a revised second data set;

up-interpolate the revised second data set to form a third data set at the predetermined
bi-level dot resolution; and

output the third data set to a printer at the predetermined bi-level dot resolution.

In both aspects, it is preferred that 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, and color
conversion step includes converting the second data set from an RGB format to a CMY format.

In accordance with the 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 according to the second aspect of the invention, configured to provide the
printer with the third data set such that the printed image is produced.




only, with reference to the follow ng description and Figures. Fig. | shows
a high level imge flow of the PCP. Fig. 2 shows a bl ock diagram of the PCP
inisolation. Fig. 3 shows a block diagram of the PCP connected to Printcam
hardware. Fig. 4 shows a 4-inch Menjet printhead. Fig. 5 shows the
arrangenment of segnments in a 4-inch printhead. Fig. 6 shows the arrangenent
of nozzl egcdghs@ pod, nunbered by fixing order. Fig. 7 shows the

ar r angenent o? nozzles in a pod, nunbered by |oading order. Fig. 8 shows a
chronmopod. Fig. 9 shows a podgroup. Fig. 10 shows a phasegroup. Fig. 11
shows the rel ati onship between segnents, firegroups, phasegroups,

podgroups and chronopods. Fig. 12 show&~ AEnabl e and BEnabl e pul se profiles
during the printing of an odd and even dot. Fig. 13 shows the orientation
of print formats based on the CFA image. Fig. 14 shows a bl ock di agram of
the i mage capture chain. FEgief Ssg%ﬁmﬁ‘?ﬂ@eéﬂﬁﬂﬁﬁﬁhent of pixels in a Bayer
CFA 2G npsaic. _Fig. 16 shows the |inearize RGB process. Fig. 17 shows the
pl anari ze RGB pFIa$d embpgiments of Hsvigveatian wi Rowibggieasribed. by veayiafegampe i nt

chai n. PGl wilrefeterfck @ thd iISHARYGesarifidMRAELriGReLr range fora single color
pl ane. Fig. 20 shows the steps involved in white bal ance and range

expansi on. Fi g. Fidl1 steass nyhdvatiknagh RO #MePcrappar at us capabl e of perform ng
white bal ance and range expansion. Fig. 22 shows the various col or plane

pi xel's in rel at Fgm &RwEaAIER AN Phe PCPiifisaidnshows the effect of rotating
the green plane by 45 degrees. Fig. 24 shows the distance between rotated

pi xels for the ggefdhoRkahfck Elia?am%ﬁhé PRYSoh LGt PSR Hard AP NG MOVenent
in unrotated CFA space to rotated CFA space.

Fig. 4 shows a 4-inch Memijet printhead.

Fig. 5 shows the arrangement of segments in a 4-inch printhead.

Fig. 6 shows the arrangement of nozzles in a pod, numbered by fixing order.

Fig. 7 shows the arrangement of nozzles in a pod, numbered by loading order.

Fig. 8 shows a chromopod.

Fig. 9 shows a podgroup.

Fig. 10 shows a phasegroup.

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

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

Fig. 13 shows the orientation of print formats based on the CFA image.
Fig. 14 shows a block diagram of the image capture chain.

Fig. 15 shows the arrangement of pixels in a Bayer CFA 2G mosaic.
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. 26 shows a bl ock di agram of the sharpen process. Fig. 27 shows the
process involved in high-pass filtering a single | um nance pixel with a 3
x 3 kernel. Fig. 28 shows the transformation in conversion fromRG to CW
Fig. 29 shows conversion fromRG@ to CW by trilinear interpolation. Fig.
30 shows pixel replication of a single pixel to a5 x 5 block. Fig. 31
shows a bhggy(glagran1of the half-toning process. Fig. 32 shows the
process of ?ornattlng dots for the printer. Fig. 33 shows a bl ock

di agr am of the i mge capture unit. Fig. 35 shows a bl ock diagram of the

i mage access unit. Fig. 36 shows a block diagram of the inmage histogram
unit. Fig. 37 shows a bl ock diagran10?'the printed interface. Fig. 38

shows t he bl ockFgi tstaws akample cdibmpele ford siigicaer plahg. 39 shows t he
generation of AEnabl e and BEnabl e pul se widths. Fig. 40 shows a bl ock

di agram of dot €igued shoagihe. stepCildlvedn white talice 4 raRWpadiRni nterface of the
print generator unit. Fig. 42 shows a block diagramof the print generator

unit. Fig. 43 shivsi sholk alocklbiagam s fpatdlf chfstie HPLASMMgIFRESSadBala Fi 0.
44 shows a bl ock dlagran1of Buffer 5. Fig. 45 shows a b?ock di agr am of

Buf fer 4. rﬁ$3@¢ﬂ§ %hows a bl ock di agram of the Uplnterpol ate, Hal ftone and

Ref or mat procesE Zg 8 % shows how to map froma standard dither cell and
a staggered dit h8r?agpyst el’f?ré"usﬁgorsqlﬂf\?@'x&'sb'l SRkoHP SGAPROlHOT he Convert RGB
to CW process/ _Fi ws a bl ock diagram of Buffer 2. Fig. 50 shows a
basi ¢ hi gh- passF’gp%sihaY"s?hFleﬁ%qug'iaﬂl? the gregn panedyifS|degress.g. 51 shows a bl ock
di agram of the sharpen unit shows the structure of Buffer | Fig.

53 shows a bl ocﬁ'gdg“aﬁ‘f"‘éﬁﬁhﬁfj'sﬁaﬁ‘ée ‘F?é@%ﬁ?téteéﬁﬂe'ﬁoéﬁle@rq_eﬂrﬁaﬁénce Channel
process. Fig. 54 shows a bl ock di agram of the Convolve Unit.

Fig. 25 shows the process of mapping movement in unrotated CFA space to rotated
CFA space.
Fig. 26 shows a block diagram of the sharpen process.

Fig. 27 shows the process involved in high-pass filttering a single luminance pixel with
a 3 x 3 kemnel.

Fig. 28 shows the transformation in conversion from RGB to CMY.
Fig. 29 shows conversion from RGB to CMY by trilinear interpolation.
Fig. 30 shows pixel replication of a single pixel to 2 5 x 5 block.

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. 55 shows the order of pixels generated fromthe receptor. Fig. 56
shows novenent in x or y in rotated and unrotated space. Fig. 57 shows the
address of entries in Buffer 1's green sub-buffer. Fig. 58 shows the

rel ati onship between green entries dependent on rotation. Fig. 59 shows 4
X 4 sanpling of the green channel. Fig. 60 shows 4 x 4 green sanpling type
1. Fig. Blophiows 4 x 4 green sanpling type 2. Fig. 62 shows the two types
of row addressing for green. PCPO7-SG -6- Fig. 63 shows the addressing of
entries in buffer 1's red and blue sub-buffers. Fig. 64 shows the first 16
sanples read for calculating first pixel. Fig. 65 shows the overl apping
worst case 4 x 4 reading from bl ue and®ted buffers. Fig. 66 shows a bl ock
di agram of the Figt &t showsdhetiterbgb anthe p@gerfctig@nexpansi on unit. Fig. 67
shows the active inmage area within the generated coordi nate space.

| OVERVI EW OF THEigPPshbwa a bloGittikdrfirlot DAt beMNfdiorMIERVI EW The Print cam
Central Processor (PCP) possesses all the processing power for a Printcam

and is specifi caigl 43 shewt gBREK difyra obhe sl phttbM@ck¥sk Okicam di gital still
canera system The PCP 3 connects to an inmage sensor | (for inage

capture), and arifes sowdhkbRti€diagtarh@f BifldRgE Pprintout- In terms of inmage
processi ng, the PCP can be thought of as being the translator of i nages

from capture torFgrisuneit a bRek GAPWNA of Burfsk #Ure 1:  The Image Sensor 1 is a
CMOS i mage sensor, which captures a 1500 x 1000 RGB imge. The | mge

Sensor is the i pgos dhBRYA bEVdisfam oﬁhguﬁme%ﬂgﬁalﬁokgana Rerdr&brd 209 1600dpi

Mem et printer capable of printing 1n three ors: cyan, nmagenta and

yell ow The Prigbnaaloksndd rdBadfh PUbily AL EPand HGgBRR aipdralies an | mage

fromthe I nage Sensor 1, processes It, and sen nal” form of the

image to the Priptheagdyds B&(ﬁ%#gﬁLﬂg%géhgﬁﬁghggghgﬁﬁﬁggsnsor 1 captures

in R&B and the Printhead prints In translate from

t he R@& col or SP§S s%9w§§9b&§ﬁ%f%ﬁ8¥&ﬁ@ﬁfe' The PCP 3 contains all of the

requi renents for the 1 nternedi I'mage processing, including white

bal ance, col or Fi?.cgr’?rsﬂ@%e ans?cmqghgp?agygpa%%%r%gihg ia%%eke%n%?r pening, and half

toning. In additfTon,

Fig. 51 shows a block diagram of the sharpen unit.
Fig. 52 shows the structure of Buffer 1

Fig. 563 shows a block diagram of the Resample and Create Luminance Channel

process.

Ei

d. 54 shows a block diagram of the Convolve Unit.
Fig. 55 shows the order of pixels generated from the receptor.
Fig. 56 shows movement in x or y in rotated and unrotated space.

Fig. 57 shows the address of entries in Buffer 1's green sub-buffer.

]

Fig. 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. -




PCP 3 controls the user interface and entire print process, providing
support for a variety of image formats. The PCP 3 al so contains interfaces
to all ow export and inport of photos, conplying with the DPOF (Digital
Print Order Format) standard. 1.2H GH LEVEL | NTERNAL OVERVI EW The PCP 3 is
designed to be fabricated using a 0.25 mcron CM3S process, with

appr oxi map&lysd0 milion transistors, alnost half of which are flash nmenory
or static RAM This leads to an estinmated area of 16mmR2. The esti mated
manufacturing cost is $4 in the year 2001. PCP07-SG -7- The PCP 3 is a
relatively straightforward design, and_ design effort can be reduced by the
use of datapath conpilation techni que@j macrocells, and I P cores. The PCP
3 contains: A Fawssgeed tHeRdimbangs entich befer a8&@l sHa blub.sbb-bres of
multi-level Flash nmenory (2-bits per cell) 11 A CMOS I nage Sensor
Interface 98 i nsigdes shiowb rRgiest Capdrees rblid for eutatinGirdiBikie Fl ash menory for
program storage 13 4 KByte RAM for programvariable storage 14 The PCP 3

is intended to Fignemdhods HeQUkIappAE Ho@f caBP R % Qr4WHg oM th anliiEd el
externally and 1.5V internally to m nimze power consunption. The actual

operating frequegcss shaivk b bleek 8arkMioEae fotdthiHitd bﬁarQ:E ah@BinkE Lpbhead,per ating
frequency. The CPU 10 is intended to be a sinple mcro-controller style

CPU, running at Fbetdhoks MezctivBRhbyet40&a Rt tﬂr@g@H&%t inafesple. interface 12

can be vendor supplied cores. Figure 2 shows a bl ock gl agram of the PCP 3

in isolat} P esigned for use in Printcamsystens. Figure 3
shows a b ocE gl@grﬁ-ﬁgﬁlﬂe PCP 3 connected to the rest of the Printcam

har dwar e. | NTHEAD BACK D The PCP 3 is specifically designed to

connect t!ﬁEEL'['TErYEHPH%"B bjlé'?ﬁvé%wprl nthead 2. The printhead 2 is used as
a page-width printer r oduc n a 4-inch wide printed i mage w thout having
to be moved. | nE'E%Ea"tC%&ﬁéPtraé rocessoy i(PtRPagpesaes #lt therdviesessings Powsahdorp? i nt head

2, as s Mamn’angweaféhuy &a%@ﬁmmle'ﬁbé?a\ln% Mrmicbl@ldudﬁﬁilsm&éﬁﬁl%hﬁa%h} #hd ?ﬁh
nch_in | eng

L ch o (e 8 MesTo 9h e PR 1 or TR SRS g e R A LR BhiPEBL s over

a differ em[ntcparin teghs of image processing, the PCP can be thought of as being the translator of

images from capture to printout, as shown in Figure 1:

. The Image Sensor 1 is a CMOS image sensor, which captures a 1500 x 1000 RGB
image. The Image Sensor is the image input device.

. The Printhead 2 is a 4 inch long 1600dpi Memjet printer capable of printing in three
colors: cyan, magenta and yellow. The Printhead is the image output device.

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

1.2HIGH LEVEL INTERNAL OVERVIEW

The 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.




t he page to produce the final image. The positions of the segnents are
shown in Figure 5. Since the printhead 2 prints dots at 1600 dpi, each dot
is 22.5min dianmeter, and spaced 15.875m apart. Thus each hal f-inch
segnent prints 800 dots, with the 8 segnents corresponding to positions:.
PCPa7-SG -8 Table 1. Final |Inage Dots Addressed by Each Segnent
SegnentFi&%%%ggtLast dot 00799 18001, 599 21, 6002, 399 32, 4003, 199

43, 2003, 999 54, 0004, 799 64, 8005, 599 75, 6006, 399 Al t hough each segnent 21
produces 800 dots of the final imge, each dot is represented by a

conmbi nation of bi-level cyan, magenta,_and yellow ink. Because the printing
is bi-level, the input inmage should be dithered or error-diffused for best
resul ts. HaCHegrEahti2l strhigitfoond aésim, 2402sH0 E7dreSEn b8 AYuerIdy tef use N,

magenta, an | ] ow. four-inch inthead 2 co i.hs 8 such segnents 21
for a tot%té’pg%%%&p 3" ﬁegrinz' ugg'.m?r%glfsé%ﬂpigﬁrﬁs‘o@e%?ﬁ @WIERFL hin a Segnent
The nozzles 22 QilevhingedCBUMmytrecoptsgjiersrre 2 are grouped for reasons of

physi cal , st abi H.%%yfbggmbl!ti-le% #ﬂs’ﬂirﬁgnfoﬂ i %ﬂ%&%r&-g@}wr consunption during

[
printing. In terns O stcal stabilit of 10 nozzles share the
same ink teserv8iGMOT inage SaRsopintasaeiess | ripegoRarturg Uolp? ngs are made to

enabl e a { ow spegedBasdiagh mb@&y&p?a@d@{gmw@ node. The printhead 2 supports
two printing sp ggs tRyﬂFHOW di f eant speed/ power trade- offs to be nmade
in different prg ¥e 2‘ P} RyEIaAPVEIRYe Sf9ageE | ow- speed printing node, 96
nozzl es 22 are {q%}{ﬁgpsi_rrultan ouslny fromeach 4- inch printhead 2. The

d

fired nozzles s be'S HHR7AFR 11 JUNRtd SRtk spepd ehanpsdmately 390 MHz o Ped from
each segnemalifand i.6¢ iradrhaly 3 20Eninopatee SonsAOPtichi Theesdmni osritmg GbqRfcnozzl es

mist be f\biﬁ Béian integer multiple of the Printhead operating frequency. The CPU 10 is intended to be a
simple micro-controller style CPU, running at about 1 MHz. Both the CPU 10 and CMOS

sensor interface 12 can be vendor supplied cores.
Figure 2 shows a block diagram of the PCP 3 in isolation.

The PCP 3 is designed for use in Printcam systems. Figure 3 shows a block diagram

of the PCP 3 connected to the rest of the Printcam hardware.

2PRINTHEAD BACKGROUND

The PCP 3 is specifically designed to connect to a 4-inch (10-cm) 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 22.5um in diameter, and
spaced 15.875um apart. Thus each half-inch segment prints 800 dots, with the 8 segments
corresponding to positions:.




PCPO7-SG -9- In the high-speed printing node, 192 nozzles 22 are fired
simul taneously from each 4-inch printhead 2. The fired nozzles 22 should be
maxi mal |y distant, so 24 nozzles are fired fromeach segnent. To fire al
19, 200 nozzles, 100 different sets of 192 nozzles must be fired. The power
consunption in the | owspeed node is half that of the high-speed node.

Not e howeyep, 4 hat the energy consuned to print a line, and hence a page,
is the sane Iin both cases. In a scenario such as a battery powered
Printcam the power consunption requirenents dictate the use of | ow speed
printing. 2.1.1.110 Nozzl es Make a Pod A single pod 23 consists of 10

nozzl es 22 sharing a common ink reserdir. 5 nozzles 22 are in one row,
and 5 are in another. Each nozzle 22 produces dots approxinmately 22.5m in
di anet er spaced on a 15. 87&ble. finaliimage HotcAdiresneddbytHach ar r angenent of a
single pod, with the nozz3epY nunbered according to the order in which
they nmust be fifred. Although the nozzles 22 arle fired in this|order, the
rel ati onshi p of| no 22 pnd physi pl acenent 0fs onfthe printed
page is differbnt.gé%géﬁczz es 22h¥§%§§%ne F-% rengéggﬂ{ t-heleven dots
fromone line gn the bage, fnd the noz&l es on |the ot her9 ow represent the
odd dots from the adjacent |ine on tqﬁ page. Higure 7 i'oms the sane pod 23
with the nozzlles 22 nunberfd accordi % to the order I' ich|they nust be

| oaded. The nozzles 22 withgn a podiggoare therefore 2 9m cally separated by
the wwdth of 1 . et—dt-stance-betweerthenozzles—2?2 wll depend
on the propertiles of & he jet fi24Mg nechanism Th&¥rinthead 2 is

desi gned with gtaggerged nozgles desj gned to match tThe JTow of paper 20.
2.1.1.23 Pods hhke_a_ChLQnéﬁod ne pod 23 of each col'Or (cyan| nagenta, and
yell ow) are grquped ismto a | chromapgsho24. A chromapogfl7é4 represents
di fferent col or—conpoenents—fpf—the—sare—hor+zontal——set—of—~16—gots, on
different lined. The%xact Histance*#% ween dilf f er en?.5%bl or ppds 23 depends
on the Menjet gperating parfpneters,,apd may very fro Qne Menj et design to
anot her. The distance is nsidered to be a donstani” nunber of dot-w dths,
and nust therefore be taken into account when printing: the dots printed
by the cyan nozzles will be for different Iines than those printed by the
magenta or yellow nozzles. The printing algorithmmnust allow for a variable
Although each segment 21 produces 800 dots of the final image, each dot is

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

bi-level, the input image should be dithered or error-diffused for best results.

Each segment 21 then contains 2400 nozzles: 800 each of cyan, magenta, and
yellow. A four-inch printhead 2 contains 8 such segments 21 for a total of 19,200 nozzles.

2.1.1Grouping of Nozzles Within a Segment

The nozzles 22 within a single segment 21 are grouped for reasons of physical
stability as well as minimization of power consumption during printing. In terms of physical
stability, a total of 10 nozzles share the same ink reservoir. In terms of power consumption,

groupings are made to enable a low-speed and a high-speed printing mode.

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

offs to be made in different product configurations.

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

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



PCPOr7- SG - 10- distance up to about 8 dot-w dths between colors (see Table 3
for nore details). Figure 8 illustrates a single chromapod 24. 2.1.1.35
Chr omapods nmake 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 vyellow nozzles. The
arrangemept, i %Eshomn in Figure 9, with chromapods nunbered 0-4. Note that
the di stance between adj acent chromapods is exaggerated for clarity.
2.1.1.42 Podgroups make a Phasegroup 2 podgroups 25 are organized into a
si ngl e phasegroup 26. The phasegroup 26 is so naned because groups of
nozzles 23 wthin a phasegroup are fired simul taneously during a given
firing phase (t b tge h@hemﬂdapnﬁm@ mcmenwzenodﬂés:m arbeweajvs)multxh@ufs@lfrﬂﬁtdaam of a

phasegr ou i ses of speed
na® hogn- Eiseb 8indaR HHE §R hotien 7 sPabi bR mavirly pEn PF ReS res
printing, frammbgch@ﬁ@'nerft Rorfm 38, 2P0 dgrzizs pEdalilesnt serteers‘wznczebs rmsta:e@reden
firing pulse, so only one podgroup of the two fires nozzles. During

hi gh- speed pri nThegowebobrisumpitign tepdwiedsed made éshadittieat stthe hig-speddmmeedgr oups
fire nozzlgﬁg hov@f@§%‘t’ﬁﬁ@teh%rg?ﬁ%ngﬁﬁgogtggﬂnt%rIantan]gItl"n%Kc%s ;\SM\@e i€ th%%all'rxgnrgbo(f’lws a

hi gh- speed print, 'since t rnt nozzl es
at once. Fsgfare 10 illustrates the conposition of a phasegroup The

di stance between adjacent podgroups is exaggerated for clarity. 2.1.1.52
Phasegroups mak® & fienaipr sugh 2o Phdenegrovepss Ciiease gihe upavearminfinefeyr oupB)

ar e or ganka@dmeRis Qictitcthd Jdcfor I 4284 MiHang /- Wi th 4 firegroups in each
segnent. Firegroups 27 are so naned because they all fire the sanme nozzles

27 si nmul taNeqaYe Ny=zleEWaKeRFYge | i nes, AEnabl e and BEnable, allowthe firing
of PhasegroupA nozzles and PhasegroupB nozzl es i ndependently as different

firing phases. AThgleqbt Q@Q&fs”%&tofhénéﬁ%wz %ﬁbrlﬁbg%Bﬁm$4|nkT&%ngir%t@29§s bet ween
adjacentfgﬁguplngs is exaggerated for clarit 2. 6Nozzl e C}ouplng

Sumary rg imonedow, and i i etheh Eaﬂ’bﬁ%ﬂé zﬁrpﬁiﬁlﬂ?%gﬁ’tﬁ Fprxigateht Frenm
PCPO7- SG in diameter spaced on a 15.875um grid. Figure 6 shows the arrangement of a single pod, W|th

the nozzles 22 numbered according to the order in which they must be fired.

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

nozzles 22 numbered according to the order in which they must be loaded.

The nozzles 22 within a pod 23 are therefore logically separated by the width of 1
dot. The exact distance between the nozzles 22 will depend on the properties of the Memjet
firing mechanism. The printhead 2 is designed with staggered nozzles designed to maich 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 info 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 yeliow nozzles. The printing algorithm must allow for a variable



-11 Table 2. Nozzle G oupings for a single 4-inch printhead Nane of

Conposi tionReplication Nozzle G oupi ngRati oCount Nozzle 22Base unitl: 11 Pod
23Nozzl es per podl0: 110 Chromapod 24Pods per CMY chronapod3: 130 Podgroup
25Chr omapods per podgroup5: 1150 Phasegroup 26Podgroups per phasegroup2: 1300
Fi regroup 27Phasegroups per firegroup2: 1600 Segnent 21Firegroups per
segnent4:gﬁfﬁ 4-inch printhead 2Segnments per 4-inch printhead8: 119, 200
2.2L. OAD A | NT CYCLES A single 4-inch printhead 2 contains a total of
19, 200 nozzles 22. A Print Cycle involves the firing of up to all of these
nozzl es, dependent on the information to be printed. A Load Cycle invol ves
the | oadi ng up of the printhead with e information to be printed during
the subsdisaedet upProi atboulCy ebewidtha Gbtwee zblersA2eNAShIAB faSHoei atme). Nezz ®#Enabl e

bit that in her,or not the nozzle will fire during the Print
R

Cycl e. The s (one per nozzle) are |oaded via a set of

shift regi;gggsmn#%ﬁ%ﬁghkxe%?gﬁsmﬁ e 3 shift registers per segnent (one per

color), each tsare shifted into the shift register for a

iven color the [ i ted to.the |ower and, uppe nozzl es on alternate
gul ses. Inter na¥ IC&O%gg%c{?ezgé’g? FOENZEHP @ SMgl %?dgfg)"ﬁ’siﬁcéi‘?ﬁ? F%CE‘C?hWaP 400-
deep shi feontaigidgtnerales 2gneach ppddrére coppias 15buzkles 22: & dyan &0 fnagertd)and swer
nozzl es. ALEHABIR Rid e dnent i dhb&dinl Alue b,g\gitrﬁtlhhtéﬁﬁeé\}g&sendrﬁﬁe%r@i NEg! sters.

As far as the external 1nterface 1s concern r, there 1s a single
800 deep '§#ithe distangedeinecn ayigcentghromapedssim praggeralgh &r elestyhave been fully

| oaded (800 | oad pulses), all of the bits are transferred in parallel to
t he appro%?i'é?@%ﬁ)’?fl’%@ﬁ%? Bh35e@EUPTHi s equates to a single parallel

PCPO7- SG -12-
2 podgroups 25 are organized into a single phasegroup 26. The phasegroup 26 is

$0 named because groups of nozzles 23 within a phasegroup are fired simultaneously during a
given firing phase (this is explained in more detail below). The formation of a phasegroup from
2 podgroups 25 is entirely for the purposes of low-speed and high-speed printing via 2

PodgroupEnable lines.

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

-hozzles at once.

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

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.



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 sinultaneously as
long as the parallel load of all NozzleEnable bits occurs at the end of
the Print Cycle. 2.2.1 Load Cycle The Load Cycle is concerned with | oading
the printhead's shift registers with the next Print Cycle's Nozzl eEnabl e
bits. Each.g5 ﬁggent 21 has 3 inputs directly related to the cyan, nagenta,
and yel | ow shi regi sters. These inputs are called Chataln, Mbataln and
YDatal n. Since there are 8 segnents, there are a total of 24 col or input

| i nes per 4-inch printhead. A single pulse on the SRC ock line (shared
between all 8 segnents) transfers the 32 bits into the appropriate shift
registers. Alternate pulses transfer bits to the | ower and upper nozzles
respectively. Since theFableZ.dozalg GroupingsAet esingle 4tinchaprirghea®00 pul ses are
required forjthe transfer|. Once all 19,200 bits have beén translerred, a

singl e pul se| on rﬁ = gf1ared PTransfer |ine causg rall nsfer of
data fromthe s p,ﬁgzgl sters t@oh{bgsﬁgproprl at E![%ﬁatﬁﬂ t'{l%%zl: ifs. The

par al | el trarrrsf—e'r—m—a—a—pm se—on—Prranster—us ke “Ia:e arterthe Print
Oycle has f)%&kéd. O herf@sg&nt he Nozzl eEnabl p t1s for the lihe being
printed wll ahcorrect 8 segnentp 21 [ paded th a single
SRC ock pul s p‘;b&inin\/ printi n%ér&)irggﬁg}loh must.. produce %(ﬁg data.in the correct
sequence for tt:hernapadmmheadﬂodé\semwemrmpbm the firstt SRO ock pwlse wll

transfer theCWrbits forrthenext—Print—Cyeters—dot—6,—060,—16609, 2400,

3200, 4000, [4EREUBAY 5600°NraRRPCEBRYRAIERE ock| pul 88 wil| trad8er the CWY
bits for the mex gq{m]?,rgent @'cﬁibl%uﬁsﬂaﬂ)hé]se%rg%}r 1601, ,3401, | 3201 ,,4001, 4801

and 5601. Aflter ck Pul ses nsf er n|1| sel can bp i ven. |t
i s inportant| fiegoop 27 t hat Ftﬁaee@miqbsaadlrw@m CWwWY| out puts althoegfn printed
during the [5 vgma I-’I’JSHI do 1ot gar—on the _sanme—physicati out put

| e

line. The ph epar dt #'@W"“‘?ﬁp&ﬁﬁ‘ﬁ; O even| noz8les w t hi A4Phe
pri nt head as4.- M@ﬁr1nﬁ§a§§F@@%ﬂ@ p@r%—ﬂ@r%;;;?@%@l es 051 differ QQEO& bl or s

ensur es that t hlny WA . . n duce nf sS—onh—-di g_r_eir\t |I nes Qo t he HFI e. Th| S
relative difference rrust be accounted for when | oading the data into the
printhead. The actual difference in |lines depends on the characteristics
of the ink£et mechani smused in the printhead. The differences can be

defi ned b32hQAQ AP BRINDCYEHES Dz where D, is the distance PCPO7-SG - 13-

bet ween nozzles of different colors, and D, is the distance between nozzles
of the sane col &rsingle 4-inch printhead 2 contains a total of 19,200 nozzles 22. A Print Cycle

U

involves the firing of up to all of these nozzles, dependent on the information to be printed. A
Load Cycle involves the loading up of the printhead with the information to be printed during the
subsequent Print Cycle.

Each nozzle 22 has an associated NozzleEnable bit that determines whether or not
the nozzle will fire during the Print Cycle. The NozzleEnable bits (one per nozzle) are loaded

via a set of shift registers.

Logically there are 3 shift registers per segment (one per color), each 800 long. As
bits are shifted into the shift register for a given color they are directed to the lower and upper
nozzles on alternate pulses. Internally, each 800-deep shift register is comprised of two 400-
deep shift registers: one for the upper nozzles, and one for the lower nozzles. Altemnate 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 ali the shift registers have been fully loaded (800 load pulses), all of the bits are

transferred in parallel to the appropriate NozzleEnable bits. This equates to a single paraliel




Tabl e 3 shows the dots transferred to segnent n of a printhead on the first

4 pul ses. Pul seDot Yel | ow Li neMagenta Li neCyan Li ne 1800S NN+D, 2N+2D,

2800S+1N+D23N+D, +D2N+2D, +D2 3800S+2NN+D, N+2D, 4800S+3N+D2N+D, +D2N+2D, +D2

And so on for all 800 pulses. Data can be clocked into the printhead at a

maxi mumrate of 20 MHz, which will |oad the entire data for the next |ine

in 40us. ﬁ: &Frlnt Cycle A 4-inch printhead 2 contains 19, 200 nozzl es 22.
em a

To fire t at once would consunme too nuch power and be probl ematic
interms of ink refill and nozzle interference. Consequently two firing
nodes are defined: a | owspeed print node and a hi gh-speed print node: In

the | ow speed print node, there are Zdé‘phases, with each phase firing 96
nozzl es. ffrisker 61600 Dits. @k tHeQzasieshag elkeh PHOE Mo Prit CPeldedn BegheBicopiht | N

the high-gspee rin there are 100 phases, w_th each as iring 192
noszl ear Gl dudb il bl Sl 5 sEe d SmdBnedig e ond) ok dn g 3RGEE ol ' The
nozzl es tBO@GEﬁQ‘ihﬁel@itSlmct&Sgtitlwaaendfdfthierﬁ’g'ntpﬁyblee are deternmined by 3 bits

Chr omapodSel ect (select 1 of 5 chromapods 24 froma firegroup 27) 4 bits
Nozzl eSel egtLémetyeed 1 of 10 nozzles 22 froma pod 23) 'S = segnent nunber
(0-7) 2D = nunber of |ines between the nozzles of one color and the next

(likely = 4-8) TadleadTycBig@hcdthedIthoatiirdisd @infrRedd shifredsicRChthithd Mdpead 3D2
= nunber El e be}eﬁe en two rows of nozzles of the sanme color (likely =
1) PCPO7- %@t ‘38%& (JﬁbigodgroupEnabl e lines (select 0, 1, or 2

odgroups 25 to Whe t he PodgroupEnable lines is set, only the
g pegi fi gd Podgr Eﬁ%‘ gg@entﬁgfuff gé”p\‘/lﬁsldl"e?ﬂp’ rr‘%gﬁ%tod%‘? SYaR RRagn 13y anchelow it el ect
and NozzIleﬁeﬂeesc’t‘hesWreutslamtdanéﬂcmdwn m&gmmoﬁnabheslnb@mean@a s&iment3ot h of

t he podgrtﬂ&g%rev\g {o al Bi’izl cof]pﬁgu RSy ZZ' 2—? c ntht A lng‘;’Y%g geegn tg%?ﬂ@@a&,‘ﬂﬁ%' re

pul ses are required, wt r the
(shared between all 8 segments) transfers the 24 bits into the appropriate shift registers.

Alternate pulses transfer bits to the lower and upper nozzles respectively. Since there are
19,200 nozzles, a total of 800 pulses are required for the transfer. Once ali 19,200 bits have
been transferred, a single pulse on the shared PTransfer line causes the parallel transfer of

data from the shift registers to the appropriate NozzleEnable bits.

The parallel transfer via a pulse on PTransfer must take place after the Print Cycle

has finished. Otherwise the NozzleEnable bits for the line being printed will be incorrect.

Since all 8 segments 21 are loaded with a single SRClock pulse, any printing process
must produce the data in the correct sequence for the printhead. As an example, the first
SRClock pulse will transfer the CMY bits for the next Print Cycle's dot 0, 800, 1600, 2400,
3200, 4000, 4800, and 5600. The second SRClock pulse will fransfer the CMY bits for the next
Print Cycle's 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




hi gh- speed node, only one fire pulse is required, wth PodgroupEnable = 11.
The duration of the firing pulse is given by the AEnabl e and BEnabl e |i nes,
which fire the PhasegroupA and PhasegroupB nozzles fromall firegroups
respectively. The typical duration of a firing pulseis 1.3 - 1.8 is. The
duration of a pulse depends on the viscosity of the ink (dependent on
tenperatu% o 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. The AEnable and
BEnabl e are separate lines in order that the firing pul ses can overl ap.
Thus the 200 phases of a | ow speed Pri'dt Cycl e consist of 100 A phases and

108 B phﬁél\&é‘en mﬁilacdfimieyst §lors, Bgd bOR tisedistak FBRASE ndezR8 G MB3&Me Bolor.
Li kew se,

[ i of. a  .hi nt c c ist of 50 A
phases andé béeO?’ OWﬁg‘s?edzc,’Fsstr PEiRitEd 19 ‘?%lme&p'\’/i)ﬁafgbe %‘Hﬁ%g??ﬂ‘?p"a ifise A and phase
B. Figure 12 shoms t he AEnabl e and BEnable |ines during a typical Print
Cycle. In a high- ed TaPlert Ordse pEDefp dransfepred dg a ddrch Ryinithead n a | ow speed

print there a 2, the firing
order is: Ch (Phases A
and B) Chr orrapoaSereect—tF—=Noz7Z I eserec =4 < Phases A and

B) Chr omapodSel éct 2 80‘Pﬁ)zzl ec)é‘ii ect 0, Pd‘dera’upEnabI él+2|.3.1 (Phases A and B)
Chr omapodSel e¢ct 3, Nozzl eSel ect| 0, PodgroupEnabl e 11|(Phases Ajand B)
Chr omapodSel edt 42 Nox8Pe33d| ect| N¥D:Podgr olpErfatPe 11| NPPR¢Bs A|and B)
Chr omapodSel e¢t 0, Nozzl eSel ect] 1, PodgroupEnable 11| (Phases A|and B)
Chr omapodSel e¢t 33 Noz 3P| ect| M. Podgr odEabl e 11| NeBRses Aland B)

Chr omapodSel e¢t 4, Noz | ect Podgr o e 11 P%gs s Aland B)
PCPO7- 5G - 15- | For *t he ?é@é’gpeec "g*’r%ti ng F}gg?b@he fi ?‘i" B der i's similar.

For each phase of the high speed nbde where PodgroupEnable was 11, two
phases of PodgroupEnable = 01 and 10 are substituted as foll ows:

Chr omapodSel ect 0, Nozzl eSel ect 0, PodgroupEnabl e 01 (Phases A and B)
Chr omapodSel ect AR sd\ozad 1 Beb paigesD, Podgr oupEnabl e 10 (Phases A and B)
Chr omapodSel ect 1, Nozzl eSel ect 0, PodgroupEnable 01 (Phases A and B)

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

the entire data for the next line in 40us.
2.2.2Print Cycle

A 4-inch printhead 2 contains 19,200 nozzles 22. To fire them all at once would
consume too much power and be problematic in terms of ink refill and nozzle interference.

Consequently two firing modes are defined: a low-speed print mode and a high-speed print

mode:

. In the low-speed print mode, there are 200 phases, with each phase firing 96
nozzles. This equates to 12 nozzles per segment, or 3 per firegroup.

. 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

U 3 bits ChromapodSelect (select 1 of 5 chromapods 24 from a firegroup 27)

. 4 bits NozzleSelect (select 1 of 10 nozzies 22 from a pod 23)

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

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




Chr omapodSel ect 1, Nozzl eSel ect 0, PodgroupEnable 10 (Phases A and B)

Chr omapodSel ect 3, Nozzl eSel ect 9, PodgroupEnable 01 (Phases A and B)

Chr omapodSel ect 3, Nozzl eSel ect 9, PodgroupEnabl e 10 (Phases A and B)

Chr omapodSel ect 4, Nozzl eSel ect 9, PodgroupEnabl e 01 (Phases A and B)

Chr omapodSel ect 4, Nozzl eSel ect 9, PodgroupEnable 10 (Phases A and B) Wen
a nozzle gﬁ,{gges, it takes approximately 100s to refill. The nozzle 22
cannot Pi%ed before this refill tine has el apsed. 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 nozzle from one
line to the next matches the refill tilfte, maki ng the hi gh-speed print node

accept abl e. ThezbhryetFoagmupEhdtie RS Geiest 05h WM holidiaibs2Bitdhire)s0 i s al so
acceptable. The firing of a nozzle 22 also causes acoustic perturbations
for a limted tinFenWnkhifihe PBEIrEpEREDk iifds &QREIIMRI the Cdpetiftal PERZALE £ pod

23. The perturbat]ons n iné%fﬁe Wi anot her nozzle

th the firin of
Gt O R o et By Pyt et g p0rones MBS BRI e pod
shoul d bePmigfcspEnabledine®aresepbbiarof the poagrgupswilpiirs shdirl rezzIdd Fomhtees @ivaspeed i r e
three nozgbes wid A fiseS ULORARAL o bQRFRARIE- 38 RET01 GALRLAANG, LN move
onto the next c{]ror@!ﬁgd f4rg§'ﬁt ﬁ'l n]ﬂ} ﬁedg’ oﬁgggafbgub §§ 0I1n Stp%cét FI 'W-Osrﬁl?aeed
pri nti ng Hguerepthmopr @gly oupfye Rasaiis ceduireds witls BerarewpEhaple Thlus the 5 chronmapods
24 wi thin both podgroups nust all fire before the first chromapod fires
again, totalli _n"ghelgﬂaﬁogspf theciiries pulsd issaipnditihe AGaatte puti BEGalle Iirfeigr\ehicfonce per
Ths € ho o e e e eI P IS or e e
first chrdfR{pears fngsulsg st 1.8 vt dihe dgtian of apdlse gepends orghp yisepsinefitie each
pod 23 i sink {depshdencm th@perdtlreldnd iMScHabiRtekisties CaranAe bmbisht 30FHWer ariiamaeh t he

Uhe. i nk Fenilie S8 st o @of BT S adtr e feRdTRear A &E 16" 5o

resonant @yepkrsiteffortemperataeabsaidgec pul se to danpen, and the hi gh speed node
allows 25 resonant cycles. Thus any acoustic interference is mnimal in
bot h cases. 2. 2TiZSaRmbie didBEGEbRSaaseparatepines ircomsi thet theheing ipoisex caf

printing . . i ( . i I L rint In
D dor o P Thithe POPbsDots BESBI R Sr08 cors BEU 10BR st BBE ' 5600
lines (6 Rhasoefectirbugidnh0ULpsts of ABse@0andi fhese Bn Likewjes dred $00yihabetsofa | i ne
tinme of 2h-PRed rint cycle consist of 50 A phases and 50 B phases, effectively giving 50 phases of

phase A and phase B.

Figure 12 shows the AEnable and BEnable fines during a typical Print Cycle. In a

high- speed print there are 50 2ps cycles, while in a low-speed print there are 100 2us cycles.

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

» ChromapodSelect 0, NozzleSelect 0, PodgroupEnable 11 (Phases A and B)
. ChromapodSelect 1, NozzleSelect 0, PodgroupEnable 11 (Phases A and B)
. ChromapodSelect 2, NozzleSelect 0, PodgroupEnable 11 (Phases A and B)
. ChromapodSelect 3, NozzleSelect 0, PodgroupEnable 11 (Phases A and B)
. ChromapodSelect 4, NozzieSelect 0, PodgroupEnable 11 (Phases A and B)
. ChromapodSelect 0, NozzleSelect 1, PodgroupEnable 11 (Phases A and B)
L4

. ChromapodSelect 3, NozzleSelect 8, PodgroupEnable 11 (Phases A and B)

. ChromapodSelect 4, NozzleSelect 9, PodgroupEnable 11 (Phases A and B)



single Print Cycle and a single Load Cycle nust both finish within this
tinme. In addition, a physical process external to the printhead nust nove
t he paper an appropriate anount. Fromthe printing point of view the

| ow- speed print node allows a 4-inch printhead to print an entire line in
200 As. In the | owspeed print node, 96 nozzles 22 fire per firing pul se,
thereby egahling the printing of an entire Iine within the specified tine.
The 800 SRClI ock pulses to the printhead 2 (each clock pul se transferring 24
bits) nust also take place within the 200 As line tine. The Il ength of an
SRCl ock pul se cannot exceed 200 p51800 = 250ns, indicating that the

print head nust be cl ocked at 4MHz. I 13ddition, the average tine to

cal cul ate each bbt thyadmu@e(azﬁ qaﬁntiagmﬁbdefthé Iﬁﬂngl&d&QQ sIiIEZ |F@Béacﬁ%bsé”'&‘tthé—‘xceed
200ps 119

00 =.10ns S re ner at_qr one of the

ol o ng"Gbeeat Moy RES dEHERaTe wEe 10 bro o patey ot ohende 2 vaghisg
generatingezummtgm@ﬂéﬂsWSper cycle 25 MHz generating 4 bits (dots)lpey

| e 2. 3FEEDBA T ysevera i nes
g}}/cf gedbagk (acguﬁrr?u at E Erdgﬁby%ﬂ%ao Bgcr{?ggéldtpgﬂm%% (%nge %‘ |nes are used
to adj ust*the tFRiCAGPISelerld. Npzziasglepin. ?e@rouﬂﬁﬂmwF’ea@hAa@é@Mnt 21
producestthg sauBrofrapstizarks 1, Nh&e‘seedthalapkdg‘rm%@&é oﬁ@gﬁﬁe?%na{a?:rg tC Qﬁ same
tri- state bus nes seq only one se at a
provi de feedbackhr°,'/3?aB‘Eﬂ%’ogdo1 NPW&%@ ?j@ipée 1§ 1HENBEF AR h data on
Cyan enabtes the. sense lines for that segnent. The feedback sense |ines

will cone,from Eﬁr%m?.‘ﬁéo%%&% ﬁgmfelctlw&bégn%u %nabrlleeﬁ%t gsrc]ag%t gﬁgl ect pul se.

The feedback sense nes are as ense i nf orns ontrol |l er how
hot the ptint he&tromgpodfriest 3aNprreSeleple?, Podaneupbhatde 10 (Fhasds Asind B) mi ng  of

firing pulses, @hr%apfsoegaemawzzeesefeat@béd%&aﬁemé:@ﬁcpha{seeh anli 'a? I nk.
PCPO7-SG -17- V_sense inforns the control how much volta is avail abl e

to the actuat or ShorRPSgertdaNogzicSeleeh PotarPERPle thipbersaten §P a flat

battery or high voltage source by adj ustlngﬂthe pul se width. Rsense
i nforms the cont¥8P P&PZ2HY 24 fies. itdekes eprpyifpatelifBrsplereqlher wpzie £2 cammot
actuat or temé®beforbhhis raill imemat heps‘e@nﬂﬁ@hhﬁth& %s&.@i M’ﬁfftmé bRefW &0 Wipdt hs to

eat resistivit
mai ntain !%e In %‘u %ns:[peg pnng%oder rth%stfr?n%ct% Ipl\'{rﬁ aqme Is 1%0[.18 sot e time between fi nn{/; a
nozzle from one line to the next matches the refill time, making the high-speed print mode

acceptable. The low-speed print mode is slower than this, so is also acceptable.

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

. In the low-speed printing mode the podgroups 25 are fired separately. Thus the 5
chromapods 24 within both podgroups must all fire before the first chromapod fires
again, totalling 10 x 2us cycles. Consequently each pod 23 is fired once per 20ps.

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

again, totalling 5 x 2ps cycles. Consequently each pod 23 is fired once per 10 us.

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




Wsense inforns the controller of the width of the critical part of the
heater, which nmay vary up to 5%due to |lithographic and etching
variations. This allows the 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 fifst. section of the printed photograph has a consistent dot size,
the equilibrium tenperature nust be nmet before printing any dots. This is
acconpl i shed via a preheat cycle. The Preheat cycle involves a single toad
Cycle to all nozzles with 1s (i.e. setting all nozzles to fire), and a
nunmber of short firing pulses to each §ozzl e. The duration of the pul se
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t enper at uf-&3PAMPIEJ¥AIBE (about 30 C above anbient). The duration of the
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Print head Connections o
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,
the average time to calculate each bit value {for each of the 19,200 nozzles) must not exceed

200ups / 19,200 = 10ns. This requires a dot generator running at one of the following speeds:

. 100 MHz generating 1 bit (dot) per cycle
. 50 MHz generating 2 bits (dots) per cycle
. 25 MHz generating 4 bits (dots) per cycle

2.3FEEDBACK FROM THE PRINTHEAD

The printhead 2 produces several lines of feedback (accumulated from the 8
segments). The feedback lines are used to adjust the timing of the firing pulses. Although each
segment 21 produces the same feedback, the feedback from all segments share the same tri-

state bus lines. Consequently only one segment 21 at a time can provide feedback.

A pulse on the SenseSegSelect line ANDed with data on Cyan enables the sense
lines for that segment. The feedback sense lines will come from the selected segment until the
next SenseSegSelect pulse. The feedback sense lines are as follows:

. Tsense informs the controller how hot the printhead is. This allows the

controlier to adjust timing of firing pulses, since temperature affects the viscosity of
the ink.




Nane#Pi nsDescri pti on ChromapodSel ect 3Sel ect whi ch chromapod will fire (0-4)
Nozzl eSel ect 4Sel ect which nozzle fromthe pod will fire (0-9)
Podgr oupEnabl e2Enabl e t he podgroups to fire (choice of: 01, 10, 11)
Aenabl elFiring pul se for phasegroup A Benabl elFiring pul se for phasegroup B
CDat al n[ 0- 7] 8Cyan input to cyan shift register of segnents 0-7
MDat al n[O-%p]jg genta input to magenta shift register of segnents 0-7

8

YDat al n[Olf ellow input to yellow shift register of segnents 0-7

SRCl ock1A pul se on SRO ock (ShiftRegisterd ock) |oads the current val ues
fromCDataln[O 7], Mdataln[0-7] and YDataln[O 7] into the 24 shift
regi sters. PTransferl1lParall el transferl’of data fromthe shift registers to

the internal Nowzémsenabl mfolid Bwe(d@ﬁi@oll@ﬁlﬁ(?\nﬂﬂlléﬂ %Iﬁag@%r%ﬁ%ﬂes@ tﬁ@blataatéwl fse on
el TN AT IR R NI
RsenselResi sti vedjystisgtheepuidd @idge 1W dt h sense Logi ¢ GNDI Logi ¢ ground Logic
PWR1Logi c, pover Ryér@éSACtiHi%Fn% th(ér Qémner 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 io lithographic and etching variations. This allows the

controller to adjust the pulse width appropriately.

2.4SPECIAL 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.

The Preheat cycle involves a single Load Cycle to all nozzles with 1s (i.e. setting all
nozzles to fire), and a number of short firing pulses to each nozzle. The duration of the pulse
must be insufficient fo fire the drops, but enough to heat up the ink. Altogether about 200
pulses for each nozzle are required, cycling through in the same sequence as a standard Print

Cycle.

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

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

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

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

2.4.2Cleaning Cycle

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

sponge.



V+bar sAct uat or Power TOTAL44 Internal to the 4-inch printhead, each segnent
has the foll owi ng connections to the bond pads. Table S. Four-Inch
Printhead Internal Segnent Connections Nane#Pi nsDescri ption ChromapodS
3Sel ect which chromapod will fire (0-4) elect Nozzl eSel ect4Sel ect which
nozzl e fromthe pod will fire (0-9) PodgroupEn 2Enabl e the podgroups to
fire (choj 01, 10, 11) able AEnabl elFiring pul se for phasegroup A
BEnabl el |r| ng puI se for phasegroup B CDatal nlCyan input to cyan shift

regi ster MDbatal nlMagenta input to magenta shift register YDatal nlYell ow

I nput to yellow shift register A pulse on SRC ock (ShiftRegisterC ock)

| oads the SRC ocklcurrent values from'ataln, Mdataln and YDataln into the
3 shift registerse cla.ﬁmldyab irkbia6sd Grgiofomdatydielis AMdZAes S fdpeagingars to

t he PTr ansferl rn Nozz| e abI bi tseéh;)ne nozz 19 PCP0O7- SG
SenseSegS¥ A t?r} e§ @%@@é’ﬁé@ &y p ngrré‘eé'ﬂzzleé 4 eegliedVaiie el ect s
t he sensesdmeTegzlé Hringtdengense gsre standafg €nstelydle nTrer mimbeeofdiers ¢hat each nozzle

22 is fired depends upon the ink composition and the time that the printer has been idle, as with

preheat, the cleaning cycte 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
CDataln[0-7] 8 Cyan input to cyan shift register of

segments 0-7

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

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

SRClock 1 A pulse on SRClock (ShiftRegisterClock)
loads the current values from CDataln[0-
7], MDataln[0-7] and YDataln[0-7] into
the 24 shift registers.

PTransfer 1 Parallel 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] selecis the sense
lines for segment n.

Tsense 1 Temperature sense




VsenselVol t age sense RsenselResistivity sense WsenselWdth sense Logic
G\Dl1Logi ¢ ground Logi c PWRlLogi ¢ power V-21Actuator G ound Vi-21Actuator
Power TOTAL65(65 x 8 segnents = 520 for all segnments) 31 MAGE PROCESSI NG
CHAI NS The previous sections have dealt only with the highest |evel
overview of the PCP functionality - that of mapping CFA inages to a

vari ety Oécp%é ut print formats. In fact, there are a nunber of steps
involved in'taking an i mge fromthe i nage sensor, and producing a high
quality output print. We can break the high | evel process into two inmage
processi ng chains, each with a nunber of steps: |Inage Capture Chain
Print Chain The |mage Capture Chain, is®concerned with capturi ng the image
fromthe | nage VSesssor and stjoting i tVolageakhsg wi t hin the Print¢am The
Print Chain isconcerned wth takimy tie, _stored image and printing it.
These two chai |nSHED ont o t hel basi c| PEFRIEAAPRinct i onal ity as |fol | ows:
Take&Print = |npegsEapture Chaj n fol hawedeRY Print Chain Repriint = Print

Chain -20 For—Forexanple—ausertmay print a thunbnail image
(Take&Print), jadmgiciGNDhappy wijth the| Logisgiotrsl print several standard copies
(Reprint). P 7-9G - 21- 1ni g chnapter _gescri bes am-imptementation
i ndependent i na g'cgr‘%%essi ng |chain {H8I°PY s the quality requirements of
Printcam At tlhys stage, we argsnot | aenskaeiLmp exactly how the processing
is perforned ipp—terms—ofhardware, but—rather—what must be don¢. These

V+ Actuator Power

TOTAL 44

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

bond pads:
Table 5. Four-Inch Printhead Internal Segment
Connections
Name #Pins Description

ChromapodS | 3 Select which chromapod will fire (0-4)

elect

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

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

able

AEnable 1 Firing pulse for phasegroup A

BEnable 1 Firing pulse for phasegroup B

CDataln 1 Cyan input to cyan shift register

MDataln 1 Magenta input to magenta shift register

YDataln 1 Yellow input to yellow shift register

SRClock 1 A pulse on SRClock {ShiftRegisterClock) loads the
current values from CDataln, MDataln and YDataln
into the 3 shift registers.

PTransfer 1 Parallel transfer of data from the shift registers to the
internal
NozzleEnable bits (one per nozzle).




functions nust be mapped onto the various units within the PCP. Regardl ess
of the PCP inplenentation, there are a nunber of constraints: The i nput
imge is a CFA based contone RGB imge. The output inage is for a Menjet
printhead (bi-level dots at 1600 dpi) in CW color space, and is al ways
the sane output wdth (4 inches wide). 3.0.1 Supported Print Formats The
PCP 3 supp&ro; s @ variety of output print formats, as shown in Table 6. In
all cases, e wdth of the inmage is 4 inches (rratchl ng the printhead

wi dt h) . O1Iy the length of the print out varies. Table 6. Supported |Inmage
Formats Qutput Size Qutput Format NaneAspect Ratio(inches)resolution
Rotation (at 1600 dpi) Standard 302: 3#9-x 6"6400 x 960090 Passport 312: 34"
X 6"6400 x 96(08BBeR@Seriahi ¢ 3 Fdpulist ox SERSEBEGC:lect ABRBDRIth dusrbnai || 322: 34" X
2. 67" 6400 x 42630 The image q éi¥tain shiaets thesenpe tines de thos segmieait | on
i nformation. AfL fnput i gekgare gptured at the same resotution (1500 x
1000), and ney Teed to b r ot teg‘('ie@g' ¥rtes before printout. Figure 13
illustrates thgeRgppi ng pet weapfeaecrapt ured CFA image and the various
supported pript—formats—Notgthat—although the inage s shown fotated 90
degrees anti-| Rdepekwi se,1t he |R$alg@itna¢nSbe rotated cl ockw se or
anti-cl ockw seWS:f'1 1T M%Lt (l-ylgh,{‘h N~The Tmage Capture Chaim i S
responsi bl e flof T aki ng ah i ma FOM°t he | mage Sensor and storing it

| ocally withi I‘]_obh@pﬁfl ntpam '[bgcb,izgagﬁ Capture Chain invol ves a|nunber of
PCPO7- SG - 22--precessesg—thatron-y—heedto—beperformed—during—mge
capture. The Ierﬂ@é’W%pt ute Clhdpsicpeweri | | ustrated in Fi gure 14, Wwth

subsequent segfions detajling Lhe SHb- conponents.

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 tevel overview of the PCP
functionality - that of mapping CFA images to a variety of output print formats. In fact, there are
a number of steps involved in taking an image from the image sensor, and producing a high
quality output print. We can break the high level process into two image processing chains,
each with 2 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

stored Image and printing it. These two chains map onto the basic Printcam functionality as

follows:
. Take&Print = Image Capture Chain followed by Print Chain
. Reprint = Print Chain

For example, a user may print a thumbnail image (Take&Print), and if happy with the

results, print several standard copies (Reprint).




3.1.1 Image Sensor | The input
a variety of inmage sensors

i mge cones froman i mage sensor 1. Although
are avail able, we only consider the Bayer col or
filter array (CFA). The Bayer CFA has a nunber of attributes which are
defined here. The imge captured by the CMOS sensor 1 (via a taking |ens)
is assuned to have been sufficiently filtered so as to renove any aliasing
artifactsPC gﬁ% sensor itself has an aspect ratio of 3:2, with a resolution
of 1500 x 100 sanpl es. The nost |ikely pixel arrangenent is the Bayer
color filter array (CFA), with each 2x2 pixel block arranged in a 2G npsaic
as shown in Figure 15: Each contone sarrple of R, G or B (corresponding to
red, green, and blue respectively) i"€110-bits. Note that each pi xel of the

mosai ¢ cont ai nSTiu§lEﬁdﬂtﬁihbﬁiﬁb@ﬂﬂhp@ﬁieﬁta%nd@%nd@nt iﬁag@broBessﬁgtchﬂmrféS of the
m ssi ng col informtio hefore the

ted
out - The et e BT Re e 5P PR A E SRAE ool v deiPo i Lo ony
suppr essite. pr®e&Si®L|srr@a‘pnnzas IRGBMS00f FEndvarerte ratkersarat #flist be wnhe. Kileye t 0 have
a_conp! et fihdfiohd AEADe HESAAE nd A BiCuhiifme Bephi ¢ RCB sanpl es from ( he

CFA mnmust be consi be non- |near ese non- linear sanples are

translated into [ es (one table
per color). Pi ng%%?élésgn%#@%g’%@ﬂ%%nﬁ@g&é:tﬂ%{é‘@% aglﬁucn%bgpﬁ%gr%ﬂﬁ%ﬁt 0 the Rand G
tabl es, while pifeingutimagsis 2 GBA Bmadicpriens RGB B1ag8 etc. index into the G and

B tables., This i &Qﬁmhrﬁé li§ ok amﬁa%nﬁaem(lbneﬁa dagla{emoatdpgrh ey By camer a.
The process is shown in gure 16. The total anount menory required for

each | ookup tabFR?c?sané"Sla"%aVStrﬁlsﬁg’eOﬁﬁét"ﬂdtp%'ﬂ‘ifﬁst”&ﬂ es 45 therefore require
a total of 3 KBytes (3 x 210 bytes). 3.1.3Planarize RG@G 41 The pixels
obt ai ned 3-9-@%‘#%@ée¢ﬁﬂnm@aﬁhei r color planes interleaved due to the
nature of the Bayer nosaic of pixels. By this we nean that on even
horizontal |ineshe BA@ & sapPEROYVarBE of28ipupprirdlforingtsf a4 klwmadn Fpbla 6gireah pi xel
and then by ARRLAAR of RElinit & 4 Mol ddqmaich ﬁ@fhsrarmtﬁéyd%dtm' B et me, @&r' eaved
with each other. In sone Inmage processing systens, an interle ormat is
highly u¥BtHvarisgnever in the Printcam processing system the aI gorit hms
are nore efficient if working

Table 6. Supported Image Formats

. Output
Format Name | Aspect Ratio o:'i;pc";ei')ze resolution Rotation
(at 1600 dpi)
Standard 30 2:3 4” % 6" 6400 x 9600 90
Passport 31 2:3 4" =6 6400 x 9600 90
Panoramic 33 4:6 4" x 127 6400 x 19200 90
Thumbnail 32 23 4" x 2.87" 6400 x 4267 0

The image sensor does not provide orientation information. All input images are
captured at the same resolution (1500 x 1000), and may need to be rotated 90 degrees before
printout. Figure 13 iflustrates the mapping between the captured CFA image and the various
supported print formats. Note that although the image is shown rotated 90 degrees anti-

clockwise, the image can be rotated clockwise or anti-clockwise.
3.1IMAGE CAPTURE CHAIN

The Image Capture Chain is responsible for taking an image from the Image Sensor

and storing it locally within the Prinicam. The Image Capture Chain involves a number of



on planar RGB. A planarized image is one that has been separated into its
conponent colors. In the case of the CFA RGB imge, there are 3 separate

i mges: one inmage containing only the red pixels, one imge containing
only. the blue pixels, and one image containing only the green pixels. Note
t hat each plane only represents the pixels of that color which were

actual ly | ed. No resanpling is perfornmed during the planarizing
process. Aﬁ aresult, the RR Gand B planes are not registered with each
other, and the G plane is twice as large as either the R or B planes. The
process is shown in Figure 17. The actual process is quite sinple -
dependi ng on the col or of the pixels ‘“8ad in, the out put pixels are sent
to the nembce@@@that@mylneea fmebea;mﬁbmwdlcm@ ﬁr@b@baﬂ@dlrénﬁleamb@@-gﬁbttﬁrbh}héiﬂfi@re in

t he sane é %Q g tﬁ o blue 47 planar inages are
exact |y o é‘-’r”r% f”ﬁ%s‘é"s‘i eB‘rsef'tf?Qs %F‘i’{ﬁ 2P "CPRPPRGe. They are
exactly half the resolution in each dinension. The red and blue inmages are
t her ef or e3-#838e 5605%5i’xel s each, with the red image inplicitly offset from
the blue inmage by one pixel in CFA space (1500 x 1000) in both the x and y
di mensi ons. Al t herigpHtirpREe gP@eshirgsn ammagp genyer althaugh alvariedf oftagesiepeorsf t he
ori gi nal 4&Avdiamé Sve dnly c'oﬁsude!?% ER9r Bk fiRParbdy(BEANTHROBNRY SR A hR% dudfdef €d OF

bl ue planes, The reason i s due to the checkerboard |Iayout of green. On one

line the YrBENISSVNEDSRAHERI i%el , and on the next line the green is every
even pixel. Thus alternate lines of the green pl ane represent odd and even

pi xel s within t hee weae cariyed b HGCNPR seisaeh (YA aieking;ieRsy s assumesooha4)00
pi xel s. Thdes shraaentm areréd sods to Aemdverany b&s.hgsama{sl T §EhO8 asSf Has @R asfdesanpl e

| |4'I:l eg.::ll g e F ci_.\@ 53 IS resol%tlon (ﬁﬁé&f egodo sr%D rples &Eargosh\@(g ry é)lp(ﬁparra{]%er%enélsqq% e
menory s heayededye leé"@S‘hY ﬂ.ClFPS ovithreath 2*?eplxa1rage< argnpet niakiimasdiess sheenpower has

been shutﬁgng15The total amount of nmenory required for the planarized
| i near image is 1,500,000 bytes (approximtely 1.5 MB) arranged as

follows: PCPO7- %%80&4[}%% 5636%3?’% of RSO@ OISES(CQQ'QspBX&FQS th’ red75é?eéf1 5&9}9 b'fL‘?e7 5,000

bytes G 750 x
respectively} is 10-bits. Note that each p:xel of the mosaic contains information about only cne

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 to 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
required for each lookup table is 2' x 8-bits. The 3 lookup tables 45 therefore require a total of
3 KBytes (3 x 2" bytes).

3.1.3Planarize RGB 41

The pixels obtained from the CFA have their color planes interleaved due to the

nature of the Bayer mosaic of pixels. By this we mean that on even horizontal lines, one red



3.2PRINT CHAIN The Print Chain is concerned with taking an existing inmage
fromnmenory 42 and printing it to a Memet printer 2. An inage is
typically printed as soon as it has been captured, although it can al so be
reprinted (i.e. without recapture). There are a nunber of steps required in
the image processing chain in order to produce high quality prints from
CFA captq;gg, mages. Figure 18 illustrates the Print Chain. The chain is
di vi ded into wor ki ng resolutions. The first is the original inage capture
space 50 (the sanme space as the CFA), the second is an internediate
resolution 51 (lines of 1280 continuous tone pixels), and the final
resolution is the printer resol ution ‘83 with lines of 6400 bi-Ilevel dots.

3I 2. 11 n]E)Lﬁlxe“ ﬁﬁ@@w&hﬁy b igpeh plxamﬂ thesh baf dnbeaeil ;&d m@mﬁmeolézplme@raeai in
planar faor as ain t|on
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entire i negel hioeever o thePgetdmeprectskied sysem, fireaigesties ald kere wficiest |1mdrlemu:e and
range exggﬁﬁé PRégn be perfornmed. These statistics only need to be
gathered o or all prlnts of a particular captured i mage 42, and can be
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The actual process is quite simple - depending on the color of the pixeis read in, the
outpui 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 biue
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).

3.1.4Stored Image 42

Each color plane of the linearized RGB image is written to memory for temporary
storage. The memory should be Flash 11 so that the image is retained after the power has

been shut off.

The total amount of memory reguired for the planarized linear RGB image is

1,500,000 bytes (approximately 1.5 MB) arranged as follows:



For Pixel = InmageStart to ImageEnd p = Image[Pixel] Entry{p] = Entry][p]+
EndFor 3.2.2.2Determ ne H gh and Low Threshol ds Once the hi stogram has been
constructed for the color plane, it can be used to determ ne a high and

| ow t hreshol d. These threshol ds can be used for automating later white

bal ance and range expansion during the print process. Basing the threshol ds
on the nulg% _SGof pi xel s fromthe histogram we consider the n% darkest

pi xel s to be expendabl e and therefore equal. In the sane 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 26f determ ni ng the n% dar kest val ues
i's straigatforwarzbod3o0i=nvol v&s cosb@appi ng through the col or plane's

hi stogram from C t for ds (i.e. 0, 1, 2, 3 etc.) wuntil the n%
total is reache%hgspx\%@gﬁave t%&@% Y& further than a set amount from 0. The
hi ghest of the&Ge7ilal 1088=i s ctofodéytes t he | ow threshol d of the col or

pl ane. Although there is a difference between these darkest val ues, the
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expansi on and col or bal ancing. The process of determning the n%|ightest
\éal ues is fsi m | @he Plirt dﬁamls\ceﬁce&{eenrmtihngkmgt b @saghgtuh@gecmr@rmela{o@neé Snd)
i stogram cou :
he. b ¢ Gl o KU ERBEPrle? 7 Fro MY Pl #8798 ap AiNes bGP b
amount f raho@hs.cafi bisc bé ceperged (be. witheweecapluteds 1 s consi dered the high
threshol d of the color plane. Although there is a difference between these
| i ght est vaI uesThdrd ereda ffbmbendestapamedidred dm fedengsl pexemaing adbbie ifi @rdet e
purposes g i 1 ppi ng
after a se ?rsﬂtggnq?m\?lp mtg80'?'Qﬂ:ﬁ%pﬁ&e‘}t)@ag%cﬁggﬂrsealé;fﬁ?%r(rg{%? % |E’r%|¢)C('7=§ISB'C)f

i mages: PURGRAIBE digdrd injareritingeregmlytighndhe tiyphiatiecripingl geadescap i, sreee Shher e
there is @R Whid §aeé a@'tl@é:lSFAT' tﬁé‘sécﬁﬁcg?s ém.rﬁém@atévr@soﬁﬁ&e%a (WMRs dPR280 Want to
consi der the entire n% of C{,\{ﬁg and | ower values tg be exg)endabl e _since we

have a | GRMT¥ABRIONS PEEIEH ANGDE HinaiRsoltion § dieoprptes Sesolufien 4, i fines of 6400

bi-level dots.

unti |

3.2.1Input Image

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

image Capture Chain described in Section 3.1.4.
3.2.2Gather Statistics 60

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

separately from the red, green, and blue planar images.
3.2.2.1Build Histogram

The first step is to build a histogram for each 8-bit value of the color plane. Each
1500 x 1000 CFA image contains a total of:

. 375,000 red pixels (min 19-bit counter required)
. 375,000 blue pixels (min 19-bit counter required)
. 750,000 green pixels (min 20-bit counter required)

Therefore a single 256 x 20 bit table is required to hold the histogram.



73 and low 72 thresholds to be outside the range of pixel values actually
sanpl ed. The exact distance will depend on the CFA, but wll be two
constants. A sanple color range for a color plane is shown in Figure 19.
Not e that although the entire 0-255 range is possible for an image col or
pl ane's pixels, this particular image has a snmaller range. Note al so that
t he sane%‘g%m(;stogram range 70, 71 is represented by a larger range in the
| ow end han in the high end 71. This is because the histogram nust
contain nore pixels with high values closer together conpared to the |ow
end. The high 73 and | ow 72 threshol ds_nust be determ ned for each col or
plane individually. This information2fl| be used to cal cul ate range scal e
and of fset fact vhe ptd@eddeousaidingi the tHidodrath 68 sthightnkd, ass fuanRed 8y ake
expansi on. process. Thde_ foll owi ng pseudocode illustrates the process of
det er mi ni ﬁ%‘”&]gt 98 i

startPosition 256~ @Gnd 2Belta - 1. To find the high threshold,
StartPosition - Gapgd:Pelta = -1). The pseudocode assunmes that Threshold is
an 8-bit val ue %‘Qgﬁt{ wraps during addition. Threshold StartPosition Total =
O Total Delta = ile ((Total Delta < MaxDelta) AND (Total < MaxPi xel s))
Threshol d = Thri@shofe ¥ Derta2fotal™2*i%t al + Entry[ Threshol d] Total Delta
- Total Delta + 1 p EnaW¥eiPeeRet urn Threshol d 3. 2. 3Rotate I mage 61 Rotation
of the inmage 61 iwtANpOPtiQRA; 8t ep on both the Capture and Print and
Reprint processes. PCP07-SG -27- Different print formats require the inage
to be rotated e er—0—or—99—degrees—tretative—tothe—CFA-orentation, as

shown in :J':é ?‘26%&%855% ﬁr?gtl_ w’.ﬂlr; STt epends on the curent I sel ected

print forna I'rection of rotation is uni nportant (it can be

cl ockwi se or counter-clockw.se, since the new,orientation is,onl
Faci 111ati ng t REt g FRCTRSMEIST Rye" ESTaEl O coor rene f caf b3l to

determine a high and low threshold. These thresholds can he 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 pixefs 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.

The process of determining the n% lightest values is similar. It involves stepping
through the color plane’s histogram from the count for 255 downwards {i.e. 255, 254, 253 etc.)
until the n% total is reached or until we have fravelied further than a set amount from 255. The
lowest of these values is considered the high threshold of the color plane. Although there is a
difference between these lightest values, the difference can be considered expendable for the

purposes of range expansion and color balancing.

The reason for stopping after a set distance from 0 or 255 is to compensate for two

types of images:



direction will affect the relative registration of the 3 col or planes.
Table 7 summari zes the rotation required for each print format fromthe
original CFA orientation. Table 7. Rotations from CFA orientation for

Print Formats Print FormatRotation Standard 3090 Passport 3190 Panoram c
3390 Thunbnail 320 Since we are rotating only by 0 or 90 degrees, no
|nfornat|9 | ost during the rotation process. For a rotation of 0, the
i mage can & Yead row by row, and for a rotation of 90, the inage can be
read columm by columm. Registration of the 3 color planes nust take the
rotation direction into account. 3.2.4Wite Bal ance 62 and Range Expansion
63 A photograph is sel domtaken in id&&r l'ighting conditions. Even the very
notion ofs "per{B&t tld GfhbGnHaOtings BN of S fraught with subjectivity, both

in ternms of photographer a ) ct matter. However, in all cases, the
subj ect matter Hggrﬁ?}%heolm%}”g‘b%or%@df A ed by 1 ght eit her froma |ight
source (such as, t he Sun or |nctlao(gaﬁI %Eh) g tT-. tsr o] { such as a
neon sign). | n" B8 MOHEFhd LA At theng)tirg fse gt U 8rf" lower

phot ogr apiaiies &sbe' eipethdrbiel sirghtwe Hase aﬁtﬁuahgqtoftﬁgmfvrtﬁmvmaﬁ gafely Betaigy hibli ghting
for exanp'}?oeandtl 55%&%‘10!&9?0 %’ g@l Jie We ?Qngg ‘of h'essa %Il%gamplecfl% appear

on an uncorrec W' cas final
uncorrect@%ﬁarp‘hd{'lwgfpﬂpntbe Wbl’ﬂnglAme;@hS’f&ftts nay rratch the view ng
conditions at the time the PCPO7-SG -28- photograph was taken, it does not
mat ch t he per cehAwenplesblor rande fohe caldyj péare is showh in Fige 49.0¥ate thetaithalgh the

per f or m Whjiteo b5y ?a'ﬂ&@ |s%s§b19hﬁté?19|h'% ?Srf pﬂér% Phikdi, 'ttﬂg pé%u%tlmﬁdenhaﬁhae sare

way, an inmage can erceive ual it nam c
range of YPEECBNG %'Oﬁesa'st@%baéﬁ’d?e%?”led“’/ﬁﬁls@ﬁraﬁhr@”ﬂ%T 7} M@@eﬁwt@ﬁkﬁ !éESIebr

pl ane. Thiafgd i thePidwien8 @b @tanyin theadigl enHCHd‘Dhlb%ftSéEﬁJs@%d MEGRah muUsEsHEH ed to a
hi gher resol ution

f the dynamic. ra I p_@ her i nternedi ate val ues can
be used iTOERIES YET h'?%&anfﬁséserg‘%%etq %68 i Stepped or bl ocky
i . i Y h f 1l 2 val ran
Itgggg Range expan lgﬁn?:% gndd ? lqreshoid% mLelsttbeedetgrmmedegr egchugo oraplge to
individually. This information will be used to calculate range scale and offset factors to be used

in the later white balance and range expansion process.

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

an 8-bit value that wraps during addition.

Threshold = StartPosition

Total = 0

TotalDelta = 0

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

EndWhile

Return Threshold

3.2.3Rotate Image 61

Rotation of the image 61 is an optional step on both the Capture and Print and

Reprint processes.



val ues actually sanpled. In the best case, the | owest value is mapped to O,
and the highest value is mapped to 255. Al the internedi ate val ues are
mapped to proportionally intermedi ate values between 0 and 255.

Mat hemati cal |y, the operation perfornmed is a translation of LowThreshold 72

to O followed by a scale. The fornmula is shown here: Pixel' = (Pixel -Low
Thr eshol dlg RangeScal eFactor where RangeScal eFactor = 256 (H ghThreshold
-Low Thresh RangeScal eFactor should be limted to a nmaxi numval ue to

reduce the r| sk of expanding the range too far. For details on cal cul ating
LowThreshol d, 72 see Section 3.2.2 "Gather Statistics". These val ues
(LowThr eshol d and RangeScal eFactor) wi?fI be different for each col or

pl ane, and onl yprfers: ;ﬁrmt bﬁnﬁﬁ}equhath@dnég@@@b@ﬁﬁatéd@ﬂ@r0 &@o%@.@égﬁaéﬁa@ be
undertaken Si tan Io%a% SBas s IS ste i nvol ves

a scal i ng°florEasne gwt E‘f %@Srg@tatf?“aaé‘ﬂci”%%ﬁpe"‘%&?ﬂ%«ﬁ?{ ey t he
mapped vadelested pgnt folmet vithoaghlge dmctm‘a@‘ rbfatidp. i2 tinimigetame (it ¢nctie dockeiae dr t he
fracti O“aéouﬁ@ﬂcﬁé’dﬂﬁ@& s.n}é\&hg%éﬁ oﬁe&%o il on! yefﬁéhhétmlig %uegdrﬁ]r%eQJ wlﬁl{i‘.? %e{%au&q of

fraction) on to the next sta Ssi n cannot
af ford t hérepioRo¥il) aff@cfém%r@tweegeﬁﬁilqneofu the@ec%qr plags. eTatbh'*a?l sgmpptizes thaut we

can nmeke @@ach rdg@reBforeh& fihBB@at s HelbribiRd OFA dribRaddgsanpl i ng st age.
Consequently the input inmage is 8 bits, and the output inmage has 10-bits

per col or conponent. The | gure 21. It is
inportant to have a fl oor 01?,% 6% R&raﬁgﬁsﬁoré%g? \Q@agﬁng’{) that all val ues
bel ow LowThr eshegtd—72—to—be ..upp,u t O—+Htkewrse—the—l ti plication nust
have a ceiling off 255 for PCPO7-SG -29- the integer portion of the result
so that input vallues BiigiFfermathan H ghThr eshRdtatiohd wi | | be| mapped to 255.
3. 2.5Resanpl e 64 gﬁ}ﬁdgg Agonl'y proyiges a single color conponent per pixel
(x,y) coordinate produce the TQI nal printed i mge we need to have the
ot her col or corrp()n?esﬁponah ues at eaeh p| xel . U ti rrately we need cyan,
magent a, and yel low—cotor—conponents—at—each—ptxels—but—to® arrive at cyan,
magenta, and yel | @%@ 5é8d red, ¢PBen and blue. Wth our

one- col or - per - pi X&hympif 358Y have tphe red conponent for ajlparticular
position, but we nead 1o éstimte blue_and

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

roiation 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).

In most lighting conditions, what may appear to the photographer as "white” light, is
usually far from white. Indoor lighting for example, typically has a yellow cast, and this yellow
cast will appear on an uncorrected photograph. To most people, the yellow cast on the final

uncorrected photograph is wrong. Although it may match the viewing conditions at the time the



green. O we may have green, and need to estimate red and blue. Even if we
did have the full red, green, and bl ue col or conponents for each CFA
resolution pixel, the CFA resolution imge is not the final output
resolution. In addition, although the output format varies, the physical
width of the printed image is constant (4 inches at 1600 dpi). The

const ant &5§{Q%of the printhead is therefore 6400 dots. There are two
extrene cases to consider: Interpolate to CFA resolution (m ninal
interpolation), and then perform sharpening, color conversion. Finally
scale up to the print resolution. This has the advantage of a constant
shar peni ng kernel and col or conversi ofat the | ow resol uti on. However it

has the d;brs)agra@nmwkaf |trd66EUﬂ|dtl'ria@:hmﬁH;%réeh@ﬂc@orthfh% oBREL & RItRdrefRMARRENT tO
be stored rrredl ate values will be

i ncor recttf’yegorﬁn ‘m%}’%?’&& O"&Pﬁ"?tﬂﬂa’?mgg‘f?ﬁﬁ?t' Pe-up to print resolution. It
I h t he di t f t hat, bl f
hroducing | pri ﬁ?‘f*%%%maneag?sm1@?@%%%@&5@%@%5@ of Rebremby afet 5 the
print resdyhahicoangetdidhe qiré sraxpahiad pembiel tenidil cobein eehvebsplare. Thisiis  has
e aavaniaReenl Rl B8E.LAARLES RLAGTESL PHEK: ARG Y M AGHYT acY-
capabl e oBngepsdUabes. n@}ermebﬁatec\cﬂblee Cﬁ'mtbérlpﬁl it @@rm!aﬁltegleplwérpwwb eavailinged | as

per f or M NgespRABNGSHGha arnhngggwangang@é@dn@@m g?\lvelth@ﬂllgﬁb\@a‘{fer tmhoée single
cycl e. The shar peni n%gleerne nmust be | arge enough to ap e CFA-res

ker nel t o'@usd 2Ryl -spEelef R dhe bagprase: tigjlpwest valg '%’W%Fﬂ ‘ﬁg"“dtﬂl‘ﬂa'f"@“%st be
at | east \&mmmd@mdk@pss entre ihtsenaaiiteditiuck RIROAafpRA & profddiidnaliyhte@nediatdi nber  of
6400 ent r\)éluelsgee@ge n a single print cycle, the cyan, nagenta, and
yel | ow dot’s represen 5Ps from 6 different |ines. PCPO7- SG 30- Neither of
t hese cases takg jinto unt the fact that fina 0
bi | evel rat her ﬁﬁtgﬁm%%aﬁoﬁ"g 0%6%'8%88’3‘?{?’199 '%ttré'%ﬁll ptigp rolt kgw "8’3 72 Br ound
wi th regdrlbwet by & estarphé fogpula @stiovectiereve the best from both nethods. The
solution is to inter te esol 0 Shar peni ng and
P%e@‘ ¢}Qx9f1 5'152?%635%925 ) esol{i%%#'ézrgeﬁ?ct

col or conversion occur hein erne Pl owed by a
scal e-up to pripg,fesol %d ernedi ate resdb@ti on nust be | ow
enough to all ow thie advant gg;%%agkéﬁl Spriemesigp K erlived Threseldnd col or
conversion timng. But the |nt ernedi ate resol ution nust be high enough so
that there is no loss of quality scaling up to the print resolution

bi -1 evel imge. The effect nust be
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 vailues (LowThreshold and RangeScalefactor) will be different for

each coior 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 12 may map to 5.25. Rather than discard the
fractional component, we pass a 10 bit result (8 bits of integer, 2 of fraction) on to the next
stage of the image processing chain. We cannot afford the memory to store the entire image at
more than 8-bits, but we can make good use of the higher resolution in the resampling stage.
Consequently the input image is 8-bits, and the output image has 10-bits per color component.
The logical process is shown in Figure 21.

It is important to have a floor of 0 during the subtraction so that all values below

LowThreshold 72 to be mapped to 0. Likewise, the multiplication must have a ceiling of 255 for



the sane as if there was a single interpolation to the print resol ution
(rather than two). Since the print image is printed as 1600 dpi dithered

bi -1evel dots, it can be safely represented by a 320 dpi contone i mge.
Consequently an internedi ate resolution of 1280 contone pixels provides no
perceived |l oss of quality over 6400 bi-level dots. The later scaling from
1280 to 6&9@%&% therefore an exact scaling ratio of 1:5. To decide how best
to resanple, 1t is best to consider each color plane in relation to the
CFA resolution. This is shown in Figure 22 for a rotation of 0. 3.2.5.1 Red
46 and Blue 47 Looking at the red 45 and blue 47 planes, the full CFA

resol ution version of the color pIan@gcan be created by scaling up the
nunber of the ampdee Goftiox @F thel Rs@BeNthat MpMSias hygher thah &ighThieefdie ds aliiebdi Xel s
can be generag?qze y means of a reconstruction filter (such as a Lanczos or
Exponenti APt 111er). Only one dimension in the kernel is required, since
the kernel is symmetric. Since red and blue have different offsets in
terms of RERPSAMAIR$4| representation within the CFA sanpl e space, the
initial positions in the kernel will be different. The mapping of output
coordi nates (i nTh2&0ASHACRPViges prifgle edirepmpanent pge peld.ybgeordingte.cTa r ent

rotation gbdicbend fiR0Bintsd Be tWaenk8 % Bivedthé QthePEoid d&ﬂfénéﬁh?@%f:at‘@aémd g
or ma or re an

rotation (either O or 90 degrees depending on print .
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rotati on%?‘ggfﬁ%%n@gtr%da%]%%%ﬁq% %5 ag{@!aﬁsosgtgis’i ?tft(‘)nfr? '?eﬁd ?onsl}&mageg@%%,an can
gener at e geete@ Wi may hafe aieai ant need tyl astimefa resi sudIbkieby addi ng a Ax and Ay of
linps and O respectively 1279 tinmes. The fractional part of x and y in

i nput space canEysm iflive it haye deetiil frest, grasokanugblugp cdldrecokgpmesls foc eahfCRA ent s

; h . ] 1 , : d -0.5
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dependi ng on whether the i1nage haS been rotate . . rees. Table
8 shows tiReoWRYtIEEat Girieg thespltysika Widih phibe patedimpop Isrengrd b inichesz 469 ng t hat
t he rot atdpgnmefcolélar @@tIesiShd HintBkd is SRS W6 dots.

There are two extreme cases to consider:

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

. Interpolate to the print resolution, then perform sharpening and color conversion. This
has the advantage of only one resampling process, providing maximum accuracy.
However it has the disadvantage of requiring a scale-up unit that is capable of
producing 1 bi-cubic interpolated value per cycle as well as performing sharpening
and color conversion, all on an average of a single cycle. The sharpening kernel
must be large enough to apply the CFA-res kernel to the high-res image. Worse still,
for sharpening, there must be at least 3 windows kept onto the output image (each
containing a number of 6400 entry lines) since on a single print cycle, the cyan,

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



Table 8. Effect of Rotation on k1l and k2 (rotation is anti- clockw se)
Format Rot ati on From Red Bl ue Origi nal CFAki k2k, kz Standard 30900-0.5-0.50
Passport 31900-0.5-0.50 Panoram ¢ 33900-0.5-0.50 Thunbnail 32000-0.5-0.5
PCP0O7- SG -32- The nunber of mediumres pixels per sanple, nps, depends on
the print format. G ven that the planarized RG i mage has the follow ng red
and bl ue ,p(lrp %’r resol utions when wunrotated: R 750 x 500, B: 750 x 500,
the scale tTactors for the different output formats (see Figure 13 on page
17) are shown in Table 9. Note that with the Passport inage format, the
entire imuge is resanpled into 1/4 of the output space. Table 9. Red and

Bl ue Scale Factors for | mage Formats ‘F8rmat Mappi ngnpsl i nps St andard 30500

12802. 560. 39062Ee|9@36mé§e &&&Olekem@ﬂacaﬁmtm%t@am@rflam&nm&s%uevel

12805. 120, %95 125 hung 750 12%91 710d 848 As gan be seen in Table 9,
the red angc uréc?rﬁ%ﬂ? O'EFE“GQ LI GeRupTo? mEfle rﬂﬁ"ﬂé{" frﬁqaﬁ%tgre%'ﬁ%quently
t her e wi | éndreghievsath@begst fibm asthngptterds.i f act s i ntroduced by the resanpling
process. 3.2.5.2Geen 46 The green plane 46 cannot be sinply scaled up in
the same way asThedolaionl$ tentersilaie ¢ e dliernetiete obsdidtien. gaesening ane coblepr esent s

di fferent r.the. [..ev |s Iternatell S.
Al t hough Cloqu{’%gmoccu'eét tft'] 'ntehnﬂ%déa(r?ggetsalﬁ?oﬁéﬁgw%d)ﬁ:%sa srcgle'ru ﬁ””éﬁsogt'?n ?E%y t he
green i rm@énqdﬁe?@sohxﬂommt bet lpMe enavalyto adlow the a@qmgey obemalizhatpeningdermeb00 X

500. Thi %i%ﬁ%b@@orﬁér’s%ﬁ’%mm@eﬁtﬁlﬁ%enﬁfméd@?e RRAGHR MRRAFSNGREMUER Of the green

pi xel s, where the distance bétween pixels is
there is no loss of quality scaling up to the print resolution bi-level image. The effect must be

the same as if there was a single interpolation to the print resolution (rather than two).

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

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

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

the CFA resolution. This is shown in Figure 22 for a rotation of 0.
3.2.5.1Red 45 and Blue 47

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

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

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



not equal in x and y dinensions, and does not map well to inage
reconstruction or resanpling. The nunber of interpolation nethods used by
ot her systens for green plane reconstruction is testinony to this - from
near est nei ghbor replication to linear interpolation to bi-Ilinear
interpolation and heuristic reconstruction. The mappi ng of out put
coordinat&;mﬁén 1280 space) to input coordinates is conceptually the sane
for green as i% is for red and blue. The mappi ng depends on the current
rotation of the image, since the registration of pixels changes with
rotation (either O or 90 degrees depending on print format). For the green
pl ane the follow ng rel ati onshi p hol d$1-PCP07-SG where x,y = coordinate in
mediumres space x'y' = coordinate in ippyty spate nps = nediumres pixels
per input space sanple k1,2 = {0, -GIS?nggkhdﬁ g on rotation As with the
red 45 and bl ue 47 pl anes, the nunber of i um tes pi xel s per sanpl e,

nps, depends on the print format. Gven phaty the|planarized RGB i mage has
the followi ng planar resolutions whén=u 7.0 téd{ R 750 x 500, B: 750 x
500, G 750 x 1000, the scale factors for'the dyrfferent output fornmats
(see Figure 13) are shown in Table 10. Note that with the Passport inmage
format, the entjre image is resanpled into 114 of the output space. Table
10. Green Plane Scal e Factors for |Inage Formats Format Mappi ngnpsl i nps

St andard 301000, =_ 0 Passport 311000 = 6400. 641. 5625 Panoram c
33500 = 12802.5@67%@%@%%@%1%%%8@%%500 12800. 851. 17648 These scal e
factors aIIOM/the_nag%in of goordinates bet ween CFA resol ution input

. XY = coordinate i input space : .
space and medi um res space. POWEVEr, once we have a coordinate in CFA

resol ution i nput < Spage &g.g?nggt ﬁgggornhjgpge reconstruction and
resanpl i ng on tH8 saﬁ%ﬁ@g | PTHE LRNEPEREY ™SS red or bl ue due to the
checker board natugg oé the green @Iane 46. PCPO/7-SG -34- Instead, for the
purposes of hi gf2Gd&I-P E*ﬁ%@@‘”é 8¥%% ruction and resanpling, we

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

coefficients for image reconstruction and resampling.

Note that k; and k; are 0 and -0.5 depending on whether the image has been rotated
by 0 or 90 degrees. Table 8 shows the 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 Original CFA

ki ka ki kz
Standard 30 90 0 05 -0.5 0
Passport 31 a0 0 -0.5 0.5 0
Pancramic 33 90 0 0.5 -0.5 0
Thumbnail 32 0 0 0 -0.5 -0.5
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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 blue,

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:



equal nmovenent in x and y by 11(nps~2). This anmount nust now be scaled to
match the normalized kernel. The scaling equates to another nultiplication
by 11'12. Consequently, a novenent of 1/nps in unrotated CFA space equates
to a novenent of 112nps in kernel x and kernel y. Table 11 lists the

rel ati onship between the three coordinate systens for the different
formats:. Iﬁpcf 11. Green Plane Kernel A Values for Imge Fornats

Unr ot at edRot ated CFA space ACFA Space AKernel A FormatScale Factorl1ll (nps)1l
ni psnmps2nps St andar d1. 280. 781250. 5520. 391 Passport 0. 641. 56251. 1050. 781
Panor am c2. 560. 3910. 2760. 195 Thunbnai | 0. 851. 176480. 8320. 601 Table 11 shows
that nmovement in kernel space is always-by a nunber less than 1, but in
rot at ed CFA space, only the Passp rt i magg has a A value of greater than 1.
As a result, aliasing will occur Fﬁfj Passport print format, but not
for any of the others. However, gi V8 that the Ais alnost 1, and that
each of thé 4 images is only 1/4 '}e alijfasing will not be noticeable,
especial ly since we assune ideal=lgw-pass {filtering on the green during

i mge capture. 3.2.5.3Reconstructién Filter for Red, Blue and Geen The
exact reconstruction filter to be used will depend on a nunber of issues.
There is alwayg,g.trade off between the nunber of sanples used in

constructing the original signal, the tine taken for signal

reconstructionaﬁ?ggoggﬁgghxggﬁmiggsé&ganpled i mge. A satisfactory

trade-off in this ¢case Ts pI anpl es fromthe di nensi on being
reconstructed, gentered around the estimated position Xi.e. X-2, X1, X
X+1, X+2. Due tO'the nature of econstructing with 5 sanple points, we

only require 4 coeffi jents.fgr t he Fntny inlthe convol ution kernel .
PCPO7- SG - 36- WEPET 85 €Md kTt C8EPPRE BIF S ookup table with n entries
for each col or gonpon td Each entrX has 4 coefficients. As we advance in
out put space, 1222@ ”&H}e CPRAHGSL "PRYBut put

As with the red 45 and blue 47 planes, the number of medium res pixels per sample,
mps, depends on the print format. Given that the planarized RGB image has the following
planar resolutions when unrotated: R: 750 x 500, B: 750 x 500, G: 750 x 1000, the scale
factors for the different output formats {see Figure 13} are shown in Table 10. Note that with the

Passport image format, the entire image is resampled into 1/4 of the output space.

Table 10. Green Plane Scale Factors for Inage Formats

Format Mapping mps 1/mps
Standard 30 1000 = 1280 1.28 0.78125
Passport 31 1000 = 640 0.64 1.5625
Panoramic 33 500 = 1280 2.56 0.390625
Thumbnail 32 1500 = 1280 0.85 1.17648

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

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



space to changes in input space and kernel space. The nost significant bits
of the fractional conponent 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 | ook up the coefficients. 64
entries is quite sufficient for the resanpling in Printcam 3.2.6Sharpen 65
The inagqxﬁa££yred by the CFA nust be sharpened before being printed.

| deal Iy, the “sharpening filter should be applied in the CFA resol ution
dormai n. However, at the inage capture resolution we do not have the ful
color information at each pixel. Instead we only have red, blue or green
at a given pixel position. Sharpening3éach col or plane i ndependently gives
rise to col or shekas . forShappeoiedmf filyauwudity Medgeadedasnaig arRidrebamding weumi nance

channel of an_i e,. so th t he hue a t tion a qgi.ven .pixel wll
o e harga aonaglE iR aroert hahtilto b6 Pirde MR B 4R Barpit, Hinsf v Sl o
into a calixsts ig Pac ihivee sbowrt hdriuimh artigh quelity @pepeat@dstfuction drdeesapmiingnder  of

the col or i QW MBhidfed such as HLS or Lab) 80. The |um nance channel 81
can then be sharpened 82 (by adding in a proportion of the high-

pass-filtered v j - | ' I entire | houl d
be converted balgc{?ﬂtng%t g&%‘%?’(%?# gdﬂ%eg@%rgglem%amﬁ%eag%ﬁ g'gn &8 )gr%??]tﬁout in
CMY) . Thedinpetgoe sssnawseasiRlowhe Befudtidigtanee R&weddoswndad mixelsciar” avasi itlistrateth inof t he
color comygpshpn steps if we consider the effect of adding a

hi gh- passed-filtered L back into the image - the effect is a change in the

| um nance of t j : prelple L | (g ' ' can be
wel | - appr oxi ms;t@% %ngﬁ f%’g‘ﬂ% cﬁcé'hg"eeq ilﬂf?nl F%L}%ﬂ% @aggr{géoé&mfﬁde%g#dor e we
si nply geR&Emplien 1 rofiegisograsAlinopgh e same geansifpgiiop fiter ipwssd @sforgesapirlinthe

resul t equ@lahy plue, Re KemneRBIbuR be3 diflerBntl THONY BEdaus¥ IRt Biationdfp \BBvzeR seder the
r uni form._  To. convert

ClE 1976 L*a*b* cql or space, e L is perceptual, _To.
('t om RGB FEPIT 7 Lo ae A T NERSH TeTyenaih DParaghs HHEeHH R R mum of
R G artte Bdamdfbblel panss. ih addifidnN(h kefBel dBpuld biyku(nflizdd, soBhat tBe RLHRENSG - 37
3.2.6. 2.H' b%ﬁuelgﬁfssﬁPEfeg tb%Eon’re&éaé‘fg}' a%hkeprfﬁ %oc;rbi{w%tgg § gthg %Hnér@glﬁeg %ls%%s' ed to
the |um nance information. Since we are I erPn In med-res spacé rat her
t han CFA hebsh uesaomlingpeasedinatasemust 28! bf usedietosigtanpioniwhgthkesliaeihg will occur
however). Therefore we require two transformations;
. The first is to map unrotated CFA space into rotated CFA space. This can be
accomplished by multiplying each ordinate by 1/42, since we are rotating by 45
degrees (cos45 = sind5 = 17/2).
. The second is to scale the coordinates to match the normalized kernel, which can be

accomplished by multiplying each ordinate by 1/42.

These two transformations combine to create a multiplication factor of 1/2.
Consequently, as we advance in unrotated CFA space x by k, we increase by k/2 in kernel x,
and decrease by K/2 in kernel y. Similarly, as we advance in y by k, we increase by k/2 in kernel

x and increase by k/2 in kernel y.

The refationships 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.



can be scaled up or the high pass result can be scal ed appropriately. The
exact amount of sharpening will depend on the CFA, but a 3x3 convol ution
kernel 85 will be sufficient to produce good results. If we were to

i ncrease 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, US&Q@;é green channel as the basis for scaling the kernel. From
this table It 1s clear that a 7x7 sized kernel applied to the nedium

resol ution space will be adequate for all sharpening. Table 12. Scale
Factors for Convolution Filter FormatScal e3x3Kernel in Med-res (1280) Space
St andard 301. 283. 843x3 or 5x5 Passpor@5310 641. 92none, or 3x3 Panoram c

332.567. 687x7 Thuebarius =3R05 SEBlzaﬁmmnt |Qﬁnr3?é3ed|dFﬁaepacé<b331hfnbé b8 Vere

applied on the ned- sul t be sc according to
The scal cPHBLTRMTTELE s A ReY JuErr HihgEbut a6 BRR PR rar 1Cioeh Bha
anount s i nermdlaid éerbd. (rpalstanngjleamdte;s tohanoBtea mddtipttapen by 1/@r Catsequently, can use a
3 x 3 fil t. |2 At f ng a
Sinre ! el of fa}mps' itoER R psce&rqﬁgtgé tomlmeR{ BG8Rs H kPILLUGI 1O 8
be any onferms yaTa§l§t11dlﬁt8§m0arw¢@awhlmbgh\ﬁae@qthnEEéporﬂleatﬁéveiemwor hasiifieraptit
sati sf actmghpatdri ghpass filter is shown in this inplenmentation of the PCP in
Figure 50. 3.2.6.3Add Filtered L to RGB The next thing to do is to add sone
r rtion of the resul n val ues back to
thpﬁuhlgang\ ih:n“p. %%?ﬁjﬁ:%ﬁeﬁ@%ﬁpkkhm B%gwﬁ%ﬁg%ggﬂback to—RGB (or
instead, to CW). However, a ch;nge in lum nance can be reasonabl|y
approximatedj by an e uaI change iUhrBlate® ANd Rdtdted t ong as the gol or space
is linear). Gonsequen X R§F0grasA- PECFAaSpace A he q@lrdl ACONVeEr Si ons
al t oget her by a88Mdy @R ?%ﬁ%‘fm'br oportii on of the lhigh pass filtered
an hao

| um nance vallue to R The zexact proppgdion of thg, g

hi gh- pass- f i |Hered—--rage—can—be—definedby nggiéy; CPﬁ'ﬂsfﬂﬂfor. If L

i s the high- p&andadd| tlef.e¥ | umi néaﬁdéﬁﬁ xel, | &A% k i s thed.8Wnst ant |scal e

factor, we ¢ define . Lpe trans tion p arpenin G and B as
%%gﬁ&:ﬁrt 0 é{' %%5@ h&g] g0%41

follows: R

Panoramic | 2.56 0.391 0.276 0.195

Thumbnail | 0.85 1.17648 0.832 0.601

Table 11 shows that movement in kernel space is always by a number less than 1,
but in rotated CFA space, only the Passport image has a A value of greater than 1. As a result,
aliasing will occur for the Passport print format, but not for any of the others. However, given
that the A is almost 1, and that each of the 4 images is only 1/4 size, aliasing will not be
noticeable, especially since we assume ideal low pass filiering 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 issuas. 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.



G=G+ kL (limted to 255 each) B =BtkL OF course, the scale factor
applied to L can be conbined 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
ternmns, th,gcgp&versmn fromR& to CMY is simply: CG 1I-R M= 1-G Y= 1--B
However this conversion assunmes that the CWY space has a |inear response,
which is definitely not true of pignmented inks, and only partially true
for dye-based inks. The individual color profi I e of a particular device
+(I nput and output) can vary consi deraﬁpy. Consequently, to allow for
accur at e conver $eiieat@ls kwﬁbﬂcoa’ﬂmérﬂ? lodkiipotablE Qiith frlenttie fof @Be0dotor chrifdhentand
printers Cheng nadf SULAl e mpe |Vs re w&agfor Pri nt anh The.
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tri -1 i neadoefiGiBME 63 AflicdRYBEL QificRnSBlthe REadiling @K HRalhabl es. The | ookup
tables <contain the resultant transformations for the specific entry as

i ndexed Wz&ﬁ algee tables are PCPO7-SG -39- required: one table 90
mappi ng r%) one table 91 mapping RGB to M and one table 92 mappi ng

RGB to V. Tr ' - 'I'ﬁleeﬂiraﬂé F%g’lé((%?% B(% EEAEI%EH é%eshgl:?l%ged b%fogé B/eelng}pr}ﬁteﬁll eall}( ﬁheqszlu'gbr Lor

t hose entries not rocess "1's s
29. Tri - |shawaning fitesr shotld theorpplies i hhe§ﬁﬁeeeaofhhg>n8dqmrm¢bwsevematt the imagk up

tabl e, -andptuREetMidh W@ db nbi ﬁb‘%@'ﬁhe‘fﬂf&'id?ﬂ#&ﬁwh@ﬂsat E4eni kel PRtebl cvétonglhaws' on, 2
in the second, and 1 in the third). gh precision can be used'for the

i nt er medi e P EEEN %Pt%@ﬂ@ﬁe't n?é't'%tsﬁaﬁpe%q grehjcslop pipge Bdepepdentiygivessi ze of
t he | ookupetaddie shifts] $hapehisteghend snskad bélep;inemteamel luiin@hcetchgnnier @A frtigamt i on.

The reco d,size for each table in this a cation is 17 x 17 x 17a,
With eachmggﬁq?h rglegncg (t)uratlono a given pixel wnltbe unchaﬁgedI

Sharpening then, invoives the transiation of an RGB image into a color space where
the luminance is separated from the remainder of the color information (such as HLS or Lab)
80. The luminance channel 81 can then be sharpened 82 (by adding in a proportion of the high-
pass-filtered version of the luminance). Finally, the entire image should be converted back to
RGB 83 (or to CMY since we are going to print out in CMY). The process is shown in Figure 26.

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

proportion of the result equally to R, G, and B.

3.2.6.1Convert RGB fo 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




A 17 x 17 x 17 table is 4913 bytes (less than 5KB). To index into the
17-per-di nension tables, the 8-bit input color conponents are treated as
fi xed-point nunbers (4:4). The 4 bits of integer give the index, and the 4
bits of fraction are used for interpolation. 3.2.8Up Interpolate 67 The
medi um resol ution (1280 wi de) CW inage nust now be up-interpolated to the
final prigpt fasol ution (6400 wide). The ratio is exactly 1:5 in both

di mensions. "Al'though it is certainly possible to bi-linearly interpolate
the 25 values (1:5 in both X and Y dinensions), the resultant values wll
not be printed contone. The results will be dithered and printed bi-Ievel.
G ven that the contone 1600 dpi resul €W || be turned into dithered

bi -l evel 3.plef2HightFaes &ter.8¢y of bi-linear interpolation from320 dpi to
1600 dpi will not be visible (the nediumresolution was chosen for this

very reason). PA)h@h praes)hieead EOtha bd aﬁph@:rtafﬂﬁer IﬁmméﬁﬁéLIﬁ@rmaﬂ@O@Hc@Wé'afré Pi xel

replicati 149] nvol ves a Si e us it as t he

val ue forfqt?l”"gl' f'beé're%?péﬁe "9 W?rﬁﬁi"rstq:@ar?%o'”qa% SP%&I tlﬁﬁa'lz gthg hﬂg Aingikedel t o 25
pi xel s (acaﬁ be dsalbll oploy the lighe pads rpsultedan beescaled apyraptiafelyvt Mige et bihoumayf appear
Pbout Y ancHErhRg St Bl 65 Be XE, bk B%SIERRLAG (A8 & Licke Linadl e, 2
resultant ts take on the confone val ue. rocess 1s shown in
Figure SOQFOMFQWQWWQ 17 co 17 on 17 table will give excel lent results, it
may be possible to get by with only a 9 on 9 on 9 conversion table (729
bytes). The exalftwesiepetodnprease theeize ofiihademply Tahilad shove the elfbaivé bealing 86

conser val ey sied i di9Lisnoh bt Rpses of
it S Rt R e L

capabl e gy ‘fhﬁf‘"eijlés H’t?t%asisrforascﬁ’inglt%"vb?mﬁf' AT JIRS t"JW? ihfgear fhﬁb? éf‘()is'éeq:onver t
from t he ieart gipeediihet eduntlicbbiaiion dp4dwill Egequadibealspapedingal |y, we
produce a di spersed dot ordered dither using a stochastic dither cell,
converting a contone CMihleABO&ald¥Rtdis firlCoRIGEudH Filkgve!l CWY i mage. The
8-bit 1600 dpi——contonevafue s gonparedytothe—<current—postt+ofn in the
dither cell [93. If the 8p-bit cdntone value is greater than the dither
cell value, an olfopuat bit| ofcdlei s Jeber atifeanel® Medyes@280 Spagepit bit of O

i's generated. Sﬂﬁbérd%ﬂt put | bifoau Il gugnt %u’:%{r& sent to the pfinthead and
control a single nozzle th nrndurp a single or Y dot. Thelbit

represents Mmsdpensm no alqmartl culear r1(narzd,érwsll fire for a given col or
and position

FPanoramic 33 2.56 7.68 77

Thumbnail 32 0.85 2.55 none, or 3x3

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



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 staggering of the different
colored dots effectively gives us staggering in the dither cell. The
hal f-toni ng process can be seen in Figure 31. The size of the dither cell
93 depend% ?pSGt he resolution of the output dots. Since we are producing
1600 dpi do the cell size should be larger than 32 x 32. In addition, to
allow the dot processing order to match the printhead segnents, the size
of the dither cell should ideally divide evenly into 800 (since there are
800 dots in each segnent of the print ﬁéad) A dither cell size of 50 x 50
|8 ?)ol ?rl ge mmug@cdé@r dRhaRIGHS dnb@mﬁaugbuﬂr)g ﬁreéc?hbt ﬁrop@tﬁvg_of@ie\ni@leﬁas@vwéd/ into
tjmes C nt.r e dither ce IS, . it or a tot
2500 byt kPPl A ol 5 Ind b MG e Shor R et e Hisroemede 691 e i nal
process besfivedbyire¢ang obestaletfactarhe printer is for the dots to be formatted
into the correct order for being sent to the printhead. The dots nust be
sent to the prititthe#e high-pdsefiterat wmobnar mhed, and Z4s thetenstint acdlée retoasvedef | ned
in Sectio he correct order for
printing %n%eg.'e]t%er%}sfopﬁ?tgﬁg hg,%gn.p%pégaq (r%gagf‘%”g"r‘{%:u ons generate their data
in the correct der) % en those dot values (each value is | bit) can
sinply be coIIe ed a sent off in groups of 24. The process is shown in
Fi gure 32. The @%(H@L ufmitedta Hdreable) sent to the printhead 2 by the
Menj et Interface 155 PEPG7-SG -41  4CPU CORE AND MEMORY 4. 1CPU CORE 10 The
PCP 3 incorporates a sinple mcro-controller CPU core 10 to synchroni ze the
i mage capture and printing i mage processing chains and to perform
Printcam s geneodtoursepe atdld thcBY Sipadd BUL daADeicoMbied wigh hBecdisREtof Rtiey f ace. A
w de vari et of .. CPU cor any processor core with

suffici en'f F"'%Scréter rocess ee§e 8" %gtregeb)’i%atsﬂ@e azehfa?tgr cal cul ati ons and
control functiops f st enough to met cqns .. e ations.  Since | of
the i mage proceS%e ef*?fpp?av‘gé}?%%ec?"@ﬁp'ﬁgmtﬁgﬁgé Wéfﬁ\ﬁﬂpﬁg © @Epge eplye B%Jes not
have to pp6dBSES ipprdet te be pented subsul t, the CPU can be extrenely sinple.
However it nust be fast enough to run the stepper notor during a print

(the steppercémierito CRYW3res a 5KHz process). An exanple of a suitable core
is a Philips 8051 mcro-controller running at about 1

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

C=1-R
M=1-G
Y=1-8

However this conversion assumes that the CMY space has a linear response, which
is definitely not true of pigmented inks, and only partially true for dye-based inks. The individual
color profile of a particular device (input and output) can vary considerably. Consequently, to
allow for 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 fransformations exhaustively, excellent results can be
obtained via a fri-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



MHz. There is no need to maintain instruction set continuity between
different Printcam nodels. Different PCP chip designs nmay be fabricated by
di fferent manufacturers, without requiring to |icense or port the CPU
core. This device independence avoids the chip vendor |ock-in such as has
occurred in the PC market wth Intel. Associated with the CPU Core is a
Program Iﬁ%}{l}s?, and a small Program Scratch RAM 14. The CPU 10 conmuni cat es
with the Ret® units within the PCP 3 via menory- mapped 1/O Particul ar
address ranges map to particular units, and within each range, to
particular registers within that partlcul ar unit. This includes the serial
and parallel interfaces. 4.2PROGRAM RERr13 A small Program Fl ash ROM 13 i s

iﬂcolrgoraﬂeagrebmr@ tamegdPGBpﬁn ROB 1ROV t&8le QdﬁW@S?mtotl‘hearﬁ%deQM@}ﬂ, but
Snhou not e

oot on e dReg ¥ TR R et SERCITAM, R 14 dhae 95 e PO am code

does not rrhinelutiadl intheitildsaTlte promegeis shavwnen €iguie 200 need for a | arge scratch
area. PCP07-SG -42- The RAM si ze depends on the CPU chosen (e.g. stack
nmechani sns, subrrmuﬁeianenterabilaiiidngreqcmvmtiin@n& valueg i fadne rthes 11aokep abitle,) andout

shoul d n ;%er%ﬁn r[‘TDJ,’ ﬁn h%p'—.\ opa?ﬁ'ﬁs (ﬂ :nK%e first él%#S]g(\E%tY]e&a&%Eandlmehe thir U Menory

Decoder f'or CS At | a accesses

Decoder tHlamsl‘ﬁaﬁlelscameﬁeaisaﬂbrﬂasmmﬁqh@tgV&lmsea!thammﬁpoutegwsw%lsOalozﬁésses over
the internal | ow speed bus, and therefore allows for nenory mapped |/ O of
PCP regi sters. HEROMMIUIGATOION taeNERFRCESpSdS UBBISHERAAY ofRBRFansIMRRIACE 17

This is gr%t é&ﬂ%éﬂdé!ﬁﬁtéﬁ!éa@h ta,lafar.ﬁ m.s%%elf&sﬁénegwﬁbw &r?%é&ﬁbntyﬁ tgts The

Iovv-spee us 18 serial po I's control

seri al po‘H7{aFT6\7\%"353%5‘%915#5*1‘3%99581*“@&58&5 to and fromthe Printcam and

al I owns DPOF (DI%I tal Print Order Format) printi ng of transferred photos
under external €Edrtdeylinto they iaperrdimensipr) tales; RIFERPA@PUY golgh panpogentsyerest andar d

| oW speedreaei 2 fixe@pbist nuEHRREAUS OTHe Qs bikeofl iRtb&r Rk 168 indet, AWd SIRES Bits of

fraction are used for interpolation.
3.2.8Up Interpolate 67

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

final print resolution (6400 wide). The ratio is exactly 1:5 in both dimensions.

Although it is certainly possible to bi-linearly interpolate the 25 values (1:5 in both X
and Y dimensions), the resultant values will not be printed contone. The results will be dithered
and printed bi-level. Given that the contone 1600 dpi resuits will be turned into dithered bi-level
dots, the accuracy of bi-linear interpolation from 320 dpi to 1600 dpi will not be visible (the
medium resolution was chosen for this very reason). Pixel replication will therefore produce

good results.

Pixel replication simply involves taking a single pixel, and using it as the value for a
farger 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.

*Although a 17 0 17 o 17 table will give excellent results, it may be possible to get by with only a9 0 90 ¢
conversion table (729 bytes). The exact size can be determined by simulation. The 5K conservative-but-definite-
results approach was chosen for the purposes of this document.



bus 18. The CPU nedi ated protocol between the two is used to authenticate
the print roll [1,2] and for the followi ng functions: Acquire ink
characteristics Acquire the recormended drop volunme Track the anount of
paper printed and request new print roll when there is insufficient paper
to print the requested print format. The reason for having two ports is to
connect tg. Q the on-camera QA Chip 4 and to the print roll's QA Chip 5
usi ng separate lines. The two QA chips are inplenented as Authentication
Chips [2]. If only a single line is used, a clone print roll manufacturer
could usurp the authentication nechanism(1]. 5.2.1 Print Roll's QA Chip 5
Each print roll consumable contains i¥*8-own QA chip 5. The QA chip contains
i nf or mat i hR9HERuhe &l for mai ntaining the best possible print quality, and
is inplemented using an Authentication Chip[2]. The 256 bits of data are

al l ocated as fofrh@\oﬁnthda@P.Q?s— céﬁabEaéxl Sinksy dblE 1imta Kidvel Bs&D Wk tisusf 16

M n] Acces De | Fla S etc 16 bits) 1RCSeri al
nunber (18° OfESS’ ”Z?fg%gfnc HtB%‘? E@Gt"b? td§5“;"r e MR $eAfca Wan( 16
bits) 4RQ@ydude iandispersepeiot beisre( 3Rhdyi dsty aBR&rﬁata\ﬂatgernm td’ikerﬂﬁg?pe;bﬁtb% (32
bits) 7 ﬁﬁ%ﬁ l. bits) 9RO 10- 12ROFor future
expa%5|gﬁb: ¥%§8%1 @%Eggg%ﬁééggﬁagﬁgblts different in each chip (48h
bits) Before ea nount _.of er. remaini.n t he
CPU %o ensur e ﬁ%’a?g ?Eeoro éj%pcs? "%H%Va i F 8°rH‘faﬁeeJt8Ghrercé'r{?ntfgi“toé‘d“ p’eéiﬁheﬁl‘:?'ﬁt
format. A df thef@Hitpeantene lvalve s area@d thanhtbe 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
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 same 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 same print cycle.

The staggering of the different colored dots effectively gives us staggering in the dither cell.
The half-toning process can be seen in Figure 31.

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

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

A dither cell size of 50 x50 is large enough to produce high quality results, and
divides evenly into 800 (16 times). Each entry of the dither cell is 8 bits, for a total of 2500 bytes
(approximately 1.5 KB).

3.2.10Reformat for Printer 69

The final process before being sent to the printer is for the dots to be formatted into
the correct order for being sent to the printhead. The dots must be sent to the printhead in the

correct order - 24 dots at a time as defined in Section 2.2.1.

If the dots can be produced in the correct order for printing (i.e. the up-interpolate and
dither functions generate their data in the correct order), then those dot 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 15.




anount of paper remaining nust be decrenented 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 CPUis able to control
each of these connections as nmenory-nmapped [/O via the | owspeed bus. (See
Section 4.4 for nore details on nenory-mapped 1/0O . Table 14 shows the
connecti OJE% 7t_ég;the parallel interface. 5Read Only 6Decrenent Only PCP0O7- SG
- 44 Tabl € 14>%Connections to Parallel Interface ConnectionDirectionPins
Paper transport stepper notorQut4 Guillotine nmotorQutl Focus MotorQutl
Cappi ng sol enoi dQut1 Flash triggerQutl Status LCD segnent driversQut?
Status LCD comon driversQut4 Paper pdff sensorlnl Buttonsln4 TOTAL 5.4JTAG

| NTERFACEGP3 € ORE ANDIREMORAG (Joi nt Test Action Goup) Interface 7 is
included in the PCP 3 for testing purposes. Due to the conplexity of the

chip, a vascpinedde fgesting techniques are required, including BEST (Built
In Self Test) and functional block isolation. An overhead of 10%in chip

area i s assuned j ting Ci i ) . e | mage
RAVI 111 o used T8 sobrahdordt P shEHl b Ehbath LR ot AR iinle oie
| evel FI dS1RIT Zapiesanseprindey limagso proReasing Hbainprergd e sparfetnaifieldarast ganerehe power
has bee E%@t&in@&yfstemTMeé AEiBdinHNB WBr-iREriddB D ie VBMY si5hU Qed 418 shilapRar | zed

i near it cgnn%%eaAyS processor core with sufficient processing power to perform the required

calculations and confrol functions fast enough to met consumer expectations.

Since all of the image processing is performed by dedicated hardware, the CPU does
not have to process pixels. As a result, the CPU can be extremely simple. However it must be
fast enough to run the stepper motor during a print (the stepper motor requires a 5KHz
process). An example of a suitable core is a Philips 8051 micro-controller running at about 1
MHz.

There is no need to maintain instruction set continuity between different Printcam
models. Different PCP chip designs may be fabricated by different manufacturers, without
requiring to license or port the CPU core. This device independence avoids the chip vendor

lock-in such as has occurred in the PC market with Intel.

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

The CPU 10 communicates with the other units within the PCP 3 via memory-
mapped I/O. Particular address ranges map to particular units, and within each range, to
particular registers within that particular unit. This includes the serial and paralle! interfaces.

4.2PROGRAM ROM 13

A small Program Flash ROM 13 is incorporated intc the PCP 3. The ROM size
depends on the CPU chosen, but should not be more than 16-32KB.

4.3PROGRAM RAM 14

Likewise, a small scratch RAM area 14 is incorporated into the PCP 3. Since the

program code does not have to manipulate images, there is no need for a large scratch area,




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 PC
PO7-5G -45- The image is witten by the Image Capture Unit, and read by
both the Image Hi stogram Unit 8 and the Print Generator Unit 99. The CPU 10
does not have direct random access to this inmage nenory. It nust access
t he inagqxgbh | s via the I nage Access Unit. 71 MAGE CAPTURE UNIT 12 The
| mage Capture Unit contains all the functionality required by the I mage
Capture Chain, as. described in Section 3.1. The Inmage Capture Unit
accepts pixel data via the Image Sensor Interface 98, linearizes the RGB
data via a | ookup table 96, and finarﬂg“wwites the Ilinearized RGB i mge
glé}\ls tag :?ﬁ#lgiREggE ﬁdéﬁglﬂ%e@ﬂfr&h.tha hﬂawbmlewe.b? st%ElOWIléclilld’r\isﬁgg_Btﬁtﬁoﬁae céllidg | Mﬁ_GE

\ _The e _Sens ter e is a state machine
Chat sendOmBHTFoFoFRT SR o S0 195 P el T i or i ot udi ng 1 ae
sync pngﬁg n i xel_clock pulses in order to read the imge. Mst of the
ISI is |i Pe (MFMRRY-DEGARERI® cel| from the i mge sensor manufacturer. The
ISI is itself controlled by the Image Capture Unit State Machine 97. 7.1.1
| mge Sensor Fof ifatPAMERBTIEcade) AF iset §meje deqeagidors@iEirsCRY datagerersasl e, we
onln% con?"rrféaﬁecbm t2AYSEs aﬁb Qﬂdreisie?!ir@d’ gﬁsﬁﬁaﬁiPCF’Gﬁd}étgr ddaessBayelr trG;iAtghasha NS
nunber of attributes | e defined here, e captured by the
Consor (VPR i aa Paiee Ao S e BoiRag KO SERbATRT oi ontly 1111 er od
SO0 as to renove any a iasinﬂfartifacts. The sensor itself has an aspect

|
rati o of ICOMMUYNIGATIQMINTERFAGESf 1500 x 1000 sanpl es. The nost |ikely

pi xel arrangenent is the Bayer color filter array (CFA), with each 2 x 2
pi xel bl oBrUSBSERYSPAIRT INTEREAGBEEi ¢ as shown in Figure 15 Each contone
sanple of R, G or B (corresponding to red, green, and blue respectively)
is 10-bits. Not Ehit lsat stasiehl UHB sdriabdortt trmnedishiodheciotetral ctép lonfspeatdiiusda. about

only one f : : i faat ré]]ﬂ i I j At must be
made bef oj;hgt{ e rrlxggg 'S(I?:gﬂﬁ%ae%?‘ﬁf gcil Obﬂfe. éb@,&%sﬂ%&t{éﬂg@e‘c@cﬁ% (IE)b perform
sone anowad figm theRsigtcpmt et #llows iDPEF( (Pl Print Order Format) printing of transferred

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

insufficient paper to print the requested print format.

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

the authentication mechanism [1].

5.2.1Print 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 Chipf2]. The 256 bits of data are allocated as follows:



suppression. Additional FPN suppression may required. PCPO7-SG -46

7. 2LOOKUP TABLE 96 The | ookup table 96 is a ROM mappi ng the sensor's RGB to
a linear R@. It matches the Linearize RG@ process 40 described in Section
3.1.2. As such, the ROMis 3 KBytes (3 x 1024 x 8-bits). 10 bits of
address cone fromthe 1SI, while the 2 bits of TableSel ect are generated
by the IBpCQ,T_S%apture Unit's State Machine 97. 7.3STATE MACHI NE 97 The | mage
Capture Unit"s State Machine 97 generates control signals for the Inmage
Sensor Interface 1, and generates addresses for linearizing the RGB 40 and
for planarizing the inmage data 41. The control signals sent to the I'S] 98
informthe ISl to start capturing pi xéPs, stop capturing pixels etc. The
2-bit address sent to the Lookup Table 96 natches the current |ine being
read fromthe |1S]. For Eakdn13d.Prietro(l8 25¢@bitsl(16tc.), the 2-bit address is
Red, G een, Red, Geen etc. jfor odd lines (1, 3, 5 etc.), the R-bit
address is Greel\w B u&g G een, Blue. This s true regardl ess of| the
orientation o WL FES The 21-hit addr2EMBYM 0 the lmage| RAM 11 is
the wite address fpROPfhe i neBasic HeBHereBlagssmie. $t6its) hol d t he current address
for each of thered—green—andblue planes—Fhe—addresses—inefenent as

pi xel s are witten {B0each p| Sarel numbgr lI6REs)i sters The | nage Capfure Unit
contai ns a nunber of jLLegi sters. aple 15 Registers in fnmage Capture Unit
NaneBi t sDescrfipt i on| NExPi xel sqai‘f\lwvlergg"gﬁ)xel s each row MaxRows12Nunber of
rows of pixeliszin ippee Currepdget péﬁ{aﬂqa,aiiﬁ(,ﬂ}nggmg)ent |y being fetghed

Current Rowl2Row currently beling processed PCPO/- SG Next R21The agddress in

| mage RAM to [s4ore [Re next [Reghnpikedperties (32 bits)

5 RO

6 RO Magenta ink properties (32 bits)

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 amount 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

amount of paper remaining must be decremented in the print roil's QA chip by the CPU.
5.3PARALLEL INTERFACE 6

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

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

Table 14 shows the connections to the parallel interface.

°Read Only

*Decrement Only



Set to start address of red plane before inage capture. After inmage
capture, this register will point to the byte after the red pl ane.

Next @1The address in Image RAMto store the next Green pixel. Set to start
address of green plane before image capture. After inmage capture, this
register will point to the byte after the green plane. NextB21The address
in | mage 0 store the next Blue pixel. Set to start address of blue

pl ane before i mage capture. After image capture, this register will point
to the byte after the blue plane. Even Even2Address to use for even rows /
even pi xel s EvenOdd2Address to use for even rows | odd pixels
OddEven2Address to use for odd rows /4&ven pi xel s GddOdd2Address to use for
odd rows | odd pixels GolWiting a 1 here starts the capture. Witing a 0
here stops the i mage capt ufeble AdLammegtiansite Radalleldntadiaagnati cal ly by the
state machine ajter MaxRows of MaxPi xel s| have ben claptured. In addition,

t he I mage Sensol Interfa&e 98.contains aln eﬁ of [registers. The exact
registers will depend-on ?‘r'\.rr'aecf'ﬂ%.gﬂ Sensof EH%n | g1 MHBE ACCESS UNIT 9
The | nage Access Pepartiragspprtedpesiotdne neap®uf or the |GPU 10 to |access the
image in | mageRAM TI. _The CPU 10 Tanm read pixets fromthe nage in

| mageRAM 11 and @i"?t@eﬂ%&fl s _back. Pixe gugoul d bel tead for |[the purpose of
i mge storage (€p@eus\idiort he USB) 17, or fegt Sinple {nmage processing.

Pi xel s coul d bepwittentotrageRAM-11 after—theinage—procedgsing, as a
previ ously saved Capmiggesofdnoidded via USB), | Ot i nages [fbr test pattern

pur poses. Test TTerns coul d be syntnefi.c, I mages,| specific|test inmages

(1 oaded via the %%%?gmercoul d be 24-bit |82zl e firliihg values to be

directly | oaded|isgh@ LloDseBhbitidigagl via theut est nodey of the Brint
Generator Unit 99 47

S;tatus LCD common drivers Out 4

Paper pull sensor In 1
Buttons In 4
TOTAL 24
5.4JTAG INTERFACE 7

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

area is assumed for overall chip testing circuitry.

6IMAGE RAM 11

The Image RAM 11 is used to store the captured image 42. The Image RAM is multi-

level Flash (2-bits per cell) so that the image is retained after the power has been shut off.

The total amount of memory required for the planarized linear RGB image is
1,500,000 bytes (approximately 1.5 MB) arranged as follows:
. R: 750 x 500 = 375,000 bytes
. B: 750 x 500 = 375,000 bytes
. G: 750 x 1000 = 750,000 bytes



PCPO7- SG -48- The Inmage Access Unit 9 is a straightforward access nechani sm
to I mageRAM 11, and operates quite sinply in terns of 3 registers as shown
in Table 16. Table 16. | AU Regi sters NaneBitsDescription

| mmgeAddr ess21Address to read or wite in | mrageRAM Mbde30 = Read from

| mmgeAddress into Value. | = Wite Value to | nageAddress. Val ue8Val ue
stored at odo eAddress (if Mode = Read) Value to store at |nmageAddress (if
Mode = Wltg%ié%l'he structure of the Inmage Access Unit is very sinple, as
shown in Figure 35. The State Machine 101 sinply perfornms the read/wite
fromto | mageRAM 11 whenever the CPU 10 wites to the Mde register.
91MAGE HI STOGRAM UNIT 8 The Inage Hist'gram Unit (1HU) 8 is designed to
gener at e hi st ogrrmrvanagb is RHes b3Sthe NAGHE CaslulYUAD &nBrrest b3|r FBGEhETIREGS S Ng

ol anar 1 A RGESTHCESH b Pu e B T8 WY SRR Rt R i oni o

8 i s typi&zatdsyo msemagémaeow|lm®tp®esqomeMage”ﬁlxelee;adhefIfnegeMcesshlum ograns are
gat hered, one per color plane. Each tine a histogramis gathered, the

results aAvAcGHeAPTEsRE ONOr¢&r to determ ne the | ow and high threshol ds,
scaling factors etc. for use in the remainder of the print process. For

nore informati O*ﬁh&ﬂ&naBQW I_ﬁ)three umn%romgmm ﬁ@qwcﬁorgﬂymged bystﬁéné.gg@tda Bfired- 2- 2. 2

and Section 3. 2. hi stogram’its is stored in
a 256- ent?%ﬁ'mWEWbedéaéﬁct@ﬁt% Tb%imﬁyef@pbm nit qcr?épfs RiX€lt G5k URiRANBIS onl y

accessed $dnesh WietthdeNod, Nifedrizké theNRIGE iddtdadia @NbEKUS Iak 86 SR0AHaNP ri@dedhe Wi tt en

to as 20-pit. qu ﬂablar%ag%sout S %—\(Mi-n%%nér faat. The process is shown in Figure 33.

7.1IMAGE SENSOR INTERFACE 98

The Image Sensor Interface (1S1) 98 is a state machine that sends control information
to the CMOS Image Sensor, including frame sync pulses and pixel clock pulses in order to read
the image. Most of the ISI is likely to be a sourced cell from the image sensor manufacturer.
The ISl is itself controlled by the Image Capture Unit State Machine 97.

7.1.1lmage Sensor Format

Aflthough a variety of image sensors are available, we only consider the Bayer color

filter array (CFA). The Bayer CFA has a number of attributes which are defined here.

The image captured by the CMOS sensor (via a taking lens) is assumed to have
been sufficiently filtered so as to remove any aliasing artifacts. The sensor itself has an aspect
ratio of 3:2, with a resolution of 1500 x 1000 samples. The most likely 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 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 bhefore 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.




9. 2STATE MACH NE AND REG 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 Hi stogram Unit
NaneBi t sDescri ption Tot al Pi xel s20The nunber of pixels to count (decrenents
until 0) StartAddress2lVWere to start counting from Pi xel sRemai ni ng20How
many plxe$s remain to be counted Pixel Value8A wite to this register | oads
Pi xel Count“ Wi th the Pixel Val ue entry fromthe histogram Pixel Count20The
nunber of Pixel Val ue pi xels counted in the current histogram It is valid
after a wite to Pixel Value. C earCount 1Det erm nes whet her the histogram
count will be cleared at the start of-4fhe hi stogram process. A 1 causes the
counts t ozbpock@arasle ggnd a 0 causes the counts to remai n untouched (i.e

t he next histogram adds to the existing counts). GolWiting a | here starts

the hi stogram prReesi&p ta\{‘}iéééuélg R%)l\PmQ;?Jrﬁ:‘; tfd %§or‘sh&aé‘t’o%tn9£r Boftﬂﬁﬁ:ﬁﬁasp‘ 01is

witten here autonati call by the state nmachine after Total P xe
count ed dBHANEYIZH RGﬁh@Off%ﬂ% a?scu%%@g@ Sgetiop Be! -3 Agisyehe the RQM g3 KBytey( x
Tot al Pi xelm@awi Bhitd)heo bds af adimsddedorrRf fromp itheelss Wile ithe bugite df mablbseis®wd (€. g.

375,000 for )o oot art Addr es e address of the red plane,

d ear Coun{®" \%afeﬁ bithea[ﬁ‘agég?&t%egm\fgH%tet'ﬁ%ch&g?'egi ster. Once the count has
fini shed, 7§§ d|V|d€£ val ues in the histogram can be determ ned by
witing O | ue and reading the correspondi ng Pi xel Count.
PCPO7- SG -50 1OPRINTHEAD | NTERFACE 105 The Printhead Interface (PH') 105 is
the means by whilihimage Ceptpredinitsatizte MashingBhpneraisi o0 aignas {F the IMAgE dot s to

be pri nt eshnseatefsatil SldgehbRted GHdtadsesl ffr liffatiNkd e RBFBUDEHS for PRAarizing the

image data 41.

The control signals sent to the 1S 98 inform the 1SI to start capturing pixels, stop

capturing pixels etc.

The 2-bit address sent to the Lookup Table 96 matches the current line being read
from the 1S1. For even lines (G, 2, 4 etc.), the 2-bit address is Red, Green, Red, Green etc. For
odd lines (1, 3, 5 etc.), the 2-bit address is Green, Blue, Green, Blue. This is true regardiess of

the orientation of the camera.

The 21-bit address sent to the Image RAM 11 is the write address for the image.
Three registers hold the current address for each of the red, green, and blue planes. The

addresses increment as pixels are written to each plane.

7.3.1Registers

The Image Capture Unit contains a number of registers:

Table 15. Registers in Image Capture Unit

Name Bits Description
MaxPixels 12 Number of pixels each row
MaxRows 12 Number of rows of pixels in image
CurrentPixel | 12 Pixel currently being fetched

CurrentRow | 12 Row currently being processed




PH is a |logical wapper for a nunber of units, namely: a Menjet 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 inplenentation of nost of the Print Chain described in Section 3.2 on
page 24, as well as providing a neans of producing test patterns. The PGUJ
takes a p}LC%n_% zed linear RGB obtained froma CFA format captured i mge
fromthe Irrage M 11, and produces a 1600 dpi dithered CW inmage in real
time as required by the Menjet Interface 15. In addition, the PGQJ has a
Test Pattern node, which enables the CPU 10 to specify precisely which
nozzles are  fired during a print. Thé7anits within the PH are controlled
by a nunber pNextBgi st @ry t haThasdergss igmageRaM tdstore itie reliRediddel.i nt er nal
structure of |the Printlhead | Betde btad eddresssiimplana b&fogumage3aptuted. 1| VEMIET

| NTERFACE 15| The Menj et | nt pAfterdnagendptyre] Bisgegisterotibpditie tREPyie 0 t he ext er nal
Menj et printpead, prqvidi nga¥stie replaneand appropriate signals to control
the nozzle I D g ang firin uencs rlnt The _ven) et
Interface 15 lﬁgng‘l npl y 2T§ St atigltet cht e H 'b] (QSt (Ex e'WHi‘ h fol | ows
the printhead | oadi ng|and f o gﬁt v&” and
includes the|functionality p ﬁerm eanl ng cycl e as

descri bed i nLSection 241 nr‘flnn ? Thp I\/]'II 15 _loads data into

t he printheapgNéxtem a ¢l2di ce meaidcmt»mlmeg&wms%rb tHemextBlespixakans t hat al |
nozzles will|fire durijng a s&édesarkaddrésionblue plehehefamthags cedtge. st andar d
mechani sm fof | oadi ng |t he p| Aftrrirezas chpipreathPredigtertwilbpoirClothebyiey cylcl e. From
the 24-bit ihput held|in thpaferfwdusplanegi ster of the PGU 99. This is the
standard nep rnti ng captured photo or
test pattern Eﬁqqg/ejﬁ_ 42 o %ﬁ]setfﬁ(“e% Ws’g‘ael%rep@‘%{ °ly sent td the

print head angdegnbdbi t '%dvanaodresgomnie(rbrdaal?&%mmpﬁﬁeis pul se is sent to the
PCU. At the pnd—of—eagh—+in =brt—Advancetine—putse—+s—also sent to
the PGU. The| RETEVER mit be| AfdipssdpUsErioadd s /PER) BFihas al ready| prepared
the first 24-gb30ddtrar sfer Valdss i deSorl ia St/ gg}elplt data Tnput will be
valid for th Lrst tdansfer to the prlnrﬁpa(f

Go 1 Writing a 1 here starts the capture. Writing a 0 here stops
the image capture. A 0 is written here automatically by
the state machine after MaxRows of MaxPixels have ben
captured.

L

In addition, the Image Sensor Interface 98 contains a number of registers. The exact
registers will depend on the Image Sensor 1 chosen.

S8IMAGE ACCESS UNIT 9

The Image Access Unit 9 produces the means for the CPU 10 to access the image in
ImageRAM 11. The CPU 10 can read pixels from the image in ImageRAM 11 and write pixels
back.

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 previous]y' 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 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 foll owi 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 Connecti ons Nanme#Pi nsl/ ODescription
Chronapocfﬁﬁf??& ect which chromapod will fire (0-9) elect
Nozzl eSel ect 40Sel ect which nozzle fromthe pod will fire (0-9)
AEnabl el10Fi ri ng pul se for phasegroup A BEnabl elOFiring pul se for phasegroup
B CDat al n[ 0- 7] 80Cyan output to cyan sHBft register of segnents 0-7
MDat al n[ 0- 7] 80l\zhrg,e|ma§e !ABcFé‘é& uh@gr@geﬂ?é@msﬂwafctadc@@ HidRBniSh (S RGIERAR 19 7
YDat al n[ O- 7] 80Yel | i N }ﬁ% ﬁ.l |ster of segnents 0- 7
SRA ock 10RY B?‘?ESSWE %’Elze”(”% 'ﬁeﬁiétﬁfssats€ ?ﬂ”b' KF9f d%ds the current val ues
from CDat al n[O 7], WNDat al n[O-?A and YDataln[0-7] into the 24 shift
regi sters of the pri nt hdakfe peIAHRegistear®ar al | el transfer of data fromthe
shift registers to the printhead' s internal Nozzl eEnable bits (one per

: 5 . n En W th DN
bl 6CDbt al 1 bt SOlHE o {he SEck 11 mos for ASasllN, “ooncr ss |
Tsensell Terrp«nirmg@f\@d@@nse %6 enspAddpesstetpad Q@Wﬁ@lnmlew%MResi stivity sense
Wensell W dt N\Rense

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 readfwrite fromfto ImageRAM 11

whenever the CPU 10 writes to the Mode register.

9IMAGE HISTOGRAM UNIT 8

The Image Histogram Unit (IHU) 8 is designed to generate histograms of images as
required by the Print Image Processing Chain described in Section 3.2.2. The IHU only

generates histograms for planar format images with samples of 8 bits each.

The Image Histogram Unit 8 is typically used three times per print. Three different
histograms are gathered, one per color plane. Each time a histogram is gathered, the results
are analyzed in order to determine the low and high thresholds, scaling factors etc. for use in
the remainder of the print process. For more information on how the histogram should be used,
see Section 3.2.2.2 and Section 3.2.4.

9.1HISTOGRAM RAM 102

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

written to as 20-hit quantities.




TOTAL41 10.1.2Firing Pul se Duration The duration of firing pul ses on the

AEnabl e and BEnabl e |ines depend on the

dependent on tenperature and ink characteristics) and the anount

avail abl e to the printhead. The typical
therefore contains a programmbl e pul se duration table,
printhead. The table of pulse durations allows the

mai nt ai ni ng nore accurate

and is indexed by
The upper 4-bits of address cone
Each entry
of 0-4.s.

s. The MII

by feedba&ﬁ,; omt he
use of a Iomer cost power supply,
The Pul se Duration table has 256 entries,
the current Vsense and Tsense settin
and the |ower 4-bits of

i s 8 bit sy 28nrErMRERRBERLS ReGkrxesgmpoi nt value in the range

drop ejecti

from Vsense,

on.

and aids in

%add

ress cone from Tsense.

pul se duration range is 1.

viscosity of the ink (which is

of power
3to 1.8
i ndexed

The

process of generating the AEnable and BEnable lines is shown in Figure 39.

The 256-byte t abhesiak Mr’éérﬁﬁee’fba%uoh}a%
pulse duratlon entr

Vi scosi t yeoBtipHga Pyieiregistsrs &

8-bit

Vsense 10. 1. 3Dot Counts The M

n the ta

%ﬁﬁ”ﬂh@?qﬁk Tchip) 5

e conbi nes:

Rsense Wense

dduddtobe et R hddcie 4588 1PRG o.
Bri ght ness settings

Tsense

Each

15 nmintains a count of the nunber of dots
of each color fired frtableHeRe@sters indmbagesidisgraphbniot count for each col or

is a 32-bit| value, indivjidually|cleared under processor PCPO/-SG } 53-
control. Edch dq& count ca itkslold a WHX|nun1cqyer%gendot count of B9 6-inch
prints, although age—th cotnt—w be read.-.and cl eared
after each p'thail?lerS/\hl I e it he [ ﬂ'he nethbePpi medsamqnmb(dam’ememthmtm)ns Lmabl e
contai ns bdt and S _conceivapie_that a different—Pri nt cam
nodel has a’gggﬁﬁgﬁﬁble |%& onI VW@ tﬂﬁ&ﬁf@””?%@““lnltlal Pri ntcam product
can count dovmxet;gp@n@mmgnt af mill |Hgﬁtn%rzp5(g§rpén(ymg betopeRer (stored in the
@A chip 5 -|see—Seetion5-—2)-toiknrow whett here-i-s—enough-—pape
avail abl e t djlqume t he 8 A write to thls register ands PixelCount with the
PixelValue entry from the histogram.
PixelCount 20 The number of PixelValue pixels counted in the
current histogram. It is valid after a write fo
PixelValue.
ClearCount 1 Determines whether the histogram count will be

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

Go

Writing a 1 here staris the histogram process.
Writing a 0 here stops the histogram process. A0 is
written here automatically by the state machine after
TotalPixels has counted down to 0.

The typical usage of the registers is to set up TotalPixels with the total number of

pixels to include in the count (e.g. 375,000 for red), StartAddress with the address of the red

plane, ClearCount with 1, and write a 1 to the Go register. Once the count has finished, the

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

reading the corresponding PixelCount.




desired format. There is enough ink for full coverage of all supplied
paper. In the alternative Printcamproduct, the dot counts can be used by
the CPU 10 to update the QA chip 5 in order to predict when the ink
cartridge runs out of ink. The processor knows the volume of ink in the
cartridge for each of CC M and Y fromthe QA chip 5. Counting the nunber
of drops eI i nanat es the need for ink sensors, and prevents the ink
channel s T¥8mM% unni ng dry. An updated drop count is witten 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 w thout getting a dud photo
whi ch must be reprinted. The | ayout -8P-the dot counter for cyan i s shown

i n Fi gur e1ogERINTREADSNEERFAT 2100t counters (MDot Count and YDot Count, for
magenta and yel |l ow respectively) are identical in structure.

10. 1. 4Regi st er STH'éWﬁrnﬁPééd]iQteﬁéH@ﬂPWI CaiseR the hitahd18y Mhich ke \P'C@’ R dRPiusd er set.

The registers allowt ararreterlze a print as well as receive

f eedback "A%G‘tp”ﬁv‘fe?ﬁ }Wfb‘@? 8%% t° bFHé'”PSI q”&\ﬁP’ﬂfﬁj"srtB%?"é‘faéF%i PERRIPERER A i n the
M : Tab||E—|]]Qa]ob‘é§]]vﬁppbﬂ%ﬁirﬁ@ﬂﬁr&&@lt§h@ﬁay Regi ster NaneDescription Print

Parameters Nunit sThe n e rans ad .t he

print head" (usuaf'we ften QWB {% Hvé"h Frsoiat?)?ﬂ ﬁ@sﬁﬁrﬂjefﬁ%&?ﬁ& % and

t he nunber of Zdonhol‘strréamazle/mnweqtteocasrtfammnnfor a given line.

Pul seDur a} i onFi 0 e pul se
on the ol or Enabl ™y et IEIRCt 93k 3 Thblgmbitgiol o B0l & Pl el o he
nunber of Load/ MSFW*REdéf}/%?fé@“@B Op@ﬁ%%\as NS BeYidipg & Imeary pfprodaeing testrhe

Menj et | nterfacgat@mst aﬁélfPGBeﬁaké‘vé emﬁmm%w RGBGbhaurdaea OFA lidr@s
val ue i s NunlLines.

remai ning to be whj | e artin
bl or SRenar (e g dPmups radterll oF Barororts b BT b iSred BiMond o

image in real time as reqmred 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 Memijet printhead,
providing both data and appropriate signals to control the nozzle loading and firing sequences

during a print.

The Memjet Interface 15 is simply a State Machine 106 {see Figure 38) which follows
- the printhead loading and firing order described in Section 2.2, and includes the functionality of

the Preheat cycle and Cleaning cycle as described in Section 2.4.1 and Section 2.4.2.

‘The MJI 15 loads data into the printhead from a choice of 2 data sources:

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

. From the 24-bit input held in the Transfer register of the PGU 99. This is the standard
means of printing an image, whether it be a captured photo or test pattern. The 24-bit

value from the PGU is directly sent to the printhead and a 1-bit ‘Advance’ control



gconsi dered | oaded for the current line. Only valid while Go=1.
SenseSegnent The 8-bit value to place on the Cyan data lines during a
subsequent feedback SenseSegSel ect pulse. Only |I of the 8 bits should be
set, corresponding to one of the 8 segnents. Set All Nozzl eslf non-zero, the
24-bit value witten to the printhead during the Load Dots process is al
1s, so that all nozzles will be fired during the subsequent PrintDots
process. Fh'e™S 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 printing of the photo and any test

i mages. Actions ResetA wite to this -Pégister resets the MIl, stops any

| oadi ng or pri nphifis BEAGEHS PBU. Afe leAREBca2h lind, QAL KdvanMILINE Rise is also

SenseSegSel ect A wrjte é@ this register with any val ue clears the Feedback
bit of the Stat ?ﬁ‘tf'oéﬁ‘? QT, and sends a pul se on the SenseSegSelect line if
the Loadi ngDots_and PrintingDots status bits are all 0. If any of the
status bits arel St 158usbedHRER Heths BOUI BdRacisry RRAFAcEe st #FE done.
Once t he temeieOutueSENSE sb thaee-Hiawa ikpaewill be sdlid dor tHe frest wahdia 3o e erimhaged in the
Tsense, Vsense, Rsense, and Wense registers, and then the Feedback bit of

the Status regi sheMli % BehereibRedieeddandcterionithd\ BOR CHABIaRY U W rbSeguent
print operati NS A.ﬁ&%}e of ﬁtto Ehis it %%arts t he LoadDots /

Pri nt Dot s° 93?'?;"‘] RUMNeRD 21 151 P33P STYFH'T RELOY REWUR 8- printed, each containing
Numfransfers 24-bit transfers. As each line is printed, LinesRemaining

decr enent ¥ 1-Hepnestignste PERBRIA ning i s rel oaded with Numilransfers again. The
status register_contains print status information. Upon conpletion of

NurLi nes, the | oadVMdgedier fiei falpwing seriestians dpthe privtheade?. @ih Bietsepse &flinpal ed.
During t hadfdutpal wilh resilectts GheEMIINGE TH Y@ineS naRMARS pih BbthettBs on the printhead

{see Section 2).

Table 18. Printhead Connections

Name #Pins HO Description

ChromapodS | 4 O Select which chromapod will fire (0-9)

elect

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

AEnable 1 0 Firing pulse for phasegroup A

BEnable 1 O Firing pulse for phasegroup B

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

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

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

SRClock 1 0 A puise on SRClock (ShiftRegisterClock) loads the
current values from CDataln[0-7], MDataln[0-7]
and YDataln[0-7] info the 24 shift registers of the
printhead

PTransfer 1 O Paralle! transfer of data from the shift registers fo
the printhead's internal NozzleEnable bits (one per
nozzle).

SenseSegEn | 1 @] A pulse on SenseSegEnable ANDed with data on

able CDataln[n] selects the sense lines for segment n.




printhead. A wite of O to this bit stops the print process, but does not
-54 PCP0O7-SG clear any other registers. CearCountsA wite to this register
cl ears the CDot Count, MDot Count, and YDot Count, registers if bits 0, 1, or
2 respectively are set. Consequently a wite of 0 has no effect. Feedback
TsenseRead only feedback of Tsense fromthe |ast SenseSegSel ect pul se sent
to segrrenrgcpg_a&seSegrrent. Is only valid if the FeedbackValid bit of the
Status register is set. VsenseRead only feedback of Vsense fromthe |ast
SenseSegSel ect pul se sent to segnent SenseSegnent. Is only valid if the
FeedbackValid bit of the Status register is set. RsenseRead only feedback
of Rsense fromthe | ast SenseSegSel ect?pul se sent to segment SenseSegment .
I s only valliTdense t he |Feedbac¢kVal || delnpératofe sehee St at us regi ster is get.
WsenseRead @ity feediygck—of TWsense fromthe tast—SenseSegSetect——pul se sent
to segnent g’éﬁ Segmedt . 1s|bnl y| V8396 SP?5%t he FeedbackValid bit of the

Status regilsisghse s set;.  CDot Pount Regehy@nienss2- bit count of cyan dgts sent
to the printhead— Moot CountRead only 32-hit count of magenta-dots|sent to
t he print heddsen¥dot Count Read ! onl y VB&hbkéntsecount of yell ow dots sent to the
printhead. The Mt s[Status|Register 15 a 16-bit regrster—wtir bt
i nterpretat ilGHétas forffows: [ Tabl ¢ 20. MII Status Regi st er

NaneBi t sDescri ption Loadi ngDotsllf set, the MJl is currently |oading dots,
with the nunber of dots remaining to be transferred in TransfersRemai ni ng.
if clear, the MII is not currently | oading dots -55 PCPO7- SG

10.1.2Firing Pulse Duration

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

The Pulse Duration table has 256 entries, and is indexed by the current Vsense and
Tsense setlings. The upper 4-bits of address come from Vsense, and the lower 4-bits of
address come from Tsense. Each eniry is 8 bits, and represents a fixed point value in the range
of 0-4us. The process of generating the AEnable and BEnable lines is shown in Figure 39.

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

pulse duration entry in the table combines:

. Brightness settings

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

. Wsense

. Tsense

. Vsense

10.1.3Dot Counts

The MJi 15 maintains a count of the number of dots of each color fired from the

printhead 2. The dot count for each color is a 32-bit value, individually cleared under processor



PrintingDotsllf set, the MIIl is currently printing dots. If clear, the MI
is not currently printing dots. PrintingAlThis bit is set while there is a
pul se on the AEnable line PrintingBlThis bit is set while there is a pul se
on the BEnable |ine FeedbackValidl This bit is set while the feedback val ues
Tsense, Vsense, Rsense, and Wense are valid. Reserved3- PrintingChrona
4Thi s holds the current chromapod being fired while the podPrintingDots
status bit ['e%et . PrintingNozzl es4This holds the current nozzl e being
fired while the PrintingDots status bit is set. 10.1.5Preheat and C eaning
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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 yellow respectively) are identical in

structure.

10.1.4Registers

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

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

The following registers are contained in the MJI:

Table 19. Memjet Interface Registers

Register Name Description

Print Parameters

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

PulseDuration Fixed point number to determine the duration of a single pulse
on the ColorEnable lines. Duration range =0 -6 ps.
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LoadBbots process is all 1s, so that all nozzles will be fired

rsion. The
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 bits are set, the

Feedback bit is cleared and nothing more is done.

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

Go A write of 1 to this bit starts the LoadDots / PrintDots cycles. A
total of NumLines lines are printed, each containing
NumTransfers 24-bit 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
NumlLines, the loading/printing process stops and the Go bit is
cleared. During the final print cycle, nothing is loaded into the

printhead.

15 provides the PGU 99 with
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A write of 0 to this bit stops the print process, but doés not




PCPO7- SG -58- final process 113 perforns the up-interpol ation, halftoning,
and reformatting for the printer. The processes are connected via buffers,
only a few bytes between sone processes, and a few Kkilobytes for others.
We | ook at these processes and buffers in a primarily 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 sum’rarp);:P GWever, the buffer sizes are shown in Table 21. Table 21.

Buf fer sizes for Print CGenerator Unit Size Buffer(bytes)Conposition of

Buf fer Buffer 1188Red Buffer = 6 lines of 6 entries @10-bits each = 45
bytes Blue Buffer = 6 lines of 6 entrPes @10-bits each = 45 bytes G een
Buf fer = 13| lines of 6 entdeézeany@tidrdyistess.each = 97.5 bytes Buffer} 2246 x 4
RAM 3 lines|of 4 entries jof L @8-bits each = 12 bytes 3 colors X 4 entries
@8-bits each = 12 bytes |Buffer 333 colors(RGB) @8-bits each Buf|fer

423, 0403 coJors(CW) x 6 {lines x 1280 contone pixels @8-bits eagh Buffer
593 x 24 bits TOTAL 23,264 Apart from a nunber of registers, song of the
processes hpve significant | ookup tables or nmenory conponents. These are
summari zed | n Table 22. Table 22. Menory requirenents within PGUJ|Processes
Si ze Unit (bytes)Conpositijon of Requirenents Rotate/ Wite Bal ancg | RangeO
Expand PCPOJ/- SG

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

Feedback

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

Vsense Read only feedback of Vsense from the last SenseSegSelect
pulse sent to segment SenseSegment. |s only valid if the
FeedbackValid bit of the Status register is set.

Rsense Read only feedback of Rsense from the last SenseSegSelect
pulse sent to segment SenseSegment. 15 only valid if the
FeedbackValid bit of the Status register is set.

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

CDotCount Read only 32-hit 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

Name Bits Description

LoadingDots 1 if set, the MJl is currently loading dots, with the number of
dots remaining to be transferred in TransfersRemaining.

if clear, the M.l is not currently loading dots




Resanple | Convert to L, 152 3 kernels, each 64x4x12-bits 1,152 0 Convert to
CWw14, 7393 conversion tables, each 17x17x17x8- bits Upl nterpolate /

Hal ftone / 2,500Di ther Cell, 50x50x8-bits Reformat Test Pattern AccessO
TOTAL18, 391 10.2.1 Test Pattern Access The Test Pattern Access process 110
is the neans by which test patterns are produced. Under normal user
circunstances, this process will not be used. It is primarily for

di agnost i '€ Piit%oses. The Test Pattern Access 110 reads the |nmage 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. The data in the
| rage RAM 11 woul d be produced by the5PU 10 using the Inage Access Unit

9. The dat a| peailghstom |limage |RAM e MJ i @@entlyprilting@bl. si npl e wr apar ound

fashion. Twp registerg are qggégrttgegg%ﬁdtgﬁr‘gﬂ@pr{n@ﬁdﬁt a: the start
addr ess of } gyLes__Mhen_Lhe_end of the

L he first by
data i s reagRedinghhe d3 tructure
of the Test Fa[[e M AC be seen
in Figure 48" "5 Test nElhan an
Addr ess Genbrad@icdaf |Vhen h?srﬁitﬁéjsetﬂrﬁi@t%k@dt%ﬁl@ﬁé(ue@%@tﬁ@%ﬁ‘@e signal, the
generator reads 3 bytgs, prjothdaesam isaRsbrVd. t eEnabl e pul se, rleads the

next 3 byt es—ard—therwaits—for—an—Advanrcepulse—At—the Advandge pul se,
t he Transf el ResereBnabl € ul ge i s given t he next 3 bytes are read, and the

wai t occurs Egnqlmﬁcmc!nqas 4C0m sl oidg ecurr nr}% %Hgg?ﬁd%‘ﬁ'nesﬁe wher eupon

t he process %P in frc bn ternms df reading
3 bytes, the Address Generat v rea S thr998 bit values from

| mmgeRAM 11| andingmozzles |them t'nnlsBidtdeﬂfe cﬁrrérﬂt&ozz'ﬂlﬁufglﬁfeﬁtwkﬂe et valde is
witten to PrintingDots status bit is set.

10.1.5Preheat and Cleaning Cycles

The Cleaning and Preheat cycles are simply accomplished by setting appropriate

registers:
. SetAliNozzles = 1
. Set the PulseDuration register to either a low duration (in the case of the preheat

mode) or to an appropriate drop ejection duration for cleaning mode.

. Set NumLines to be the number of times the nozzles shouid 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 peint of view, the PGU provides the interface between the Image
RAM 11 and the Memjet Interface 15, as shown in Figure 41. The PGU takes a planarized
linear RGB obtained from a CFA format captured image from the ImageRAM, and produces a
1600 dpi dithered CMY image in real time as required by the Memijet Interface. In addition, the
PGU 99 has a Test Pattern mode, which enables the CPU 10 to specify precisely which



PCPO7-SG -60- Buffer 5 s 8-bit address O, the next is witten to Buffer 5's
8-bit address 1, and the third is witten to Buffer 5 s 8-bit address 2.
The Address Generator 119 then waits for an Advance pul se before doing the
sanme thing again. The addresses generated for the Inage RAM 11 are based on
a start address and a byte count as shown in Table 23. Table 23. Test
Pattern Access Regi sters Regi ster NaneDescription Test ModeEnabl edlf 1,

Test Mode 7€%%abl ed. 1f 0, TestMde is not enabled. DataStartStart Address
of test data in I mge RAM Dat aLengt hNunber 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 =
Dat alengt fp-HeaskeAfkd duﬂ%{Pa Bt fBe M1 49 brovingd RABiGtLos WagAsh AflbndaHuReBRES er S
(1), Adr=Adr+1 Read Adr into Buffer 5 (2), Adr=Adr+1 Renmaining =

Renai ni ngd 24Pt REGRTS Uigd: 2nd§n AR@ReALIRE RyS<alihg sdi 8l EndDo 1t is the
responsibility of the CPU 10 to ensure that _the data is neani ngful for the
printhead 2. Byfe BCY 8° pa%? inses Pecessing copitsa Thelirst e TestEatigrd mede. iM%y an (bi t
0 = segnembdsd=@t @irektly frdBy infagk RAM 11)@ns AiMath @Nin BBOMNréady RRGuiByt 8 the har

(ol o0 SR e oo b VRS B 58 R A ™

shown in Fig. 18 contains the functions:

. Gather Statistics 60

. Rotate Image 61

° White Balance 62

. Range Expansion 63

. Resample 64

. Sharpen 65

. Convert to CMY 66

J Up-Interpolate 67

* Halftone 68

» Reformat for Printer 69

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 89 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 realime high-speed demands of the

Memjet 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 Paftern 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



Buffer 5 118 holds the generated dots fromthe entire Print Generation
process. Buffer 5 consists of a 24-bit shift register to hold dots
generated one at a tine fromthe UHRU 113 (Upl nterpol ate-Hal ftone and
Reformat Unit), 3 8-bit registers to hold the data generated fromthe TPAU
(Test Pattern AccessUnit), and a 24-bit register used as the buffer for
data transfer to the MII (Menjet Interface). The Advance pul se fromthe
MII | oads The 24-bit Transfer register with all 24-bits, either fromthe 3
8-bit registers or the single 24-bit shift register. Buffer 5 therefore
acts as a double buffering nechanismfor the generated dots, and has a
structure as shown in Figure 44. 10.258Buffer 4 117 Buffer 4 117 hol ds the
cal cul at eﬁa?Wcés@ﬁ%;ﬁE?ﬂln@étﬁe LemRIpHidien HakeSRy, %ﬁ@)ef&ﬂ@ﬁu‘?d"@r the fﬂ&ﬁﬂ@r TRuffer 4

IS generate he Col or Canyer si ocess , and accessed t he Up-

| nt er pol a‘frgcesf;%l 3¢ SRR v é:li'g?rﬁ’a?"?yp? g“t‘!‘éggesl*i%w‘?‘%‘i‘ We?r°"ceés‘?jeﬂ'§¥ af*¥ out put
dots for HKihetgsrfomttters. The size of the Contone Buffer is dependent on the
physi cal di stance between the nozzles on the printhead. As dots for one
CO: or are bei P?V\@&mra?trede ﬁlﬁteseéﬁrﬂfbyaﬁérﬁmaﬂ)rinmw réetse orddb;swﬁbe(tﬁdtfnﬁtﬁg?nt

col or on i.fferen in ne ef f ect

Gt fer ant™ BRyERbSH el b tBrforiiedrapes i FerEve: feceefos oL Pk or
odd and eieelnredl@tits &g thendndré @ppment owuputant hovever, dredbudfef Sieeseare dhowedn per
color. Thigcancept is explained and the distances are defined in Section
2.1.1. The practical upshot is that there is a gi ven di stance in high-res

dots fromthe even <c hr.ou h e ots to the odd yell ow
dots. In opder-to .1n¥%§gﬂ§%??fr?r&?'ﬁ%a ij"*'mnm CMY,—the %dl um res
contone pi kel s that| generate those high-res dots are buffered in |Buffer 4.
Since the ratio of [me&lkmimtres lines to high-res lines is 1:5, each nedium
res line i Budiepl gdb¥tes) res i n each diCompesition ofBufferhe pur poses df buffer

| ines, we Rgpdl v [congar NRGy s D otindl B %ﬁfr Ri2Bach LANRLET 1 dot
|l i nes com pg fromg singl ﬁ% 3%33\,\% nozzl es of

different tolors ig 4-8 da?é'e? r?g'i”ﬁ Of%r?” ?

t heref ore pssune 8,] which fex‘i’ég rséﬁéfﬁ%‘%‘?fér‘?"tﬂ‘le%% ifs RChBIdot s, for 17
dots in inglusive |distang esThe wor st case scenario is that the 17 dot
| i nes incl ug%rghe | ast,dpg  Liggy from a gi ven PCPO/-SG -62- pixel |line.

This inpligs 5 pixgl |ines 3Imesopéler%nesofE%B%?snggc elgba’ts 1,5 5 3 1, and

0

al l ows an
3 colors x 4 entries @ 8-bits each = 12 bytes
Buffer 3 3 | 3 colors(RGB) @ 8-bits each
Buffer 4 23,040 | 3 colors(CMY) x 6 lines x 1280 contone pixels @ 8-bits each
Buffer 5 9 [ 3 x 24 bits
TOTAL 23,264

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

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

Table 22. Memory requirements within PGU Processes

Size
Unit {bytes) Composition of Requirements

Rotate/ White Balance / Range 0
Expand




i ncrease of nozzle separation to 10. To ensure that the contone generation
process witing to the buffer does not interfere wth the dot generation
process reading fromthe buffer, we add an extra nediumres |ine 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
t ot al nengg%iﬁfquired is 3 x 6 x 1280 = 23040 bytes (22.5 KBytes). The
menory only requires a single 8-bit read per cycle, and a single 8-bit
wite every 25 cycles (each contone pixel is read 25 times). The structure
of Buffer 4 is shown in Figure 45. Buffer 4 can be inplenmented as single
cycl e doubl e access (read and wrjte) -RAM running at the nominal speed of
t he pri nt heRedsadgde /Jmnesrbtbiton pr oceds52 03 keawlspeach Bpldendhitsed as RAM runni ng
4% faster wihonty a singte reat-or—wiite accessper—cycte—Buffgr 4 is
set to whit18"¥BfN 0) before the start®gf the print process.
10- 2. 4Ubi Nt ebRakd eyl Tt one, andaah OrTahyerin it Leh AL IAPHEN The
%&'%g sks 113 are

Up-Interpolate, Hal ftone, and Refornat rinter ta defi ned
as separatp-tasks-by Section 3.218 Se¢tion 3.2.9 and Section 3 2110
respect i ve| Ypintehmiate /atadftonepl enent ed,588 | DitserOgll.50pFbeess | n t he har{dwar e

i npl enent at Refarmest t he PCP 3. The|input |[to the Up-interpol ate, Halfltone and
Ref or mat Unitt%quU 113 1S the [contpome pbuffer (Buffer 4) 117 —containing
the pre-ca ﬁia?‘anéﬂﬁsi280-res intefmediate resolution) inage. |The
output is argeaL of 24-bit val ues|ijgzbfe¢ correct order to be sent to the
Mem et Interface 15 for subsequeht—eutput to the printhead via Buffer 5
118. The 24 output bits are generated 1 bit at a tinme, and sent to the
24-bit shift register in Buffer 5 118. The control of this process occurs
fromthe Advance and AdvancelLine signals from the Ml 15. Wien the UHRU
113 st ar t'9-A{FestlPattenf Aegeseach Advanceli ne pul se, 24 bits are produced, and
are clocked into the 24-bit shift register of Buffer 5 by a

Shi ft Wi t eEnabl BhesiTggtdtattern Mfdcess prieesg4it1D ibitie masnsbiae which oest edtterns aee
Transf er . L Sqid] - . LS ar e ted.
Ator thie R O Ry L SR RSV ke Rebtn B IS C
t he AdvarftR9npRiiF 8@Pasesi ves, the TransferWiteEnabl e pulse is given to Buffer
5 118, and the next PCPO7-SG - 63 24 bits are cal cul ated before waiting
agai n. | n pract fheelesbiztiern fesesy 11dtreadsibgengp RAYR1T @ndgiageas, the 8Pihedivesni zat i on
has occurgigsh Q@Quﬁéﬁ%qﬁﬁfoP\GNt?urlQ@mgllﬂée?rﬁ& IMrkdee QESDES nEMREMFy B8 cCfiClaRtes

in .
thereafter. The Upl nterpol ate t one and Refornatiprocess can be seen in
Fi gure 4@ny way. The'data in the image RAM 11 would be produced by the CPU 10 using the Image

Access Unit 9.

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 pulse 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 §-bit

values from tmageRAM 11 and writes them to Buffer 5§ 118. The first 8-bit value is written to




The Hal ftone task is undertaken by the sinple 8-bit unsigned conparator
120. The two inputs to the conparator cone fromthe Staggered D ther Cel
121 and Buffer 4 117. The order that these values are presented to the
Unsi gned Conparator 120 is determ ned by the Address CGenerator State
Machi ne 122, which ensures that the addresses into the 1280-res inage

mat ch t he %%Qﬁfnt-oriented order required for the printhead. The Address
Generator St Ate Machine 122 therefore undertakes the Up- I nterpol ati on and
Reformatting for Printer tasks. Rather than sinply access an entire line
at a time at high resolution, and then reformat the |ine according to the
printer |ookup requirenents (as descrifBed in Section 3.2.10), the

ref or mat tBuigr 68 SWIhhRWRd Ob}het Mt BPRHHER fid @L@@Bﬂg-eﬁ SHd¥8ssOf, athQheCEPlﬂH @he

buf fer (Buffe 1, ensur t hat conparator. 120 uses the
correct |'G8RQH° é?‘%%jat %gg??qﬁ élih? %f?fsst ge%?tﬁrhﬂfgﬂge” %”‘E“Tasdﬁ e L0205 esses.
The Hal f t pisehgioteagdingi tise $ane tiagregas descri bed by Section 3.2.9. However,
since the dot outputs are generated in the correct order for the
printhead, the Theaidafssésdyendatehor theaiagd RAM 111%r& besge bn & @takthatiresd ardiavi des
evenly i 0 nse a given position in the dither cell for one
segnent V%PGIC% Qtatsggovzndﬁgglg%%yt he remaining 7 segments. A 50x50 dither cell
provi des a satlsfactorg_resu t. As described in Section 3.2.9, the sane
position in the dither daPle 23atpshRattesn AgcesgiRegistarsr ent col ors due to the
fact that dififerent |lines ane being generated at the sane tinme |for each of

the col ors. TheRggig{eeggh@g flor the dither 6€4c|r phg,n therefore quitje sinple.
W start at g—parttcutar—rowin—the—Stag clcu brther—eetH—(e—g- row 0).

The first dltﬁéF*Meé?ﬁ“aB'ﬁ‘i‘ry 'fSTeaeﬁtMoq?d?F W use that entry [24 tines
(24 cycles) to generate the y%@&aﬂb’l@dﬁibnot&mbl@ segnents, and then advance
to Entry 1 of revert bac 0 Entry O0.—This

conti nues f ol déf)al taL'ltlQATzf)grctgtaééqdﬁésﬁf’cfﬁm?tg"b'@ﬁ’@?g'f\ al | 19 200 dots. The

Hal f t one Uni t dakengit ops and N@ﬁfbgrsoftz,gztes inhé&st dgtdanceli ne pul se which causes
t he address gererator—to—adVance—tothe—nrext—rowinthe—ditherIcell. The
Staggered Dither cell 121 is so called because it differs froma regul ar
dither cell by having the odd and even |lines staggered. This is because we
generate odd and even pixels starting frompixel 0) on different |ines,
and saves the AH¥rfelwingnsapdecesde Hushates B addiepheenerrtion dia desancel-inehandnext row
and back mgaica pOBesdrt atabwv e sets of 24 pixels. Figure 25 shows a PCPO7-SG
-64- sinple dlthe£ .celT 93, and how to map 1t to a staggered drtner cel |
121 of the sane size. Note that for determining the "oddness"” of a given
posi tion, we nuniféf T Fespi*xels in a given row 0, 1,

Remaining = DataLength

Read Adr into Buffer 5 (0), Adr=Adr+l
Read Adr into Buffer 5 (1), Adr=Adr+l
Read Adr into Buffer 5 (2), Adr=Adr+l
Remaining = Remaining-1
if (Remaining = 0)

Remaining = DataLength

EndDo

It is the responsibility 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 etc.),
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.




2 etc. The 8-bit value fromBuffer 4 117 is conpared (unsigned) to the
8-bit value fromthe Staggered Dither Cell 121. If the Buffer 4 pixel
value is greater than or equal to the dither cell value, a "1" bit is
output to the shift register of Buffer 5 118. O herwise a "0" bit is output
to the shift register of Buffer 5. In order to halftone 19, 200 contone

pi xel s, oo, contone pixels nmust be read in. The Address Generator Unit
122 perforns is task, generating the addresses into Buffer 4 117,
effectively inplenmenting the Upinterpol ate task. The address generation for
reading Buffer 4 is slightly nore conplicated than the address generation
for the dither cell, but not overly s6!-The Address Generator for readi ng
Buf fer 4 1od.3Bdiegsnsg once the first row of Buffer 4 has been witten. The
remaining rows of Buffer 4 are O, so they will effectively be white (no

printed dots). Baedh 50118t lddsOthefdeRsrbiel RIoRUFM thel értiRS PAASGehefBEH BloBEssW th an

i nt f ti I ! t. T i nt ti of the regjster is
et o ShiteL SGIsBT Az TR AR e s PO Oh GHeEraT o R Ecie A ME R pol at o
t he col or11Bgipintegiolganlitawel @ Reddroat Ynigdel Sditdegstean tphale g dada péncedted g

t i i t L it hi nt and a
Ot o s LA Y B R 558 T oS00l e SRRl

singl e tenporar _ ress set Into the
r emmi ni ngrapsiee it MJl (Memial Antaracet Hda, Adverheeruisegisone tha Mdhiopdy thee2ddbing

Buf fer 4 fgaudrregstehitd il bRwkd) Githdr Stin® 1Y $ 8RS eS80 or the TRBE ©434 shfb! & 24.
Regi sters Required for Reading Buffer 4 Register NaneSize CyanEven6b bits

(3:3) oydR®dds bits (3:3) MagentaEven6 bits (3:3) MagentaOddé bits (3:3)
Yel | onEven6 bits [_&3: 3) PCPO7-SG -65 Yellowddd6 bits (3:3) Cyan P_ADR14
bits (11:3 NageRtfier piiergiars ags s adpqblgbuiieingeshappmior thy gegerates.dos, and

has a structure as shown in Figure 44,

10.2.3Buffer 4 117

Buffer 4 117 holds the calculated CMY intermediate resolution (1280-res) contone
image. Buffer 4 is generated by the Color Conversion process 66, and accessed by the Up-

Interpolate, Halftone and Reformat process 113 in order to generate output dots for the printer.

The size of the Contone Buffer is dependent on the physical distance between the
nozzles on the printhead. As dots for one color are being generated for one physical line, dots
for a different color on a different line are being generated. The net effect is that 6 different
physical lines are printed at the one time from the printer - odd and even dots from different
output lines, and different lines per color. This concept is explained and the distances are
defined in Section 2.1.1.

The practical upshot is that there is a given distance in high-res dots from the even
cyan dots through the magenta dots to the odd yellow dots. In order to minimize generation of
RGB and hence CMY, the medium res contone pixels that generate those high-res dots are
buffered in Buffer 4.

Since the ratio of medium-res lines to high-res lines is 1:5, each medium res line is
sampled 5 times in each dimension. For the purposes of buffer lines, we are only concerned
with 1 dimensicn, so only consider 5 dot lines coming from a single pixel line. The distance
between nozzles of different colors is 4-8 dots (depending on Memijet 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 fine from a given




P_ADRL1 bits (only holds integer portion of X P_ADR) The initial values for

the 6 buffer line registers is the physical dot distance between nozzles

(renmenber that the fractional conponent is effectively a divide by 5). For

exanple, if the odd and even output dots of a color are separated by a

di stance of 1 dot, and nozzles of one color are separated fromthe nozzles

of the ne&#?p 8 dots the initial values would be as shown in First Line
b

colum in % 25. Once each set of 19, 200 dots has been generated, each

of these counters nust increment by 1 fractional conponent, representi ng
the fact that we are sanpling each pixel 5 tines in the vertical
di mension. The resultant values will ®8en be as shown in Second Line

col um i npiit@h)due TRk. .mbmses bikeRlinds; dithddt imed géhefdidtr&s 1M rs5e 521, @an@rtliywsbarbuf f er
| ines. Table | e lnlt Setup and Second Line Values for the 6

Buffer Li 'Hcrea‘nﬁé’ Szggpgpa}@lﬁg cul ationFirst Line Second Line Val ue

Buf f Val ue Buff anEve itial Position0O:000:10 anEven+0: 10: 100: 20
Magent aEvenCyani8¥ r%tﬂftgﬁelcoﬂ 5 BeRAIGR APERST A ’bge%t%%?%‘g%qﬁ’ei?t apgtel
Yel | owEv ewittkite dbtafSder#lianSrédepS readidy #3m Yed buofadd Yal lao wkive medlurhdesdimé pad

PCPO7- SG Co@@ forTgtgtap%lgLﬁLgsg%wL‘&&e regi sters then, determ ne which of the
buffer lines I's to or a given color's odd or even pi xel s.

det er m ne V\k” ChXQJ c&nlt'o%e ]b%gg'#grﬁ'l% elfl%r eCSO|OPS ())(feé Fr{eg‘,:: eeac P'e C?ﬂéalnl%i#% PgCI f and

| i ne of Buffer réss coun
a singl ecm@n@wlmsy%e)t@m BemOR reqoiRed {shd c B xi 128015 2804 0bytasd@X 5 KBytes)e ith

segment. kafrkly %ﬁg’}'@t{lﬁreéésmﬁf;ep@&fﬁegg ptta;a Ql’?d st?ﬁblet@(b:ﬁ\{grq)ce%% 25'09%5@0“ um

res pixels this distance IS . divisible exa

only need®@RbEOpRRe pixgl sgeqd %qusbﬁh%?t"{CWée‘gBPﬁ%él‘s NP dsiIER Rt ers. Ve
generate the 8 addresses for the even cyan pixels, then the 8 addresses for
the even magent Buffer 4rfan e implpyertebapsinglpl cyls davbleciceessdraad and paite) BAM e t hen

do the Saﬂﬁmfg)&t tmdlmanaﬁm sﬁééﬁ%fthe%ﬁlﬁ&cﬁdot@%réf@h beeddi %edaf be THhismeiQcess of

24 o
two sets OfRA%V! runnlng 4% faster w:t}? only a%ﬂgle read%gwritesaccess per cycle.

Buffer 4 is set to white (all 0) before the start of the print process.

10.2.4Uplnterpolate, Halftone, and Reformat For Printer

Although the Up-Interpolate, Halftone, and Reformat For Printer tasks 113 are
defined as separate tasks by Section 3.2.8, Section 3.2.9 and Section 3.2.10 respectively, they

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

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

The control of this process occurs from the Advance and Advanceline signals from
the MJl 15. When the UHRU 113 starts up, and after each Advanceline pulse, 24 bits are
produced, and are clocked into the 24-bit shift register of Buffer 5 by a ShiftWriteEnable signal.
After the 24th bit has been clocked in, a TransferWriteEnable pulse is given, and the next 24
bits are generated. After this, the UHRU 113 waits for the Advance pulse from the MJI. When

the Advance pulse arrives, the TransferWriteEnable pulse is given to Buffer 5 118, and the next




perfornmed 400 tines. W can then reset the Pixel Address counters (X _P_ADR)
to 0 and advance the 6 buffer line registers. Every 5 |ine advances, the
next buffer line is now free and ready for updating (by the Convert to CW
process). Table 26 lists the steps in a sinple form Table 26. Address
Generation for Reading Buffer 4 AddressCal cul ati onCorment P_ADR =Cenerate
addr ess ﬂ%%mg%gn Cyan_P_ADRpi xel in Cyan segnent 0 Cyan and advance to next
pixel P ADR'+= 1 _ for cyan (nods) 1CyanEven: P_ADRP_ADR += 160Advance to
segment 1 (cyan) 2CyanEven: P_ADRP_ADR += 160Advance to segnent 2 (cyan)
3CyanEven: P ADRP ADR += 160Advance to segnent 3 (cyan) 4CyanEven: P_ADRP ADR
+= 160Advance to segnent 4 (cyan) 5Cy§ﬁEven:P_ADRP_ADR += 160Advance to

sag/nent 524 I5itg @Y céi@}é@é’lfb@d‘tlesé %MBE- i mactﬂa@,%égmsttmvm ggu@és g%i\(&ﬁyag) 5
7CyanEven; P ADRP_ADR += ce, to se nt . cyan - anEven:
ADRP ADR YR e &9 Aty RRGEAS RS ERIERS ot Res RSl 24 SRR Bt agment 0
Magenta_P_ADR +%hell?|5]r%e%gl\a{|%[]ﬁ§|ﬁc§n% aﬂs ﬁtefoprﬁa)%%lrocésgocgﬁ %)L ggen qr?lglgl.ﬂé %6.

The Halftone task is undertaken by the simple 8-bit unsigned comparator 120. The
two inputs to the comparator come from the Staggered Dither Cell 121 and Buffer 4 117. The
order that these values are presented to the Unsigned Comparator 120 is determined by the
Address Generator State Machine 122, which ensures that the addresses info 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
ensuring that the comparator 120 uses the correct lookup from the dither cell 121 to maich the

staggered addresses.

The Halftoning task is the same as described by Section 3.2.9. However, since the
dot outputs are generated in the correct order for the printhead, the size of the Dither Cell 121
is chosen so that it divides evenly into 800. Consequently a given position in the dither cell for
one segment will be the same for the remaining 7 segments. A 50x50 dither cell provides a
satisfactory result. As described in Section 3.2.9, the same position in the dither cell can be
used for different colors due to the fact that different lines are being generated at the same time
for each of the colors. The addressing for the dither cell is therefore quite simple. We start at a
particular row in the Staggered Dither cell (e.g. row 0). The first dither cell entry used is Entry 0.
We use that entry 24 times (24 cycles) to generate the 3 colors for all 8 segments, and then
advance to Entry 1 of row 0. After Entry 49, we revert back to Entry 0. This continues for all
19,200 cycles in order to generate all 19,200 dots. The Halftone Unit then stops and waits for
the AdvanceLine pulse which causes the address generator to advance to the next row in the

dither cell.

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




9Mvhgent aEven: P_ADRP ADR += 160Advance to segnent 1 (rnmagenta)
1Magent aEven: P_ADRP_ADR += 160Advance to segnent 2 O(nagenta)

1Magent akEven: P ADRP_ADR += 160Advance to segnent 3 1(nagenta)

| Magent aEven: P_ADRP_ADR += 160Advance to segnent 4 2(rmagenta)
1Magent aEven: P_ADRP_ADR += 160Advance to segnent 5 3(nagenta)

1NhgentaEy - P_ADRP_ADR += 160Advance to segnent 6 4(nagenta)

1Magent akEven: P_ADRP_ADR += 160Advance to segnent 7 5(nmagenta) 1MagentaEven:

P_ADRP ADR =Cenerate address for even 6Yefl ow P_ADRpi xel in Yell ow segnent
O Yellow P and advance to next pixel ADR +=I _ for yellow (nmod 5)
lYel | owEven: P_ADRP_ADR += 160Advance‘@6'segnent 1 7(yell ow)

1Yel | owEvempl diiRRelrddR arrd hdvb AUNRIN 6La bagfean®ingr c2il 80y of helme size. Note

1Yel | onEven: P P_A .= 160Ad to. t 3.9 | 1. _2Yel | owEven: P
ADRP. ADR T R aRE By GG SHE GO SRR VAR R o
160Advancgett.o segnent 5 1(yell ow)

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 io the

shift register of Buffer 5.

In order to halftone 19,200 contone pixeis, 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.

The Address Generator for reading Buffer 4 only begins once the first row of Buffer 4
has been written. The remaining rows of Buffer 4 are 0, so they will effectively be white (no
prinfed dots).

Each of the 6 effective output lines has a register with an integer and fractional
component. The integer portion of the register is used to select which Buffer line will be read to
effectively upinterpolate the color for that particular color's odd and even pixels. 3 pixel
counters are used to maintain the current position within segment 0, and a single temporary

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

In summary then, address generation for reading Buffer 4 requires the following
registers, as shown in Table 24.

Table 24. Registers Required for Reading Buffer 4

Register Name Size
CyanEven 6 hits (3:3)
CyanQdd 6 bits (3:3)
MagentaEven ' 6 bits (3:3)
MagentaOdd 6 bits (3:3)
YellowEven 6 bits (3:3)




2Yel | onEven: P_ADRP_ADR += 160Advance to segnent 6 2(yel |l ow)
2Yel | onEven: P_ADRP_ADR += 160Advance to segnent 7 3(yellow) -67

PCP07- SG 2Yel | owkEven: P_ADRP_ADR =Gener at e address for even 4Cyan_P_ADRpi xel
in Cyan segnent 0 Cyan_P_ADR += land advance to next pixel (nods)for cyan
2CyanCdd: P_ADRP_ADR += 160Advance to segnent 1 5(cyan) et C. -68 The
pseudocodgCPBTQgG 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. % Cal cul ate start positions CyanEven 0:0 CyanOdd = CyanEven +
0:1 MagentaEven = CyanOdd +,1:3 Mag&AtaQdd = Magent aEven + 0:1

Yel | owEven = |Magev2ddOdd + 1: 3 6 bits (3:3)
Cyan_P_ADR 14 bits (11:3
Magenta_P_ADR 14 bits (11.3
Yellow_P_ADR 14 hits (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 nozzies 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
are sampling each pixel 5 times in the vertical dimension. The resultant values will then be as
shown in Second Line column in Table 25. Note that 5:4 + 1 = 0:0 since there are only 6 buffer

lines.

Table 25. Example Inital Setup and Second Line Values for the 6 Buiffer Line

Registers

First Line Second Line

Name Calculation Value Buff Value Buff

CyanEven tnitial Position 0:0 0 0:1 0
CyanOdd CyanEven+0:1 0:1 0 0:2 0
MagentaEven | CyanQdd+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
YeliowQdd YellowEven+0:1 34 3 4:0 4




Yel | owOdd Yel l owEven + 0:1 Do N tines (depends on Cyan P ADR = 0 Magenta
PADR =0 Yellow P ADR = C Do 400 tinmes print size) %generate the even
pixels P ADR = Integer portion of Cyan P ADR += 0:1 Do 8 times for the
first Cyan P ADR set of ReadBuffer4(line=CyanEven, P ADR += 160 EndDo P
ADR = Integer portion Magenta P Adr += 0:1 Do 8 tines pixel =P ADR) of

69
Adr

Magenta P, .24 bits ReadBuffer4(line=MagentaEven, pixel =P ADR) PCPO7-SG -
DRPdi:EE%I

P Al 0O EndDo P ADR = Integer portion of Yellow P ADR Yellow P

+= 0:1
-B6 -

The 6 buffer line registers then, determine which of the buffer lines is to be read for a
given color's odd or even pixels. To determine which of the 1280 medium res pixels are read
from the specific line of Buffer 4, we use 3 Pixel Address counters, one for each color, and a
single temporary counter (P_ADR) which is used to index into each segment. Each segment is
separated from the next by 800 dots. In medium res pixels this distance is 160. Since 800 is
divisible exactly by 5, we only need use the integer portion of the 3 Pixel Address counters. We
generate the 8 addresses for the even cyan pixels, then the 8 addresses for the even magenta,
and ﬂhally 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.

Table 26. Address Generation for Reading Buffer 4

# Address Calculation Comment
- P_ADR = Generate address for even
Cyan_P_ADR pixel in Cyan segment 0
Cyan_P_ADR += 1 and advance to next pixel
{mod5) for cyan
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 += 1860 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 | CyankEven:P_ADR P_ADR += 160 Advance to segment 7
(cyan}




Do 8 tinmes ReadBuffer4(line-Yell owEven,
generate the odd pixels for the first set of 24 bits

pi xel =P ADR)

P ADR
P ADR =

portion of Cyan P ADR Cyan P ADR += 0:1 Do 8 tines

ReadBuf fer4(li ne=CyanCGdd, pi xel =P ADR)

P ADR += 160 EndDo

portion of Magenta P ADR Magenta P Adr += 0:1 Do 8 tines

ReadBuf f er 4(] i ne=Magent aGdd, pi xel =P ADR)

P ADR +=

160 EndDo

| nteger portion of Yellow P ADR Yellow P Adr += 0:1 Do 8 tines

ReadBuf fer4(li ne=Yel | onOdd, pi xel =P ADR)
advance to next

lll I ne"

P ADR += 160 EndDo % Now can
CyanEven += 0:1 CyanQdd += 0:1 MagentaEven +- 0:1
+= 0:1-5%allowddd += 0:1 EndDo PCPQ7-SG

Magent aOdd += 0:1 Yel | owEven

8 | CyanEven:P_ADR P_ADR = Generate address for even
Magenta_P_ADR pixet in Magenta segment 0
Magenta P_ADR += 1 | and advance to next pixel
(mod5) for magenta

9 | MagentakEven:P_ADR P_ADR +=160 Advance to segment 1

{magenta)

1 | MagentaEven:P_ADR P_ADR += 160 Advance to segment 2

0 {magenta)

1 | MagentaEven:P_ADR P_ADR += 160 Advance to segment 3

1 (magenta)

1 | MagentaEven:P_ADR P_ADR += 160 Advance o segment 4

2 {magenta)

1 | MagentaEven:P_ADR P_ADR +=160 Advance to segment 5

3 {magenta)

1 | MagentaEven:P_ADR P_ADR += 160 Advance to segment 6

4 (magenta)

1 | MagentaEven:P_ADR P_ADR += 160 Advance to segment 7

5 {magenta)

1 | MagentaEven:P_ADR P_ADR = Generate address for even

3] Yellow_P_ADR pixel in Yellow segment 0
Yellow P ADR += 1 and advance to next pixel
(mod 57 - for yellow

1 | YellowEven:P_ADR P_ADR += 160 Advance to segment 1

7 {yeliow)

1 | YellowEven:P_ADR P_ADR += 160 Advance to segment 2

8 (vellow)

1 | YellowEven:P_ADR P_ADR += 160 Advance to segment 3

9 {yellow)

2 | YellowEven:P_ADR P_ADR += 160 Advance to segment 4

0 {yellow)

2 | YellowEven:P_ADR P_ADR += 160 Advance to segment 5

1 (vellow)

2 | YellowEven:P_ADR P_ADR += 1860 Advance to segment 6

2 {yellow}

2 | YellowEven:P_ADR P_ADR += 160 Advance to segment 7

3 (yellow)

+= 160 EndDo %
| nt eger

P ADR = | nt eger

P ADR =




-70 EndDo 10.2.5Buffer 3 116 Buffer 3 is a straightforward set of 8-bit R

G B val ues.

process 66. It
because the read (Convert to
for the f&ﬁﬁﬁs39 cycl es,

5reh

cycl es bef

These RGB val ues are the
pi xel s generated by the Sharpen process 65, and read by
is not necessary to double buffer
o CW) (
while the wite (Sharpen)
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17 rather than 18. Fortunat el ,'qygtiplying a 4-bit nunber X PCP07-SG -71-

MagentaEven = CyanOdd +
MagentaOdd = MagentaEven + 0:1
YellowEven = MagentaOdd + 1:3
YellowOdd = 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
% generéte the even pixels for the first set of 24 bité
P_ADR = Tnteger portion <f Cyan P ADR
Cyan_P _ADR += 0:1
Do 8 times
ReadBufferd (line=CyanEven, pixel=FP_ ADR)
P_ADR += 160
EndCo
P_ADR = Integer portion of Magenta P ADR
Magenta P Adr += 0:1
Do 8 times

ReadBufferd (line=MagentaEven, pixel=P ADR)




by 17 is an 8-bit nunber XX, and therefore does not require an adder or
multiplier, and multiplying a 4 bit nunber by 172 (289) is only slightly
nore conplicated, requiring a single add. Al though the interpolation could
be perforned faster, we use a single adder to generate addresses and have
a single cycle interpolation unit. Consequently we are able to calculate
the intenggbg%;on for generating a single color conponent fromRGB in 14
.cycles, as shown in Table 27. The process nust be repeated 3 tinmes in
order to generate cyan, magenta, and yellow Faster methods are possible,
but not necessary. Table 27. Trilinear_interpolation for color conversion
Cycl eLoadEf fecti ve Fet chAdjust ADR re@?Sterlnterpolate 1ADR = 289R 2ADR =
ADR +17G 3ADR = ADR + _Bo#{PiR@BADR = ADR + 1 5P2RGB+1ADR = ADR + 16 6P1RG+1
BADR = ADR + 1P3 = iRind 0 P2 by B 7P2RG+1 B+1ADR = ADR + 271 8P1R+1 GBADR =

ADR + 1P4 = P1 to P B _9P2R+1_GB+1 = + 16P5 = P3 to P4 by G
10P1R+1 G+1 BADR = %B%yl%ft%%geé B8 “é?ﬁet%i"”épﬁﬁzmleﬂ B+l 12P4=Pl to P2
by B 13P6=P3 to P4 Hy'®-214%pP5 6 P6 by R PCP07-SG - 72-
Do 8 times
ReadBufferd (line=YellowEven, pixel=F ADR)
P_ADR += 160

EndDo

% generate the odd pixels for the first set of 24 bits
P_ADR = Integer portion of Cyan P ADR
Cyan_P ADR += 0:1
Do 8 times
ReadBufferd (line=CyanOdd, pixel=P ADR)
P _ADR += 160
EndDo
P ADR = Integer portion of Magenta P ADR
Magenta P &Adr += 0:1
Do 8 times
ReadBufferd {line=MagentaOdd, pixel=P ADR)
P ADR += 160
Endbo
P ADR = Integer portion of Yellow P_ADR
Yellow P _Adr += 0:1
Do 8 times
ReadBufferd (line=YellowQdd, pixel=P_ADR)
P_ADR += 160

EndDo

% Now can advance to next “line”
CyanEven += 0:1

CyanOdd += 0:1

Magental&ven += (:1

MagentaOdd += 0:1

YellowEven += 0:1

YellowCdd += 0:1

EndCo




As shown in Table 27, a single ADR regi ster and adder can be used for
address generation into the | ookup tables. 6 sets of 8-bit registers can be
used to hold internediate results - 2 registers hold values | oaded from
the | ookup tables, and 4 registers are used for the output fromthe
interpolation unit. Note that the input to the linear interpolation unit is
al ways a % of 8-bit registers P1/ P2, P3/P4, and P5/P6. This is done

del i ber at' y to reduce register selection logic. In cycle 14, the "V

regi ster 131 holds the 8-bit value finally calculated. The 8-bit result
can be witten to the appropriate location in Buffer 4 117during the next
cycle. A block diagram of the Convert Po ow process 66 can be seen in
Figure 48. Assumdhg the process is first run to generate cyan, the
resultant cyan contone pixel 1is stored into the cyan 1280-res contone
buffer. Mo sEneesd14S then run again on the sane RGB input to generate
the magenta pixel. This magenta contone pixel is stored into the nmagenta

1280-res cont ong,fpkfies strﬂ,memayd sétfaesy,ﬁlRl eWB%mEQ%e&J Pé@b vhRe95BG5AT ed
fromthe sane RGB.input, and the resultant pi xel 1s stored Into the

yel | ow 12358Pred ‘E%‘H’f%ﬁ%“* (B%ﬁorféﬁ))P'xe*ﬁh@”Sﬁtﬁjé’ys*X@ﬁFPéP% RreResE 6P aREireahly to t he
cont one hié Eervelt BUCHIEHroddssBb7 is straightforward. A single address (and
acconpanyi ng Col orSel ect bits) is used to wite to each of the three color

buf fer sd TheI (@1} rbﬂl’ﬁéccléé’salzgo N_Slgbtettﬁzﬂeﬁ?llff@md%@ﬁﬁs |%5ecéu|§@thh/%&@ tehvertLycl e -
an ow on e 45, i xel _address _is increnen every
cycl es (a({'ﬁp Prageps gﬁcg@"orle%lf'"sas HEU{GEE\?E SJ&rﬁfetfgﬁ)%g C¥gfs: i ﬁéheo‘?é"tﬁ %ﬂef‘)t en to

i ncr enent@ocsss H6 lakespidicagesretaee baimy rpady to Actvalp cpdatatte REBSakes. The order of
lines being witten to is sinply 0-1-2-3-4-5-0-1-2-3 etc... Thus the
wites (2f.26bad%6kt o 8iylggl ance out with the reads (19200 x 5). 10.2.7Buffer
2 115 Buffer 2 accepts the output fromthe Resanpl e- CreatelLum nance process

112, where a Cﬂf@béﬁ/&aaﬁoﬁnﬂGb IOt isi Ser@fRRr AR re@ilimareSditen Phete!
coord| nat §ut from_ Buffer 2 115 goes to the Sharpen process 65,

whi ch recf q”é% é‘sge rleedJp PediPN Pérfi nance val ues 135 centered on the pixel
bei ng sharpened Cbnsequentl , during the sharpening process 65, there is

need for access REFOPYRESIE Pracess Sorpusy Prgguce Hia GoaieE% bufier pixals (ByEen 117 3@ t he
correspo rrdteﬁ@t Rédagh & keep ihﬁﬁrftl@t‘nelfp&:té?@iﬁt@-HalﬁbMéT&ﬂﬁﬁpr@te}éQ h13. Alnck Bgchs ane

tinme, the nex and th rre ondi n center val ue
must be CAlSl aa??ued's ?/e%qh@%lﬁé%%f’n(g%@eﬁw Qe?_{} d'B?%Sg[’Qgﬁffﬁfweﬁ‘f’é‘ | ogi cal
vi ew of a-mne%@s take UBUG 2oecyci@s. ThE totals &6 owwies ifar aH:B golorecod@oneRBGPO7- SG - 73-

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-inear interpolation unit. Instead, 8 calls to a linear interpolation process
130 is more than adequate.

Address generation for indexing into the lockup tables is straightforward. We use the
4 most significant bits of each 8-bit color component for address generation, and the 4 least
significant bits of each 8-bit color component for interpolating between values retrieved from the
conversion tables. The addressing into the lookup table requires an adder due to the fact that

the lookup table has dimensions of 17 rather than 16. Fortunately, multiplying a 4-bit number X




The actual inplenmentation of Buffer 2 115 is sinply as a 4 x 6 (24 entry)
8-bit RAM with the addressing on read and wite providing the effective
shifting of values. A 2-bit colum counter can be increnented with
wrapping to provide a cyclical buffer, which effectively inplenents the
equi val ent of shifting the entire buffer's data by 1 colum position. The
fact that, e don't require the fourth colum of RGB data is not relevant,
and nerely uses 3 bytes at the saving of not having to inplenent
conplicated shift and read/wite logic. In a given cycle, the RAM can
either be witten to or read from The read and write processes have 75
cycles in which to conplete in order o keep up with the printhead.

10. 2. 8Shampen isTbe sHadupeer MX| ﬁancﬁﬁle&fﬂcﬁré(lfo% nbthl%qﬁikéaérpaﬂtﬂdﬂg)rtrﬁﬁt|ﬁlléfe§ﬁdl bed in
Section 3, t.he xels are stored.into Buffer 3

116, the @H‘t'gﬁr&a %ﬁ??u"&?r Rﬁgﬁ %gg'ﬁ op st hﬁ I mo&eﬁ8m%ﬁ§grr?q‘fr5'gﬁwggrageess 66,

which inplies a st arpened within 75 cycles. The
shar peni ng pr océ@bong%% WEGB&RP\" 5%‘3@’5 Ffelrfﬂ"é?g %Fterl’_ "(ea”ﬁ’eﬁes?’}?{eeepd@ﬁé‘?mel
from t he geR@Btedaddaesasrdarst icive ch snrgldchbfe@nte@))laﬂmduratddbmagqmdmy v lsrebimel td back

into th . S 2.6.2
Lo L1 SESRIRE e 5 o5 8 L Ak, MBS 57 52,
3x3 convothgep GhTQQLer"ﬁeThe RASCeS VP herﬁeﬁa@d Bdin®g in oFées tm@%rapea@@nfmdtgeeha is

cal cul at eghdQ¥mfw. EAstE MRS aI:QH%ssftBIé $ht oY RdcBsdaRAds the tenporary register
140 with 8 tines the center pixel value (the center pixel shifted left by 3

]?: E)za ) O]:I'hg- n?;:fjs t8. Syf!ﬁ?b@%ptfrﬁiﬁgar |mgl;po?a%h%r%lor cgb%e?%gr\ljal‘gei \é.mdzjgr?
Cycle 10 invoglves the multi pI ication pf the result by a constantf 141. This
constant is theydeprbsenl aEffativefettd 9| Adjust ADRreggérstieintérporatd Qw t he
amount to alfered |[by software by sorreAagalz%g[Eactor he totalanmount is
then added to the R G __and B val ues h7a"ceiling af 255) and witten
to Buffer 3 daringjcycles 72, 73, and RQR—@@MW@U ng/lwiting the sharpened
RGB val ues duringrthe—t+ast—3—eyetes—pf—the—+5-cyele—set—+renmpves the need
for double biyffering in Buffer 3. The é@'ﬁud’ﬂﬁ’r‘eﬁof t hg Sharpen (nit can be
seen in Figurg 51. e ad unit 142 n to Bufffer 2 115]is a

subt ract or wi'?h a fPr:'mr g%rg TP 14 gl?'g ﬁ*ogﬁ*gé ithl8 x the first L val ue
during cycle|B (of |[P3), aR¢Bt+men t he nemk =0OR ~v&d ues dre subtracted from
L
6

C
ne
i

it. The result—s—mot—stgned,—since-the—subtract+-on—has—a—+Hoer{of 0. PC
PO7- SG - 74- RG+1B ADR = ADR + 1 P3=P1to
P2 by B
7 P2 RG+1B+1 ADR = ADR + 271
8 P1 R+1GB ADR = ADR +1 P4=P1to
P2 by B
9 P2 R+1GB+1 ADR = ADR + 16 P5=P3to
P4 by G
10 P1 R+1G+1B ADR = ADR + 1 P3=Plto
P2 by B
11 P2 R+1G+1B+1
12 P4=P1to
P2 by B
13 P6=P3to
P4 by G
14 V= P5to PG

by R




During the 10th cycle (Cycle 9), the 11 bit total in TMP 140 is multiplied
by a scale factor (typically 1/9, but under software control so that the
factor can be adjusted) and witten back to TMP 140. Only 8 integer bits
of the result are witten to TMP (the fraction is truncated), so the limt
fromthe multiply unit is 255. If a scale factor of 1/9 is used, the

maxi mum v s Witten will be 226 (255 x 8 / 9). The scale factor is 8
bits of fraction, with the high bit representing 1/8. The variable scale
factor can take account of the fact that different print formats are the
result of scaling the CFA image by a different anount (and thus the 3x3
convolution wll produce corresponding?y scaled results). The sharpened
val ues for red, AglsBem mamllet:mue sargea ARR eeduaér@dadwdaérr@n%msed fot,adtivsd € 73,

and, O/clexbepaMalhl sl Bkl o oF N 9 BL50S BPLRLRlecia 0, o0
addi ti on gfultFNR regﬁtﬁuhbléwatgessloﬁed @pm tmldoFchmﬂase&pimmglmgrstane tidvel foreind er -
pi xel . Adgly ﬁom%ﬁ@rdoaﬁoq lﬁ]ttsﬁétélﬂ‘%g{hg%ﬁ oqhe Weht |ht'8H)ofaﬁ rﬁﬂﬁf.seg wiyskt6 1S

sinmply R and I n respective |ng rom

Buf f er 2 PRI fellilcrsaigiges %‘%JIP% (R3/Rdy @nd B&IPS. Ha% @r@n@fdeﬂtﬁefaﬂ%r p reikige ragigteess

consi sts gfecfordodé.in §@leurming wn@glﬁahsﬁ Ky (RS 8Bk k/é]ﬁb MR fatddnehe doif Ol UMMS
shoul d ber L2, L3, R G or B. The

ad re sent |
col urm iR b ARfeslathe pobrgbiry rrioR Rt LT YR anpi oy every
75 ¢ cles. The di Buf f er s shown in Table 28. The C
r egi gt er ist hegf% 'ff"a%rﬁ'?‘@ﬁﬁ 88&"566%9%”%&‘(00{3%66 F08f e inpyre4ddi ti on on C
is modulo 4 (waps within 2 bits). Table 28. Read Access to Buffer 2 during
75 Cycle set q/égsé*mdlsrf%%gf%‘ﬁaﬂsef"ﬁ ririo gepesaie oyan, ¢he fesultapt cypcagtone|pikeCcr1 4C,
L1 5C, L3Estorel intG,thd dyar G280-sHoMAne Blfer. /fhe process is then run again on the same

RGB input to generate the magenta pixel. This magenta contone pixel is stored into the
magenta 1280-res contone buffer. Finally, the yellow contone pixel is generated from the same

RGB input, and the resultant yellow pixel is stored into the yellow 1280-res contone buffer).

The address generation for writing to the contone buffer (Buffer 4) 117 is
straightforward. A single address (and accompanying ColorSelect bits) is used to write to each
of the three color buffers. The Cyan buffer is written to on cycle 15, the Magenta on cycle 30,
and Yellow on cycle 45. The pixel address is incremented by 1 every 75 cycles (after all 3
colors have been written). The line being written to increments with wrapping once every 5
Advanceline pulses. The order of lines being written to is simply 0-1-2-3-4-5-0-1-2-3 efc... 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.




8C, L3C=C-1 9-71No access 72C, R 73C, G 74C, BC=C-1 After Cycle 74, the C
regi ster holds the colum nunber for the next cal culation set, thus naking
the fetch during the next Cycle 0 valid. Sharpening can only begi n when

t here have been sufficient L and RGB pixels witten to Buffer 2 (so that
the highpass filter is valid). The sharpen process nust therefore stal

unti | tiy%PEH%Jer 2 wite process has advanced by 3 colums. 10.2.9Buffer 1
114 Buffer ol ds the white-balanced and range-expanded pixels at the
original capture spatial resolution. Each pixel is stored with 10 bits of
col or resol ution, conpared to t he |na%e RAM i mage storage col or resolution
of 8 bits per pixel. Buffer is arra éd as 3 separately addressabl e
buffers - one fmme m@nmmdnwmapbra@f@mérz 185ds $iftfply @raeenslzhﬁent@mbubkmm 147. A

le o he buf f er hown i n_Fi e course of
?:SWE cl e\s{\ﬂh thg essn Oarr%adraé‘gévr# S%rﬁ%/cg%%ﬁj?e Ffecltt'geesrgft%?f Vglrdgs %g% Pr%oé Mhy t he
Resarrpl i r@UptebG@fsﬁke 1L‘LCZ',3m%meﬂ with twoe@dhgniewereadal escyalical twffer.t eiriclt effédiesi3d
buffers (tBRmEX@%e e é;ﬂHH@ﬁrofgﬁR éel‘?c B-hﬁrégﬂ% By { aalpe ﬂntﬁg R HaENt

sub- pi xel position during resa ers mus e enough so
that the WeeIitieuls ey |°ﬁymea%ﬁR@§ fa ignethelenant, prd BpRlUseR3 Mrtehatdite

anot her . daving 8Endt m&lﬁﬁﬁdmﬂéﬁh@ﬁ%‘émpﬁbaﬁbéﬁih%naii'éédfv@@éjloélé qmaeg%h cdie, Bnd OWs. | f

t he scal ctor. is ver r are scaling u anor ani ¢ t he
e e AR buted e PLlSedCidh M e Pt P Rt P ek & el
position WmmnoemamgbungﬂmWEMmpMUWMhwephmmﬁmer the next pixels wll be
required. If we are not scaling up so much, the new pixels may be required

bef ore t hp.2#stlargeinxel 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 TrPea@%tUnﬁ@srasaﬁor%%me%@g’@zmé&asﬂ&scﬁda@ iE&eoh Phangnias a A

val ue for %] ort of atlng | ocations can be contai ned
W Ehin 6 REREIERe] REBEFERARSCROMA/BIT S 41 MeGHBRN LR anud g Wil y
hol ds evehgCaiver tn@Me ppricks| 66, Whittsimpiarscotdpite RBE pixd neanEE $arpah@l wigeui r ed

per row 75 cycles.

The sharpening process invoives a highpass filter of L {a generated channel from the
RGB data and stored in Buffer 2) and adding the filtered 1. back into the RGB components, as
described in Table 12 within Section 3.2.6.2 on page 35. The highpass filter used is a basic
highpass filter using a 3x3 convolution kernel, as shown in Figure 50.

The high pass filter is calculated over 10 cycles. The first cycle loads the temporary
register 140 with 8 times the center pixel value (the center pixel shifted left by 3 bits). The next
8 cycles subtract the remaining 8 pixel values, with a floor of 0. Thus the entire procedure can
be accomplished by an adder. Cycle 10 involves the multiplication of the resuit 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 result is not signed, since the subtraction has a floor of 0.




(worst case is 4, not 3, due to a worst case initial position). Mvenent in
Y indicates the requirenent of an additional sanple colum, mnaking 5.
Finally, an additional sanple columm is required for witing. This gives a
total of 6 sanples per row. 7 rows are required for a single sanple. To
generate the 3 sets of RGB pixels for each x position, the maxi num
nmovenent | ill be 4 rows (3.125 = 2 x 1.5625). Movenent X adds one
sanpl e row above and bel ow. Consequently a total of 13 rows are required.
For nore details see Section 10.2.10. The red and bl ue planes have a A

val ue for Passport of 0.78125, indicating that 4 |ocations can be
contained within 4 sanples. An addi t i-dfal sanple is required for witing
whil e the remai nhnng tde aote clte ([ycle @R dhe Thbistogil veawaﬂwtsahur@iiecﬁbﬁﬁM@S per

ot up e el 1 ool (e B3 Brioi 8 M B3 dorlgp R atlefans b ror
nor e det aback tosEdP 1Se@tnly@nnt&@r2>|tsiﬁf theEmelit e byritianftb #MPi (Heifraptioe enineated)s a RAM
w th decogdi g iR rbRake Rl 'uT’m?ls 5%' I@gls%alér(?a idpiok 1/5%79%&3 {ﬂgrmaq(%rgﬁah}% {es.

sub-buffers are sunmari ze consurre ess tha

Tabl e 29.WrEgp-valip e?ﬂﬁsaﬁmﬂyf %fTﬁErS@iﬁﬁ@fé‘?ft B dhbitst of fRetiorBufithethe hidbweit x 6
sanpl es Xxeg@sddtihS 380 TR VariaBlef Jcﬁlﬁa‘aétéw\&nxtaﬁa SRODAES the ﬂz@t‘ bt &ﬁ@@ntcﬂ'ﬂﬁ? n

Buf fer 13 80 TOTALL_1500 10. 2. 10Resanpl e and
Create LLfrﬂ‘i”)fl‘%@%ﬁrg tbflé%klc’?fﬁaé'”ﬁ ﬁ%?émiq‘?dbycf' eéQ"EGF?PW&r{E@’ @H%Wﬁe?’ﬂpr ocess
112 i s responhsivbvdl pfaiuce gerspoatinglgsdaled rédGits)pi xel val ue i n nedi um resol ution
space by appropriate resanpling the PCPO7-5G -77- white-bal anced and

range- expanded Rye sBarpaneli lueb &onaed, jreag @ad bias ataaulaee duiiny c&}el@tmoa)yc& 2.5 on

page 28. J,n, | n I n ues. for L ven as well
as the | u%r?i Aance ﬂ" Fnc}‘pﬁi‘en% h %%legéciaé s %d’rﬁere? {12 P%eeR% yﬁiSI nust
be gener aiff@d:ab@lﬁthms;@rfprrmeﬁhretmem ércyclfs:‘halsmm thga@mtimmé'MP‘ﬁh@utférr% Bl Gowed for

produci NGinkiBeoREEPoN@hGS 1 Enidr hixdfal ues is 75 cycles. Gven

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 Buffer 2 during
75 Cycle set

Cycle Address Update C
0 C L2 C=C-1

1 (G
G, L2
C, L3 C=C+1
C, L1

C, L3 C=CH+1

C, L1

~N || AW N

G L2




that L is sinply the average of the mninmumand maxinumof R G and B for
a given pixel location (see Section 3.2.6.1), we nust effectively produce
RGB val ues for 3 pixel coordinates - the pixel in gquestion, and the pixel
above and bel ow. Thus we have 75 cycles in which to calculate the 3 nmedi um
res RGB sanples and their corresponding L values. Buffering L val ues (and
hence Rqu¥gi%§s) to save recalculation requires too nuch nenory, and in
any case, we have sufficient time to generate the RGB val ues. Buffer 4 117
contains mediumres pixels, but cannot be used since it holds sharpened CW
pi xel s (instead of unsharpened RGB pixels). 10.2.10. 1Resanpling The
resanpl i ng process, can be seen,as 3 séfPs of RGB generation, each of which
must be conpl eted Wi thin825 cycl®s3(for a tBCaC4naxinun1elapsed time of 75
cycles). The procgss of (_i)enercti ng a singte RGvatue—Ttan in turn be seen
as 3 processes performed’i'n  paMQ%ES® the ¢alculation of R the
calculation of G and thg cal cylagion of B, fall for a given medium

resol ution pixel coordinate The theory forlgenerating each of these val ues
can be found in Sectiond3. 2.5 Gt the upshot is effectively running three
i mage reconstructi ¢m fiT1ers, Mg on each¢iianmet—of the | mage. In the
case of the PCP, we perfﬁrn1inag% reconstruefisd with 5 slanpl e points,
requiring 4 coefficients in the convolution kernel (since one coefficient
is always 0 and thus the sanple point is not required). Consequently,
cal culation of the nmediumresolution R pixel is achieved by running an

i mage reconst r uakdra@ycikizht e coRgibBendRiskaé doluhid hGrbartroraRe Méxt ENQIINBS bstm

0l BT bl O RSB ng, o e, econst uctyon 111 ter

The kernel s ar coUgERERePR o bSO ey here heip beppsirfient endEag poe e, ol o

pl ane. R tamdfi@ 2afse thak tHedlighpsss fiter it halids e skarpereprockse ntuet théredore stalnadtiar i mage

charact ey hiis ilorklE. Rk el 1o 00211 on fequired for | mge

process Q&@%@ﬁﬁ%?ﬁa1£n Fi gure 53. Address generation is not shown. PCPO7-SG
f

Y

-78- The rocess can only begin when there are enough pixels in

Bufferl for the %Prrﬁnt E%xel l'i ne beingﬁgeneratedu This wll be the case
once 4 col unms BY7eaaAgds hFevieapancge Prd Ende-exReadad Rirels gl dneciolR! G3Plifes i n
Buf f er 1 spauhl rebbletidie agipitens sisr@Cw®s1018i dhdsibr @Edbtion Udtripbred td1k ithagee.

RAM image storage color resolution of § 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 entfries are read from each of the 3 buffers 3 times
by the Resampling process 112, and up to 29 new values are written to the 3 buffers (the exact

number depends on the scale factor and the current sub-pixel position during resampling).

The buffers must be wide enough so that the reading and writing can occur without
interfering with one another. During the read process, 4 pixels are read from each of 6 rows. If
the scale factor is very large (e.g. we are scaling up to Panoramic), the same input pixels can
be read multiple times (using a different kernel position for resampling). Eventually, however,
the next pixels will be required. If we are not scaling up so much, the new 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:



To cal cul ate a given color plane's nediumresol ution pixel value, we have
25 cycles available. To apply the kernel to the 4x4 sanple area, we apply
the 1 D kernel (indexed by x) on each of the 4 rows of 4 input sanples. W
then apply the 1 D kernel (indexed by y) on the resultant 4 pixel val ues.
The final result is the output resanpled pixel. Applying a single

coef fici e, ,each cycle gives a total of 16 cycles to generate the 4

i nt er medi at & values and 4 cycles to generate the final pixel value, for a
total of 20 cycles. Wth regards to precision, the input pixels are each 10
bits (8:2), and kernel coefficients are 12 bits. W keep 14 bits of
precision during the 4 steps of each JBpllcatlon of the kernel (8:6), but
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shown in Tabl e %Q:rs 8s it hidh 3, dul%o B%rs?'cabsgl ﬁ?t%Jl pésmgﬁ)r Mol ﬁx ¥ Raibdigs | nput

from Buf f er is taken care o essi ng nmechani sm (see
bel ow) . "Tabl e 3the wementcgf@nea@é@@a#ﬁﬁ@plwlumema@m\épFgmallxeuan@rimtmra& ore

Result in 1X[ 1] @N\blé—coltﬂh%ﬂethféﬂo%ﬂg ROW glves B't&ﬁ'of@?ﬁ@pi%éﬂﬁp\’?’@ws Pi xel
3TMP 4X[ 4] Row 1él Plxeldg% 15 ow 2, Pixel 1 o\ 2 Pi xel
2TMP 7X[ 3] Row 2°"PPRPd B! ”FE[S%N 9epRte they Fopts o SRR 80 ¥R Row 3
TMP , Pixel | 1ﬁbéitiB]1 I%mmaxlmmngnmlvexﬂéﬁvm yMN(pé%]lR@w(@ﬁfH Xel1.5BINH\n&\E-)({e4i Row 3,
Pi xel 4TWP, V3 *%Li;]oﬁ?\garﬁpfe Fr)b\éealbm;e-r% below. Consequently a total of 13 rows are

required. For more details see Section 10.2.10.

. The red and blue planes have a A value for Passport of 0.78125, indicating that 4

locations can be contained within 4 samples. An additional sample is reguired 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 28, and consume less than 200

bytes.
Tabte 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 pixel value in medium resolution space by appropriate resampling the



14X[ 2] Row 4, Pixel 2TMP 15X] 3] Row 4, Pixel 3TMP 16X 4] Row 4, Pi xel 4TMP, V4
17Y[1 VI TMP 18Y[ 2] V2TMP 19Y( 3] V3TMP 20Y[ 4] VATMP (for out put)

10. 2. 10. 2Ceneration of L 8 As described in Section 3.2.6.1, we nust convert
80 fromRG to L for the subsequent sharpeni ng process. W consider the
ClE 1976 L*a*b* col or space, where L is perceptually uniform To convert
fron1RGBF;9 (the lum nance channel) we average the m ninmum and nmaxi num
of R G an as L=MNR G B) + MMX(R G B) 2 follows: The
generation of a given pixel's R G and B values is perforned in parallel,
taking 20 cycles. The total tine for _the generation of L as descri bed
here, is 4 cycles. This makes the totfar time of generating an RGBL pi xel
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PCPO7- SG vaBs foh tisa pigéleabBveband losdovptiecRE@B pixelnmymt e wererdted ifdruse in Biedstet es,

whi ch ca y be used for selecting the 2 inputs to the adder, as
shown inQ?E%Pﬁﬁg@%&#he division by 2 can sinply be incorporated in the

adder . Table 31y rﬁBsx‘frﬁeegl g%%%fpr&%u&n&‘{h% REX VBRS &% 27 AlueS ARAL)LRE Biven

M NVAXR>GGABR>B
that L is simply the average of the minimum and maximum of R, G, and B for a given pixel

location (see Section 3.2.6.1), we must effectively produce RGB values for 3 pixel coordinates -
the pixel in question, and the pixel above and below. Thus we have 75 cycles in which to

calculate the 3 medium res RGB samples and their corresponding L values.

Buffering L values (and hence RGB values) to save recalculation requires too much
memory, and in any case, we have sufficient time to generate the RGB values. Buffer 4 117
contains medium res pixels, but cannot be used since it holds sharpened CMY pixels {instead

of unsharpened RGB pixels).
10.2.10.1Resampling

The resampling process can be seen as 3 sets of RGB generation, each of which
must be completed within 25 cycles (for a total maximum elapsed time of 75 cycles). The
process of generating a single RGB value can in turn be seen as 3 processes performed in
parallel: the calculation of R, the calculation of G, and the calculation of B, all for a given
medium resolution pixel coordinate. The theory for generating each of these values can be
found in Section 3.2.5, but the upshot is effectively running three image reconstruction filters,
one on each channel of the image. In the case of the PCP, we perform image reconstruction
with & sample points, requiring 4 coefficients in the convolution kernet (since one ceefficient is

always 0 and thus the sample point is not required).

Consequently, calculation of the medium resclution R pixel is achieved by running an
image reconstruction filler 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 recenstruction 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.



GR010 GB011 BROOx BGLOO Since the add nerely adds the mninumto the
maxi mum val ue, the order is wuninportant. Consequently, of the 2 inputs to
the adder, Inputl can be a choice between Rand G while Input2 is a
choice of Gand B. The logic is a mnim zation of the appropriate bit
patterns from Table 31. 10. 2. 10. 3Address Ceneration for Buffer 2 The out put
fromthe ler is a single RGB pixel, and 3 |um nance (L) pixels
centered vertically on the RGB pixel. The 3 L values can be witten to

Buf fer2, one each 25 cycles. The RR, G and B values nust be witten after
cycle 45 and before cycle 50, since the second pixel generated i's the
center pixel whose R@B val ues nust be ﬁept. The Buffer2 address consists
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10. 2. 10. grass Generation for Kernel Lookup The nethod of calcul ating the
kernel address is the same as described at the end of Section 3.2.5 on
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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[1] Row 1, Pixel 1 TMP
2 X[2] Row 1, Pixel 2 TMP
3 X3] Row 1, Pixel 3 TMP
4 X[4] Row 1, Pixel 4 TMP, V1
5 X[1] Row 2, Pixel 1 TMP
6 X[2] Row 2, Pixel 2 TMP
7 X[3] Row 2, Pixel 3 TMP
8 X[4] Row 2, Pixel 4 TMP, V2




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 i nput space. W consider the novenent
in X and Y as AX and AY, with their values dependent on the print format,
and hence CtPBn7e val ue of nps (see Section 3.2. 5) For the green channel, AX =

= 1/2nps ¥or the red and bl ue channel S, = 1/nmps and AY = 0. See
TabI e 9 and Table 11 for appropriate val ues of AX and AY. W can now apply
the AX and AY values to novenent within the kernel. Consequently, when we

advance in X, we add AX to X and subtr8ct AY fromY. In the unrotated
case, this merjedy subtXdrts O erxm:&(Pi)bikeWi se¢,TMehen we advance in Y, we
add AY to X and-AX—tp_Y W camn do tihis because novenent—mnm—X and Y
differs by 90 dfyr ees Xfﬁﬁe addr| ¥ {EREL At i on | kernel | ookup assumes a

starting positipn set| Ry, softvm&wm@m delags AX and AY wth respect
to nmovenent i Y in kernel spage. The address generation | ogi is shown in

the foll ow ng [p¥eudociodidl Col unrier H@ixel 4 St an (TKE; W2l Y  Col urmKer nel X =

St art Ker nel X NCnmeg_tjmes (t VET y ou Hmes there pre to
process) PCPO7 G - 82)([[1 er nel )OF%E Pihker nel EEK" Kernel Y = Col yimKer nel Y

Do 1280 times |Ggper at egpiel Kerma(p,xei@rnel KteDel taY (novengnt in Y)
Kernel Y = Ker ‘3!Y+P!taX(rrn\nrmnf Ln ;

Kernel X + Del tjah (nmovieBht in Y ROV\l«brPn@l?:;(

KeMi®l Y + Del taX (povenent in

I) Co%?rﬁrKgﬁ ﬁgi )\;% B:Ir ng (rmvengﬁ}“a’:ﬁ&?i)f ’ ; ) KernelY
17 Y[1] V1 TMP
18 Y[2] V2 T™P
19 Y3] V3 TMP
20 Y[4] V4 TMP (for output)

10.2.10.2Generation of L 8-

As described in Section 3.2.6.1, we must convert 80 from RGB to L for the
subsequent sharpening process. We consider the CIE 1976 L*a*b* color spéce, where L is

perceptually uniform. To convert from RGB to L (the luminance channel) we average the

minimum and maximum of R, G, and B as
I = MIN(R, G, BY + MAX(R, G, B)
2
follows:

The generation of a given pixel's R, G, and B values is performed in parallel, taking
20 cycles. The tofal 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.
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Since the add merely adds the minimum to the maximum value, the order is

unimportant. Consequently, of the 2 inputs to the adder, Input1 can be a choice between R and

G, while Input? is a choice of G and B. The logic is a minimization of the appropriate bit

patterns from Table 31.

10.2.10.3Address Generation for Buffer 2

The cutput from the Resampler is a single RGB pixel, and 3 luminance (L) pixels

centered vertically on the RGB pixel. The 3 L values can be written to Buffer2, one each 25

cycles. The R, G, and B values must be written after cycle 45 and before cycle 50, since the

second pixel generated is the center pixel whose RGB values must be kept The Buffer2

address consists of a 2-bit column component (representing which of the 4 columns is to be

written to), and a 3 bit value representing L1, L2, L3, R, G, or B. The column number starts at 0

each line, and increments (with wrapping) every 75 cycles (i.e. after writing out L3).

"Don’t care state



16 addresses are generated for each of the 1280 positions along the |ine,
and as the sanpler advances fromone fine of 1280 sanples to the next, the
two carry out bits fromthe Kernel Address CGeneration Unit are used to
update these Buffer 1 address paraneters. 10.2.10.6G een buffer 146 Address
generation for the green sub-buffer 146 within Buffer 1 114 is nore
conplicatgd fhan the red sub-buffer 145 and blue 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

means t he1o.z. enshdigessf GereFation 36HK PSel LBokupe sanme amount of time - there are
still 16 sanples read to generate each pixel in nmediumres space, but
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rows w t heentenpieelr\ié ten caturn 80the prigireal tolveand Igetenatl tlecheridbthiisie the nektioktpui se, t he
odd rows Wk i tatl 0. W ve .t : essl en rows
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Thus we have a current position in kernel space. As we advance to the next pixel in
X orY 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 lookup assumes a starting position set by
software, and two deltas AX and AY with respect to movement in Y in kernel space. The

address generation logic is shown in the following pseudocode:

ColumnKernelY = StartKernelY
CoclumnKernelX = StartKernelX

bo NLines times (however many output lines there are to process)



Rot ati onCurrent LinePi xel sType OEven Li ne8CddType 2 0Qdd Li ne8EvenType 1
90Even Li ne8EvenType 1 90CQdd Li ne8CddType 2 The actual 4x4 sanpling w ndow
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. Assumng for the nonent that we only need to generate a single

r esanpl e, p e, consider the buffer addressing by exam ning the two types of
4x4 sanpling W ndows as shown in Figure 59. Although the two 4x4 sanpling
types look simlar, the difference comes fromthe way in which the 4x4
nmappi ng is represented in the planar |mage Figure 60 illustrates the

mappi ng of the Type 1 4x4 sanpling t82the green sub-buffer. Only the top 7
rows and ri ght - nostnelx €obrmsraai@ shown since the 4x4 sanple area is

cont ai ned whol |y It@intgt_iyrg thisatgay The mapping of buffer pixels to sanple
rows for the Type 2 2%@ npling process is very simlar, and can be seen in
Figure 61. PCPO7- G857 bot h Type 1 and Type 2 addreSS| ng of the 16
sanpl es there are t9RB°RESE*DH processing a row. Processing of Rows 1 and 3
of Type 1 addressi ngrigxt-heesame+(reetat insedngnt Speaki ng) as processing rows
2 and 3 of Type 2. ﬂe&&q\é\"~5ﬁern9h0‘4?ep%§ta&9(n¥o%§@n@ iand 4 of Type | is the sanme
(relatively speakin as processing rows and 3 of Type 2. W will call
these row addressi éﬁ?ﬁ? kotfs Type A 170 and Type B 171, as shown in Figure
62. G ven a starti g pdsit FoneFor ehef4igvmenddw W ndowSt art Adr) . and a
starting type (W ndemStar kdiyppe) » DaBraGamogedart ah eyt he addresses for the 16
sanpl es by neans of;.an.8..80try table (for traversing the two sets of 4
sanpl es). Wen we read the first sanple value we add an offset fromthe
table to arrl ve at th Ieelﬁexf"lé‘%m@lﬁosf’?ﬁt%}h meFREETSf Fs®t wi I | depend on the
type (A = 0, 1)KerrRig -offgoikefrdint P tfOurtverganis ® i s the anount needed
to arrive at the thibsst sanple point for the next line (and nust take

account of the ntat?etmejneﬁanmometﬁmsl Deﬁta&e{mv&netl@rgty' yng each row of 4
sanpl es, we swap between xy peA_and T{) ogi C generating the

addresses for a siPhEPEeZet* of 1§ Euptte Deétﬁhwe“ieﬁt the’ f ol | owi ng

pseudocode. EndDo

As shown in the pseudocode, the generation of 3 pixels occurs 1280 times.
Associated with the generation of each pixel is 2 additions, which can be performed during the
course of the GeneratePixel 25 cycle task. Each GeneratePixel task is 25 cycles, consisting
of 4 sets of 4 cycles indexing the kernel via Kernelx (coefficients 0, 1, 2, 3), followed by 4

cycles indexing the kernel via Kernely (coefficients 0, 1, 2, 3}, foliowed by 9 wait cycles.

Note that all values are positive and fractional only. The two carry outs from the
updating of the X and Y kernel values are output to the address generation of Buffer 1 (see
Section 10.2.10.5 on page 71 below). These carry out flags simply indicate whether or not the
particular ordinates for the kernel wrapped during the mathematical operation. Wrapping can be
either above 1 or below 0, but the result is always positive.

The two carry out bits are also sent to the Rotate/WhiteBalance/RangeExpansion

Unit for use in determining the relative input lines from the image.

10.2.10.5Address Generation for Buffer 1

The Resampler 112 reads from 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 addition nodulo 78 caters for the cyclical buffer. Adr = WndowSt art Adr

TypeAB =

TypeABNO fset

the 16 r

(1 oaded from w ndowSt art Type). Reading a single set of 16 sanples is not
%Be read (representing 3 different

enough.

W ndowStart Type Do 4 times For N= 0 to 4 Fetch Adr Adr = (Adr

Tabl e[ TypeAB, NJ) nod 78 EndFor TypeAB NOT TypeAB EndDo The | ookup table

consists of 8 entries - 4 for Type A 170, and 4 for Type B 171 address

of fset generation. The offsets are all relative to the current sanple

position &ﬁ%gg. Table 33. O fset Values for 16-Sanple Address Ceneration
*9014 011 0214 PCP07-SG 0337 101 1114 121 1337 At the end of

eads, the TypeAB bit will be the sanme, as the original value

Three sets of 16 sanpl es nust-

positions in Yi mhdira@hg@peebss BPTY cysRa &Drokefidolh Mt btObf dsh9ciéd, bad saliafl

second s
addr ess

f.o1 I 1 ker nel I ti t t he k I
crararier Gy Y Bt ppe PSS apanPeR i ade o Pilen 1 he
wi ndow f dfolldwzd bp&xcyclsetithofo dibessabyiiced is Wiltien td hoing atresy 9 leydias. TheléXreadd 0 a
table COnt.3h BLd 134 Qrfefe%gétivépg st %F P }e%dg, laﬁ‘(gt;oir;lc_:% vﬂt;lfdlsg%upg 3 f%ggéjtotﬂ?e 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
(followed by 9 wait cycles), and finally generating the 16 addresses for the third pixe! (followed

by 9 wait cycles).

Each color plane has its own starting Buffer1 address parameters. As the 3 sets of
16 addresses are generated for each of the 1280 positions along the line, and as the sampler
advances from one line of 1280 samples fo the next, the two carry out bits from the Kernel

Address Generation Unit are used to update these Buffer 1 address parameters.
10.2.10.6Green buffer 146

Address generation for the green sub-buffer 146 within Buffer 1 114 is more
complicated than the red sub-buffer 145 and blue sub-buffer 147 for two main reasons:

. the green channel represents a checkerboard patiern in the CFA. Alternate lines
consist of odd or even pixels only. To resample the green channel, we must
effectively rotate the channel by 45 degrees.

. there are twice as many 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 likelfhood 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

+



W ndowSt art Adr, and the flag is used to determ ne whether or not to invert
w ndowS tart Type. The values for the table are shown in Table 34. Table
34. Updating WndowStart Adr and W ndowSt art Type Kernei X Kernel Y

O fset' Type CarryQut CarryQut 000No change 01llnvert 1014l nvert 112No change
At the end of the third set of 16 sanples, the kernel positions are updated
to conpepsare for advancenent in X in unrotated i nput space. This tine, a
di fferent m)tlon direction is produced, so a different Ofset/ TypeAB

nodi fying table is used. W cannot add these offsets to the current

wi ndowst art Adr val ue, because t hat represents a position two novenents in
Y away fromwhere we want to start thé&nmovement. Consequently we | oad - 86

PCP07b|SG evgi pixe¥) nd@gsauag bﬁ\(ﬂ{eTamg{lWr{édﬁﬂﬁ théte-ﬁﬁrﬂﬂmfagé) rﬁhahwtefche.r ortsﬁﬁt ﬂ?.f
vari abl es; Topst.art n opSt ar e first entry in
the currefif® ?P#é’eg? m?aé‘aégbydgﬁ?é’g{)%md’g qbrsbsuﬂas r?tﬁ ‘é"g'qugeo ‘the Kernel address

generator are used to etermne the offset to add to
TopStart Adr and &ﬁgﬁ%é‘by'& H(ﬂe 8P |an‘g‘érstamﬂﬂgs?rﬁ? P9 Jhe bulter herg 3 e
addi ti on pessibitiiga fap théSntefptdtatios ot the sdmitidie Ag neasult Rl areWtEtyﬁ&S:lﬂhﬁd?eﬁrng copi ed

to w ndo d m Had L gF se,l nerat i t 3
sets of &JQM IJens %11 @'ﬁ@ﬁtﬁ]%as%’ rgﬁres (t-)edé%'{'aord'fi § e9e e?s @? zﬂeta%/ petx Ker nel X
Ker nel Y @vpg éstwtp@n@grrpty@m(mﬂ hz;).@jlne same addressmg as odd rows wrth image rotation

80 since they both hold odd pixels. Likewise, the odd rows with image rotation 0 will have the

same addressing as even rows with image rotation 90 since they both hold even pixels. The

decision is summarized in Table 32.

Table 32. Determining Sampling Type

Rotation Current Line Pixels Type
0 Even Line 8 Qdd Type 2
0 Odd Line 3 Even Type 1
90 Even Line 8 Even Type 1
20 QOdd Line 8 Odd Type 2

The actual 4x4 sampling window is the way we effectively rotate the buffer by 45
degrees. The 45 degree rotation is necessary for effective resampling, as described in Section
3.25,

Assuming for the moment that we only need to generate a single resample, we
consider the buffer addressing by examining the two types of 4x4 sampling windows as shown

in Figure 59.

Although the two 4x4 sampling types look similar, the difference comes from the way
in which the 4x4 mapping is represented in the planar image. Figure 60 illustrates the mapping
of the Type 1 4x4 sampling to the green sub-buffer. Only the top 7 rows and right-most 4

columns are shown since the 4x4 sample area is contained wholly within this area.

The mapping of buffer pixels to sample rows for the Type 2 sampling process is very

similar, and can be seen in Figure 61.



O0OONo change 0112l nvert 1014l nvert 1113No change After processing the 1280
sets of 3 sets of 16 sanples, the next line of 1280 begins. However the
address of the first sanple for position O within the-next |ine nust be
determ ned. Since the sanples are always | oaded into the correct places in
Buffer 1, we can always start fromexactly the same position in Bufferl
(i.e. Top&&g;&f@r can be | oaded froma constant PositionQAdr). However, we
must worry about which type we are dealing with, since the type depends on
how nmuch we advanced. Consequently we have an initial Posi ti onOType whi ch
must be updated depending on the carry out flags fromthe kernel address
generator. Since we are noving in um®dtated Y i nput space, the |ogic used

i's the same as fropotihiFgsd 1 RGd W\pdld%ﬁl’ééé“ﬁgTM‘Qﬂe 1868@Ples tHeed aleltwb Svap€lof or med

on PositionOlype instead. The t1 onOType is c dinto
TopStar { TBE-ERa A fdoikeres PAtS b pbge mpfnﬁﬁ%kasswﬂ 3 8 e G ¢ i on
of the nespebkimg asﬁmeeﬁmgmwsr@arma)aférsfpeﬁdnkeansgl precesdiZB@we @sintl i4ai Typene cannot

begi n untik, there relifely gaaggggg rorcgs%@ﬁl §w§v%@oe£of17yppbaﬁ@% é%gg?esgwhe

Rot at eM hi t eBal anc I on occur es after
t he startaqgfeséa@ﬁ‘eﬁ@%wpﬁéwgé@%ﬁ @i, asehown in)FiguE@p7- SG - 88

10. 2. 10. 7Red and Blue buffers Buffer 1's red sub-buffer 145 and bl ue
sub-buf fer 147 &iven §istating msifgMier Hieckxd ydatlowgingyesit poafin) [ faestartingResh  buf f er

IS 30 byt@Shaofdth-{135)avd Qligerdrad icARERIRAorMe 5 JafRs bfAfetns FARBAKRA} NT 6
entries. The relationship between RAM address and | ogi cal position is shown

in Figuriabiggor tf—eéf?rs'f‘%H‘eé‘ﬁ?is%? o sapplesk Whep we gead dippire sample palug waaddde al ways
the top Adotdetdrb the ble T errive SR MIxDEanipOpdR b ITRS ofifet Hil APYeRE oA KR thRI(AACCessed

fTrst 16 afoledhPSise] (i o b 3rbREF porrSiee e AFe 0hs BPose | oved
by 16 st awintdér thddieki tne hiodluhu;t ke amsowhoivthel nunibee of ckinplai colynpsk Wdtec ode:
ADR = St afh&fhg BRndrow GBS Rpfs! WEBVap between TypeA and TypeB. The logic for
generating the addresses for a single set of 16 samples is shown in the following pseudocode.
The addition modulo 78 caters for the cyclical buffer.

Adr = WindowStartAdr
TypeAB = WindowStartType
Do 4 times
For N = 0 to 4
Fetch Adr
Adr = (Adr + Table[TypeAB,N]) mod 78
EndFor
TypeAB = NOT TypeAB
EndDo

The lookup table consists of 8 entries - 4 for Type A 170, and 4 for Type B 171
address offset generation. The offsets are all relative to the current sample position (adr).

Table 33. Offset Values for
16-Sample Address
Generation

TypeAB N Offset




ADR = ADR + 6 MOD 36 End Do ADR = ADR + 13 MOD 36 End Do However, this
address generation nmechanismis different fromthe green channel. Rather

t han desi gn two addressing nmechanisns, it is possible to apply the green
addressing schene to the red and bl ue channels, and sinply use different
values in the tables. This reduces design conplexity. The only difference
t hen, bec he addition nodulo 36, instead of addition nodulo 78. This
can be catered for by a sinple nultiplexor. Looking at the various address
generation tables for green, and considering themas applied to red and
blue, it is apparent that there is no requirenent for a Type, since both
the red and the blue channels do not-8Aeed to pe rotated 45 degrees. So
that we can safelly ignore t{l%¢ Type3val ue, the|red/blue equival ent of Table
33, shown in Tabllg 36, hasTtwo sets_ of tdenticpl 4 entries. Table 36.

O fset Val ues fon 16- Sanpl@ Addr esd Generati op (Red/ Bl ue) TypeABNO f set
006 PCPO7-SG 06 (026 0313 10 116 12641313 As W th green address generation
we nove tw ce i npY-before advancingto the nex entry of 1280. For red and
blue there is no|dcaling bettween nmptenent in kirnel space and novenent in
t he i nput space. Hhere S qi_50 Nno g attom. As|we nove in Y, the AY of 0 is
added to Kernei X (see ker nél _addr g generatipon in Section 10.2.10.4 on
page 69). As a result, the carry out fromKernelx will never be set.
Looki ng at Table 34, the only possible occurrences

At the end of the 16 reads, the Typeas bit will be the same. as the original value

(loaded from windowStartType).

Reading a single set of 16 samples is not enough. Three sets of 16 samples must be
read (representing 3 different positions in Y in unrotated input space). At the end of the first and
second set of 16 samples, the kernel positions are updated by the kernel address generator.
The carry bits from this update are used to set the window for the next set of 16 samples. The
two carry bits index into a table containing an offset and a 1-bit flag. The offset is added to the
WindowStartadr, and the flag is used to determine whether or not to invert windewstartType.

The values for the table are shown in Table 34.

Table 34. Updating WindowStartAdr and

WindowStartType
KernelX KernelY
CarryOut CarryQut Offset’ Type
0 0 0 No change
0 1 1 Invert
1 Q 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



are Kernel x/ Kernel Y values of 00 or O1. In the case of 00, the green
solution is no change to either WndowStart Adr or WndowStart Type, so this
is correct for red and blue also. In the case of 01, we want to add 1 to
W ndowSt art Adr, and don't care about WndowStart Type. The green values can
therefore be safely used for red and blue. The worst case i s advancenent by
lin addlg%g;_s(poth times, resulting in an overl appi ng worst case as shown
in Figure . At the end of the third set of 16 sanples, TopstartAdr and
TopStart Type nust be updated. Since we are noving in X (and adding i\Y=0
to xernelY), the carry out fromKernelY wll always be 0. The red/ bl ue
equi val ent of Table 35 is shown here -i®Ai-Table 37. Note that there is no
Tyge col Lmd%v&i:m%r-rﬁﬁ:ﬁ whlsdom&tarmp@rrﬁmnbrhcﬁhﬁ ]Bedf Q?(riaBleQ:le')r(opE@@tﬁcli@Zlg f
Updating JopStart Adr _and. TopStar e ue rne erne set’
Car r yQut Cary 5ol drof?@reﬁi'%m%&? %%Efy é’%ﬁ? %b”emﬁnep?%%& ft‘“’%&@ré’hﬁli't}ﬁgsf rom one
| i ne of 1R80thedemebddBespigrmdraion ave bl thdockup Sallehdh tosiateemias tHearffsgneadd The
Position i f i S I gi ven
e (Postt PR 4 fReind 8 Rorkd e Fopslahtipet b e B 3 Emiclo 7

Gener at i ofhesizetchihegesen RAMInEredemfiverelsegjehtoumindavstabide agd sirdneigttTsemml es in

Buf ferl. rRedeangbnblty HERSE akEO0r [Bkaimplest art at the same tinme as green
generation, so cannot begin until 128 cycles after the start of a newline

(see Section 10.2.11). }gaﬁTﬁﬂg"egﬁi%ﬁpnﬁhﬁﬁa@rﬂ?%ﬁg{ég e Expansi on

111 The actual t gsk—ef + RAM-11. i nvol ves
the steps of rofation, white bal ance, Qnd range expansion 111, as
descri bed by Secti onK&ngiX3 and Jtaroéldn [3.2.4. The |pi xel s nust be produced
for Bufferl fast |endt#iffOubr t heiCarmyQet byi t heffRtsanl i ng T¥Peocess| 112. Thi s
means that during a siggle group of 75 dyclesy thisg Néry'hgndgust belable to

read, process, &hd-store6+ed pixels— ben pi xel s.

0 1 12 Invert
1 0 14 Invert
1 1 13 No change

After processing the 1280 sets of 3 sets of 16 samples, the next line of 1280 begins.
However the address of the first sample for position O within the next line must be determined.
Since the samples are always loaded inte the correct places in Buffer 1, we can always start
from exactly the same position in Buffer1 (i.e. TopStartidr can be loaded from a constant
PositionCadr). 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 is copied info 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).



The optional rotation step is undertaken by reading pixels in the
appropriate order. Once a given pixel has been read fromthe appropriate
plane in the inmage store, it nust be white balanced and its val ue adj usted
according to the range expansion calculation defined in Section 3.2.4. The
process sinply involves a single subtraction (floor 0), and a nmultiply (255
ceiling), hgt ﬁgaagainst color specific constants. The structure of this unit
is showmn in Figure 66. The red, green and blue |ow thresholds 72, together
with the red, green, and blue scale factors 173 are determ ned by t he CPU
10 after generating the histograns for _each color plane via the |Imge

H stogramunit 8 (see Section 9). Dep@ﬁding on whet her the current pixel
bei ng pr otessEIRddundBlupbEars Nne is red, green, or blue, the appropriate

| ow t hreshol d and scale factor is nultiplexed into the subtract unit and

mul ti pl y unit, wBifkd 1tshed mmmer wslgnaemet@bibb@ranpéewmm@mts%cerbls@dte in
Buf f er The Srﬁﬁé t 1723@5? %Fts thg@ bi t IOM/ThreshoId val ue
fromt he 3 s 'f)ffexésl Yte DUCRF 4, l0gical arjagasmenk oh6 W eaCth ¢
result i scopkswgd aﬂrrésoThételeﬁrpmhlpaielt\md FANK adBdressLdnt ilqical poditibn isvdho®h in

mul tipli ng%tg 8-bit value by the 8-bit scale factor (8 bits of fraction,
i nt egerzleﬁ ?'y the top 10 bits of the result are kept and represent 8

bits of integer S f fraction. ltiplier 174
has a result cel ?rqu gm]?d&fS q;EWS?C'-:’nalpkgsjtﬁ|b? re,'ad %ee?“”?t? ttte P nl; hhe have
been set raera'alngemmuntﬂs of $ampiasiare rtqtyccesswe beﬁterreaiilr&dtgmthnmtémtageesul t is

set to 1s, and the fractional part set to 0. Apart fromthe subtraction
unit 172 and nule gsidyess aéneratipd for theee fire] 1Brsatmplesfs sivorlka startindn pssition (in this s

per f or ”Edce@é( O)thIﬁ)wA@g% @ésﬁe@;%cﬁﬁoﬂ mobhie 36 MYl b # 18 fBrt%%Hgég@%GﬁoEJ&% state
machi ne for tors:

on a given cycl®® bAlf*offe access can be made to the | nage RAM 11, and on
a given cycle, wnd yimye access can be nade to Buffer 1 114. O the 75

avai | abl e cycl es,ns3s setss of 16 cycl es are used for reading Buffer 1. The
actual usage is 3 ggts, %f 255@’ with 16 reads followed by 9 wait
cycles. That gives ERT avar | abl e cycles for 25 wites (6 red, 6
blue, 6 green). Thfs™means the two constraints are satisfied if the tining
of the wites to#Baffard +coimoitte with the wait cycles of the Resanpler
112. 10.2.11. 1Address Generation for Bufferl Once the resanpling process is
running, we are only concerned with witing to Buifert dauring the period

when the Resa”pﬁ&&evéﬂ-ghré §%J?9§s Jehadi; Jngmferfrﬁmsrintis dﬁb 5%%9@%@'{;?1 ﬁéﬁl has 3

sets of 16 reads each cl e period ere are cycles e for
writing. Rakhen thap glesign two addressing mechanisms, 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 moduio 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
appiied to red and blue, it is apparent that there is no requirement for a Type, since both the red
and the blue channels do not need to be rotated 45 degrees. So that we can safely ignore the
Type value, the red/blue equivalent of Table 33, shown in Table 36, has two sets of identical 4

entries.

Table 36. Offset Values for 16-
Sample Address Generation
(Red/Blue)

TypeAB N Offset
0 0 6




resanpler is not running, we want to |load up Bufferl as fast as possible,
which neans a wite to Bufferl 114 each cycle. Address Generation for

Buf ferl consequently runs off a state nachine that takes these two cases
into account. \Wenever a value is |oaded fromIlnmageRAM 11, the adjusted
value is witten to the appropriate color in Bufferl one cycle |ater.

Addr ess Cﬁ.’@,ﬁ{%{]l on for Bufferl therefore involves a single address counter
for each o0 e red, blue and green sub-buffers. The initial address for
RedAdr, BlueAdr and GreenAdr is 0O at the start of each |line in each case,
and after each wite to Bufferl, the address increnents by 1, with
wrapping at 36 or 78, depending on whéfher the buffer, bei ng witten to is
red, green or blu¢. NotOall colors fare wittenseach [/5-cycle period. A
colum of green w i typicattytTequiye Teptemstingjat twi ce the rate of
red or blue, for exanpie® The llogic?3s shpwn irPthe fjol | ow ng pseudocode:
If the color to wiite isgRed Wite 40 Red Buffigrl at| RedAdr RedAdr =
RedAdr + 1 nod 36 (Elsetf thelcolor to wite is Blue Wite to Blue
Bufferl at Bl ueAdr |PCPO74SG - 92 - ueAdf = Bl@aeAdr f 1 nod 36 Else |f
the color to wite[is Geen Wijte tg Gee Buffert—at] G eenAdr G eenAdr =
GreenAdr + 1 nod 78 Endl' 10.2/11.2Address Genefation for | rage RAM Each
pl ane can be read ifn oneqof twy orientatipns - gotated by O or 90 degrees
(anti- cl ockw se). (Hhis—+transtates—effect}vely—as-row w se or col um-w se
read access to the|planafl image. |® addifion, 1% alljow edge pixel
replication or constant col'or for reads outside (mage bounds, as well as
i mge w apping for such print formats as Passport 31. At the start of each
print line we nust read the InageRAM 11 to |load up Bufferl 114 as fast as
possible. Thi s gaial GSed Qidfess lgBHrSioRCHE TRvd Bick iS ¥ DRlofe SRETLIGUS Ul next

Resanpling can .
entry of 1280. For red and blue there is no scaling between movement in kernel space and

movement in the input space. There is aiso no rotation. As we move in Y, the AY of 0 is added
to Kernelx (see kernel address generation in Section 10.2.10.4 on page 69). As a result, the
carry out from Kernel1x will never be set. Looking at Table 34, the only possible occurrences
are KernelX/KernelY values of 00 or 01. in the case of 00, the green solution is no change to
either WindowStartAdr or WindowStartType, so this is correct for red and blue also. In the case
of 01, we want to add 1 to WindowStartAdr, and don’t care about WindowStartType. The green
values can therefore be safely used for red and blue. The worst case is advancement by 1 in

address both times, resulting in an overlapping worst case as shown in Figure 65.

At the end of the third set of 16 samples, TopStartadr and TopStartType must be
updated. Since we are moving in X (and adding AY=0 to Kexrnely), 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 Type column, since Type is not important for Red or Blue.

Table 37. Updating TopStartAdr and
TopStartType (Red/Blue)

KernelX KernelY
CarryOut CarryOut Offset’




only occur once 5 colums have been | oaded, which neans 5 colums of 6, 6,
and 13 sanples, for a total of 125 cycles. Plus an extra cycle for the
final value to be witten out to Bufferl 114 after being | oaded from

| rageRAM 11. To nake the counting easier, we round up to 128 cycles. After
the first 128 cycles, the checking for the requirenent to | oad the next

col um of ,sagpl es 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 load during the first set of 75 cycles is
always | for each color. This enables the final 6th colum of each col or

within Buffer | to,be filled. At the -@id of ,each 75 cyc|e period, the
Ker nel xcarryout flad from each |dol or plane |ef the Kerngl Address Generator
in the Resanpler 1 ' ' ' col um of sanpl es

should be read. Simlarly, an AdvancelLine pul se restarts the process on the
following line if the Kernel YCarryout flag is set. Since each "read

effectively bec r.13 reads to fill lum_in. Bufferl, we keep a
Starting positi o PReesBasroeasatTan us iy oeBRatl™ paugt o fe iad tesep a
- coor di nat &mgadsufer green. dihk dws ithenogeneill deitomsafie tonthedfrstisetiofdts saoprediforat es t o

enabl e edg@niihg @os! ARLIAGALIGOBy re ARG LAY an "H!pgris irr@l@%ni. r@%ﬂ@ra%na&ﬂrep rgigr SG
180 t hi ounds,

-93- W consider the active inage as‘ﬁelng W n a particular
wi th cer t/8PFaaRat pee upty these prienougtheanRiksop Bufier eBediprd bue senpmtiohenustt i ve

area. Thest&paitieh SateamneCRYredntdeREratiddCsdENAGt®ebiR Andl "@Q%c[eis BRdrdfe dtheoddrmge, or
after the iqaggi S%th iH tirns of lines and pixels. This 1is shown in
PESEgReRL 4

Fi gure 67" te outside the active area has been exagger at ed
for claritgt Note that since we use (0, 0) as the start of coordinate
gener at i otf-2-\ikepats.dVhiteRplange apdl Rangg Expansign gikel and |ine counts. However,
since address generation is run fromkernel carry outs and Advanceli ne
pul ses from t heTiactupbtask efdaasing Rufer! Ja4 fiers ther lmage RAME] unvolves the Atéds ek s

gener at i oBtafiél, whitd bakhcs) éﬁB'réllhq%(Hibéri%Ié_ﬁsﬂ‘l{!'Hsi desdriB8d AH%EABR BioEadAB ol S
replication, constant colors for out of
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e ST gk phO SRR B SO0k B o e R ABRRE, "o St oo e 1
The optional rotation step is undertaken by reading pixels in the appropriate order.
Once a given pixel has been read from the appropriate plane in the image store, it must be
white balanced and its value adjusted according to the range expansion calculation defined in

Section 3.2.4. The process simply involves a single subtraction (floor 0), and a multiply (255

ceiling), both against color specific constants. The structure of this unit is shown in Figure 66.

The red, green and blue low thresholds 72, together with the red, green, and blue
scale factors 173 are determined by the CPU 10 after generating the histograms for each color
plane via the image Histogram unit 8 {see Section 9).

Depending on whether the current pixel being processed in the pipeline is red, green,
or blue, the appropriate low threshold and scale factor is multiplexed into the subtract unit and

muitiply unit, with the output written to the appropriate color plane in Buffer 1.

The Subtract unit 172 subtracts the 8-bit low Threshold value from the 8-bit Image
RAM pixel value, and has a floor of 0. The 8-bit result is passed on to the specialized 8 x 8
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



around the active imge, and nmust produce edge pixel replication when
needed. When there is no wapping of the inage (i.e. all print formats
except Passport 31), we performthe actions in Table 38 as we advance in
line or pixel. To rotate an imge by 90 degrees, the CPU 10 sinply swaps
the .Line and .Pixel values. Looking at Table 38, the only tine that ADR
changes |1§Cpgy Pi xel when Pixel Sense is 0, and by .Line when LineSense is
O By followng these sinple rules Adr will be valid for edge pixel
replication. O course, if a constant color is desired for out of bounds
coordi nates, that value can be selected in instead of the value stored at
the appropriate address. PCP07-SG -94%able 38. Actions to Perform when
Advanci ngofifraciRinxEhe @ultiplien ¢74 hased' frebiedediRy )éEiSSCb@mgﬁyLblﬂﬁ:gﬁ’ﬂm&)ltTﬁé\ﬂH Adr

+ APi xel = r. +ALj -Ad A|n O0+Adr =
A art e Bt S22 il BnoRith, e dhut R ENGRaT i£8L s34 DR b 0T
t he previfmasgonsbpastsetto 00, +) for Line and Pixel wth the new sense. Wen the
sense is "" we use the advancenent as described in Table 38, but when the

or di nat e beconeéparifrony fhetsoltradon(unitd 72 aod mplkjplf poi @, the majgritwes wopdaties t he Adr
with a ngyy ﬁéﬁbﬁnéboﬁy @@ﬁﬂﬁre%@ne%%r“% Vﬁﬁ&ngﬁ&ti@ ljﬁg &8 trnfchﬁn% lpaddr ess

for the current |1 ne so we can advance to t next |ine
once the l&}rT'@rﬁdd!eﬁﬁ@erﬁe?@orb@@ﬁveg@ﬁiéwaw@@ctomon@aameru@clpr@Mmemvﬁsagan If a

change i spd haddi % @le.ImagitrAN @ 1 Rind @h a%@@ﬁ@yc@‘@ﬁlﬁ&% 440 dn BQm*édé {orﬁiﬂrfsnail ng we

h replace Adr with
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sane. | fusage sangpts of25iapclés, mith 1&unshds dlowedity & @ais eycBangegivés Dmddot 2y +
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satisfied if the fiming of the wntes to Buffer‘i coincide with the wait cycles of the Resampler 112.

10.2.11.1Address Generation for Buffer1

Once the resampling process is running, we are only concerned with writing to
Buffer1 during the period when the Resampler 112 is not reading from it. Since the Resampler
has 3 sets of 16 reads each 75 cycle period, there are 27 cycles available for writing. When the
resampler is not running, we want {o load up Buffert as fast as possible, which means a write
to Buffer1 114 each cycle. Address Generation for Buffer1 consequently runs off a state
machine that takes these two cases into account. Whenever a value is loaded from ImageRAM

11, the adjusted value is written to the appropriate color in Buffer1 one cycle later,

Address Generation for Buffert therefore involves a single address counter for each
of the red, blue and green sub-buffers. The initial address for Redadr, Blueadr and Greenadr is
0 at the start of each line in each case, and after each write to Buffer1, the address increments
by 1, with wrapping at 36 or 78, depending on whether the buffer being written to is red, green
or blue. Not all colors are written each 75-cycle period. A column of green will typically require
replenishing at twice the rate of red or blue, for example.

The logic is shown in the following pseudocode:

If the color to write is Red
Write to Red Bufferl at RedAdr
RedAdr = RedAdr + 1 mod 36

Else

If the celeor to write is Blue

Write to Blue Bufferl at BlueAdr



Line with ActiveStartLine. Pixel remains the sane. DeltaColum is the
address offset for generating the address of (Pixel, ActiveStartLine) from
(Pi xel, ActiveEndLine-1). "W conpare the current Line ordinate with
ActiveStartLine and ActiveEndLine.If Line < ActiveStartLine, we call the

value "-".If ActiveStartLine Aine < ActiveEndLine, we call the val ue
"0". I f ActiyekndLine Ltne, we call the value "+". W conpare the current
Pi xel ordinate with ActiveStartPi xel and ActiveEnd Pixel. |If Pixel <
ActiveStartPixel, we call the value -".If ActiveStartPixel A ne <

ActiveEndPi xel, we call the value "0". If ActiveEndPi xel Ptxel, we call
the value "+". PCP0O7-SG -95- The Iogi'@zfor | oadi ng the set nunber of
sanpl es (either 6Bloprdt3s sdependi ngednscolor) is shown in the foll ow ng
pseudocode: |ingsz FirstSanpl eLine pixel = FirstSanplePixel adr =

Fi r st Sanpl eAdr N ti.nme 6.0r .1 ol dPi xel Sense = Pi xel Sense( pi xel)

ol dLi neggnse = %)ﬁléesgcﬁsoé?tﬁﬁfrﬁe; o ?ﬁ% Tve = ((ol dLi neSense == I nActive) AND
(ol dPi xel Sense  |'ffAE? iFv €F§en FuifeNOT: Freseddtve) AND UseConstant) Sanple =
Const ant Col or el sEeeBdnpl eresndcetch(@dr)e Endif line =1line + 1 If
((LineSense(lingltAND waplnage) adr = adr - DeltaColumm line =
ActiveStartLinée EfSelt ((LineSense(rine) __ 0 ) AND ((ofdCinesense. adr =

adr + Del fad A NEadaRélsiGeneration for Image RAM

Each plane can be read in one of two orientations - rotated by 0 or 80 degrees (anti-
clockwise). This translates effectively as row-wise or column-wise read access to the planar
image. [n addition, we allow edge pixel replication or constant color for reads outside image
bounds, as well as image wrapping for such print formats as Passport 31.

At the start of each print line we must read the ImageRAM 11 to load up Buffer1 114
as fast as possible. This equates to a single access to a sample each cycle. Resampling can
only occur once 5 cblumns have been loaded, which means 5 columns of 6, 6, and 13 samples,
for a total of 125 cycles. Plus an extra cycle for the final value to be written out to Buffert 114
after being loaded from imageRAM 11. To make the counting easier, we round up to 128

cycles.

After the first 128 cycles, the checking for the requirement fo load the next column of
samples for each of the 3 colors occurs each 75 cycles, with the appropriate samples loaded
during the subsequent 75 cycles. However, the initial seiting of whether to load during the first
set of 75 cycles is always 1 for each color. This enables the final 6th column of each color
within Buffer 1 to be filled.

At the end of each 75 cycle period, the Kernelxcarrycut flag from each color plane
of the Kernel Address Generator in the Resampler 112 is checked to determine if the next
column of samples should be read. Similarly, an Advanceline pulse restarts the process on the

following line if the 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 to advance to the next ‘read’. We also keep a coordinate value
to allow the generation of out-of-bounds coordinates to enable edge pixel replication, constant

color, and image wrap.



EndDo The setting for such variables as FirstSanpl eLi ne, FirstSanpl ePi xel,
and FirstSanpleAdr is in the address generator section that responds to
carry out flags fromthe Kernel Address Cenerator, as well as Advanceli ne
pul ses fromthe MII. The logic for this part of the address generation is
shown in the foll owi ng pseudocode: FirstSanplePixel = 0 FirstSanplelLine =
0 FirstSqu%gﬁgr = FirstLineSanpl eAdr = ActiveStart Address count = 0 Do
Forever 1T ((Kernel XCarryQut) OR (AdvanceLi ne AND Kernel YCarryQut) OR
(count < 5)) Do N Sanples for this color plane (see pseudocode above)

Endl f PCPO7- SG -96- ol dPi xel Sense = Pi xel Sense(Fi r st Sanpl ePi xel )

ol dLi neSense = LineSense(FirstSaanet@ﬁé) I f (AdvanceLi ne AND

Ker nel YCar r yCQut We @esltdr the &otitd medgSasp e being withifriar@tioaambaahds) @ittt cértain

[ ' . = f Li Fj S | eLi AND I
Fi ot Ui netans 872 het P FE0S R ol RS Flem R APTILeR L IRE o sel
((Li neSenksdtiefare the Snagsl etifletsp image! ¢ afterANDin(age dhothrie Bems ef [1es' 3nd pixels. This
Fi r st Li negappEAdigure E},rﬁﬁwéﬂﬂmt@wgig%@ag@%ﬁhaﬁggég;?gggfeﬁa&eﬁarﬁpl eAdr =

Fi rstLi neSanpl eAdr™ El self (Kernel XCarr count
Fi r st Sanpt&®: xel = First Sanpl ePixel + 1
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 MJl 15, these outer bounds are not required.
Address generation for a line simply continues until the AdvanceLine pulse is received, and

may involve edge replication, constant colors for out of bounds, or image pixel wrapping.

if we have an address, adr, of the current sample, and want to move to the next
sample, either on the next line or on the same line, the sample’s coordinate will change as
expected, but the way in which the address changes depends on whether we are wrapping

around the active image, and must produce edge pixel replication when needed.

When there is no wrapping of the image (i.e. all print formats except Passport 31), we
perform the actions in Table 38 as we advance in line or pixel. To rotate an image by 90

degrees, the CPU 10 simply swaps the ALine and APixel values.

Looking at Table 38, the only time that aDr changes is by APixel when PixelSense is
0, and by ALine when LineSense is 0. By following these simple rules rdar will be valid for edge
pixel replication. Of course, if a constant color is desired for out of bounds coordinates, that

value can be selected in instead of the value stored at the appropriate address.
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with the new sense. When the sense is “-"
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anpunt

To allow wrapping, we simply compare the previous sense (-,0,+) for Line and Pixel

we use the advancement as described in Table 38,

but when the ordinate becomes out of bounds (i.e. moving from 0 to +), we update the adr with

a new value not based on a delta. Assuming we keep the start address for the current line so

that we can advance to the start of the next line once the current line has been generated, we

can do the following:

If a change is in Pixel, and the pixel sense changes from 0 to + (indicating we have

gone past the edge of the image), we replace Adr with the LineStartAdr and replace

Pixel with 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 ActiveStariLine. Pixel remains the same. DeltaColumn is the address offset

for generating the address of (Pixel, ActiveStartline) from (Pixel, ActiveEndLine-1).

®We compare the current Line ordinate with ActiveStarttine and ActiveEndLine.If Line <
ActiveStariline, we call the value “-".If ActiveStartLine £ Aine < ActiveEndLine, we call the value
“0".If ActiveEndLine £ Line, we call the value “+°,

e 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 £ Pixel, we call the value “+".



to the next in red space DeltaPi xel RThe anbunt to add to the current
address to nove fromone pixel to the next on the sane |line in red space
Del t aCol umRThe ampunt to add to the current address to nove from a pixel
inthe last line of the Active imge area to the sane pixel on the first
line of the Active inmage area in red space. Constant Col or RRed col or val ue
to use it agddeess out of bounds and UseConstant=1 G een

ActiveSt art AddresThe address of green sanple (ActiveStartPi xel,
ActiveStartLine) sGn I mageRAM ActiveStartLineGThe first valid |ine for the
image in green space (in relation to line 0) ActiveEndLi neGThe first |ine
out of bounds for the inage in green 'sgﬁace ActiveStartPi xel GThe first valid
pi xel for the |fmgbgucmrg:faengtf&paceurﬁbelﬁofsﬁrraﬂes(@élthbm&I?Gebedéhdmg on color)
ACt'VeE”dE%ﬁo%nﬂth%f” IR out of bounds for t he |mage in green space
Del t aLi ne ' o=ac Fre el 0—H8 line to
the next in greJelﬁes“péb@t@@P%eéPﬁexel GThe anount to add to the current addr ess
to nove from ongxpi xetirkakhlernext on the same line in green space -97
PCPO7- SG Del taqyrumg'tggan@,p&gpt to add to the current address to nove from
a pixel in the last Iine of the Active inmage area to the sane pixel on the
first line of t¥fe"AMtTv&® Phddé area in green space. Constant Col or G&r een

col or val ue to usEdbixehgdsressrigeitsenfe (bgahds and UseConst ant =1 Bl ue

Acti veSt art Addr esciheinaslideessrebshksgrsanpl e (ActiveStart Pi xel,

ActiveStartLi ne) ﬁgéﬂvé rlag@%MneSense == InActive) AND (cldPixelSense ==
InActive))

If ((NCT inActive} AND UseConstant)
Sample = ConstantColor

else )
Sample = Fetch{adr)

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

Endlo

The setting for such variables as FirstSamplelLine, FirstSamplePixel, and
FirstSampleAdr is in the address generator section that responds to carry out flags from the
Kernel Address Generator, as well as AdvanceLine pulses from the MJI. The logic for this part

of the address generation is shown in the following pseudocode:

FirstSamplePixel = 0

FirstSampleLine = 0

FirastSampleAdr = FirstLineSampleAdr = ActiveStartAddress
count = 0
Do Forever
If ({(KernelXCarryOut) OR (AdvanceLine AND KernelYCarryOut) OR
{count < 5}}
Do N Samples for this color plane {(see pseudocode above)

EndIf



ActiveStartLineBThe first valid line for the image in blue space (in
relation to line 0) ActiveEndLi neBThe first line out of bounds for the

i mge in blue space ActiveStartPi xel BThe first valid pixel for the image in
bl ue space (in relation to pixel 0) ActiveEndPi xel BThe first pixel out of
bounds for the inmage in blue space DeltaLi neBThe anount to add to the
current aﬂg%_§§ to nmove fromone line to the next in blue space

Del t aPi xel BThe anmount to add to the current address to nove from one pi xel
to the next on the sane line in blue space DeltaCol umBThe anmount to add to
the current address to nove froma pixel in the last line of the Active
image area to the sane pixel on the fi%st |ine of the Active i mage area in
bl ue space. Const@ntGelenBBlugzetlenre (valsuanpritse) i f address out of bounds

and UseConst ant =1,Whire6erBal-ansesand Rangerxnansi on Paraneters

RedLowThr eshol d8-hi t, val ue. s ract fro ed i nput val ues
C?eenLomﬂhreshS-b?iR$§:ﬁﬁggﬁg§#£%?g%g o ﬁ%geen i nput val ues ol d

Bl ueLowThr eshol 8- bi ¥**¥arue subtracted from bl ue i nput val ues d
RedScal eFact or 8- bi tFigs@kerlbriokof FusethnpDILifAnge expansi on of red pixels
G eenScal eFact or 8- bi;t.ss6ad:6rf@actof used for range expansion of green pixels

Bl ueScal eFact or 8- bi ale factor used for rapnge expansi on of blue pixels
-98  PCP0O7- SG - 99 ltflfﬁélli'féﬁﬁﬁgéésfsffp@fﬂrn\?ir‘ﬁr ook TRBSEAERT) 1998,

Aut henti cati on of ConSdffgbreemeieid] = Srexréisreok Research, 1998,

Aut henti cation Chi p. FirstSampleLine = ActiveStartLine

Elself {(LineSense (FirstSampleLine} == “0”} AND (oldLineSense ==
07
FirstLineSampleAdr = FirstLineSampleAdr + Deltaline
EndIf
FirstSampleAdr = FirstLineSampleAdr
ElseIf (KernelXCarryOut COR (count < 5))
FirstSamplePixel = FirstSamplePixel + 1
count = count + 1
If ((PixelSense(FirstSamplePixel) == “+“)} AND wrapImage)
FirstSampleAdr = FirstLineSampleAdr
FirstSamplePixel = ActiveStartPixel
ElseIf ((PixelSense (FirstSamplePixel} == “0%) AND (oldPixelSense
== “0"))
FirstSampleAdr = FirstSampleAdr + DeltaPixel
EndIf
EndIf
EndDo

10.2.11.3Register Summary

There are a number of registers that must be set before printing an image. They are
summarized here in Table 39. To rotate an image by 90 degrees, simply exchange the

DeltaLine and DeltaPixel values, and provide a new DeltaColumn value.

Table 39. Registers Required to be set by Caller before Printing

Register Name Description

Image Access Parameters




Al t hough the invention has been described wth reference to specific
exanples, it will be appreciated, by those skilled in the art, that it my
be enmbodied in many other forns. The follow ng nunbered paragraphs provide
the addressee with a further indication of the scope of the invention,

al t hough ot her novel and inventive features and conbi nati on of features

W Il al sop.hesclear fromthe disclosure therein. PCPa7-SG -100 W claim 1.
A nmet hod of providing an image for printing at a predeterm ned bi-Ilevel dot
resolution which corresponds to a predeterm ned conti nuous tone

resol ution, the nethod including the steps of: receiving a first data set

i ndi cative Pf the i nmage, , the data set” Héi ng in a Bayer format at ,a first
resol ution; W@érnqgei ng t héilefiinags reakdstta replidatd image wheyepiboidmaget lwusdst at t he
predetermn Ni.l NUOUS one Tes 0| 3] Shar pemni and _cotogr_tpnverting
t he second da?e%% Mo g lfh%*r@ %eéf 5%338"’8 'Hﬁ" lgsg'éfead%?i’-t%t or pol at i ng
the revised second data s ata set at the predeterm ned
bi -1 evel d resolutiaon; d;(%né tr&%h'gpdrtﬁgeag data set available to a
printer at [tRei predeterm ned bi -1 evel dot resol uti on. 2. A nethod
accordi ng tje—etatrmi,—wheretrn—the—FH—+rst—reseluttontstess—thanthe

pr edet er m nedPtileStptAidres dpfhe asigisssf rehsanple (Acmﬁﬁﬁﬂlxﬁc&@vaﬁtﬁ’@rleblnc aim1 or
2, wherein tHe first datp™888RMM in a red, green and blue (RGB) fornmat and
the printer A&wé&‘?&r&%ﬁ' Vellji wﬁvgﬁﬂeﬁﬂe fo%g?rﬂ% n?‘l%q é%& (ﬁw?lét%hﬂr Im?a?{)mat’ and

col or conversion step ingchudes converting the sec a se m an RGB
format to a fhnd according to claimi1,_ wherei t he

first data |sktivéEndbibeRai n Bwa‘fwstmaaoL$efrtmonds fdelwe mgamded dfpracéret hod i pcl udes
the step of fTTst set nmon=tinearities— t he
sensor devi dg‘:?r%?ar%a’?‘?ﬁ] %S?IHPH‘@’ Proth%WEigﬁi"zfed aee dn relatiptost ep| of

conpensating includes caon nq the first data set froma plurality of x
bit sanpl e§ AdbvaEnBPM&IR! | t%&frstﬁix&'oht&@ﬁmdg%r tHehBAS iX red Space
DeltalineR The amount to add to the current address to move from one line

to the next in red space

DeiltaPixelR 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

ActiveStartAddres | The address of green sample {ActiveStartPixel, ActiveStartLine)
sG in ImageRAM

ActiveStartLineG | The first valid line for the image in green space (in relation to
line 0}

ActiveEndLineG The first line out of bounds for the image in green space

ActiveStartPixelG | The first valid pixel for the image in green space (in relation to
pixel Q)

ActiveEndPixelG The first pixel out of bounds for the image in green space

Deltal.ineG The amount to add to the current address to move from one line
to the next in green space

DeltaPixelG The amount fo add to the current address to move from one
pixel to the next on the same line in green space




6. A nethod according to claim5, wherein x
according to any one of the preceding clains,
pl anarising the first data set
8. A nethod according to any one of the preceding clains,
PCPO7- SG - 101- determ ning,
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DeltaPixelB The amount to add to the current address to move from one

pixel to the next on the same line in blue space

DeltaColumnB

The amount to add to the current address to move from a pixel
in the last line of the Active image area to the same 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

GreenLowThresh | 8-bit value subtracted from green input values

old

BlueLowThresho! | 8-bit value subtracted from blue input values

d

RedScaleFactor 8-bit scafe factor used for range expansion of red pixels
GreenScaleFactor | 8-bit scale factor used for range expansion of green pixels
BlueScaleFactor 8-bit scale factor used for range expansion of blue pixels
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and blue (RGB) format and the printer is responsive to a cyan, nagenta and
yellow (CWY) format, and the apparatus is configured to performthe color
conversion by converting the second data set froman RGB format to a CW
format. PCPO7-5G -102- 16. An apparatus according to claim 13, wherein the
first data set is obtained froma sensor device and the apparatus is
confi gur eghhp. conpensate the first data set for non-linearities in the
sensor device. 17. An apparatus according to claim 16, wherein the
‘conpensation includes converting the first data set froma plurality of x
bit sanples to a plurality of y bit sanples, where x > y. 18. An apparatus
according to claim1l7, wherein x = 10 *3nd y = 8. 19. An apparatus according
to any one of the preceding clains, including the step of planarising the
first data set into a red plane, a green plane and a bl ue plane. 20_ An
appar at usq geEEREjee§0 any one of the preceding clains, including the
further steps of: determning, for the first data set, the nto of darkest
pi xel s and the n% of the lightest pixels; adjusting the first data set to

equat e t gy i OfrodlalGRh, 11X Blifnicif) or Bk bRbLNY the Tirst data set to
equat e t he) NoMQhrodid IEEERR 198! XBAehncadoh-ChN apparatus according to anyone of
the preceding clainms, including the additional step of adjusting the first

data set to provide a predeterm ned white bal ance. 22. An appar at us

according to any one of the preceding clains, including the additional
step of adjustip L : i ernj range
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the i mage"? HVERR S4RER APARPVPIANALNVEMYP fatureaRnd P B of fRatuseswiilalso

i ncl udi nghe ceaCBin derdigglobwe theredvi di ng a Bayer inage; a printer for
selectively providing a printed i mage; and an apparatus according to any
one of clainms 13 to 24 configured to receive the Bayer inmage and provide
the printer with the third data set such that the printed inage is

pr oduced. ‘
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“We claim:

1. A method of providing an image for printing at a predetermined bi-level dot resolution
which corresponds to a predetermined continuous tone resolution, the method including the
steps of:

receiving a first data set indicative of the image, the data set being in a Bayer format at
a first resolution;

resampling the first data set into a second data set at the predetermined continucus
{one resolution;

sharpening and color converting the second data set to generate a revised second data
set;

up-interpolating the revised second data set to form a third data set at the
predetermined bi-level dot resolution; and

making the third data set available to a printer at the predetermined bi-level dot

resolution.

2. A method according to claim 1, wherein the first resolution is less than the

predetermined bi-level dot resolution.

3. A method according to claim 1 or 2, wherein 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,
and color conversion step includes converting the second data set from an RGB format to a
CMY format.

4. A method according to claim 1, wherein the first data set is obtained from a sensor
device and the method includes the step of compensating the first data set for non-linearities in

the sensor device.

5. A method according to claim 4, wherein the step of compensating includes converting

the first data set from a plurality of x bit samples to a piurality of y bit samples, where x > y.
6. A method according to claim 5, wherein x = 10and y = 8.

7. A method according to any one of the preceding claims, including the step of

planarising the first data set into a red plane, a green plane and a blue plane.

8. A method according to any one of the preceding claims, including the further steps of:
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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.
9. A method according to anyone of the preceding claims, including the additional step of

adjusting the first data set to provide a predetermined white balance.

10. A method according fo any one of the preceding claims, including the additional step of

adjusting the first data set to provide a predetermined range expansion.

11. A method according to claim 9 or 10, wherein the color resolution of the first data set is

increased while maintaining the same spatial resclution.

i2. A method according to any one of the preceding claims, wherein the first data set is

selectively adjusted for providing the image in a predetermined rotational orientation.

13 An apparatus configured to provide an image for printing at a predetermined bi-level
dot resolution which corresponds to a predetermined continuous tone resolution, the apparatus
being programmed and configured to:

receive a first data set indicative of the image, the data set being in a Bayer format at a
first resolution;

resample the first data set into a second data set at the predetermined continuous tone
resolution;

sharpen and color convert the second data set to generate a revised second data set:

up-interpolate the revised second data set to form a third data set at the predetermined
bi-level dot resolution; and

output the third data set to a printer at the predetermined bi-level dot resolution.

14. An apparatus according fo claim 13, wherein the first resolution is less than the

predetermined bi-level dot resclution.

15. An apparatus according to claim 13 or 14, wherein 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, and the apparatus is configured to perform the color conversion by converting the

second data set from an RGB format to a CMY format.
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16. An apparatus according to claim 13, wherein the first data set is obtained from a sensor
device and the apparatus is configured to compensate the first data set for non-linearities in the

sensor device.

17. An apparatus according to claim 16, wherein the compensation includes converting the

first data set from a plurality of x bit samples to a plurality of y bit samples, where x > y.
18. An apparatus according to claim 17, wherein x =10 and y = 8.

19. An apparatus according to any one of the preceding claims, including the step of

planarising the first data set into a red plane, a green plane and a blue plane.

20. An apparatus according to any one of the preceding claims, including 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.
21. An apparatus according to anyone of the preceding claims, including the additional

step of adjusting the first data set to provide a predetermined white balance.

22. An apparatus according to any one of the preceding claims, including the additional

step of adjusting the first data set to provide a predetermined range expansion.

23. An apparatus according to claim 21 or 22, wherein the color resolution of the first data

set is increased while maintaining the same spatial resolution.

24, An apparatus according to any one of the preceding claims, wherein the first data set is

selectively adjusted for providing the image in a predetermined rotational orientation.

25. A camera including:

a CCD array for providing a Bayer image;

a printer for selectively providing a printed image; and

an apparatus according to any one of claims 13 to 24 configured to receive the Bayer
image and provide the printer with the third data set such that the printed image is produced.




