PCP(B- SG - 1- METHOD AND APPARATUS FOR SAMPLI NG BAYER | MAGES FI ELD OF
| NVENTI ON The present invention relates to a nethod and apparatus for
rotating Bayer imges. The invention has been devel oped prinmarily for a
digital canera including an integral printer for providing a paper print
of an image captured by the canera and will be described hereinafter with
ref erencepdpgs dat application. However, it will be appreciated that the
invention is not limted to that particular field of use. CO PENDI NG
APPLI CATI ONS Ref erence nmay be had to ¢b-pendi ng applications claimng
priority fromAustralian Provisional Patent Application nunber PQ890
dated 16 Septenber 1999. The co-pending applications describe rel ated
nodul es and net hods for inplenenting the conpact printer system The
co- pendi ng appMETHOD ANDIAPPARATUS FOR GAVPLINGIBRYRREMAGESPP! i cati on,
are as follows: International PatentRef.Title of Invention Application
No. No. PCTI AU0D0101075PCPOLMet hod and Apparatus for Producing Print froma
Bayer | nmage PCT/ A000101074PCPO2Met hod and Apparatus for Sharpeni ng An | mage
PCTI AUOCO' 01073PCPC3Met hod and Amay aFYRVERTIO- | nterpol ating a Bayer | nage
PCP08- SG -2 SUVWMARY OF | NVENTI ON According to a first aspect of the
i nvention thereq I 1 ayer CFA
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of the safpdifift¥ Gith 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. Title of Invention
Application No. No.

PCT/AU00/01075 PCP01 | Method and Apparatus for Producing Print from
a Bayer Image

PCT/AUQ0/01074 PCP02 | Method and Apparatus for Sharpening An
Image

PCT/AU00/01073 PCP03 | Method and Apparatus for Up-Interpolating a
Bayer Image




di stance between pixels in the rotated green plane and the unrotated green
pl ane. According to a second aspect of the invention, there is provided an
apparatus for enabling sanpling of a Bayer CFA inage having two

di mensi onal pl anes of red, green and blue pixels, the apparatus including
processi ng nmeans configured to: rotate the green plane; and scale

coordi nat gs.0f; a kernel for use in sanpling the rotated green plane in
accordance wth a scaling factor, the scaling factor being based on a
ratio of the sanple-w se distance betawen pixels in the rotated green

pl ane and the unrotated green plane. In preferred enbodi nents of the
apparatus and enthod, the rotation is 45 degrees and the scaling factor is
(J2)-'. Brief Description of the Drawi ngs Preferred enbodi nents of the
invention will now be descri [SoMMARYOF INVENXEDN € only, with reference to
the follow ng description and Figures. Fig. 1 shows a high |evel inmage flow

of the PGRcofding to Qﬂ%hébfb@ct@f I aekntdh agnrr@mpﬂa‘wdte@a nf2idd ifdt e'n§lﬂth§%érﬁrﬂmg Ef 9 3

shows a bI ramof the PCP connected Printc ha 4
shows & 4 PRERCRRTNER b dizersisrg DIEres b 160: SHE S SHiyRtA regPeitiy ren s
in a 4-inodludingitie $tescbi- Fig. 6 shows the arrangenent of nozzles in a pod,

nunbered by fi SG -3 Fig. 7 shows the arrangenent of
nozzles in a Hé%ﬁ&;m%gé%%ggngg%adlng order. Fig. 8 shows a chronDpod

Fig. 9 shows a, pp ggoq,\.{,?nateslzjgfga I%pne? W&Wﬁsea.npbﬁ?g%%éo rotf Ly F9re§n aar%wlsn the

rel ati onship bet ween Segnen oups and
chr onopodascorfange with aﬁﬁ@m fagmathe ecatinmifaBEnkaiigebased srea patlgqu thesangletwisg t he

printing ﬁtar%@b@tdu@er@ﬁwelé‘}ﬁ%rg@fed gl%egpua;%éarﬁw@m&@@d%bﬁﬁ:%ﬁé' on of print
formats based on the CFA image. "Fig. 14 shows a block diagram of the inage
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sampling of a Bayer CFA image having two dimensional planes of red, green and blue pixels,

the apparatus including processing means configured to:

rotate the green plane; and

scale coordinates of a kernel for use in sampling the rotated green plane in accordance
with a scaling factor, the scaling factor being based on a ratio of the sample-wise distance
between pixels in the rotated green plane and the unrotated green plane.

In preferred embodiments of the apparatus and emthod, the rotation is 45 degrees and the

scaling factor is (V2)™'.

Brief Description of the Drawings

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

only, with reference to the following description and Figures.
Fig. 1 shows a high level image flow of the PCP.
Fig. 2 shows a block diagram of the PCP in isolation.
Fig. 3 shows a block diagram of the PCP connected to Printcam hardware.
Fig. 4 shows a 4-inch Memjet 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. 16 shows the linearize RGB process. Fig. 17 shows the planarize RGB
process. Fig. 18 shows a block diagramof the imge print chain. Fig. 19
shows a sanple color range for a single color plane. Fig. 20 shows the
steps involved in white balance and range expansion. Fig. 21 shows a bl ock
di agram of apparatus capable of perform ng white bal ance and range
expansi Onpedgd & 22 shows the various color plane pixels in relation to CFA
resolution. Fig. 23 shows the effect of rotating the green plane by 45
degrees. Fig. 24 shows the distance between rotated pixels for the green

plane. Fig. 25 ghowg, %ﬁ% ggﬂ%L | rotated CFA space
to rotated @Aﬁgpacéw&eg’gg sng(\g/\f/sn a |’@%Egg§¥§'g$%%%’ %0%3 Oté%liér pen
process. PCP08- s 4- Fi ows the process involved in high-pass
filtering a sin§§28§EW§ﬁ§H@§%Bﬁge| with a 3 x 3 kernel. Fig. 28 shows the
transformation | versi romRGB to CMY. Fig. 29 shows conversion
fromR@B to CNNk@fgggwgﬁ%B§£°$%terpolation. Fig. 30 shows pixe

replication of a sjngle pixel to a5 x 5 block. Fig. 31 shows a bl ock

di agram of the EQI#ﬂ%SWfﬁﬁéﬁ?%gﬁ%s. Fig. 32 shows the process of
reformatting dots fqr the printer. Fig. 33 shows a_bl ock diagram of the

i mge capture uhPt .1qFF'69WS3g"esﬁ%ﬁ’%@"ﬁ"polbg@l?eﬂiSf@?’ﬁ?rtﬁ'of"eﬁﬁépst' CHMPESS unit .
Fi g. 36 stwgmups dideblordpadgr am of the i mage histogramunit. Fig. 37 shows a
bl ock diagram of the printed interface. Fig. 38 shows the bl ock di agram of
t he Menj et i nt eFihatkeshoWé gEndH shiBEnablheulge prefies ding @fe phithaldfan aaglaEnabl e
pul se w dfhs ot Fig. 40 shows a bl ock diagram of dot count logic. Fig. 41
shows the |ngeifape of the print generator unit. Fig. 42 shows a bl ock

di agram of the bl e 8E0RE 8hOtatlbf prinfiothats bhsSd Ve BRI, di agram of the
test pattern accéss uni

Fig. 14 shows a block diagram of the image capture chain.

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

Fi

g. 16 shows the linearize RGB process.

Fig. 17 shows the planarize RGB process.

Fig. 18 shows a block diagram of the image print chain.

Fig. 19 shows a sample color range for a single color plane.

Fig. 20 shows the steps involved in white balance and range expansion.

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

range expansion.
Fig. 22 shows the various color plane pixels in relation to CFA resoiution.
Fig. 23 shows the effect of rotating the green plane by 45 degrees.
Fig. 24 shows the distance between rotated pixels for the green plane.

Fig. 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. 44 shows a bl ock diagram of Buffer 5. Fig. 45 shows a bl ock di agram of
Buffer 4. Fig. 46 shows a bl ock diagram of the Upinterpolate, Hal ftone and
Ref ormat process. Fig. 47 shows howto map froma standard dither cell and
a staggered dither cell. Fig. 48 shows a bl ock diagram of the Convert RGB
to CW process/ Fig. 49 shows a block diagramof Buffer 2. Fig. 50 shows a
basi c hi gh-pgs spatial filter using a 3 x 3 kernel. PCPOB-SG -5 Fig. 51
shows a bl ock diagram of the sharpen unit. Fig. 52 shows the structure of
Buffer 1 Fig. 53 shows a bl ock di agrameof the Resanple and Create Lum nance
Channel processg F 4 e e.Unit. Fig.
55 shows the orggié%hogf’g]g{bga%%sﬁ@gg? ggl ﬁhg‘%ag?ﬂ*gﬁé%%gﬁ%'%@%%we .'}éé‘g']ihshows
moverment #ax@kgiel, 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 onshi p beflaedishgreba trargformationdepramereian fron REGtaCMYn. Fig. 59 shows 4
X 4 sanpling of the green channel. Fig. 60 shows 4 x 4 green sanpling type
1. Fig. 61 shofs. 2P shous ganeersios diem IRGEge Ciyeby Zrilingargnterpdatohows t he two types
of row addressing for green. Fig. 63 shows the addressing of entries in
buffer 1's red Bigd3lxhaes i rdplidatien of a sirfgiegpixebid ashowslodkne first 16 sanpl es
read for calculating first pixel. Fig. 65 shows the overl appi ng worst case
4 x 4 reading fFignidhoes ahidck diabrdou bf the Balf-todngpro@8s.shows a bl ock di agram of
the rotate, white balance and range expansion unit. Fig. 67 shows the
active i mage ar Bg. 3 shhiviitht peceaine refdredttinpdutdiontas erirgggace. | OVERVI EW OF THE
PCP 1.1 H GH LEVEL FUNCTI ONAL OVERVI EW The Printcam Central Processor (PCP)
possesses al | tFig. J¥showss biogk dian of the infage Biipturé aaitn and i s specifically
designed to be used in the Printcamdigital still canera system The PCP 3
connects to an Figrapeshe@Ns blockldiddiam of thigRge adtlesy @it, and a Menmjet printer 2
for inmage

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

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

Fig. 38 shows the block diagram of the Memjet interface.

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

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

Fig. 41 shows the interface of the print generator unit.

Fig. 42 shows a block diagram of the print generator unit.

Fig. 43 shows a black diagram of the test pattern access unit.

Fig. 44 shows a block diagram of Buffer 5.

Fig. 45 shows a block diagram of Buffer 4.

Fig. 46 shows a block diagram of the Uplnterpolate, Halftone and Reformat process.
Fig. 47 shows how to map from a standard dither cell and a staggered dither cell.
Fig. 48 shows a block diagram of the Convert RGB to CMY process/

Fig. 49 shows a block diagram of Buffer 2.

Fig. 50 shows a basic high-pass spatial filter using a 3 x 3 kernel.




printout. In terns of imge processing, the PCP can be thought of as being
the translator of inages fromcapture to printout, as shown in Figure 1:
PGP08- SG -6- The Image Sensor 1 is a CMOS i mage sensor, which captures a
1500 x 1000 RGB image. The Image Sensor is the imge input device. The
Printhead 2 is a 4 inch |ong 1600dpi Menjet printer capable of printing in
three cob@hsSsg Cyan, magenta and yellow. The Printhead is the inmage out put
device. The PCP 3 takes an image fromthe I mage Sensor 1, processes it,
and sends the final formof the inmagesto the Printhead 2 for printing.

Since the | mageggensy - j nd.the Printhead 2 prints in
Cw, the PCP 3 n’ﬁ'st t?’g%gF%?@‘ﬁf%ﬁf“ﬁ%%&@ﬂ& or space to the CW col or

space. The PCP §igc%?\i~§|§m§{ré td?% OF%J% l,{equi renents for the internediate
i mage processing, 1 ncluding 't & balance, color correction and ganut

mappi ng, i nmage a i d. half taqpnipg. In addition, the PCP 3
control s the usE'Jg' %é;? fgér“gg%g%gkngla%rﬁ% ?fcem%glgﬁmpﬂﬁ' %%“2???%3%”8‘\}?68?%8%’11‘%0” for
a varietyogshs.i mage fornmats. The PCP 3 also contains interfaces to allow
export and inport of photos, conplying with the DPOF (Digital Print O der
For mat ) st andar Big. S4. PbivGrblbERMHagraridERNOLNVEVERNE.EW The PCP 3 is designed to
be fabricated using a 0.25 mcron CMOS process, wth approxinmately 10

m | 1ion transi sFigras, shalvstibs brdeadffpixels geteratid fasre thelraceptorrenory or static RAM
This leads to an estimted area of 16mmR2. The esti mated manufacturing cost
is $4 in the ye&y. 550Bdws mdtemeRGRPx3r ¥ B rétated biad urvéhigd siacal ght f or war d desi gn,
and design effort can be reduced by the use of datapath conpilation

techni ques, naCFigeE|dhews ihadddrEssapesttes il BefdPCR gikef QIB-RIflAE: A | ow speed
CPU/ mcrocontroller core 10 1.5 MBytes of mnmulti-level Flash nmenory (2-bits

per cell) 11 ArigN8Shbwage reRaibaip Detileeh e cfled ipbilRnedh rbglge Capture Unit
12 16 KByte Flash nenory for program storage 13 4 KByte RAM for program

vari abl e st or ageig.15b shbes PCB sdmplhg bnthepdeslcHaandiun at a cl ock speed of
approximately 100 MHz on 3V externally and 1.5V internally to mnimze

power consurrptigg_.eo'gh@wsa‘ppug}eeﬁggﬁﬁh?a,geﬁ_r equency w |l be an integer
multiple of the Printhead operating frequency. The CPU 10 is intended to be

a sinple mcropig@tshedd £ 4 §fckh Sarfkfiikl typ&!BNi Ng at about 1 MHz. Both the CPU
10 and CMOS

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

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

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

Fig. 65 shows the overlapping worst case 4 x 4 reading from blue and red buffers.
Fig. 66 shows a block diagram of the rotate, white balance and range expansion unit.

Fig. 67 shows the active image area within the generated coordinate space.
10OVERVIEW OF THE PCP
1.1HIGH LEVEL FUNCTIONAL OVERVIEW

The Printcam Central Processor (PCP) possesses all the processing power for a
Printcam and is specifically designed to be used in the Printcam digital stifl camera system. The
PCP 3 connects to an image sensor 1 (for image capture), and a Memjet printer 2 for image
printout. In terms of image processing, the PCP can be thought of as being the translator of

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




sensor interface 12 can be vendor supplied cores. Figure 2 shows a bl ock
diagram of the PCP 3 in isolation. The PCP 3 is designed for use in
Printcam systens. Figure 3 shows a block diagram of the PCP 3 connected to
the rest of the Printcam hardware. PCPOB-SG -7 2PRI NTHEAD BACKGROUND The
PCP 3 is specifically designed to connect to a 4-inch (10-cn) Menj et

print headpcegg sgfhe printhead 2 is used as a page-wi dth printer, producing a
4-inch mnde prlnted i mage Wi thout having to be noved. |nstead, paper 20 is
printed on as it noves past the printh&ad 2, as shown in Figure 4. 2.1

COMPCSI T CF R [ 8
segnent s, g(zlach iré%gmgr_?‘t 5%’ gganﬁé?réﬁ&gl] ni\gg @&{lﬂp%gﬁ E%%"?S? sxeg@rﬁgsB 21
prints bi - | evel '"WanTheﬁ'ﬁwﬁ%S@mﬁth?é’hagewpdbieézw@ver a different part of the
page to ptoducerhdpribdba 2 IsWﬁch Eh&‘l@@@b tMéPrﬁé pﬁﬂtert &‘Eaﬁ@%i’ﬂh@dﬁﬁﬁ?éhom in

Fi gure 5. Slncethe printhead 2 prints dots |, eac
22.511min di anEteF CV%!ha"aQ%rﬁ%le@owei%ﬂ éﬁ?Sﬁ{"HEﬁﬁdt‘s th?ﬁwe@&ewqﬁm -inch segment

prints 800 dotsThavPth mtbuees&namggeméra theClHaE€ SBANME H NGrode@sdROE lahd 9&Hs thelabl e 1.
Fi nal 1 nmage Dot

dre h .S t Se nt otL t dot 00799
18001, 599 21, 608'5‘" 6’&% %«)g’ %"“g’%g‘ggdﬁrgp 045’& ?'@ﬁa %05199
75, 6006, 399 Al t baptuges leéiﬁﬂ sreiiire Rtintdad piltscie SNBOthedRLS3 ofust tramsibierfiin | nage,

each dot is repLeR@RtRR Rad SAFDICAA | o8B Qsalcpl TAEVEP £Y8MandBAGR R and

yell ow i nk. Because the printing Is the 1nput 1 mage shoul d be
dithered or err @ﬂmgﬁn}qnﬁsf@dthpd}ter[j@glgter@ggﬁ prgcessing, mcluding whlte balance color

correction and gamut mapping, image sharpening, and half toning. In addition, the
PCP 3 controls the user interface and entire print process, providing support for a
variety of image formats. The PCP 3 also contains interfaces to allow export and
import of photos, complying with the DPOF (Digital Print Order Format) standard.

1.2HIGH LEVEL INTERNAL OVERVIEW

The PCP 3 is designed to be fabricated using a 0.25 micron CMOS process, with
approximately 10 million transistors, almost half of which are flash memory or static RAM. This
leads to an estimated area of 16mm?, The estimated manufacturing cost is $4 in the year 2001.
The PCP 3 is a relatively straightforward design, and design effort can be reduced by the use of
datapath compilation technigues, macrocells, and IP cores. The PCP 3 contains:

* A low speed CPU/microcontroller core 10

. 1.5 MBytes of multi-level Flash memory (2-bits per cell) 11

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

. 4 KByte RAM for program variable storage 14

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

sensor interface 12 can be vendor 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.




PCP08- SG - 8- Each segnent 21 then contains 2400 nozzles: 800 each of cyan,
magenta, and yellow. A four-inch printhead 2 contains 8 such segnents 21
for a total of 19,200 nozzles. 2.1.1 G ouping of Nozzles Wthin a Segnent
The nozzles 22 within a single segnent 21 are grouped for reasons of
physical stability as well as m nimzation of power consunption during
printing. dog, ¢erns of physical stability, a total of 10 nozzles share the
sanme ink reservoir. In terms of power consunption, groupings are nmade to
enable a | owspeed and a hi gh-speed psrinting node. The printhead 2 supports

two printi i fferent speed/ power trade- offs to be made
p éﬁﬁmﬁ&?ﬂfgh@gﬁégtg’p p P

in different produc tions. In the | owspeed printing node, 96
nozzles 22 are fd&r?g ?.rml t.?l‘fr\l?jogsl%1 fromeach 4- inch printhead 2. The
fired nozzl es shEUTY" B TRETFRY PSPIEed tasarned & 4 48 4 U@ Memighrintieadsg 1 om
each segn&nfhe pliothbad 2 isl$ed]ss 2PBgaredtnl wister, 20QHuding facs-mali wiiet @inell iW6geno0zzl es
nmust be f. L.ah- | nting. " 2.are fired
o1 mul ¢ ancuy St hablg te'6e LR, ROEES oBbr 2y BRI et Aol Tenie FEU™58 25 houl «
be maxi neds ghown wtFigywe 4.so 24 nozzles are fired fromeach segnent. To fire
all 19,200 nozzles, 100 different sets of 192 nozzles nust be fired. The
power condlGPMPOSITION OFHEINCIO RRIEBAD node is hal f that of the high-speed

node. Note however, that the energy consuned to print a |ine, and hence a
page, is the saRachid4intotrinthesd esnsistsiof 8 ss@esrdy, eachssgginerad /2aandadhtie leyigthower ed

Printcam e Iy [ ' e f_| speed
pri nt i ng. =51 " B8 YRS s ibval A5 ETR kB RIBLEAE 1 e by OL1

nozzl es 2De paggrte prgducediminelhimegs Thepesitivod of thesseaments are shown iaFiguierh. one r ow,
and 5 are in another. Each nozzle 22 produces dots approximately 22.5m in
di anet er spacedSiaee the PENBFHEIA piinteldotsag1H08 dpi, shehvot ishe?. wm mrdisemdert amnlf a
singl e paggcas 19 )Z uphe. ' : 0 IR Whi ch
hey Mt e S s A e Sl T L e "
rel at i onsKIBSROPiIRBIP PPEIEONS 2 “and  physi cal pl acement of dots on the printed
page is different. The nozzles 22 fromone row represent the even dots
fromone fine on the page,Tahled. Finel Image Pets Asliressed by Ra¢h r ow represent the
odd dots fromthe adjacentSegmest on t he page. Figure 7 shows the sanme pod 23

with the nozzlles 22 nunberfed according to thg order in which|they nust be
| oaded. Segment First dot Last dot

0 0 799

1 800 1,599

2 1,600 2,399

3 2,400 3,199

4 3,200 3,999

5 4,000 4,799

B 4,800 5,599

7 5,800 6,399

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.




PCP(B- SG -9- The nozzles 22 within a pod 23 are therefore logically
separated by the width of | dot. The exact distance between the nozzles 22
wi |l depend on the properties of the Menjet firing mechanism The
printhead 2 is designed with staggered nozzles designed to match the flow
of paper 20. 2.1.1.23 Pods Make a Chromapod One pod 23 of each color (cyan,
magent a, gdpds el | ow) are grouped into a chromapod 24. A chromapod 24
represents different col or conponents of the sanme horizontal set of 10
dots, on different |lines. The exact di&tance between different col or pods

23 depends on s, Mt 200k Ahhis DAL NELRLS st MY XAV QT One

Menj et design to anot stance IS considéere ant
nunber of Yeldew-Adpytingh prigepdrieantainsSrsaetosagmients 24 kos A titalod 19, 20000zaks. when
printing: the dots printed by the cyan nozzles will be for different |ines
t han t hosz1.1@rdupingcbf blpztléseWitbigardegment yel | ow nozzl es. The printing
algorithmnust allow for a variable distance up to about 8 dot-w dths

bet ween col ors (iseeozkbl2e Bthiroa sileesed@iert 215hre JroPed GorBreaddnk WS HhRIES a

singl e chyrr A W romapods ke a Podgroyp.5 chropmapods 24
are or gan{tzég ?%f"%ﬁlgs sn?"HrgrﬂZ%t%googg;Dro ‘c")'ﬁrpgof'g'fm%\%ﬂéjg”réqaﬁrf‘?%%ﬂ'grt&f%d’f PRG¥FEL) ns 30
nozzl es 2fabilisg @HotgoefgiCoppziensharg the saB® imorzéresr. BRtermBofcpover coBumptipant a, and

50 vyell ZLeSn )| A WAL g1 i 9, with chronmapods
nunbered 0-4. "Note ad;gﬁg?r%{bﬁgaqgvi@g%aéﬁcagéngﬁe\ég%édgcqﬁ@ggﬁrﬂ%echr omapods is

cxagoerated | o1 1) ik 2l 7 RAGE A0S, W AUEAGESELONR,Z g oUpS

25 are organized into a sin _ e phasegrou

naned becdl§d&ebeypeifis dferepidroaueisoiguigionsi n a phasegroup are fired

simul taneously during a given firing phase (this is explained in nore
detai| bel ow). MHee PWshead riintingfmedepfnrazgies 8 aterfiond sipuligoeiysly frpw €26h 4-s
entirely ihrprihiABad TROBRE n&dzick AMSLUTNREHa @RSy Ris@lt SO PESb-PEL 3 LB % edifdnd

Podgr oupEnabl e llﬂisf DHr%ngq | ow- SEeed_ rinti ng only one of the two

Podgr oupERabFEMENh &8 firedll 490y npzzes; PR differpntspts gT Y nogaes mestBafigdone podgr oup
of the two fires nozzles. Durjing high-speed printing, both PodgroupEnable
lines are set, Bd"%YeMHsR56H [V Sopp, 182 rﬁ'S?iqSe%.ar?ﬂﬁ%é'ﬂlk‘é?ﬂepys’yafrqr@)ﬂﬁ%lpeed
print takiaeh printreed asTHeOMES Aszids B2 ghoukPRLMapbift distsit o4t doezibd gbrreed
print fi rf%?n éa\% geegn%%t. [Fglﬂpé allqgﬁﬁd r?oszzlgg, 185l giﬁérent sets of 192 nozzles must be fired.

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

cases,

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

requirements dictate the use of low-speed printing.

2.1.1.110 Nozzles Make a Pod

A single pod 23 consists of 10 nozzles 22 sharing a common ink reservoir. 5 nozzles
22 are in one row, and 5 are in another. Each nozzle 22 produces dots approximately 22.5pm
in diameter spaced on a 15.875pm grid. Figure 6 shows the arrangement of a singie pod, with
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.




PCPOB- SG - 10- Figure 10 illustrates the conposition of a phasegroup. The

di stance 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
segnent. Firegroups 27 are so named because they all fire the same nozzles
27 sinul tpageus!ly. Two enable lines, Aenable and BEnable, allowthe firing
of PhasegroupA nozzl es and PhasegroupB nozzl es independently as different
firing phases. The arrangenent is shesw in Figure 11. The di stance between

dj acent groupi | r larity. 2.1 1. zzl e 3. 0upj ng
gujn’?rar y Tgbl epzﬁﬁg ngﬁ? a%még‘rg@ﬁo{léﬁzeg %(%zt%rg&é rl%ﬂﬂcﬁlﬁ%sg?afagewgbyptb? i 3d4. Tabl e
2. Nozzl ed%ty Bigppagdistance fetvierythe nozzlescd? wit idapdnd g teaprepafies of the Memiet

G oupi NG GaHig MchariARaRb iphfthéa NoRgbRRahi 2iasal nbwe ! Bsigrda Ithel: 11 Pod
23Nozzl es mgr Cod :110pChromaplod 24Pods psqehr%CIW chroma%%%?: ?ngg%lﬂo gr oup
25Chr omapBHe B8 68dgr oup5: 1150 Phasegroup 26Podgr oups per phasegroup?: 1300

Fi regroup, i PS S oups per firegroup2: 1600 Segment 21Firegroups per
segment 4: & z& %ﬁgﬁ"ﬁg‘% BBT"HF"I‘?@gd 2Segments per 4-inch printhead8: 119, 200
2.2LOAD AND PRINT CYCLES A single 4-inch printhead 2 contains a total of
19,200 nozzles 29° PRIPFT Af “eficelor il6KFBI Feentheandi velny) Gre gpuped de f these
nozzl es, depaasma. thtohﬁpdaminfeﬁﬁﬁérﬁldiﬁ@erhe?lﬂfdomb&%nts'%f tﬂg%ﬁ‘\e%?ﬂogtald nvol ves
t he | oadi f.the. Dri theg%ﬁmﬁth the informatjon, t e printe uring
the su bs%g l(ﬁ {nbt é)o&r iOPl t%l eg{' Ign_es. (%a_cées{;i(ie_ between dllfl‘erent co?or podé3 23 depends :

on the Memjet operating parameters, and may vary from one Memjet design to another. The

distance is considered to be a constant number of dot-widths, and must therefore be taken into

account when printing: the dots printed by the cyan nozzles will be for different lines than those

printed by the magenta or yellow nozzies. The printing algorithm must allow for a variable

distance up to about 8 dot-widihs between colors (see Table 3 for more details). Figure 8

illustrates a single chromapod 24.

2.1.1.35 Chromapods make a Podgroup

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

that the distance between adjacent chromapods is exaggerated for clarity.

2.1.1.42 Podgroups make a Phasegroup

2 podgroups 25 are organized into a single phasegroup 26. The phasegroup 26 is
so 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 puise, 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

nozzles at once.




Each nozzl e 22 has an associ ated Nozzl eEnable bit that determ nes whether
or not the nozzle will fire during the Print Cycle. The Nozzl eEnable bits
(one per nozzle) are loaded via a set of shift registers. Logically there
are 3 shift registers per segnent (one per color), each 800 long. As bits
are shifted into the shift register for a given color they are directed to
the | ower @pgdsdipper nozzles on alternate pulses. Internally, each 800-deep
shift register is conprised of two 400- deep shift registers: one for the
upper nozzles, and one for the | ower -nozzles. Alternate bits are shifted

into the altern [ i . far as the external interface is
concer ned _home\%grﬁr,e ?‘%2’!“3@‘%&5 g%s?é{gﬁf{%m%’gs@f Fo BIFSERIOHR ﬁggﬁ'g?g?e. b & all the
shift regfdicepiPopgroersheeogaitedfor darded (800 | oad pul ses), all of the bits
are transferred in parallel to the appropriate Nozzl eEnable bits. This
equat es t®1-4-53iPhasegrqywsamake|a Firegepypf er of 19, 200 bits. Once the transfer
has taken place, the Print Cycle can begin. The Print Cycle and the Load
Cycl e can occur Tw rhpsegioepu $PhpsegsoupdnapdaBhashgroyrd) airé efgahioedt intd aadidgle

Nozz| eEnafegrdapts, AhCHHrSyrélps : ' | cle
The Load C%glebis conce%%eg dp%ﬁﬁﬁggﬁ%ﬁghgﬂgm%?$ﬁ&%%g%n?agéﬁ%%éﬁggﬁgyers
with the Helte saple norzles 21 eimyltausgusive Ewa snabie fines. Aneble and fRaakle. Rllowidre 3

i nput s di firieg tdf yPhesdgadupd riodziéd1@nd Passeg B Mokiesain@epsfddnMVas Niidctent il St ers.
These i np%tag are cal | erg n(t:IIDSathaI n, tql n.an YDaE)aI n. Since there are 8
segnment s, ther & ared3 BRI O8F WIS | by TEHATRNCF PRWESHRYACEN HeUPINGS int head.
A si ngl e gradgeeaterhfot HlaiSRCl ock |ine (shared between all 8 segnents)
transfers the 24 bits into the appropriate shift registers. Alternate

pul ses t rahdElpzay GroupiggiSummaryer and upper nozzl es respectively. Since
there are 19,200 nozzles, a total of 800 pulses are required for the
transfer. Once &itle 28 2a200mbivtcs theaezzle reings frenefngreaed, a singl e pul se on

t he shared PTransfer |ine causes the parallel transfer of data fromthe
shift registers to thrappNRElSreugiFabesinllea-iRid grintlda paral l el transfer

via a pul sgon PIransfer|must take place after the Printy Cycte—has
finished. ™ herwi se the Nozzl eEnable bits for|{the |ine being printed wll
be incorreLiums péleoua;nl 8 segnents 21 are Ioajeﬁefglch'Prh si M¥fz@eSRQ ock
pul se, anylpH nf)l Ag Br e sSS mucq!nnr’?ls 8lce theldat atfq‘l the ¢ ”r"&ct sequence
for the prj Nedaed. As an; Basawpite, the first PRC ock puljse will tnansfer
the CMY bi 5 rthe nex NPr'nt Cycte s dot—0 800, 16066,—2466.—3200,
4000, 4800, "% 5600. TheNFEEBRH PSRA ock pul sk wi M1t ransfer thd0 W bits
for the nexgnBGEsE22G Pods per CMY chromapod 3:1 30

Podgroup 25 Chromapods per podgroup 5:1 150

Phasegroup 26 Podgroups per phasegroup 2:1 300

Firegroup 27 Phasegroups per firegroup 21 600

Segment 21 Firegroups per segment 41 2,400

4-inch printhead 2 Segments per 4-inch printhead 8:1 19,200

2.2L.0AD AND PRINT CYCLES

A single 4-inch printhead 2 contains a total of 19,200 nozzles 22. A Print Cycle
involves the firing of up to all of these nozzles, dependent on the information to be printed. A
Load Cycle involves the loading up of the printhead with the information to be printed during the
subsequent Print Cycle.




-12- Print Cycle's dot 1, 801, 1601, 2401, 3201, 4001, 4801 and 5601. After
800 SRC ock pul ses, the PTransfer pulse can be given. It is inportant to
note that the odd and even CW outputs, although printed during the same
Print Cycle, do not appear on the same physical output Iine. The physi cal
separation of odd and even nozzles within the printhead, as well as
separati op.Rgtween nozzles of different colors ensures that they will
produce dots on different lines of the page. This relative difference nust
be accounted for when | oadi ng the dataii-nto the printhead. The actual

difference in |i n_the characgteristics of the i et nechani sm
ulsed inthe pr |E%§E%O%%E%?'ﬁés i f ?58?'@%%3’8”2%&%'8@% bétg'?alt H‘étamﬂ'gﬁs\)’g\ﬁihﬁ‘b?ré? D, and
D2 wher e the npzzia W fih diriagthe Prink Eywie Tha dvzdleFnable bids (dhe pentozele) ot dgadad D2 i S

the di st apggshefvhenrgirezl es of the sane color. Table 3 shows the dots
transferred to segrrent n of a printhead on the first 4 pulses. Table 3.

U noCyan Line Paraet UsBer Brirdh? seLbukeites antbholiznh e A °
38005+2 NNHISERe- SiTited o OsshitBginte Tior maNaDEIor iy Arridiscted ito e fover Bn@@®epul ses.

Dat a can rlﬂﬁzléé o K%ﬂndté‘bﬁlséshﬁltd?ﬁdllﬂtéiﬁlﬂgoﬁgeeé sm)?b@}.{@? i& @Brﬁp&%d 2Pldg. Whi ch
wll |oad entire daf for the next line in Print Cycle A

4-inch pri%P ﬁg'ﬁaegf Lo RPa R Ee 18P (8Z7RS z F1drre 5 theﬁ%""’?r ”Pézlﬁtshé'Fﬁf%ﬁtq bitgtareynce
woul d  costdtedentp obe rwehatpome:malal‘e@sbﬁs. psofat @gahe @xtemal RisfBceOfs édhkerh&f 111 and

nozzl e '”ﬁo@fefz@rrtﬂ &8 o?'$% So%ec% Qﬁlﬁ gg‘{%ﬁ; (0-7) 2D, = nunber of Iines

bet ween the nozz ne co next (likely = 4- 8) 3D2 = nunber

of lines betwee 0 V\é n e the s cocLor | i e'é‘p

P08- SG - 13- @n*ée%eﬁ% e %i 'StF%%"e éer‘?Bé'ﬂ'% SHpe (09 BrabeHisey). plbgt '%-,l‘éa’fepr i nt

node and fEanpfeted @g@@qjlelptpmm appropriate NozzIeEnabIe bits. This equates to a single parallel
transfer of 19,200 bits. Once the transfer has taken place, the Print Cycle can begin. The Print

Cycle and the Load Cycle can occur simultaneously as long as the parailel load of all
NozzleEnable bits occurs at the end of the Print Cycle.

2.2.1Load Cycle

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

Each segment 21 has 3 inputs direcily related to the cyan, magenta, and yellow shift
registers. These inputs are called CDataln, MDataln and YDataln. Since there are 8 segments,
there are a total of 24 color input fines per 4-inch printhead. A single pulse on the SRClock line
(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 puises are required for the transfer. Once all 19,200 bits have
been transferred, a single puise 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 transfer the CMY bits for the next




node: In the |ow speed print node, there are 200 phases, wth each phase
firing 96 nozzles. This equates to 12 nozzles per segnent, or 3 per
firegroup. 1In the high-speed print node, there are 100 phases, with each
phase firing 192 nozzles. This equates to 24 nozzles per segnent, or 6 per
firegroup. The nozzles to be fired in a given firing pul se are determ ned
by 3 bitg.gheomapodSel ect (select 1 of 5 chromapods 24 froma firegroup
27) 4 bits hbzzIeSeIect (select 1 of 10 nozzles 22 froma pod 23) 2 bits
of Podgr oupEnabl e Ilnes (select 0, 1,-1ar 2 podgroups 25 to fire) \When one

I ‘s 4
nozzl s vt CPRES Bast 48] et /AT B0 brp b Bl B8t AR sRp S Pl when
bot h of tﬁéPTﬁwﬂéﬂbﬁﬁEﬁmbin¢1nes are set, both of the podgroups will fire
their nozzles. For the | ow speed node, tmo fire pulses are required, with
Podgr oupEnabl e # islparient @ilnote $1aé tiei ode layd eFeJrCMh@utpbisgdslﬂwsugae;ﬁhnrmdﬁnng)nI y one
fire pul s@eksmé BRIIC,EL, ratl n of .th
firing pul ge 'S grlegn domo%&f%tﬁggﬁ%%éﬁ%ﬁé i|-};%§rsh NG Sep?raF%p t he
Phasegr ouff%ngnd %@é@?@%ﬁowtmwfﬁ péntifeag e el fai rsegar@umsbatwuemlmeby The

typical  @tdraiticeBrs@hsaed ihai ey Wil ﬁﬁuée'sd&eghdlff@rerﬁ iRSs of HEpAAUr Alid R @
pul se dep(ﬁ{r]ds on the viscos (dependent on tenperature and

i nk char al{®r°8 T ) Pea Ao "é} g‘?‘fo“mﬂ" 'B?d”ﬁo\m?r daé‘i‘/é”"? dbt @rintgead; Hae mctuat head.
See Sect i differéhcd iorinpagiepdh8s for thdetmairdctristias fot apkb atdet friaorbdidie uged Mt lgad i n

order to t r [ han The bl e_an nabl e are
separ at e erﬁﬁgg@ |n|j11 @ocﬁff i&C%{]&[IPﬁ géfﬁeg bi Vgr'a% R gﬁF Wg\%er P‘a'ﬁqhel'ﬁ €Nghe 200
phases of behvaesnozairsed different codys; ed BOﬂmesilstaﬁ:e bePesn pizasesf therskniDEIR
phases, efa‘b%@shwé megbeéltragsfér% téé'égﬁqeﬂtfn SRR PRI RESHRes LT ke se, the
100 phases of a high-speed print cycle consist of 50 A'p ases and 50 B
phases, effectively glqug 0 _B Figure 12
shows the AEn Lycle. In a

hi gh- speed p print there
are 100 2s cy order is:
Chr omapodSel e¢t 0, z and B)
Chr omapodSel e¢ct 1, Noz and B)
Chr omapodSel e¢t 2, hb:gb&ﬁﬁlect éLD;POdgrOLRF?9Q$e 11 &Pq§ses Al and B)
PCP08- SG

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

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

And so on for all 800 pulses.

Data can be clocked into the printhead at a maximum rate of 20 MHz, which will load
the entire data for the next line in 40ps.

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.

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

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




-14- ChromapodSel ect 3, Nozzl eSel ect 0, PodgroupEnable 11 (Phases A and B)
Chr omapodSel ect 4, Nozzl eSel ect 0, PodgroupEnable 11 (Phases A and B)

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

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

Chr omapodSel ect 4, Nozzl eSel ect 9, PodgroupEnable 11 (Phases A and B) For

t he Iomfsgﬁgg(prlntlng node, the firing order is simlar. For each phase of
the high speed node where PodgroupEnable was 11, two phases of

Podgr oupEnabl e = 01 and 10 are subst-itiuted as fol |l ows: ChronapodSeIect 0,

Nozzl eSel 0 A B dsSel 0,
Noz1 osel EaeRen Py SHEENA: & oried 3368 el Gihoce i SRERSOGRTE! 1
Nozzl eSel Bede: 0 Podgr oupEnabl e 01 (Phases A and B) ChrorrapodSeI ect 1,
Nozz| eSel ect Inpfﬁggfn\?'éi?@aaﬁln? nJOQe(BQI%SQrE 2%0 s%, wit agwpog@nﬁcé 3,

Nozzl eSel ect 9, dgr.oupEnabl 1 '(Phases ect 3,
Nozzl eSel ect 9, ”%B@J&&ﬁhﬁﬁ‘-’r t@ 1%@%4%@@@%99@%@ 3gper firegmavdmapodSel ect 4,

Nozzl eSel ect 9, umegfgca.Lu@Eétabﬂu@ nible( IRBRSSE 180 ayaalsee) with CRHOpRBOGRY e84,

Nozzl eSel ect 9, EgrﬁupE a} 22[ éz’:’ ases A B) Wen a nozzle 22 fires,
it takes approx!'TR&FRIISTOHESY S 2F BPTHSS PerssamA z‘%rl6 ebyedQihot be fired
before this refi tinme apsed. _This |limts the fastest printing speed
to 100s per i 'éenqzﬂe?tﬁ@eﬁfeaﬂﬂgﬂ'é%rbﬁ”ﬁg Pyge AR delemitd BYine to print a line
is 100s, so0 the3bisnGhrbetpatseidct (sclag 1a:f5nnrzsmla|mdfslzorrbmracﬁrdgrdwﬁ 2vp the next

matches the r thbilts 62'}}339%4?&t1i Qﬁoql?ggessﬁ%%g'l rmde accept abl e. . T.he

| ow- speed print no so acceptable. The firing
of a nozzte 22 &P'@cﬁfé’ad@’eypfé[lﬂbtﬁém%(spletrttﬂui tea® Pm‘mom@%@ﬂre)m ted time within
t he common ink reservoir of that nozzle's pod 23. The perturbations can
interfere with Y¥ien fohe iohdhe BedasmpEnable fineszib esetnionlyi the tShe:ifaarm:dpmdp 23

Consequer\-towes tvh&ré'a%'d’é%rrﬁfne@%?zdh?&né%&égf&t %n?%zzl it Avs tﬁ %frof rom

each ot her We therefore fire ree nozz m a

| e
chr orrapooPOE'afOt*Pﬁ{@g'ﬁdiﬁ% e 29* bfé*ﬂ ot 8pgorara wilkise teis nazzisst BOrttmﬁeIOWémed

chr omapodnétik, wid fire rpuké&arep@@iﬁé@%th%dgrohﬂiﬁab@ 4 Pgvasd 0€ ebspédidly. Har fRRde t he
podgr oup rat el apods 24 within both

podgr oup?“gr%r]uséjfeeaem?def Oﬂ% P oPdsy! %éeqf"ferdswﬁrb’ﬁ?d(g%ﬁ%ﬁ%{gargs again, totalling

10 x 2s cycl es. | y. .eac od 23 is fired once per 20s
y The (Puraefl%n op E) X’ring plnsep is given by the AEnable and BEnable lines, which

fire the PhasegroupA and PhasegroupB nozzles from all firegroups respectively. The typical
duration of a firing pulse is 1.3 - 1.8 us. The duration of a pulse depends on the viscosity of the
ink (dependent on temperature and ink characteristics) and the amount of power available to
the printhead. See Section 2.3 on page 18 for details on feedback from the printhead in order to
compensate for temperature change.

The AEnable and BEnable are separate lines in order that the firing pulses can
overlap. Thus the 200 phases of a low-speed Print Cycle consist of 100 A phases and 100 B
phases, effectively giving 100 sets of Phase A and Phase B. Likewise, the 100 phases of a
high-speed print cycle consist of 50 A phases and 50 B phases, effectively giving 50 phases of
phase A and phase B.

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

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

For the high-speed priniting 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)




PCP08- SG -15- In the high-speed printing node, the podgroups 25 are fired
together. Thus the 5 chromapods 24 within a single podgroup nust all fire
before the first chromapod fires again, totalling 5 x 2s cycl es.
Consequently each pod 23 is fired once per 10 s. As the ink channel is 300m
|l ong and the velocity of sound in the ink is around 1500nm's, the resonant
frequency,gfsidhe ink channel is 2.5MHz, thus the | ow speed node allows 50
r esonant cyc?es for the acoustic pulse to danpen, and the high speed node
allows 25 resonant cycles. Thus any -adeustic interference is mnimal in

both caseg. 2.2 1.9 n anpl e nsider the timng of
printing gn 4" %ﬁém%l%}%fa %Et{gnNgzziée%&%ﬁtdg?Oﬁoﬁpgn&?eeﬁfuﬁgﬁﬁsﬁs EX?HE’IBPH'[ cam In
order to print &highepeiSelect, Hewindalect @ RedgfolpRodblgti (Rhdread anus) print 9600
lines (6 X 1600bhro|13\9b'5h@e@9tdﬂﬂoztz‘ibsélgctolggc&&dr&fﬁﬁnéﬂﬂa %L(%ﬁ%%%%lnghﬂ_lds a line

time of 200 s. A single Print Cycle and ™a single a st both
finish within this tinme. In addition, a physical process external to the

pri nt heads nust Gﬁr‘bmabchﬁeléapﬁNoﬁle@lé&rg?Pédg@&t@EﬁdﬂE‘ﬂt(Ph@eQma%H'QLpri nting

poi nt of view, e | ow.speed, print d 10 4-inch printhead to print
an entire line FHFOE'GBOV&F .e'%?trf’ Pﬁzéllel%&?ﬁn@pg%‘g’r%ﬁp}gﬁ?b?%dgf‘asgﬁﬁﬁﬁg?? es 22 fire
per firing puls ht ereb%(ben innEtB%a,rprintin of an entire line within
the specified tF?Fet.e SPEEHPEREY BIORS pIF L8 AT hEMIR ReTRESE PPRseedd™® ¢l ock
pul se tr anghf speed mgdvhdoe Peggroupisdbleab0! 1t Bdoephpsea e PdgrdlipEndtine= 8Dehas1d | ne

time. Theylk : R0 ock pul se cannot exceed 200 s1800 = 250ns,
i ndi cati né ?ﬂ%ﬁtntteﬁésg)?? nt head nust be clocked at 4MHz. I n addition, the

average t1ne toClramepddgelect@abierzisSelects) Bedg(dupFnablect! (Bhasehd ai®BPO0 nozzl es)

nmust not exceedchréPBfodbdidetd0NozIcbBB& 0, PotgRoupErtibld R PRasEOh 2HEBET at Or running
at one of the fgllown generatln it (dot) per cycle

dg speeds: 100 g{ 10b

50 Mz geher at i Hy°22M §'e%do?'%¥ie§§'?°t@yﬁ?‘@ oupbrablg i1 (Beases AePhE) 4 bits (dots)
per cycl e 2. 3FEEDBAGKJIEREN1ThizzRBERBIHEAf2gIdupE RibientoliPRete2A BR@EYICES Sever al

| i nes of feedback (accunulated fromthe 8 segnments). The feedback |ines
are used to adjUst the timng of the firing pul ses. Al though each segnment
21 produces t heCiramepdfdgeldts 3chozzleReledt@ebidpgaiapErabim l(PhasegAend B) share t he

same tri-. stat echbSapddBEisct 3GSRIUEAL! ¥, {t atime can
provi de feedback. P?%DO& SCG 62 ' OOBFHUME%% ﬁ?SﬁEEQéA%ﬂrd §)
. ChromapodSelect 4, NozzieSelect 9, PodgroupEnable 01 (Phases A and B)

. ChromapodSelect 4, NozzleSelect 9, PodgroupEnable 10 (Phases A and B)

When a nozzle 22 fires, it takes approximately 100us to refill. The nozzle 22 cannot
be fired before this refill time has elapsed. This limits the fastest printing speed to 100ps per
line. In the high-speed print mode, the time to print a line is 100@3, so the time between firing 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 also causes acoustic perturbations for a limited time within
the commeon 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 nozzies 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 20us.




-16- A pulse on the SenseSegSel ect |ine ANDed with data on Cyan enables the
sense lines for that segnent. The feedback sense lines will cone fromthe
sel ected segnent until the next SenseSegSel ect pul se. The feedback sense
lines are as follows: Tsense inforns the controller how hot the printhead
is. This allows the controller to adjust timng of firing pul ses, since
tenperat ug g affects the viscosity of the ink. Vsense inforns the
controller ﬁom/nuch voltage is available to the actuator. This allows the
controller to conpensate for a flat ~bastery or high voltage source by

adj usting, the pyl ] for the,.caontroller, of

resistivity (m#saggﬁh%égégr% ?’u %5%”8? 2%5591 ﬂ:rPd topRing"- Jf'“l‘ HHE & he
controller to adieovaradhes pinise Smldtvh@rq!lm rocest alt f pefare theofinst tchmetnapavkiitepy

i rrespective of aééwtamb%r 58l &bﬂ;sxquenwgaaﬁs% { QFAR oﬁéé}ep?@ Joller of

the width of the critical part” of the heater ry u to 5% due

to |ithographic i 0 to

adj ust the pul Sé@\%{é ﬁ%%g%pngfgld%?’rjgﬁ f&@%d}&%&?ﬁk%@ﬂﬁé é}% ﬂ& Pre r{edat Cycl e
The pri nt 1998™5r (68 easgnanhiecyeray obihg W‘éﬁ@i@ﬁb‘?zﬁMHétfbﬂiﬁ the lowiseeasquideiaievisum

t enper at Wseresdriaint @J&Ee‘d rf6 th@%bodsf’t?puléer fol damfeh) Qﬂi Rt Highesphéd Rogs amﬂ%tiwr aph

has a consi st ent Ef #I librium nperature nust be net before
printing ﬁfﬁ?a@fﬁges Wi'ssa”?’é‘c‘?i‘étff;dﬂtg SreifE P WFQ’%‘"BP@H@%’&S cycle. The Preheat
cycle involves a single Load Cycle to all nozzles with 1 s (i.e. setting
all nozz3-23SampleTiming and a nunber of short firing pul ses to each nozzle.

The duration of the pulse nust be insufficient to fire the drops, but
enough to heat Apat Remnik considentettiméng diponfing 200 <($iPBws if dsecendshanizzl e are

requi r ed, reuieh Ibp@nhthérﬁwq h:rde'ﬂ td E‘ﬁht %adﬁetos#q%e&%s atﬁe a-u%ha,:l?%ééh RldtHrint Cycl e.

Feedback durin Pre gr ovi d Tsense, and continues until
equi | i briGhRPE %Fé??ﬂ eR‘i”§d'P%&%f? it %GEFOQdSaSB%@Eea inerimeraf 200 Ahé
dur at i on sifglet Prnt Riyelbemt! a sl Lbs ay’cﬂmﬁﬂst%tmuhléh HROOBEStim@nd depends on the

i nk conpgs, % Pr s.cherfor med, bef ore each r| nt. job. This does not
Lt ece e Poech ERER b p””ff“? AT BV RAREM Forbhigk SRk | o
transferred to lr-'rom tlri)e prm%mg poml?o view, %e low-speed print mode allows a 4-inch printhead to
print an entire line in 200 us. In the low-speed print mode, 96 nozzles 22 fire per firing pulse,

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

The 800 SRClock pulses to the printhead 2 (each clock pulse transferring 24 bits)
must also take place within the 200 us line time. The length of an SRClock pulse cannot
exceed 200 ns/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

200ps / 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.




-17 2.4.2C eaning Cycle In order to reduce the chances of nozzles becomn ng
cl ogged, a cleaning cycle can be undertaken before each print job. Each
nozzle is be fired a number of tines into an absorbent sponge. The

cl eaning cycle involves a single Load Cycle to all nozzles with 1s (i.e.
setting all nozzles to fire), and a number of firing pulses to each
nozzl e. Thgohgzzles are cleaned via the same nozzle firing sequence as a
standard Print Cycle. The number of tines that each nozzle 22 is fired
depends upon the ink conposition and tie tine that the printer has been

i i i . ffect i nt

ber for mance. 2. B SFRFSRRSRAEY i Rhe i il Pl IS B e 2 has
the fol I olieh{pr dwhpramenbibe feedteigk senge lisurill ¢antehroPr tha sétlediel Sgmeatamiias
Nane#Pi nsmsgéﬂsggég@@{fhgyugg&m q%%b%%tsgéﬁhiggar%\@%\n E,Il]?“gshr omapod will fire (0-4)

Nozzl eSel ect 4Sel_ect ich nozzle from po ~fire (0-9)

Podgr oupEhabf e2 Efgfiiee t hBROBBY deo Gprdroties v oy 1opiEhegdl . is.QThis Jalows the

AEnabl elFiring poHtsierfi®adjih amegrop Biihg puidles adilce lidrhgdralgre RUESE the Uschftpeegr oup B
CDataIn[0-7]8Cy9p.%nput to cyan shift register of segnents 0-7
NDataIn[O-?]BNhggﬁ%a input to magenta shift register of segnents 0-7

YDat al n[ Ot 7] 8YeMsengei npuinfotnms heldontmlisthidnt muggidtbey isafvaikelne nhes addaatof.

S oK1 . Ul 100 BRERE Sl U BB 3 S0 ch a7 RS L 7 Vs
regi sters. PTraf¥¥s¥raibgPulpe widiht r ansfer of data fromthe shift registers to
the internal NorgémGnabligfolid the( ABOIRE of NRZ ZsRelivity SRINARSEI QLSS LAwRUI se on
SenseSegSel ect e'?‘cl}{%?cgjr hvc\eliattelt.] 'I%%taahov?s? the controller to adjust the pulse widths to maintain a

constant energy irespective of the heater resistivity.
. Wsense informs the controller of the width of the critical part of the heater,

which may vary up to + 5% due to lithographic and etching variations. This allows the

controller to adjust the pulse width appropriately.

2.4SPECIAL 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 to fire the drops, but enough to heat up the ink. Altogether about 200
pulses for each nozzle are required, cycling through in the same sequence as a standard Print
Cycle.

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

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

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.




CDatal n[n] selects the sense lines for segnent n. PCP08-SG
TsenselTenperature sense VsenselVol t age sense RsenselResi stivity sense
WsenselW dt h sense Logi ¢ GNDlLogi ¢ ground Logi ¢ PWRlLogi c power _

V- BusAct uat or Ground Vf barsActuator Power TOTAL44 Internal to the 4-inch
printhead, each segment has the follow ng connections to the bond pads:
Table 5. Fgigsd nch Printhead Internal Segment Connections .

Nanme#Pi nsDescri ption ChromapodS 3Sel ect which chromapod will fire (0-4)
el ect Nozzl eSel ect 4Sel ect which nozzle7f-romthe pod will fire (0-9)

Podgr oup podgroups to fire (choice of: 01, 10, 11) able
AEnabIelE?#%Egg§h§§%Q§or phasegroup A BEnabl elFiring pulse.fortprasegggﬁfaB
i npu 0

Chat al n1Cyan i npu an.shift register, Matal nl Magenta .

ohi Tt regi oter TPt BIEY Aot b a-EE proT aiipest Bgrered DRSS 8. on
SRC ock (@isefiakre girioteegaCh pdik jobl Bachsnoztle iscaerfiresnd nBREr ottidasdhta@s abscassnCDat al n,
Miat al n aggdngdatal n into the 3 shift registers. PTransferlParallel transfer
of data fromthe shift registers to the internal

The cleaning cycle involves a single Load Cycle to all nozzles with 1s (i.e. setting all
nozzles to fire), and a number of firing pulses to each nozzle. The nozzies are cleaned via the
same nozzle firing sequence as a standard Print Cycle. The number of times that each nozzle
22 is fired depends upon the ink composition and the time that the printer has been idle, as with

preheat, the cleaning cycle has no effect on printer performance.
2.5PRINTHEAD INTERFACE SUMMARY

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

Table 4. Four-Inch Printhead Connections

Name #Pins Description
ChromapodSelect 3 Select which chromapod will fire (0-4)
NozzleSelect 4 Select which nozzle from the pod will fire (0-8)
PodgroupEnable 2 E:l)&\ble the podgroups to fire (choice of: 01, 10,
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
Mbataln[0-7] 8 Magenta input to magenta shift register of

segments 0-7
YDataln[0-7] 8 ;(ellow inpu't to yellow shift register of segments 0-
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] selects the sense lines for segment n.




Nozzl eEnabl e bits (one per
SenseSegSel ect ANDed with data on CDataln | ectlsel ects the sense lines for

this segnent.

nozzl e).

TsenselTenper ature sense Vsensel Vol t age sense

- 18 PCP08- SG SenseSegSe A pul se

Rsensel Resi stivity sense Wensel Wdth sense Logi c G\NDl1Logi c ground Logic

PWRI Logi ¢ power V-21Act uator
segnents a8 for all
sections have dealt only with the highest
functionality - that of ma

G ound V+21Act uat or Power TOTAL65(65

| evel

X 8

segnents) 31 MAGE PROCESSI NG CHAI NS The previ ous
overvi ew of the PCP

ppi ng CFA i-mdges to a variety of output print

formats. In|fagte there arfy a m“ﬁﬁ]‘be@{uré%ﬁgbg invol ved in taking|an inmage
fromthe in ge—Sensor; and pr oducging a mml i ty output [')I’I nt We can
break the h ﬁwn‘ﬁ%vel procesis i nt ()Vbuwgmsarmye proce55| ng chai ns, each with a
nunber of s ﬁ?en image Capfure Primt—Charm—Thetmage—€api ure Chain
i s concerned W th capturing' the H?&ﬁ'@t“’ft’f%‘?ﬁs‘? he I mage Sensor and storing it
locally wt hweertsee Printcdm The|RykRkefsBain is concerned with taking the
stored i mage- anre—pri-Ati-ng—t—Fhése two-chains map onto the basic| Printcam
functi onal it yogigGNR ol | ows: | 1 Takeg&Podinground mage Capt ure Chain foll pwed by
Print Chain Lo nt = Prii {I[ U’lcln ot exanpl e, a user may print| a
t hunbnai | ijmage (Take&Print). and PRy with the results, pript several
standard copies (Reprint).|Bus Actuator Ground
bars
V+ Actuator Power
TOTAL 44
Internal to the 4-inch printhead, each segment has the following connections to the
hond pads:
Table §. Four-inch Printhead Internal Segment Connections
Name #Pins Description
Chromapods | 3 Select which chromapod will fire (0-4)
elect
NozzleSelect | 4 Select which nozzle from the pod will fire (0-9)
PodgroupEn | 2 Enable the podgroups to fire (choice of. 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 puise 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).




-19 This This chapter describes an inplenmentation i ndependent inmage

processing chain that neets the quality requirenments of Printcam At this

st age,

performed in terns of hardware, but rather what nmust be done. These

functions nust be mapped onto the various units within the PCP. Regardl ess

we are not considering exactly how PCPOB-SG -20- the processing is

of the PCRdopgl enentation, there are a nunber of constraints: The i nput
image is a CFA based contone RGB image. The output inage is for a Menj et
printhead (bi-level dots at 1600 dpi)-19n CMY col or space, and is al ways

the same outgumsegdgdbhl {4 i”me%@%hseség&@ctﬁqﬁ&ﬂxﬂh%ﬁf Jriéﬁatf@r mats The
PCP 3 supparigg a varijety of seeitbihe sBhdethed OF HBESgmed® S :
all cases, the—-wdth—of—theimageis-—4-inches (matching the printhead

OnljyTsenze | engt’h of |tTeeperpiiasenssut varies. Table 6. Supporfed | mage

For mat s For|mal MEASpPECT H oQuT put Si ze Qutput resolutiom Rotafi o
W%§5%P J fyéﬁﬁe§8§?34" X _6"6400 x 960090 Passpor{ 312: 34"

wi dt h) .

(i nches) (at

own 1 n

dpi)in Sta

ablle 6.

In

X 6"6400 x (9RAD Paror am ¢ R3gidtivRftsente 12" 6400 x 1920090 Thunbnai | | 322: 34"

2. 67"6400 X—4267+0—TFhe—+rage—Ssensoer—does—hot—provide orientation |
i nf or mat i or|. Wansei npyt! i magd¥dthsensecapt ured at the sanme resol utiop (1500 x
and g tjo, be 1ol ated Y0 degrees before primtout Frygure 13
%'& mappi n1g be \(})‘ve%%gr%neducaptured CFA i mage_and the vari ous
supported priodic PINR NEt1s. NOLegit ferer al t hough th
degr ees anti=—ctockwise,—the+rage—ecan—be—rotate

anti-clockvwie. 3.1 I|MAGE CARTEIRECEHN N

1000),

illustrate

+tad el ca nr
G C1M—SEe—0OH

V+ 21 Actuator Power

TOTAL 65 (65 x 8 segments = 520 for all segments)

3IMAGE PROCESSING CHAINS

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

. image Capture Chain
. Print Chain

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

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

follows:
° Take&Print = /mage Capture Chain followed by Print Chain
. Reprint = Print Chain

For example, a user may print a thumbnail image (Take&Print), and if happy with the
results, print several standard copies (Reprint).

This chapter describes an implementation independent image processing chain that

meets the quality requirements of Printcam. At this stage, we are not considering exactly how

mage i s shown rotated 90
cl

X




The Image Capture Chain is responsible for taking an i mage fromthe inmage
Sensor and storing it locally within the Printcam The | mage Capture Chain
i nvol ves a nunber of processes that only need to be performed during inmge
capture. The Inmage Capture Chain is illustrated in Figure 14, with
subsequent sections detailing the sub-conmponents. PCPOB-SG -21 3.1. 1l nage
Sensor 1 Jdhgedéput inmage cones froman image sensor 1. Although a variety
of imge sensors are available, we only consider the Bayer color filter
array (CFA). The Bayer CFA has a nunben- of attributes which are defined

here. Theyl via a.tak en

assuned ttg!a ave. @Zen‘gegﬁfn%éc'&g% Ty flﬂ?&%§g ugééﬂéesr Wit "ﬁt)gg “ei,sﬁrpf,ed& ng
arti f act sfunctiRes Mgt §e mappegieinto thaariavs entpwithin the®CPo of 3:2, with a resol ution
of 1500 x 1000 sanples. The nost likely pixel arrangenment is the Bayer
color filter arRagardlesaf theliGPimplamentation, tpérgare abrhtmubler a‘rcomngieti: in a 2G nosaic

as shown in Fi gt Bpck FnadsdChcEQBILRAE @rrém , G or B (corresponding to
red, green, and bI] & raegspectlve% mﬁ cgelts ‘Not e that each pixel of the

nosai ¢ coht al ns F%?‘B?Lf‘ré{??gﬁds %éMe%ﬁlpy"%?@ (bigpveRdotssat 1100 Bpi) FsEM¥mbles of t he

i ssing col or i sic0e Al istivdys He safe GBIGEt idh OF iRcHeb RidejTge can  be printed
out. The CFA is considered to performadequate fixed pattern noise (FPN)

suppre55|3)@15,§°p1mg&pnﬁﬁfd,§,gtsRGB 40 The image sensor 40 is unlikely to have
a conpletely linear response. Therefore the 10-bit RGB sanples fromthe

CFA nust be con | i near s I re
transl ated int O?I‘lséjpéﬁ% élﬁg%{r% ap%}lebf' (ﬂ’%gl[ utng%?%gmgtg ihow |n T tg(g% FI ﬂlg t abl e
per col orPsepfhgaridh ptigeimage 'SC',’F'ACheiStﬁ@QtC*Bng the pantieag Wldﬂnd@w thetlezngtrmf tR and G

tabl es, whint®itpiregel s from the CFAlines 1, 3, 5 etc. index into the G and
B tables. This is conpletely independent of the orientation of the canera.

The process is Sho"‘“T‘aBleﬁ' §l§§n§rtl91ma,d}eFoi;l%él anmount of nmenory required for

each | ookyp—table—+s—2+0—x8-bit Fre—3—toekup—tables 45 therefore require
a total off 3 KBytes (3 x 2' bytes). 3.1.3Pl anarize RGB 41 [The pi xgls
obt ai ned from the CFAlhave their| céuputSizanes Outpetdesclutich du®otadiot he
Format Name Aspect Ratio {inches) {at 1600 dpi) n

Standard 30 2:3 4" % 6" 6400 x 9600 90

Passport 31 2:3 4" x g 6400 x 9600 90

Panoramic 33 48 4" x 12" 6400 x 19200 90

Thumbnail 32 2:3 4% x 2.67" 6400 x 4267 0

The image sensor does not provide orientation information. All input images are
captured at the same resolution (1500 x 1000), and may need to be rotated 90 degrees before
printout. Figure 13 illustrates the mapping between 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 fmage Sensor
and storing it locally within the Printcam. The lmage Capture Chain involves a number of
processes that only need to be performed during image capture. The Image Capture Chain is

illustrated in Figure 14, with subsequent sections detailing the sub-components.




nature of the Bayer npbsaic of pixels. By this we nean that on even

hori zontal lines, one red pixel is followed by a green pixel and then by
another red pixel - the different color planes are interleaved with each
other. In sone inage processing systens, an interleaved format is highly
PCP08- SG - 22- useful. However in the Printcam processing system the
algorithn§m£%§3nnre efficient if working on planar RGB. A planarized inmage
is one that has been separated into its conponent colors. In the case of

t he CFA RGB i mage, there are 3 separata-i nrages: one inmage containing only
the red ﬁ+ #%ngwﬂnage containing only the blue pixels, and one i nmage
contalnlng on i% reen plxels Note that each plane only represents t he

pi xel s of that | or which act ual No resa
perforned duri ngh)? RRUtSTagssP 'i“?f ﬁ%ﬂ pY Wgéensﬂ%ﬂgw%@ﬂIat"a”e(%@cn%f‘geé 5??(56
pl anes arae ﬁmilablegreeqndyrcedsideirttﬁe Begertvolot fiier aragyGFANEhe(BaybaCRA ha & intber as

| arge as &ihfkestidienRBrlefind rFJré'ineS The process is shown in Figure 17. The
actual process Is quite si - depending on the color of the pi xel s read

in, the out pUt Tﬁ)é g chft {het(ﬂ\lléﬁgerﬂzgg( (\ﬁ)aog Ita;[kl ﬁqens Istagse%nﬁ pt&%%“ ate

color pl ane's i er% therer e same orfentdtro The
red 45 ankfepisuiéci Giprhs0 @Sriag%@,ovalaey alicaiog byjifaglseThp sensae itsalithat e aspeze of t he

original r@ﬁﬁoﬂjﬂigﬁ%h aT&%Mh@H & 1@@5@9%00 s@%‘gfes e n’i&?mel‘ﬂélxglrbrﬁaﬂ Sphisdidrensi on.

The redallg u are therefore 750 x S each. W th'the red
i mge i npf9& ‘chﬁ/f‘lﬁrfaé& (qF%rW'W?@C'b?’f?ep'x‘?' Hlﬁgjfeaf[igﬁg B 3RG@PSATASCIBAWS fflac e
(1500 x 10909 15:n both the x and y di nensions. Although the green planar
image 46 is half of the size of the original CFA image, it is not set out

as strai ghtfor Wil yometmpreedfw d;)I UleBptcaﬂ&@cde@etcf RAS QYrednS aH¥&fed t he

checker bo s every odd pixel, and
on the nerg% %P?HO%HS WOFetn?t aev%i‘ e@%ﬁ’oﬁ?"ﬁe ta'"mﬂfgf"éﬁt'?fé?%a{%"'x $’Hees of
the greerpfii}. Qner Be&ﬁt@s@ﬁpf e chiseing celoeinforpatiosIngistabe Made bdiwe EGleAmagmgm.  Thus
the greemnip@abud Mage is 750 x 1000 pixels. This has ramfi cati ons for
the resanpling process (see "Resanple 64" on page 28 below). 3.'1.4Stored

| mage 42 Each c itten to menory
for tenporary ﬁeﬁﬁémﬁ%dw r@@ﬁ%"%@ﬂ 43&? Eﬁﬁﬁ éFéNY\%ﬁf)rets?@ image is
retai ned %Ler t he §ﬁvx$ has been shut off. The total anount of nenory
required gLz R i zed |inear RGB image is

. 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-iinear. 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
pixel is followed by a green pixel and then by another red pixel - the different color planes are

interleaved with each other. In some image processing systems, an interleaved format is highly




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
PCP08- SG -23 3. 2PRINT CHAIN The Print Chain is concerned with taking an
existing inmage frommenory 42 and printing it to a Menjet printer 2. An
image is typically printed as soon as it has been captured, although it

can al so pg rinted (i.e. wthout recapture). There are a number of steps
required in tﬁg i mage processing chain in order to produce high quality
prints from CFA captured images. Figw2-18 illustrates the Print Chain.

The chain, ' ing resol ution The firs he ori gi nal

i mage capté&?’émso\é}ggeg%tbgEﬁ?tﬁaerx\gﬂg%s@%%%"ég ﬁi@r'@ﬁﬁ)are PRE © b@@%d""?r@"%n

i nt er medi @t@anee86Puti on 51 (lines of 1280 continuous tone pixels), and the
final resolution is the printer resolution 52, with lines of 6400 bi-I|evel

dots. 3.2.1 | nphtrlanatagd iMdge i$ nputhat haadeen separatedridanits zaaboREGHB colosgle tH2 st or ed
in pl anachsQ'bmhe@TfAﬁiﬁ %g@ythérg%re 3 g%%%teqﬂ% & Gn C{Pr%[gg cgﬁ?ﬁ:édagn th'er}?rﬁe(:t hon

3.1.4. 3. 2Gat her Statistics sta ICSre
entire i n%{’@% 98 M3%s wBtalmeRElale Blie gixels, prdenssigege containiog ool tlt?adlrame and

range expgsd. bte aiat lé@crpplraﬁ@bm?depréféea@em@tp%lsscsfl st Mrmhldﬁeﬁgeté}m@«
gat hered ane nt s icular captured i mage 42 can be

O et od Sbleg 56 wRompPh i Refia Mg duPl e fohahnS Blogess s Rt WS A 5 9. 5
Bui | d Hi sB plgnessmré'hm régistssed Sithegach stheoatilihe ¢ panbiistivieg e lrdeads eaRgiithedr bi t val ue

of the coé@gnégll ﬁfbepr?‘ggggfg&ﬁﬂq?*:@uéqqo CFA inmage contains a total of:
mn

375,000 red pl xe ounter requi red) 375, 000 bl ue p| xels (mn

19-bi t nt er 5 re i xe

equi red)  Ther of 5 dtlzPBtbeess (g 3hofts R Ennd e o Phtts FSIRLME ¢ e
hi st ogr amutPPheixgl$ aeessst f@fthebnﬁXI dositign tirhtse lpsropripteasnlar plape’s dthaget (fherofme o, as
i 11 ustratigélsdie didftation as the CFA).

The red 45 and blue 47 planar images are exactly one quarter of the size of the
original CFA image. They are exactly half the resolution in each dimension. The red and-blue
images are therefore 750 x 500 pixels each, with the red image implicitly offset from the blue
image by one pixel in CFA space (1500 x 1000} in both the x and y dimensions.

Although the green planar image 46 is half of the size of the original CFA image, it is
not set out as straightforwardly as the red or blue planes. The reason is due to the
checkerboard layout of green. On one line the green is every odd pixel, and on the next line the
green is every even pixel. Thus alternate lines of the green piane 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 memaory 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 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




foll ow ng pseudocode: For | = 0 to 255 Entry[l] = 0 EndFor PCP08-SG - 24-

For Pixel = ImgeStart to InageEnd p = Inmage[ Pixel] Entry[p] = Entry[p] +1

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 determne a high and

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

bal ance agg.dange expansion during the print process. Basing the threshol ds
on the nunber of pixels fromthe histogram we consider the n% darkest

pi xel s to be expendable and therefore28qual. In the same way, we consider
the n% |49BLRScAlel s to be expendabl e and therefore equal. The exact
value for n I's expected to be about 5% but will depend on the CFA

response charawiﬁ ﬁr%tl saﬁv'é'ké\(e;% ro mg@p@%@gd%%g% EI"{‘] t e g;’é)n%?yr}i(?ggéd val ues
is straightfor t I t a
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total is 5;@@5@%3%3 el%}érﬁeé{)nSI B&qi%:fa%;e er than a set amobunt from 0. The

hi ghest ese values'Is ¢C ere 1ow threshold of the col or
pl ane. Al t hough e dar kest .val ue

di fference can Eﬂeet?%onm ngr g%l S?(geo%gg@'regﬁ%%t aée ﬁ%g%ss?@ chgp in 8?‘%" A
expansi orPredtge dishowalfy pamie fren. CFPh@pplr@cleeseSOﬁg@l@t i g Ihwstralleg trtd]%’lnh%abmg ht est
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hi stogram fromthe co downwards (1.e

the n% t o'l S3ME $RASE ﬁéd“"oPFﬁ}ntﬂﬁ sernchisnen (nfeiediate desolytioa} (iRt 428kt
amount f remir2bas tofd pixelb)pwesthe Ghal rd¥@BiBorVia ltheeSintes rasoREdndE adh ke dnibedy

t hreshol d,; %(, tolag color plane. Although there is a difference between these
| i ghtest values, the difference can be considered expendable for the

pur posessae{ range expansi on and col or bal ancing. The reason for stopping
after 1'8P'étt'§ﬁ€‘e fromO or 255 is to conpensate for two types of

i mages:

unti |

The input image is a finearized 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 fo hold the histogram.

The process of building the histogram is straightforward, as illustrated by the
following pseudocode:

For I = 0 to 255
Entry[I] = 0
EndFor




where the original dynamc range is |ow, or where there is no white or
black in an inmage In these two cases, we don't want to consider the entire
n% of upper and |lower values to be expendabl e since we have a | ow range to
begin with. W can safely set the high 73 and |ow 72 thresholds to be
outside the range of pixel values actually sanpled. The exact distance

wi || depepg,on the CFA, but will be two constants. PCP08-SG - 25 A sanple
color range for a color plane is shown in Figure 19. Note that although the
entire 0-255 range is possible for an24mage col or plane's pixels, this
particul ar i mage has.2- soBld el Langg.eNote al so that the same n% hi st ogram
range 70, 71 is regrgsengedlby a larger range in the low end 70 than in
the high end 71. Thi €°7€ b&¢huse the hi stogram nust contain more pixel's
with high val ues ®rreder =t Bgeytrétl conpared to the | ow end. The high 73 and

| ow 72 thresholdsrsrust be determ ned for each col or plane individually.

This information will be used to calculate range scale and offset Tactors
to be usesl2.22Detehnint dighrandhioweTiédhalise and range expansi on process. The
foll owi ng pseudocode illustrates the process of determ ning either of the

two thres hgl dﬁoﬁ%s)thﬁimuﬂohgtrm ﬁbf)\bleérfsl?&@{a&&tédig ioﬁth%réof’dg%iﬁng,oi&;ﬁ %é%sed’il[bd ?ﬁgt a
= 1. To find the hi t hr esho rt Position = an ta = -1).
pseudoco eteé@?ﬁr?e'ggr??{%gtb\’fﬁ]’%sgﬂlglcjﬂ"ef*%ﬁ"?ﬁm S FRN oS, ued dor dyiemalipadlplsr Hﬁ'gq ng
addi t i on. bakEncegiiohipeexBimaioh Bogigttheoprint droteds. = 0 Total Delta = 0 Wil e

((Total Delta < MaxDelta) AND (Total < MaxPixels)) Threshold = Threshold +

Delta Total = TBasilg the Endshyifis b eehohter of Pokr| el ha hEtoaﬁha]tw@eiﬁhs?def the 61

EndWhi | e I Rotation of the i|nage is

an opti on@?gﬁ%ﬁg %%gg)&%heqP %é’g%%%%@ér%"é’hd rgli E\% he TIPS MR HIT RSIPLRE 8% |
lightest pixels to be expendable and therefore equal. The exact vaiue 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 travelled 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:
. where the original dynamic range is low, or

. where there is no white or black in an image

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




Different print formats require the image to be rotated either 0 or 90
degrees relative to the CFA orientation, as shown in Figure 13. The
rotation anmount depends on the currently selected print format. Although
the direction of rotation is uninportant (it can be cl ockw se or
counter-clockwi se since the new orientation is only facilitating the

pri nt headpoglid), the rotation direction will affect the relative
registration of the 3 color planes. Table 7 sunmmarizes the rotation
required for each print format fromt-l#é-ori gi nal CFA orientation. PCPOB-SG
-26 Table 7. t. Pri.pt, Fo Pr i nt
For mat Rot ati on ;é\'?s tghqg@%g;fo %g%eqég\gg&%ﬁgngi{)%% gﬁﬁ)?' m 15‘ {hgﬁﬂtﬁ% i 320
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row by row, an ge can rea
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di r ect i onmoretpixela et bigh valBesZlob¥ibdetheBadrapes 16 heasWlefdange Expansion 63 A
phot ograph is seldomtaken in ideal lighting conditions. Even the very

notion of "per fnsa:uqlghlmwbmmgmc@mdmbsr@ws"muﬁ Her aélél'mlne‘d" ﬁ)he§éhbb&@rt birhd y, bOt h
in terns i cases

ra her ~and . su ter
subj ect nﬁ%'w&aﬂ%f s PSEEYUhRe ¢ sséd ?Feﬂ?’r’iah%'fa@%e Wy\ealngﬁffset E’ICEOF?etP be usee a I i ght
sour ce ( siadte iater wiite balamcea@nd rande expahsighgrosegd., or its own light (such as a
neon sign). In nost |lighting conditions, what nay appear to the
phot ogr apher asTHenfuildvatig pseghidcodé Slusttasasathé prdcass bfr damrniing esithdrndary tda ght i ng
for exa I n hi ello cast appear
on an u%h@?%%%ggcﬁhég{%%ﬁB%S%% S?rao% Osﬁé%ﬁl e, % éﬁ)?e]l owvycggs nd tﬁV\gﬂ"We final
uncorr ectt@GShB'Ho%téﬁ?Paﬁﬁl?rs Wit g1 thodighe Preudpagle masusTes iR Tt eiong is
condi ti Orﬁ]@ﬁgtﬁam@tﬁétmpghﬁhn Rhatisggr aph was taken, it does not match the
per cei ved col or, of fhe o ct [T 13 therefore crucrar—to performmwhite
bal ance on a photograph 35 ‘f%’?seltb?“i nting it out. In the same way, an inmage
can be percei védttlo=be of higher quality when the

TotalDelta = 0

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

Different print formats require the image to be rotated either 0 or 90 degrees relative
to the CFA orientation, as shown in Figure 13. The rotation amount depends on the currently
selected print format. Although the direction of rotation is unimportant (it can be clockwise or
counter-clockwise since the new orientation is only facilitating the printhead width), the rotation
direction will affect the relative registration of the 3 color planes. Table 7 summarizes the

rotation required for each print format from the original CFA orientation.




dynam c range of the colors is expanded to match the full range in each
color plane. This is particularly useful to do before an imge is
resanpled to a higher resolution. If the dynamc range is higher

i nternedi ate val ues can be used in interpol ated pixel positions, avoiding a
stepped or bl ocky image. Range expansion is designed to give the full 256
val ue range, o those values actually sanpled. In the best case, the |owest
value is mapped to 0, and the hi ghest PCP08-5G -27- value is mapped to 255.
Al'l the internedi ate val ues are mappeadsto proportionally internediate

val ues between 0 and 255. Mathematically, the operation perforned is a
transl ation of LowThreshoI d piled. Qotaial,gf%(gﬁ@,:mbr@nég f&r The formula is
shown here: Pixel’ (Plxel 1&hpmﬁhﬁ@§ ol d) x RangeSc eFactor where
RangeScal eFact or ='_2’50 (HghThreshold—=towTthreshotd)—RangeScal eFact or
should be limted|to a maxi num val le to reduce the risk of | expanding the
range too far. For det Bfintfopnatcal cuil ati ng LoRdkdliashol d, 72 |see Secti on
3.2.2 "Gather Stdﬁﬁéﬁhg%o These yaghues (LowThreshol d and
RangeScal eFactor) jwill be.-different for each color plane _Jand only need to
be cal cul ated oncersWOHnge Bot h|®asks can be undertaken|si nul t aneously,
as shown in Figur e this $tep involves a scating—Pprocess, we can
be left wWith sone fé&yﬁ 55 conpoh in the mapped val u¢ e.g. the val ue
12 may map to 5. 2% thiRabia@ro t han dlsgard the fractional cofponent, we pass
a 10 bit result (8-bits—ofinteger;—2of fraction) onto the next stage of
the i mage processing chain. W cannot afford the nenory to store the entire
image at nore than 8-bits, but we can make good use of the higher
resolution in the resanpllng stage. Consequently the input inmage is
8-bits, and theSBth patare FNBI 1AY WOQ 1 €9 degreess dropforrsatipb isclast. durimhéhel ogi cal

process irstatdropibices) Fbi grbiRiords. o tre |rh§ge| AR BE teAB frovk By rlaﬂfvﬁdaforfd BRfordf 98, duri ng

t he subtr ctlon so.that all u 0 be napped to
o BE R 3R ok Bl By e oot L W T s it S BT boer
portion obwmhemme$UMﬁoamomhat i nput val ues hi gher than H ghThreshol d 73

w il be nmapped to 255. 3.2.5Resanple 64 The CFA only provides a single

col or comunaEhite BAAndRi 626ind RéenYd ESRMEdhBEt €. TO

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
photograph was taken, it does not match the perceived color of the object. It is therefore crucial

to perform white balance on a photograph before printing it out.

In the same way, an image can be perceived to be of higher quality when the
dynamic range of the colors is expanded to match the full range in each color plane. This is
particularly useful to do before an image is resampled to a higher resolution. if the dynamic
range is higher, intermediate values can be used in interpolated pixel positions, avoiding a
stepped or blocky image. Range expansion is designed to give the full 256 value range to those

values actually sampled. In the best case, the lowest value is mapped to 0, and the highest




produce the final printed i nage we need to have the other col or conponent
val ues at each pixel. Utimtely we need cyan, magenta, and yell ow col or
conponents at each pixel, but to arrive at cyan, magenta, and yell ow we
need red, green and blue. Wth our one-col or-per-pixel, we my have the
red conponent for a particular position, but we need to estimte blue and
green. O ,we, fmy have green, and need to estimate red and bl ue. PCP08-SG
-28- Even It we did have the full red, green, and blue col or conponents for
each CFA resolution pixel, the CFA resgl-ution inmage is not the final output

resol utio I It l.t hough . the output format varies, the physical
wi dth of ﬁl]uée I%I’I ﬁéjééjcfb ?E%é:@ t?es'"%%ﬂ%dﬂa;%’a"(e& 3P‘?1@ﬁ%°§dé‘? prf%ﬂﬁfma@/p'f“)efmeﬁ

const ant ilugs helwken handi2d5nt head i s therefore 6400 dots. There are two
extrenme cases to consider: Interpolate to CFA resolution (m ninal

i nt er pol ati on), Mathdmefvaly, ter d@ratios parfgeead ga tracodtion of bowEreshold. 72Romal | y
scale up foﬁvaeB%yPrsEé?é TE@%%M&is%ﬂomeré has the advantage of a constant
shar peni ng kernel and color conversion at the |ow resolution. However it
has the di sadvant agefeéfelr equitinehglowd éreshand B Butge$eile Eotfor conponent to
be stored for the interpolated inmage or internediatbggval ues will be

i ncorrectly intWPpta at edtanfaeScalyiaséor 7n - e 2 lution. It
al so has the disadvantage of requiring av A& dmiC et Rapabl e of
producing 1 print-res interpolated value per cycle. |Interpolate to the

print resolution, then perform sharpening and col or conversion. This has

the advantage ORafakyadrasiof ewaﬂb% ahitl ﬂps%ﬁaxmn?yf@gg% r{;%é% B @espT acy-
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cycle. The ni ng kernel e enough to apply the CFA-res

harp nmust ar
kernel tot (éo%ripgn?’rag'goplﬁﬂﬁ%d.to\%@%ut@?ci?chperf"a?gesharpeni ng, there must be
at least 3 wind kept onto the output inmage (each _containing a nunber of
6400 entry Iinegé}%ﬁsﬁ%?"g’ﬁ undedtElRgy sim ?F?Ws'ﬁ’félsg?w"t'ﬂg'glﬂ%ﬂi nmagenta, and
yel | ow dot s rep%.eseﬁ_ltég dots from6 different lines. Neither of these cases
take into account®t HE PER{NVPHSR 2t378InG; RiaFesH ¥ cab e deft Wit spine dipglional at her

t han contcomponeBbingis mepiddyvalie eQfltheSialuek®? rAaynsldices. g5 Rater Wedk Bistfgaieds to
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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 fioor 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 integer portion of the result so that input values higher than HighThreshold 73 will be
mapped to 255,

3.2.5Resample 64

The CFA only provides a single color component per pixel (x,y) coordinate. To
produce the final printed image we need to have the other color component values at each
pixel. Ultimately we need cyan, magenta, and yellow color components at each pixel, but to
arrive at cyan, magenta, and yellow we need red, green and biue. With our one-color-per-pixel,
we may have the red component for a particular position, but we need to estimate blue and
green. Or we may have green, and need to estimate red and blue.




conversion occur at the internmedi ate resolution, followed by a scale-up to
print resolution. The intermediate resolution nust be |ow enough to allow
t he advantages of snall sharpening kernel size and col or conversion
timng. But the internediate resolution nust be high enough so that there
is no loss of quality scaling up to the print resolution bi-level image.
The effecpcdppist be the same as if there was a single interpolation to the
pri nt reso?utlon (rather than two). Since the print inmage is printed as
1600 dpi dithered bi-level dots, it ce&s-be safely represented by aBB%% dp
contone i mage. e ternedi ate resol ution of
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up the kernel
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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 8 different lines.

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

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

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

Since the print image is printed as 1600 dpi dithered bi-level dots, it can be safely

represented by a 320 dpi confone image. Consequently an intermediate resolution of 1280




coefficients for image reconstruction and resanpling. PCPOS-SG -30- Note
that k, and k2 are 0 and -0.5 dependi ng on whether the i nage has been
rotated by O or 90 degrees. Table 8 shows the values for k, and k2 in the
red and bl ue planes, assuming that the rotation of 90 degrees is
anti-clockwi se. Table 8. Effect of Rotation on k1 and k2 (rotation is anti-
cl ockwi sep).Lortmat Rot ati on From Red , Blue Original CFAk, k2k2 Standard
30900-0. 5-0.50 Passport 31900-0. 5- 0.50 Panorani ¢ 33900- 0. 5-0.50 Thunbnai
32000-0.5-0.5 The nunber of nedlun1re99p|xels per sanple, nps, depends on

the print fJn?Jn%EXEIs %VYd%Q |n£ tﬂgrtcelvgyel Qs qu(l]%ghtyzgv(é{ g@ %ﬁg%ﬁgﬁ%‘%g% fgé’a'n.':}%.o‘(’)"' Qg

red and b Panar reso 'ons unr-o

500, the E%ﬂ%softa@ﬁ@rl%fhﬁ@for@WEEMGWSbémerﬁhooUt.@ut formats (see Figure 13 on
page 17) are shown in Table 9. Note that with the Passport inage format,
the entire inade dedde myamst edesantpl, tishest to thesideuegmtitcolopplere. in relation to

Fornatthmb@ggm&kmg&§Tﬁg%Qgg®%m%%@gg%%aggém%gg§%90625 Passport 31500 =

6401. 280. 78125 Panoram c 3325 25 Thunbnail 32750 =
12801. 7103 b84Redas5 sAfBRE 45€€N in Table 9, the red and blue images are
scaled up for all imge formats. Consequently there will not be any

al i asi ng artifagisiin P@ﬁ fhgqjébcﬁ)danla%lute% p@%@@é&pg%@sgﬁﬁﬁ%am}gﬂ% fre2oiofed and

Bl ue Scal e Factors For mat s
plane ¢an be created by sca mg 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 curmrent rotation of the image, since the registration of pixels changes with rotation (either 0

or 90 degrees depending on print format). For red and blue then, the following relationship
holds:

x = (_x_) +k
mps

v =(;5)+h

where

X,y = coordinate in medium res space

Xy' = coordinate in input space

mps = medium res pixels per input space sample
k12 ={0, -0.5} depending on rotation

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.




3.2.5.2Green 46 The green plane 46 cannot be sinply scaled up in the sane
way as red or blue, since each line of the green plane represents
different pixels - either the odd or even pixels on alternate |ines.

Al though in terns of the nunber 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. Thi spganédisi on ari ses because of the checkerboard nature of the green
pi xel s, where the di stance between pixels is not equal in x and y

di mensi ons, and does not map well to -i3mge reconstruction or resanpling.
The nunber of i ol at i d S fqr green pl ane
reconstruction ﬁgétﬁgg?%kgﬁaﬂﬁ%ﬂﬂhﬁg%§&$P@%PﬁggéégﬁMﬂéﬁggﬁﬁﬁmfgBﬁﬁﬁﬁtion to
| i near i n®Yef 561%t9e8rpes.of able g isHess thej vefues (5e5] katdnd i am theheed rangttilee planes,

reconst r ugdsii@ing thbhBe FRIRh BEo0egridl RUhti-eRMHenat es (in 1280 space) to input
coordinates is conceptually the sane for green as it is for red and bl ue.

The mapping depends on il §ENLs RAlodldndl Bt ke RS edREeang? NCE LhE
registration of pixels g g@ w th rotation Pel e 5t 4" degr ees
dependi ng onprint—fortat)y—Fror—the—green—plane—thefollowingrel ati onship
holds: X1 = (;;;X~-S) 4y =y nps)+k2 pwhere X,y coordi nate ijn medi um
res space xiy' = coordinate in input space mRp8 = nedi umBnRS pi xel s per
i nput space sanple k1,[2 =RdationFFrath dependi ng on rotation As wijth the red
45 and bl ue @7 ppumass, |t he QugibeCRH nedi um res pi xels pen sanplle, nps,
depends on the print fdrmat. Gven that [tHe p|arari zedRGD | kage has t he
foll ow ng p| s@adard 8G0l|uti ons when unrotfated: | Bs 750 x5 500, B: 750 x 500,
G 750 x 100p,—the—scalie—ftactors—for—thedifferentioutputl forngts (see
Figure 13) afBassp&sivt in Table £0. Note {Bat w tO t he-O.fPasgpfort i|mage
format, the | - de 1s resanpled i nt.o I1I@ h urput—space.

ot g o001 %
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PCP(B- SG - 32| Format Mappi ngnps1Tnps Standard 3 4 . 280. 78145 Passport
311000 =6400| Gslinth&ilEp 0 0 -0.5 -0.5

The number of medium res pixels per sample, mps, depends on the print format.
Given that the planarized RGB image has the following red and blue planar resolutions when
unrotated: R: 750 x 800, B: 750 x 500, the scale factors for the different output formats (see
Figure 13 on page 17) are shown in Table 9. Note that with the Passport image format, the
entire image is resampled into 1/4 of the output space.

Table 9. Red and Blue Scale Factors for Image Formats

Format Mapping mps 1/mps
Standard 30 500 = 1280 2.56 0.390625
Passport 31 500 = 640 1.28 0.78125
Panoramic 33 250 = 1280 5.12 0.1953125
Thumbnail 32 750 = 1280 1.71 0.5848

As can be seen in Table 9, the red and blue images are scaled up for all image

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




Panoram ¢ 33500 =12802. 560. 390625 Thunbnai| 32150012800. 851. 17648 These
scale factors allow the mappi ng of coordi nates between CFA resol ution input
space and nediumres space. However, once we have a coordinate in CFA
resolution input space, we cannot performimnmage reconstruction and
resanpling on the sanples in the sanme way as red or blue due to the
checkerbogrd; fat ure of the green plane 46. Instead, for the purposes of

hi gh quallty |nage reconstruction and resanpling, we can consider the
green channel to be an inmage rotated -3y -45 degrees. Wen we | ook at the

pi xel's inspRi e Lioht, as shown in Figure 23, a high quality inmage
reconstructlon and resanpllng nethod becomes cl ear. Looking at Figure 23,

the di st b t th d Y direct
caual . The. act udle dret Al EEelibeRe ST enuodt &8 eme wd 15 et Pheca [n
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shoul d belM3p$ 1‘5e7r58 pit 100G ipesimege B@%@F&J@"»‘tb@eﬁaﬂetp &e 16001 FYY. Bbis werdwsiqntasisess anpl i ng

rate for gHceeR A dhbB&ehosesiurd 6fQﬁ’éJ?gﬁié glkeﬁsl ?}Jﬂg@*??\%ﬁnd\eﬁbeg&ef%?‘J[)}(glgtissLgult ge

relatlonshl for tge red and H%

be nor mal ?Qﬁ a&? X9y dprRosiops, a g‘ieﬁﬁ'ewa%‘é?'%é??%é‘?ﬁ?@@c%&f?é@mP"”as far as
kernel cobrdindbes igerpfitive romimals nadd ﬁyeﬁthéhsfyiteﬁﬁws greéetolaﬁ@ Fecbistradtioh ing

coor di nat t@%ﬁemlﬂztto StHsI | f.%ﬁ Héa(?&t n%l gﬁére}‘eﬂcaﬁon (e} h%earr '%ﬁ? Fabciurg gwb} Ilg1 %‘) ccur

however) . fore we requi 51 at] o
unrotatedm@mNayﬁﬁwéhﬁWﬁU¢W@W§ﬁ@ﬂN@FA space. This can be acconplished by
mul ti plying each ordinate by 1/'12, since we are rotating by 45 degrees
(cos45 = sin45 Belmappng oFapiteut 1@ordBaen(inPl 128@ sBec) etoFapttocrdimates! isge

Format s RGROBtaly thd3amd e g26¢ 908 isifSr @ ar%lﬂlhee gﬁ%ﬁa ﬁq &l Flf?(ltseo‘?‘l thdcfBREN the
normal i zed kerne ich can be acco I'S yl ng eac ordlnate
by 1112. PREALOT (R IMReen SPER gt PERERlIED RDPIRIS tcba'”@%&’ﬂt@ f%taflml (eithsr i0ceat90on

fact or ofdelfeds defontin@erisnt fopmatRSoMBe GEdMARISR thdohbWitrabh®fsiF figPace X by k,
we increase by k/2 in kernel x, and decrease by k/2 in kernel vy.

Simlarly, as we advance iny by t \Aje i ngrease by k/2 in kernel
= —=—]+k
1
hY

where

X.¥ = coordinate in medium res space

xXy' = coordinate in input space

mps = medium res pixels per input space sample
K1z = {0, -0.5} depending on rotation

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.




x and increase by k/2 in kernel y. The rel ationshi ps between these
di fferent coordinate systems can be illustrated by considering what occurs
as we generate a line of nediumresolution pixels froma CFA space input
image. Gyven a starting y ordinate in CFA input space, we begin at x=0, and
advance 1280 tinmes by 11nps, generating a new pixel at each new | ocation.
The novenpi.sd unrotated CFA space by 1/nps can be deconposed into a
novenent in x and a novenent iny in rotated CFA space. The process is
shown in Figure 25. Since cos45 = sin48-= 142, novenent in unrotated CFA
space by 1lnps equates to equal novement in x and y by 11(npsq2). This
amount nust now be scal edrile iicibed Flgne SQIdEctHE torfiRbgetormbiie scal i ng
equat es to anoftier muttiptication by 1/ 12 —TConsequentty,—a fipvemnment of
1/mps in unrotpted CFA space |equates to a movenent of 1/2nps in kernel x
and kernel y.| Tabl Eomat| j st § t he Magbigi onshi p rigst wegn tlimepst hr =e| czobd: nat e
stens for theggi nt fqr _Ja 11. een erne al ues
fS)(;r | mage Form tsghﬁl;(?%(fat ndPrf;ﬁ?E(?:l Eor ngkggalp‘l F—?(‘TO (ﬁf@%gce ACFA Space

AKernel A (nps)Baskporp3inps2npq Svemdardl. @80, 78120. 55201368

Passport 0. 641. 5@?51_10% 781 |Panmorantc2-56013916: 276p—195 )

Thunbnai | 0. 851], T¥BRSHC 8320. 641 ¥l e=11 1€Popws 498 npvEFBPR25I n kernelh space
i s always by al fwygLidLss tha ut 4 ot ated CFA only the
Passpor%/ in%ge_hasm!_u n95§1(|" pa%:r 1?@91 1%' s _a rpﬁﬁl%tgg CP08- SG - 34-
aliasing will occur for the Passport print format, but not for any of the
ot hers. However, given that the Ais alnost 1, and that each of the 4

i mges is only 1/4 si ze, aliasing will not be noticeable, especially since
we assune ideal TWQ?WS%%?CWSI aliey ithegmanwping e cepréiestesdhativary GH#Pngolutioapmuir e.

3. 2. 5. 3 Reeenstd mMediim Red éﬂa&@Moﬁn@UerRﬁ@em@ﬁé@e%%ogﬂgf@ r?%@[ﬁltan input

reconstruction filter to be used wll depend on a nu I ssue There
is space, we cannot perform image reconstruction and resampling on the samples in the same

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

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

method becomes clear.

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

directions is now equal. The actual distance between sampled pixels is “/i as iHlustrated in
Figure 24,

The solution for the green channel then, is to perform image reconstruction and
resampling in rotated space. Aithough the same reconstruction filter is used as for resampling
red and blue, the kernel should be different. This is because the relationship between the
sampling rate for green and the highest frequency in the signal is different to the relationship for
the red and blue planes. In addition, the kernel should be normalized so that the ¥2 distance
between samples becomes 1 as far as kernel coordinates go (the unnormalized distances
between resampiing coordinates must still be used to determine whether aliasing will occur
however). Therefore we require two fransformations:

. The first is to map unrotated CFA space into rotated GFA space. This can be

accomplished by multiplying each ordinate by 142, since we are rotating by 45

degrees (cos45 = sin45 = 1/42).




al ways a trade off between the nunber of sanples used in constructing the
original signal, the tine taken for signal reconstruction, and quality of
the resanpled image. A satisfactory trade-off in this case is 5 pixe
sanpl es fromthe di nension being reconstructed, centered around the
estimated position Xi.e. X-2, X-1, X, X+1, X+2. Due to the nature of
reconstrugtdg Wi th 5 sanple points, we only require 4 coefficients for
the entry In the convolution kernel. W create a kernel coefficient |ookup
table with n entries for each col or G@Gponent Each entry has 4

coefficiepts c out ace i n_out put
space to changéz éll\% C?ﬁallgt% Sg:a’gglée szr?cfu (teeP %Bﬁ%éworr%l'ée% &ﬂﬁﬁf?w % nt bits
of the fractlona@m"@bﬁp©hmm@WMnmlm@he@ma@ﬁw1k@rneI space are used to index
into the kernel coefficients table. If there are 64 entries in the kernel
tabl e, the firstTh&ef wactremaforibticns acambireeth tceeateo @k mupiiplicaton ¢mek f ofcitents. 64
entries igofdbeRnys '&l%)tmb%H%Ee fn%nrétglg E?ﬁ%gﬂeéﬂgﬁ} be'?ﬁc'ré&%ﬁ?]@%ﬂ %érr?e?har pen 65

The i mage capt ured e shar pen fore

| deal |y, W e°f§?ﬁ9rbg¥é¥ﬁ ip gerpe! IVt%F‘”%'Ho%?IVtP asangs i Y ek, ive lmr@swwz indeingt i on
domai n. HoymM@ieasaby kDeh iefR0g capture resol ution we do not have the ful
color information at each pixel. Instead we only have red, blue or green

at a given pi xefhPRE&bisBRs bSMRED #RLO BiffERM teRIN @E@Hﬁ@ bR EE R +yy gi ves
rise to color shifts. Sharpening should instead bé applied to t um nance

channel - SPNAETINAYGEL occws ap % 9ePHTRIS B hUeUYD AR o PSS feoryR GEA ﬁBP@@eI wi ll
be unchanged imSeaGyeniangriiyenordinateah OE3, iiige s;barcanﬁé atdivat 2o, afy RBndamage

gl g TR R W

can t hen &\ siaee bieHeds @21 t(elﬁpcqnmsasglniora raovemepion & eha wbveriest iniydihrotated
pass-fil teregdavernsé %C&fs ,Stgp,gW,l, ;,l,rp, Finally, the entire inage should
be converted back t CNN since we are going to print out in

CMY) . The procegged &sﬁqog\fﬂ45 31)5'2 QHJ mgrﬁt n m%fégle%pgc%g)&aIYrgﬂsdeq%g? of the

col or conversion steps if we consi
hi gh- pasSEHTMPLEERN X Bick bY (@Pe T%@’éomt et v be scaled @ Foﬁam@‘@ in the
a8 given

| umi nanCmoﬂﬁailPéEDQ&n§bGThé35callﬁd1@qda@gl@ anﬁthﬁhﬁfﬂlﬁlchﬁbnt tﬁ}eﬂl\/ﬁmﬂ:&%@%% 1%
pi xel e in linear and B.
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consi der g he, CIE 1976 L*a*b* col or space, where L is perceptually uniform

To
Table 11. Green Plane Kernel A Values for Image Formats
Unrotated CFlzoStated
ace A
Format Scale Factor CFA space A lp Kernel A
1 1
(mps) —

mps mps.ﬁ 2mps

Standard 1.28 0.78125 0.552 0.391

Passport 0.64 1.5625 1.105 0.781

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,




convert fromRG to L (the |um nance channel) we average the m ni nrum and
maximumof R, G and B as follows: L = _ MNR G B) +MAX(R, G B) 2
3.2.6.2H gh Pass Filter L 84 A high pass filter 84 can then be applied to
the lum nance information. Since we are filtering in nmed-res space rather
t han CFA resol uti on space, the size of the sharpening kernel can be scal ed
up or the,l,af. pass result can be scal ed appropriately. The exact ampunt of
shar peni ng WI depend on the CFA, but a 3x3 convolution kernel 85 will be
sufficient to produce good results. -I3-we vvere to increase the size of the

Kk | | ired f a 3 x 3
convol ut 1 SRl WA BOBaSR it K3 B e Bay SR RMES AT ¢ e

gr een chaififlelhe gsistaimodhdsard fhet e@djaiflﬂnﬂgilt!m@eke‘\c e} /4 sizanalidsirg witllobiebd t i s
clear thagotigeable! e§ﬁe%%® sik&! WElasaRR fd@éi 15 pragéewgﬁ Hmr{ee&?%rﬂ:l%@ﬁv@? ce will

be adequate for all sharpening. Table 12. "Sca actors tion
Filter FofdRlYe Scal e3x3KerneI |n Med-res (1280) Space Standard 30

1. 283. 843x3 _qr 5x5 Pass port 31 641. 92none, or 3x3 Panoram c 33

2 567, 687k FSHRASHREMFIH 'Eﬁfé%'f%ﬁbﬁé'"d&'eesm If a3 x 3 filter 85 were
applied on the ned-res inmage, the result will be scaled 86 according to
the scal e fact of"q@@et respnptRistiodiiertabe psadydll depandonpeureher ofissues. Tpretihe

anount s i fiwklEROBdSGH bafveer glglnama& df BahplésCudedin &n&th@tﬂﬁttﬁ@é@drﬁl diapté%é‘e or ng}g ).
we can use r a . resul SS

e et nolindefentobignel behaficorn A A oS RIS Hrists & Soyetactors raadin)

ker nel usiedhiz easebie 5aivgl sanelesffrom Hnetdlmﬁnssn anidgretolstobtipd cenibicl taegun @ienel s. A

basi ¢ butesaagaeﬁpgg{é@w éQ'ﬁgpﬁﬁs Xt il %z' Bu g@fmal@ ér*a# %&JQ%L@%E Wil on of

the PCP in FIgu 3Add tere ext to do is
to add soFEPRS[HET WP@N‘!ﬁquﬁ%‘écqeé’mﬁmﬁéﬁtfhefﬁnghlnﬁ%@ﬂf@lm{oek@rﬂel | um nance

val ues back to the Ium nance channel. The inmage can then be converted back
to RGB (or insYeserats kanarcoefigianelpekup table Wilhgentries fousdchanioecaremonére

r easonabl gach RRNPKdsSBEREicients. As we advance in output space, we map the changes in output
space to changes in input space and kernel space. The most significant bits of the fractional
component in the current kernel space are used to index into the kernel coefficients table. If
there are 64 entries in the kernel table, the first 6 fraction bits are used to look up the

coefficients. 84 entries is quite sufficient for the resampling in Printcam.
3.2.6Sharpen 65

The image captured by the CFA must be sharpened before being printed. Ideally, the
sharpening filter should be applied in the CFA resolution domain. However, at the image
capture resolution we do not have the full color information at each pixel. Instead we only have
red, blue or green at a given pixel position. Sharpening each color plane independently gives
rise to color shifts. Sharpening should instead be applied to the luminance channel of an image,
$0 that the hue and saturation of a given pixel will be unchanged.

Sharpening then, involves the translation 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




by an equal change in R G and B (as long as the color space is linear).
Consequently we can avoid the col or conversions altogether by adding an
equal proportion of the high pass filtered |um nance value to R, G and B.
The exact proportion of the high-pass-filtered i mage can be defined by
means of a scale factor. If L is the high-pass-filtered |um nance pixel,
and k is thg,gonstant scale factor, we can define the transformation of
sharpening R, G and B as follows: R = RtkL G = G+ kL (limted to 255
each) B = B+kL O course, the scale3bactor applied to L can be conbi ned

with the |Iter [ oc ction 3.2.6.2)
for a si ntﬁigZrhgggaﬁ%?@gt'pthten%ﬁmmcg %ngﬁ BARiCAY PRAS S%Dééf( %B‘fﬁéaﬂ ?¥9 he RGB
pi xel , t hehangiaigdineziR. 5 aod By Ererefere V\te(ﬁlfmbwgwraitm L oviglepass-filtané, prd appyda out .

3. 2. 7Conv,§;,550rgdp, mr&altb@aﬁleﬁ(ﬁ@bm terms, the conversion fromRGB to CW
is sinmply: B However this conversion assunes that the

cwy spaceg_]a,agcam}é,-ne@gtdgg@onse, which is definitely not true of pignented
inks, and only partially true for dye-based inks. The individual color

profile of a paWe' &H%l@ér tﬁiﬁ@ffECﬁ)?é'Lnégbu co"f’d?@péﬁét PR LQ@Eer¥$tyallﬁ9m%¥ﬂ%fb ly.

Consequent |y, -37- allow for accurate conversio as to
al | ow forCOPE’:‘?rhf%“ ggﬁstBche 'W’%anc%lﬁ'?ﬁnb?’] V¢ aresagedhe,Binenum ard MafBUMOHRI |
requi red GandRrdsibieasn The transformations required are shown in Figure 28.
Lab is chosen because it is perceptually uniform (unlike XYZ). Wth
regards to the mappén_g MINR, BB (ReGS@) ganut  to the printer ganut,
the printer ganut TyprcalTy containéd wholly within the sensor ganut.

Rat her than performthese transformations exhaustively, excellent results
can be obtained via a tri-linear conversion based on 3 sets of 3D | ookup
tabl es. TheSPHBREIST BPES3 contain the resultant transformations for the
specific entry as indexed by RGB. Three tables are required: one table 90
mappi ng RGB to ’é:h'garﬁ’ésstréfﬁ'l %,f/ SR HRINS aRglisddm thedunvpanss infesmatiana Binee @o are

filtering in med-res space rather than CFA resolution space, the size of the sharpening kernel

can be scaled up or the high pass result can be scaled appropriately. The exact amount of
sharpening will depend on the CFA, but a 3x3 convoiution kernel 85 will be sufficient to

produce good results.

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

kernel applied to the medium resolution space will be adequate for all sharpening.

Table 12. Scale Factors for Convolution Filter

Format Scale 3Ix3 Kernel in Med-res (1280} Space
Standard 30 1.28 3.84 3x3 or 5x5
Passport 31 0.64 1.92 none, or 3x3
Panoramic 33 2.56 7.68 <7
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




mapping RG to Y. Tri-linear interpolation can be used to give the final
result for those entries not included in the tables. The process is shown
in Figure 29. Tri-linear interpolation requires reading 8 values fromthe

| ookup table, and performng 7 linear interpolations (4 in the first
dinension 2 in the second, and 1 in the third). Hi gh precision can be
used for % Aoternediate val ues, although the output value is only 8 bits.
The si ze o the | ookup table required depends on the linearity of the
transformati on. The recomended si ze 3Bor each table in this application is

17 x 17 Xg ntry, i X is 4913 bytes
(1 ess t hanél%eldf) %&I@"'a?ﬁgqusqlnﬁ? ptr'ﬂtqorwt)p‘g? Cad‘lur‘?%ﬁ' :ﬁﬂt[ar qu[ tﬁ?"lﬁt?% BFt input
col or confssuienths peacess af pedtianh asindlé filetbdpaibet is lalumtmem EIg(IréZZL) . The 4 bits of

integer give the index, and the 4 bits of fraction are used for
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certainl y; pasaudFieldd th'o‘ddsnea” y interpolate the 25 vaI ues (1:5 |n both X
and Y di nensi ons the resultant values will not be printed contone. The

results wll pébhggq !‘%tg%dlsqg % ereg'—o% ﬁe\ﬂgﬂté %bngggs gl%ntaone 1600

dpi results w II e tur I'nto accuracy of
bi - | i nearVnRgrRGepGlugs Pesk fPﬁ*@ﬁTWB‘Z‘@n@prhamﬂ 1@@0'“&51 cai thén procontverted tsickkoe (the

4Al t houghren fof irfsfeaaﬂtO@MY:WH&\ﬁé%ﬁ a\%ér{gegﬂz M%lrﬁﬁg@édn%treés%ﬁéﬂl)l% rdxﬁnéf@:ly be
possi bl e Onl%f’ﬁefas conversion tabl'e (729 bytes).

The ex actbysel”%éluﬂéﬁa'ﬁg Bt @r 1999 &t Wﬁl‘%ﬁ?’i HAce ‘Tﬂ’éeaQKconseq“e"”Y we can

conser vatawﬂ-thmtelde:bn\mrdicers altegettlet By aqugoacéuummopbhm @nthe Gightgass fiterdaoses of
this doc resoluti chosen for this very
reason) . HB}%{HL e, P?%gtee b%%val Ef%g&tenfr%?ro dion o gg]ﬁ(?@?"pﬁﬁséﬁtefegsm??es?a"ﬁe)(eI
replicat |®ﬁn%i|m%an$ phatcoledactanki ng a single pixel, and using it as the
value for a- larger area. In this case, we replicate a single pixel to 25
pi xel s (a 5 x 5ifblivtk)hightrasediteredpimisancevninet agd Riinthe cotstrnt sedaufattonme appear

bl ocky, bﬂéﬁd§ﬁn@cit?etfr§ﬁ§foﬂﬁa?ﬁ8rl|§fsﬂ£r§erh%|@%Qhéﬁ%ggtﬂowéhe effect is that the 25

resul tant bi-level dots take on the contone v The process is shown in
Figure 30. 3.2. gHat htc ﬁf? 68 The printhead 2 is only capable of printing
dots in a bi-level n. W nmust therefore convert fromthe contone CW

to a dithered Cfly= ﬁanlé.L MiieitehiociSpiceel)l y, we
B = B+kL

Of course, the scale factor applied to L can be combined with the scale factor in the
highpass filter process (see Section 3.2.6.2) for a single scale factor.

Once the sharpening has been applied to the RGB pixel, the image can be converted
to CMY 83 in order to be printed out.

3.2.7Convert to CMY 83

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

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

However this conversion assumes that the CMY space has a linear response, which
is definitely not true of pigmented inks, and only partiaily true for dye-based inks. The individual

color profile of a particular device (input and output) can vary considerably. Consequently, to




produce a dispersed dot ordered dither using a stochastic dither cell,
converting a contone CM inmage into a dithered bi-level CW imge. The
8-bit 1600 dpi contone value is conpared to the current position in the
dither cell 93. If the 80-bit contone value is greater than the dither
cell value, an output bit of 1 is generated. O herwise an output bit of O
i's generagggd, sJhis output bit will eventually be sent to the printhead and
control a S|néie nozzle to produce a single CC M or Y dot. The bit
represents whether or not a particul-a7-nozzle wll fire for a given col or
and p05|t i tlon.d cel | used for C, M
and 5o e a8 En BT, SO0 & Il D81 S a e R ot v
dots for @chigrmeesel ib raquiced for Rrintsamane prlnt cycle The staggering of the
different colored dots effectively gives us staggering in the dither cell.
The hal f -t oni ng The barssmetions beuseskeareishowd guTigurd 28. LEhes shasen bécaubeitdh t her
cell 93 d i

1&%@%395?11%@?(&%94\*25 \/9191 Rhadid® tRé’fr%H;%) egdt%n§ the%ln e se\p{g% %%antz

produci ng , the cell size shou I ar

addi ti on, tOﬁhﬁ Pé'meb%nﬁ%éhe Rithter g?raeté‘*stgpleﬁjy @f?rmwedt\rﬁwovmw@w thmenmngatnlqbad
segnents, the size of the dither cell should ideally divide evenly into
800 (since ther BathpethBp@eRimsthese Eansiormsatigne athapstivelieexsellent feeeits) canedi t her

cel | si zeotindaOiax a 2iirictr banvagioR Baskdor 9 s Qe @9%&%.9 lfbbﬂa'é ah&et Mo(u‘sst'fa& a”d
di vi des eve Each entry of her cel

s
D1 s o7 oreontinod GOy oythn Sas kY @ ey IRECE. PpoBbssasyo
3. 2. 10Refrequ1rau dnenatdRs b theppiiPRGR @ €] tral talfs Qﬂﬁaﬁambefﬁﬁ © hb@nﬁ@an@ %]Ee 920bt _he
rinter ) der for bein
Pent to (il Aciotd abdor Merl SR ERDE LT old e R TRGE 1T Afde " "
correct dloélt@'F'Udedzmthdéﬁb@SaThanrQqemaiS akowidf Figed 2Pn Section 2.2.1. |If the dots

can be produced in the correct order for printing (i.e. the up-interpolate
and dither funtiireas idernelatonereghiessr redaing § rvaube fioor thec foobud dab)g, 4den t hose

dot val ugs r‘ﬁﬁw N’r@szﬁteb%iagtonst{ﬁ ) thE ARt éihuEPé.aﬁ 9%’1 ﬁ%lsé&ggeagd 16}9%%9% off in

groups of 24 rocess is shown in Figure oups‘can then
be sent tf49f #ecige Wﬁééﬁaedzfo'btpe Pisemadtiae é&'uqsmlfépmé@ queput Vacll@’éJm@GQElEAND
MEMORY 4. 1CPU CORE 10 The PCP 3 incorporates a sinple mcro-controller CPU
core 10 to syncHeoed theneckup fiabipereauist Gerendnan pheilinedrineofithealtansiorrodiessi ng

chai ns anmhetréboRich@ddBidarortacRiEbie irRIB@p@ication is 17 x 17 x 17*, with each entry 8 bits.

A 17 x 17 x 17 table is 4913 bytes (less than 5KB).

To index into the 17-per-dimension tables, the 8-bit input color components are
treated as fixed-point numbers (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 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 vaiues (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 results 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

4Although a 17 0 17 oo 17 table will give excellent results, it may be possible to get by withonly a9 9w 9
conversion table (729 bytes). The exact size can be determined by simulation. The 5K conservative-but-definite-
results approach was chosen for the purposes of this document.




operating systemduties including the user-interface. A wide variety of CPU
cores are suitable: it can be any processor core with sufficient

processi ng power to performthe required calculations and control
functions fast enough to met consunmer expectations. Since all of the inmge
processing is perforned by dedi cated hardware, the CPU does not have to
process piopglss As a result, the CPU can be extrenmely sinple. However it
must be fast enough to run the stepper notor during a print (the stepper
notor requires a S5KHz process). An exsanple of a suitable core is a Philips

8051 m cr nnl t mai ntai n
i nstructi @ﬁ&gﬁ%’%@ ?r!' ‘Hééjf: @Bs%rg{o? th'gv%fly fr?asoré?wpz Erﬁeﬁlfcetéf)r% W'Vr@“&éelq%re pfﬂdf“f’ er ent
PCP chi p @hedirgputs.nay be fabricated by different manufacturers, without

requiring to license or port the CPU core. This device independence avoi ds
t he chi p vendor Pixglgeication stmply ingivea taking auringdsdpixah ank esiRCit matHeataluaiferta | nt el .

AsSOci att ool ida |1 iCBe P Rolicidla ERAOLRE EMeARsA0Y 25 BEBb e BLpgEAM |

Scrat ch comruni ca t her
3 via rrerfﬁ?r99°n’i%(}9p@a repuiymapapRepicipcky. babRince de ﬁ"@i‘ig%%tor’?&ﬁ"th%ecbmqffe@lll%r

units, angatihd 79 RsRasb-ed 86s tak8 on BRICHAEAE iuel B PERESis WhdwWh i Fighato.
parti cuI ar unit. This includes the serial and parallel interfaces. PCP08-5G

-40 4. ZPﬁgﬁgﬁM} 13 A small Program Fl ash ROM 13 is incorporated into
the PCP 3. The size depends on the CPU chosen, but should not be nore

t han 16- 32KB. 4+ F{%@ 4 1] S l. C rea 14 is

i ncor por at ed i nt@éD he %M”éf ﬁ%dea%?%f p%t'@ ?%%Aco}q ggl %Shﬁ% Vﬁave Eo

mani pul at@erpieyeanvert fremethe sopfenen 8 ooz déhelﬂair G Ysioaae. cMOl’arSe?acrflcaﬂ'meveRAM si ze
depends OfodiBE aCidperRO BN oriSred - dltl%r%iﬁ? réeﬁgﬁﬁéﬁr@thersééhr%@éﬂ% £ abtbfag

conventio ?@%l ster _sizes etc ?Y shoul d not be nore than about 4 KB.
4. 4CPU I\/é%&?’" SRR IpiiEY NBR#Hy Decoder 16 is a sinple decoder for
satisfying CPU data accesses. The Decoder translates data addresses into

internal PCP refisstBil 1698 dpiconieneallfe is prannarRddp g currenppsiips dnithe disher seld

t her ef or eszalil ¥sB0foarcof@h® Wiludi Betiet tHah Ghe BER rQBVELE! S o RSN CATI ON
! NTERF'A‘CEg%nerated 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 pesition 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 cutput dots. Since we
are producing 1600 dpi dots, the cell size should be larger than 32 x 32, In addition, to allow the
dot processing order to match the printhead segments, the size of the dither cell should ideally

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

A dither cell size of 50 x 50 is large enhough 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}.




5.1 USB SERI AL PORT | NTERFACE 17 This is a standard USB serial port,
connected to the internal chip | owspeed bus 18. The USB serial port is
controlled by the CPU 10. The serial port allows the transfer of inmages to
and fromthe Printcam and allows DPOF (Digital Print O der Format)
printing of transferred photos under external control. 5.2QA CH P SERI AL
| NTERFACE, (% ﬁus is two standard | owspeed serial ports, connected to the
i nt ernal I'p lowspeed bus 18. The CPU- nedi ated protocol between the two
is used to authenticate the print rol39}1,2] and for the foll ow ng

functi ons acteristics Acquire the recommended drop
vol une @Qﬁqﬁéngagrfr%’l%'tn?eqsgpaper printed and request new pri nt roII when

th [ f t the re ues rint f t

reason | orl navi i VR PaBRR Berots oo TEBLE o B et etiitn p 4

and to tthe cqm‘ecmrdero‘bﬂ being@antGhitie Binthsac Jhe disirasichel senteis theTimethbawin@k chi ps

are | Ml et o PR e diendiheibeashon Chips [2]. 1f only a single
use

line is clone print roll manufacturer could usurp the

authent | cat on IRABRIATLL oo hEEdks Bl 308y O Be S BRSRLALLAL 10!

consunmabl e contains It S mat i on
requi red 4i9er iegtionscdentaly th%redal!ﬁelgtthem@ggtﬁl@rdef)pfhémﬂm%ﬂm valyes (eaell vialge is 1

i mpl enent tﬁ@lcm.mgy ﬁé‘coli@éiéd"'gm seabe iﬁrgm(;bé @f[za] Thfga&egs% srwnsn pfudasa are

allocated as follows: Table 13. Print S

M n] AccessDescr iriy 308k fiiRipe Basthén t@&@l% ¢heFdrﬁﬂ§aaeé By thé ﬂn@m@t friakrabdfdSer i al
nunber (16 bits) 2ROBatch nunber bits) 3D06Paper remaining 1n mm 16

E: Egg 4%@6%3&%@&“%(32 b| ts) 5RO 6ROVAgent a i nk properties (32

4.1CPU CorRE 10

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

calculations and control functions fast enough to met consumer expectations.

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 micre-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 [/O. Particular address ranges map to particular units, and within each range, to

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




7RO 8ROYel | ow i nk properties (32 bits) 9RO 10- 12ROFor future expansion = 0
(48 bits) 13-15RORandom bits, different in each chip (48 bits) Before each
print, the anmount of paper remaining is checked by the CPU to ensure that
there is enough for the currently specified print format. After each print
has started, the anount of paper remaining nust be decrenented in the
print rol L 5, QA chip by the CPU. 5Read Only 6Decrenent Only PCPCB-SG -42
5. 3BPARALLEL 1 NTERFACE 6 The parallel interface 6 connects the PCP 3 to

i ndi vidual static electrical signals.-4fhe CPU is able to control each of

t hese con ' ry-mapped 1/O via the | owspeed bus. (See Section
4.4 for n%?gkég'tgém %?%gnnenory- mapped |1/ O . Table 14 shows the connections

to the parallel ,interface. Tabl 4. Connections to Parallel Interface
Connect PonDi recty ié{ggfﬁ*ad‘i?smt F?g st NReFR Mot it & Bif RPM stk

not or Qut | ddpendsonivi OF OatiokeCapidhngd satlbe mairelBad 16-82Kksh triggerQutl Status LCD
segnent driversQut7 Status LCD common driversQut4 Paper pull sensorlnl
But t ons| n4.3PRDGRANMRAMAG | NTERFACE 7 24 A standard JTAG (Joint Test Action
G oup) Interface 7 is included in the PCP 3 for

Likewise, a small scratch RAM area 14 is incorporated into the PCP 3. Since the
program code does not have to manipulate images, there is no need for a large scratch area.
The RAM size depends on the CPU chosen (e.g. stack mechanisms, subroutine calling

conventions, register sizes etc.), but should not be more than about 4 KB.
4.4CPU MEMORY DECODER 16

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

low speed bus, and therefore allows for memory mapped I/O of PCP registers.
S5COMMUNICATION INTERFACES

5.1USB SERIAL PORT INTERFACE 17

This is a standard USB serial port, connected to the internal chip low-speed bus 18.
The USB serial port is controlled by the CPU 10. The serial port allows the transfer of images to
and from the Printcam, and allows DPOF (Digital Print Order Format) printing of transferred

photos under external control.
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 roll's QA Chip 5 using separate lines. The two QA chips are implemented as




testing purposes.
techni ques are required,
functional
over al |
store the captured i nage 42.
per cell).sQ &Qat t he i nmage
PCP08- SG -43- The total

bl ock isol ati on

Due to the conplexity of the chip,
i ncluding BIST (Built

a variety

of testing

In Self Test) and

An overhead of 10%in chip area is assumed for

The Image RAMis nulti- |evel
is retained after the power

chip testing circuitry. 61 MAGE RAM 11 The Image RAM 11 is used to
Flash (2-bits
has been shut off.
anount of nenory required for the planarized |inear

RGB i mage is 1,500,000 bytes (approxi-mately 1.5 MB) arranged as follows: R

750 X S00,TRE5R00CHYL S iy el 7

bytes Th
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random access to this inmage nenory.
i mage pi x&kdpPintRdiileQA TRpss Access Unit.
the functionality required by the Inage Capture
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pl anar f ofutisgnticafibe Chipl@l &bes296bits hidata ara alfcatad es BBows7. 11 MAGE SENSOR | NTERFACE

98 The | mage Sensor

Interface (ISI) 98 is a state nachi ne that sends

sync pul ses
ISl is
The 1Sl
. 1. 1l mage

, We only
a nunber of

is

red so as to
rati o of
pi xel

control information to 1ibr @mtlraagg(ﬁggq@g i ncludi ng frame
and pi xel cl gck puflses T onder to read —the Tmage. Most—of —ths
likely to be|a souriced cell ifromthe inmage sensor manufacturer.
itsel f contral M@l by A¢res$ nage Capt ure UniDes@ipgion Machi ne 97. 7
Sensor Format] oAl t hquad? a var igtiy Hebdéer, cREABRRS are avail abl g
consi der the [Bayer [color fillter array (CFA). The Bayer CFA hag
attributes v\/ri1ch ar erolef i ned Q&ﬂél&umﬂ_éﬁﬁa Brege captured by the CMOS sensor
(vi a a taki ng—tens)r+s—assttred—tohavre—been—sufiHetentty—fit4
renove any alli%asi ng P ti f act SatcREMBHALIHS] tsel f has an aspect
3:2, with a f solutuﬂy of 1598pé¢&998n5ﬂﬂ9ﬁ%§mm1he nmost TTKely
arrangenent i|s the

4 RO Cyan ink properties (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 roll's QA chip by the CPU.

*Read Only

®Decrement Only




Bayer color filter array (CFA), wth each 2 x 2 pixel block arranged in a
2G nosai ¢ as shown in Figure 15: Each contone sanple of RR, G or B
(corresponding to red, green, and blue respectively) is 10-bits. Note that
each pixel of the npbsaic contains information about only one of R G or
B. Estimates of the m ssing color informati on nust be nade before the inmge
can be p|g' Hg_&d out. PCP08-SG -44- The CFA is considered to perform sone
anount of TiIxed pattern noise (FPN) suppression. Additional FPN suppression
may required. 7.2LooKUp TABLE 96 The -l4gokup table 96 is a ROM mappi ng the
sensor's to a hhnear . It matches the Linearize RGB process 40
descri bed®PhASEEHIHEBFACE®  As such, the ROMis 3 KBytes (3 x 1024 x
8-bits). 10 bits of address cone fromthe 1S, while the 2 bits of

Tabl eSel ect ar e "NgeARleLipEH%5\P toRRECSRYBCL S0 (IpkkidvR|static elegtigabsignaent e 97.

7. 3STATE OACH 2Mfe B/cohtie datmglthépdonhetibhsi ds' BerbrithRppCiio via 18y logespesat es

control sjanals.for | ma Sensor_Interf 1, and generates addresses
for I|i neaéng'z(lglﬁ%S?ﬁlgn Eggorwrgﬁe alggp ww&m?%ﬁg&fhe i mage data 41. The
control signals nf,to the 1SI 98 informthe I.SI to start capturing

pi xel s, stop cg%%?%ﬁWQWBF'S‘?&’%"E&?O@.S%c‘rr&h':épﬁglt?r‘?tegﬂ‘ifr ess sent to the Lookup

Tabl e 96 matches the current line being read fromthe ISI. For even |ines
(0, 2, 4 etc.), the 2-bit Jaded4LCanpeclians teParaliel ifedaceGr een etc. For odd
lines (1, 3, 5 eétc.), the 2-bit address |[s G een, Blue, Geen, Blue. This
is true regardl ess of the orpentation of tmgcﬁg‘pera. Hg 214bit address
sent to the | nag He—adgress—+oer—the+rage—| Three

regi sters hol d {eretiepspart sigorr &wlorf or ep®Ht of the [red, greenm, and bl ue

pl anes. The addr ) rement as pi xe re witltgn to each plane. 7.3.1
Regi sters The Irmegggtmgr#%oﬁe Unit contain Bléttanurrber of registers: Table 15.

Regi sters in | mhgecusauttatr € Unit NaneBi t sPescri ption 1

Capping solencid Out 1
Flash trigger Out 1
Status LCD segment drivers Out 7
Status LCD common drivers Cut 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 isolation. An overhead of 10% in chip

area is assumed for overall chip testing circuitry.

6IMAGE RAM 11

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

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




MaxPi xel s12Nunber of pixels each row MaxRows12Nunber of rows of pixels in

i mage CurrentPi xel 12Pi xel currently being fetched Current Rowl2Row currently
bei ng processed PCP08- SG Next R21The address in Image RAMto store the next
Red pixel. . Set to start address of red plane before inage capture. After
i mge capture this register will point to the byte after the red pl ane.
21The add n I mage RAMto store the next Green pixel. Set to start

addr ess o% green pl ane before image capture. After inmmge capture, this
register will point to the byte after_4t3he green pI ane Ne>c<|é|821Thef agldr ess
in lmage RAMto the t Blue tart address o ue

pl ane gef ore i ngg%?%t%p?'m”é' ﬁﬂeé'?ow Jc&’ﬁs{ﬁ‘? énan@rpﬁeg linggyi BEBr MRS IS poi nt
to the by!,éomﬁwwtestwpbkiuetemh&lMB)aEmgedEaee‘aEaAddress to use for even rows |
even pixels EvepGChdZAddress t%5%g ;tgg even rows / odd pixels
OddEven2Address to use for odd fows even pi xel s GddOdd2Address to use for
odd rows ! odd PBi%8I<P0&GIW i t3f0Rbytehere starts the capture. Witing a 0

here stops the tnpge. waAptUre. 758 Bobpesw i tten here automatically by the
state machi ne after MaxRows of MaxPixels have ben captured. In addition,

the |mage Sensornd hgiel @GS vyoRk A BasipEbel, Sha et B 864 ndfigaqxact

regi sters w | e en t he ge Sensor hosen. | T 9
The | mageAceags 'Urﬂ ?”thh‘me BEFLFE%@raF%éJ"H@Qn@ef%?U ﬂ@lé°@ljl9t havet dregidardon t he

i mage i n accesgeRANMnade mdhery. GRhlLst Bt the Rade Pix¥elia tHeiRByd ARedd e i N
| mmgeRAM 11 and wite pixels back. Pixels could be read for the purpose of

i mge st ofRgRsE EABTUREUNIRGIASE) 17, or for

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

linearized RGB image out to RAM in planar format. The process is shown in Figure 33.
7.1IMAGE SENSOR INTERFACE 98

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

7.1.1lmage Sensor Format

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

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 before the image can

be printed out,




simpl e i mage processing. Pixels could be witten to | nageRAM 11 after the

i mage processing, as a previously saved inmage (|l oaded via USB), or inages
for test pattern purposes. Test patterns could be synthetic inmages,
specific test imges (loaded via the USB) or could be 24-bit nozzle firing
values to be directly loaded into the printhead via the test node of the
Pri nt Ge&%gaq&or Unit 99. -45 | mrage Access Unit 9 is a straightforward
access nmechanismto I nmageRAM 11, The and operates quite sinply in ternms of
3 registers as shown in Table 16. PCRQ8-SG -46 Table 16. | AU Registers
‘NaneBi t sDescri pti on | mageAddr ess21Address to read_ or ite in | RAM
VbGe30 = Read | IBme B RIGILEL 1 APEare Spoltyy el patde "pge (PN

| mge Addreppressial AdBiabi@Nstuppreshicatmdymeyérédidr ess (i f Mbde = Read) Value to
store at InmageAddress (if Mbde = Wite) The structure of the |Inmage Access
Unit is vRehoskumlABLE®S shown in Figure 35. The State Machine 101 sinply
perfornms the read/wite fromto | mrageRAM 11 whenever the CPU 10 wites to

the Mode regi st efie loSdpMible ddlisSd m%mbme&ewms IROBAS alihézk REBAIMMEIhds (| HU) 8

i s desi dt te hi . . [ b he Print

| mage. Pr oBeLERES BRE o wE & Ao SePr 22 sufr MelPlis TS Gener at es

hi st ogr an2# o 8-ptsAn@F bitsopinaddraseagme fwint thesi8hpihds tiaf 2 ditbiot Jagle®dect Bfke | mage

i st oo amelfabloaty e 4Rl €4k uHPESaleflifink bies per print. Three different
At ne per col or pIn

hi stograns are g er ed, ane. Each tine a histogramis
gat hered SQFATrE‘ﬁAErh gfl € anal yzed in order to determ ne the | ow and high

t hr eshol d7s scaling ractors etc. for use in the remainder of the print
process. For m)rrr?e Iim%];;g Eggtggeqpnit%%taqg maghh]r?e . génggEe%rQoﬁtpo gl!_:]ndalsbf%r t'ﬁg ?rﬂége
' Sensor Interface 1, and generates addresses for linearizing the RGB 40 and for planarizing the
image data 41.

The control signals sent to the 1Sl 98 inform the 181 to start capturing pixels, stop

capturing pixels etc.

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




see Section 3.2.2.2 and Section 3.2.4. 9.1 H STOGRAM RAM 102 The hi st ogram
itself is stored in a 256-entry RAM 102, each entry being 20 bits. The

hi stogram RAM is only accessed fromwi thin the IHU Individual entries are
read fromand witten to as 20-bit quantities. 9.2STATE MACH NE AND

REG STERS 103 The St ate Machi ne 103 follows the pseudocode described in
Section 3 0%9? controlled by the registers shown in Table 17.
PCP08- SG SIGabI e 17 Regi sters in I mage Hi stogram Unit

NaneBi t sDescri ption Tot al Pi xel s20The -.rgnber of pixels to count (decrenents

til 0) St d $21VW l,ni hg20Ho
lr:1ra]nly pi Z<el salﬁ%a)(r?gl Lets()%%e gaﬁ&:%%'%?ge? é'?j I\%%%téréﬁ.:@ngxt g%grgé%lmspgr |O\<';.VdS

Pi xel Count wi th the Pixel Valdge &M tﬁ‘,g,@ geh\e” B(I_,,,et té? &l Lqunt 20The
nunber of HRi xel Val ue|pi xel sp|gng,unt ed in the current hi s ogr am I't |s valid
after a wilteto Pixel Value—ClearCountlbDeterm nes whether the hij Stogram

LErAY

count will bfée%(ﬁearej.?at t ihEnesddriess infmadedRAM tstege thenprt GeempixelASét causes t he
counts to Qe cl eared| and |[do@tadaddress af peer plana kefere imagaebpiurefitsached (i . e.

t he next hijst ogram a@lds t d iMAge eapfuss. thigregistahvil pointdp thevoyieiafier the 1 here starts
t he hi stogrlam process. Wi[t9"PRR¥@N§- here stops the histogramprocess. A0 is

ittt h t [ I's| h
i iven herlavg STl SF ) G e h sl gﬁoggqgé LR ERE Ekxa Zgl S| has

Total Pi xel sf with the|totall Rdgbehndd thidHedistswil Bonﬁt'?& hH‘g?te'aﬁerttﬁe ount (e.g.
375,000 for| red), StartAddrgsSpiamet 'the address of the red pI ane)

'D

G ear Count wmwth—3t—ahd—wHte—a—1tothe Coregister—Onree—thecount has
fi ni shed, t|hevenEven 2 Address to use for even rowsleven pixels

EvenOdd 2 Address to use for even rows / odd pixels

OddEven 2 Address to use for odd rows / even pixels

OddOdd 2 Address to use for odd rows / odd pixels

Go 1 Writing a 1 here starts the capture. Writing a 0 here stops the

image capture. A 0 is written here automatically by the state
machine after MaxRows of MaxPixels have ben captured.

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

registers will depend on the image Sensor 1 chosen.

8IMAGE 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 fo imageRAM 11 after the image processing,
as a previously saved image (loaded via USB), or images for test pattern purposes. Test
patterns could be synthetic images, specific test images (loaded via the USB) or could be 24-bit
nozzie firing values to be directly loaded into the printhead via the test mode of the Print
Generator Unit 99.

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

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



i ndi vi dual values in the histogramcan be determ ned by witing 0-255 to

Pi xel Val ue and reading the correspondi ng Pi xel Count. 10PRI NTHEAD | NTERFACE
105 The Printhead Interface (PH') 105 is the nmeans by which the PCP 3 | oads
the Menjet printhead 2 with the dots to be printed, and controls the
actual dot printing process. The PH is a |ogical wapper for a nunber of
units, na ?v] a Menjet Interface (MIl) 15, which transfers data to the
Menj et printhead, and controls the nozzle firing sequences during a print.
a Print Generator Unit (PQJ) 99 is andgnpl enentation of nost of the Print
Chain described in Section 3.2 on page 24, as well as providing a neans of
produci ng test PCPCB- SGm,@.m PR REJidkGrs The PQU takes a planarized |inear
RGB obt ai ned—froma—CrFAformat L,apt tt-et— rage romthe— rageRAM 11, and
produces a 1600 dpi dithgred CW image in real tine as required|by the
Menj et Interface Nasne | n gdditsi gn, t he PGU haBesaripfi@est Pattern node, which
enabl es the speci,f r re Tiredjduring a
print. The LSIR %dl- |Snp'r (P?p )F/)Hf @?’??gg}rqr?%{)qr%ﬁq@)ﬁggaﬁﬁber of regi st erg
that are progvedared by t/lsee CPU.0 =TReadifriramageAdgiessimtoratueof the Print head

Interface is| shown in Figure 37 11@,,@\05@@@5{;@@@@@ 15 The Menj et

I nterface (MH)—15—coennegts—the theexternal-Memet printhead,

provi di ng botYaletat a and arﬁproprl\@illé s@regirmlreagebddreﬂst(ufubdethaearttiozzl e | oadi ng
and firing slequences durling a p/raluﬂttosta'rb%t |M%a@]aﬁidrds@hem6c&c=a/vﬂ¢t‘é) [ S sinply a
St at e Machi ne—166(see i gure—38)—whiech—fottows—the—print-head—+oadi ng and
firing order described in Section 2.2, and includes the functionality of
the Preheat cycle and O eaning cycle as described in Section 2.4.1 and

et Sources; WAeAB e T AR il e ol B2 !
subsequent Prin t he ndard mechani sm for | oading the
printhead for I“f-'9r %%tm(?p @énﬁ 'Hﬂycﬂ‘? prans th?r%ﬁ‘f”‘f“ﬁ% feom/ig; Imageiitlt Hel d in
t he Tr ans#tenevee thesIRe) 1004ritéste tHe@ddBPegisidri S i s t he standard neans of
printing an imge, whether it be a captured photo or test pattern. The

24-bit  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 resuits
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.

9.1HiIsTOGRAM 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 10 as 20-bit quantities.
9.2STATE MACHINE AND REGISTERS 103

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

controfled by the registers shown in Table 17.




value fromthe PGQU is directly sent to the printhead and a 1-bit 'Advance’
control pulse is sent to the PGQUJ. At the end of each line, a 1-bit

" AdvancelLine' pulse is also sent to the PGJ. The MJII 15 nmust be started
after the PGQU 99 has already prepared the first 24-bit transfer val ue.
This is so the 24-bit data input will be valid for the first transfer to

t he printgﬁﬁQ&;The MI 15 is therefore directly connected to the Print

Gener at or t 99 and the external printhead 2. The basic structure is
shown in Figure 38. PCP08-SG -49 10. L4f¥-Connections to Printhead The MJI 15
has the follow ng connections to the printhead 2, with the sense of input
and output with respe%bmmtﬁb@.&@rg .r;ﬁ,aglhl&w@m%mtch the pin connections

on the printhead—(see—pection —TFabfFe—18—Printhead—Conneections
Nane#Pi nsl | ODescri ption|Chr omapodS 40Sel ect which chronmapod will fiire (0-9)
el ect Nozzl eSel Namd40Sel ¢ctBishi ch nozzl e fromDdseriptest wi || fire (0-[9)

AEnabl e10F) gy’ o° T 0o phascofyifHFBRLL SHOE PR BLSRITPr Thasear oup

B Cbhat al n[ -—4-80Cyan output to lcyan regl ster eqgnen

MDat al n[ O- 7]S&®t%<gessta |n[2lUt to rwgaatoesta?fnohhtmlge@mster of segrrents 0-7
YDat al n[ O- cuv§| tow Tniput—to yeltow-shift—regirster—of —segrents—o0=7 A pul se

on SRC ock| CERAFFEPRIYISt F® ock) W%’H@”Vtﬂ'@lsm'ﬁtﬂm%t?‘bnt val ues {from

Coatal n[O- Tbrelipbtal N[0} 7] and [heidhi, Jggstérm;ags Bicadht %It bk T egi|sters of
the printhead Parallel transfer| g { ﬁah*@ﬁ“ f: registers to
PTr ansf er 10t-he pri ntheats—inte rn:xl I\In77| t:\l:nn e bits (nnrg_p_e_r_n_gzz| e)_

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

ClearCount 1 Determines whether the histogram count will be

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

Go 1 Writing a 1 here starts the histogram process. Writing
a 0 here stops the histogram process. A 0 is written
here 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 fotal 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.

10PRINTHEAD INTERFACE 105

The Printhead Interface (PHI) 105 is the means by which the PCP 3 loads the
Memjet printhead 2 with the dots to be printed, and controls the actual dot printing process. The
PHl is a logical wrapper for a number of units, namely;
. a Memjet Interface (MJI) 15, which transfers data to the Memjet printhead, and
controls the nozzle firing sequences during a print.
. a Print Generator Unit {PGU) 89 is an implementation of most of the Print Chain

described in Section 3.2 on page 24, as well as providing a means of producing test




SenseSegEn 10A pul se on SenseSegEnabl e ANDed wi th data on abl eCDat al n[ n]

sel ects the sense lines for segnent n. Tsensell Tenperature sense
Vsensel | Vol t age sense Rsensell Resistivity sense Wsenseli Wdth sense TOTAL
141 PCP08-SG -50 10.1.2Firing Pul se Duration The duration of firing pul ses
on the AEnabl e and BEnable |ines depend on the viscosity of the ink (which
IS depenqgﬁ %p tenperature and ink characteristics) and the anmount of
power avai able to the pri nthead. The typical pulse duration range is 1.3
to 1.8 s. The M therefore cont ai ns 48- progrannable pul se duration table,

i ndexed by feedb r| nt head., The pul se tio

al | ows thg use B%t% gﬁ%lptegega{( S BV ALRTS pling gﬁg g’* ed, fuom g%g?rwia g nore
accurate drop epWemmaQEHeMbSmamnbmnﬁeﬁmwcmg 1B@Bdwnmhereds cvand i s

i ndexed by the : J . f ts of
addr ess c)c/)rre frﬁﬁb@g%?é/ﬁ“%gg‘?“?ﬁ% ?ygﬁilgg'ﬁ{eﬁﬁegé%gﬁ Q%QItIW&§OP$ 'P'Jr “Gh
Tsense. Each enf$syPptiersmpde, ahich gepbas eGSR 14 tospesify depcisely whicvawesefe t he

range of O- 4s.ﬁ.-$@@urmﬁgcpgﬁts of generati ng t he AEnabl e and BEnable lines is
shown in Figure 39. The 256-byte table is witten by the CPU 10 before

printing the phetnitEaftin B PiHi areRBhtiRedby Adnar sﬂég.éterlsﬂqamep@mnﬁné‘oonbl nes:
Brightness settings Viscosity curve of ink (fromthe QA Ch Rsense

Wsense %‘é%%%”- Vsense 10. 1. 3Dot Counts The MJI 15 mai nt a| ns a count of
t he nunber of dots of each color fired fromthe printhead 2. The dot count
for each col or fReiaemsl W?"“r\?é’méP”'i’tH%ﬁd\)Ptﬁrtﬂ%?FI'%/SheY"%QrFéQﬂ”Wder pr ocessor

10.1MEMJET INTERFACE 15

The Memjet Interface (MJI) 15 connects the PCP to the external Memjet printhead,
providing both data and appropriate signals to control the nozzle loading and firing sequences

during a print.

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
pulse is sent to the PGU. At the end of each line, a 1-hit ‘AdvanceLine’ puise is also
sent to the PGU.

The MJI 15 must be started after the PGU 99 has already prepared the first 24-bit

transfer vaiue. This is so the 24-bit data input will be valid for the first transfer to the printhead.

The MJ!l 15 is therefore directly connected to the Print Generator Unit 99 and the

external printhead 2. The basic structure is shown in Figure 38.




control. Each dot count can hold a maxi mum coverage dot count of 69 6-inch
prints, although in typical usage, the dot count will be read and cleared
after each print. Wiile in the initial Printcam product, the consumabl e
contains both paper and ink, it is conceivable that a different Printcam
nodel has a replaceabl e ink-only consumable. The initial Printcam product
can countdayn the amount of mllinmeters remaining of paper (stored in the
QA chip 5 - see Section 5.2) to know whet her there is enough paper
available to print the desired format4g-There is enough ink for ful

cover age S | i.ed .paper. In the alternative Printcam product, the
dot count?’%i‘#ﬁé%‘gaﬁc}é’géog{/ﬁ&%g& CPU 10 to update the QA chip 5in order to

predi ct when the i rtri runs out of jnk. The processor knows the

vol ume of ink i ﬁh‘? 'R'gl 1%%56@%%%}’@9 Coﬁ%ﬁch‘?jﬁs ei*’B'Pth%aé’cﬁ Wﬁlf' SeNFe AUy from

t he QA chang dutpuCeitmiespegt tohilee MJMSeTheofandhs opschahe pin martnestions he thegeidthéar | nk
sensors, G%gsgﬁgygpts the ink channels fromrunning dry. An updated drop
count is Itten to the QA chip 5 after each print. A new photo will not be
printed unl ess there Hs q& ug iﬁ% left, and allows the user to change the
i nk wit hout—getting ahig BTSN RACOANSAIEPS he reprinted  The layqut of the
dot counter for cyaniis shown inl Figure 40. The remaining 2 dot dounters

( MDot Count | anqyafeot Cougrins f Orygragent a and yel bey¢ripgigpect i vel y) ar g
i denti cal structpre 1014 i ) 1 i Wth the
Ml 15 via ;hﬁogﬁf’%dtser‘*set. THe riegf'edt wpish dirpBapodndl et o par anetleri ze a
print as meFFdas recei ve feedback about print progress. The follow ng
registers angzA@Rlcal Ngd in toe. Mdiect FRibh fork@ froMard a ilirefd@ce Registers
Regi st er NarebeseripH-on—PHnt—Parareters NomransfersThe nunber gf
transfers [éguableed tptl oad tRe priifndraded fgrpbassbioyp 800). This is tHe nunber
of pul ses DRI Ne SR ockand The pynbekmgr ﬁ4-bl Jata values to tjransfer
for a givep Flﬂe. Pul SeDur alt P onFi Xet? BGEAY PATRTERIP fo det erni ne the duration
of a singl ecpulam@-gn| he Col or Ena@Jaalohipngscydatgpﬁ&égss@erroa%ﬂmeﬁts@-r 6 us.

1 Hah 1
Nunmii nes The—rurber—of—toadHPrnt—eyetes—to—perferm

k=

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

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

SRClock 1 0] A pulse on SRClock (ShiftRegisterClock) loads the

current values from CDataln[0-7], MDatain[0-7] and
YDataln[0-7] into the 24 shift registers of the

printhead

PTransfer 1 0 Parzlle! transfer of data from the shift registers to
the printhead's internal NozzleEnable bits (one per
nozzle).

SenseSegEn | 1 0 A pulse on SenseSegEnable ANDed with data on

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

Tsense 1 I Temperature sense

Vsense 1 I Voltage sense

Rsense 1 I Resistivity sense

Wsense 1 i Width sense

TOTAL 41




Monitoring the Print StatusThe Menjet Interface's Status Register

Li nesRemai ni ngThe nunber of lines renmaining to be printed. Only valid while
Go=1. Starting value is NumlLines. TransfersRemai ni nThe nunber of transfers
remai ni ng before the Printhead is gconsidered | oaded for the current |ine.
Only valid while Go=1. SenseSegnent The 8-bit value to place on the Cyan
data |ines.gdu ﬁdgdbng a subsequent feedback SenseSegSel ect pulse. Only |I of the
8 bits shou e set, corresponding to one of the 8 segnents. PCP08-SG
Set Al | Nozzl esl f non-zero, the 24 bit sglue witten to the printhead during
t he Loadl:)r_r'bt1's2 LOCES "Dg r? so that all nozzles will be fired during
the subsequent B te ﬁ?ocess This is used during the preheat and

cl eani ng cycl es 24-bit val ue itten the |nt head corres from
the Pri %t énerg?%P“r@?ﬁ"tg}ﬁmﬁs”“lsgs Pﬂéh%g‘gﬁabﬁﬁf?%&%f' u%ﬁpe'ﬂi’r Philieg of

t he phot ovisnsitya he tre(twhichnia gegandéit bh empefise bl mk cﬂamotensttcb) Sdtiesgnsduat reset s
t he MII, I I | sters
wth o, SFSAL AT nead hE e RBHERRET R (B0 B Db BPL" e
Feedback Beefost cemeinseapragrameghblst idse dutefioseiabls, hdpredsky fedbdel from the
SenseSegSginfehd. [The Gablelof blige 4PaBhHSRRE %e%@g o loRd AspRlver élbafr UsqRigks are all
0. If any of the status bits are set, the Feedback bit is cleared and

not hi ng n'ﬂ?'@taW@QBT?FFeaCCEﬁ@é’rQWW%{Pl ous sense |lines have been tested, the
val ues are placed in the Tsense, Vsense, Rsense, and Wsense registers, and
then the Feedbathe Bilfe Byrationdably hias 256 entjps @ad isiindexed by e gUrfeab¥isaskatont | nues
duri ng arr;@,easdasamigen‘rnqoupn&t 4chm§roahua}a§a cdmA\frivh IIsendef add e kiS4 Bid ost arts

the Load a Fesss zI:ome rom énge %%gh en%ry |spé bits, and represents a fixed point value in the range

of 0-4pus. 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

puise duration entry in the table combines:

. Brightness setfings

. 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
control. Each dot count can hold a maximum coverage dot count of 69 8-inch prints, although in

typical usage, the dot count will be read and cleared aiter each print.

While in the initial Printcam product, the consumable contains both paper and ink, it
is conceivable that a different Printcam model has a replaceable ink-only consumable. The
initial Printcam product can countdown the amount of millimeters remaining of paper (stored in
the QA chip 5 - see Section 5.2) to know whether there is encugh paper available to print the
desired format. There is enough ink for full coverage of all supplied paper. In the alternative
Printcam product, the dot counts can be used by the CPU 10 to update the QA chip 5 in order

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




total of NumLines lines are printed, each containing Nunlransfers 24-bit
transfers. As each line is printed, LinesRenaining decrenents, and
Transfers Remaining is reloaded with Nuniransfers again. The status

regi ster contains print status information. Upon conpletion of Nuniines,
the | oading/printing process stops and the Go bit is cleared. During the
final pripgt,cycle, nothing is loaded into the printhead. A wite of 0 to
this bit stops the print process, but does not clear any other registers.
ClearCountsA wite to this register clsgars the CDot Count, MDot Count, and

YDot Count eqgisters | I t 1 r2.r ectivel re_set. Consequently
awite o?ar%&%a@ 6 8# %’el\g’ta.na ggfgo('fbfg's %Aé'@ne'ggéggﬁg ﬁWI %’"‘%’8@%85’8& eUfingeense
from t he thaseedSion uSeg8es eol ppybde treeink channsie gomntniBendre Segomdated drep onl é
valid if : i 4, bi ; ' Y eRea
only f eed%dgﬁtﬁggwggﬁ'\s%% rirzhcl)d)rr? %%egg?égrsbﬁ néé%éﬁg@%@%’@%f gepttrﬁgeé%éléaﬁst tﬁ%S?Ss egnment
SenseSegn®RHIh ink leFngnd ajigys tejuperitp ghange Higsdekwitiordueling agiud pheto Sthigh uruist egi st er
is set. Rsoag@igeiad only feedback of Rsense fromthe |ast SenseSegSel ect
pul se sent to segnent SenseSegnent. Is only valid if the FeedbackValid bit

of the Status regl Bk of fe Bt counfe? for cyan is BhdviBn FouReasl MEenRgaR) ¥ dheedback

of Wsense fromthe |ast SenseSegSel ect
counters (ME)ot ount and YDotCm?nt, for magenta and yellow respectively) are identical in

structure.

10.1.4Registers

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

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

The following registers are contained in the MJI:

Table 19. Memjet Interface Registers

Register Name Description

Print Parameters

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

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

NumLines The number of Load/Print cycles to perform.

Monitoring the Print

Status The Memjet Interface's Status Register
LinesRemaining The number of lines remaining to be printed. Only valid while
Go=1.

Starting value is NumLines.

TransfersRemainin | The number of transfers remaining before the Printhead is
g considered loaded for the current line. Only valid while Go=1.

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




pul se sent to segnent SenseSegnent. Is only valid if the eedbackValid bit
of the Status register is set. CDot CountRead only 32-bit count of cyan dots
sent to the printhead. Mot Count Read only 32-bit count of nagenta dots sent
to the printhead. YDot Count Read only 32-bit count of yellow dots sent to
the printhead. The MJl's Status Register is a 16-bit register with bit

| nterpretlgc;P as follows: Table 20. MA Status Register

NaneBi tsDescrl ption Loadi ngDotsllf set, the Ml is currently |oading dots,
wi th the nunber of dots remaining to lse transferred i n TransfersRemai ni ng.

|f clear, (i tp]hﬂézzrg not | FHEL SR, lt dm%rag rrep%mr.ﬁ JL set, the
MII is current printing, gb&s p} ,@gﬁ,s g oiz s WlbeSi y, printing
dots. Printi ngAlThl S bit] ihs ssiabq { Pt ﬁr@cés§ ThishU28 dRHhalt ngbl e line

PrintingBlThis bit is se r\gﬁgak%dmhe byoled. pul se on the Blgnabl e lilne

FeedbackValidl This bit i |f§ itk f%qpear?r,ﬂt &b@r?es-F eeF,rmhsense,
Rsense, angd Wsense are v at ﬂ fhec,raééﬁdnﬂ LR 9 }e Nl ds the
current chromapod bei ng ;brfoﬁﬂan%h %Stt,plggégrl nti-ngDots st TuS bit i set.
Pri nti ngNogzles4Thi-s—-holds—the current--hozzle being fired while tHe
PrintingDot sctgnatus bit is set 10. 1. 5Pr eheat and CI eani ng Cycles |The

Cl eani ng ang_Preneat cycles _are_siim acconpliistied Uy setting—apgropri ate
registers: | "°%t Al | Nozzl e’g‘”ﬂte to thig g :t% ﬁﬁg@%ﬁd' ?P‘?%E{ﬂ; 12gi"8Per to |either a
| ow duration (in the caseprr’}fmgt'ﬁeceﬁ?eéhﬁgtoa U EP'SGF %n appropridte drop

ej ection dusaide@dgdefict Cl EAMiRG FRAEgistervhth anfidrtBicafa 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 NumLines, the
loading/printing process stops and the Go bit Is cleared. During
the final print cycle, nothing is loaded into the printhead.

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

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. Is 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. Is only valid if the
FeedbackValid bit of the Status register is set.




-54- Set NunlLines to be the nunber of times the nozzles should be fired
Set the Go bit and then wait for the Go bit to be cleared when the print
cycles have conpleted. 10.2PRI NT GENERATOR UNIT 99 The Print Generator
Uni t (PGU) 99 is an inplenentation of nost of the Print Chain described in
Section 3.2, as well as providing a neans of producing test patterns. From

t he si rrpl 'Ig\lﬁcp foint of view, the PQJ provides the interface between the
| mage 1 and the Menjet Interface 15, as shown in Figure 41. The PGQU
takes a planarized I|inear RGB obtainad-froma CFA format captured inmage

fromthe | mpagRAM and pf RANGHT Bedbd A iR e%PnﬁﬁéEﬁ&%W% real time
as requiregl by the Men efplifdRhrfias melnf‘Sé}'Q Sdgnfehr. 1sloAfy va agHHg&h a Test
Pattern noge, whi ch enab| pssdbiRvaid ,t$9thggtaageg§,§tyr,§)§e@0| sel'y whi ch nozzl es

are fl red jur= ng a pl"l Pt Thg MH—15 ‘FJ” o4 rlnc i !n DG,U QQ \I\l t h ahn—/ dvance
pul se once| CbpEop®- bi t s hﬁw dolyc- bifsednt obayen dais s leriesedrintieagul se gt the end
of the |line ' |net;]|r5t t he Test

I GJU 99 55
Pattern no MDO&%MH Vv rel %adcf’g yrgagllﬁcg%r{? 6“ rB‘ﬁLdPﬁﬁ’Sgﬁﬂ&mpTi eadnd flormats it
in a buffef ypeadyntf or _Oult R&Hd dn &%cwﬁofyem\edowg&ﬂ@tmﬂh%&s the (majority

of Print Charn—funrettons—{see—Seeti-on—3—2)—FhePrnrt—Chathr—shoewa in Fig.
18 contains the functions: Gather Stati stl cs 60 Rotate Image 61 Wite
Bal ance 62 Range Expansion 63 Resanpl e 64 Sharpen 65 Convert to CW 66
Up-Interpolate 67 Halftone 68 Reformat for Printer 69 The PGJ 99 contains
al |l of these fuhtdWYsSatEs Rroisifs s Ghitrpesierthdiiniupreitionsiasfoleys'60.  To
performthe Gather Statistics step, the CPU 10 calls the Inage H stogram
Unit 8 three tines (Tabse2hdki StetusRegistainel ), and applies sone sinple

al gorithnsl. The remai nder of [the functions are the donmain of the |PGU 99

for reasons of AgSUr acy agﬂsspeed. accuracy, e%%ﬁp use t here

('D

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

If clear, the MJI is not currently loading dots

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

If clear, the MJl is not currently printing dots.
PrintingA 1 This bit is set while there is a pulse on the AEnable line
PrintingB 1 This bit is set while there is a pulse on the BEnable line
FeedbackValid 1 This bit is set while the feedback values Tsense, Vsense,

Rsense, and Wsense are valid.

Reserved 3 -

PrintingChromapod | 4 This holds the current chromapod being fired while the
PrintingDots status bit is set.

PrintingNozzles 4 This holds the current nozzle being fired while the

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.




woul d be too nmuch nenory required to hold the entire inmage at high
accuracy, and speed, PCP08-SG -55- because a sinple CPU 10 cannot keep up
with the real-tinme high-speed demands of the Menjet printhead 2. The PGU
99 takes as input a variety of parameters, including RGB to CMWY conversion
tabl es, constants for perform ng white bal ance and range expansion, scale
factors C%IEJl sigesanpling, and inage access paraneters that allow for
rotation. e two process chains can be seen in Figure 20. The nost direct
chain goes from the Imge RAM 11 to Buffer 5 via the Test Pattern Access
processl1l1Q. The other chai n con5|st of .5 cesse |l running in

paral l el . The fi rsr\fu"B'lmeéZs%e tﬁﬂurﬁ%errf) s 1 rf&é% ﬁ%‘f"éﬁp%ﬁr Wi te Bal ance and
Range Expansi onSeffthe Gedia@nd then ewié $s tHel@o pietof ey disarddegimnpihd pript cyEle hatdhi rd
process 65 perfg(g,ﬁrﬁet ({1ar peni ng, the fourth process 66 perforns col or
conversion. The final process 113 performs the up-interpolation,

hal ft oni ”ﬁozﬁ&]ﬂ b%kgwu@gggor the printer. The processes are connected

via buffers, eS between sone processes and a few kil obytes

f h Ve h d I :
or der, S1 nce thiﬁ"F%“’*‘t@getner%%F RGP ¥R BB ek <ron plnn B e Pes © °°

Ti m ngs fdnscibad in ngtiar 3.2 me eelb seyodding Hmbdrerof picdeingned patteerdent s ar e t hen
nore apparent. In summary however, the buffer sizes are shown in Table 21.
Tabl e 21. Buf f eFrogi thesiriplst geint of vi€e nier BGO prdvidies thSiiterface between the Image

Buffer (oVkaa iR IeA: ke rge{ 1695 bl BREI TGS e bR’

entries ts each ='6 11 nés
10 bits £Bes RGﬂSbtﬁ'y?dafSOfGﬁéEﬁ f@utat egptured)iBiapé fier thef Im@geRAM,iand p@It®s|H ts each

97.5 bWa@Sd With&d @WGmége“va%e gs Hﬁ§|réafby4heelﬂérwe’?lﬁte9£BceL%n@dg”tlgd % each =

12 byt es S ors X entri each =
col or s( R(% é"aﬁl"’l Ee%a[)@ﬁe@df‘? Wﬁ'?@ %ﬂ'@%ﬁ 8] Q)Plé('@l\'/ﬂ’)slf’?(c’fﬁ Precisel Whicengo
cont one pioxatsar@ibdhiutizy £ pain 'IBHfMJEﬂS pdJides R4 PBULID with an Advance pulse once

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

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

shown in Fig. 18 contains the functions:

. Gather Statistics 60

. Rotate image 61

. White Balance 62

. Range Expansion 63

. Resample 64

. Sharpen 85

. Convert to CMY 66

. Up-Interpolate 67

. Halftone 68

. Reformat for Printer 69

The PGU 99 contains all of these functions with the exception of Gather Statistics 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 algerithms. The remainder of the functions
are the domain of the PGU 99 for reasons of accuracy and speed: accuracy, because there

would be too much memory required to hold the entire image at high accuracy, and speed,




TOTAL 1 23, 264 PCPCB-SG -56- Apart froma nunber of registers, sone of the
processes have significant | ookup tables or nenory conponents. These are
sumari zed in Table 22. Table 22. Menory requirenents within PGJ Processes
UnitSi ze Conposition of Requirenents (bytes) Rotate/ Wite Bal ance 1 Range
0 Expand Resanple / Convert to L1, 1523 kernels, each 64x4x12-bits SharpenO
Convert tQ.CMyl4, 7393 conversion tables, each 17x17x17x8- bits

Upi nterpolate / Hal ftone / Reformat2, 500D ther Cell, 50x50x8-bits Test
Pattern AccessO TOTAL 10.2.1 Test Pattsgen Access 18,391 The Test Pattern
Access rocess 110 est patterns a roduced. Under
nor mal 3ser A r%ﬁ%) a%'gg 10 ?EWI@ 'ﬁ%gé’@s‘@g\/\ﬁ Flreﬂgfnedgghl@gﬁd’ g?'f‘qué %ﬁhemarl ly
for di agMesiet winfhaagpdses. 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
Menj et | nterfac&he IPGU]O%Iakest asviputf i vahiety Sof pararvadreiedcluding MBB wayYMYThe dat a

in the | %ﬂ@e&%Maﬂ)l@s étg’t?ﬁng&%qﬂ'ﬁﬁnq’f?y bélghr%g ggyra]nge 'é)\%};angor‘ anh% Fr%%?s Access

Unit 9. ata rea rom Wrapar ound
f ashi on. Pugsampling. @ﬂ@amgaﬁ@cea%@aﬂam@eraéfﬁallomortrﬁethnest data the start
address of the first byte, and the nunber of bytes. Wen the end of the
data i s reachedThe e piesess ¢heing sarl bageanrin Figom 20h Ehdowgst dineéat ghaiMhersditomuct ur e

of the Tegl |Rald RAM ACKEBSHHBI fia IeOTés? FRRMWNLEEsFir8iss€1183The other chain
consists of 5 processes, all running in parallel. The first process 111 performs Image Rotation,
White Balance and Range Expansion. The second process 112 performs Resampling. The
third process 65 performs sharpening, the fourth process 66 performs color conversion. The
final process 113 performs the up-interpolation, halftoning, and reformatting for the printer. The
processes are connected via buffers, only a few bytes between some processes, and a few

kilobytes for others.

We look at these processes and buffers in a primarily reverse order, since the timing
for the printhead drives the entire process. Timings for particular processes and buffer size

requirements are then more apparent. In summary however, the buffer sizes are shown in

Table 21.
Table 21. Buffer sizes for Print Generator Unit
Size
Buffer (bytes) Composition of Buffer
Buffer 1 188 | Red Buffer = 6 lines of & entries @ 10-bits each = 45 bytes
Blue Buffer = 6 lines of 6 entries @ 10-bits each = 45 bytes
Green Buffer = 13 lines of 6 entries @ 10-bits each = 97.5 bytes
Buffer 2 24 | 6 x4 RAM
3 lines of 4 entries of L @ 8-bits each = 12 bytes
3 colors x 4 entries @ 8-bits each = 12 bytes
Buffer 3 3 | 3 colors(RGB) @ 8-bits each
Buffer 4 23,040 | 3 colors(CMY) x 6 lines x 1280 contone pixels @ 8-bits each
Buffer 5 9 | 3 x 24 bits
TOTAL 23,264




As can be seen in Figure 43, the Test Pattern Access Unit 110 is little
nore than an Address Cenerator 119. Wen started, and with every

Advanceli ne signal, the generator reads PCPOB-SG -57- 3 bytes, produces a
TransferWiteEnabl e pul se, reads the next 3 bytes, and then waits for an
Advance pul se. At the Advance pul se, the TransferWiteEnable pulse is

gi ven, thgtpla[{gg%t 3 bytes are read, and the wait occurs again. This
continues until the AdvanceLi ne pul se, whereupon the process begi ns again
fromthe current address. In terns of-sseading 3 bytes, the Address
Generator 119 si reads three 8-bit values from|mgeRAM 11 and wites
themto Buffer ég%hg?mﬁwréur?qerr S?F G SPRF & espr\‘xﬁs??selﬁavgﬁﬁﬁ%ﬁ%é@ﬂ'é“ s 8-bit
addr ess Otableher memdry ¢anpenértts. @heseardBenfrearizéd is T8bIBR2. address 1, and the third
is witten to Buffer 5 s 8-bit address 2. The Address Cenerator 119 then
wai ts for an Advance Tapld 2eMbRba reqlfinitgts Withis RCB Hrbédigesagai n. The

addr esses [generated for the Tnage [RAM 1T are based on a start address and a
byte count| as shown in Table 23. Table 23. Test Pattern Access Registers
Regi ster NameDescri pi ﬂn Test I\/bdeEzggleeidl i Tes] _I\/bd{: is.enabled. [If O,
Test Mode ijs—not-enab8  Dat aSt ar f SPAPY |adg FOIROFHOR aLRequirements | pge RAM
Dat aLengt hNRotdde/White BBlabget /dange t est dabg The fol | ow ng pseudocode
il lustratedeobw address generation. The |[AdvancelLi ne and Advance pul ses are

not shown. Foreyer Adr, = Datastart, _. Remai ni ng = Dat aLength (0),
Adr - Adr +1 | EESAARE CONER @ 1 or 5 Rede SAdro TS5 SPPAAEPIS Adr —Adl +1 Read
Adr into Bufbgen5(2), Adr=Adr+1 Renainprig = Remaining-1

Convert to CMY 14,739 | 3 conversion tables, each 17x17x17x8-
bits

Upinterpolate / Halftone / Reformat 2,500 | Dither Cell, 50x50x8-bits

Test Pattarn Access 0

TOTAL 18,391

10.2.1Test Pattern Access

The Test Pattern Access process 110 is the means by which test patterns are
produced. Under normal user circumstances, this process will not be used. It is primarily for

diagnostic purposes.

The Test Pattern Access 110 reads the Image RAM 11 and passes the 8-bit values
directly to Buffer 5 118 for output to the Memjet Interface. It does not modify the 8-bit values in
any way. The data in the Image RAM 11 would be produced by the CPU 10 using the Image
Access Unit 9.

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 litife more than an

Address Generator 119. When started, and with every AdvanceLine signal, the generator reads




if (Remaining = 0) Renmining = DatalLength EndDo PCPOB-SG -58- It is the
responsibility of the CPU 10 to ensure that the data is neani ngful for the
printhead 2. Byte 0 is the nozzle-fire data for the 8 segnents of cyan (bit
0O = segnment 0 etc.), Byte |l is the sane for nagenta, and Byte 2 for
yellow. Alternate sets of 24 bits are for odd/even pixels separated by I
hori zont a} ﬁgg line. 10.2.2Buffer 5 118 Buffer 5 118 hol ds the generated
dots fromthe entire Print Generation process. Buffer 5 consists of a
24-bit shift register to hol d dots gemgrated one at a tine fron1the UHRU

113 (Upln oIateHa format ni,t), 8-bit |st to hold
the dat a T SR LR Eat AU oo kit Birds oo 90 WafRfPriD b
regi st er Adveoceguilsehd thruhdvencef ppisedihe Aransfedyrsdbarble pulsdie givam, tifd\iEng Ebytes

I nterface e | the: S

regi ster %\rn tr%a f'ﬁﬁd%@q‘%ﬁ oBHJréE?sL r%ﬁ%’dygé gwggbﬁc{\’gr&géﬁes?g%es ‘%‘r t e 5| ngl e
24-bi t shﬂ‘??roc?sé@fa@ﬂseﬁga'”émté?Clﬂr%h@d@ﬁére acts as a doubl e buffering
mechani sm for the generated dots, and has a structure as shown in Figure
44. 10. 2. 3Buf f ein tgrms| of Badifgp bateg,lthe Heldgss Geeeratal ¢1A simply repe threecd-piedi at e

resol uti opied 280- h@%aammi REwrittSBER towf&efr 1fb iTfe gsn@ra@bs@le R¥ritB 1ol or
Conver si on process accessed_ by - Interpolate, Halftone and

Ref or mat 5t A St address Gy H@r"ef‘b'sd’é’ﬁ@? é‘i Qu%tf’ﬁﬁ bif ggessol af‘ﬂéhep?“i”i’lﬂ%r The
size of tinateRomBoie 5BUS-biebddressde pad datrbsDBerdi@oPt1p Ihdrakaidi ot ansdvahet ween

the noz inth dots for one color are being generated
for one é%’@%lb%% (Po(?nﬁqﬁ trqe‘%ﬁ‘ﬁqa % different color on a different line are

bei ng generat ed net effect t hat ifferent hysi.cal, |ines are
printed at the B}ﬁeea dhica greBﬁﬁafﬂéorzr}e e EAH ddé" ?ﬁfe‘éwgﬁ%%gtagdrﬁ?so?ﬂ i fferent
out put | ihkyéssountred sbievrfieTelrie 23.i nes 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 di stangabiens.NegtPdtetn Acdess RegiBletd1e even cyan dots through
the magenta @otsS To the odd[yelfow dots. T order to mnimze generation of
RGB and hence CWY, the nedi umres contone pixels that generate those

hi gh-res dots aRegister Name escription
TestModeEnabled If 1, TestMode is enabled.
If 0, TestMode is not enabled.
DataStart | Start Address of test data in Image RAM
DatalLength Number of 3 bytes in test data

The following pseudocode illustrates the address generation. The Advanceline and

Advance pulses are not shown.

Do Forever
Adr = DataStart
Remaining = Datalength
Read Adr into Buffer 5 (Q), 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 = Patalength

EndDo




buffered in Buffer 4. Since the ratio of nediumres lines to high-res |ines
is 1:5 each nediumres line is sanpled 5 tinmes in each di nension. For the
pur poses of buffer lines, we are only concerned PCP08-SG -59- with 1

di mensi on, so only consider 5 dot |ines comng froma single pixel |ine.
The di stance between nozzles of different colors is 4-8 dots (depending on
Mem et p pters). W therefore assunme 8, which gives a separation

di stance of 16 dots, or 17 dots in inclusive distance. The worst case
scenario is that the 17 dot Iines i nclbgdes the last dot line froma given

pi xel line. Thig.i I es e wthgot flnsgenera s 1, 5,
B e 1 "and ol R aonhubaChe SPUR ol be 50 aid B mrasrekb s teure ¢ ha
t he cont omisthgah2rByte s the mze@sﬂre/\uiata fonthet8osegimentb uf ¢ven (lokdes segpient dieenf er e

with the gty Q%esfa%' B BEAEE ey RIS, MHAE DU Svits U BAfaRGE X! 2

medi umr I ne for I nes per co e contone
buffer i s°'>tellﬁeﬁeé¢r8‘ieéb816@ﬂzﬁﬁt§'@“”6 | i nes, each line containing 1280 8-bit
contone val ues. The total nenory reqU|red is 3 x 6 x 1280 = 23040 bytes
(22.5 KByt0sk3Buffeh&118renory 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 strBafterse!1df hdiisf the rgederatad sbisvirom theFRéngjier Prird SenBratidreprodesean be

i mpl eme_nt e|a§ c&!é@%' o P%X%Et%hlﬂ?%}?éte t@ﬁ@g ddts égne?geoa&% ata t&n%)fromwe Ulellm ng at

t he nom na rocess, or ca
i npl enent¥d (Ualgtemlat&*dﬁmnngﬁnd%effa@@feiﬁmw & Brbth mégjstess iﬂ i é\ermg@erﬂw te

access p@FonPM@'@ALB&%@tqfatrém' §cc§§UnFt aH@btﬂ iterbdisted us@@fagrtﬁe biter frdkla Of the
pri nt process 10. 2. p@\ pol ate, Hal ftone, and Refornmat For Printer

Al t hough EREUS- iRty eam% hipgaceh Jﬁ@ Adyape FRASSr TR teoMVipopdst e HRiks 113

are def imatfaseqgapanial 8 asiksS chiyer 3261 therm 3.bR.rgist&re oir it sidgid .29-barsiftSect i on
3.2.10 res Ig,[ctlvely they are inplenented as a single process in the
har dwar e |£p enentation of the PCP 3. The input to the Up-interpolate,

Hal ftone and Re t he buffe Buffer 4) 117
Cont ai i ng ¢ he. B BTG PEG “CaNe R BaS Trsi e hag D e pled P )

i mage. THesawstrpdre psstowsdt Figdre 24- bit values in the correct order to be sent
to the Menjet Interface 15 for subsequent output to the printhead via

Buf fer 5 1bk®Bufflees 247 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 from thegfidyanae naiad tdyaueell dy HHiehbistel B Mtion (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 fo 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




the MII 15. Wien the UHRU 113 starts up, and after each AdvanceLi ne pul se,
24 bits are produced, and are clocked into the 24-bit shift register of
Buffer 5 by a ShiftWiteEnable signal. After the 24th bit has been cl ocked
in, a TransferWiteEnable pulse is given, and the next 24 bits are
generated. After this, the UHRU 113 waits for the Advance pulse fromthe
MI. When, PERO8- SG 60 t he Advance pul se arrives, the TransferWiteEnabl e
pul se is given to Buffer 5 118, and the next 24 bits are cal cul ated before
waiting again. In practice, once the-sarst Advance pul se is given,

h t] d Advan 24
cvol st hEieh A8 38 S Rl s SeaERGT aliroRaP! Tns: THY Bka can be
seen in Fiejvgee A@gzieTod difsrent @derSt asks i®tsu fridpertdageon Memjdt erasinmpdre). 8vai t

unsi gned t t he
St agger edtﬁ%@{&ﬁe; ?gsgoigﬁle Ig? thic-lq;bﬁvdes I?S?efdg%%’ﬁ Elsfaﬂcet 1 & gé’fg%raﬁoﬁo@ ﬂﬂﬁglggn&g Les

are presecHiti@nre: Brernsst opss syaedo @iﬁﬁé‘?eaﬁcﬁm W’E@ 'ﬂcgld@ﬁa?‘@ et 9ok tipetfiom ;aivenaddr ess

Gener at or pis® e TNEGrthIéQ 51|:2>?e,l VM3 @ith 8RSHESLereRAld dhe 2ddE €6 SR8 alidisOart he
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appropri ate ‘addressi ng of e contone buffer (Buffer 4) 117, and ensuring

that the corrpar:ﬁ]i gongb%gc?Hég hg(f:‘\ %e) rﬁgyﬁjfstof%olk t%agﬁﬂ%et Qc?n}tfagr%uigg%o;ﬁe” 121 to

match the stag ered Addr esse oni n
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in the C%érﬁ&% omgqgcrwr&soa sihge i @5@%@.@'0 cltehgndsé %ﬁgsgfa-&.m.@etv leés 121 is

chosen so th di vi des éve Into Consequent osition in
t he di t hdpag@epntopgypixel Gﬁ%ads?éd'ﬁ@ﬁ{TW $twuc119@ th Raffes 4rgshpwp '"tFr*ﬂé’“? fé‘ira. ning 7
segnents. A 50x50 dither cell provides a satisfactory result. As described
in Section 3. 2.Buffef Aeag hadmplerserteches sirgle pysleiqubleracesssi(read Anduritey BAM f or

differ entrum{gtmshecmmﬁam s;sel@e of ﬂt@tpnﬁth@éd dﬂ:'t bér%fatﬁaﬁ prlobéa;%sor%l’aﬁ bb Fhpndiglaer at ed
at the sa the co dressmgfor t he dither

el 1 s chav) BRang st H%Prévawg'%fe&fipr WRe SRR R o row 1 ¢ he
St agger ed Dithe eII rst dither cell entry used is

Entry 0. We us hét‘-‘f%mg@ﬁeg@“m@?& W?&tagﬂﬁhégﬁntlp@"@%nerate the 3 colors
for all 8 segrrents and then advance to Entry 1 of row 0. After Entry 49,
we revert1°k¥aﬁlplﬂf®rPEht%ylam9ﬂ$Iﬂind RetonmatipePrinter al | 19, 200 cycles in order
to generate all 19,200 dots. The Halftone Unit then stops and waits for
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-calcuiated CMY 1280-res (intermediate
resolution) image. The output is a set of 24-bit values in the correct order to be sent to the
Memijet Interface 15 for subsequent output to the printhead via Buffer 5 118. The 24 output bits
are generated 1 bit at a time, and sent to the 24-bit shift register in Buffer 5 118.

The control of this process occurs from the Advance and Advanceline signals from
the 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




t he AdvancelLi ne pul se whi ch causes the address generator to advance to the
next rowin the. dither cell. The Staggered Dither cell 121 is so called
because it differs froma regular dither cell by having the odd and even

| i nes staggered. This is because we generate odd and even pixels (starting
from pi xel 0) on different lines, and saves the Address Generator 122 from
havi ng to iance to the next rom/and back again on alternative sets of 24
pi xel s. FPgure 25 shows a PCP08-SG -61- sinple dither cell 93, and how to
map it to a staggered dither cell 121s0f the same size. Note that for
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in Table %4 ﬁrﬁ 24 Regi sters Required for Reading Buffer 4 Register

NaneSi ze e%??s (3:3)

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 ) 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




CyanQdd6 bits (3:3) MagentaEven6 bits (3:3) MagentaOdd6 bits (3:3)

Yel | owEven6 bits (3:3) YellowOdd6 bits (3:3) PCP08-SG Cyan_P ADR14 bits
(11: 3 Magenta_P_ADR14 bits (11:3 Yellow P ADR14 bits (11:3 P_ADRlL1 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 (remenber that
the fractjopal; conponent is effectively a divide by 5). For exanple, if

t he odd a((%eeven out put dots of a color are separated by a di stance of |
dot, and nozzles of one color are semparated fromthe nozzl es of the next

by 0 0L Bl i L NBLATE, UK PSR- BB e B B s BeR T 0

count ers ivatder detrrmisime tite "bydneéssf p"eﬂ:miv&mmlsmwowpmnmher the @ywissis eivempwi e, f act
that we agg sanpling each pixel 5 tines in the vertical dinension. The
resultant values will then be as shown in Second Line colum in Table 25.

Note that 5:4 +pl. 8bf9v£ue3frd?ﬁ§uﬁf Qrﬁ? rrfB)QeM BH%]J‘;‘?Jthg %§IUET§19|tI$e 25.

Exanpl e | n| tal Setup and Second Line
Regi st er sSRggeeeddaineufelt 12dniftheRuffe; 4 aixslealyn i eLeaﬁ@r than cweeqmtcf ta (ditteer Belf

CyanEven! widel ak1" Besd ddt;ﬁhﬂ@ tROEhifl R g DIl ey 2 MY enhtRNidLa 1P B %Qnutput to the
Magent aEv @ﬁm%ﬁdljﬁ% ( (1 412: 02 Magent aOddMvagent aEven+0: 12: 022: 12
53

Yel | owkEve 8)3 333: 43 Yel | owddYel | oweven+0: 13: 434: 04 The 6

buffer line regjsters then, determ ne which of the buffer lines is to be
read for a giv OFQ%ItBIhaIE"Q‘J”dW P cavtene prsle|'s:208 gontiechiralsnBushivr deadoif- t he
1280 nedi THa AdzitespiGerk@toaUait e @erforms 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
printed 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 to offset into the remaining 7 segments.

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

Table 24. Registers Required for Reading Buffer 4

Register Name Size
CyanEven 8 bits (3:3)
CyanQdd 6 bits (3:3)
MagentaEven & bits (3:3)
MagentaOdd 8 bits (3:3)
YellowEven 6 bits (3:3)
YellowQdd 6 bits (3:3)




fromthe specific line of Buffer 4, we use 3 Pixel Address counters, one
for each color, and a single tenporary counter (P_ADR) which is used to

i ndex into each segnment. Each segnent is -62 PCPOB-SG -63- separated from
the next by 800 dots. In mediumres pixels this distance is 160. Since 800
is divisible exactly by 5 we only need use the integer portion of the 3
Pi xel Addgess.counters. W generate the 8 addresses for the even cyan

pi xel s, then the 8 addresses for the even nagenta, and finally the 8
addresses for the even yellow. W them2do the sane for the odd cyan,
magenta, and yelhpw phrels. Thys,prepgss of two sets of 24 bits - 24 even
then 24 odd, (s perforned 40 i xjel Address
counters (X P| MBRntd @ BDBNd advbitsqe1:8he 6 buffer line registerls. Every 5

| i ne advances|_tite mext_buffer time s —now freeand —ready for—updati ng (by
the Convert tp BIW-brdtess). TAHPE B3B3 1ists the steps in a single form
Tabl e 26. Addfes neration f ; } S | culjat i onConmment
-P_ADR :GEnerafﬁﬁggﬁrﬂss for nsﬁggﬁég%mgﬁﬁﬁ%%gégﬁofﬁgésﬁﬁgﬁpgnPnt 0 and
Cyan_P ADR += ladvance to next pixel for (nods)cyan 1CyanEven: P_ADRP_ADR +=
160Advance to segnment 1 (cyan) 2CyanEven: P_ADRP_ADR += 160Advance to
segnent 2 (cyan) 3CyanEven: P ADRP_ADR += 160Advance to segnent 3 (cyan)
4CyanEven: P ADRPheanffiel valugs ipadheahiuwlet inegegjptenstis e (pbysing) d8 Aistanss betwéenADRP_ADR
+= 160AdVRDAEs trEmSRIEHTRR the HeHAR) cofpyhEN R APRRIVNE Dy 5y, FRQRNAEGE to

segnent q

hé %Xc? Qrzd even output dots of a color are separated by a distance of 1 dot, and nozzles of
one color are separated from the nozzles of the next by 8 dots, the initial values would be as
shown in First Line column in Table 25. Once each set of 19,200 dots has been generated,
each of these counters must increment by 1 fractional component, representing the fact that we
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 Buffer Line

Registers
First Line Second Line
Name Calculation Value Buff Value Buff

CyanEven Initial Position 0:0 0 0:1 0
CyanOdd CyanEven+0:1 0:1 0 0:2 0
MagentaEven Cyan(0dd+1.3 (8) 1:4 1 2:0 2
MagentaOdd MagentaEven+0:1 2:0 2 2:1 2
YellowEven MagentaOdd+1:3 (8) 33 3 34 3
YellowOdd YellowEven+0:1 34 3 4:0 4

The 6 buffer line registers then, determine which of the buffer lines is to be read for a
given color's odd or even pixels. To determine which of the 1280 medium res pixels are read
fr_om 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




7CyanEven: P_ADRP_ADR += 160Advance to segnent 7 (cyan) 8CyanEven: P ADRP_ADR
=Generat e address for even Magenta P ADRpi xel in Magenta segnent 0 P ADR +=
1 and advance to next pixel Magenta _ for nagenta (nods) 9Magenta

Even: P_ADRP_ADR += 160Advance to segnent 1 (nagenta)
10NhgentaEven:P_ADRP_ADR += 160Advance to segnent 2 (nmagenta) PC P08- SG
11Nhgenth§y . P_ADRP ADR +; 160Advance to segnent 3 (nagenta)

12Magent aEven: P__ADRP_ADR += 160Advance to segnent 4 (magenta) 13Magenta
Even: P_ADRP_ADR += 160Advance to segwent 5 (magenta) l14MagentaEven: P

ooRd ancEPTaed HCAE ok SEOURE m SulIROSE b Bbe IR ORENARIED R L
addr ess fdivisikley exactiicthy DweRniyDRpd neelthe inteler| podinn sEtherd RixeQAdvedss oountels. Sived
advance tgo,0e% indb X6dre AR 0T e Lven cyan pixels, then the 8 addresses for the even magenta,
and finally the 8 addresses for the even yellow. We then do the same for the odd cyan,
magenta, and yellow pixels. This process of two sets of 24 bits - 24 even then 24 odd, is
performed 400 times. We can then reset the Pixel Address counters (X_P_ADR) to 0 and
advance the 6 buffer line registers. Every 5 line advances, the next buffer line is now free and

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

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 and
Cyan_P_ADR +=1 advance to next pixel for
{mod5) 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 += 180 Advance to segment 3
(cyan)
4 CyanEven:P_ADR P_ADR += 160 Advance to segment 4
(cyan)
5 CyanEven:P_ADR P_ADR += 160 Advance to segment 5
(cyan)
6 CyanEven:P_ADR P_ADR += 160 Advance to segment 6
{cyan)
7 CyanEven:P_ADR P_ADR += 160 Advance to segment 7
(cyan)
8 CyanEven:P_ADR P_ADR = Generate address for even
Magenta_P_ADR pixel in Magenta segment 0
Magenta_P_ADR += 1 | @nd advance to next pixel
(mods) for magenta
9 MagentaEven:P_ADR P_ADR += 160 Advance to segment 1
{magenta)
10 MagentaEven:P_ADR P_ADR += 160 Advance to segment 2
{magenta)




for yellow (mod 5) 17Yel | owEven: P_ADRP_ADR += 160Advance to segnent 1

(yell ow) 18Yel | owEven:

19Yel | owEven: P_ADRP ADR += 160Advance to segnent 3 (yell ow)
20Yel | owEven: P_ADRP ADR += 160Advance to segnent 4 (yellow) 21lYel | owEven: P

P ADRP_ADR += 160Advance to segnment 2 (yell ow)

ADRP_ADR +, 160Advance to segnent 5 (yellow) 22Yel | owEven: P ADRP_ADR +=
160Advancgc ﬁsegment 6 (yellow) 23Yel | owEven: P_ADRP ADR += 160Advance to
segnent 7 (yeﬁ ow) 24Yel [ owEven: P_ADRP_ADR =Generate address for even
Cyan_P_ADRpi xel in Cyan segnment O ands@yan_P_ADR += ladvance to next pi xel
for (nods)cyan %pa ﬂg@‘équ &QRF_,A?BRV fg0Advance 1.0 g@_%t (cyan) etc.
- 64 PCP08-|SG - 65 %\é he psetrﬁocod or generati ng ﬁs‘?fg' 4117 addresses
i s shown here. Notﬂ that it is!listed as a sequ I"Ifl,’-\l QF\f of steps| Table
26 shows g Bet t| dagwiteliveof_ADR paif_silRet= 164t ur e " of Atvaece topegnednt 4Ns Cdliri ng the
addr ess ggnerati on. (magenta)
13 MagentaEven:P_ADR P_ADR += 180 Advance to segment 5
(magenta)
14 MagentaEven:P_ADR P_ADR += 160 Advance to segment 6
{magenta)
15 MagentaEven:P_ADR P_ADR += 160 Advance to segment 7
{magenta)
16 MagentaEven:P_ADR P_ADR = Generate address for even
Yellow_P_ADR pixel in Yellow segment 0
Yeliow P ADR += 1 and advance to next pixel
(mod 5) for yellow
17 YellowEven:P_ADR P_ADR += 160 Advance to segment 1
(yellow)
18 YellowEven.P_ADR P_ADR += 160 Advance to segment 2
(yellow)
19 YellowEven:P_ADR P_ADR += 160 Advance to segment 3
{yellow)
20 YellowEven:P_ADR P_ADR += 160 Advance to segment 4
{vellow)
21 YellowEven:P_ADR P_ADR += 160 Advance to segment 5
(yeliow)
22 YellowEven:P_ADR P_ADR += 160 Advance to segment 6
(yellow)
23 YellowEven.P_ADR P_ADR += 160 Advance to segment 7
{yellow)
24 YellowEven:P_ADR P_ADR = Generate address for even
Cyan_P_ADR pixel in Cyan segment 0 and
Cyan_P_ADR +=1 advance to next pixel for
(mod5) Cyan
25 CyanOdd:P_ADR P_ADR +=160 Advance to segment 1
{cyan)
etc.




% Cal cul ate start positions CyanEven = 0:0 CyanQdd = CyanEven + 0:1

Magent aEven = CyanQdd + 1:3 MagentaOdd = MagentaEven + 0:1 Yell owEven =
MagentaGdd + 1:3 YellowOdd = Yell owkven + 0:1 Do N tinmes (depends on print
size) Cyan P ADR = 0 Magenta P ADR = 0 Yellow P ADR O Do 400 tines
generate the even pixels for the first set of 24 bits P ADR = |nteger
portion of. %/é@ P ADR Cyan P ADR += 0:1 Do 8 tines

ReadBuf f er 4(1 i ne=CyanEven, pixel=P ADR) P ADR += 160 EndDo P ADR =

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

ReadBuf fer4(|i ne=Magent aEven ixel =P ) ADR +=. 160 EndDo, P =
| nt eger porti on?r(])ef p%@?qc&% I%r %ﬂ%at'%ﬁhfegﬁ)@%w&? aggg °3 'Slfg'o‘gn B?rﬁ'e'g‘)te tiat
ReadBuf f eif 8 (istches2aredquewiglsehof ssips.dlabie 2BBR)ws dFhetBR iev-of iE(paialiDatuté ofeirer at e
the odd pipeelisnd Rfind RE abdrbSlgeR&htifl 24 bits

% Calculate start positions

CyankEven = 0:0

CyanOdd = CyanEven + 0:1
MagentaBven = CyanOdd + 1:3
Magentaddd

i

MagentaEven + 0:1
YellowEven = MagentaOdd + 1:3
YellowCdd = YellowEven + 0:1

Do N times (depends on print size)
Cyan P ADR = 0
Magenta P_ADR = 0
Yellow_P ADR = 0
Do 400 times
% generate the even pixels for the first set of 24 bits
P_ADR = Integer portion of Cyan P ADR
Cyan P ADR += 0:1
Do 8 times
ReadBuffer4 (line=CyanEven, pixel=P ADR}
P ADR += 160
EndDo
P_ADR = Integer portion of Magenta P_ALR
Magenta P Adr += 0:1
Do 8 times
ReadBufferd (line=MagentaEven, pixel=P ADR)
P_ADR += 160
EndDo
P_ADR = Tntegex porticn of Yellow P ADR
Yellow P Adr += 0:1
Do 8 times
ReadBuiferd (line=YellowEven, pixel=P_ADR]
P_ADR += 160
EndDo

% generate the odd pixels for the first set of 24 bits
P_ADR = Integer porticon of Cyan P ADR




P_ADR = Integer portion of Cyan_P_ADR PCP08-SG -66 Cyan P ADR += 0:1 Do 8
ti mes ReadBuffer4(line=CyanCGdd, pixel=P ADR) P ADR += 160 EndDo P ADR =
| nteger portion of Magenta P ADR Magenta P Adr += 0:1 Do 8 tines
ReadBuf f er 4(1 i ne=Magent aCdd, pi xel =P ADR) P ADR += 160 EndDo P ADR =

I nteger portion of Yellow P ADR Yellow P Adr += 0:1 Do 8 timnes
ReadEuffeigcélggJ_ane:Yel | owodd, pixel=P ADR) P ADR += 160 EndDo % Now can
advance to next "line" CyanEven += 0:1 Cyanodd += 0:1 MagentaEven += 0:1
MagentaOdd +- 0:1 Yell owkven +- 0:1-s¥ellowdd += 0:1 EndDo EndDo

10. 2. 5Buffer 3 116 Buff.ef,:3.0§.2 straightforward set of 8-bit R G B

val ues. These RGB val ues are the sharpened nmediumres (1280-res) pixels
generated by the SH&rpéM$rocess 65, and read by

ReadBufferd (line=Cyan0dd, 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=Magentaldd, pixel=P_ADR)
P_ADR += 160
Endbo
P_ADR = Integer portion of Yellow P ADR
Yellow P Adr += 0:1
Do 8 times
ReadBufferd (line=YellowOdd, pixel=P_ADR)
P_ADR += 160
EndDo

% Now can advance to next “line”
CyanEven += 0:1
CyanOdd += 0:1
MagentaEven += 0:1
Magenta®dd += 0:1
YellowEven += 0:1
YellowGdd += 0:1
EndDo

EndDo

10.2.5Buffer 3 116

Buffer 3 is a straightforward set of 8-bit R, G, B values. These RGB values are the

sharpened medium res (1280-res) pixels generated by the Sharpen process 65, and read by
the Convert to CMY process 66.

It is not necessary to double buffer Buffer 3 116. This is because the read (Convert to

CMY) process 66 only requires the RGB values for the first 39 cycles, while the write (Sharpen)

process 65 takes 49 cycles before being ready to actually update the RGB values.




the Convert to CMY process 66. It is not necessary to double buffer Buffer
3 116. This is because the read (Convert to CM) process 66 only requires
the RGB values for the first 39 cycles, while the wite (Sharpen) process
65 takes 49 cycles before being ready to actually update the RGB val ues.
PCP08- SG -67 10 2. 6Convert to CW 66 The conversion fromRG@ to CW is

per fornmed,l 937§d1e medi um resol uti on space (1280-res) as described in
Section 3.2 The conversion process 66nust produce the contone buffer

pi xel s (Buffer 4) 117 at a rate fast-egaough to keep up with the

Upi nt er po, = Hal f format process 113. Since each contone value is
uged folro t@'&: ert %gﬁt\’:%ﬁes in each of the x and y di nensions), the

3 col or Sgnpﬁrniﬁﬁeigw%%‘%ohrmé@ﬁttﬁ Gl & Pebirsreets ey Trearold iyl oo
per col or(1Z&meeresmiescrined ih Setton 3i2nput RGB val ues act uaI ly freed after 39
cycles. If the process is inplemented with logic that requires access to
the i nput RGB vahe@svdrsion process Bbranst fddaopthesntonb eafeBpikéle (BuBerld) 1M d

ggqg; { gr ﬁgétt%nﬁ@fn fto?_kéeggig H@tlé ?‘g‘ﬁj W&éol&r %?HtBﬁjeaBSmeP% P}c)ce[ss %‘?ré?n%g 'O Process
i nt er pol aqm@ne vl ig gisedzfon251cycigs (ﬁ?tlmegmkeﬂgh ot thpk erd nflimesiend), mrcon\raesmn

CONVer si QlodkEMtake lfp)@zﬁ %c&al"hlﬁgtelsl?@@yélég BA8RbRr Shpoddits RGB to  Yel | ow

92. However, since we have 25 cycles to performeach tri-I1near
i nterpolation, ﬁ'lh@ﬁr@ce's§ as &@c%@(ﬁlelfeqnlyaed(uﬁég 14 &ybred | bé}%ailbr Mmpﬁﬁé}@lvﬁﬁ‘n'tﬂén uni t.
| nst ead, 8ca||stoa ar 1 nterpolation process 1S nore

adequat e. "MYFESEIYgE ﬁéffua'tvl fesqd Rler qgnfd@?? Althe H{%G%SH% fnpmﬂﬂmf?dtvaww ihgt

strai ght fr@mwaé dece¥etolseEinpl RGBEAVai@S for Sdogﬂhéd mblebltﬁ@ Buffe€RC18 vidit Riglirec Ol OF
conponent BI dr ess er at i ﬁnt @\tr}ﬁ % ni % ﬁant bits of each
8-bit col R H@e&ﬁ%rﬁnc Y Pt RP s ?15 %%?Weoﬁoc\?ﬁﬁ °f 'P "&ved fromthe
conver si on tabl ookup n adder

;
Go6 to the fact TSRVEERS | GURUT ST AntR I PAENE: G 07 19 ¥ 5 RERR han 16.
For t unat ehlyles airahsdq)‘blythelgoraerélobptoceusnRGB toCyan PO IRGRB MageatamﬂanuRmEfo XX, and

EE?T{)Z]; 0[)3Ye§ﬂ%§§2 et;/grqgrhéel wgn?\%d%e{ycl% tonHerl%}np la%c%rtn r?e%gmte llattlorp ltlb(érg % a 4 bit

IS on ri'ng asingle
add. Al t houtfed fofe fesittediprer w@qrmlﬁtle@unru |rl§€eaﬂe$ ﬁ@ilﬁrﬁfbd ’Iﬂ%tréﬁfpoiat@n pEgess singl e

adder to 1genesRanadsfaeses and have a single cycle interpolation unit.
Consequently we are able to calculate the interpolation for generating a

single col or coppeRERtndrkRNER@ickiRg hth Y PbER taldS 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
by 17 is an 8-bit number XX, and therefore does not require an adder or multiplier, and
multiplying a 4 bit number by 17* (289) is only slightly more complicated, requiring a single add.

Although the interpolation could be performed faster, we use a single adder fo
generate addresses and have a single cycle interpolation unit. Consequently we are able to
calculate the interpolation for generating a single color component from RGB in 14 cycles, as
shown in Table 27. The process must be repeated 3 times in order to generate cyan, magenta,

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




shown in Table 27. The process nust be repeated 3 tines in order to
generate cyan,

necessary. PC P08-SG -68 Table 27. Trilinear

magent a,

and yel | ow.

Fast er

nmet hods are ‘possi bl e,
i nterpol ation for col or

but not

conversi on Cycl eLoadEffective FetchAdjust ADR registerlnterpolate 1ADR =
289R 2ADR = ADR +17G 3ADR=ADR+B 4P1RGBADR = ADR + 1 5P2RGB+1ADR = ADR + 16
= P1 to P2 by B 7P2RG+1 B+1ADR = ADR + 271

6P1RG+1

8P1R+1GBADR = ADR + 1P4

= ADR + 1P3

-5G

= P1 to P2 by B 9P2R+1GB+1ADR = ADR + 16P5 =

P3 to

P4 by G 10P1R+1 G+1 BADR = ADR + 1P3-38P1 to P2 by B 11P2R+1 G+1 B+1
12P4=P1 to P2 by B 13P6=P3 to P4 by G 14V=P5 to P6 by R As shown in Table

27, a single ADR reqgi stighle3R0rdAf@a inferidIdten 455 d1drbnAlsioRSS  generati on
i nto the | ogkup-tgbtes—6—setsof—8=birt—regrsters—canbeused—tojhold
intermediate results -|2 registers hold values | oadgd fromthe | ookup
t abl es, and |4Cyalgyi|sieads | aFteqtive fetchr | t AdjusioARR ragisterom t hderpolater pol at i on
unit. Note that the input to the [i nagbRi;ESgﬁpol ation unit Is alhays a
pair of 8-bilt regilsters|{P11P2_ P31PA! and 1P6_Thig is _dane deliberately
to reduce reg ster ADR = ADR +17G
3 ADR=ADR+8B
4 P1 RGB ADR = ADR + 1
5 P2 RGB+1 ADR = ADR + 16
6 P1 RG+1B ADR = ADR + 1 P3=P1toP2
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 = P3 to P4
by G
10 P1 R+1G+1B ADR = ADR + 1 P3=P1ioP2
by B
11 P2 R+1G+1B+1
12 P4 = P1to P2
by B
13 P6 = P3 to P4
by G
14 V=P to P6 by
R

As shown in Table 27, a single ADR register and adder can be used for address

generation into the lookup tables. 6 sets of 8-bit registers can be used to hold intermediate

results - 2 registers hold values loaded from the lookup tables, and 4 registers are used for the

output from the interpolation unit. Note that the input to the linear interpolation unit is always a

pair of 8-bit registers P1/P2, P3/P4, and P5/P6. This is done deliberately to reduce register

selection logic. In cycle 14, the “V" register 131holds the 8-bit value finally calculated. The 8-bit

result can be written to the appropriate location in Buffer 4 117during the next cycle.




selection logic. In cycle 14, the "V' register 131 holds the 8-bit val ue
finally calculated. The 8-bit result can be witten to the appropriate

|l ocation in Buffer 4 117during the next cycle. PCP08-SG -69 A bl ock di agram
of the Convert to CMY process 66 can be seen in Figure 48. Assum ng the
process is first run to generate cyan, the resultant cyan contone pixel is
stored in&gmggéchan 1280-res contone buffer. The process is then run again
on the sane input to generate the nmagenta pixel. This nagenta contone
pi xel is stored into the nagenta 128@wres contone buffer. Finally, the

el | ow cont one d the

%lesul ¥Vant yel | ogvlbﬁ%!)((g] P SF‘S 8'&"3”&? g%ﬁémﬁ%ﬁaége%"?@%enr"gg'g@%% one buffer).
The address generation.for wri t ontone buffer (Buffer 117 is
o ar ot f orwar Gbatiriine Bloctth i iyl b Seteab o BB Sp Eetrersies ) |
used t o weistosed iptogbe hyanof280-+es dohtoee bafter. ofheludcees 5. thehhvein Ggain obuifid €ame S

witten tIQGQ nfY §8 Gerterate %ﬁ(eloprhgyrﬁéﬁ;%?% conto ﬁggleP!@t %Wec?nrrtgyl e 45.

The pi xel ress i's I ncrenen ever col ors
have beenmﬁﬁqntat@ﬁ9 resTRetong 'Piéfebelnﬁ@' theivellomronigne ﬁ&@lmergtemff@m the sgopsi ng once

every 5 RE8aRGEhidIe RYLIBASldWBXD lsd&redhto il \RFowP BIs0FedMohich&Purted. I S Si mply
0-1-2-3-4-5-0-1-2-3 etc. Thus the wites (25 x 1280 x 3) bal ance out

with the reads ﬁ’ﬂeg?aQQre& @anerﬂi@nzfdE%%Ttlhﬁfrtozthéléan%‘r\gfﬁfffe?— (B‘&Fé?%%ﬁh‘?s out put

fromthe Resan(gw at eLum nance process where a conpl éte RGB and L
pi xel is YelBiAvY ‘?8’?9'336‘”%43’& @P@PmWM'P@iPH'QES@'GCW’é) isyegsiip Witedmea®uf f er 2
115 goes afmetmesmar peRrspTRCCER tﬁiﬁer iVititEdh to @ ldiidie $5, IhedMXgeRtaSRicyBIk 3buni nance

| ues e the pi bei.ng shar ed Con ntI ring the
e PR b 2P B Aot S PR UBREIS o RS SR A b
| um nancecolpsd brve, begr widien). H@ hmd)emrwreispdmﬁhpwg:eﬁleanmamamirigaﬁfcereverhes cent er
| 'um nancerQhﬁt%Lme &Isésh?nescﬁ(ﬁ@? of Iln@?be:ﬁ&lﬁnﬂ%ﬁ is §1p‘lpwﬁ ﬂ%—@ﬁ%ﬁ/ﬁb@eﬁc anfl,d he

correspondin center val ue nust

Resanpl e-1% %%@émﬁﬁ%é) balape ey with the reade (19889 €8l vi ew of accesses to
Buffer 2 115 is shown in Figure 49. The actual inplenmentation of Buffer 2
115 is siWR.iBuifera 1145 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 Bufter €nesteptd te tohtpulr BEpithy ResanmieCicdeLamiayeki gadesbufiper,

whi ch eff t nt| re
but for - s e EWFr'e* AL A BeRbie o SieflpB ol B, rREOBAAR e
fourth ccﬁl{ffﬁw 6) 5 WeEB tel e Shppem process| 68y whieh reawites mey eByemesmrzanbwmesat t he

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-Createl.uminance process 112. The logical
view of accesses to Buffer 2 115 is shown in Figure 49.

The actual implementation of Buffer 2 115 is simply as a 4 x 6 (24 entry) 8-bit RAM,
with the addressing on read and write providing the effective shifting of values. A 2-bit column
counter can be incremented with wrapping to provide a cyclical buffer, which effectively
implements the equivalent of shifting the entire buffer's data by 1 column position. The fact that
we don't require the fourth column of RGB data is not relevant, and merely uses 3 bytes at the
saving of not having to implement complicated shift and read/write logic. In a given cycle, the
RAM can either be written to or read from. The read and write processes have 75 cycles in
which to complete in order to keep up with the printhead.




saving of not having to inplenment conplicated shift and read/wite | ogic.
In a given cycle, the RAMcan either be witten to or read from The read
and wite processes have 75 cycles in which to conplete in order to keep
up with the printhead. PCPOB-SG -70 10.2.8Sharpen The Sharpen Unit 65
perforns the sharpening task described in Section 3.2.6. Since the

shar pene ﬁﬁﬁ@}m xels are stored into Buffer 3 116, the Sharpen Unit 65 nust
keep up wit he Convert to CWY process 66, which inplies a conplete RGB
pi xel nust be sharpened within 75 cygbes. The sharpeni ng process involves
a hi ghpas;hz_jjégat er of L (a generated channel fromthe RGB data and stored
in Buffer RPLddi ng the filtered L back into the RGB conponents, as
described in Ta cti 5,. The_hi ghpass
CTter used s IhEseen UntoRpaams Ha Spoadd g Ro e Srowm et O RBrnel  as
shown in the ghargenbORCEIpeiaghstprad itd Buftees 116 tesBhatpeallad6®rast ki€ aywitres. The
first cyc r ent er pi xel
val e (1 e SeRRTe BT o BB Ubon BERRSS Bipei RS biglindsk B Selpd Rl

subt ract t9rycleemai ni ng 8 pi xel val ues, vvlth a floor of 0. Thus the entire
procedure can be acconplished by an adder. Cycle 10 involves the

mul ti plication ®fe shaweniag plotessynvalvesombigimnass filieadf L (@gereratechgteamd! from thehe
representp@ée 8%a 3hd ;tl..%d npﬁﬁffe'r§) Qndra‘aefnﬁ%r%rﬂtmd @'blaawnfohﬁe ﬁ@gggﬁpér%nét gred Gby

sof tware by sonme scale factor. tal anpunt 1s then a R

and B val"t'?é%”be%'rt Feble &?ei”Wi"hSe‘ESP" @%2 amaadapy- tthe Rishepspiiitgretsediscubasity cycl es
72, 73, aighpddk filtralstglaceb Bevalliidni Kethel BEstRAIDEHERE 563GB val ues  during the
last 3 cycles of the 75 cycle set renoves the need for double buffering in

Buffer 3. The Sfﬁ&ﬁémﬁﬁs(ﬂﬁerh&@hloﬁm&dﬂﬁﬁr W(tytcleé?ai"hetﬁ%t Sﬁﬁﬂoéd% thd &pr@ra@l The
cted to Buffer a floor of O.

adder unit .
TP 140 PP o U B s errapae [ sehish ot SrHES EYEY & D e 78 and
t hen t he Shexles 8ulifraviaheiemaiing 8 mxdbvalaest with 4 flaomof ¢.. Thidide reetd lptocedurarcdn si gned,

TheCS 1 preeYEhhARIdAR, 1B %o Blrales MMELRGIGAT, S Uil (dXBRE D)

the 11 bit tota SCaI e ac ypically
119, but ¥AdEYs emptepids é"e(f@m?f‘remaf'@b"ft1lfﬁitbu'tfhé r¢mrd¢ aleanthe emadjt isaltesdd and

witten 1?@@{@,.,&9,,@@?“614;@“@%5/ 8 integer bits of the result are witten to
TWP (the fraction is truncated), so the limt fromthe nmultiply un|t |s

255. 1f a scal epfasaPim@ht ishRnizsddiSE the M@ B! VARER Yt Yeeilitg biiztsﬁs‘ﬁzi.1
226 (255 x 8 / 9). The scale factor is 8 bits of fraction, e h| gh
bi t written to Buffer 3 during cycles 72, 73, and 74. Calculatingfwriting 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 subiractor 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.

During the 10th cycle (Cycle 9), the 11 bit total in TMP 140 is multiplied by a scale
factor (typicalty 1/9, but under software control so that the factor can be adjusted) and written
back to TMP 140. Only 8 integer bits of the result are written to TMP (the fraction is truncated),
so the limit from the multiply unit is 255. If a scale factor of 1/9 is used, the maximum value
written will be 226 (255 x 8 / 9). The scale factor is 8 bits of fraction, with the high bit
representing 1/8. The variable scale factor can take account of the fact that different print
formats are the result of scaling the CFA image by a different amount (and thus the 3x3

convolution will produce correspondingly scaled resulis).




representing 1/8. The variable scale factor can take account of the fact
that different print formats are the result of scaling the CFA inmage by a
di fferent amount (and thus the 3x3 convolution will produce

correspondi ngly scaled results). PCP08-SG -71- The sharpened val ues for
red, green, and blue are cal culated during Cycle 72, Cycle 73, and Cycle
74, and Ell)gcjpgat_seﬁn tothe R, G and B registers of Buffer 3 116, one wite per
cycl e. he cal cul ation performed in these 3 cycles is sinply the addition
of TMP to Buffer 2's R G and B cor-responding to the center pixel.
Address Generation_is f orward W in t ffer 3.1 [ imply R
G and B i oy Lialsned AR b oftblut Y SeluBes ipatbish R rel D Y15
makes user3oknd GeleciAc End:whtten riathe e GondB3B fréamtels ofThdfend dtte sse wiita pesdysieof a
2-bit colHan, neb ld be
read), and 8%9%?(?1 val Ln(eerdﬁ'ghgg&;gnw%g'g\%,nﬁw tgé i@t% I'SQTthHrgaE Haﬂgg %ol um
nunber st%i&dtescoﬁ?sﬂon@%&:ﬁ“?q%"@teéﬁﬁeh ncrenents (with wapping) every 75
cycles. The order of reading Buffer 2 is shown in Table 28. The C register
is the 2-bit cofifiessCenrp@henie shfightiaavardy Y¥itiag to Buffer 3 Atflistsinly Rr5.Gnd $ nodul o

4 (wraps imicldes72 78] iz 74 1 cﬁvegReBﬁﬁéjfrcﬁﬁcB%ﬁé'i%ﬁMglté%rusg o el (%910&“75 Cycle
set CycIeAddres date C.O0 C11C L1 2C, L2 3C, L3C=C+l 4C

L3C=Cr1 @talurg §f Bier2) Dhegddresspanpists ob2 3-piEoluan eadporent (reptesesting ‘@'%thesoc- -

4 columns should be read), and a 3-bit value representing L1, L2, L3, R, G, or B. The column
number staris at 1 each line and increments (with wrapping) every 75 cycles. The order of
reading Buffer 2 is shown in Table 28. The C register is the 2-bit column component of the

address. All addition on C is modulo 4 (wraps within 2 bits).

Table 28. Read Access to Buffer 2 during

75 Cycle set
Cycle Address Update C
0 C L2 C=C-1
1 c 1
2 C, L2
3 C, L3 C=C+1
4 C, L1
5 C, L3 C=C+1
8 C, L1
7 C, L2
8 C L3 C=C-1
9-71 No access
72 C,R
73 CG
74 C, B C=C~1

After Cycle 74, the C register holds the column number for the next calculation set,

thus making the fetch during the next Cycle 0 valid.




After Cycle 74, the Cregister holds the colum nunber for the next

cal cul ation set, thus nmaking the fetch during the next Cycle 0 valid.
PCPa8- SG - 72- Shar peni ng can only begin when there have been sufficient L
and RGB pixels witten to Buffer 2 (so that the highpass filter is valid).
The sharpen process nust therefore stall until the Buffer 2 wite process
has advansg@gs &y 3 colums. 10.2.9Buffer 1 114 Buffer | holds the

whi t e- bal anced and range- expanded pi xels at the original capture spatial
resolution. Each pixel is stored with720 bits of color resolution, conpared

to the i
Butfor 1o ar r g iead o) B Ry e G0 sibh Bliniy P oBl kBaBERSRIIEL
col or pl aﬁ?eBl’Hﬁr2ESedhaM® highyagsfilteuig valighdrng| sherpam mrocess shusptheretvvestal] evil of t he

buf fers i e 8hRM2 virike frb@dé Rast@varedd bi¥cdifghscour se of 75 cycles, 16 entries
are read fromeach of the 3 buffers 3 tines by the Resarrpllng process 112,

and up toj2Pom@ry¥ghyes are witten to the 3 buffers (the exact nunber
depends on t%e scal e factor and the current sub-pixel position during

resanmpling). Th ff t. gnou h so.t r eadi and
writing can occﬁlrnjff)ellj rﬁ%‘%tth%u\lajﬁt? gg']a'é?elgna \5\%"9 eénﬁgdea%’fe}'f‘e%}?heﬁﬂglnﬁ W& 1 ead
process, %afal xesolytion: Eaghepixe! fsr Hored aitth 10 bitstof cokasresdlfitiont doepacdlte tiedtagy | S

very |ar gﬁAMﬁn@esYé#ag@rc@Ioﬁr%?AIutﬂgoWbﬁs‘bePﬁfé‘Pram ), the same input pixels can
be read multiple times (using a different kernel position for resarrpllng).

Eventual |y, hOwBYRE 1 is drfARgduetts s‘%Fé?gng \‘}%rjegsaglg pLfRGYL Sr%q?r dabh )fQﬁ r%yaﬁe

scaling up so nuch, the new pixe required e Rext p| xel
gener at i JRd d4% BEeeq 146 angyplyg, “9‘5'”&’%&”@}”@8@?“@!@@@?@ lathQUWéZScal e
factors in Table 9 and Table 11, the worst case for scaling is the
Passport f or mat Dging thergeursg oEERCYBERIIE ehiigs are seagidlomesabl pf thd Byftsrs 3 hesl . 5625,

i ndi cat i r\gtﬁélaésaﬂqphr@ca&de@@mc&w uphszgﬂém %nﬁ&%é/\%&éh@o e Ghetirrdt el eRESi L1 Ons.

However, reen ds every alternate pixe Thi s
means t hdt" "g)ﬁf P%‘%&Hg’reesga'a wlgr @Efﬁ'ih W}/eﬁé?”b PSR POt %Lt””%éessémi"g‘gﬁ not 3,
due to a worst _@WS% nitial 05| tion). Mwenent in Y indicates the

requi rement of gistThat E’Er‘?ﬁ?@héBItfﬂﬁ‘rﬁ‘e "RRERRIoVriting FaN pepur without

addi t i onahterfsagpite osAnotmRr. Imlriﬁgétmwréaﬂcbrdcﬁés erltxtels% reI@fr@m@bMﬁ& edok@l@l of 6
sanpl es Lo re uired.for sin neratethe
3 sets 018 R%E%%g"’&t‘gﬁ 'éw\ﬁ]ar%a§ﬁ bt sscalﬂg%tofj ﬁ'éor%ﬂ'ﬁ ﬁﬁ%pﬁ‘ﬁ FH’? S5y will
be 4 rov@e(rgacﬂ_@gftipie Pmes nus@g;a@lfferebm‘kgndrnosmlon 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:

. The green plane has a A value for Passport of 1.5625, indicating that 4 locations can
be contained within 6 CFA pixel positions. However, each row of green samples only
holds every alternate pixel. This means that only 4 samples are required per row
(worst case is 4, not 3, due to a worst case initial position). Movement in Y indicates
the requirement of an additional sample column, making 5. Finally, an additional
sample column is required for writing. This gives a total of 6 samples per row. 7 rows
are required for a single sample. To generate the 3 sets of RGB pixels for each x
position, the maximum movement in y will be 4 rows (3.125 = 2 x 1.5625). Movement
X adds one sample row above and below. Consequently a total of 13 rows are
required. For more details see Section 10.2.10.




X adds one sanple row above and bel ow. Consequently a total of 13 rows are
required. For nore details see Section 10.2.10. PCP08-SG -73- The red and
bl ue pl anes have a A value for Passport of 0.78125, indicating that 4

| ocations can be contained within 4 sanples. An additional sample is
required for witing while the remaining 4 are being read. This gives a
total of J.sanples per row, which is further increased to 6 sanples to

mat ch the green plane (for startup purposes). 6 rows are required to cater
for nmovenent invy. For nnre details sge- Section 10. 2. 10. Each sub-buffer

i's inplengnted th decodi n Wit S|n bi t
sanpl e per cycl 2"?‘3 e su etf’u?nfe%?' g“?@ afan&rt%oéﬂ)?se t"ﬁ'§nté‘9(consume
| ess than 200 loyatiess carabe eomnedSutburB&ufsampleﬁmmdylor&hfsémplé:mmslram fonBi t s
Red Buffer6 ro I i I |srg,g}rpl es X
10-bi t $360 & oent ﬂé‘ﬁ?’ B rﬁ%@"g?ae bteﬁgfﬁ%g%mg/‘%ﬁ% ts[?ﬁ%f %ﬂﬁigﬁ

10. 2. 10Resanpl eWhiffY iCfustiitreintigAtedalfce sehBlphd? MAd 1Re <HeRs| lang (forcstaditne

Lumi nance Channelrpcss@gce%wsl&% le§uife8 3P @BSH R endvBrhient GEPEFGRTrhdE dblafs REB pi xel
val ue in nedi u I[E Qn space by appropriate resanpling the

whi t e- bal anced op & %é expanded R, G and B planar inages, as descri bed
in Section 3.2. é onﬂgaﬁg addition, the |lum nance values for the

gi ven RGB pi xel B2y ré§§mf"ﬁ'@e"t T2 REY wit) Spepdafeyiead Aavie 38NglaiBye and
bel ow t hebnﬂaﬁapplpeed:ycmusrte d0e-bgfdte bi@tsathmbofed s Tabile2d, BAd torb@tie leSBAPEIN NQ
process. WB time allowed for producing the RGB value and 3 L values is 75

cycl es. ven that L is sinply the average of the m ni num and maxi num of
R, G and B for a given pixel |ocation (see Section 3.2.6.1), we nust
ef fectively produce RGR vAPRIBZO-fHP-BUfGE RWPMAKGr di nates - the pixel in
guestion, and the pixel aboye and bel ow. Thus we have 75 cyclgs in which to
cal culate the B nedsiarres RGB samlofgpodfidnt heir gorregpgnding L val ues.
PCPQa- SG -

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
white-balanced and range-expanded R, G, and B planar images, as described in Section 3.2.5
on page 28. In addition, the luminance values for the given RGB pixel, as well as the luminance
values for the pixel above and below the RGB pixel must be generated for use in the later

sharpening process.

The time allowed for producing the RGB value and 3 L values is 75 cycles. Given
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.




-74- Buffering L values (and hence RGB val ues) to save recal cul ation
requires too nmuch nenory, and in any case, we have sufficient tinme to
generate the RGB values. Buffer 4 117 contains nmediumres pixels, but
cannot be used since it holds sharpened CW pixels (instead of unsharpened
RGB pi xels). 10.2.10.1 Resanpling The resanpling process can be seen as 3
sets of eration, each of which nust be conpleted wthin.25 cycles
(for a total maxi num el apsed tine of 75 cycles). The process of generating
a single RGB value can in turn be seem4as 3 processes performed in
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poi nt i s HA1GtRAsAMBENI Consequently, calculation of the medium resol ution
R pixel is achieved by running an image reconstruction filter on the R
data. Cal cul ati 6 &E2amplieg REGEII AN dSotean pRR sespinREB gaperatiethieegredf Wichr unni ng
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This wil é?%’ec%{%s 6??@5%4&8?“6?}%5 Bthezanyelyia) &epeldsincafreice@iciend iseach of

t he col oranpdyanesd thas Bigfsh@ple boitlid not Thir&gsanpl i ng process 112 nust stall
until that tinme. To calculate a given color plane's nmediumresol ution
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the kernels are symmetric in x and v, they are not the same for each color plane. R and B are

likely to be the same kernel due fo their similar image characteristics, but the G plane, due to
the rotation required for image reconstruction, must have a different kernel. The high level view
of the process can be seen in Figure 53. Address generation is not shown.

The resampling process can only begin when there are enough pixels in Buffer1 for
the current pixel line being generated. This will be the case once 4 columns of data have been
written to each of the color planes in Buffer 1 114. The Resampling process 112 must stall until
that time.

To calculate a given color plane's medium resolution pixel value, we have 25 cycles
available. To apply the kernel to the 4x4 sample area, we apply the 1D kernel (indexed by x) on
each of the 4 rows of 4 input samples. We then apply the 1D kerne!l (indexed by y)} on the
resultant 4 pixel values. The final result is the output resampled pixel. Applying a single
coefficient each cycle gives a totat of 16 cycles to generate the 4 intermediate values, and 4

cycles to generate the final pixel value, for a total of 20 cycles.




cycles to generate the final pixel value, for a total of 20 cycles.
PCP08-5G -75- 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 application of the kernel (8:6), but only save
10 bits for the result (8:2). Thus the same convol ve engi ne can be used
when convglying in x and y. The final output or R G or Bis 8 bits. The
heart of the resanpling process is the Convolve Unit 150, as shown in
Figure 54. The process of resanpling-ttben, involves 20 cycles, as shown in
Table 30. Note {hat the Row 1. Pjxel etc. refers L1 I npyt from

Buf fer 1 114, a%ﬁi "899S &h p{:eg\ﬁrém’o#hebvp"ftl‘%xesaaﬁr g h%%ﬁ%zﬁ%)magan"(eg‘&g

bel ow) . Tedeffigie®s areTiEebiBONEketre1Res arpleeisiQy diraldanan sdppbiicakie pppditatibo oSt or e
Resul t i ' | | Pi xel
3TMVP 4X] Zt]hééﬁﬂ'%ﬂ@g’ %”éﬁ'l%lﬁ? @%ﬁ@&%ﬁ%@' ﬁi”ége %@é{‘%}%@&e N pi xel
2TVP 7X[ 3eF5eA pherpjopigivingTins apdky-AhRENG outbytiox Bl G.4TRES 8 Bits. 9X[ 1] Row 3, Pi xel
1TWMP 10X[ 2] Row 3, Pixel 2TMP 11X[ 3] Row 3, Pixel 3TMP 12X 4] Row 3, Pi xel
ATMP, V3 13X 1] Repreart ofihg egsarmmion pragsgsis Re woavolveiUné [15Q evehand Bipmewt 4, Pi xel

3TMP 16X 4] Row 4, Pixel 4TMP, V4 17Y[1] VITMP 18Y[ 2] V2TWP 19Y[ 3] V3TMP
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 X[3] Row 1, Pixel 3 T™P
4 X[4] Row 1, Pixel 4 TMP, V1
5 X[1] Row 2, Pixel 1 TMP
6 2] Row 2, Pixel 2 TMP
7 X[3] Row 2, Pixel 3 TMP
8 X4 Row 2, Pixel 4 TMP, V2
9 X[M1] Row 3, Pixel 1 T™P
10 X[2] Row 3, Pixel 2 TMP
11 Xi3] Row 3, Pixel 3 T™MP
12 X[4] Row 3, Pixel 4 TMP, V3
13 X[1] Row 4, Pixel 1 TMP
14 X[2] Row 4, Pixel 2 T™MEP
15 X[3] Row 4, Pixel 3 TMP
16 X[4] Row 4, Pixel 4 TMP, V4
17 Y[1] V1 TMP
18 Yi2] V2 TMP
19 Y[3] V3 TMP




PCPO8- SG Y[ 4] 10.2.10.2 Gene ration of L 8 -76- V4 TMP (for output) As
described in Section 3.2.6.1, we nust convert 80 fromRG to L for the
subsequent shar peni ng process. W consider the CIE 1976 L*a*b* col or space,
where L is perceptually uniform To convert fromRG to L (the | um nance
channel) we average the mninmmand maximumof R, G and Bas 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

t he generation of L as described heregsis 4 cycles. This nmakes the total
time of gener a4 an L pi xglyset 24 cycl e$ cle tjo spare
(since t%e pr ii_éd!g nlnq hppf‘n ,r\f“ir ed wi T%i n %E%’&PgﬁgtﬁyThp \/‘al ug for L
can thus be safely witten out to Buffer 2 115 in the 25th cycle. Address
generation is described below. A single 8-bit conparator can produce 3 bits
in 3 cycles, which can subsequently be used for selecting the 2 inputs to
t he adder10-HE0-2GepgpetipRoffibBi ¢ 31. The division by 2 can sinply be
incorporated in the adder. Table 31. Selection of Mn and Max based on 3
conpari sons M NVRAXRswEBEBR- BerBn 137.6.RGHE 1MERO0vaEB6d 1roBRRGB BRGLODr #Bon' t
care st atgnEdfiM-sRSpening process. We consider the CIE 1976 L*a*b* color space, where L is

perceptually uniform. To convert from RGB to L (the luminance channel) we average the

minimum and maximum of R, G, and B as
I = MIN(R, G, B) + MAX(R, G, B)
2
follows:

The generation of a given pixel's R, G, and B values is performed in parallel, taking
20 cycles. The total time for the generation of L as described here, is 4 cycles. This makes the
total time of generating an RGBL pixel set 24 cycles, with 1 cycle to spare (since the process

must be completed within 25 cycles).

The value for L can thus be safely written out to Buffer 2 115 in the 25th cycle.

Address generation is described below.

A single 8-bit comparator can produce 3 hits in 3 ¢ycles, which can subsequently be
used for selecting the 2 inputs to the adder, as shown in Table 31, The division by 2 can simply

be incorporated in the adder.

Table 31. Selection of Min and Max based on 3

comparisons
MIN MAX R>G G>B R>B
R B 1 1 x
R G 1 0 1
G R 0 1 0
G B 0 1 1
B R 0 0 X
B G 1 0 0

"Don't care state




-77 Since the add nerely adds the mninumto the maxi num val ue, the order
is uninportant. Consequently, of the 2 inputs to the adder, Inputl can be
a choice between Rand G while Input2 is a choice of G and B. The |l ogic
is amnimzation of the appropriate bit patterns from Table 31.

10. 2. 10. 3Address Generation for Buffer 2 The output fromthe Resanpler is a
singl e R%P%gggl , and 3 lum nance (L) pixels centered vertically on the
RGB pi xel . e 3 L values can be witten to Buffer2, one each 25 cycles.
The R, G and B values nust be wittenrafter cycle 45 and before cycl e 50,
since the second pixel generated is the center pixel whose RGB val ues nust
be kept. The Buffer2 address consists of a 2-bit col um conponent

(representing which, of e4d colyms is.to be witten to), and a 3 bit
val ue repr esen;,\giﬂﬁe W a'i%,me ei" aélf,’s Ee Ginigm %éhecmaﬂi?ﬁmndlfﬁeahesf’ﬁjﬂ Eat 0
each | i neyniragrdtantn€ersagusnty, Ofthe B inputa pptihe giideegny! cab beyacheise atween Raddder
writing ogt ki) inodk®; A};ﬁg‘d £2h8anadid s 9% ele 0 The Jret hod
of cal cul a’t\ang 'P'I)*le f<e? rj?g ICa d?gaz'g I's EH@'%%H% nﬁ@mé@@o@ﬁfﬁﬁeédgé:ﬁ&{n !eaebe'trnrg of

Section 3aemsemdake3d8. Each kernel is | dimensional, with 64 entries in
the table. The 6 nost si%nificant bits (truncated) of the fractional
a

conponent 141 1%43fsidrgss Ganerakian farBuffget e are used to index into the kernel

coefficients table. For the first 16 cycles, the X ordinate is used to
i ndex the kern&fe ouipitifrem; the Reaarpplsitis 3 singlel RGB pixale and 8 fuiingice (Hspixesed.

Since t hQ:eK@FdﬂGJertich:r%hrm@R@BCpixei. hee 3Sa0RusERR Sk iRBn REBMRRD ohdEadiosh X and
Y. For each of_t produce 3 pixels - the

e 1280 _resanpl ed val ues, we need to d
pi xel in CVE?E%J{‘FQMGléié,)Bé(ﬁHe%ésfrﬂewﬂsn akrs\rEcla 4 2acheefere cudie 4% Eincede pi xel .
Rat her t heporgepiex gbrerated tetheeteniar yiebl Winde tRGE vamasemug @Nkkpdome Burem t hat
center pi raj ' nerate fhe t i xe 161, 162
bel ow it '38?%83 é\@g%ﬁgﬁ Slaing &i@ﬁ%gdgﬁérﬁ‘gﬂtﬁggﬁeégﬁ%gﬁc? 811 thﬂq‘%@n'Fr)lgé%{o}e pi xel .
We t hen rwitgn ip)tand eRdityalug rapssentva/larid. b feFaerds. The cakewn nignber stettsation t he

next out piakh lifROSidih@&merkd \whth v pRiRY) 75%8414}, i) afidr Gy oupL3)e generate 3
pi xel s for eéch ofI thee 1%80 pg}sﬁiﬁ?iec\)lﬁz us (weaharve ”gg cur r)ent position in

kernel  spRcei0.4AudYRs TdYaA66n tR KehR) DéokupPi xel in X or Y in original input
space, we add appropriate delta values to these kernel coordinates.

Looki ng at Fi gufi elnod¥8 c8i6Ratihh el ehef ARIFS s I0he EMhAL Lo ARy UNHOLAE §d 1 nput

space. PCP08- SG - 78- ) _ _ _
Section 3.2.5 on page 28. Each kernel is 1 dimensional, with 64 entries in the table. The 6 most

significant bits (truncated) of the fractional component in the current kernel space are used to
index into the kernel coefficients table. For the first 16 cycles, the X ordinate is used to index
the kernel, while in the next 4 cycles, the Y ordinate is used. Since the kernel is symmetric, the
same kernel can be used for both X and Y.

For each of the 1280 resampled values, we need to produce 3 pixels - the pixel in
question 161, and the pixels above 160 and below 162 that pixel. Rather than generate a
center pixel and then move up and down from that center pixel, we generate a pixel 160 and
generate the two pixels 161, 162 below it. The second pixel 161 generated is taken to be the
center pixel. We then return to the original row and generate the next 3 pixels in the next output
position. In this way, as shown in Figure 55, we generate 3 pixels for each of the 1280
positions.

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

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




We consider the novenent in X and Y as AX and AY, with their val ues
dependent on the print format, and hence the val ue of nps (see Section
3.2.5). For the green channel, AX AY = 112nps. For the red and bl ue
channels, AX = 1lnps and AY = 0. See Table 9 and Table 11 for appropriate
val ues of AX and AY. W can now apply the AX and AY val ues to novenent

wi thin thegkernel. Consequently, when we advance in X, we add AX to X and
subtract AY fromY. In the unrotated case, this nmerely subtracts 0 fromY.
Li kew se, when we advance in Y, we addsAY to X and AX to Y. W can do this

because novenen Y. rs._b ddr ess eration
for kernel | ook{Ne ang%ég% r%ovg#grﬁtf %an%\ém f&gﬁé ggtw'% e Va]fjﬁlxierPS ﬂ?f t wo
del t as Axhanwtﬂwmaﬁ tahd h@spé@tvame ofrpe (Fea Sedtinn ¥.2i 5 Hoetheegreesrmaemel e

address gensHphieIFd @i ea | gﬁu awmnhé?s e f:ﬁ% oW R\ = %S@é@f and Table
Col umKernel Y = St art Ker nel Col utmmKer nel X' = St art Ker ne I nes tines

(however Wﬂ&a%fﬁ’?b‘i}?v?'ﬁ‘eﬁé’éﬂﬁ@?@are to process) Kernel X = CoI ummKer nel X
Kernel Y = ColumKernel Y Do 1280 tines GCeneratePixel Kernel X = Kernel X +
Del taY (nmovenentVe fANYow @nplyethe AX kandn A Xvaluepelor ARVEMRSY evidint thenkerfelGener at e

Pi xel Ker@@isequentiewhé we édv%etlﬁx wekRIdNK 1o XanK8EBIaENM Y HrdReY Lifthe uFRRRAL EPI xel

) KIS T TRy - LSUE A AR AHERE 1 B o ol s oX

Col umKerin#l WezarCod tinrsruéearulsefn‘dvemeﬁieinbeéﬁd(wmwmo degre¥3. Col utmKer nel X =
Col umKernel X + DeltaY (novenment in Y) EndDo
The address generation for kernel lookup assumes a starting position set by

software, and two deltas AX and AY with respect to movement in Y in kernel space. The

address generation logic is shown in the following pseudocode:

ColumnKernelY = StartKernelY
ColumnKernelX = StartKernelX
Do WLines times (however many output lines there are to process)
KernelX = ColumnKernelX
KernelY = ColumnKernelY
Do 1280 times
GeneratePixel
KernelX = KernelX + DeltaY {movement in Y)
KernelY = KernelY + DeltaX (movement in Y)
Generate Pixel
KernelX = KernelX + Delta¥Y (movement in Y)
KernelY = KernelY + DeltaX {movement in ¥)

GeneratePixel

KernelX = ColumnKernelX + DeltaX (movement in X)
KernelY = ColumnKernelY - Delta¥ {movement in X)
EndDo
ColumnKernelY = ColumnKernelY + DeltaX (movement in.Y)
ColumnKernelX = ColumnKernel¥ + DeltaY (movement in Y)

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 kerneix (coefficients 0, 1, 2, 3), followed by 4

cycles indexing the kernel via Xernely (coefficients 0, 1, 2, 3), followed by 9 wait cycles.




As shown in the pseudocode, the generation of 3 pixels occurs 1280 tines.
Associ ated with the generation of each pixel is 2 additions, which can be
performed during the course of the GeneratePi xel 25 cycle task. Each
GeneratePi xel 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

i ndexi ng the %@rnel via KernelY (coefficients 0, 1, 2, 3), followed by 9
wait cycles. PCP08-SG -79- Note that all values are positive and fractional
only. The two carry outs fromthe updarei-ng of the X and Y kernel val ues are
output to the a ration ction 1 1
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individually adey amsaklyeubpis %Saiéb‘]s@nt Mtﬁe othtehitenaRARBlge LAaRsiGP! OF
pl ane. a@h buf fer can, either read fromaor witten to during each

cycl e. "'trf%rdﬁFHbdeﬁr@E‘é‘géhedFiat?@ RAENES o teiBRIE down into 3 sets of 25
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cycle set QSPO#A esf?“’i"@éggnf‘trtﬁﬂﬁgﬁ fer 1 followed by 9 cycles with no
access. Buffer ihee wrltten to during these 9 cyécl es. The 16 reads from

Buffer 1 114 ar &'efesR el 7 padsfompBulier eHds Whigh £ORYSR ST o> IRMidvaly gr oups
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(fol I oved eratl ng 16 addresses for calculating the
second pi er ( e and. ratl n e 16
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t hese Bufdefifel for adAE@6SIar aneters. 10. 2. 10. 6G een buffer 146

The address generation then, involves generating 16 addresses for calculating the
first pixel (followed by @ wait cycles), generating 16 addresses for calculating the second pixel
(foliowed by 9 wait cycles), and finally generating the 16 addresses for the third pixel (followed
by 9 wait cycles).

Each color plane has its own starting Buffer! 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 to the next, the two carmry 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 biue sub-buffer 147 for two main reasons:
. the green channel represents a checkerboard pattern 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.




Address generation for the green sub-buffer 146 within Buffer 1 114 is nore
conplicated than the red sub-buffer 145 and bl ue sub-buffer 147 for two
mai n reasons: the green channel represents a checkerboard pattern in the
CFA. Alternate fines consist of odd or even pixels only. To resanple the
green channel, we nust effectively rotate the channel by 45 degrees.
PCP08- SG %9 there are twice as nmany green pixels than red or blue pixels.
PE .
Resanpl i ng means t he readi ng of nore sanples in the sane anount of tine -

there are still 16 sanples read to geperate each pixel in nmediumres
space, but there is a higher |ikelihoo cing the buffer each tine.
The exact’li kel ﬁ‘ﬁ’@oade% gﬁ?dga“dﬁreteﬁ(?‘x@éji r?%%rc%" PsSelesappiraaeansiie sane

concept of usi n@aanm\mms sam@ssch theabmb afrbent of BnaisiBele famrstm Iesaipeeneadchannel .

The green sub- byf ' 7 0 n nt,of 13
rows, each con#a%e?ﬁ rr%eS%&é‘ xe:?ngHé %Mreg g?let)rt\)g H‘ bet F’gﬁe %ﬁ%gdddrtfess and
| ogi cal posi t i ordveRcirghibarbuffer earh gmpeﬂe?exaqrh@emmde@endm oB(fef enalelfadtdic
represent a chegdgrboard pattern in the CFA. Consequently, sanples in one
row (e.g. addresses 0, 13, 26, 39, 52, 65) may represent odd or even

pi xel s, depe”d' ASwee:, maesaﬁ,erc&ea@t clfiuaﬁ‘g %ghre\mdg L d}BicEIHutdrSs agsa%%ead?& whet her

or not the T% had been rota degreés or not.
i |l ust rat“é‘d"qeh P §lRea S%b“f@bﬁsaem M W@'%a'ﬁﬁﬁngf”@ﬂuo@érﬁ’jﬂ’ﬁ Agchar ea

onto the d@ufafnevg 6 &MISeTIRY RiativhipR&EeR IRAM hdfest @hd Id3Ral gikBsPEehald pn of the
sanpl es. FAs _;esult there are two types of addressing, depending on
whet her tHE"e0frent line is represented by odd or even pixels. This nmeans

that even rovvs_l_vmth |Ima gt ai ,&g Cﬁe t he sane addressing as odd
rows with i mge TotaPPigh tF?@S?S?ﬂSt?I BH<aPeYd RAtRE D the; kBN se, the
odd rows mméquemazgeannpmsam nmo@ (s\p | dddieasas Of e 26 STB2, addme;s&pnegerﬁedcewren r ows

et R R e R T R
Li nePi xel@W@E@r@awtaﬁqm@@damweormmaISLIIUﬁea;@iﬂeﬁmylpéBl 90Even Line

Consequently, when we map a 4x4 sampling area onto the buffer, there are two
possibilities for the interpretation of the samples. As a result there are iwo types of addressing,
depending on whether the current line is represented by odd or even pixels. This means that
even rows with image rotation 0 will have the same addressing as odd rows with image rotation
90 since they both hold odd pixels. Likewise, the odd rows with image rotation 0 will have the
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 Cdd Type 2
0 Qdd Line 8 Even Type 1
90 Even Line 8 Even Type 1
90 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
3.2.5.




8 EvenType 1 111 900dd Li ne8QddType 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. PCPOB-SG _81- Assunming for the nonent that we only need to generate
a single resanple, we consider the buffer addressing by exam ning the two
types of %4 anpling wi ndows as shown in Figure 59. Although the two 4x4
sanpl i ng types | ook simlar, the difference cones fromthe way in which
the 4x4 mapping is represent ed in thegplanar inmage. Figure 60 illustrates

t he mapping of ,the Tye14x4 ling to the sub-puffer. Only the
top 7 rows and fPYRNSRBSEe4mong) Sﬁ DRSS @q"ﬁ@%’ ? FR9lE 350 % area i s
cont ai necdconkidr|tiye lwffemmiretshng;bsaemaunm'ﬁrtm tvwepmenof 64 daupfigrwipdosslas shavrsanpl e
rows for FE L¥ae 2 sanpling process is very simlar, and can be seen in
Fi gure 61 n bot h Type 1 and Type 2 addressing of the 16 sarrpl es there are
two ways of

addressing is tﬁ@ﬁjg%{ e{x%amg gquﬁioggs'%"?rm%'ﬁ%rgg%sf% r?gfrom)ﬁpe YWand 3 of
Type 2. LNR&igh &, 4xpmoppisg isnepressiisd in e dladar dghagpy Higure 60 |lllsrsttalt® teeamepping

(rel ati velrfhspgrki B s@rﬁphﬁé@&ﬁé%r&ﬁ SRR @HQ the Mo YRR #d Nhembdtls cal l
these row addressing nethods Type A 170 and Ig 171, as shown in Figure

62. G verFoNMEE 3f&shayn 3iBs the b1t sepledrra 'ﬂ%%tWeH&@W'V(WWdHW@FartAdr) and a
starting type iW ndowSt art Type), we can generate the addresses for the 16
sanpl es by mean hedf‘apé’ﬁ‘gg’f@r'ﬁef 9"‘6'% iFREPleeWs 1oF the dYRs hiepmAlies RIGRSSS BHeNof 4
sanpl es) .side Rnivear IRAdeh MeFidurd 8. sanpl e val ue we add an offset fromthe
table to arrive at the next sanple position. The offset will depend on the

type (A = O tbih Tidaa atd‘ $ﬂie 3 badRedsh dr oy 1 ssasR @rereSarétwo waft needed
to arrive at thefrr orn%ﬂ#}iﬁene&é line 4}

account df° cteﬁ%n%%m}r%qessg I P TYRP 799 e5EIRG 154 ?ﬁﬁm‘éé@'ﬁ“‘fegw of 4
sanpl es, speakingaps pretessieg rolpPeshdnd Tyepe BikeWise, prangsgingfrows 2 geebaTypag t he
addr esse S Ih@rsaﬁe?ﬂeﬂme% s%@gkir%f) a&@roﬁ@s%b ?cﬁmsl ?an%l@m ybé]2.t\}t}§ wfll%lah Qr\é“senr%w

pseudocode
addressing methods Type A 170 and Type B 171, as shown in Figure 62.

Given a starting position for the 4x4 window (windowStartadr) and a starling type
(WindowStartType), We Can generate the addresses for the 16 samples by means of an 8 entry
table {for traversing the two sets of 4 samples). When we read the first sample value we add an
offset from the table to arrive at the next sample position. The offset will depend on the type (A,
B = 0, 1). The offset from the fourth sample is the amount needed to arrive at the first sample
point for the next line (and must take account of the number of sample columns). After
generating each row of 4 samples, we swap between TypeA and TypeB. The logic for
generating the addresses for a single set of 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
EndDe




The addition nodulo 78 caters for the cyclical buffer. Adr = WndowSt art Adr
TypeAB = WndowStartType Do 4 tines For N=0to 4 Fetch Adr Adr = (Adr +
Tabl e[ TypeAB, N) nod 78 EndFor TypeAB = NOT TypeAB EndDo PCPO8- SG - 82-
The | ookup table consists of 8 entries - 4 for Type A 170, and 4 for Type B
171 address offset generation. The offsets are all relative to the current
sanpl e popsCiPEFi_S%n (Adr). Table 33. O fset Values for 16-Sanple Address
Generation TypeABNO f set 0014 011 0214 0337 101 1114 121 1337 At the end of
the 16 reads, the TypeAB bit will be.ghe sane as the original value

| oaded from W ndowst ar.t Type) . . Readi a si.ngle set_ of S | es j.s not
(enough. Thr ee sglfesIOBI?”plt%b%ﬁﬁ'{ﬁ‘séssc’%ﬁgélgﬁe'Elf‘gglldp? ?‘e@roeé'é%?if?@%e% f%erent
posi t i onsaddres¥offset genemtiart b offspistaresgilaelelve tohthe threenesenplf pasttien fakir)st and
second set of 16 sanples, the kernel positions are updated by the kernel
address generator. The carry bitstigi@n3.[0Hset wHIskaiser are used to set the
wi ndow for the next set of 16 sanph®@Samgieé@ddress

Generation
TypeAB N Offset
0 0 14
0 1 1
0 2 14
0 3 37
1 0 1
1 1 14
1 2 1
1 3 37

At the end of the 16 reads, the Typear 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 fo 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 windowStartType.

The values for the table are shown in Table 34.

Table 34. Updating WindowStartAdr and

WindowStartType
KernelX KernelY
CarryOut CarryOut Offset’ Type
0 0 0 No change
0 1 1 Invert




two carry bits index into a table containing an offset and a 1-bit flag.
The offset is added to the WndowStartAdr, and the flag is used to
determ ne whether or not to invert WndowStartType. The values for the
table are shown in Table 34. Table 34. Updati ng WndowStartAdr and

W ndowSt art Type Kernel X Kernel Y O fset' Type CarryQut CarryQut 000No change
Olll nvert_PCPOB- SG -83 1014l nvert 112No change At the end of the third set
of 16 san%(ipgaéﬁe t he kernel positions are updated to conpensate for
advancenent in X in unrotated input sgace. This tinme, a different notion
direction is pfoduced, so afdiffefent oi’ffsethTypeAanggdi fying table is
used. We cannot_add these pffsetSs to the current ndowsSt art Adg val ue,
because that represents a ppsition two | novepents |iNv Haggay from where we
want to start theroverent—Conseguentty—we-toad—WrndowStartAdt and

W ndowSt art Type from anot her set of variables: TopStartAdr and

TopStart Adr, representing the first entry in the current |line of 1280. The
two carry out flags fraomthe Kernel address generator are used to | ookup
Tabl e 35 to det 8 Mt HehoMigete! o 1§FTPEs FEHSITE PRHIONSIAE WPAFRR or not
t 0 i nver tcofpp@iaty fol wpeancdserdat or e, untdited thut sp@be. | ThisTirdell ® difi8ren{ kbtonsi ze of

the green, v S . i t | ]

wi ndowst gdr"{g@%e's '?g?(’reg’séeg %?'f%%ﬁtegr‘\%? ?tzg’p?%e%@&@bg’%?qé? W%C%ngﬁtp?dgs. Tabl e
35. Updatihesg ofispistiatheseirrenind nJopSirard-Tyabe. Keganed akepresents @ffositien hppe

Car ry Qut Gagveiehs i YONRLyCRANURere we want to start the movement. Consequently we load

WindowStartAdr and WindowStartType from another set of variables: Topstartadr and

TopStartadr, representing the first entry in the current line of 1280. The two carry out flags
from the Kernel address generator are used to iookup Table 35 to determine the offset to add
to TopStartAdr and whether or not to invert TopStartType. As before, the addition is modulo 78
{the size of the green RAM). The results are copied to Windowstartadr and WindowStartType

for use in generating the next 3 sets of 16 samples.

Table 35. Updating TopStartAdr and TopStartType

KernelX KernelY
CarryOut CarryOut Offsetf Type
0 0 0 No change
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 0 within the next line must be determined.
Since the samples are always loaded into the correct places in Buffer 1, we can always start
from exactly the same position in Buffer1 (i.e. Topstartadr can be loaded from a constant
PositionOAdr). However, we must worry about which type we are dealing with, since the type
depends on how much we advanced. Consequently we have an initial Position0Type which
must be updated depending on the carry out flags from the kernel address generator. Since we

are moving in unrotated Y input space, the logic used is the same as for updating




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
Topstartﬁg can be | oaded froma constant PositionQOAdr). However, we nust
wor ry about %% ch type we are dealing with, since the type depends on how
much we advanced. Consequently we havesan i ni tial PositionOTlype which nust
be updat ed dvﬁendl ng on tnﬁ carr out flags fromthe k ﬂ@l address
gener at o " EHEE HE™ Kfeget ?;litriﬁp “ﬂ]ﬁ 8t S?Séam?oTyﬁ’ﬁtﬁSte?ga NEIYEJET ¢ used
is the sameigisndepe spubakd ingo REROB-Soe; 8- v MindenShar b bepie,saspingpdf thehat it
is perfor R fHe ype instead. The new value for PositionOTlype is
copi ed mﬁ%% tg&t ‘tFe\%gand WndowSt art Adr to begin sanpling of the
first position W, e s rocess ven 1280
position Iine Cgtﬁ]eng{}gpolﬂg procés@ or -a”blg_\lfen Zlggdr ﬂloﬁ I:ne cannoE ge%ns uﬁtn Iﬁu? AL

pl aced t hrmoegthgnttigsein Rffart b/mmderm andw/ magm&pléaimca/ﬂam&pansiﬁmwntw I I
occur 128r eyl g&uﬁfzts%clég"ﬁteﬂh@%fartgf edeR bW iR séé &SR, ﬁ?.Ct' on 10.2.11).

10. 2.10. 7Red and Blue bufters Buffer 1's re -buffer 145 and bl ue

sub- buf f efp_slfol7rddGnaiBiR duferdfAMs accessed as cycl ical buffers. Each buffer
is 30 bytes, but has a |ogical arrangenent of 6 rows, each containing 6

entries. The rehgtd a3kl &b%?fé‘\eﬁ@ aﬁé\Mu@@% G@rﬁér Q@ﬂarle%%p%ﬁi ERM% I3bdQed S Shown

in Figure 63. For red and blue, the first 16 sanp e rea are al ways
the top 4cveleel pulsrs. fﬁ‘é" b?f@hﬁl:’rﬂ P&@est Rt 'E?él%lﬁ’ﬁ'§a'cﬂ"a§9ﬁﬁ‘ﬁ"b§f & Fevspgdchaccessed

by the rewliafghgal gitidst i Rlatibithip Biage RAINSIGRE 208 Tog@eNREBSA REhHWY int hese
first 16 S8 n%%fs is sinply a starting position (in this case 0) followed
by 16 steﬁ% addi tion nodul o 36, as shown in the foll ow ng pseudocode:

ADR = Start ADR Fo[r)?ed4ar;[d blue, thg(?lrst 1 é samp?es tg)ﬁe read [e?rFSe alwz?ys the top §x4 entries. The

remaining two columns of samples are not accessed by the reading algorithm at this stage.

The address generation for these first 16 samples is simply a starting position (in this

case Q) followed by 16 steps of addition modulo 36, as shown in the following pseudocode:

ADR = StartADR
Do 4 times
Do 4 times
ADR = ADR + 6 MOD 36
End Do
ADR = ADR + 13 MOD 36
End Do

However, this address generation mechanism is different from the green channel.
Rather than design 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 modulo 38, instead

of addition modulo 78. This can be catered for by a simple multiplexor.

Looking at the various address generation tables for green, and considering them as
.applied to red and blue, it is apparent that there is no requirement for a Type, since both the red
and the blue channels do not need 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.




End Do ADR = ADR + 13 MOD 36 End Do However, this address generation
mechanismis different fromthe green channel. Rather than design two
addressi ng mechanisns, it is possible to apply the green addressing schene
to the red and bl ue channels, and sinply use different values in the

tabl es. This reduces design conplexity. The only difference then, becones
the addit] Keliy dulo 36, instead of addition nodulo 78. This can be catered
for by a sinple multiplexor. Looking at the various address generation

tabl es for green, and considering thegsas applied to red and blue, it is
apparent that there is no requirenent for a Type since both the red and
the bl ue channels do not needng & ﬁgmﬁ%r 2grees. So that we can
safely ignore the Type valueSah dﬁﬁf dinebBihval ent of Tabl e 33, shown
in Table 36, has two sets of K |hga entries. PCPO$-SG -85 Tabl e 36.

O fset Val ues for (6-—Sanpte Agdress Generationm—(Red/ Bl ue) TypeABNO f set
006 016 026 0313 106 116 126 1313 As with| green addregss generation, we nove
‘twice in Y before advafhwpeAB to|the Mext pntr@ffedt 1280. For red and bl ue
there is no scaling betwgen noyenenty i n kernel gpace |and novenent in the

i nput space. Therelis-also no fotation As we nove ina Y, the AY of O is
added to Kernel x (see k@rnel addr eds generatidh in Section 10.2.10.4 on

page 69). As a resuytt,the —carry oyt frommKermetx—wil | never be set.
Looki ng at Tabl e 34, t he only possilfl e ocgurrerttes
' 0 3 13
1 0 6
1 1 6
1 2 6
1 3 13

As with green address generation, we move twice in Y before advancing to the next
entry of 1280. For red and blue there is no scaling between movement in kemel space and
movement in the input space. There is also no rotation. As we move in Y, the AY of 0 is added
to Kernelx (see kernel address generation in Section 10.2.10.4 on page 69). As a result, the
carry out from Kernelx 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 WindowStariType. 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 overiapping 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 ¢ KernelY), the carry out from Kernely
will always be 0. The red/blue equivalent of Table 35 is shown here in Table 37. Note that there

is no Type column, since Type is not important for Red or Blue.




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
1 in address both tines, resulting in an overl appi ng worst case as shown
in Figurém§§§9At the end of the third set of 16 sanples, TopStartAdr and
TopStart Type nust be updated. Since.gg-are noving in X (and adding AY=0to
KernelY), the carry out fromKernelY wll always be 0. The red/ bl ue

equi val ent of Table 35 is sho Faph e that there 1is no
Type colum, since Type is noggrg§%%ﬁgggﬁﬁgﬁgﬁégkgyﬂ | ue. PCPO8-SG - 86
Tabl e 37. Updat i ngfoepStartAttantd—topStaritype—(RedfBl ue) Kernel X Kernel Y
O fset' CarryQutCarryQut 000 01- 106 11- The process of| advancing from one
line of 1280 sets of 3Keheldls to t Kernebkt is the sane |as for green. The
Positi onOAdr will be t938YQHhe for ®HEQUtrst| set OW$et16 sanples for a given
line (PositionQAdr|g O for red|{gnd blue), ang Type is ifrrel evant.
Generation of the rext—Hnreecannot—begir—upti-—thereare enough sanples in
Buf ferl. Red and bl de generati @A nust starf-at the sane tinme as green
generation, so canhgt begin until 128 cycleg after the |start of a newline
(see Section 10.2.11). 10.2. 11| Rotate, Witk Bal ance and Range Expansi on
111 The actual taskqof |oading|Bufferl 114 fromthe |Imgge RAM 11 invol ves
the steps of rotat+en—whitebatance—antd—trange—expansi on 111, as
described by Section 3.2.3 and Section 3.2.4. The pixels nust be produced
for Bufferl fast enough for their use by the Resanpling process 112. This

means that during a sin%Ie roup, of 75 cycles, this unit nust be able to
r ead, The process of advancing from one line’ of 1280 sets of 3 pixels to the next is the

same as for green. The positionCadr will be the same for the first set of 16 samples for a
given line (Positiontadr = 0 for red and blue}, and Type is irrelevant. Generation of the next
line cannot begin until there are enough samples in Bufferi. Red and blue generation must
start at the same time as green generation, so cannot begin until 128 cycles after the start of a

new line (see Section 10.2.11).

10.2.11Rotate, White Balance and Range Expansion 111

The actual task of loading Buffer1 114 from the Image RAM 11 involves the steps of
rotation, white balance, and range expansion 111, as described by Section 3.2.3 and Section
3.2.4. The pixels must be produced for Buffer1 fast enough for their use by the Resampling
process 112. This means that during a single group of 75 cycles, this unit must be able to read,

process, and store 6 red pixels, 6 blue pixels, and 13 green pixels.

The optional rotation step is undertaken by reading pixels in the appropriate order.
Once a given pixel has been read from the appropriate 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

cetling), 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 biue
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).




process, and store 6 red pixels, 6 blue pixels, and 13 green pixels. The
optional rotation step is undertaken by reading pixels in the appropriate
order. Once a given pixel has been read fromthe appropriate plane in the
i mge store, it nust be white balanced and its val ue adjusted according to
t he range expansion calculation defined in Section 3.2.4. The process
sinply involves a single subtraction (floor 0), and a nmultiply (255
ceiling) e i agai nst color specific constants. The structure of this unit
is showmn in Figure 66. The red, greengand blue | ow thresholds 72, together
with the red, green, and pblue scale factors 173 are det er m ned by the CPU
10 after gener aPPREGIPHET WP SieFEre BPelhsiog PrsPEsed NdhepReoe i reh grsehmge
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t he fradtactomal papaettodet to 0. Apart fromthe subtraction unit 172 and
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Adplr ess Cener at dpartlfitn thelsulgtactics uaft fiECandveliyply tet 158 ahe mﬁ:ﬁﬂyion@o&m thishe
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Resanpler 112 is not reading fromit. Since the Resanpler
10.2.11.tAddress Generation for Buffert

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 to load up Buffer1 as fast as possible, which means a write
to Buffer1t 114 each cycle. Address Generation for Bufferl 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 Buffer1 therefore involves a single address counter for each
of the red, blue and green sub-buffers. The initial address for Redadr, Blueadr and GreenAdr is
0 at the start of each line in each case, and after each write to Buffert, 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.




has 3 sets of 16 reads each 75 cycle period, there are 27 cycles avail able
for witing. Wien the resanpler is not running, we want to |oad up Buffer
as fast as possible, which neans a wite to Bufferl 114 each cycle.
Address Generation for Bufferl consequently runs off a state machine that
takes these two cases into account. \Wenever a value is | oaded from

| rageRAM 11, the adjusted value is witten to the appropriate color in
Buf f er| dﬁ@m%§%le | ater. Address Generation for Bufferl therefore involves
a single address counter for each of.gghe red, blue and green sub-buffers.
The initial address for nd GeenAdr is 0 at the start of
each line in eadlflgdels shampn iy g R : + o—By :

increnents by Tk twi tdiowrtappiityg iatre@6 or 78, dependi ng on whet her the
buffer being wit}.en t9 =S shieds1 Gk e€BrgO0r blue. Not all colors are witten
each 75-cycle perj A_column_of green will typically require
repl eni shing at f&ﬁ%&hfﬁggyéfélﬁPdggd or blue, for exanple. PCPOB-SG - 88-
The logic is shidwh in the foll owi ng pseudocode: |If the color to wite is
Red Wite to Red Buf {ert tatwrRedAdmiuvRedAdr = RedAdr + 1 nod 36 Else If the
color to wite is;.Blde, Wd beto Bl we.Byfferl at BlueAdr BlueAdr = Bl ueAdr
+ 1 nod 36 Else |If the color to wite is Geen Wite to Geen Bufferl at
GreenAdr G eenAdr "G e8nAGT + 1"Hod" 78 Endlf 10.2.11.2Address Generation
for Image RAM Edéh pl ane can be read in one of two orientations - rotated
by 0 or 90 degreeshe( @anbi -tolrotkws Seden This transl ates effectively as
row-w se or col um:W $€ crLeads3688SS EQlhe planar image. In addition, we
al | ow edge pixel replication or constant color for reads outside image
bounds, as wel | a&°Tage WraBPT g f8F ‘Cuch print formats as Passport 31. At
the start of edeHforint line we mist read the |nageRAM 11 to | oad up

Bufferl 114
10.2.11.2Address Generation for Image RAM

Each plane can be read in one of two orienfations - rotated by 0 or 90 degrees (anti-
clockwise). This translates effectively as row-wise or column-wise read access to the planar
image. In 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 possibie. This equates fo a single access ic a sample each cycle. Resampling can
only occeur once 5 columns have been loaded, which means 5 columns of 8, 6, and 13 samples,
for a total of 125 cycles. Plus an extra cycle for the final value to be written out to Buffer1 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 to 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 setting of whether to load during the first
set of 75 cycles is always 1 for each color. This enables the final 6th column of each color
within Buffer 1 to be filled.

At the end of each 75 cycle period, the KernelXCarryout flag from each color plane
of the Kernel Address Generator in the Resampler 112 is checked to determine if the next
column of samples should be read. Similarly, an Advanceline pulse restarts the process on the

following line if the Kernelvcarryout flag is set.




as fast as possible. This equates to a single access to a sanple each
cycle. Resanpling can only occur once 5 colums have been | oaded, which
means 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
bei ng | oaded from I mageRAM 11. To make the counting easier, we round up to
128 «cycles. After the first 128 cycles, the checking for the requirenent
to | oad tTEY%Ext col um of sanpl es for each of the 3 colors occurs each 75
cycles, with the appropriate sanpl es _lggaded during the subsequent 75
cycles. However, the initial setting of whether to | oad during the first
set of 75 cycl eg'"i’ese%ﬂhvﬁ?‘é offeqtiyply BEOHeE § U113 regfsdo é\'\ﬁlﬁP'@%‘”t‘%@“fT‘-’lrhéﬂe 6t h

col um ofkeeaehtactmbcpbsmomm brider tBuﬂ\faace tb tIlieOnel&E‘réaﬂl Me(hmo/kteeﬁ aeocedithi®bfa@ach 75
cycl e perj al or ane he Kerne
Addr ess (r%gdr“é 5 eFen %S arrp °°l° naftess Sﬁgﬁﬁ *& 'x§| ggl'cﬁ%'oﬁeconfs{a%e next
col um oﬂw@ampﬂ@ywsmmuid be read. Simlarly, an AdvancelLine pulse restarts
the process on the following line if the Kernel YCarryout flag is set.
PCPOB- SG - 89- SWeowenedee fthe aciedimagé f18¢ bs beihy witter e pegiciBardioudd, witadstatno fill a
col umn T N RisfIgbb takdf dﬁ@#poo@drﬁatt AL Q0RO Be! doAE 4l %Q%Borhﬂatesdxa%n&tﬁeﬁ 0 the
next 'rea al so coordi nate va enerat on of
out - of - bdtm?r%tﬁswm%a%@e &he "@a@amr@ﬂ@d@@mg%@Pthr"ei@rm%%fﬂm@rﬁnd CBAist T

col or, angl shdVRGIR FYURPE7, \Behdug SHeOfhcd BRsi@C ik \WtiveRELHL A SxRREARIHL hi n a
partlcul ounds with certain actions to be taken when coordi nates are
out si de Hﬁ% active area The coordinates can either be before the inage,

i nside the |nagﬁ, after the | both in terns of |lines and pixels.
This s Shoun (e RRGRES 87 810D d5Hne Her SheRAETR Sruerioh e PV ear ea. has
been exaggsdimk @tk fley pixet laad iieycoulNst itovichar! sisdenaidrasae gmn(aﬁ);s rOf) frevd kbf@l st art

of coor d%ﬁ%ugeﬂﬁrﬁ/g&% i g/gélgésxﬁém dMJII\/P!)X lrhegg O?J'{E? bg‘Lll SO e[l reaurllr(gdI I ne
counts. ver, since aHar eneratron 1s e ne %rry outs
and AdvanfgeiEsaaeristivedorta e leely RYNtina&s urttlhélse‘\dmncelmn&)gwmg regeiver,0and

requi r ed. ma AR S8 RPRERN st coBrd bt &Ibamd\é &%derb%mwmd the

AdvanceLi ne pulse Ts received, and may Involve edge replication, constant

colors for out @twe%u@qﬁ,ad%sg E{E:Q%f mextﬁxlrreWs%%bngnd \l,v;m\e@ rda@é/% @e Rgdr ess,

Adr, of the current sanple, and want to nove to next el ther on
the next MR8 8ifhepAn t“}?e“%‘h('f@ i methe gprae §M%3@1%¢Q9T%%WW gngetignge 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 anr changes is by APixel when PixelSense is
0, and by Aline when LineSense is 0. By following these simple rules adr will be valid for edge
pixel replication. Of course, if a constant color is desired for out of bounds coordinates, that

value can be selected in instead of the value stored at the appropriate address.




expected, but the way in which the address changes depends on whet her we
are wapping around the active inmage, and nust produce edge pi xel
replication when needed. When there is no wapping of the inage (i.e. al
print formats except Passport 31), we performthe actions in Table 38 as
we advance in line or pixel. To rotate an image by 90 degrees, the CPU 10
sinply SWQ% (pe ALi ne and APi xel val ues. Looking at Table 38, the only
time that ANTS changes is by tPixel when Pixel Sense is 0, and by Line when
Li neSense is 0. By follow ng these simpLe rules Aar will be valid for edge
pi xel replication. O course, if a constant color is desired for out of

bounds coordi nates, that-,-ab}ég,l URCt&’?‘Q%pﬁ%@‘?’weﬁ%ﬁgﬂ‘%ﬂ&h‘mﬂi Lithe vaI ue

stored at theg—appropriate—ad

Per f or m when |Advancijng in Pi eI or Line L|ne8P|er9P|er ChangeLlne Change
-0Adr = Adr 4 ARietel| - Pp@rAdy = A%xeféh&ﬂyé 00Adr = Aﬂfnebh@h@‘@' Adr |= Adr
+ALi ne 0+Adr [=Adr—Atrnme + F0Adr——=Adr—+—aPixet—++To—attowwappi ng, we
sinply conpar€é the previous gense (-,0,+) for Line and Pixel wth the new
sense. Wen the senggis "" dp§gd¢nﬂﬁﬂ$vanceMEnt as described in Table
38, but when—the ordi s out of bounds (i.e noving fromO to +),
we update the-Aar witth a ney val ue not based on a delta. Assuninq we keep
the start address fqgr the ctuyremnt e so thaty wecan auvam,c tolthe start
of the next lli'fne ong€ the cufrent |ine has been @%ﬁ ot &dn can do the
follow ng: Ifg a change is iNAR} XBkn+ t he pixel -sens anges firomO to
+ (indicati ng%&%%@%:e Adr
with the LineS&art Adr+ and repl ace Pixel w th AcAdreeSr asitifd xel . Line
remai ns the game. ~tf—a ctrange 75 T Cime, and jthe tine—sense—changes from
0 to + (indigdting we have

* 0 Adr = Adr + APixel

+ +

To allow wrapping, we simply compare the previous sense (-,0,+) for Line and Pixel
with the new sense. When the sense is “-" we use the advancement as described in Table 38,
but when the ordinate becomes out of bounds (i.e. moving from 0 to +), we update the rar 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 ActiveStartLine. Pixel remains the same. DeltaColumn is the address offset

for generating the address of {Pixel, ActiveStartLine) from (Pixel, ActiveEndLine-1).

SwWe compare the current Line ordinate with ActiveStartLine and ActiveEndLine.If Line <
ActiveStartline, we call the value " If ActiveStartLine £ Aine < ActiveEndLine, we call the value
“0".If ActiveEndLine £ Line, we call the value “+".

*We compare the current Pixel ordinate with ActiveStartPixel and ActiveEndPixel.If Pixel <
ActiveStartPixel, we call the value “-".if ActiveStartPixel £ Awne < ActiveEndPixel, we call the value
*0"If ActiveEndPixel £ Pixel, we call the value “+7.




gone past the edge of the inmage), we subtract DeltaColum from Adr and
replace Line with ActiveStartLine. Pixel remains the sane. DeltaColumm is
the address offset for generating the address of (Pixel, ActiveStartlLine)
from (Pixel, ActiveEndLine-1). 8W conpare the current Line ordinate with
ActiveStartLine and ActiveEndLine.If Line < ActiveStartLine, we call the
val ue "-"Pépg ctiveStartLine Aine < ActiveEndLine, we call the val ue
"0".l1f ActivekndLine Line, we call the value "+". 9W conpare the current
Pi xel ordinate with Acti veSt art Pi xel -amd Acti veEnd Pixel. If Pixel <
ActiveStartPi xe e Pi xe

Act i veEndPi xel , lr(]ﬁelo%'(éfqr Ic{aﬂ'gg &glsﬁmetﬁr ﬁam)g\ tst('?}tégnd?-ﬁ ge?epe?ﬁ'%‘i’” CC\}\%) cal |

t he val ue'S‘a‘hdwn iIPEPEBo®®; pSlidochle | ogi ¢ for | oading the set nunber of

sanpl es (either;;8.ar-13;s.0ependi ng on color) is shown in the follow ng
pseudocode: line Fi rstSarrp eLi ne. pixel = FirstSanpl ePixel adr =

Fi r st Sanpl eAdr DNt AR % ° ’lxe]l3) ol dPi xel Sense = Pi xel Sense( pi xel)

ol dLi neSense = ddrreSewsdrglirde) i nActive = ((ol dLi neSense == I nActive) AND
(ol dPi xel Sense pol mAchdsves b 1) (( NOT i nActive) AND UseConstant) Sanple =

Constant Col or_ el sgq. Sarmpl.e, = FelhfAdreyEndif |ine = line + 11f

((Li neSense(line) AND wap mae%<F = adr - DeltaColum line =
ActiveStartLine H §I€1“1ese(“f€f_| neSe §és((lgi“ﬂ‘€ __"0") AND ((ol dLineSense adr =
adr + DeltalLi ne inActive = ((oldLineSense == InActive) BAND (cldPixelSense ==

InActive})

If ({NOT inActive) AND UseConstant)
Sample = CenstantCelor

else
Sample = Fetch(adr)

EndIf

line = line + 1

If ((LineSense{line) == “+") AND wraplmage)
adr = adr - DeltaColumn
line = ActiveStartLine

ElseIf ({LineSense(line) == “0”) AND ({oldLineSense == “(0¥))
adr = adr + Deltaline

Endif

EncDo

The setting for such variables as FirstsampleLine, 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 MJl. The logic for this part

of the address generation is shown in the following pseudocode:
' FirstSamplePixel = 0

FirstSamplelLine = 0

FirstSampleAdr = FirstLineSampleAdr = ActiveStartAddress
count = 0
Do Forever
If {(KernelXCarryCut) OR (Advanceline AND Kernel¥YCarryOut} OR
{count < 5})
Do N Samples for this color plane {see pseudocode above)
EndIf

oldPixelSense = PixelSense (FirstSamplePixel)




Endl f EndDo The setting for such variables as FirstSanplelLine,
Firstsanpl ePi xel, and FirstSanpleAdr is in the address generator section

that responds to carry out flags fromthe Kernel Address Generator,
Advanceli ne pul ses fromthe MII. The logic for this part of the

wel | as
addr ess
0O First
Acti veSt

(AdvanceLi ne AND Kernel YCarryQut) OR-ggcount < 5)) Do N Sanples for this

col or pl

PlerSense(FlrstSanF ePi xel
Li neSense(Fi r st Satpl’&

as

generation is shown in the follow ng pseudocode: FirstSanpl ePi xel

%Qg%gg}ine = 0 FirstSanpl eAdr = FirstLinesanpl eAdr =
art ress count = 0 Do Forever |If ((Kernel XCarryQut) OR

ane_(see pseudacode ARoYs). ALl ol gfl xel sense =

Li neSense =

Fi rst Sanpl eLi ne = Fopst Sanpl eLine + 1 First Sanpl ePi xel 0O If
((LineSense(FirstS&qahghﬁn&mméh[kﬂﬁa@h@ﬁggﬁg+EjrstLineSaaneAdr =

Start Address First3a Li.n
((Li neSense(First Sanpl eLi'ne

AcglveStartLlne El sel f

mﬂe§xel "0") AND (oIdLlneSense “0")

EFﬁ8¥36V§DC§ﬂVﬂﬁﬁﬁﬁﬁﬁé’AND Ker nel YCarryQut)  count

Fis )
Fi rstLi neSanpl eAdr X FLi¥PeisESanplreRaring’ Dal taliie “r&fars Fi r st Sanpl eAdr
Fi rstLi neSanpl eAdr Eliselfin{SKerlpgirXCarany@utreGR (count < 5))

FirstSampleline = ActiveStartLine
Elself ({LineSense(FirstSamplelLine) == “0”) AND (oldLineSense ==
0Ty}
FirstLineSampleAdr = FirstLineSampleAdr + DeltalLine
EndIf
FirstSampleAdr = FirstLlineSampleAdr
Elself (KernelXCarryOut OR (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

10.2.11.3Reqgister 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

Wraplmage Tile image reads to replicate image when out of image bounds




Fi rst Sanpl ePi xel = FirstSanpl ePixel + 1 count = count + 1 If

((Pi xel Sense(FirstSanpl ePi xel ) AND w apl nage) FirstSanpl eAdr =

Fi rst Li neSanpl eAdr FirstSanpl ePi xel = ActiveStartPi xel Elself

((Pi xel Sense(FirstSanplePixel) = "0") AND (ol dPi xel Sense == \10") )

Fi rst Sanpl eAdr = FirstSanpl eAdr + DeltaPixel Endlf Endlf EndDo

10.2.11. 3 :gger Summary There are a nunber of registers that nust be set
before printing an image. They are sunmarized here in Table 39. To rotate
an i mage by 90 degrees, sinply exchange-the DeltalLine and DeltaPi xel

val ues, and a new bel: Requi r ed
to be set UQ%%%%%? bef or EE'$%fgﬁggggg?iHﬁ$w*éﬁ%$fggg?5%%%%%§$éfge Access
Par anet er s VVapInage I T||e1gngg§a&@ag§5kﬂH&9pI|cate |nage when out of

I mage bound ppj Ng
occurs on r@aﬂs out of If 0, |nage bounds If 1, a constant coIor | S
r et ur ned. ActTVveSt rt/-\u ressRihe eSS Of Sar ActiveStart Pi xel ,
Act i vest ar f ATHEY TR Ffserin: S B L DI PSR TL ANV ERS | or 1 he
image in ried space (in rel'd@ Mo line 0) ActiveEndLineRThe firstj!line out
of bounds Aﬁﬂdtwéél@tl_hr{éhge I ntheQ’?st SRR GRe BEhE ¥Raged feRispk BT Reatbh tosine va] i d pi xel
for the inmage in red spaceg(in relation to

ActiveEndLineR The first line out of hounds for the image in red space

ActiveStartPixelR The first valid pixel for the image in red space (in relation to

pixel 0)
ActiveEndPixelR The first pixel out of bounds for the image in red space
DeltaLineR The amount to add to the current address to move from one line

to the next in red space

DeltaPixelR The amount to add to the current address to move from one
pixel to the next on the same line in red space

DeltaColumnR The amount to add to the current address to move from a pixel
in the last line of the Active image area to the same pixel on the
first line of the Actlive image area in red space.

ConstantColorR Red color value to use if address out of bounds and
UseConstant=1

Green

ActiveStartAddressG | The address of green sample (ActiveStartPixel, ActiveStartLine)

in ImageRAM
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 0)
ActiveEndPixelG The first pixel out of bounds for the image in green space
DeltaLineG The amount to add to the current address to move from one line

to the next in green space

DeltaPixelG The amount to add to the current address to move from one
pixel to the next on the same line in green space




pi xel 0) ActiveEndPi xel RThe first pixel out of bounds for the inmage in red
space Del talLi neRThe anount to add to the current address to nove from one
line to the next in red space DeltaPi xel RThe anount to add to the current
address to nove fromone pixel to the next on the sane line in red space
Del t aCol umRThe anmpbunt to add to the current address to nove from a pixel
in the | dhe of the Active image area to the same pixel on the first
line of the Active inmage area in red space. Constant Col or RRed col or val ue
to use if address out of bounds and UgeConstant=1 G een

Acti veSt ar

al

tAddegnsiine adofess,Rht 9LEPH 1RAR d oY SRl SRR %Rk
' 4f t e %orttﬁé sa,\‘ﬁ'%{&iﬁ iﬁf I@

ActiveStarftLine) in | mgeRAMA inkFortR Ackvdfi for the
i mage in green space (in r@kdhé Oind Activé Mg hreAG drv&ipdid neGlhe Tirst |ine
out of bou rst valid
pi xel for [tGenstanigiorGn grle€iees paaalle tp uselifatifress quboibionsls apy
Act i veEndFi xel GThe first [p¥seSlongiant=of bounds for the inmage in green space
Del t aLi neG fie. amount to add to the current address to move from one line to
the next ijn"green space DeltaPi xel GThe anpunt to add to the current address
to nmove frlomtioésRaidirkse O tHEdBRYS ofBRielsHRpIE RRvdStatPile ABESAHSRAACE| - 93
PCP08- 5G The amount to addnimadeR@mcurrent address to Del taCol umGipve from
a pi xel i n—the—tast—ineof -theAetiveimage—area—tothesare—pixel on the
irst |ine |ofctvertarhdeBye i nHigdird vaid lipgfopthe &pads fiallee space (in relation to line
0)
ActiveEndLineB The first line out of bounds for the image in biue space
ActiveStartPixelB The first valid pixel for the image in blue space (in relation to
pixel 0)
ActiveEndPixelB The first pixel out of bounds for the image in blue space
DeltaLineB The amount to add to the current address to move from one line
to the next in blue space
DeltaPixelB The amount to add to the current address to move from one

pixel to the next on the same line in blue space

DeltaColumnB The amount to add to the current address to move from a pixel
in the last line of the Active image area to the same pixelf on the

first line of the Active image area in blue space.

ConstantColorB Blue color value to use if address out of bounds and

UseConstant=1

White Balance and Range Expansion Parameters

RedLowThreshold 8-bit value subtracted from red input values

GreenLowThreshold | 8-bit value subtracted from green input values

BlueLowThreshoid 8-bit value subtracted from blue input values

RedScaleFactor 8-bit scale factor used for range expansion of red pixels

GreenScaleFactor 8-bit scale factor used for range expansion of green pixels

BiueScaleFactor 8-bit scale factor used for range expansion of blue pixels




Const ant Col or G& een col or value to use if address out of bounds and
UseConstant =l Bl ue ActiveStart AddressBThe address of bl ue sanple
(ActiveStartPi xel, ActiveStartLine) in |InageRAM ActiveStartLineBThe first
valid Iine for the image in blue space (in relation to line 0)

Acti veEndLi neBThe first |line out of bounds for the inmage in blue space
ActiveSt a'gctplég_g&el BThe first valid pixel for the image in blue space (in
relation to pixel 0) ActiveEndPi xe[ BThe first pixel out of bounds for the

i mge in blue space DeltaLi neBThe anmowst to add to the current address to
nove fro i the next in blue space DeltaPi xel BThe anobunt to add
to the cmﬂgﬁéﬁ?égs to nove fromone pixel to the next on the sane |ine
in blue space The amount to add to the current address to nove from a pixel
Del taCol uymBi.n the last |ine of the Active inage area to the sanme pixel on
the fi rst%i?&eri‘ff’s‘t &ral tlg%ﬁe““ffgﬁ‘ BriogeEConiaffFue space. Const ant Col or BBl ue
col or vallgh PO Fopeastd P8 LB “d BBunds and UseConstant=1 Wi te Bal ance
and Range Expansi on Paraneters RedLowThreshol d8-bit val ue subtracted from
red i nput val ues G eenLowThreshol d8-bit val ue subtracted from green i nput
val ues Bl ueLowThr eshol d8-bit val ue subtracted from bl ue i nput val ues
RedScal eFact or 82H1oH9 108 neeqtion higs bega dasqibed willyfglereaspiamerdic spmples itpilk el s

G eenScal mFampteela@dpbyt thesadkitled acthe brt UBRGt sy by ENGRILAXDRBS] GRerabm@l 8RN pi xel s
?gzescglc:%@%}ggnﬁgg?rted %%r%h%pﬁsa&ﬁﬁée tHg ggdrtfas%ree \rwﬁhng?urtﬁélqr%?csaltignnof%e sl?clolﬁlee oip I xel's

the invention, although other novel and inventive features and combination of features will also

be clear from the disclosure therein.




11REFERENCES [ 11 Sil ver brook Research, 1998, Authentication of Consumabl es.
[2] Silverbrook Research, 1998, Authentication Chip. Al though the invention
has been described with reference to specific exanples, it will be

appreci ated, by those skilled in the art, that it my be enbodied in nmany
other forms. The follow ng nunbered paragraphs provide the addressee wth
a further,d (gation of the scope of the invention, although other novel
and |nvent|ve eatures and conbi nation of features will also be clear from
t he disclosure therein. PCP08-SG -96 -¥W6-claim 1. A nethod for enabling
sanpling of a Bayer CFA inmage having two di nensional planes of red, green
and bl ue wexelns, the nethod including the steps of: rotating the green

pl ane; and scal i ng coordi nates of a kernel for use in sanpling the rotated

green pl ane |nAm'éﬂ'@@'fdﬂ%ﬁ£’cﬁng’\éénhbllﬁg §PBAyBOCE AFARE halifPwd GhdrBBnd pRh&y bei ng
based on ] stance b >t ween pixels in the rotated

green pl a‘% d:ﬂﬁe? A tﬂ‘r‘ﬁ%’fegstng'a ant%gﬁwcbﬁgﬂgwe Sieps A" et hod according to claim

1, wherei n t herotabtpthée green gladkh askbegr ees. 3. A net hod according to claim 1 or
2, wherein the scaling factor is (42)-1 4 A method according to claim 2,
further includicaghgt burdiiatyes ofoh: kst dgnisealnl Yansplinglthe) gotaad Greennpigiexel bl ock

of ther re.mjis_an i ter than 1; a providi ng
an addr eséscg%rggmf3 F%Q%Escg@% i the 5 g?ge%ﬁﬁog%ﬁ'&’ s ?35’ ahaie] °§H‘8r585‘8gf“6 ©a first
of the sdgigicedetmen mlk@&ieﬁfetrefﬁtedpmeyphge anddhe dwotetedigreed plhexed sequence of
offsets to obtain the addresses of the remaining sanples. 5. A nethod
accordi ng2-t o cA aetiod acopttingdé claitniie wherep thefrodtidngs #% dégnepst he starting address
is responsive to the relative rotational orientation of the inage. 6. A
met hod ackor diAgethod adcaidingdo daim5), on@heneeéim thenscalidg taatr kiréye are si xt een
offsets. 7. An apparatus for enabling sanpling of a Bayer CFA inmage having
two di mensi onak mephbaazsrdog to @alm ) fueter imndinh theesteps el s, t he appar at us

| ncluding procegsl g TEARRa AN L BUERMALR o £ ks fdiE, HSER BLANREANd
scal e coordinatées o e use in e rotated green plane
i N accor dHeRiRs than 1; and
providing an address for the m? samples by determining a starting address for a first of
the samples and thereafter applying a predetermined fixed sequence of offsets to obtain the

addresses of the remaining samples.

5. A method according to claim 4, wherein the step of determining the starting address is

responsive to the relative rotational orientation of the image.
6. A method according to claim 4 or 5, wherein m = 4 and there are sixteen offsets.

7. An apparatus for enabling sampling of a Bayer CFA image having two dimensional
planes of red, green and blue pixels, the apparatus including processing means configured to:
rotate the green plane; and

scale coordinates of a kernel for use in sampling the rotated green plane in accordance
with a scaling factor, the scaling factor being based on a ratio of the sample-wise distance

between pixels in the rotated green plane and the unrotated green plane.

8. An apparatus according to claim 7, wherein the rotation is 45 degrees.
9. An apparatus according to claim 7 or 8, wherein the scaling factor is (vV2)"
10. An apparatus according to claim 8, the processing means being configured to

sequentially sample an m x m pixel block of the rotated image, where m is an integer greater

than 1, the apparatus further including address means for providing an address for the m®




with a scaling factor, the scaling factor being based on a ratio of the
sanpl e-w se di stance between pixels in the rotated green plane and the
unrotated green plane. 8. An apparatus according to claim7, wherein the
rotation is 45 degrees. 9. An apparatus according to claim7 or 8, wherein
the scali ng factor is (42)-' 10. An apparatus according to claim8, the
processin gns being configured to sequentially sanple an mx m pi xel

bl ock of the rotated i mge, where mis an integer greater than 1, the
apparatus further including address nmans for providing an address for the
M2 PCPCS- es b det LD n ress for first of
t he sanpl %S%pzlie%cijy "%@%‘3‘%‘? &r %ﬁl‘a@drﬁ(ﬁs 3rg3%8e$ee??ﬁ' nﬁthéaaf@é H@é" of

of f set s twedsirainad fiked sadlthnesgafsad totohinrteraddrasaes o Mpbre&nmg.ﬂamm. appar at us
according to claim 10 wherein the step of determining the starting address
i's responti.ve A appreatuelaetording tootlati dhalheein tiatsdd ohdeérntitigy iheegeatingl2. An

appar al US, ARSORIMINGR 6 tRIrbikh rétbtiohds ord iR bftndliagd and there are sixteen

12. An apparatus according to claim 10 or 11, wherein m = 4 and there are sixteen offsets.




