PCP06- SG -1 METHOD AND APPARATUS FOR CONVERTI NG AN | MAGE FROM ONE COLOR
SPACE TO ANOTHER COLOR SPACE W TH A NON LI NEAR RESPONSE FI ELD OF | NVENTI ON
The present invention relates to a nethod and apparatus for producing print
froma Bayer imge. The invention has been devel oped primarily for a
digital canera including an integral printer for providing a paper print

of an inmage captured by the canera and will be described hereinafter with
r ef er enceP¢R§s-fkat application. However, it will be appreciated that the
invention is not linited to that partilcular field of use. CROSS- REFERENCED
APPLI CATI ONS Reference may be had to the follow ng applications, claimng

Gat od 16 sOBELAST R atbrARRTE POt clFERTINE ARTMASE HHH o
Appl i cati on QOLBR SPACEIT ANOTHERPOOVID RSP ACE WPFRIPNGN LANERRar peni ng
An I mage PCTIAO O 010 1 073PCPG3Met hod and Apparatus for Up-Interpolating a

Bayer | nage PCTI AU00101076PCPO4Net RESPANSEppar at us for Rotating Bayer
I mages In the interest of brevity, the entire disclosure of these
applications has been incorporated here by way of reference. These
cross-referenced applications describe related nodules and nethods for
i npl enenting the conpact print fEEDQRINVENTION SG - 2 SUMVARY OF | NVENTI ON
According to a first aspect of the invention there is provided a nethod for
converting an iThegeséntdvestiohirelates tod owethep ace appafatdi foeprsdueimg Nrintt faorraa second
col or spagger ffagdi MeENsion M with at least partially non-linear response,
the nmethod i ncl idi ng the steps of:
The invention has been developed primarily for a digital camera including an integral
printer for providing a paper print of an image captured by the camera and will be described
hereinafter with reference to that application. However, it will be appreciated that the invention

is not limited to that particular field of use.

CROSS-REFERENCED APPLICATIONS

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

International Patent Ref. Title of Invention
Application No. No.

PCT/AUQ0/01074 PCP01 | Method and Apparatus for Sharpening An
Image

PCT/AU00/01073 PCPO3 | Method and Apparatus for Up-Interpolating a
Bayer Image

PCT/AU00/01076 PCP04 | Method and Apparatus for Rotating Bayer
Images

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

modules and methods for implementing the compact printer system.



preparing a nunber M of N-di nensional |ookup tables including respectively
the resultant transformations for each specific entry as indexed by the
first color space; and obtaining the entries not included in the tables by
using N-linear interpolation. Preferably, the first color space is RGB, the
second col or space is CW and N=M=3. Preferably, the tri-linear

interpol ation requires reading 8 values fromthe corresponding | ookout
tabl e and”J&fFfBrming 7 linear interpolations, of which 4 are in the first
dinension, 2 are in the second dinensfon and 1 is in the third di nension.
Al so preferably, the the size_of each table is 17x17x17, with each entry
being 8 bits. According to aS¥ Y NHONhe i nvention there is
provi ded an apparatus for converting an imge froma first col or space, of
di nensi on N, t 8% Adirst asreet of fredeventish thelé isereyides amstheidtior catvertma st

parti al | yinib@s fromremdt cHISPAGS Bf dihERicAMD & Pddédnd dofdr Ystich Bt aiRAGS ﬂfwim%par i ng
a nunber |VI qf N—I i mensi onal | oogu%I tabl es incl udi n%_ respectively the
resul t ant “ETAASPY AT IEh Espyisedig metipd prlidied BRsteps s i ndexed by the first
col or space; and neans for u infg N-linear interpolation to obtain the
entries not intFERIEE 3 AUPRY f"a Ndimensionalr lgpjjup  tabipe inclugisg resesivelypiiiee i s
RGB, the ssutantransioonatismefocsacs siddfic ant didaded Y BT Blbesabs ang t he
tri-linear interpolation requires reading 8 values fromthe | ookout table

and per f or m ngobtaihing@alentries et pRlUAEd iD B, talH byQkinWNLIRBardntéh8ation. t he first
dinension, 2 are in the second dinension and 1 is in the third di mension.

Preferably, thererasy, ok fitkedlorispitets RSB UK deb¥dd coldMspdte RACHY B8R K¥mLLi ng 8
bits. According to a third aspect of the invention, there is provided a

camer a i ncl udi P@idrdby, thRROVRABRAdEIMEGh ABRRsdihy RO 77 thedcdibbithding |

Descri pti ngﬁ)g{ @he é)r%g niﬁs Preferred enbodi ments of the invention %ill now
be descri BERU Y RAY PYORYA fihear ntgip]fatiofs. o which 4 peerie hetfirst dimensien. 12 ng
descr i pt i iofthesgedonid difoension akd @is il the lrindRlingenbiogh | evel i nage fl ow of the PCP.

Fig. 2 shows a block diagramof the PCP in isolation. Fig. 3 shows a bl ock

di agram of t heAlRCRefeablyeibt € size oPedch tabfoWs NBIMUNET ith edth Bntry/beid@is @ 4- i nch
Mem et printhead. Fig. 5 shows the arrangenent of segnents in a 4-inch

printhead. Fi ghccHraslgomsn sdwendasmitgendatin@hictomslees prévidaRdapparitered by
fixing Or&%er’ting an image from a first color space, of dimension N, to a second color space, of

dimension M, with at [east partially non-linear response, the apparatus including:

means of preparing a number M of N-dimensional lookup tables including respectively
the resultant transformations for each specific entry as indexed by the first color space; and

means for using N-linear interpolation to obtain the entries not included in the tables.
Preferably, the first color space is RGB, the second color space is CMY and N=M=3.

Also preferably, the tri-linear interpoiation requires reading 8 values from the lookout
table and performing 7 linear interpolations, out of which 4 are in the first dimension, 2 are in
the second dimension and 1 is in the third dimension.

Preferably, the size of each table is 17x17x17, with each entry being 8 bits.

According to a third aspect of the invention, there is provided a camera including the
abovementioned apparatus.




Fig. 7 shows the arrangenent of nozzles in a pod, nunbered by | oading
order. Fig. 8 shows a chronopod. Fig. 9 shows a podgroup. Fig. 10 shows a
phasegroup. Fig. 11 shows the relationship between segnents, firegroups,
phasegroups, podgroups and chronopods. Fig. 12 shows AEnabl e and BEnabl e
pul se profiles during the printing of an odd and even dot. Fig. 13 shows
the orientation of print formats based on the CFA image. Fig. 14 shows a
bl ock di agereerP®f the i nmage capture chain. Fig. 15 shows the arrangenent of
pixel s in a Bayer CFA 2G nosaic. Fig:-316 shows the |inearize RGB process.
Fig. 17 shows the planarize RGB process. Fig. 18 shows a bl ock di agram of
the i mage print chain. Fi g.Bried Deisoription ofithel Bragwhgs range for a single
color plane. Fig. 20 shows the steps involved in white bal ance and range
expansi on. PCPOGr&&reddenttiogimedts «f Mimnaventidl it lnodik@glescribed, Wppar dtdtampapabl e

of per f of gl Qihid €ndia) BRSSNG aed AIGR FXPRYRLON- FiO. 22 shows the various

color plane’pixels inre ron“to reso i'on. Fig. 23 shows the effect

of rotating theF%r(?g%“%I 3{“9 I%%’el ﬁ%@%ﬁ%%@@épgﬁg' 24 shows the di stance
! g

bet ween rotated pixels prane.”Fig. 25 shows the process of

mappi ng novenent.. i n_unraotat ed. CEFA spa o rotated CFA space. Fig. 26
shows a bl ock ditFé?g?gr'ﬁnga tﬁ%gg?ﬁ?%%ﬁ‘e&&c?é%?g'?&‘ﬁ'g. 27 shows the process

i nvolved in high:pass filtering a sin | um nance pixel with a 3 x 3
kernel . Fig. 28}&§h§a%°ﬂsﬁeé%ci‘3ﬁgfﬁ8‘ﬁiﬁte$&% ORI PUN I HATRGE o CMY.
Fig. 29 shows caqnversion from RGB to CMY by trilinear interpolation. Fig.
3ogshom5 pi xel ?@p??%ﬂ?ﬁﬁ%m§¥Mﬂ“@“ﬁ@W@*ﬁier toab5x 5 block. Fig. 31

shows a bl ock di_agram of the hal f-toning process.
Fig-'5 shows the arrangement of segments in a 4-inch printhead.

Fig. 6 shows the arrangement of nozzles in a pod, numbered by fixing order.
Fig. 7 shows the arrangement of nozzles in a pod, numbered by loading order.
Fig. 8 shows a chromopod.

Fig. 9 shows a podgroup.

Fig. 10 shows a phasegroup.

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

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

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

Fig. 15 shows the arrangement of pixels in a Bayer CFA 2G mosaic.
Fig. 16 shows the linearize RGB process.

Fig. 17 shows the planarize RGB process.

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

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

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



Fig. 32 shows the process of reformatting dots for the printer. Fig. 33
shows a bl ock diagramof the inmage capture unit. Fig. 35 shows a bl ock

di agram of the inmge access unit. Fig. 36 shows a bl ock diagram of the

i mage histogramunit. Fig. 37 shows a bl ock diagram of the printed
interface. Fig. 38 shows the block diagramof the Menet interface. Fig. 39
shows the generation of AEnabl e and BEnabl e pulse widths. Fig. 40 shows a
bl ock di a§¥&fP®f dot count logic. Fig. 41 shows the interface of the print
generator unit. Fig. 42 shows a block4diagran10f the print generator unit.
Fig. 43 shows a bl ock diagramof the test pattern access unit. PCPO6-SG

process. -5 Fi g Fig}d1 sitas bockbingkmbs agiAmdapBid bjeri@mingiite bAanceRpYs a
bl ock diagramof Buffer 4. Fig. 46 shows a bFock i agram of the

Upi nt er po[*382PA3Y'?" one and Reformat process. Fig. 47 shows how to nap
froma standard dither cell and a staggered dither cell. Fig. 48 shows a
bl ock di agr am of ‘% FeSTe¥RVE ErpNeslebPiRIPSISdE i 1oiGFA reopluipbws a bl ock

di agram of Buffer 2. Fig. 50 shows a basic high-pass spatial filter using a
3 x 3 kernel. [Ei%?23 $pwg s gfeet obloting e aigrarres bit 4fdegieg®pen unit. Fig. 52
shows the structure of Buffer 1 Fig. 53 shows a bl ock diagram of the
Resanpl e and Cr EEt #* $howe igrfistance betwesn miatpd phals &9rdvesareendlianek di agr am of t he
Convol ve Unit. Fig. 55 shows the order of pixels generated fromthe
receptor. Fig. F962%#ews throvreesss of mappingarovgment it oreteted ChAdpasertoreiated space.
Fig. 57 sbpmspdcbe address of entries in Buffer 1's green sub-buffer. Fig.
58 shows the relationship between green entries dependent on rotation.

Fig. 59 shows 4pyg 4 §R0BhILREK AbgrbMer B SRMp RSl - Fig. 60 shows 4 x 4
green sanpling type 1. Fig. 61 shows 4 x 4 green sanpling type 2.

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

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

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

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

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

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

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

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

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

Fig. 39 shows the generation of AEnable and BEnable pulse widths.
Fig. 40 shows a block diagram of dot count logic.

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

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

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



Fig. 62 shows the two types of row addressing for green. Fig. 63 shows the
addressing of entries in buffer 1's red and blue sub-buffers. Fig. 64
shows the first 16 sanples read for calculating first pixel. Fig. 65 shows
t he overl apping worst case 4 x 4 reading fromblue and red buffers. Fig.
66 shows a bl ock diagram of the rotate, white bal ance and range expansion
unit. PCP06-SG -6- Fig. 67 shows the active inmage area within the generated
coor di nat 8“p8ee. | OVERVIEW OF THE PCP 1.1 H GH LEVEL FUNCTI ONAL OVERVI EW
The Printcam Central Processor (PCP) péssesses all the processing power for
a Printcamand is specifically designed to be used in the Printcamdigital

still canera SY$%£ﬁlsﬂﬂBatﬁﬁPd% @RYIBGAs 5t 0 an i mage sensor 1 (for inage
capture), and a net printer % for image printout. In ternms of inage

processi ng, theFﬁ;ﬁggﬁmﬁgﬁmkpgggghcgguﬁ§4be|ng the translator of inmages
fromcapture to printout, as shown in Figure 1: The Image Sensor | is a

CMOS i mage Sens g 49BGR 2GRk Hagramabs #@Q%Irffer%:ﬂ A—B@aﬁneb orm-gﬂﬁf)!:e@ ge

Sensor is the |nage I nput devi ce. rn |nc ong 1600dpi

Menj et t f | d

yel | ow The. pri nEpandrs neRE fad it %Sﬁaﬁé%f?%@sf‘%gw%ﬁt%%?ﬁﬁ RS an | mage

f he | ' f | f f th
A L e Ll L,

i mge to the Printhea or captures

in RGB and the P .nts the PCP 3 nust translate from
t he RGB col or sp Q%%?a%f 3%8 ?Békg The PCP 3 contains all of the

requirenents for t internedjate im rocess Iuding white
bal ance, col or o%?ggwsgﬁa%%hgﬁgﬁﬁﬁp%EHﬁFhﬁW@ﬁﬁggék R%r peni ng, and hal f
toni ng. In addi 5 ; E % 8 t he user interface and entire
print process, ﬂ]ﬂ§a§ @?WHW6’ §S"IYEF1 ¥ty of image formats. The PCP 3
al so contains i te % ces to_al ort and inport of photos, conplying
with the DPOF ( % i[’ oWB 'lerﬁr“‘ﬁjr"aé’ g‘é@F fat) standard. 1.2H GH LEVEL | NTERNAL
OVERVI EW The PCP. 3 s designed to be fabrlcated using a 0.25 mcron CMOS
process, with &fpPo oM a%iPC';’Lé'aﬁ{am ploe Resgranle gad §reaéﬁ kveipaneg | Ghagel whi ch
are flashmn&mary or static RAM This J|leads to an estinated area of 16mm®.
The estimated manufacturing cost is $4 in the year 2001.

Fig. 54 shows a block diagram of the Cenvolve Unit.

Fig. 565 shows the order of pixels generated from the receptor.

Fig. 56 shows movement in x or y in rotated and unrotated space.

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

Fig. 58 shows the relationship between green entries dependent on rotation.

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

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

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

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

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

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

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

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



The PCP 3 is a relatively straightforward design, and design effort can be
reduced by the use of datapath conpilation techniques, macrocells, and IP
cores. The PCP 3 contains: A |low speed CPU mcrocontroller core 10 1.5
MBytes of multi-level Flash menory (2-bits per cell) 11 A CMOS | nmage
Sensor Interface 98 inside an Inmage Capture Unit 12 16 KByte Flash nmenory
for program storage 13 PCP06-5G -7 4 KByte RAM for program vari abl e
storage 1HPPREEPCP 3 is intended to run at a clock speed of approximately
100 Mz on 3V externally and 1.5V int€rnally to mninize power
consunption. The actual operating frequency wll be an integer multiple of

the Printhead opgy 6 ks HeQRHRMege FBS a@PMhé hef twéo% th {9cde a sinple
mcro controll e?%;tyl e %PU runnl%eg atwa bout Qe i Rﬂ-ﬁ. %?eCCPU 10 and

sen f n be vendor supplled cores. Figure 2 shows a
bI ock di agragEh%ﬁ{vhdeEE%&an isolation. The PCP 3 is designed for use in
Printcam Y nE ure, 3 shows a bl ock diagram of the PCP 3 connected to
the rest 3 i’ﬁ% Wﬁ"ﬁ?’&'&ﬁlpf’lé'r RYEW2 PRI NTHEAD BACKGROUND The PCP 3 i's
specifically designed to connect to a 4-inch (10-cm) Menjet printhead 2.
The printhead 2 P% Fijgieem ential jagrestir dPRPpesaesses abthsdrresssging Pawerfenawi de

printed i PRg&m éibtdtldﬂgieblf ey t t:ié’liignb@ tdxR lIs‘SBG’ ﬁhdhe ﬂ’ﬂﬁdaﬂﬁdjgltapﬁ@%mg'g systen® rCT)gIQEI'?(Cj]\IorC]F

t t t
3 NCH PR BRI SR P gk et i s it s e b Sl it ot mee
segnent 1pidhtauh In terins ichinmage gtdeessingathh RIP ¢dmebesiougan bisas2deiryr the tranditerlcgvel
cyan, mMRggnLas Mc%gjré B"ﬁnﬂt%tsaé)éﬁP%% %Jré grent part of the page to produce

the final 1age ositl egments are shown in Figure 5. Since
t he printhead ZTB? f”?ﬂ%%ﬂﬁ%"h‘ﬁ axgeos inpige Se%ﬁ@hwﬂ'@h‘:ﬁ@w@@afjﬁﬂq n1e0R@R er, and

spaced 15. 875p. mla'ggarﬁe lngg,@er@@qgth@%ggel,mhd@%grrent prints 800 dots, W|th
the 8 segnment s or, éj in os itions: le 1. Final | mge Dots
Addr essed® by Eagﬁ %E‘%‘ﬂ S"g‘b WF@QOdB'&Pq_”agttp”ﬂﬁf capable of printing in three

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

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

1.2HIGH LEVEL INTERNAL OVERVIEW

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

datapath compilation techniques, macroceils, and IP cores. The PCP 3 contains:

. A low speed CPU/microcontroller core 10
. 1.5 MBytes of muiti-leve] Flash memory (2-bits per cell) 11
. A CMOS Image Sensor Interface 98 inside an Image Capture Unit 12

. 16 KByte Fiash memory for program storage 13



00799 18001, 599 21, 6002, 399 32, 4003, 199 PCP06- SG -8 43, 2003, 999 54, 0004, 799
64, 8005, 599 75, 6006, 399 Al t hough each segnent 21 produces 800 dots of the
final image, each dot is represented by a conbination of bi-Ilevel cyan,
magenta, and yellow ink. Because the printing is bi-level, the input inmge
shoul d be dithered or error-diffused for best results. Each segnent 21 then
contai ns 2400 nozzl es: 800 each of cyan, nmagenta, and yellow A four-inch
pri nt head PPPoE-8%At ai ns 8 such segnents 21 for a total of 19,200 nozzl es.

2.1.1 Grouping of Nozzles Wthin a Segfent The nozzles 22 within a single
segnent 21 are grouped for reasons of physical stability as well as

m ni m zati.on of mawes mm:wga];én%”gué LBQgP44 Nting. In terns of physical
stability, a total 'of 10 nozzles share fgle sanme ink reservoir. In ternms of

power consunpti Gipe P(ﬁ’r Qlt'sofnfégﬁeoa{oeruﬁr%gg o @H&.@alcﬂ aglprjoﬂ%l%&ef‘og Mot av
hi gh-speed printing no printh ea 2 sup inting speeds to

al ow di f FEPERlY ety 'BGW@HV fprfﬁﬂ@%cwwgr qoaswt%d'@e |aﬁtuel|qpe'@t+@1freqp¢wuct

confi gur atil®asn |dtégetr haitibie bF m@eﬁﬂhéydloaédanﬁ; AR ke 9r¢ae RPLZA08SinRRJIY 16 bbb ed
fired nozzl es should be

si mul t anequs rom rinthead

maxi nal | y HlpL% Qﬁfo'coé’ﬁg"%ﬁ SW@Z@F@SWB@"%F%E‘WUF ﬁd\"g’r Jifth BgcHPEGrAndtOMes fire
al |l 19, 206emozigtiedace 12@6n be fdndoresnppliseteenf 96 nozzl es nust be fired. In the
hi gh- speed printing node, 192 nozzles 22 are fired sinultaneously from each
4-inch print headcigire Tétewk abidk tiegraines thd 2Celaantsdiater. maxi mal | y di stant, so 24
nozzles are fired fromeach segnent. To fire all 19,200 nozzles, 100
different sets ahePBR Fipdedighad Fonate ib®rihtcard dystehite FIQnes sheWw$Ss YBEK diggtarhn t he

| ow speed LS hal f t.he hi gh-speed node. Note however, that the
ener gy coﬁgﬁérjrg(ébﬁgoﬁr!reftﬁfj toath?feﬁEOfn‘éQn%m%@Wj%r 2%fage, is the sane in both
cases. In_a scenario such as a battery powered Printcam the power

consunpt i 4RRINTHEAD BACKGROUND
The PCP 3 is specifically designed to connect to a 4-inch (10-cm) Memjet printhead
2. The printhead 2 is used as a page-width printer, producing a 4-inch wide printed image
without having to be moved. Instead, paper 20 is printed on as it moves past the printhead 2,
as shown in Figure 4.

2.1COMPOSITION OF 4-INCH PRINTHEAD

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

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

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

Table 1. Final Image Dots Addressed by Each

Segment
Segment First dot Last dot
0 0 799
1 800 1,599
2 1,600 2,399
3 2,400 3,199




requi renents dictate the use of |ow speed printing. PCP06-5G 2.1.1.110
Nozzl es Make a Pod -9 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 nozzl e 22 produces dots approximtely 22.5m in dianmeter spaced on a
15.875m grid. Figure 6 shows the arrangenent of a single pod, with the
nozzl es 22 nunbered according to the order in which they nust be fired.

Al t hough T#®5-p®zzles 22 are fired in this order, the rel ationship of
nozzl es 22 and physical placenment of -8ots on the printed page is
different. The pozzles 22 fromone row represent the even dots from one
line on the page, and4athe n zzles op.2bthe ot her|row repegsent [the odd dots
fromthe adjace i e—page.—Hgure—7F+shows—the-sare—pa9d 23 with the
nozzl es 22 nunbpred atcordi fig to thé0¥ der in Wwhich #H8Y nust {be | oaded.
The nozzles 22 W thinga pod]23 are Q gyefore Iaglcallé &eparated by the
width of 1 dot} _The exact ) anzE 8 22 wi l{I depend on
the properties pf the7Menje firingso®echani sn The pprowt head |2 is designed
wi th staggered nozztes—designed—to—ratch—the How—of—paper—20. 2.1.1.23
Pods Make a Chromapod One pod 23 of each color (cyan, magenta, and yell ow)
are grouped into a chromapod 24. A chromapod 24 represents different color
conponents of t horlzont set of 10 dots, on different |lines. The
exact distance gﬁ? EﬁmahﬁF@?%ﬁt 1.gPdeen GAQ 995 dlofiariial image pREMMIGY Bt

oper at i ngrepesentet ey Sconeivatioreof bidavey qfahomgema thwdiw IBIESBegﬁuste chegh@lildas . The

di st i dth d must
her of or o e HRdf Fifab Shcl 8 FROR Ao PRE o bed R, et e by the

cyan nozzles w | f.feren rinted t he magent a
or yell ow nozzl EECh %ﬂe"? by gl}ntheﬁgcogfamgr r%of‘%zesst E‘Q‘?F%% ?ya% 'Uﬁqel%ﬁ’bl apd

di st ance Ygiow.cA faweingh F8mt!|1©@d Acatdins Sraicivesgmeots|2d @ a(tstelef TaRtonadziéor nor e
details). Figure 8 illustrates a single chromapod 24. 2.1.1.35 Chromapods
make a PozlgnGequpingcdfmMNoazipoWithind Sdgimeat gani zed into a singl e podgroup 25.

Si nce each chromapod contains 30 nozzles 22, each podgroup contains 150

nozzl es 22: 50 Q’y@.lﬁozzﬁ@ zza@ﬂm a, su@lbdsé_g%enﬁ/,@i La@vxg,aggealfg,sreamg Arghfgenment is
shown in Fl t he di stance

t
Dot woen P & Vel A e et SRR g Biing, b ams of physca

stabllity, a total of 10 nozzles share the same ink reservoir. In terms of power consumption,

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

The printhead 2 supports two printing speeds to allow different speed/power trade-
offs to be made in different product configurations.

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

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

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

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

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

In a scenario such as a battery powered Printcam, the power consumption
requirements dictate the use of low-speed printing.



PCP06- SG 2. 1. 1. 42 Podgroups make a Phasegroup -10 2 podgroups 25 are

organi zed into a single phasegroup 26. The phasegroup 26 is so naned
because groups of nozzles 23 within a phasegroup are fired simultaneously
during a given firing phase (this is explained in nore detail below) . The
formati on of a phasegroup from 2 podgroups 25 is entirely for the purposes
of | ow speed and hi gh-speed printing via 2 PodgroupEnable |ines. During

| ow speedPHs-BEi ng, only one of the two PodgroupEnable lines is set in a
given firing pulse, so only one podgrBup of the two fires nozzles. During
hi gh-speed printing, both PodgroupEnable |ines are set, so both podgroups

fire nozzhgs.116N3sAAMd ¥péy | OW speed print takes twice as long as a
hi gh-speed print, since the high-speed print fires twce as many nozzl es

at once. Figur eA%gﬁdé ;lousztsrcéﬁéi‘sg s 818 BB LA Ol Uﬁor g :T“t% "O%Qi 1.52

di stance between acent groups 1 s exaggerate
Phasegr ou%%arﬁa%enearom prsky @rgpn TedepHhese geasiens? RFW&%%@T%WNWiP%er oupB)

are Organlnb%inétértsea@d%hwls%rsﬁm LREN Fé@Znowéntﬁéﬁarﬂan§érﬁ§969é19§ b Pocf ARA
are so.na ecause th a fire t%e same nozzl es

segnent. Fire s 27 d

27gsi mul t 8188 ;r% “*I'W/Berg%ﬁ‘i?lo@'r'lgltngg OrdgER AfhicE t"&ﬁ&“’éﬁ?ﬁiﬁ?"e allowthe firing
of PhasegroupA nozzl es and PhasegroupB nozzl es independently as different
firing phases. AHRYIBMMFRRRAE SIeh SIS %4t Yareatershirrpbnegrist 23@8 bet ween

adj acent ghyeiogli mgemisst ofedoBYGe it ;ﬁlﬂltefd()‘:fagéhs?lﬁlffébént ahd ndzANOZZ frém @ﬁ@ugw ng_ o
Sunmar y T%@eger% tﬁe evg? E&n?gm%ne Ilne o %g%;zelpgr?t%b (gzla%%ipr@gﬁnep Hwnrtepr%gen abt e

2. Nozzle a sing
G oupi ngChadd |dDiSdmRetblb|wEC¢r¢ Ifh&)zrz tf@ ragRAfigET LahbwiNte zdame 2B 2Sewithinthe 1: 11

Pod 23Nozgzd.6s @@ﬁum@&c&&%mmmamn %@E’ﬁfﬂéy RESt bMWY a&d)r omapod3: 130
Podgr oup 25Chr onmapods per podgroup5:

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

2.1.1.23 Pods Make a Chromapod

One pod 23 of each color (cyan, magenta, and yellow) are grouped into a
chromapod 24. A chromapod 24 represents different color components of the same horizontal
set of 10 dots, on different lines. The exact distance between different color pods 23 depends
on the Memjet operating parameters, and may vary from one Memijet design o 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-widths between colors (see Table 3 for more details). Figure 8

fllustrates a single chromapod 24.

2.1.1.35 Chromapads 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.



PCP06- SG -11 Phasegroup 26Podgroups per phasegroup2: 1300 Firegroup
27Phasegroups per firegroup2: 1600 Segnent 21Firegroups per segnment4: 12,400
4-inch printhead 2Segnents per 4-inch printhead8: 119, 200 2. 2LOAD AND PRI NT
CYCLES A single 4-inch printhead 2 contains a total of 19,200 nozzles 22. A
Print Cycle involves the firing of up to all of these nozzles, dependent
on the information to be printed. A Load Cycle involves the | oading up of
the print ie®8S%i th the information to be printed during the subsequent
Print Cycle. Each nozzle 22 has an asstkiated Nozzl eEnable bit that

determ nes whether or not the nozzle will fire during the Print Cycle. The

Nozzl eEnablig 4% B gmgmgamggéﬁau @re | oaded via a set of shift
regi sters. Logi caPI y there are shift registers per segnent (one per

color), each 80G lq rgupsaé% arQ'ng%gi@éc?mﬁm gﬁﬁgphﬁktearé%ezss‘?hé arsgé%ﬂatft{ : sfor a

gi ven color they are direct | ower an noz ernate
pul ses. | At 83Med fegausg QEPR piogdes 2 within a P’@@?Qi@@ra“? fred simyianseushoduring® 400-

deep shi f§|vére@‘|n§tpﬁé§e trﬁﬁ"l@efqﬂé' nédhﬁm@&pﬁfaalr!@%@ ). a%e foMicR M8 a hREsehidBp franer
nozzl es. |nt the a [Lternaelnternal regi sters.

As far as t'??ggrg%? ?géﬁ eptﬁ?}érf ! @8 R”§P°é%~%8 [Metpee “SPEgbPANtNG via &j ngl e
800 deep Phdgr¢upErgfileshines.. Once all the shift registers have been fully
| oaded (800 | oad pul ses), all of the bits are transferred in parallel to
t he appropri at e DNdagbeEpedal peindirigt snly driei ¢ tr@qwapa@grcblpraatsé gk & gaainaldiveh

t f 0 f h t k t.he Print |
e beg g As)So Bl oo GREEo 0P uld AT oS AR nB B A bl 5s
| ong as t ﬁ@dmﬂ)ﬁmbéﬂ lines ge¢ ssf, sabpth ppiaroupe Freatvkzies Cossegeantly s laxt-spehd pamd  of
the Print 14y ce 8 Bnd 3%0@14|tgﬁ¥5ée@ ;;Fh? SHQQQheq{lﬁlh g}lgéeﬁ p?lﬂpﬁ't@é %gﬁ\b tnréngoad' ng

the printhead' s shift registers with the next Cycle's zzIl ekEnabl e
bits. EachOZEHARENCS21 has 3 inputs d| rectly rel ated to t he cyan, magenta,
and yell ow shift registers. These inputs are called CDhataln, Mataln and
YDatal n. Since fifdfee 18 ilistates dhfe Gpapostielrs - a@hasegroup. The distance between

adjacent podgroups is exaggerated for clarity.

2.1.1.52 Phasegroups make a Firegroup

Two phasegroups {PhasegroupA and PhasegroupB) are organized into a single
firegroup 27, with 4 firegroups in each segment. Firegroups 27 are so named because they all
fire the same nozzles 27 simultaneously. Two enable lines, AEnable and BEnable, allow the
fiing of PhasegroupA nozzles and PhasegroupB nozzles independently as different firing
phases. The arrangement is shown in Figure 11. The distance between adjacent groupings is
exaggerated for clarity.

2.1.1.6Nozzle Grouping Summary

Table 2 is a summary of the nozzle groupings in a printhead.

Table 2. Nozzle Groupings for a single 4-inch printhead

Name of Grouping Composition Rﬁpéi:f;go héziz,:f

Nozzle 22 Base unit 1:1 1
Pod 23 Nozzles per pod 10:1 10
Chromapod 24 Pods per CMY chromapod 31 30
Podgroup 25 Chromapods per podgroup 5:1 150




there are a total of 24 color input lines per 4-inch printhead. A single
pul se on the SRClock line (shared between all 8 segnents) transfers the 24
bits into the appropriate shift registers. Alternate pulses transfer bits
to the | ower and upper nozzles respectively. Since there are 19, 200
nozzles, a total of 800 pulses are required for the transfer. Once all
19,200 bits have been transferred, a single pulse on the shared PTransfer
i ne causB¥%-pe parallel transfer of data fromthe shift registers to the
appropri ate Nozzl eEnable bits. The pa‘r%?l'l el transfer via a pulse on
PTransfer nust take place after the Print Cycle has finished. Qherw se

t he Nozzl eEnalﬂhesetg'rdusz‘eor ttre;d@rbms piéepmeg:wmmt ed w I2}1 be |i ncogpgeect. Since
all 8 segnents—2%t—are Hoaded—wi-th—a—st ||g| e—SRetacek pU| Sey—afty—Ppf nt i ng

process nust FPPYNRY t he daAtassgrrupheerdisgrauet sequerdle far théOfb i nt head.
As an exanpl e, rst S [ transfer, the s for the
next Print r‘Sleéngntfggt Q, Fﬁe&%@ﬁﬁg %egwghlj 32040, 4%(5]0 8(?(\3/54<6B.Bn 5600. The
second SRd 0(:I4-immlp$iethe&d2 tmgméﬂs pérhenéﬁanheécs f or gtthe nextig2éy | nt Cycle's
dot 1, 801, 1661t 24061t —3201 4001+ —480t—and 56606+—After—'806—SRE ock

pul ses, the PTransfer pulse can be given. It is inportant to note that the
odd and even CWMY outputs, although printed during the same Print Cycle, do
not appea n.the sical output line. The physical separation of
odd and eé‘é"ﬂoﬁBﬁPﬁ'%(&#‘ﬁst he printhead, as wel|l as separation between
nozzles of different colors ensures that the?/ﬂvm | | produce dots on

di fferent |ines”of"¥h&-paqgeinthed & qopfpiRg a,tal @ ?é%n%'em}@t Apfring &yefeint ed

}‘or Whgn in@cﬂd!smge ﬁrh@ diap & aln&thésBEhofﬂldané‘[@ﬁ@bnt Eﬁﬂ)eaﬁfbﬂdﬁhon Qlﬁef;ﬁthﬁﬂcﬁ |E

i nes dep ter| i n ni smused jn the
print headE a‘fi%élgfé iTPe E?Setﬁ%éjg P géﬁedgwg‘ﬁgéwﬁﬁlthgﬂqr@ﬂ%g %prﬁ'fﬁﬁ'% "9ifere D,
is the disitbaentent Rviot Qesen nozzl es of different colors, and D2 is the

di stance between nozzles of the sane color. Table 3 shows the dots
transferred to Segmenatle2bbs an pssonibthe MdzzieErabie Hititha dedrmpndsseithel atroe 3.

Ui nevegent o ool 1R B iad P Nes oaE si IR sl +Bheest, o2 - s

= segnent VidaRYS siibepistemd, = nunber of |ines between the nozzles of one
color and the next (likely = 4-8) 3D2 = nunber of lines between two rows of
nozzl es of the begieally tiets arg 3] shiff rpgisters)pePSROBNSGNe pgr color), each 800 long. As

bits are shifted into the shift register for a given color they are directed to the lower and upper

f

nozzles on alternate pulses. Internally, each 800-deep shift register is comprised of two 400-
deep shift registers: one for the upper nozzles, and one for the lower nozzles. Alternate bits are
shifted into the alternate internal registers. As far as the external interface is concerned
however, there is a single 800 deep shift register.

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

2.2.1Load Cycle

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

Each segment 21 has 3 inputs directly related to the cyan, magenta, and yellow shift

registers. These inputs are called CDatain, MDataln and YDataln. Since there are 8 segments,



38005+2NN\+D, N+2D, 4800S+3N+D2N+D, +D2N+2D, +D2 And so on for all 800 pul ses.
Data can be clocked into the printhead at a maxi numrate of 20 MHz, which

will load the entire data for the next line in 40s. 2.2.2Print Cycle A
4-inch printhead 2 contains 19, 200 nozzles 22. To fire themall at once
woul d consunme too nmuch power and be problematic in terns of ink refill and
nozzle interference. Consequently two firing nodes are defined: a

| ow speedPeF-A® node and a high-speed print node: 1In the | ow speed print
node, there are 200 phases, with each pttase firing 96 nozzles. This
equates to 12 nozzles per segnent, or 3 per firegroup. In the high-speed
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ft is important to note that the odd and even CMY outputs, although printed during
the same Print Cycle, do not appear on the same physical output line. The physical separation
of odd and even nozzles within the printhead, as well as separation between nozzles of
different colors ensures that they will produce dots on different lines of the page. This relative
difference must be accounted for when loading the data into the printhead. The actual
difference in lines depends on the characteristics of the inkjet mechanism used in the
printhead. The differences can be defined by variables D, and D, where D, is the distance
between nozzles of different colors, and D, is the distance between nozzles of the same color,

Table 3 shows the dots transferred to segment 1 of a printhead on the first 4 pulses.

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

N N+D,? N+2D,

1 800S

2 8005+1 N+D N+Dy+D, N+2D+D,

'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)



overlap. Thus the 200 phases of a | owspeed Print Cycle consist of 100 A
phases and 100 B phases, effectively giving 100 sets of Phase A and Phase
B. Likew se, the 100 phases of a high-speed print cycle 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 2s cycles, while in a | ow speed
print thePerias@ 100 2s cycles. For the high-speed printing node, the firing
order is: ChromapodSel ect 0, NozzleSel¥%ct 0, PodgroupEnable 11 (Phases A
and B) Chr omapodSel ect 1, Nozzl eSel ect 0, PodgroupEnable 11 (Phases A and
B) Chr omapodSel ect ,soblgz;_zl eSeNect 0, PodgrgupEnabliaey:bd, (Phages A and B)
Chr omapodSel ect 3, Nozzl eSel ect| 0, PodgroupEnabl e 11 j( Phases Al|and B)

Chr omapodSel ect 4,4 Nozz808S8e3 ect | B+D:Podgr oupBrabDPe 11 [(NR2BsEs A |and B)

Chr omapodSel ec and B)

Chr omapodSel ect 3 Nozzl eSel ect 9 Podgr oupEnabl e 11 (Phases A and B)

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

t he | ow speed pr ralfiﬁlig e firing order is simlar. For each phase of
the high speed rm e ere (?Hj?%upEnabl e was 11, two phases of

Podgr oupEnabl e a are substituted as fo Chr o Sel ect 0,
Nozzl eSel ect O, qggaﬂcﬁl“&ﬁﬁéﬁ}éegl”gogfp('ﬁhﬁasdeaé aK‘%WH”Bja %%ﬁa‘%‘g‘é@ﬁg’

Nozzl eSel tetenflre dRadgrteuEkinblinet0l®. (Phases A and B) Chr omapodSel ect 1
Nozzl eSel ect 0, PodgroupEnable 01 (Phases A and B) Chr omapodSel ect 1,
Nozzl eSel eet2peint Baggr oupEnabl e 10 (Phases A and B) ChronmapodSel ect 3,

Nozzl eSel ect 9, PodgroupEnable 01 (Phases A and B) Chr omapodSel ect 3,
Nozzl eSel ect 9, Apﬂﬁﬁﬁ%ﬂﬁﬁéh?dbi Gorkhind P8GR RoAaRd. B) fire BthUTBRRAIEWEGS 4
Nozzl eSel ect 9, Pod Enabl e 01 (Phases A and romapodSel ect 4,
Nozz| eSel EXEUBE 19901 ‘Fho 3BY &e peeb }W%ébteﬂn%lﬂfdmﬁie‘r‘v\ﬁéﬁ naz%@%rf@eg% fires,
it takes apmequdntptvel fitingGtislet are @dfinkd: .a ibWapaRiZFine mdde and B digh-dpeed pringd

bef ore thj efill time has elapsed. This limts the fastest printing speed
to 100s per line. In the high-speed print node, the tine to print a line
is 100s, ¢o0 theln itheeloWespersepnrintimgdeg thereP@ROBIISHhases withzedch dhaeamfiome96i ne to

the next matchesoiAg i ddubtel o nodRdd fROsddienl b pst RRGALRT | Nt node

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

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

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

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

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

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

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

compensate for temperature change.



acceptable. The | owspeed print node is slower than this, so is also
acceptable. The firing of a nozzle 22 al so causes acoustic perturbations
for alimted time within the comon ink reservoir of that nozzle's pod
23. The perturbations can interfere with the firing of another nozzle

wi thin the same pod 23. Consequently, the firing of nozzles within a pod
shoul d be offset fromeach other as | ong as possible. W therefore fire
three nozB¢re&sérom a chromapod 24 (one nozzle 22 per color) and then nove
onto the next chromapod 24 within the 4podgroup 25. In the | ow speed
printing node the podgroups 25 are fired separately. Thus the 5 chronapods

24 within both ﬁﬂgg\reﬂHﬂé aﬂa‘SBtEn%é Fé Eegaaha‘?é e% ih %?cﬁafr tﬁagtﬂbecﬁﬁng”;?ﬁ) Ly es

again, totallin 2s cycl es. uent eac once per
20s. | n PYREaM|TgHS !ﬂse?@a Ppeseatof ﬁ@“h%@d Ptlm&ypl@@gm&mhpﬁ%‘\ ahases rancbam Bget her .

Thus the 5has§§1réﬂ'€&ﬂé]¢§lv%6 100 tsbis 1 Rndene b@d pmr@mewggtthéhbo bhdsgs Before the
first chr totallin X 2s cycl es uently each

res aj
pod 23 |sﬁlﬂh ?%%%H%@Vﬁ%?‘%ftﬁt%ff’%ﬁsp“@ﬁ% %HL?O@rFﬁ‘ﬁﬁ"’e?'l' effegt'\setycﬂwngﬁgo hgsRs of he
vel oci ty pass@wnd phasetthe i nk is around 1500m's, the resonant frequency of
the ink channel is 2.5MH, thus the | ow speed node allows 50 resonant

cycles for the &lg@testz ﬁho]iw|tI$eEAIErQabdaadm$EnaEI@dméd’I&1rhgglhyﬁdﬂaﬁ@dntrm}d:fé &l dows 25
erf nce. i s n both cases.

t t i
5. 3sampl TR A R et < bl ie Pee i ol [IE FiRan 4+ x
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200 s. In the | W%ﬁﬁﬁggiﬁ% g; re per firing pul se,
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The 800 SRC ock ChuhrmpsdSect ) tlopriéSetehien @odgré@Eable | DEGhaguslssdiByansferri ng 24
bits) nugt also take place within the 200 s line tine. The |length of an
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print head® nust Béroglaped&etectst NaagebelectP, RdeireupEnablPCHFO28SA-ah6 B) he aver age

time to cal cul atgroRRpilidtickt 4 Absfeseledfo, PBEJIoEnsNIE1ABN200 Npgsh es) mist not

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

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

are substituted as follows:

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

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

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



200ps / 19,200 = 10ns. This requires a dot generator running at one of the
follow ng speeds: 100 MHz generating | bit (dot) per cycle 50 MHz
generating 2 bits (dots) per cycle 25 MHz generating 4 bits (dots) per
cycl e 2. 3FEEDBACK FROM THE PRI NTHEAD The printhead 2 produces several |ines
of feedback (accunmul ated fromthe 8 segnents). The feedback |lines are used
to adjust the timng of the firing pul ses. Al though each segnent 21
produces PA¥E8ane feedback, the feedback fromall segnents share the sane
tri- state bus |lines. Consequently on1V’bne segnent 21 at a tinme can
provi de feedback. A pulse on the SenseSegSelect |line ANDed with data on

Cyan enabhgsie fih SRO%ER tol th@%%xtfrﬁ)étcﬁegaﬁe e%mrmet ma #gfth%gﬁg(siﬁé!%@é% SER$fodk! nes

wi Il conme fromthe selected segnment until the egSel ect pul se.
The feedbdtiePERifsEe|lqysereed pint Fiode i5)sjoygkthan fh?e?%'éa'ﬁ?lﬁ??@ﬂ%b'? he control | er how
hot the printhead is. This allows the controller to adjust timng of
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to |ithogeaphi cnmd 184-Sktel PriMitgi rAddeARS cu?ﬂél%s 3k | Vel RE aré’t@l?tfrf?xlsltﬁé’St 0
adj ust the pul se_w dtqh?agppr@ riat eldé%| PECI AL CYCLESD 1 Preheat Cycle
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has a congi sten [ rium era st net . before
printing any do}tinsg‘gﬂﬁ?' éged n]%n;rp%éhted ?gaouzgs dq%% 1%&:”(%6 3G - 17
T h e Preheat cy@peamﬂ\séﬁwmasswlhgabderemardu@ttfre betoraathda fimchrdnepodiel 1 s
(i.e. setting abpain, totalling 5 x 2ps cycles. Consequently each pod 23 is fired once per 10 ps.

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

resonant cycles. Thus any acoustic interference is minimal in both cases.
2.2.35ample Timing

As an example, consider the timing of printing an 4” x 8" photo in 2 seconds, as is
required by Printcam. In order to print a photo in 2 seconds, the 4-inch printhead must print
9600 lines (6 x 1600). Rounding up to 10,000 lines in 2 seconds yields a line time of 200 us. A
single Print Cycle and a single Load Cycle must both finish within this time. In addition, a

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

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

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

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



nozzles to fire), and a nunber of short firing pulses to each nozzle. The
duration of the pulse nust be insufficient to fire the drops, but enough
to heat up the ink. Altogether about 200 pulses for each nozzle are
required, cycling through in the same sequence as a standard Print Cycle.
Feedback during the Preheat node is provided by Tsense, and continues until
equilibriumtenperature is reached (about 30 C above anbient). The duration
of the PrB¥8&BG node is around 50 mi|liseconds, and depends on the ink
conposition. Preheat is perforned befole each print job. This does not
affect printer performance, as it is done while the page data is

transferrgd atv@raligﬂfs?mg'fcj Hicilate egaiclg b %I@@H&r%c@!ﬁh@1é,?0cpr¥o‘2§lés)tr@esf ﬁﬂﬁg@eeﬁ he

chances of nozz becom ng cl ogged, a cleaning cycle can b ertaken
bef ore ealPPHs/ i'HEC] DIPnsERisTemiEs P &0l aengyator jupripg &t ohe AiJBe folgwing $AE8Ysi nt 0 an
absor bent « spongeo MHa@esdratmg 1@ (®¥)PeLeyicRVOl ves a single Load Cycle to all
nozzles with lssBiM i nozzles to fire), and a nunber of firing

. setti al
pul ses to each nozzkﬁzeqenﬁ:ﬁtg’g%gﬁtfldé’gs)B?F@yg?eaned via the sanme nozzle firing
sequence as a stamtzrognétaiingt4 KBy ¢ots) parlegelaunber of tinmes that each nozzle
22 is fired depends upon the ink conposition and the tinme that the printer
has been R&FerDExCK¥MROM THERFINBMEADL he cl eani ng cycl e has no effect on
printer performance. 2.5PRI NTHEAD | NTERFACE SUMVARY A single 4-inch

pC:‘)i nt head 2 RIZS Th8 Eprihbbadd @i ﬂgq&@ﬁl’b‘éﬁérélolﬂﬁg of;rfaédbﬁcslél{a(ﬁﬂ‘hh\r,bmté&ﬁrbnﬁmeng hegd

nnecti ons i psDescr.i ption ro el ec ect ich chromapo

will fi resweﬂgﬁﬁgﬁeg%é@&%ﬁ%&‘%eg% aﬂ?@ﬂﬁei‘w| 02%‘35"81%9 YRS pydovdh gack ?r e

(0-9) PodegumepEriairbdREs thielseme fieedpantigthe fiegbdck frbinra séghmitcshaae the 8dme 0, 11)

AEnabl elFjL, r I Fi.ri I or phasegro B
bibdoRgs m&fﬁngg%e@g@ﬁaﬁ%neggﬂm%ﬁﬂm ik b yzsgidg%egﬁac&. phasegroup

PCP06- SG - 18 CDhat a I nput to cyan shi register of segnents 0-7
Mbat al n[ 0- 7] Swag\eﬂﬁs% Jnﬂﬂé‘%eﬁ&sﬁwﬁé‘&%é RNBEd Mﬁgbﬁg Gh C?Ln enables the sense

lines for that segment. The feedback sense lines will come from the selected segment until the

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

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

. Vsense informs the controller how much voltage is available to the actuator.
This allows the controller to compensate for a flat battery or high voltage source by
adjusting the pulse width.

. Rsense informs the controller of the resistivity (Ohms per square) of the
actuator heater. This allows the controller to adjust the pulse widths to maintain a
constant energy irrespective of the heater resistivity.

. Wsense informs the controller of the width of the critical part of the heater,
which may vary up to + 5% due to lithographic and etching variations. This allows the
controller to adjust the pulse width appropriately.

2.4SPECIAL 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.



segnents 0-7 YDatal n[0O-7]8Yellow input to yellow shift register of segnents
0- 7 A pulse on SRC ock (ShiftRegisterd ock) |oads the SRC ocklcurrent

val ues from CDatal n[0-7], Mbataln[O0-7] and YDataln[0-7J into the 24 shift
registers. Parallel transfer of data fromthe shift registers to
PTransferlthe internal Nozzl eEnable bits (one per nozzle). SenseSegSel ect 1A
pul se on SenseSegSel ect ANDed with data on CDatal n[n] selects the sense

| i nes forPEEgHEnt n. TsenselTenperature sense VsenselVol t age sense
RsenselResistivity sense WsenselW dt b 'Yense Logic GNDlLogic ground Logic
PWR1Logi ¢ power V-BusActuator G ound V}barsActuator Power TOTAL44 I nternal

to the 4-inch prhabhpast, cy@@ﬁlbol%%rﬁle N&a dybe tb 9!‘ %&%Q%t@@@@@%ﬁﬂ&%ll to the
bond pads: Table 5. Four-Inch Printhead Internal Segment Connecti ons

Nane#Pi nsPReE? | %?rﬁbﬁn%ﬂwﬁa%@é%%&f"m.Pe'ﬁe%tﬁﬁa%waleml hey durgtiea of the AispodSel e
ct Nozzl emdSedecinsufident b mezad erops, Wi teh@gpct@l higdtl dp the lik. @RodhepbBsit 2B6°P06- SG

-19 Podgr Sl%ses c?rI e%cr:[l Pc?zzr% ageanegllfnpe% éyglmfg throu C;p (f-He same sequoe]n'ée e:al'soé st%r%c?ard Print
Cycle.

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

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

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

2.4.2Cleaning Cycle

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

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

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

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

Table 4. Four-Inch Printhead Connections

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




upEnabl e AEnabi 1Firing pul se for phasegroup A e BEnabl 1Firing pul se for
phasegroup B e CDat al nl Cyan input to cyan shift register Mbatal 1Magenta

i nput to nmagenta shift register
regi ster SRCloclA pul se on SRC ock (ShiftRegisterd ock)
kval ues fromCbhataln, Mbataln and YDataln into the 3 shift
PTransfl Paral |l el transfer

t TsenselTenperature sense Vsens

n YDatal nlYel | ow i nput to yellow shift
| oads the current
regi sters.

of data fromthe shift registers to the interna
er Nozz| eERe9$-8C bits (one per nozzle). SenseS1A pul se on SenseSegSel ect
ANDed with data on CDatal n egSel ecsel €®s the sense lines for this segnent.

elVol t age sense RsenselResistivit

y sense

520 for

WenselW dt H ceaseolzpgi c1l@gi ¢ gf Qydwdn HaOiHE legisteCofReyEEnt R
V- 21Act uat or—Sotund—V+2tAct vatorPower—TOTALG5(-65—x—8—segrents
al | segnment s)Mpetelpl§-7$G 31 MEGE PROZERSINGUERANMBNtazhift register of
segments 0-7
YDataln[0-7] 8 Yellow input to yellow shift register of segments 0-
7
SRClock 1 A pulse on SRClock (ShiftRegisterClock) loads the
current values from CDataln[0-7], MDataln[0-7]
and YDataln[0-7] into the 24 shift registers.
PTransfer 1 Parallel transfer of data from the shift registers to
the internal
NozzleEnable bits (one per nozzle).
SenseSegSelect 1 A pulse on SenseSegSelect ANDed with data on
CDataln[n] selects the sense lines for segment n.
Tsense 1 Temperature sense
Vsense 1 Voltage sense
Rsense 1 Resistivity sense
Wsense 1 Width sense
Logic GND 1 Logic ground
Logic PWR 1 Logic power
V- Bus Actuator Ground
bars
V+ Actuator Power
TOTAL 44

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

bond pads:

Table 5. Four-Inch Printhead Internal Segment Connections

Name #Pins

Description

Chroma | 3
podSele
ct

Select which chromapod will fire (0-4)

NozzleS | 4
elect

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




The previous sections have dealt only with the highest |evel overview of
the PCP functionality - that of mapping CFA inmages to a variety of output
print formats. In fact, there are a nunber of steps involved in taking an
i mge fromthe i nage sensor, and producing a high quality output print. W
can break the high level process into two image processing chains, each
with a nunber of steps: |mage Capture Chain Print Chain The | nmage
Capture CA@%S¢s concerned with capturing the image fromthe Inage Sensor
and storing it locally within the Print®am The Print Chain i s concerned
with taking the stored image and printing it. These two chains map onto
t he basic Pr| pbédyaen f nct i|@mablethe magrolisy th meschoicdak @&PAni i) = | magg Capture
Chai n fol | owedetblPri nt Chain Reprint = Print Chain For exanple, a user
may print a thunbnajl inmgge (Take&Print), and if happy with the |results,
print severa gt derd cgpies (Reprint). This chapter—describes—an
i npl enent at i pfi ?%ﬂep nderﬁmWﬁﬁgﬁeE?B@@@@PW@Achain that neets the quality
requi renents Bf Prijntcam|{ At this stage, we are not consi dering exactly how
t he processingE&§|pe{fornnqw%@ugg&ﬁgmggwgaggmare, but rather what] nust be
st

done. These | gunctijons ml e mapped onto the various units within the
PCP. Regar dl ess—of—thePER+nplerentation,—therearea-nunber—of
constraints:| Chatle | hput |iGvagepiido gyagrhiftisegistet cont one RGB i mage. | The
out put i mage Ipr VET).ef _print head i -l evel dots at 1600 dpi]) in CW
col or space,ygﬁﬁpis?alwﬁyE@Fﬁg"gﬁggngﬁ%ﬁ%?m 4B (4 i nches wi de).

3. 0. 9Support i Formats The PCP 3 supports a variety of output print
formats, as s¥Daaini N1 Tabl|ereflow inputdd Yellow SR feagistdhe Wi dth of the inmgge is 4

i nches (natcargg;fﬁe prthead—wdth)—Cnty—the-tength—oef—the—pfi nt out
vari es. PCPO6SRECC 211 TaplAPuse o8 k &RhifpaigterHeskivands theyeumgnt NameAspect
Rat i oQut put S¥ ze OQutput r é@l@ﬁjffqr@) ataln, MDatalnand YDataln into the 3 shift

registers.
PTransf | 1 Parallel transfer of data from the shift registers to the internal
er NozzleEnable bits (one per nozzie).
SenseS | 1 A pulse on SenseSegSelect ANDed with data on CDataln
egSelec selects the sense lines for this segment.
t
Tsense | 1 Temperature sense
Vsense | 1 Voltage sense
Rsense | 1 Resistivity sense
Wsense | 1 Width sense
Logic 1 Logic ground
GND
Logic 1 Logic power
PWR
V- 21 Actuator Ground
V+ 21 Actuator Power

TOTAL |85 (65 x 8 segments = 520 for all segments)




Rotation (inches)(at 1600 dpi) Standard 302: 34" x 6"6400 x 960090 Passport
312: 34" x 6"6400 x 960090 Panoram c 334: 64" x 12"6400 x 1920090 Thunbnai
322: 34" x 2.67"6400 x 42670 The i mage sensor does not provide orientation
information. Al input inmages are captured at the sane resolution (1500 x
1000), and nmay need to be rotated 90 degrees before printout. Figure 13
illustrates the mappi ng between the captured CFA i mage and the vari ous
support edP@i%#® formats. Note that although the image is shown rotated 90
degrees anti- clockw se, the inmage car?%e rotated clockw se or

anti-cl ockw se. 3. 11 MAGE CAPTURE CHAIN The I mage Capture Chain is

responsi bhga A O FRFCESSNG gfromthe Image Sensor and storing it
| ocal |y Wlﬂ?'ll n the P?igntcam he | mage Capture Chain involves a nunber of

processes that %L% ﬁ@ﬁﬁg séc?o%ehé?/g e it gﬁl?f&“ ﬁen@ﬂilne@{a‘%gel GRRL ML s e Bcp Mage

Capture Chain is trate UENt 'secti ons
det ai | i ngfuppfienalii- fb@ir@bmﬁmIE%CF/’BmI@gQS toreagaetBetmitnut PrlanDematﬂrimfaCi thegeare ones

froman i gRgGLSERSRhs holeéé.hqmaﬁ]m@é &by .magg@nsﬁﬁ@ﬁ@géduﬁ{ ﬁgﬁ' | abl e,
we only consider the Bayer color filter array ayer as a

nunber ofui QUi PEE- \YRiceh brak t*&f*eh'%@de'r%?%ss fPFPemiori@a%e eraﬁqsa*ﬁ%ahwthe
CMOS sensedichlwith dinamdertcalktepg | ens) is assunmed to have been sufficiently
filtered go as ?m egfroyur ﬁh% aliasing artifacts. The sensor itself has an
aspect rati o of 222G resol ution of 1500 x 1000 sanpl es. The nost
i kely pixel arPdanddamnt is the Bayer color filter array (CFA), with each
2x2 pixel block arranged in a 2G nosaic as shown in Figure 15: PCPO6- SG
-22 Each cont on@hs émzdecCapftur® Ch&n is coite(ned it Ssppadigniyye tinageeithm ¢reclerage and

blue r esggr%BLé(rﬁll é@nntﬁt Iacgmpwftl? E%%ﬁtcglhaﬂ'l Q%fﬁpcﬁ)é ﬁ(ﬁ‘,l co%en‘%eﬁ%ttﬂqss'g thfgOnt ai ns

i nformati on about on ng" col or
i nf or mat i 6ﬁfeﬁrU§@er@drﬁm@‘Qo’éfT@P%? teechipiva grapcaty thb@aw Printezin dinctionFiie aCFA | s
consi der e@dva: per f orm adequate fixed pattern noise (FPN) suppression.

. Take&Print = Image Capfure 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 Prinicam. At this stage, we are not considering exactly how
the processing is performed in terms of hardware, but rather what must be done. These

functions must be mapped onto the various units within the PCP.

Regardless of the PCP implementation, there are a number of constraints:
. The input image is a CFA based contone RGB image.
. The output image is for a Memjet printhead (bi-level dots at 1600 dpi) in CMY color

space, and is always the same output width (4 inches wide).

3.0.1Supported Print Formats

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

print out varies.



3.1.2Linearize RGB 40 The image sensor 40 is unlikely to have a conpletely
| i near response. Therefore the 10-bit RG sanples fromthe CFA nust be
considered to be non-linear. These non- |linear sanples are translated into
8-bit linear sanples by neans of | ookup tables (one table per color).
Pixels fromthe CFA lines 0, 2, 4 etc. index into the Rand Gtables, while
pi xels from the CFAlines 1, 3, 5 etc. index into the G and B tables. This
i s conpl eP&1%5¢ ndependent of the orientation of the canera. The process is
shown in Figure 16. The total amount o ‘nenmory required for each | ookup
table is 210 x 8-bits. The 3 | ookup tables 45 therefore require a total of
3 KBytes (3 x 2111 bytes). 3.1.3Planarize RG 41 The pi xel s obtained from
t he CFA have their coTanle QlSappsertediimagé Eavexts due to the nature of the Bayer
nosai ¢ of pixel's. By Jthis we nean that on e\en horizontal ines, orje red

pi xel is fioll owed by |a green pi %%9 hen é’il' the red|pi xel - the
rl

di fferent lc g t @ 'ﬁtt Rifion 1
processi ng E‘L@{a}:né’qg A%‘.L??E'.‘t‘ﬂ’ . fa)ef' ﬁ"’c—}"a\n?% r |n t he

Pri ntcam pr%‘é@@gd% sy%ft em the Al gt‘)”rlthrrs cr6é00m9®0eff| cie@O if warki ng
on pl anar anayj zed i1 mage, 'S, one that_[as,_peen separated—1nto its
e o o tRe ora RO HAIDD

conponent |co t'h case 0 CFA K there|d%e 3 sgparate
| mages: onepdndREfc @:prt@e ning onlythe red pigk®) S1928pe | mMageggcont aijni ng

only the blue—pixels—and-oneiragecontainingonly the green pixeals. Note
t hat each pTl‘aImbH@IrﬁZy r%epr esent s vhe2pr'xel s 0B4eMas2670l or whbch wer e
actual ly sSanpled. No resanpliing 15 performed during the plamarizing
process. As a result, the RR Gand B planes are not registered with each
other, and the G pl ane is twice as large as either the R or B planes. The
process is sho [ G t rocess is quite
sinple - depen\é\ﬁng Ofr t ngorlc{oes ngfgr%}/ﬁe or'&%t;sgnﬁrg%ﬁ"ay hePy Jﬂ]?gﬁﬁt q?)i xel s
are sent faplurerkatiie@amegsioltion( 1|5ﬂ0t<H@O%mﬂﬁ@Wlnaﬁcetocbelr@ﬁtepbpéd%fseal:tealj)@
(ther ef or griddi. Fidife $@mﬁstt%fe'sefﬁl$ Abbiy BtwddranCEAhured hﬁA &b aﬁtdQHQvQ|oH§ 47

planar i es are.exact one quarter of the size of ori gl na
i mage. %‘&p%eg @W&é‘t@?"shgmﬁ Pareaithauh theiimace is eiowA ratat?én%q Swreth@’t'r ed and
blue i nage&waeethé inepetaris réhafidxlobbsgurgnt-closkasd, W th the red inmage
inplicitly offset fromthe blue

3.1IMAGE CAPTURE CHAIN

The Image Capture Chain is respensible for taking an image from the Image Sensor
and storing it locally within the Printcam. The Image 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.

3.1.1lmage Sensor 1

The input image comes from an image sensor 1. Although a variety of image sensors
are available, we only consider the Bayer color filter array (CFA). The Bayer CFA has a number
of attributes which are defined here.

The image captured by the CMOS sensor 1 (via a taking lens) is assumed to have
been sufficiently filtered so as to remove any aliasing artifacts. The sensor itself has an aspect
ratio of 3:2, with a resolution of 1500 x 1000 samples. The most likely pixel arrangement is the
Bayer color filter array (CFA), with each 2x2 pixel block arranged in a 2G mosaic as shown in
Figure 15;



i mge by one pixel in CFA space (1500 x 1000) in both the x and y

di mensi ons. Al though the green planar image 46 is half of the size of the
original CFA inmage, it is not set out as straightforwardly as the red or

bl ue planes. The reason is due to the checkerboard |Iayout of green. On one
line the green is every odd pixel, and on the next line the green is every
even pixel. Thus alternate lines of the green plane represent odd and even
pi xel s wi P#i%S¢ he CFA i mage. Thus theﬁ&reen pl anar image is 750 x 1000

pi xels. This has ram fications for tir resanpling process (see "Resanple
64" on page 28 below). 3.1.4Stored I mge 42 Each col or plane of the

l'inearized RGB 'Egag%ohtgné"’rsh%ﬁl@rbftl@ EEETBPI'B’ (I:cﬁ’lresﬁo‘?ﬂﬂertérr)éd § ag(ﬁj pihBe
menory should be Flash 11 so that the inmage is retained ter e power has

been shut "e§Pgctiveiiés toRits N%ﬁﬁﬁh?ﬁ%?*%ﬁm?%&momws frérmetioe aBPtﬁr?awuoz@d

| i near RGHr Rn®ge B. Estindat&08 t0RisEINg efor(ifpiiabd MBdt®kYnalie DeVB) thaimaeaad as
fol | ows 500 =375,000 bytes B: 750 x 500 =375, 000 bytes G 750 x

1000 750§%Hﬁgﬁv1és 3.2PRINT CHAIN The Print Chain is concerned with taking
an eX|st|ng |na rinting if to Memet printer 2. An
i mge is typical %EE’R Srﬁog’ggeé%d @88& rg‘fdg H?af e‘%@@r‘? rb%?ﬁ?l.‘:’?%ﬁ SUPRIPSSIRBUgh i t
can al so be reprinted éﬂ . Wi thout recapture). There are a number of steps
required P4-2LIM@2NaedHEE M ocessing chain in order to produce high quality

prints frem CFAmamﬁagb@éndom@smnk%lyg&ﬁﬁlelﬁcdnldéw ﬁr@g.er@saoh@e RhérBforddhai n.
The chain is diy ggﬂgﬁ % resol utions. first is the original
i mage capture sﬂg samp éfré’%\‘rfﬁe Hagwsthe “toﬁﬂd%tf betrﬁé liagae Jhass @enan

i nternedi ate re$nﬂautsample5&re(tkan§|e&dOfito BAAQ0inBLRAMPRS by 2deano f IddkQLIGbIeONE

pi xel s), and th [ ution is the printer resolution 52, with |ines
of 6400 bi-Iev%f &ﬂ%smygag.llnput Inage The input inage is alinearized

(?gfclr Imggg |4ﬁ gé?[xglg, fHo% tﬁ? glgﬁ?gneﬁ% ga otgf ?o th Casn (éotables %‘%necﬁ%s”{re Chai n
the CFA lines 1, 3, 5 efc. index into the G and B tables. This is completely independent of the
orientation of the camera. The process is shown in Figure 16. The total amount of memory
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
useful. However in the Printcam processing system, the algorithms are more efficient if working
on planar RGB.

A planarized image is one that has been separated into its component colors. [n the
case of the CFA RGB image, there are 3 separate images: one image containing only the red
pixels, one image containing only the blue pixels, and one image containing only the green
pixels. Note that each plane only represents the pixels of that color which were actually
sampled. No resampling is performed during the planarizing process. As a result, the R, G and
B planes are not registered with each other, and the G plane is twice as iarge as either the R or
B planes. The process is shown in Figure 17.



A nunber of statistics regarding the entire inmage need to be gathered
before processes |like white bal ance and range expansi on can be perforned.
These statistics only need to be gathered once for all prints of a
particul ar captured i mage 42, and can be gathered separately fromthe red,
green, and blue planar images. 3.2.2.1 Build Hi stogram The first step is to
build a histogramfor each 8-bit value of the col or plane. Each 1500 x
1000 CFA PPR§ECcontains a total of 375,000 red pixels (nmn 19-bit counter
required) 375,000 blue pixels (mn 1-bit counter required) 750, 000
green pixels (mn 20-bit counter required) Therefore a single 256 x 20 bit

table is requi reﬂeta@tumcblrdéesmqmtessﬁrﬁ@é afapefd) mme%élar @ftheb;s&ém%éwmt fe
P

hi stogramis straightforward, as illustrate omnng pseudocode:
For | = Q°Yiutpssls ?%ﬁﬁwm fre.ney POEH‘HF'BF“GF%%P'VW'%@ICO‘” P'wg%maa? {thergforenpge End
p = Inageﬂ@wambbu&hamybwte€$Entry[p]+1 EndFor 3.2.2.2Determ ne H gh and
Low Threshol ds Once the hi stogram has been constructed for the col or plane,

it can be used tTae réleaEid BRe a7 Hiphr Rided B0 &HBEHSINR! artduR Ly esihel ds ﬁan
or it pr og B CRORREES 742 tidh o e SR Berio ot B Rersd Ao bl el o
fromthe mmeopgrdmgrefne 150 nsioiqixetshemch, rviith diaer #eésmagml oplictlytotfsdiérogntpe bidabl e and
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expendabl therefore e he exact n1s expected to be
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(i.e. 0, dneckerboardiifoul of green. On one line the green is every odd pixet, and on the next line the
green is every even pixel. Thus alternate lines of the green plane represent odd and even
pixels within the CFA image. Thus the green planar image is 750 x 1000 pixels. This has
ramifications for the resampling process (see "Resample 64" on page 28 below).

3.1.45tored Image 42

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

The total amount of memory 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

3.2PRINT CHAIN

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

although it can also be reprinted (i.e. without recapture).

There are a number of steps required in the image processing chain in order to
produce high quality prints from CFA captured images. Figure 18 illustrates the Print Chain.
The chain is divided into 3 working resolutions. The first is the original image capture space 50

(the same space as the CFA), the second is an intermediate resolution 51 (lines of 1280



until the n%total is reached or we have travelled further than a set
anmount from 0. The highest of these values is considered the |ow threshold
of the color plane. Although there is a difference between these darkest
val ues, the difference can be considered expendabl e for the purposes of
range expansion and col or bal ancing. The process of determ ning the n%

| ightest values is simlar. It involves stepping through the color plane's
hi st ogr anP¢®$f t he count for 255 downwards (i.e. 255, 254, 253 etc.) until
the n%total is reached or until we ha&fe travelled further than a set
amount from 255. The |owest of these values is considered the high
threshol deinddd€ tdr!ReisP Al e Ml BUIEBN IHRE Brilts: Bsoifibh EERRGR D6 BEN t hese
| i ght est v_allues, thepg%ispfaerer?ce can b'encons?Tered oexpenda‘ﬁﬂeF ?or %e

pur poses Bfle¥eldfe expansion and col or bal ancing. The reason for stopping
after a set distance fromO or 255 i's to conpensate for two types of

i mges: wRdinput@geri gi nal dynamc range is |low, or where there i s no
white or black in an inmage In these two cases, we don't want to consider

t he entire n% offTheijpparmageds b bvearizedRERIEmge 42 bieregXpeadaline, & stwed yethdlave a

| ow range,} ' | |y, set the high 73 and | ow 72

t hr eshol ds a([agEE%%U%”S%@?%??%@S@“?&% xel values actually sanpled. The
exact di C L)l depend on the CFA, but will be two constants. A sanple
col or rangég%&'e%%hﬁbﬁs%‘gl ane is shown in Figure 19. Note that although the
entire 0-255 range is pgssible for an image color plane's pixels, this
particul ar i magg pyabeg O?éi?éth'cérreﬁiaéW@%.thef\B%@e arey f‘%‘é‘t tor R 9elhpEd 19¢ st ogr am
range 70, prédesbas Kepuiesdntaace byl enbaeg@insion aargBe iparfdried.| iese BEtisfics bhan i n

t he high { This i C t he hi.stoqgram must ntain . nor I xel s
w th by gn s S oAl bie AEARs bE T pAb Al BATRI W5 AT e Bedd 56 The
hi gh 73 asribatatply fn thiresls oreerd @ndvblge plbear dleages.m ned f or each col or pl ane

individually. This information will be used to calculate range scale and
of fset fadRdiBuilgHistoanarad in the | ater white bal ance and range expansion
process. The follow ng pseudocode illustrates the process of determ ning

ei ther of the twoe fitshstes sotedwild & distdgradn fan@athofubit heles hibihd colst pletePd=ih | on =
255, and Pebtaono ra hagbicBdaibdeidtigh threshold, StartPosition = 0 and

Delta = -1). The_ pseudocode assumes that Threshold is an 8-bit val ue that
wraps dur?ng addi 399 fed pixels (min 19-bit counter required)

. 375,000 blue pixels (min 18-bit counter required)

. 750,000 green pixels {min 20-bit counter required)

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

The process of building the histogram is straighiforward, as illustrated by the
following pseudocode;

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

EndFor

For Pixel = TmageStart to ImageEnd
p = Image[Pixel]
Entry[p]l = Entry(p]+l

EndFor

3.2.2.2Determine High and Low Thresholds

OCnce the histogram has been constructed for the color plane, it can be used to
determine a high and low threshold. These thresholds can be used for automating later white

balance and range expansion during the print process.
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an
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 efc.)
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 sampied. The exact
distance will depend on the CFA, but will be two constanis.

A sample color range for a color plane is shown in Figure 19. Note that although the
entire 0-255 range :is possible for an image color plane's pixels, this particular image has a
smaller range. Note also that the same n% histogram range 70, 71 is represented by a larger
range in the low end 70 than in the high end 71. This is because the histogram must contain

more pixels with high values closer together compared to the low end.
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A photograph is seldomtaken in ideal |lighting conditions. Even the very
notion of "perfect lighting conditions” is fraught with subjectivity, both
in ternms of photographer and subject matter. However, in all cases, the
subject matter of a photograph is illumnated by light either froma |ight
source (such as the sun or indoor lighting), or its own light (such as a
neon sign). In nost |ighting conditions, what may appear to the

phot ogr aph€i%-8& "white" light, is usual I y far fromwhite. I ndoor |ighting
for exanple, typically has a yellow cat, and this yellow cast will appear
on an uncorrected photograph. To npst peopl e, the yellow cast on the final
uncorrected photggridph i

conditions at tk-lmqutrﬁdr?rlen %HWIwgzotﬁgghﬂwﬁug b{%teﬁhgt;{)&égb%ﬁ%tcgw}a?%ﬂeth

per cei vedindgHeallyofhig 'F\@”‘i‘ﬁﬁ'}"@a&’t" bel“ﬁeq tg Cﬁ'ﬁ@?téﬁ‘ﬂgé se3igiRncaffsetfactoraior kerysedhi t e
bal ance om tee pROWRIG RARACOAIIGER eRibdtsioR grocdssOut . I n the same way, an inmage
can be perceived to be of higher quality when the dynamc range of the

colors is expandad f&il@wﬂ@tp@éhdb&fﬂefiHLIslraté@ﬂﬂeprbéés§%€Bet@r%rﬁrﬁg BlRP e thlmvé i's

particul afl an image is resanpled to a hi

resol uti O[pre}épéﬁst &% '&c{/ﬁsrd'ﬁ% gﬂgeStFEtPﬁ? heft = Pt @'?dn??&lFaat*elvT&Iﬁﬂ‘gg‘e@Hh be
used i n i thteghopiobiatreebspiixel= pasd bé10AS, B)vmechsélgocﬁde sepeetlatm-Bkoakyis | mage.
Range eXp?r(@}a?OaluesthQ%é ( .|¥e the fuII 256 vaI ue range to those

val ues ac | Tte S 5 s rapped to O,
and t he hi ghest Thoggliode 5 stagaispedoro 255 Al the |nt ernmedi ate val ues are
mapped to propordteorably internediate values between 0 and 255.

Mat hemat i cal |y, TgtlggDeraeLa{;i on perforned is a translation of LowThreshold 72
to 0O followed }}/ rmula is shown here: PCP06-SG -28
RangeScal eFact of l%ﬁodfo&ab[)elfﬁ m”faéﬁelﬁ‘? Ak rhim VEFUE$8 reduce the risk of
expandi ng the ranfeethed? fFafrrefgid detsditd s on cal cul ati ng LowThreshol d, 72
see Section 3. 2. 2rotaGat her1 St &k gtrheshe1aThese val ues (LowThreshol d and
RangeScal eFact or ) o i {d.: pe-diffgeant. flor each color plane, and only need to
be cal cul ated once per image. Both tasks can be undertaken simultaneously,
as shown in Fi g%ﬁ'g 28: Since this step involves a scaling process, we can
be left with saotasufy deteplenid] conponent in the nmapped value e.g. the val ue
12 may map to 5.25. Rather than di scard the fractional conmponent, we pass
a 10 bit 3.esRbfatelthahe s of integer, 2 of fraction) on to the next stage of
the i mage processing chain. W cannot afford the nenory to store the entire

i mge at Rotation of the image 81 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.

Table 7. Rotations from CFA orientation for
Print Formats

Print Format Rotation
Standard 30 a0
Passport 31 a0

Panoramic 33 90




nore than 8-bits, but we can make good use of the higher resolution in the
resanpling stage. Consequently the input image is 8-bits, and the out put

i mge has 10-bits per col or conponent. The |ogical process is shown in
Figure 21. It is inportant to have a floor of O during the subtraction so
that all values below LowThreshold 72 to be mapped to 0. Likew se, the

mul tiplication nust have a ceiling of 255 for +the integer portion of the
result soP¢M&$G i nput val ues higher than Hi gh Threshold 73 will be mapped
to 255. 3.2.5Resanple 64 The CFA onl y ¥rovides a single col or conponent per

pi xel (x,y) coordinate. To produce the final printed i mage we need to have
t he ot her col or gormewesti2val ues dtp each pixel. Utinmatelly we need cyan,
magenta, and yell i - arrive at cyan,

magenta, and yellow we need red, green and blue. Wth our
one-col or-per-pixel, we may have the red conmponent for a particul ar
posi tion, but me need to estimate blue and green, O we nay have reen

and need to est SIEE &6 ¥8 ARG LY BREFY ‘I’eg{ﬁé’sd'i“ﬁ infpEpation g f‘i‘spr”r}g © green,
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resol utiop e not .the final qut sol n,_addi ti Ithough
t he out pu i or?area anvt(;ier 568% CQ’ e bﬁﬁ("é’l ca e%ﬁ*ﬁf %Ff ﬁeCOBF PREE mﬁ,&%@ lﬁ

const ant @ﬂmpmwh@grdmOaaﬂmm dpi). The constant width of the printhead is
therefore 6400 dots. There are two extrenme cases to consider: |Interpolate

to CFA r esolwhite BalaRt®627@ld RatigeExpaiionns) , and then perform shar pening,
col or conversion. Finally scale up to the print resolution. This has the

advalnt age of a AcsMamlgRph |§€€Hdﬁ€f§k&g;nh@éd?@%htlﬁ@dom'oﬁé @@HW@@HO@B dhe | ow
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scal e-up unit t is cap roduci ng nt-res ter po val ue
per cycleﬂgmlnterpolate to t he prlnt resolutlon t hen perforn1sharpen|ng
and col or conversion. This has the advantage of only one resanpling
process, provi dimgosidistiting sentiicns. adat may-enpesrdp thet phigtegrapher agi"whitdy figit.dge of

requiri ngu@aﬁp@# Bor mhkmI|rtdobh@hmgsfopé@%laIeetyﬁf:auy REO9YehNOcalt, Bha Hidjefiow
i nt erpol at ed "val ue per cycl e as erform ng ‘shar peni ng
cast will appear on an uncorrected photograph o most people, the yellow cast on the finai

uncorrected photograph is wrong. Although it may match the viewing conditions at the time the
photograph was taken, it dces 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
value is mapped to 255. All the intermediate values are mapped to proportionally intermediate

values between 0 and 255.

Mathematically, the operation performed is a translation of LowThreshold 72 to 0
followed by a scale. The formula is shown here:



and col or conversion, all on an average of a single cycle. The sharpening
kernel nust be |arge enough to apply the CFA-res kernel to the high-res

i mge. Worse still, for sharpening, there nust be at |east 3 wi ndows kept
onto the output imge (each containing a nunber of 6400 entry |ines) since
on a single print cycle, the cyan, nagenta, and yellow dots represent dots
from6 different lines. Neither of these cases take into account the fact
that the PFM&ESprint output is bilevel rather than contone. Consequently
we can strike a niddle ground with regdds to resanpling, and achieve the
best from both nmethods. The solution is to interpolate to an internedi ate

resol ution. SharR%ﬁ&éS?cheﬁ&%rcéhb&l& becmtéﬁrté'é%a%%hhr va?ﬁe thPedb&ét gemRdigte
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The CFA only provides a single color component per pixel (x,y) coordinate. To
produce the finat 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 blue. 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.

Even if we did have the full red, green, and blue color components for each CFA
resolution pixel, the CFA resolution image is not the final output resolution. in addition, although
the output format varies, the physical width of the printed image is constant (4 inches at 1600
dpi). The constant width of the printhead is therefore 6400 dots.

There are two extreme cases to consider: _
. Inferpolate to CFA resolution (minimal interpolation), and then perform sharpening,
color conversion. Finally scale up to the print resolution. This has the advantage of a

constant sharpening kernel and color conversion at the fow resolution. However it



hol ds: where x,y = coordinate in nediumres space x'y' = coordinate in

| nput space nps = nediumres pixels per input space sanple k,,2 = {0,

-0.5} depending on rotation This nmeans that given a starting position in

I nput space, we can generate a new |line of nediumresolution pixels by
adding a Ax and Ay of 1/nps and O respectively 1279 tines. The fractional
part of x and y in input space can be directly used for |ooking up the
kernel cBefepeients for inmage reconstruction and resanpling. Note that k,
and k2 are 0 and -0.5 dependi ng on whetther the i mage has been rotated by 0
or 90 degrees. Table 8 shows the values for k, and k2 in the red and bl ue
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8. Effect of Rotation on rotation is anti-c mnse
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500, the scale f QQE@ %get cg‘%nﬁogrre%ﬁé%pliﬁﬁﬂg&ﬁe%asS% m(a§:ﬁ1%m &cgr?%ﬁ 13 on

page 17) are shomn I'n te t ort I mage
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and Bl ue Scal e bagl@hd1 bRsublcTRERoERE VBILE pELERR VBRI RSP sharpening
and color conversion, all on an average of a single cycle. The sharpening kermnel
must be large enough to apply the CFA-res kemnel to the high-res image. Worse stili,
for sharpening, there must be at least 3 windows kept onto the output image (each
containing a number of 6400 entry lines) since on a single print cycle, the cyan,

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

Neither of these cases take into account the fact that the final print output is bitevel
rather than contone. Consequently we can strike a middie ground with regards to resampling,

and achieve the best from both methods.

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

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

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

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

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

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

3.2.5.1Red 45 and Blue 47

Looking at the red 45 and biue 47 planes, the full CFA resolution version of the color

plane can be created by scaling up the number of sampled pixels in each dimension by 2. The



St andard 30500 = 12802. 560. 390625 Passport 31500 6401.280. 78125 Panor ami c
33250 12805. 120. 1953125 Thunbnail 32750 12801. 710.5848 As can be seen in
Table 9, the red and blue images are scaled up for all inmage fornats.
Consequently there will not be any aliasing artifacts introduced by the
resanpling process. 3.2.5.2G een 46 The green plane 46 cannot be sinply
scaled up in the sane way as red or blue, since each line of the green
pl ane repFe¥efes different pixels - either the odd or even pixels on
alternate lines. Although in terns of-3%e number of pixels it is
representative to say the green imge is 750 x 1000, the inmage could

equal Iy beysabglatk 9|XQ§ cam R by Hlais G@rfeyﬂsf?&h@rf t%? ucPRCAUS R Rior t N

eh

checkerboard nature of ﬁ?g eeen pi xel' s, where t ance %etmeen pi xel s
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r econst r usik® Rednd Ib&ré&ﬁpé Ulﬁétent offSéts wmrofme.rnmwmf&saﬁwm wikihheglgrased by
ot her syst for | ane [ o’%%tru%fa Pf testinmony to this - from
near est né?rg[a%%‘?ac? IEﬁ'P tpP%tﬁme’ § 525 WkedHtSBMht i on to bi -1 near
interpolation a heurlst c . reconstructi PCP06- SG -32 The pi ng

out put coordi naﬁgg ”FPFI'”QL%’(B’tpé'b nages {jn 1%6? SQaGB)rtal'Wélft‘é’é’rdi"'?tesé'SH‘%@ﬁPﬁal ly

t he sane fhercugereenat@s of theiirBagdepsindeahle aagﬁtrdnlouef piddiechzBgszi wig rotafaarneitheon t he
current i 0 j i tign i xel changes
W th rot ol 45 th@fenerb g SBRn 5388 e 18 BREDRE VBN R Al RS Ror the

green pl ahedthe fol |l ow ng relationshlp hol ds: where x y = coordinate in
mediumres space x'y' = coordinate in input space nps = nediumres pixels
per input space sanple k1 2 = {0, -0.5} depending on rotation As with the
red 45 and bl ue 47 planes, the nunber of nmediumres pixels per sanple,
nps, depends onwhhe print format. G ven that the planarized RGB i nage has
the following planar resolutions when unrotated: R 750 x 500, B: 750 x
500, G 750 x 160G cobhimasc@amediurhaestspase for the different output fornmats
(see Figure 13) are shown in Table 10. Note that with the

X'y’ = coordinate in input space

mps = medium res pixels per input space sample
ki 2 = {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 O respectively 1279 times. The
fractionat part of x and y in input space can be directly used for looking up the kernel

coefficients for image reconstruction and resampling.

Note that k, and k. are 0 and -0.5 depending on whether the image has been rotated
by 0 or 90 degrees. Table 8 shows the values for k; and k; in the red and blue planes,

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

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

Red Blue
Rotation From
Format Original CFA
k4 ks k4 ks
Standard 30 20 0 0.5 -0.5 0
Passport 31 a0 0 -0.5 -0.5 0
Panoramic 33 90 0 0.5 -0.5 0




Passport image format, the entire inage is resanpled into 1/4 of the output
space. Table 10. Green Plane Scal e Factors for |nmage Formats

For mat Mappi ngnpsllnps Standard 301000 12801. 280. 78125 Passport 311000 =
6400. 641. 5625 Panoram ¢ 33500 12802.560. 390625 Thunbnai |l 321500 .
12800. 851. 17648 These scale factors allow the mappi ng of coordi nates

bet ween CFA resol ution input space and nediumres space. However, once we
have a coB¢¥fHdte in CFA resolution input space, we cannot performimage
reconstruction and resanpling on the mples in the sane way as red or

bl ue due tp the checkerboard nature of the green plane 46. PCP06-SG - 33

| nst ead, fowmmmmapagpo es of hogh qualltw |naga3reconsh@uctlamgand
resanpllng, e cohstte gr-eer RAE rage ated by 45
degrees. Wen we Iook at the pixels in th|s Ilght as shown in Figure 23,

a high quality inmge reconstruction and resanpling nethod becones clear.
Looki ng at Flgure 23, the di stance between the sanpled pixels in the X and
Y directions i 9NfEUMERRLIMedHALes RSl peﬂﬁ%’f‘@ﬁc’éﬂ”%é’??@'@ﬂ °§é'Pﬁ)P'é’H fyMdkl s is
as il ust Gakethat the fipanized RB imbhe hs@ihutmuaw.ng @éd dridcol@ Serar eRa3k wWheen, 1S

to performi enr£00n c a Al t hough
t hepsarre F'ggtgﬁgt r U%t%l 0%6 f P’I %é 5@&? %fa%gn;g ol ?(gé ﬂ%ﬂe'ﬁ %Fé'p "é%?:l(sﬁ?ue t he
kernel shbiglrg 1Bendiapé éf)eare shoti is Tableltt dtesthat With thePatsporidinage foetatetba t he
sanpl i NG L@k Linfagt is$ s%ﬁ{&leaﬂﬂo i/ﬁ?ftﬂéglﬂﬁxﬁtspéc%equency in the signal is

different to the re atrons e red and bl ue pI anes. In addition,
the kernel shoul d be nor%"'gﬁggﬁﬂgbﬂﬁsﬁﬂfﬁa, &’ﬁfw o;mgtezyvg:ag sanpl es

becones 1 as far as kernd>¥% nces

bet ween resanpling coordi nates nust still |[be used|to det ermi ne whet her
aliasing w ||| occworm&towever) . ﬂa@bﬁ.g,ore vie gfguine tWO1hﬁ|§§’ISfOI‘ mpt i ons: o
The first is |t rota CFA Sp nto. rotated CEA space. ~This can be
acconpl i shed b%a%ﬁﬁb | yi ng %gglch of dfbﬁgt t?ysal/ 12, PR we are rhtati ng by
45 degrees (JoRsdsors1Si 45 |50d/ ' 12) .gagThe semgond |%_7r8q12§cal e the

coordi nat es tljo—ateh—the-ngrmalized kernel—whichican be

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 biue images are scaled up for all image
formats. Consequently there will not be any aliasing artifacts introduced by the resampling
process.

3.2.5.2Green 46

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



acconplished by nultiplying each ordinate by 1/42. These two
transformati ons conbine to create a nmultiplication factor of 1/2.
Consequently, as we advance in unrotated CFA space x by k, we increase by
k/2 in kernel x, and decrease by k/2 in kernel y. Simlarly, as we advance
iny by k, we increase by k12 in kernel x and increase by k/2 in kernel vy.
The rel ationshi ps between these different coordi nate systens can be
illustratBePO®§S consi deri ng what occurs as we generate a |ine of medium
resolution pixels froma CFA space infut inmage. Gven a starting y
ordinate in CFA input space, we begin at x=0, and advance 1280 tines by
11nps, generatiRge amQ;?p‘Mgpb?(%thp@tt c@tﬁ'&th&ﬁé@‘ﬁnl PRt %}9&%9 T&E?npfrpvc%%mgte's nis
unrotated CFA space by 1l nps can econposed 1 nto a and a
novenent FNCHPIgNY F"t?tsé‘f"@dor 94eR a8 pitds for repipad gﬁéc%@ﬁpﬁ'ns Hemd$ an Itie@ufr @t 25.

Si nCS COtSf’bEatten of ﬂﬂaﬁmagé,lél%e 1A Yy Bfionl ¢F pibdlsOdrah@d A rotBan Ceityr ?—%Fbﬁt
equat es novenen nt must now
bg scal edg?gé e??ﬁ@?: dihg&n [BEﬁ!S(S%’méég Iﬁ%&leﬁbgeﬁﬁﬂapé@g?%lgw%i%re];t%m ing equates

to another multiplication by 1112. Consequently, a novenent of 1lnps in
unr ot ated CFA space equates to a novenent of 1/2nps in kernel x and Kkernel
y. Table 11 lists the relationship between the three coordi nate systens for
the different #9fffats:. Table 11. Green Plane Kernel A Values for |mage
Format s For mat Scal e Fact or Unrotated Rotated Kernel A (nps)CFA space ACFA
Space A St andar df¥ “F8BMIPEEILHEGD (©SFHIPassport 0. 641. 56251. 1050. 781
Panor am c2. 560. 3910. 2760. 195 Thunbnai | 0. 851. 176480. 8320. 601 Tabl e 11 shows
that novenment i XYKefaqelinalgiaieulspag ways by a nunber less than 1, but in
rotated CFA space, only the Passport inmage has a A value of greater than 1.
As a result, aFMPESIMRYIU 1oF PR ber iMrot sPepresamMsport print format, but not
for any of the others. However, given

k2 = {0, -0.5} depending on rofation

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 foliowing
planar resolutions when unrotated: R: 750 x 500, B: 750 x 500, G: 750 x 1000, the scale
factors for the different output formats (see Figure 13) are shown in Table 10. Note that with the

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

Table 10. Green Plane Scale Factors for Inage Formats

Format Mapping mps 1/mps
Standard 30 1000 = 1280 1.28 0.78125
Passport 31 1000 = 640 0.64 1.5625
Panoramic 33 500 = 1280 2.58 0.380625
Thumbnail 32 100 = 1280 0.85 1.17648

These scale factors allow the mapping of coordinates between CFA resolution input
space and medium res space. However, once we have a coordinate in CFA resolution input
space, we cannot perform image reconstruction and resampling on the samples in the same
way as red or blue due to the checkerboard nature of the green plane 46.



that the Ais alnost 1, and that each of the 4 images is only 1/4 size,
aliasing will not be noticeable, especially since we assune ideal |ow pass
filtering on the green during imge capture. 3.2.5. 3Reconstruction Filter
for Red, Blue and G een The exact reconstruction filter to be used wll
depend on a nunber of issues. There is always a trade off between the
nunber of sanples used in constructing the original signal, the time taken
for signaPcrRoggdnstruction, and quality of the resanpled i mage. A
satisfactory trade-off in this case i¥-5 pixel samples fromthe drnensron
bei ng reconstructed, centered around the estimted position Xi.e. X2,
X-1, X X+l, X+gsrdMerol fheldifoo ??s.[ 5 RgrPdud r@%ﬁggﬁet feSstrit o val re%amﬁiﬁrgr\lv

points, we only require 4 coefficients e entry In the cohvol ution
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coefficients tabP¥ng ft Figyp2a Hecdigancemepysss e, sprpled gxaia n thependihe fir st
6 fracti odirdaiidns isaiicev atsied Theadh@Ddistairettativeet erhdied e is , abilustrtet irfSiguré qui te
sufficien 4for the resanpling in Printcam 3.2.6Sharpen 65 The i mage
captured by the CFA nust be sharpened before being printed IdeaIIy, the

sharpening filt oul d. be a d i sol.ution
at the image %b? ﬁ?lgyop fgoﬁ]?t éjg &@"Heg t 'Cg) OB 'P2He re&?ﬂs °"P%FE$) matl on
at each pregahpling wsto&éad space Althouglathe samdecobétuetlcmrf ltgr ie @sedads far igsanapingi xel

posi ti on. h§%ﬁﬂﬁm L Eé’ilul?ég sid®be gr'ir%Fb‘?xt 'T'i’rfl %@%@E loYe |a‘(|8n°sh rt&e%ﬁ ehQn& ol o

shifts. ar peni ng shou I nst ea Gm nan hannel of an
i mage,  SETAMAIBG rafeier gieRn @Hdh%fmh%tafrenmﬂ%n the gigngbin d\B‘PlS@é'I to {tel fP|am3hm@hanged

Shar peni n@etrétind biiy SRS Int JAitibH, arrbsrkemdr ibulfl beibritsiBed 5RGRt hBWY dRtnBd OF
space mhe%§W?the | ym nance i fromthe remai nder of the color

S se
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of the lu ge shoul d be converted back to
RGB 83 (or mm%@ ereﬁnlrme\%wrettbvgtrgr%fei’}n?tldnga nt out in ). The process is

shown in Fi gur e Th® flrmwpv@rcttﬁ@ﬂ Qﬁbrwammrp oftatech &FAotrege. clbwsveansbon st eps
if we consider E%n\%ﬁghg@tbﬁ%ultrp?ﬂﬁ' é&haer&rheﬂ@bparmedméé \We€4re JothtingayK4s Nt o the

image - the effect Is a e’in | um nance of
degrees (cos45 = sind5 = 1!\12)
. The second is to scale the coordinates io match the normalized kernel, which can be

accomplished by multiplying each ordinate by 1/+/2.

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

The relationships between these different coordinate systems can be illustrated by
considering what occurs as we generate a line of medium resolution pixels from a CFA space
input image. Given a starting y ordinate in CFA input space, we begin at x=0, and advance
1280 times by 1/mps, generating a new pixel at each new location. The movement in unrotated
CFA space by 1/mps can be decomposed into a movement in x and a movement in y in rotated

CFA space. The process is shown in Figure 25.

Since cos45 = sin45 = 1/42, movement in unrotated CFA space by 1/mps equates to

equal movement in x and y by 1/(mpsv2). This amount must now be scaled to maich the
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Table 11 shows that movement in kernel space is always by a number less than 1,

but in rotated CFA space, only the Passport image has a A value of greater than 1. As a result,

aliasing will occur for the Passport print format, but not for any of the others. However, given

that the A is almost 1, and that each of the 4 images is only 1/4 size, aliasing will not be

noticeable, especially since we assume ideal low pass filtering on the green during image

captu

re.

3.2.5.3Reconstruction Filter for Red, Blue and Green

The exact reconstruction filter to be used will depend on a number of issues. There is

always a trade off between the number of samples used in constructing the original signal, the

time taken for signaf reconstruction, and quality of the resampled image. A satisfactory trade-off

in this case is 5 pixel samples from the dimension being reconstructed, centered around the

estimated position X i.e. X-2, X-1, X, X+1, X+2. Due to the nature of reconstructing with 5

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

We create a kernel coefficient lookup table with n entries for each color component.

Each entry has 4 coefficients. As we advance in ouiput space, we map the changes in output

space to changes in input space and kernel space. The most significant bits of the fractional



The next thing to do is to add sone proportion of the resultant high pass
filtered |um nance values back to the |lum nance channel. The inmge can
then be converted back to RG (or instead, to CW). However, a change in

| um nance can be reasonably approxinated 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 P¢rgsvediance value to R, G and B. The exact proportion of the

hi gh-pass-filtered i mage can be defit®d by means of a scale factor. If L
is the high-pass-filtered | um nance pixel, and k is the constant scale

factor, we j r e as
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Tri-linear interpolation requires reading 8 values fromthe | ookup table,

and However we can avoid much of the color conversion steps if we consider the effect of

adding a high-passed-filiered L back inie the image - the effect is a change in the luminance of
the image. A change in the luminance of a given pixel can be well-approximated by an equal
change in linear R, G, and B. Therefore we simply generate L., high-pass-filter L, and apply a
proportion of the result equally to R, G, and B.

3.2.6.1Convert RGB to L 80

We consider the CIE 1976 L*a*h* color space, where L is perceptually uniform. To
convert from RGB to L (the fuminance channel) we average the minimum and maximum of R,
G, and B as follows:

3.2.6.2High Pass Filter L 84

A high pass filter 84 can then be applied to the luminance information. Since we are
fiitering 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



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 the

i nternedi ate val ues, although the output value is only 8 bits. PCP06-SG - 38
The size of the | ookup table required depends on the linearity of the
transformation. The recommended size for each table in this application is
17 x 17 x 174, with each entry 8 bits. A 17 x 17 x 17 table is 4913 bytes
(less thaRc™KB}. To index into the 17-per-dinmension tables, the 8-bit input
col or 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
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results VW'éqleé?lefmdé Bhey efvoi@RH iPEERTS etéls doBial to 1§%W|%Qolﬁtl3ﬁt5ﬁ£d%eu§%9ne 1600

dpi results wll be turned into dit ed bi-|evel e accuracy of

bi - I i near 9%t 8]?3;5'8?16?[S|t6‘?1b?51‘50§‘r‘f Cravlso)s[d k?@ellg@ﬂ‘ Wjsitakig ft1is el that af<iszrd (¢ he
medi um r ek@hélpmiad Wethe MBAIGA Resbifior dpace Wik by adegaste fyr all Bagdningepl i cation wil |

t herefore produce good results. Pixel replication sinply involves taking a
single pixel, and usiNgabfe 12SsdaErattdet forlYnvBiutibfF@ef area. In this case,
we replicat ga—singtepixet—to—25ptxets—(ta5x5bleck)—F+f—each; pi xel
were contone, the result|my appear bl ogky, but since the pixels are to be
di thered, the efffapwat i s |t $galet Ne 2B3r equl Kamel ipiMddoree(1280)Spatake| on t he
contone val { roce$s 4§ sho isn Fi 0. 3.2.9Halftone 6B The
print head 2 ;%éan-rqa@\?ernna b | p*'%sf Ir}Mr‘?féﬁnn r?glgéplxﬁ a bi-level fashioh. W nust
therefore cq maesmrtfsnomt he @dht gne 1ERY t|ooae,dr 84tsered CWY 1 mage. More

.speci fical | y,_-we——prgducg a_dispersed dot-ordereddirt-her—ustng—a st ochasti c
di ther cell P@B?f@'@té@?ng n cotit onle ‘@R i|rféfhe into a dithered bi-lpvel CW

i mage. The 8-hj d one ue red to the currenf position
in '?he dithe;rlﬂlr{rg?rl;laﬁgg? P fcé?ign Q- \l’?l?&rs CG r?'r%p)érigpg)gl ue is greater th npt he
dither cell value, an output bit of | is generated. O herw se an out put
bit of 0 is generated. This output bit will eventually be sent to 4Al t hough

a 1700 17 oc 17 table wll give excellent results, it may be possible to
get by with onl j,f 2p3 9 3Jlteo®Owee applied on the med-res image, the result will be scaled 86

according to the scale factor used in the general image scale operation. Given the amounts in
Table 12 (particularly the Standard print format), we can use a 3 x 3 filter 85, and then scale the

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

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

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

3.2.6.3Add Filtered L to RGB

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

defined by means of a scale factor.

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

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



conversion table (729 bytes). The exact size can be determ ned by

sinmul ati on. The 5K conservative-but-definite- results approach was chosen
for the purposes of this docunent. PCP06-SG -39 the printhead and control a
single nozzle to produce a single C M or Y dot. The bit represents

whet her or not a particular nozzle will fire for a given color and
position. The sane position in the dither cell 93 can be used for C, M and
Y. This iBCAs¢g&use the actual printhead 2 produces the C, M and Y dots
for different lines in the same print- ¥ycle. The staggering of the
different colored dots effectively gives us staggering in the dither cell.
The hal f-toning process can be seen in Figure 31. The size of the dither
cell 93 depends on the resolution of the output dots. Since we are

produci ng 1600 I

addition, to al ?jgw l?ﬁé% dstcglg 1:'zrrﬁ:gécré:" @ileél?o %HL& COQ%AEQWRE SQQIQ fa?&%h)$1 tﬁg
segment s, h'Q'FF@S%f"‘@éPF@PESESIﬁ‘@e&Ethﬁ W)lforﬂmlaﬁcaiaée&tqry d| VI de evenly into
800 (since there are 800 dots in each segnent of the printhead). A dither
cel | size of 500Cuc&theisharpeningehas herrpprlies tp thediiafkpikdl dhe inaa¢ canberaopvdried, and

di vi des epgiysi mtoqjeggooeggﬁtegiomes). Each entry of the dither cell is 8
bits, for a total of 2500 bytes (approximately 1.5 KB). 3.2.10Reformat for

Printer 6 i nal ess before being sent to the printer is for the
dots to bg‘z}g?'ﬁ%r{}%&wg’g the correct order for being sent to the

head. Th t d -
FZJLI ggt gaat a '?I ?Peth%lsret%#t?rﬁgdg?ﬁorggréfopgrﬁmg{@'f%wsf'ﬁgydotscg;:]ege gioched

in the correct order for printing (i.e. the up-interpolate and dither
functions generate their data in the correct order), then those dot val ues

(each value is bit) . can si ected, and sent off in groups of
24. The processll"fjg’ C‘%"herﬁg;gﬁ%@mg%maﬁ*ﬁ%cw Be¢e RAsGlipeardesrorsse h'ﬁ*é sent

t o t he prisntirdtaig ndt thug of higmbiited aks, brd aﬂ)f mllﬂ.ﬁrue foﬂ@%%aéﬁ:ilfk%m ivENERY 4. 1
CPU CORE 14, o?sfep a gadICG%P Q\ﬁ)crea( ﬁgt a%d @a%amgré%og ?JéFabP EgnseCPU core 10 to

synchroni ze 't T OCES: e"ﬂ¥1$° and to
perform P@fiomf@raawwatg@n@tesﬂlon awﬂbaa tn gllcsnybt ttarelsansers, lnlfscamrm@rs, lAenore

user - i nt exdcaet mddels ARuied ofbnht@fn. CPU cores are suitable: it can be any
processor core with sufficient processing power to performthe required

gil gg!{ :t : 82: angh& A iRnafdnB GdduRP alkeabw IPHGHe 28, MR is CAORH Bebause it is
P perceptually uniform (unlike XYZ). With regards to the mapping from the image sensor gamut

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

Rather than perform these transformations exhaustively, excellent results can be
obtained via a tri-linear conversion based on 3 sets of 3D lookup tables. The lookup tables
contain the resultant transformations for the specific entry as indexed by RGB. Three tables are
required: one table 20 mapping RGB to C, one table 91mapping RGB to M, and one table 92
mapping RGB to Y. Tri-linear interpolation can be used to give the final result for those entries
not included in the tables. The process is shown in Figure 29.

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

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



PCP06- SG -40 Since all of the inmage processing is perfornmed by dedi cated
har dware, the CPU does not have to process pixels. As a result, the CPU
can be extrenely sinple. However it nust be fast enough to run the stepper
notor during a print (the stepper notor requires a 5KHz process). An
exanple of a suitable core is a Philips 8051 mcro-controller running at
about 1 MHz. There is no need to nmaintain instruction set continuity

bet ween dP¢H%ef@nt Printcam nodels. Different PCP chip designs may be
fabricated by different manufacturers;®¥ithout requiring to |icense or
port the CPU core. This device independence avoids the chip vendor |ock-in

such as has occuyhggFe bithk MBkiptabBétfiredidoBnds Bitthe 1435 %ifﬁkqgn%m%e CPU
Core is a_Program ROM 13 and a small Program Scratch M 14. e 10

communi catf B&reaPrEmendse sige for padhiphiasinfiis #rfcatipieis pEp 13 x\i7a Witk AeAhyEnty@Bised |/ Q
Parti cul an 1addrresty tiiges1 Impesiesqpsd simyl ar units, and w thin each range,
to particular registers wthin that particular unit. This includes the

serial and par alfoehddxNh®ertheagper-dimhRACRHM, REMslk HoinRlot cBhpgHeAl) 44 ash ROV
t he i ze depends on the CPU chosen,

13 is incprporated int PCP 3., The. | .

but  shoul BT o "eHﬁ’PE‘?PWB"r‘Ffﬁg-?“ézﬁﬁ“i’lt% MIYGANP 10PeK REMPE &, Ditg % g |
scr at ch Rixhdiian er@ utdd fosinterpoatigor ated i nto the PCP 3. Since the program code
does not have to mani pul ate inmages, there is no need for a |large scratch

ar ea. Thg_z_lsﬁP(h,&bg,@hd@ﬂends on the CPU chosen (e.g. stack nechani sns,
subroutine calling conventions, register sizes etc.), but should not be

more than about i KB ALRHoNERBRIAFSAPE AT Aol BY MR ROfler 16 s

a sinple decoder for satisfying CPU data accesses. T Decoder transl at es
dat a addr Bt [sspiglian{$400 yade) phpratia i el 1:RJe Bt gY@t t he internal | ow
speed bus, and therefore allows for nenory mapped |/ O of PCP registers.

PCP06- SG 5COMVURYtongh i satriizrassivle tp bi-linggny stempoate iheR vRINTERFNe®ROYX - 41

and Y dimensions), the resultant values will not be printed contone. The resuits will be dithered

and printed bi-level. Given that the contone 1600 dpi results will be turned into dithered bi-level
dots, the accuracy of bi-linear interpolation from 320 dpi to 1600 dpi wili not be visible (the
medium resolution was chosen for this very reason). Pixel replication will therefore produce

good results.

Pixel replication simply involves taking a single pixel, and using it as the value for a
larger area. In this case, we replicate a single pixel to 25 pixels (a 5 x 5 block). If each pixel
were contone, the result may appear blocky, but since the pixels are to be dithered, the effect is
that the 25 resultant bi-level dots take on the coritone value. The process is shown in Figure 30.

3.2.9Halftone 68

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

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

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

4Al‘[hough a 17 00 17 00 17 table will give excellent results, it may be possible to get by with onlya9 o0 90 9
conversion table (729 bytes). The exact size can be determined by simulation. The 5K conservative-but-definite-
tesults approach was chosen for the purposes of this document.



This is a standard USB serial port, connected to the internal chip

| ow- speed bus 18. The USB serial port is controlled by the CPU 10. The
serial port allows the transfer of inages to and fromthe Printcam and
allows DPOF (Digital Print Order Format) printing of transferred photos
under external control. 5.2QA CH P SERI AL | NTERFACE 19 This is two standard
| ow- speed serial ports, connected to the internal chip | owspeed bus 18.
The CPU- ne¢hoad®d protocol between the two is used to authenticate the print
roll [1,2] and for the follow ng func¥®-ons: Acquire ink characteristics
Acquire the recommended drop volune Track the amount of paper printed and

request nﬁ'leHFlthQ%d Jnglcl)nt}’éﬂ?_ﬁglnélgﬂBﬁié t?gro'dp]&ug $ih é énfsfl HINRE bmégﬂgseﬁtg'e

requested print eason orts is to connect to
bot h t he WReteeipEPe a@articHamoazlewd firetfer %m‘@np‘ﬁ)‘i‘)h@"drmﬁ' o5 QA Chip 5 using

separate lines. The two QA chips are inplenented as Authentication Chips
[2]. If only a Jdhfgeree pesitien inthe diggr cell 98|cambe geadifer G, dd. landynTiiaistbaeavse coul d

usurp t hﬁle%ﬁfubleﬁ?'lﬁ!hgéﬁi %d@@g h@rn wahé}{ doé f& dJﬁePénlt mes Eﬁpthé sa°méq9r feBidR. 5 Each

print rol| consunable contains it E ﬁ cont ai ns

i nf or mat i ZS'PF?%Q?&F%‘H theghrermat ?&'%{?‘Fﬁ‘%e‘“feﬁ*é’elyélg’ﬁ b%§f§998r”é9 ‘BFWerﬂ't Heatity, and
I's inplenmented using an Authentication Chip £ . The 256 bits of data are
al l ocated as folThefi@ttoningppracess cantiq seen indiigureshbse pits (16

M n] AccessDescrlTﬁtlon ORO5Basi ¢ Header, Flags etc. §16 bits) 1RCSeri al
nunber (16 bits) sRiga.af o pihepesiSs- dsgpnds gp theZR@%ﬁ'P&ﬁ e ApeYt dotB6SIpEE WY

3DG6Paper arrewuahglmoora navtsl e Rell Sle HhBHEBA RIrdeRhal DR 8L U Sftitod 3o Bildwsthe SRO
6 gent 3ot proce?smg E1‘\crl\e:[r Itoer%atg:h %e prlntﬁgad segments, the size of the dither cell should ideally

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

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

3.2.10Reformat for Printer 69

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

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

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

bit) can simply be collected, and sent off in groups of 24. The process is shown in Figure 32.

The 24 bit groups can then be sent to the printhead 2 by the Memjet Interface 15.
4CPU CORE AND MEMORY
4.1CPU CorE 10

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

calculations and control functions fast enough to met consumer expectations.



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 roll's QA chip by the CPU. 5.3PARALLEL | NTERFACE 6 The parall el

i nterfaceP@%¥hnects the PCP 3 to individual static electrical signals. The
CPU is able to control each of these “@3nnections as nenory-nmapped /0 via
the | owspeed bus. (See Section 4.4 for nore details on nenory-nmapped

1/0). Table 14 sheusy i iﬁ%&@?ﬁ%éé%@%istp@rf&rﬁﬁd %@Hé’diéaféd Haftiwafel AE@puldBt e 14

Connections to Parallel Inter nnecti onDi recti onPins Paper transport
st epper nBUHPECLEEF PIS: A& arfptubr R CTU SR B8 exmsivainple-digysyerdt et esioi dout 1
Fl ash tri ggeesdugi 16 Rt then@eipeOfloibr RGP a Xant dfe Slephdd SmtéiDegREREN EKHZ

driversQut7 Status L cpmMmo riversQt4 Paper . pul | ensor.l nl Buttonsln4
T AL 24 SPFRAGAT TP GRS FORbE alrls P a0 SRt ot dEr RETTS At UL D)
InterfaceMRAzis included in the PCP 3 for testing purposes. Due to the

conplexity of the chip, a variety of testing techniques are required,
i ncl udi ng Bl ST ([iBereli¢ nd me&etof mistain)insmckioh et tortingly Hetvaek difeadnaPrittam An

o :
over head %Bdésp éii’fé}'enqm(ﬂ’ 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.

4.2PROGRAM ROM 13

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

4.3PROGRAM RAM 14

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

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

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

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



area is assuned for overall chip testing circuitry. 61l MAGE RAM 11 The | nage
RAM 11 is used to store the captured image 42. The Inmage RAMis nulti -

| evel Flash (2-bits per cell) so that the image is retained after the power
has been shut off. The total ampunt of nenory 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 =750PC0&S®ytes The image is witten by the Image Capture Unit, and
read by both the Image Hi stogram Unit418 and the Print Generator Unit 99.
The CPU 10 does not have direct random access to this image nenory. It

nmust acceggomifuNEYAON KEERFA he I'mage Access Unit. 71MAGE CAPTURE UNIT
12 The I mage Capture Bﬁllt contac';tﬁcis all the functionality required by the

| mage Cap LN rl in Section 3.1. The Inmage Capture Unit
accepts plg";(“éﬁ%B a akbrgafwggiﬁ"&‘rrg&g?dSensor Interface 98, linearizes the RGB

dat [ | ookyp. t abl 6 d fi I it the i i zed i mage
out to RaM i n_pliBids = Fiapieet UBRera) Pa sluthled Ehibeieree e e bcisb. &G
7. 11VAGE BENSSRsérMTERFAGHroIg:d-bi heTti) 10rdge séssansotralidwd the frarceer ol iDbyesd8 i s a

state chu#d"Fr‘orﬁ by Pu%ﬁc!éﬂ]? afi@ 3w Dpd ﬁi@%ﬁ)%ﬁﬂp%rﬁlgr ﬁoﬂﬁat%{a\é ’Jf‘%nsfsé‘?rgéor ’

i ncludi ng frane sync pul'ses and pi xe ses In O rea t he

i mage. MoBfotestunggyeexiegial ¢ogtrpli kel y to be a sourced cell fromthe i mage sensor
manuf acturer. The ISl is itself controlled by the Image Capture Unit State
Machi ne 9%.2QA GHIP SERRgINTRASCE 1%0r mat Al t hough a variety of inmage sensors
are avail able, we only consider the Bayer color filter array (CFA). The
Bayer CFA has aThiidteo stahdat tow-dpetadseriahporth, @neectiafto the chtdresl ehip Tdwesgesmge

captured S r i i | i : ta h been
suf fici en?l?lcsgspﬁt er e_drI§e ?%ﬁs?@ r{%doflé%wo%/%l&g%&oa{gP%’@it‘?\é“ﬁﬁ'ﬁ%@}es&m’fﬁﬂé&%nsor

i tsel f had3ndfar the fobiewing fupgtipes:of 3:2, with a resolution of 1500 x 1000

sanmpl es. The m)%% ekl Fab@icr rangenent is the Bayer color filter array

(CFA), with each 2 x 2 Ijgl xel bl ock arranged in a 2G nosaic as shown in
Fi gure 15°* 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 rolls QA Chip 5 using separate lines. The two QA chips are implemented as
Authentication Chips [2]. If only a single line is used, a clone print roll manufacturer could usurp
the authentication mechanism [1].

5.2.1Print RolP’s QA Chip 5§

Each print roil consumable contains its own QA chip 5. The QA chip contains
information required for maintaining the best possible print quality, and is implemented using an
Authentication Chip[2]. The 256 bits of data are allocated as follows:

Table 13. Print roll’s 256 bits (16

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

°Read Only



Each contone sanmple of RL G or B (corresponding to red, green, and bl ue
respectively) is 10-bits. Note that each pixel of the nbsaic contains
i nformation about only one of R G or B. Estinmates of the m ssing color
i nformati on nmust be nade before the image can be printed out. The CFA is
considered to perform sone anmount of fixed pattern noise (FPN)
suppression. Additional FPN suppression nay required. 7.2LooKUP TABLE 96
The | ookupcroabbe 96 is a ROM mapping the sensor's RGBB to a |linear RGB. It
mat ches the Linearize RGB process 40-4¥escribed in Section 3.1.2. As such,
the ROMis 3 KBytes (3 x 1024 x 8-bits). 10 bits of address cone fromthe
ISI, while thex2 bitgoof Tablga%g{mbea@bit%enerat ed by the Image Capture
Unit's State jvachi-ne H—F3SFATE-MAGHI-NE-97 Thetrage—-Capturelnit's State
Machi ne 97 gef(‘u@r at e5D&nt r ol Bﬂlpgn@h@mfmnn mhlé16Ibita)ge Sensor Intefface 1, and
gener at es addressesytfor—tHineart+zinrgthe REB40—and—+or—ptanar+z| ng t he
i mage data 41| 4PCPOSREG - 45 Tﬁ@”d'@‘rﬂr‘PRﬂ“eﬁ@r’P&P)s sent to the 1SI|98 inform
the 1Sl to stpgt capgying pj xels, stop capturing pixels etc. [The 2-bit
address sent o thellookup Tabhle 96 matches the current line be ng read
fromthe 1Sl.|&or eyeo fines| Magen inidprejsttics (3X8€) 2- bit address |s Red,
Green, Red, Greermretc—+For—podd lines (1, 3, 5 etc.), the 2-bit|address is
Green, Blue, |[Feen, |BPue. This is true regardl ess of the orientation of
t he canmera. The 21-b addr els h e RAM1II is the iwite
address for thf imﬁmEb Thr e%"éﬁmskptm%sehiﬁgfsg the current addresp for each
of the red, gr@en bRO bl ue pI anes. The addresses increment as|pixels are
witten to each g?; e, 7. 374 sters The tmage—-Capture—bnit—cpntains a

S

nunber of regi & ROTabl e 1'1_50#%5%‘5@@?'%“9(4 Capture Unit

NanmeBi t sDescrii pfipn| NaxPi xel |SgaNuRRE dffreRl X 8hch BRGR BRYY MaxRows12Nunmber  of
rows of pixelis—in ihage :

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.

5.3PARALLEL INTERFACE 6

The parallel interface 6 connects the PCP 3 fo individual static electrical signals. The
CPU is able to control each of these connections as memory-mapped /O via the low-speed
bus. (See Section 4.4 for more details on memory-mapped I/O).

Table 14 shows the connections to the parallel interface.

Table 14. Connections to Parallel Interface

Connection Direction Pins
Paper transport stepper motor Out 4
Guillotine motor Out 1
Focus Motor Out 1
Capping sclenoid Out 1
Flash trigger Out 1

®Decrement Only



Current Pi xel 12Pi xel currently being fetched Current Rowl2Row currently being
processed The address in Image RAMto store the next Red pixel. Set to

Next RR1start address of red plane before inage capture. After inmage
capture, this register will point to the byte after the red plane. The
address in Inmage RAMto store the next G een pixel. Set Next&1lto start
address of green plane before inage capture. After inage capture, this

regi ster MH¥-Soint to the byte after the green plane. The address in |Inmage
RAMto store the next Blue pixel. Set-4%0 NextB2lstart address of blue plane
before i mage capture. After inmage capture, this register will point to the
byte after thesibusiecpkegnt friverEven2Addsgss to use for even rows 1 even

pi xel s EvenOdd2Address—to—use—for—ever—rows—1—odgd—pixels—aAddEven2Address to
use for odd rloWatus LeyepmppéiversoddOdd2A4ress toldse for odd rows / odd

i xel s PCPO6- - Witing a 1 Here starts|{the Capture. Witing a O
lﬁere stops t (?%pgpn%uéese'isgf)ture %0 IS \j}r’]itten he é autoﬁat cally by '?he
state nmachi neBabher MaxRows of MaxPi Xghs have bem captured. |In addition,
t he | mage Senser—tnterface—98—contarngs—a nurber—pf—regtsters. The exact
registers will depend on the |Inmage SerjsiBiTAL choseR4 81 MAGE ACCESS UNIT 9
The I mage Access Unit 9 produces the nmeans for the CPUTIU to access the
image in |InmgeRAM 11. The CPU 10 can read pixels fromthe inage in

| rmgeRAM 11 and wite pixels back. Pixels could be read for the purpose of

i mage stogageats ka-the USB) 17, or for sinple imge processing.
Pi xel s coﬁ%g ﬁg aﬁ??¥g§7to | rageRAM 11 after the inmage processing, as a

previ ously saveq JiRgG fha396% 1:easbrou] InteMBEES isf ifliudk§ T n@FCHS

pur poses. Test
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 muiti-

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

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

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

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

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

7IMAGE CAPTURE UNIT 12

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

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



patterns could be synthetic inages, specific test inages (loaded via the
USB) or could be 24-bit nozzle firing values to be directly |oaded into
the printhead via the test node of the Print Generator Unit 99. The |Inmage
Access Unit 9 is a straightforward access nmechanismto | mtageRAM 11, and
operates quite sinply in terns of 3 registers as shown in Table 16. Table
16. | AU Regi sters NaneBi tsDescription | nageAddress21Address to read or
wite.in PERGERAM Mode30 = Read from | nageAddress into Value. 1 = Wite
Val ue to | mageAddress. Val ue8Val ue stdted at | mageAddress (if Mde = Read)
Value to store at |InmageAddress (if Mbde = Wite) The structure of the Inmage
Access UnyHimAceVSENsor IFERRacABgShown in Figure 35. PCP06-SG -47 The State
Machi ne 101 sinply perfornms the read/wite fronfto | mageRAM 11 whenever

the CPU 10 witgf j ; MAGE L SEPSRAM UNI T, 8 The | mage
Hi st ogram Uni t (] H g%@?g%ﬁ%&ﬁaﬁ%@éﬁ %é 'Sg%éar at e hmes%t]aog? SR 'f’f?‘?’é ag'gn as
requi red Byhe GYOBIMage $epsgleinehdiedlermeryncpidses ade pise! icloddpulses Bewddrdnredd 2. 2.

The | HU ofkY¥maddeNRER @ 18] BUREY &6 § QburbdPRi FrofQh 'EE%% | l'es of
8 bits e " Hi sto%rgm Uni t Lg IS tymi caﬂﬁaguse fﬁ%@gﬁt?f?@g per

h. T | mage
print. T?\f’éeéSH?ﬁTe@(@%[""e%'?ystf‘ Bragréapive Y Site ?h“@n%- per color plane. Each
time a histogramis gathered, the results are analyzed in order to
determ neT-Eﬂgnqgs\ﬁeamﬁwgﬁ t hreshol ds, scaling factors etc. for use in the
remai nder of the print process. For nore information on how t he hi stogram
shoul d be used, Althnygh Sestdtoefl iBag senforapt: Beitblepwe 3l cdnsid@r the lHaFIr@aRAM RAM

102 The hiist e qokA P daybicit Risthunfberor2hfslen BMatR& nagach entry being

20 bits. The histogram y accesse romw thin the | HU.

| ndi vi dual entrirgside & f [ ! - Ri t tities.

9. 2STATE MACHI NE AND QREGE%%EF@(}%@%%%&S o @B Ba éE%%o'g s e

pseudoco deeep eulficiemis dltared ssors tp gemayemny aliasing artifagts. 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 pixet of the mosaic contains information about only one
of R, G, or B. Estimates of the missing color information must be made before the image can
be printed out.

The CFA is considered to perform some amount of fixed pattern noise (FPN)
suppression. Additional FPN suppression may required.

7.2LOOKUP TABLE 96

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

7.3STATE MACHINE 97

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




controlled by the registers shown in Table 17. Table 17. Registers in |Inmage
Hi st ogram Unit NaneBi t sDescription Total Pi xel s20The nunber of pixels to
count (decrenents until 0) StartAddress2lWere to start counting from

Pi xel sRemai ni ng20How many pi xels remain to be counted Pi xel Val ueBA wite to
this register |oads Pixel Count with the PixelValue entry fromthe

hi st ogram The nunber of Pixel Val ue pixels counted in the

Pi xel Counf2Wesfrent histogram It is valid after a wite to Pixel Val ue.
PCPO6- SG Cl earCount | Go 1 -48 Deternit’es whether the histogram count will
be cleared at the start of the histogram process. A 1l causes the counts

to be cleared, amd Bntkhl 6BHIESer A theGOLSE Ridrf tﬁéa@'td]st’éﬂtcgﬁﬁrl}@dp)(e'ls Stopt €

next hlsto ram adds to the existing counts). here starts the
hi st ogr am®” %@8§§aseVV|tlng a 0 here stops the hlstogran1process AOis
witten here automati cal l y the state_machine after Total Pixels has

counted down to '0€ ﬂ'fé"df"')‘?ﬁ?f E%?F tq fhg feckyp Teble 9F aitdiee the queent ding beingfpad

Tot al Pi xeksm\ie 181, ﬂ:bﬁevbmnﬁ’dg Olmh%tc )o:he 2FU|t>é@B|§s§ 9 He]goc%rﬁ&e Heg érlasn seud: (e.g.
375,000 f SS O re ane,

Cl ear Coun & “"t%% 3 a%tas\ﬁ%%?ad e$ {Srl’?g” §éﬁe§t%}‘e Tgﬁéset“{eﬁégad@ﬁ??tdhas
finished,ﬂehﬂaﬁmmdthduahmaalues I n the histogram can be determ ned by

writing 0-255 to Pixel Val ue and reading the correspondi ng Pi xel Count.
10PRI NTHEAD | NTHRERCHEit BGdress 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
NextiR 21 The address in Image RAM to store the next Red pixel. Set to

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

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

NextB 21 The address in Image RAM fo store the next Blue pixel. Set to
start address of blue plane before image capture. After image
capture, this register will point to the byte after the blue plane.

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




The Printhead Interface (PH') 105 is the neans by which the PCP 3 | oads the
Mem et printhead 2 with the dots to be printed, and controls the actual dot
printing process. The PH is a |logical wapper for a nunber of units,
nanely: a Menjet Interface (M) 15, which transfers data to the Menjet
printhead, and controls the nozzle firing sequences during a print. a
Print Generator Unit (PGJ) 99 is an inplenentation of nost of the Print
Chain dereoé-fd in Section 3.2 on page 24, as well as providing a neans of
producing test patterns. The PGU take¥-a planarized |inear RGB obtai ned
froma CFA format captured image fromthe | mageRAM 11, and produces a 1600
dpi dithered Bge i N vifiRg aklinBR sits iRCbLRAWN mhé\@% thtentrface
15. I n addiltion, PGU N@fage caftemt A B3 ek heRdaso bﬁﬁ@ hkes the CPU 10
to specify|preci sely vvhr c nraamaéeﬁeraramovtgdrmxmmsmeaerp&apntred The units
within the-P 3 y e—pt-ogr amred
by the CPU. The |nternaI structure of t he Prrnthead Interface is shown in
Figure 37. PCP06-SG 10. IMEMIET | NTERFACE 15 -49 The Menjet Interface (M)
15 connects the PCP to the external et printhead, providing both data
and appr opri at e "s7%iian.dhe lg1age REsSr '“fe}ﬁférgt%?z%”?”‘ls@a(ﬂw&oiﬁ?ﬂ’ %5"%-i THE %Y uences
during a pgkkets wiltepeMeoq bt Irhagesdchaea chosens sinply a State Machi ne 106 (see
Figure 38) which follows the printhead |oading and firing order described

in Secti ofimaCE AUtEdd oNyelgs the functionality of the Preheat cycle and
Cl eani ng cycle as described in Section 2.4.1 and Section 2.4.2. The MII 15

| 0ads dat ai nt o rhlc AL NS Bl § hAAhcbs HA%Lf R 12 R b SALULER: imddeln 15-

Thi s neans t hat ozzles w Ire during a subseq uen rlnt c e, and
is the skmaeeRiM TtebiedliLHe mrreafbamlﬁﬁomﬁe"psaﬁammﬂrewwﬂaarrdrverhemeiw
Cleaning gagl e Fromthe 24-bit input held in the Transfer register of the
PQU 99. This is the standard neans of printing an i mage, whether it be a
captured photo Pxefs@8tid Bakdaarh: thJB@rpgée RiihageValdriigs qergo%lttthaeugﬁ*?' or i rectly

sent to the printhead and _a 1-bit 'Advance' contro ulse 1s sent to the
PGU. At tﬂ@p'gr‘ma%fp@&éﬂnﬁ Pprels C‘ét“"ib%t"’f'“‘*”Aa\}B‘i'ﬁ?BﬁMn%'aﬂﬁtﬁt%"ﬁ% PEACEHNdsent to

t he PQU. as a previously saved image (loaded via USB), or images for test pattern purposes. Test

patterns could be synthetic images, specific test images (loaded via the USB) or could be 24-bit
nozzle firing values fo 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.

Table 16. AU Registers

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

1 = Write Value to ImageAddress.

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

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



The MII 15 nust be started after the PGU 99 has already prepared the first
24-bit transfer value. This is so the 24-bit data input will be valid for
the first transfer to the printhead. The MJII 15 is therefore directly
connected to the Print Generator Unit 99 and the external printhead 2. The
basic structure is shown in Figure 38. 10.1.1 Connections to Printhead The
Ml 15 has the foll ow ng connections to the printhead 2, with the sense of

i nput andcrossput with respect to the MII 15. The names match the pin
connections on the printhead (see Seci-on 2). Table 18. Printhead
Connecti ons Nane#Pi nsltoDescription ChromapodS 40Sel ect whi ch chromapod

will fire (0-9) e S i z D w | |
fire (0-9) AEnat-)rﬁ %%TI’—I? W%|n%u ge&h@& %%@gﬁsg%ug%i%@h%@Gﬂ‘%ﬂﬁM H

BEnabl e10Pheriengy tha bRl 19 wiiteplodheledsupgistecDat al n[ 0- 7] 80Cyan out put to cyan
shift register of segnents 0-7 MDatal n[0-7] 80Magenta i nput to nmagenta shift

regi ster oMAGEMISTOGRAM YRIT al n[ O0- 7] 80Yel | ow i nput to yell ow shift
regi ster of segnents 0-7 SRC ock1O0A pul se on SRCO ock (ShiftRegisterd ock)

| oads the curr_errhewégéeﬁstég@mmhab9EsOdeZﬂgned\@@baéraéfﬁis?ograaﬁcbfmgbg[0- 7]
into the 24 shift

. registers aof the printhead PTransfer10Paral | transfer
of dat a1 FOHIEH U Port 1Ga0e PIEg CH (P sibite M Seoh e At henEb, PUEnaD! €
bi t s (onegeeratesdistdgegms BeplsaSoghat Ifsyep witls sangresSE A SisSeghnabl e ANDed with
dat a ,

The Image Histogram Unit 8 is typically used three times per print. Three different

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

9.1HISTOGRAM RAM 102

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

9.2STATE MACHINE AND REGISTERS 103

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

Table 17. Registers in Image Histogram Unit

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

PixelValue entry from the histogram.

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




abl eon CDatal n[n] selects the sense |lines for segnent n.

Tsensell Tenperature sense Vsensell Vol t age sense Rsensell Resistivity sense
Wsensell Wdth sense TOTAL41 10.1.2Piring Pul se Duration The duration of
firing pul ses on the AEnabl e and BEnabl e |ines depend on the viscosity of
the ink (which is dependent on tenperature and ink characteristics) and the
anount of power available to the printhead. The typical pulse duration
range is RcR6-8® 1.8 is. The MII therefore contains a programrmabl e pul se
duration table, indexed by feedback fr8mthe printhead. The table of pulse
durations allows the use of a | ower cost power supply, and aids in

mai ntai ni ng | MaFCAREUT atie; drop ejpRethings whedRr e hia®glt &b ab! e| has 256
entries, and is indexed by the Cudkaedtt NS SBS6f tRGstodr8@PRReSLRlI Ngs. The
upper 4-bits of address [cone froralésemeeourdtd bk BRak V¥Rl ad-daldes tif | PCPO6- SG
-51 address|conme from Tslense. Eaectungd rymairsurfoushdds(j.e. amchexiepstegent 5 a fi xed
poi nt val ue |n t he range of 0-4 1sdds'ﬁhmemn<nm@szeum£) generatl ng the AEnable

and BEnabl e & nes s -sh WG T i __ |ne 400 u LF%TLégrgéﬁesalb wrjtten by
the CPU 10 before printijng the tion entry in
the table combines: Bright ness n ere\“?’fc’ R’f@cw‘?&ﬁ fromthe
QA Chip) 5 Rsense Wsense Ts e i els own he Ml 15
mai ntai ns aicount of the nunber Xt O S fired fromthe

printhead 2. The dot count for each color |s a 32 bit value, individually
cl eared under processor control. Each dot count can hold a maxi num
coverage dot count of 69 6-inch prints, although in

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

pixels to include in the count (e.g. 375,000 for red), StartAddress with the address of the red
plane, ClearCount with 1, and write a 1 to the Go register. Once the count has finished, the
individual values in the histogram can be determined by writing 0-255 to PixelValue and
reading the corresponding PixelCount.

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

PHLt is a logical wrapper for a humber of units, namely:

. a Memijet Interface (MJI) 15, which transfers data to the Memijet printhead, and
controls the nozzie firing sequences during a print.

» a Print Generator Unit (PGU) 99 is an implementation of most of the Print Chain
described in Section 3.2 on page 24, as well as providing a means of producing test
patterns. The PGU takes a planarized linear RGB obtained from a CFA format
captured image from the ImageRAM 11, and produces a 1600 dpi dithered CMY
image in real time as required by the Memjet Interface 15. In addition, the PGU has a

* Test Pattern mode, which enables the CPU 10 to specify precisely which nozzles are

fired during a print.

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

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



typi cal usage, the dot count wll be read and cleared after each print.
While in the initial Printcam product, the consumabl e contai ns both paper
and ink, it 1is conceivable that a different Printcam nodel has a

repl aceabl e i nk-only consumable. The initial Printcam product can
countdown the anmpbunt of mllineters remaining of paper (stored in the QA
chip 5 - see Section 5.2) to know whether there is enough paper avail able
to print PPRE8S@esired format. There is enough ink for full coverage of all
suppl i ed paper. 'In the alternative Pr43tcam product, the dot counts can be
used by the CPU 10 to update the QA chip 5 in order to predict when the

i nk cartrhgqmedeengehrE 15nk. The processor knows the volune of ink in the
cartridge for each of C, M and Y fromthe QA chip 5. Counting the nunber
of drops elimn r t.he

ol drops ellm rﬂﬁ%:ﬁnﬁnﬁ%%t&%&g (@9&;& Eﬁéq g&é‘ﬁa‘% fop t%qge Bhéxs! e?rrqét']a‘?m{hﬁ % A chip
5 after e&w@Mdipg peth dAtarPé'Vl/aﬁﬁ@l@@ﬁ/\ﬁ@ﬂ'a"sﬁemfﬂ@l H?ﬁlnmzé,ftﬂomm firing Beguprces enough
ink left, gang adhihows the user to change the ink wthout getting a dud photo
whi ch rrust e reprinted. The |layout of the dot counter for cyan is shown

in Figure 40. TRee WRAF: nﬁé?ﬁcgmjlgfslmpm&@rnﬁacﬁ NQ@@&Q&@#I &Q@mﬁ%?&fé@& for

magenta and yel |l ow respectively) are identical struct ure.
10. 1. 4Regf"@tpéi’tgeadi]?admea“@Iﬁwgl%d?fé’ﬁ?ﬁjﬁ?‘b'atséﬁti%zt% af’%@CIW’!ﬁS tnesfumt'anas\'wrcégl st er

set. The the@réieal GcldabhdBiehhi®y cytlRlWs HescRBIdaNBEdtbA 28 1@anPBkstonas el | as
recei ve feedback about print progress. The follow ng registers are

cont ai ned i n t hgnhdfir 15Tedds @athShto hﬁrﬁhﬁheddmoﬂfé@@%eeegha&& 8dupcelegi st er
NaneDescri ption sf ersThe nunb of transfers

I Par a r mTr
required fo | oa(‘fl“'f')t1 rrf"??f‘g@?ga"(rl% %ﬁ"l’@Pg(Yﬁ ng aﬁﬂb§eq”§"tﬁﬁ'ét HERGEF DM pul ses
on the SRCO ock ataddard\meclwnismrfonozf:adm-tﬂm frinthebdifova PredsatiooClasmpdyele. f or a gi ven

i ne. - Pul seDur ik 46 g PRI Heic RS FarkRr QEEFS?tﬁ]egPélbgg%sﬂ% @3cRlacd S' N0l €

pul se on the Col nes ron r
nunber of Load/ PEEpg of@y@qnggn frergsewhatiamt be a captured photo or test pattern. The 24-bit

vaiue from the PGU is directly sent to the printhead and a 1-bit ‘Advance’ contro}
puise is sent to the PGU. At the end of each line, a 1-bit ‘AdvanceLing’ pulse 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 MJI 15 is therefore directly connected to the Print Generator Unit 92 and the

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

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

Table 18. Printhead Connections

Name #Pins /o Description
ChromapodS | 4 O Select which chromapod will fire (0-9)
elect
NozzleSelect | 4 0 Select whibh nozzle from the pod will fire (0-9)

AEnable 1 O Firing pulse for phasegroup A




Monitoring the Print StatusThe Menj et
lines remaining to be printed. Only valid while
of transfers

Li nesRemai ni ngThe nunber of
Go=1. Starting value is NunLi

nes.

Interface's Status Regi ster

Tr ansf er sRemai The nunber

remai ni ng before the Printhead is pingconsidered | oaded for the current

i ne.

Cyan data |lines during a subsequent feedback SenseSegSel ect pul se.

of the 8 B#RA®S&houl d be set,
Set Al |l Nozzl esl f non-zero,

Only valid while Go=1. SenseSegnent The 8-bit value to place on the

Only |

correspondi ng to one of the 8 segnents.

the 24-bit Vue witten to the printhead during

the Load Dots process js all 1 s, so that all nozzles wll be fired during
t he subsequenBEddbient Dot s procless. Tty ﬂugelﬂ@@ﬁagég.rou@g the preheatl and
cl eani ng cyc —the—24-bit—valve—witten—+to—theprnthead{cones from
the Print Gen€Paewio-nj8. ThilsOis t%n@a%tt@leyanﬁglﬂtrmt%t@twmepw nting of
the photo and any test! i mages. Act|i®hs ResetA wite to this regi gter resets
the MII', stop,§I %? dé ng orf grintg, ?éﬁ%ﬁe 2081 Al hegi sters
with 0. PCPOB E%Q SenseSegSel ec % E'% |snregftse%%?e§\?\n h any val ue
clears the Feedback bilt tof. tlhe St afuq register _and sends a pul se on the
SenseSegSel ecYDatainig-7] f| 8 he Loadi ngDoajlswmpdtthellnMshugEb:gtaaerst atus bilts are all
0. If any of| the status bits are sestegmtelht&OFeedback bi t |s cl eared and
not hi ng nor e[ 5_dgne Te the var ouUS_SENSE ||r Ve DeeT tested, the
val ues are pI§%%!8° n th Tsen|s@, 'i S u "gﬁf %‘H"é@% sters, and
Ejhe_n t he Feedgack blt of tthe St at;JsMgg‘gm% an an[U mothe&dsl?%:k conti nues
uring any subsequent |print gperat|i Qg s of the printhead
PTransfer 1 O Parallel transfer of data from the shift registers
to the printhead’s internal NozzleEnable bits
(one per nozzle).
SenseSegEn | 1 8] A pulse on SenseSegEnable ANDed with data
able on CDataln[n] selects the sense lines for
segment n.
Tsense 1 | Temperature sense
Vsense 1 ] Voltage sense
Rsense 1 I Resistivity sense
Wsense 1 I Width sense
TOTAL 41

10.1.2Firing Pulse Duration

The duration of firing pulses on the AEnable and BEnable lines depend on the

viscosity of the ink (which is dependent on temperature and ink characteristics) and the amount

of power available to the printhead. The typical pulse duration range is 1.3 to 1.8 ps. The MJI

therefore contains a programmable pulse duration table,

indexed by feedback from

the

printhead. The table of pulse durations allows the use of a lower cost power supply, and aids in

maintaining more accurate drop ejection.

The Pulse Duration fable has 256 entries, and is indexed by the current Vsense and

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



GoA wite of | to this bit starts the LoadDots / PrintDots cycles. A total
of Nunlines lines are printed, each containing Nunilransfers 24-bit
transfers. As each line is printed, LinesRenaining decrenents, and
TransfersRemaining is rel oaded with Numlransfers again. The status register
contains print status information. Upon conpletion of Nuniines, the

| oadi ng/ printing process stops and the Go bit is cleared. During the final
print cycP@w-$dthing is |oaded into the printhead. A wite of 0 to this bit
stops the print process, but does not-¥l-ear any other registers.

Cl earCountsA wite to this register clears the CDot Count, MDot Count, and

YDot Count adcfr@£ oSt €Frdm 'Tfs,erﬂbtéscﬁ) enh]yv is 9 bits? aﬁ@r%%@g%rﬁs\éﬁix\éd bift v%%te in tﬁ? Ragguent 'y

a wite of has no effect. Feedback Tsense onl: eed ack TSense
fromthe Pfﬁussﬁ?%@@@%@’lgéﬁqratb‘eI”&ee‘\%‘éh'? at“éﬁ%’é?@l?é'ﬁ?s 'Sé‘f'%’@%ﬁ'ﬂ’éfﬁtf*? I's only
valid if the FeedbackValid bit of the Status register is set. VsenseRead

only feedback offh&/3efie fabisnie tiiiien ay hedelrid dSdgioe pining, tleRbiotoe Fpch rbis egnent

SenseSegnp.ngedulrgi.oﬁe.l,tw iY e itghid dondblies:FeedbackVal id bit of the Status register
is set. Rsense gaagonl feedback of Rsense fromthe | ast SenseSegSel ect

pul se senf to s Segrrent Is only valid if the FeedbackValid bit
of the Status re@mdltsecurvsofsrect(frorﬂ\ﬂermﬂe@ea)cs only feedback of Wense fromthe
| ast SensgSegSeI gg% puI se sent to segnent SenseSegnent. Is only valid if

t he FeedbackVal i I't of the Status register is set. CDotCountRead only
32-bit coent of Yésgase dots sent to the printhead. Mot Count Read only 32-bit
count of pgagent ggsgpts sent to the printhead. YDot Count Read only 32-bit

count of yeI | ow dots sent to the printhead. PCP06-SG
Vsense

10.1.3Dot Counts

The MJl 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 6-inch prints, although in

typical usage, the dot count will be read and cleared after 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
inittal 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 enough paper available to print the
desired format. There is enough ink for full coverage of all supplied paper. In the alternative
Printcam product, the dot counts can be used by the CPU 10 to update the QA chip 5 in order
to predict when the ink cartridge runs out of ink. The processor knows the volume of ink in the
cartridge for each of C, M, and Y from the QA chip 5. Counting the number of drops eliminates
the need for ink sensors, and prevenis the ink channels from running dry. An updated drop
count is written to the QA chip 5§ after each print. A new photo will not be printed unless there is
enough ink left, and allows the user to change the ink without getting a dud photo which must

be reprinted.

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

structure.



-54 The MIl's Status Register is a 16-bit register with bit interpretations
as follows: Table 20. MIl Status Regi ster NaneBitsDescription

Loadi ngDot s1lf set, the MJ1 is currently |l oading dots, with the nunber of
dots remaining to be transferred in TransfersRemaining. If clear, the MI
Is not currently | oading dots PrintingDotslIf set, the MJIl is currently
printing dots. If clear, the MIl is not currently printing dots.
PrintingAR9MN$-8Sbit is set while there is a pulse on the AEnable |ine
PrintingBlThis bit is set while there 3% a pul se on the Bl Enable line
FeedbackVal i d1This bit is set while the feedback val ues Tsense, Vsense,
Rsense, anglikegisersare valid. Reserved3 PrintingChromapad4This holds the
current chronmapod being fired while the PrintingDots status bit is set.
PrintingNozzl es4fBicpuh@ldfmuRBateliihand MICEA)Ea REisRIsd:i Triadedidiir SidWh
PrintingDots status bit is set. 10.1-SPreheat and Cl eani ng Cycles The

C eani ng SRH tPpaspmeterize\pRritasyyet as raepivs fegdhashroubbEPBgreset t i ng appropri at e
regi sters: SetAllNozzles =1 Set the Pul seDuration register to either a | ow
duration (in thdhe#devipg regiierspresradainedimpgeMlor to an appropriate drop

ej ection duration for cleaning node. Set NunlLines to be the nunber of tines
the nozzl es shoul d be fiTabte BcMemjet InBafdor Registtrd hen wait for the Go bit to
be cl eared when the printf cycles have conpleted. PCP06-SG 10. 2RRI NT

GENERATCR UNI TReggglster Name Description

Print Parameters

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

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

NumLines The number of Load/Print cycles to perform.

Monitoring the Print

Status The Memijet Interface's Status Register

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

TransfersRemai | The number of transfers remaining before the Printhead is
ning 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.

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

If 0, the 24-bit value written to the printhead comes from the
Print Generator Unit. This is the case during the actual
printing of the photo and any test images.

Actions

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




-55 The Print Generator Unit (PGQJ) 99 is an inplenentation of nost of the
Print Chain described in Section 3.2, as well as providing a neans of
produci ng test patterns. Fromthe sinplest point of view, the PGJ provides
the interface between the Image RAM 11 and the Menjet Interface 15, as
shown in Figure 41. The PQJ takes a planarized |inear RGB obtained froma
CFA format captured inmage fromthe | mageRAM and produces a 1600 dpi

di t hered ®¥N6-$drage in real tine as required by the Menjet Interface. In
addition, the PGJ 99 has a Test Pattern node, which enables the CPU 10 to
specify precisely which nozzles are fired during a print. The MII 15
provi des the |RehkdRgvéitd | arwrdslioans RgRter &ih SYGAIue tidsrs Ak-Hklisackaye been used,
and an AdvangeLi ne pul se |aftht Seat8neyioér, sltiesehdsepuistha tRGU 99 has (2 i mage
processi ng chai ns. The fi| SebseSeiSelicbelie iffed LeatingDaslend BrintdDots r egds dat a
directly from | mge RAM 13Btatasibis rerairatibanytof iha satusbitd @e setethdy for| output to
the MII. The second cont &eedbathiat ipdpared and rothifgrmere isCeae.n f unctijons (see
Section 3.2). The Print Cloacéthe YB@IB sérde Fhdd halBbeadstidnbie vliges unct i ons:
Gather Statisgtics 60  RQtaad @adetimghe GensdWisérsse Bdeant; and®serfsange |[Expansi on
63 Resanpl e 64 Shar pen réfister&a@nd teh tHeo-cEl¢CIEBt of thdSthing eyl st ¢ 67

Hal ftone 68 |Refornmat f ol sBr T feedb&&k cBhnuPEkLBY acostbasquentglint of |t hese
functions wi tth the except iopgraigphs.Gat her St at i st i Cs 60 To perform t he

Gat her Stati gst{cs step, Unlt 8 three
times (once |p& col or ct%ﬁ? %ﬁ:ﬁs sar %g:gﬁ' e'af’?y{ij‘rthrrrs The
remai nder of |t he functlons\lumq,r ﬂ hé?er ted reasons of
accuracy and |speed: accurg ngf;h

menory
required to hold the entiy rgfoddg@g,% @Q 'm because a
sinple CPU 10 cannot keep Cg,ga,mlgrhr,tgt Srn atfoh"@p |Cg,ap|§ errands of the
Menj et printhead 2. PCPO®-NgfLines, 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 1o segment SenseSegment. Is only valid if the
FeedbackValid bit of the Status register is set.

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

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

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

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




-56 The PGU 99 takes as input a variety of paraneters, including RGB to CW
conversion tables, constants for perform ng white bal ance and range
expansi on, scale factors for resanpling, and i nage access paraneters that
allow for rotation. The two process chains can be seen in Figure 20. The
nost direct chain goes from the Image RAM 11 to Buffer 5 via the Test
Pattern Access processl10. The other chain consists of 5 processes, al
runni ng i ACH&B@l |l el . The first process 111 perfornms Inage Rotation, Wite
Bal ance and Range Expansion. The secortf-process 112 performs Resanpling.
The third process 65 perforns sharpening, the fourth process 66 perforns
col or conversion. The final process 113 perforns the up-interpolation,

hal ftoning, and reformatting for the printer. The processes are connected

via buffers, Oan}ﬁe EﬂJf@gVaﬁth@sggﬁ% é’gg—gg ﬁe&ﬁ%r grﬁl??l?iﬁéﬁfetatﬁﬂga@foﬁo% ki | Obyt es

for others. We | ook at these ers’in aprimarily reverse

order, since the timng_ fo rint head drives the entire process.
Timngs for particular x?mﬁé‘}ﬁsfﬁl}?q%ﬁw&gr size requirenents are then

i

nore apparent. In summary however, the buffer sizes are shown in| Table 21.
Tabl e 21. Buffer wagRs for| Bl Cenerat or Upkécridtidh
Buf f er (byt esjCompuosi tTom o Buf] - = = rmes of 6
entries @ 10t b‘?atdg'gﬁ%fﬁh = 45 byt b S%‘U%%FF‘@’F‘?“EY 'g;q”?%@?’ ¥th§eentfies @
10-bits each| = 45 bytes G een BufFrB?er PIPAIBLY By begraBRErTHe @ 10-bits each
= 97.5 bytes| Buffer 2246 x| 4 RAM 31T RS "4¥"% entries of L @8-bilts each =
12 bytes 3 cplors x 4 entr|es @ BB edhbin not cppelyjoadingdet or 333
col or s( RGB) Dl each Buffef 6 Iines X 1280
@;.%%h%écg? y fé&?méﬂ:ﬁﬁs @le%ys;(rﬁhﬁ/@ga&.

cont one pi xe ts each Bufier 593 bits AL 23,264 Apart from a
nunber of registers. some bf the"Sfdc SQQEBHQV¥"§W%RFWWEQW%'Iookup t abl es

or menory conpgitiegh S. Thesprar e| SMEBRE ishilé therkadh Bulgon the AEnable

line

PrintingB 1 This bit is set while there is a pulse on the BEnable
line

FeedbackValid 1 This bit ts 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 nozzie 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:

* SetAllNozzles = 1

. Set the PulseDuration register to either a low duration (in the case of the preheat
mode) or to an appropriate drop ejection duration for cleaning mode.

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

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

completed.



PCPO6- SG -57 Table 22. Menory requirenments within PGQU Processes UnitSize
Conposition of (bytes)Requirenments Rotate/ \Wite Bal ance 1 Range 0 Expand
Resanple / Convert to L1,1523 kernels, each 64x4x12-bits Sharpen0 Convert
to CW14, 7393 conversion tables, each 17x17x17x8-bits Upl nterpol ate /

Hal ftone 1 2,500Di ther Cell, 50x50x8-bits Reformat Test Pattern AccessO
TOTAL 10.2.7 Test Pattern Access 18,391 The Test Pattern Access process 110
is the neB#$5Hy which test patterns are produced. Under normal user

ci rcunstances, this process will not P@-used. It is primarily for

di agnosti c purposes. The Test Pattern Access 110 reads the | nage RAM 11 and

passes t hgg SpRint CERkHROR O 89t |y to Buffer 5 118 for output to the Menjet
Interface. It does not nodify the 8-bit values in any way. The data in the

| mage RAM 11 V\Dgl'u? Ppr?t QQWEﬂMWGLIB)% 193 H Jﬁ&eﬂé‘ltﬂgn topﬁoét%l?%% PrfA‘FEﬁaé Uni t

9. The data rea rom Is read 1Th a ver wrapar ound

f ashi on. q%@nbeﬂég%o@@?vé}seveugéarovlémmeg@ﬁmw ptqéeclm@g%t pa%&r@p the start
address of the first byte, and the nunber of bytes. Wen the end of the
dat a i s reachedframhiée gimniest pointehdevghe RGUroeMideR dhebiplgifanei hetyveeithe Iglgaict ur e

of the TeghmPAtdmarie Mehfst Sntbiick 1315 érﬁawﬁhﬁ’\ﬁllau!e%':*rgélﬁa%u“ékespé pERAtEE Seen
in Figure 43, the Test Pattern Access Unit I10 is |ittle nore than an
linear RGB obtained from a CFA format captured image from the ImageRAM, and produces a

1600 dpi dithered CMY image in real time as required by the Memijet interface. In addition, the
PGU 99 has a Test Pattern mode, which enables the CPU 10 to specify precisely which
nozzles are fired during a print. The MJ 15 provides the PGU 99 with an Advance pulse once

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

The PGU 99 has 2 image processing chains. The first, the Test Pattern mode, simply
reads data directly from Image RAM 11, and formats it in a buffer ready 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 65

. 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 algorithms. The remainder of the functions
are the domain of the PGU 99 for reasons of accuracy and épeed: accuracy, because there
would be toco much memory required to hold the entire image at high accuracy, and speed,
because a simple CPU 10 cannot keep up with the real-time high-speed demands of the

Memjet printhead 2.



Address Generator 119. Wen started, and with every AdvancelLine signal, the
generator reads 3 bytes, produces a TransferWiteEnabl e pul se, reads the
next 3 bytes, and then waits for an PCP06-SG -58 Advance pul se. At the
Advance pul se, the TransferWiteEnable pulse is given, the next 3 bytes

are read, and the wait occurs again. This continues until the AdvanceLine
pul se, whereupon the process begins again fromthe current address. In
ternms of P@a@ddhg 3 bytes, the Address Cenerator 119 sinply reads three
8-bit values fromI|mgeRAM 11 and wi%es themto Buffer 5 118. The first
8-bit value is witten to Buffer 5 s 8-bit address 0, the next is witten
to Buffer 5's 8qQit h i S
8-bit address 2. r-?Thl:,ecgﬁg g?lggess %%Mg:aofa”a%&dﬂéerﬁm%\tgﬁ Erﬁcfﬁ@m& gqn(%;\ %g{]mcﬁ pul se
bef or e dofdiyertine labigfeconpipy ol garfermingydite dalprcesand r@f@ﬁ@?‘&%"é@” fegPle ffareors mage
RAM 11 ar gy R8&asling and irfdgdlakcsad garameteritbt llowi Btefi@INt as shown in Table 23.
Tabl e 23. Test Pattern Access Regi sters Regi ster NaneDescription

Test ModeEnabl edife dwo ES&E%%S' & %@%E‘érﬁiﬂ Eidufe £b. TW@%BM@cﬂcﬁaiﬁ'@BesefF@fb' ed.

DataStartg? grt A%Q ﬁi %f st data_l Ig Dat aLengt hNunber of 3
bytes in Y'&st"éef g EP B 48 tﬁ%aaﬂd%ta A‘?CF%PsPrPa%Séyot HBe SH§F &aan
gener at i ocnnsusiéabvalpaﬁes{sat B SUNAMG mmrallahCFMfrsmodées eviggertAahis ImafaRatSlical t

o 0y PR ER ATl BN ey Aol e

Buffer 5 =
Remai ni ngth'n;d pfoc@sﬁeﬁﬁamqnfpm@p shaﬂ:)enmmdhai‘qm'rthgroce:{eaﬁeamgﬁqgmsqcolor 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 seme 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 pariicular 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
Buifer | {bytes) Compaosition of Buffer
Buffer 1 188 | Red Buffer = 6 lines of 6 entries @ 10-bits each = 45 bytes
Blue Buffer = 8 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 | 8 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
Buffer4 | 23,040 | 3 colors(CMY) x 6 lines x 1280 contone pixels @ 8-bits each
Buffer 5 9 | 3 x 24 bits
TOTAL | 23,264

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

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

diag'nostic 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 little more than an

Address Generator 119. When started, and with every AdvancelLine sighal, the generator reads

3 bytes, produces a TransferWriteEnable puise, reads the next 3 bytes, and then waits for an



Since the ratio of nmediumres lines to high-res lines is 1:5, each nedi um
res lineis sanpled 5 tinmes in each dinension. For the purposes of buffer
lines, we are only concerned PCP06-SG -60 with 1 dinension, so only
consider 5 dot lines comng froma single pixel line. The distance between
nozzles of different colors is 4-8 dots (depending on Menjet paraneters).
W therefore assune 8, which gives a separation distance of 16 dots, or 17
dots in iPe#8¢ ve distance. The worst case scenario is that the 17 dot

lines includes the last dot line from®-given pixel line. This inplies 5
pi xel lines, with dot lines generated as 1, 5 5, 5 1, and allows an

I ncrease Q&vaﬂ&.zﬁtjléae ﬁﬂﬁ@h&dn@@pdléé thd Tr&@feﬁﬁﬁ&éﬁbk%&eﬁme‘ﬁotﬂé A 3@gRsT ati on
process witing to the b does not interfere dot generation

process r@&&dP aﬁﬁimwaﬁfeocswﬁs?'? s eRTEnugh uawtt*ﬂeaAW@a?%Wrw§e|wfﬂ?éel1@em
col or, fomedrdcedstegint agil rdteheRelert8dddéss. The contone buffer is therefore 3
colors of 6 lines, each line containing 1280 8-bit contone val ues. The

total menory req}UtéhﬂQof feadin 3%9@4&%%@&3@%%&39(5 Iﬁre%&é’irﬁé@&bgh?
|

menory onl bi t sin

wite eveY%)/ ef§ 5&/ EQA'@QE%’HS(‘?’SW&F@ ﬁa@gl& §c[${c'l§8 f'?% 'tr}’@lé‘f" Sg"r"ﬁ?"é?r ucture

of Buf f er Bdifar $'sshbitvaddressH), gy sexd T wiitehfte rBufferciis Sibéit addrpbsenreairtdetde agrdss ngl e

cycl e do”ﬁhﬁ ﬁg%ﬁ& &4 ﬁ%ﬁ aﬁ&gss"‘ﬁ'fh%)m'é’é% deh'& oPﬁH&{heﬁ 0&; tJ‘@P‘aﬁ'%'d@gged of

the pri i'on process, an [ runni ng

4% f ast er Pwetb?f%ﬁwnmthswm@mg@a@lnor vvr| te access per cycle. Buffer 4 is

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

10. 2. 4Upl nt er polThe eddrédsks genamtedfotthdRbniage MddV Foare Pesadtonra stdrt rdiegh antha

Up- I nt er pphidt&int 48dhbhQMerapRRd. Ref ormat 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 |npl d a. si ss in the hardware

i npl enent ati on of the PCP 3. e%u’ % T §P1atterphrl\%c?§sq£ergf'§ers olate, Hal ftone and

Reformat Unit (UHRU) 113 is the contone buf f er (Buffer 4) |117 contai ni ng

t he pre-cal cul at ed Gw\égih?g?mahﬁs (|l nt er medi Bﬁﬁripﬁ&ﬁm uti on) i mge. The

output is a set of orrect order to bg sent to the

Menj et Interface 1 Eﬂﬁ@%ﬁuenlth?qu? ?%QPﬂ%mhrlnthead via Buffer 5

118. The 24 out put b| ts are gengrlB® JGStM"Fﬁ'F”atte”ab'?q'rre and sent to the

24-bit shift regi gt 0. Buffer § hi s iprocess occurs
R SRR FBR R s

fromthe Advance 34 ncelLi ne rom When t he UHRU
113 starts up, and-after each Aduanceline pulse 24 hits arle
Datalength Number of 3 bytes in test data

(

The following pseudocode illustrates the address generation. The Advanceline and

Advance puises are not shown.

Do Forever
Adr = DataStart
Remaining = Datalength
Read Adr into Buffer 5 {0), Adr=Adr+l
Read Adr into Buffer 5 (1), Adr=Adr+i
Read Adr into Buffer 5 (2), Adr=Adr+l
Remaining = Remaining-1
if (Remaining = 0)
Remaining = Datalength

EndDo




produced, and are clocked into the 24-bit shift register of Buffer 5 by a
ShiftWiteEnable signal. After the 24th bit has been clocked in, a
TransferWiteEnabl e pul se is given, and the next 24 PCP06-SG 61 bits are
generated. After this, the UHRU 113 waits for the Advance pulse fromthe
MII . When the Advance pul se arrives, the TransferWiteEnable pulse is

gi ven to Buffer 5 118, and the next 24 bits are cal cul ated before waiting
agai n. Brgé?lce once the first Ady, ce pul se is given, synchronization
has occurred and future Advance pul ses occur every 24 cycles
thereafter. The Upl nterpol ate, Hal ftone and Ref ormat process can be seen in
Figure 46. The Hrarrsftmeomepdnamintyicsmmdremtrakeanémye Ehbﬁth&idméﬂ i€ niEahihgfulligsingned

conpar at o toth ar a fromt St agger ed
i ther - CaPIt 2, Bte gL e PR s Bieyin BRI LR Oy S

pr esent ed Bytg 1tl$1fé'e eprge @nmdg@@ﬂrpm‘ ByteR fot 3€loivsAltbatata seitsred @4 bijs drd éor oddileliess s
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in the correct ord g ead, the size 121 is
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t he ditheregisel.l for one segnent will be the same for the remaining 7

segnents. A 50x50 dither cell provides a satisfactory result. As described
in Section 3.2. euﬁérrsaheam amsastai dWible buffdiiag eHebhMisnC! the GaRrdd& ddis @ f or

different, co Q. .th ci, that different |lines are being generated
at the sai?réesgt&'ruaug%%s Own' t#‘rle colors. The addressing for the dither
cell is therefore gurte sr rrple W start at a particular rowin the

St agger ed1F-2REferddiT (e.g. row 0). The first dither cell entry used is

Entry 0. W use that entq% 24 tinmes 24 cycles) to generate the 3 colors
for all 8 segmeRtier 49hld hasrihe spicased f‘”d’ fosgliate ggsolvtisw (0280AeYeontBPR ry 49,
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next rowin t heThe size of the Contone Buffer is dependent on the physical distance between the
nozzles on the printhead. As dots for one color are being generated for one physical line, dots
for a different color on a different line are being generated. The net effect is that 6 different
physical lines are printed at the one time from the printer - odd and even dots from different
output lines, and different lines per color. This concept is explained and the distances are

defined in Section 2.1.1.

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

Since the ratio of medium-res lines to high-res lines is 1:5, each medium res line is

sampled 5 times in each dimension. For the purposes of buffer lines, we are only concerned



dither cell. The Staggered Dither cell 121 is so called because it differs
froma regular dither cell by having the odd and even |ines staggered.
This is because we generate odd and even pixels (starting from pixel 0) on
different |lines, and saves the Address Cenerator 122 from having to
PCPO6- SG - 62 advance to the next row and back again on alternative sets of
24 pixels. Figure 25 shows a sinple dither cell 93, and howto map it to a
st agger edrefiot-p@er cell 121 of the same size. Note that for determ ning the
"oddness" of a given position, we numfr the pixels in a given row0, 1, 2
etc. The 8-bit value fromBuffer 4 117 is conpared (unsigned) to the 8- bi t
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regi ster krefid besunte. 8, | Whidh §leds 4 Qeftadtbh QRS o296 d@@nbpmﬁd&hwhr&ms;&& 200
cont one plxel S n it 122 perfornms

thi's taskioEsEe s ww&e@ﬁ%scga%noé%@a@h? 2 R st g et ol i (5 5 B
i npl enent pmg libda €T hidpimptiesr P pikal tlieed, adik dofTimes geithrated agen®riab] onardatiowseadi ng

Buf f er I | icated than the address generation for the
di t her cei i:'%a udtfgﬁ%[eysegagfonqgw The Address Cenerator for readl ng Buffer 4

only begins onc oengu %{hatstl;ue c%\%ng er?%t ro%?ss w%%ﬁ%%rm%u 0(e|§] not nhl? e&?ggl ni ng

rows of Buffer are
dots). Eawhh e dohgengradérf m@asseewmg ;ﬁatn thqe buster, veesadd anexyirs nedlumrremhr@rper nt eger

and fraCtb&&%raﬁWﬁB&perI&& integer portion of the register is used to
sel ect which' Buffer line wlil be read to effectively upinterpolate the

color for that BRL tcblﬁétyi'l]at;uffgplg %eréo@ckdccﬁ’d?g ofd ﬁﬁ'bspbé%‘ﬁl e cgntgihlﬁih %SEFQ Hi?t ers

are used to maintain € current position wt singl e

t enpor ar yconisavekies. Phatel njsmes) readige ésd ) 6i>s1389 6@396‘9 BYtess@2 5{KRyigsk ke
remai ni nngmﬁl@gﬂﬁﬁrﬁ’ééuweb@ %mbit’ rddgier cftl a8 S eg@reeg Bit WoR dvely J5eqeiedd

Buf f er 4 uires the ers own in_Table 24. Table 24.
Regi st er st faap?%'ﬂs Bt R ie S B e R 5By Enevens bt s
(3:3) CyanOtld6 % er 4 can l?e implemented as single cycle double access (read and write) RAM

running at the nominal speed of the printhead dot generation process, or can be implemented
as RAM running 4% faster with only a single read or write access per cycle.

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

10.2.4Upinterpolate, Halftone, and Reformat For Printer

Although the Up-Interpolate, Halfione, and Reformat For Printer tasks 113 are
defined as separate tasks by Section 3.2.8, Section 3.2.9 and Section 3.2.10 respectively, they
are implemented as a single process in the hardware implementation of the PCP 3.

The input to the Up-interpolate, Halftone and Reformat Unit (UHRU) 113 is the
contone buffer (Buffer 4) 117 containing the pre-calculated CMY 1280-res (intermediate
resolution) image. The output is a set of 24-bit values in the correct order fo 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 MJt 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



Magent aEven6 bits (3:3) MagentaOdd6 bits (3:3) Yell owkEven6 bits (3:3)
PCP06- SC -63 Yel l owOdd6 bits (3:3) Cyan_P_ADR14 bits (11:3 Magenta P_ADR14
bits (11:3 Yellow P_ADR14 bits (11:3 P ADR11 bits (only hol ds integer
portion of X P ADR) The initial values for the 6 buffer line registers is
t he physical dot distance between nozzles (renenber that the fractional
conponent is effectively a divide by 5). For exanple, if the odd and even
out put dopsPoeéca col or are separated by a distance of 1 dot, and nozzl es of
one color are separated fromthe nozzi®s of the next by 8 dots, the initial
val ues would be as shown in First Line colum in Table 25. Once each set

of 19, 200:fiks oBASE e BRSHELER 1 S35, AL oGRS AL F6 (ALAY. WiAgh ot
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Second Line Val ue BuffValue Buff CyanEvenlnitial Position0O:000: 10
CyanQddCyanEven 8¢ Yplnteme!aten Heligraard Bainegtamegercende seymin figyreds.

Magent aCddMvagent aEven+0: 12: 022: 12 Yel | ovxEvenl\/a%ent aQdd+1: 3 (8)3:333:43
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pi xel's. Tgrdgre tthat tmase vaY\'hs are presenteg tot %e Unslgnec}J @or%&asf'atgrl %( 2%' |§ dgtrer?nuqe% l% the
Address Generator State Machine 122, which ensures that the addresses into the 1280-res
image match the segment-oriented order required for the printhead. The Address Generator
State Machine 122 therefore undertakes the Up-Interpolation and Reformatting for Printer
tasks. Rather than simply access an entire line at a time at high resolution, and then reformat
the line according to the printer lookup requirements (as described in Section 3.2.10), the
reformatting is achieved by the appropriate addressing of the contone buffer (Buffer 4) 117, and
ensuring that the comparator 120 uses the correct lookup from the dither cell 121 to match the

staggered addresses.

The Halftoning task is the same as described by Section 3.2.9. However, since the
dot outputs are generated in the correct order for the printhead, the size of the Dither Cell 121
is chosen so that it divides evenly into 800. Conseguently a given position in the dither celi 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 Halftene Unit then stops and waits for
the Advanceline pulse which causes the address generator to advance to the next row in the

dither cell.

The Staggered Dither cell 121 is so called because it differs from a regular dither cell
by having the odd and even lines staggered. This is because we generate odd and even pixels

(starting from pixel 0) on different lines, and saves the Address Generator 122 from having to



PCP06- SG -64 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 index into each segment. Each segnent is separated fromthe
next by 800 dots. In nmediumres pixels this distance is 160. Since 800 is
divisible exactly by 5, we only need use the integer portion of the 3 Pixel
Address counters. W generate the 8 addresses for the even cyan pixels,

t hen the Bcragee esses for the even nagenta, and finally the 8 addresses for
the even yellow. We then do the sane f@r the odd cyan, nmmgenta, and yellow
pi xel s. This process of two sets of 24 bits - 24 even then 24 odd, is

per { of med o 440cd oS no¥oif Bl bARMLE SR lant G BISKE! féﬂ%fxg@SF.gaaag%haNM P ADR

to O and aavance t [ Tne reg | sters. vances
next buf f 8ifmple; ditaer agll §3\anfl thew t‘amgp rtrt@aéyaggefpd dlﬁt@atzellnw(owetaa@e@@nvlé@t@ to CIW

process) . mhedt th@rﬁuﬂudgﬁﬁé“oﬁ@%s@to?@ivéﬂ”‘po%ita&h Wl Rirfolf 12 pilédin& gmn rWlEress
Generation for Reading Buffer 4 #AddressCal cul ati onConment - P_ADR =Gener at e

addr ess f6FfCven Cyan_P ADRpler in Cyan segment 0 and Cyan P_ADR +=
ladvance to next_pixel for c (mpds) 1CyanEven: P ADRP_ADR += 160Advance

to segment | (cy&RPPEEPYREYR “ﬁ@ﬁbﬁﬁfﬂﬁﬁw$@dﬂﬁﬁﬁﬂﬁgﬁﬁgﬁ?b“E@ﬁﬁﬁﬁW‘@e(cyan)
3WiggxgnSBgWDﬁWCﬁF1i‘lgﬁml(iblatliﬁéﬁ4Tp&el&%@:ﬁ&sﬂ@re&el(lﬁ&lﬁ&')eq‘ﬂ@ﬁ?ggxcgtﬁeﬁelﬁDﬁP ADR
+= vance t.0. .segnent eto
Sogmont 5 g HES ATRY & e KR ik B B o et B L oo BB any
7CyanEvenstit aBiRRr piBRffe=5. 160Advance to segnent 7 (cyan) 8CyanEven: P_ADRP_ADR

=CGenerate address for even Magenta P_ADRpi xel in Magenta segnent 0 ADR += 1
Magent a and advamom®et i hatitebe p9,2@ cdntane Bixels, 19,200 contone pixels must be read in.

The Address Generator Unit 122 performs this task, generating the addresses into Buiffer 4
117, effectively implementing the Upinterpolate 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 coler'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 generatfon 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)
CyanOdd 6 bits (3:3)
MagentaEven 6 bits (3:3)
MagentaOdd 6 bits (3:3)
YellowEven ‘ 6 bits (3:3)




magent a (nods) 9Magent aEven: P ADRP_ADR += 160Advance to segnent 1
(magenta) 10Magent aEven: P_ADRP_ADR += 160Advance to segment 2 (magenta)

11Magent aEven:
12Magent aEven: P_ADRP_ADR
13Magent aEven: P_ADRP_ADR
14Magent aEven: P_ADRP_ADR
15Magent atsrems® ADRP_ADR
16Magent aEven: P_ADRP ADR

(nod 5) 17Yel

18Yel | owEven:

P ADRP_ADR += 160Advance to segnent 3 (magenta) PCP06-SG - 65
+= 160Advance to segnent 4 (rnagenta)
+= 160Advance to segnent 5 (rnmagenta)
+= 160Advance to segnent 6 (nagenta)
+= 160Advance to segnent 7 (rmagenta)

=CGener ate addiBess for even YeIIomLP_ADRpier in
Yel | ow segnent 0 and Yel | ow advance to next pixel for P ADR += 1 _ yel |l ow

| pnEyem P ADRP ADRyiss.3p0Advance to segnent 1 (yel I ow)
P _ADRP-ADR += 1 Arl\lanr\n -0 engﬁepf 2

Cyan_P_ADR 14 bits (11:3

Magenta_P_ADR 14 bits (113

Yellow_P_ADR 14 hits (11.3

P_ADR 11 bits (only holds integer portion of X_P_ADR)

The initial values for the 6 buffer line registers is the physical dot distance between

nozzles (remember that the fractional component is effectively a divide by 5). For example, if

the odd and even output dots of a color are separated by a distance of 1 dot, and nozzles of

one color are separated from the 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

lings.

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 &2 0
MagentaEven | CyanQdd+1.3(8) 1.4 1 2:0 2
MagentaOdd MagentaEven+0:1 2:0 2 2:1 2
YellowEven MagentaOdd+1:3 (8) 3:3 3 3:4 3
YellowOdd YellowEven+0:1 34 3 4.0 4

The 6 buffer line registers then, determine which of the buifer 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



(yell ow) 19Yel | owEven: P_ADRP_ADR += 160Advance to segnent 3 (yell ow)

20Yel | owEven: P ADRP_ADR += 160Advance to segnent 4 (yell ow)

21VYel | owkven: P_ADRP_ADR += 160Advance to segnent 5 (yell ow)

22Yel | owkven: P_ADRP_ADR += 160Advance to segnent 6 (yell ow)

23Yel | owkven: P_ADRP_ADR += 160Advance to segnent 7 (yell ow)

24Yel | owEven: P_ADRP_ADR =Cenerate address for even Cyan_P_ADRpi xel in Cyan
segment OperuelscCyan P_ADR += ladvance to next pixel for cyan (nods)
25CyanOdd: P ADRP_ADR += 160Advance to&egment | (cyan) etc PCP06-SG -66 The
pseudocode for generating the Buffer 4 117 addresses is shown here. Note
that it S n o] Tab 6 etter
Viow of |t S uBPa ey B b ke SERer i b BBue R 8 e Y 'S

generati owngl%e@wbml @wetesﬁPaﬁBRp\@lwt i @s@ to Dylex Atoegack: senn@nt}ﬁam}mmnt@yan Even
+ 01 Mageptmalavdn me%ﬁtr@%(fbo& ﬁ Pésap%g tms%%&; @Ei\égnsﬁceOSOb is

Yel | owEven = Magent aldd +°1: |'owQdd Vel | owEven + 0: 1 times
(depends @WSIBIfa pmcﬂg Py &)we Wd??eﬁ’”ﬁjﬂe mtqgewt&qtoéthp 3 Aibye! ﬁddress counters We

generate the 8 addresses for the even cyan pixels, then the 8 addresses for the even magenta,
and finally the 8 addresses for the even yellow. We then do the same for the odd cyan,
magenta, and yellow pixels. This process of two sets of 24 bits - 24 even then 24 odd, is
perfarmed 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 buifer line ié 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 cyan
(maod5)
1 CyanEven:P_ADR P_ADR += 160 Advance to segment 1 (cyan)
2 CyanEven:P_ADR P_ADR += 160 Advance to segment 2 (cyan)
3 CyanEven:P_ADR P_ADR += 160 Advance to segment 3 (cyan)
4 CyanEven:P_ADR P_ADR += 160 Advance to segment 4 (cyan)
5 CyanEven:P_ADR P_ADR += 160 Advance to segme'nt 5 (cyan)
6 CyanEven:P_ADR P_ADR += 160 Advance to segment 6 {cyan)
7 CyanEven:P_ADR P_ADR +=160 Advance to segment 7 {cyan)
8 CyanEven:P_ADR P_ADR = Generate address for even
Magenta_P_ADR pixel in Magenta segment 0
Magenta_P_ADR +=1 ; and advance to next pixel for
(mod5) magenta
9 MagentaEven:P_ADR P_ADR += 160 Advance to segment 1
(magenta)
10 | MagentaEven:P_ADR P_ADR += 160 Advance to segment 2
(magenta)
11 | MagentaEven:P_ADR P_ADR += 160 Advance to segment 3
(magenta)




Yellow P ADR = 0 Do 400 tines o 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
ti mes ReadBuffer4(line=CyanEven, pixel=P ADR) P ADR += 160 EndDo P ADR =
I nteger portion of Magenta P ADR Magenta P Adr += 0:1 Do 8 tinmes
ReadBuf f er 4(| i ne=Magent aEven, pixel =P ADR) P ADR +- 160 EndDo P ADR =

I nteger portion of Yellow P ADR Yellow P Adr += 0:1 Do 8 tines
ReadBuf f ererob-sme=Yel | onEven, pixel =P ADR) P ADR += 160 EndDo generate the
odd pixels for the first set of 24 bit6- P ADR = Integer portion of Cyan -P
ADR PCP06-SG -67 Cyan P ADR += 0:1 Do 8 tinmes ReadBuffer4(line=CyanQdd,

pi xel =7 ADR)2 | RiQbRatventBRpRNdOe Aok ADRo= | Nt epREv-RY bhisedn&k 4 Mgentia. P ADR
Magenta P |Adr |+=70:1 (magenta)
13 | MagentaEven:P_ADR P_ADR += 160 Advance to segment 5
(magenia)
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 pixet in Yellow segment 0 and
Yellow P ADR += 1 advance to next pixel for
(mod 5) yellow
17 | YellowEven:P_ADR P_ADR += 160 Advance to segment 1
{yellow)
18 | YellowEven:P_ADR P_ADR += 160 Advance to segment 2
(vellow)
19 | YellowEven:P_ADR P_ADR += 160 Advance to segment 3
(yellow)
20 | YellowEven:P_ADR P_ADR +=160 Advance to segment 4
{yellow)
21 | YellowEven:P_ADR P_ADR +=160 Advance to segment 5
{yellow)
22 | YellowEven:P_ADR P_ADR += 160 Advance to segment 6
(yellow)
23 | YellowEven:P_ADR P_ADR += 1860 Advance to segment 7
(yellow)
24 i YellowEven:P_ADR P_ADR = Generate address for even
Cyan_P_ADR pixel in Cyan segment 0 and
Cyan_P_ADR += 1 advance to next pixel for cyan
{mod5)
25 | CyanQOdd:P_ADR P_ADR += 160 Advance to segment 1 (cyan)
etc




Do 8 tines ReadBuffer4(line=Magentaodd, pixel-P ADR) P ADR += 160 EndDo P
ADR = Integer portion of Yellow P ADR Yellow P Adr += 0:1 Do 8 tines
ReadBuf er 4(| i ne=Yel | onOdd, pi xel =P ADR) PADR += 160 EndDo % Now can
advance to next "line" CyanEven +- 0:1 CyanQdd += 0:1 MagentaEven += 0:1
MagentaOdd += 0:1 Yellowkven += 0:1 YellowOdd += 0:1 EndDo EndDo

10. 2. 5Buffer 3 116 Buffer 3 is a straightforward set of 8-bit RR G B

val ues. THR&®ESREB val ues are the shagﬁ%ened mediumres (1280-res) pixels
generated by the Sharpen process 65, d read by the Convert to CW
process 66. It is not necessary to double buffer Buffer 3 116. This is

because the reagnf CoIMEEHe fdP gerfeMlihg edifess b6 LRlcksdsSHdWaTeleRoB 4GB val ues
for the first 39 cycles, while the"wite (Shart{%en_) rptrocess 65 takes 49
éVI

cycl es beftrligtep @ Agequenip) st of sikpsubabe 2o havus abe Varaiale! naheegbhec

10. 2. 6Conydritioh@dudivl tHeGadd@ss ddheraemver sion from RGB to CW is perforned in

the nmedi um resogtga&%gatsepagagt ééLlZCSIO-res) as described 1n Sectiron 3.2.7. The
nus

conver si on process pr uce the contone buffer pi xel s (Buffer 4) 117
at a Cyankven = 0:0

CyanOdd = CyanEven + 0:1
MagentaEven = CyanOdd + 1:3
MagentaOdd = MagentaFEven + 0:1
YellowEven = MagentaOdd + 1:3
YellowCdd = YellowEven + (G:1

Do N times (depends on print size)
Cyan P ADR = 0
Magenta P ADR = 0
Yellow_P_ADR = 0
Do 400 times
% generate the even pixels for the first set of 24 bits
P ADR = Integer porticn of Cyan P ADR
Cyan P ADR += (:1
Do 8 times
ReadBufferd (1ine=CyanEven, pixzel=P_ADR)
P_ADR += 160
EndDo
P_ADR = Integer portion of Magenta P ADR
Magenta P_Adr += 0:1
Do 8 times
ReadBuffer4 (line=MagentaEven, pixel=FP ADR)
P _ADR += 160
EndDo
P_ADR = Integer porticn of Yellow_ P ADR
Yellow P Adr += 0:1
Do 8 times
ReadBufferd (line=YellowEven, pixel=P_ADR)
P_ADR += 160
EndDo

% generate the odd pixels for the first set of 24 bits

P ADR = Integer portion of Cyan P ADR



rate fast enough to keep up with the Upl nterpol at e- Hal ft one- Ref or mat
process 113. Since each contone value is used for 25 cycles (5 tinmes in
each of the x and y di nensions), the conversion process can take up to 25
cycles. This totals 75 cycles for all 3 col or conponents. The process as
described here only requires 14 cycles per color conponent, with the input
RG&B val ues actually freed after 39 cycles. If the process is inplenented
wi th | ogi ECROBB® requires access to the input RGB values for nore than 49
cycles, then Buffer 3 116 will requi r€7 doubl e-buffering, since they are
updat ed by the Sharpening process 65 after this tinme. The conversion is
performed as tri-|lipeareiapfecpohbati on. Three 17 x 17 x 17 | ookup tables
are used for the cogvg?é&gg process: RG to Cyan 90, RGB to Magenta 91, and
RGB to Yellow 92. HowevVer, since we have 25 cycles to perform each
tri-linear interpol at FRIETREYESSYARGINEEES 8¢ °R) fast tri-|inear
interpolation unit. |nsttead,1® calls to a |inear interpolation process 130
is nore than adequakginoAddress generation for indexing into the | ookup
tables is straightfgryard, Ve use the -4 nost significant bits of each
8-bit col or component for address genération~ and the 4 least significant
bits of each 8-bit IFB-Bdfiponetit for interpol ating between val ues
retrieved fromthe bpcemiessi on tables. The addressing into the | ookup table
requires an adder duegrd.@elfre-f act-tRatcacddeikoUm:t abl e has di mensions of
17 rather than 16. FO%EBQ%LQh%’ multiplying a 4-bBit nunber X by 17 is an
8-bit nunber XX, and therefore does not require an adder or nmultiplier, and
mul tiplying a 4 bitE¥itber by 172 (289) is only slightly nore conplicat ed,
requiring a single addr -Alttheughetthe emtrernpelratiron coul d be perforned
faster, we use a sinpghg, adder,_tp.; generate addresses and have a single
cycle interpolatiomﬁqyg;;§bnsequently we are able to calculate the
interpolation for generating a single color conponent fromRGB in 14
cycles, as shown in TEEPEP (LiphersptCedsrimast? H&irepeated 3 tinmes in
order to generate cyan.oragersca, and yellow Faster nethods are possible,
but not necessary. BGR06-SG -69 Table 27. Trilinear interpolation for color
conversion Cyc LoadEffective FetchAdjust ADR registerlinterpolate | e 1ADR =
289R 2ADR =ADR +17G

% Now can advance to next “line”

CyvanEven += 0:1 '

CyanOdd += 0:1

MagentaEven += 0:1

MagentaOdd += (Q:1

YellowEven += 0:1

YellowOdd += 0:1

EndDe

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 anly 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.



3ADR =ADR + B 4P1RGBADR = ADR + 1 5P2RGB+1ADR = ADR + 16 6P1RG+1 BADR = ADR
+ 1P3 = P1 to P2 by B 7P2RG+1 B+1ADR = ADR + 271 8P1R+1GBADR=ADR+1P4=Pl to
P2 by B 9P2R+1 GB+1ADR = ADR + 16P5 = P3 to P4 by G 10P1R+1 Gt+1 BADR = ADR
+ 1P3 = P1 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 register and adder can
be used for address generation into the |lookup tables. 6 sets of 8-bit

regi st er sPerafs®he used to hold internediate results - 2 registers hold

val ues | oaded fromthe | ookup tables,-88nd 4 registers are used for the
output fromthe interpolation unit. Note that the input to the |inear

I nterpol a ys a pair of 8-bit registers P11P2, P3/P4, and
P5/ P6. Th?%@?g&@%ﬁgbgmﬁl erately to reduce register selection logic. In

cycle 14, the " \Iche c&We%Eo%rer%? kG@O c>d§ij| h? ggﬁcprlngd Y& hg%édlmus&uﬁ;ﬁl %}éi:?éredll

The 8-bit result can be witten to t ppropriate location

117duri ng(1t2%FQﬁb$@tdeéV@P@!" FPESE - 70 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 cyafhe chwersien piocenstSomystmrasiorn tbmeontinediufferipiels (Bufisd4)i 1if et a he cyan

1280-res eaiaanBolYiitd Réep umﬁth%é)t(};ﬁ&érpbl%telﬁwbné BRARR IR 11BESif@MERcH RCB
input to generate the nmgenta pixel. This magenta contone pixel is stored
i nt o t he ¢ontone value is used fol 25 cycles (5 times in each of the x and y dimensions), the conversion

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

The process as described here only requires 14 cycles per color component, with the
input RGB values actually freed after 39 cycles. If the process is implemented with togic that
requires access to the input RGB values for more than 49 cycles, then Buffer 3 116 will require
double-buffering, since they are updated by the Sharpening process 65 after this time.

The conversion is performed as tri-linear interpolation. Three 17 x 17 x 17 lookup
tables are used for the conversion process: RGB to Cyan 90, RGB to Magenta 81, and RGB to
Yellow 92. However, since we have 25 cycles to perform each ftri-linear interpolation, there is
no need for a fast tri-linear interpolation unit. Instead, 8 calls to a linear interpolation process

130 is more than adequate.

Address generation for indexing into the lookup tables is straightforward. We use the
4 most significant bits of each 8-bit color component for address generation, and the 4 jeast
significant bits of each 8-bit color component for interpolating between values retrieved from the
conversion tables. The addressing into the lockup 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 172 (289) is only slightly more complicated, requiring a single add.

Although the interpolation could be performed faster, we use a single adder {o
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.
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fourth col unm %f R@B dat1GB not r el| A\PH&T ADRAd nerelypﬁséﬁt@P%ytes at the
saving of not| having td i npl enent conplicated shift aRYBread/ wrilte | ogic.
In a given cyg e, | phe [RAM elthe%d#Lxﬁhtt nto L om The read
and wite prqcessjes have 7§ﬁ%ycles iin~ which to conp gf %ﬁgooéder to keep
up with the prH-nthead {PCP06-SG 10.2. 8Sharpen -71_ T harpen Unit 65
perforns the |siBarp@hi ng Rﬁ§k4ﬁescribewwimAEEeﬂion 3. PPB=PSite2 |t he
sharpened RGB pixels arje stored intg Buffer 3 116, theyBharpen Unit 65 nust
keep up with Mg, R+1G+1B+1
12 P4=P1toP2
by B
13 P& =P3to P4
by G
14 V = P5 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 interpotation 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.



the Convert to CMY process 66, which inplies a conplete RGB pixel nust be
sharpened within 75 cycles. The sharpeni ng process involves a hi ghpass
filter of L (a generated channel fromthe RGB data and stored in Buffer 2)
and adding the filtered L back into the RG conponents, as described in
Table 12 within Section 3.2.6.2 on page 35. The highpass filter used is a
basic highpass filter using a 3x3 convolution kernel, as shown in Figure
50. The hP¢es-ffass filter is calculated over 10 cycles. The first cycle

| oads the tenmporary register 140 with% tinmes the center pixel value (the
center pixel shifted left by 3 bits). The next 8 cycles subtract the

remaining 8 pixg| bldéﬂkiléﬁn%m d‘l"tﬁe%o@wér&t@@rﬂﬂoﬁm&fss ddrih btet%@erﬁﬂtF!gﬁ% 4arocedure can
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135 centered on the pixel being sharpened.

Consequently, during the sharpening process 85, 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 comresponding RGB
center value must be calculated by the Resample-CreateLuminance process 112. The logical
view of accesses to Buffer 2 115 is shown in Figure 49.

The 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.



and B corresponding to the center pixel. Address Generation is
straightforward. Witing to Buffer 3 116 is sinply R G and B in cycles
72, 73, and 74 respectively. Reading fromBuffer 2 115 nakes use of the
cyclical nature of Buffer2_ The address consists of a 2-bit colum
conponent (representing which of the 4 colums should be read), and a
3-bit value representing L1, L2, L3, R G or B. The colum nunber starts
at 1 eachpr¢rokqigs and increnments (with wapping) every 75 cycles. The order of
reading Buffer 2 is shown in Table 28.71Fhe C register is the 2-bit colum
conmponent of the address. Al addition on Cis nodulo 4 (waps within 2

bits). Ta%_gﬁg%r Head Access to Buffer 2 during 75 Cycle set
Cycl eAddr essUp ate C 0C, L2C=C-1 1C, L1 2C, L2 3C, L3C=C+l 4C, L1 5C,

L3C=C+1 6C, L1 - 13C= .C-1.0- 72C. . R.Z3C, G.74C  BC=C-1
Pop06. 56 73 A 11 S@%‘?@”}'ﬁ%@ﬁé}% “?ee%“uja oG R Beskfibe sfelion Tol fnoP o b
next cal clieabareened &CB pixetaase plated ingo Bufter 8@ HhaSharpey UntéS mumt ke€y op #itld val i d.
Shar peni Nge @Ry th EMYGIbIRsYEE Dnich ffifled 2¥Sn HEE RaB Wk fﬁasseplé a@ar@éﬁgd pi xel s

witten to Buffer 2 (so that the highpass filter is va The shar pen
process mR®Ckerefore stall until the Buffer 2 wite process has advanced

by 3 colums. 10.2.9Buffer 1 114
The sharpening process involves a highpass filter of L (a generated channel from the

RGB data and stored in Buffer 2) and adding the filtered L back into the RGB compeonents, as
described in Table 12 within Section 3.2.6.2 on page 35. The highpass filter used is a basic

highpass filter using a 3x3 convolution kernel, as shown in Figure 50.

The high pass filter is calculated over 10 cycles. The first cycle loads the temporary
register 140 with 8 times the center pixel value (the center pixel shifted left by 3 bits). The next
8 cycles subtract the remaining 8 pixel values, with a floor of 0. Thus the entire procedure can
be accomplished by an adder. Cycle 10 involves the multipiication of the result by a constant
141. This constant is the representation of 1/9, but is a register to allow the amount to altered

by software by some scale factor.

The total amount is then added fo the R, G, and B values {with a ceiling of 255) and
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 subtractor with a floor of 0. TMP
140 is loaded with 8 x the first L value during cycle 0 (of 75), and then the next 8 L values are
subtracted from it. The result is not signed, since the subtraction has a floor of 0.

During the 10th cycle (Cycle 9}, the 11 bit fotal in TMP 140 is multiplied by a scale
factor (typically 1/8, but under software control so that the factor can be adjusted) and written
back to TMP 140. Only 8 integer bits of the resuit 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 (2556 x 8 / 8). 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 results).



Buffer | holds the white-bal anced and range-expanded pi xels at the original
capture spatial resolution. Each pixel is stored with 10 bits of color
resol ution, conpared to the image RAMinmage storage color resolution of 8
bits per pixel. Buffer 1 is arranged as 3 separately addressable buffers -
one for each color plane of red 145, green 146, and blue 147. A sinple
overview of the buffers is showmn in Figure 52. During the course of 75
cycles, leécrams¢ies are read fromeach of the 3 buffers 3 times by the
Resanpling process 112, and up to 29 1%@w values are witten to the 3
buffers (the exact number depends on the scale factor and the current
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total of 6 sanples per row. 7 rows are required for a single sanple. To

generate the 3 sets of RGB pi .1 he maxi mum
movenent iny will be 4 rows %béf% agmeggtg?zﬁt_&%/g%n nt PCP06-SG - 74 X

adds one sanpl e r ow—above—andhetow—Conseqguentty—a—totat f 13 rows are
required. For norejdetails see|Section 10.2]10. The red and bl ue pl anes
have a A value for |Pass@usle of |0. 78#@®ssi ndi cat iYglaten@t 4 | | ocations can be
contained within 4/ganples. An|agddbtional sapnpeg is requiried for witing
while the remaini ng4 are hei ng read. _This Jves a total of 5 sarrpl es per
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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 C.G

74 C B C=C-1




purposes). 6 rows are required to cater for novenent in y. For nore details
see Section 10.2.10. Each sub-buffer is inplenmented as a RAMw th decodi ng
toread or wite a single 10- bit sanple per cycle. The sub-buffers are
summari zed in Table 29, and consune | ess than 200 bytes. Table 29.
Sub- Buf fer Summary Buffer ConpositionBits Red Buffer6 rows x 6 sanples x
10-bi ts360 Blue Buffer6 rows x 6 sanples x 10-bits360 Geen Bufferl1l3 rows Xx
6 sanpl esP§F0E-E5 bi t s780 TOTAL1500 10. 2. 10Resanpl e and Create Lum nance
Channel The Resanple and Create Luni nace Channel process 112 is
responsi ble for generating the REB pixel value in mediumresolution space

by appropriate m&a@g&\é mtﬁer@regwfsrmad@aab%%ﬂ @%JW@@&F&Q@Q% =t G and

B pl anar i mages, describ Section 3. |t I on,
the |um n@H%E‘W&S iﬁ‘éie“fh(ﬂu”%'@e@?’ﬁgﬂc'ﬂ%'ﬁl er as vvel | "as the |um nance

val ues for the pixel above and bel ow t he RGB pi xel nust be generated for
use in the | at eShagEERGLERioRY beein weestherpiave baep syffitigtd @nd BEBoGEitay t he

RGB val uetoamgfes?2 lesowaétu@esmgtﬁaaZs‘Sﬁ:@y%l Vafkd). fﬂeVéhQrpeﬁ BRkeds rhdst fefR)rY st ntVer age
of the m{;] um % maxi rruw é;s or a given pixel location (see
Section 318 ByMe ) Wi PiReRss %Sfﬁ'déﬁri‘ie ch?i'l‘rﬁ%ce RGB val ues for 3 pi xel

coor di nat es PCP06 SG -75 the pixel in question, and the pixel above and
bel ow. Thi®2-3Buffgiid145 cycles in which to cal culate the 3 mediumres RGB
sanples and their corresponding L values. Buffering L values (and hence RGB
val ues) to save Bulrdl hoidsahd whiterbatpneadeand rangerereandedpingls §t theworipinahcaptiye case,

we have sgfahibiGeition. IE¥eh E)iQelgaeQQH'eQWht1b%|t58ﬁbo\6ﬁl‘éé§l§tlon8 rﬁﬁ?ed‘lto#i]elma ontains
medi um res pixels, but cannot be used since it hol ds sharpene pi xel s

(i nstead ROV imaaeRarpaaroler reepiution,oef Eifs PLBX8. 10. 1 Resanpl i ng The resanpling
process can be seen as 3 sets of RGB generation, each of which nust be
conpl et ed wi t hi BuB 1dg@Tangeq 353 sepatatplyaddipgsable hyifers a peciar eacheoleplans ofycl es) .
The red 145, green 146, and blue 147. A simple overview of the buffers is shown in Figure 52.

During the course of 75 cycles, 16 entries are read from each of the 3 buffers 3 times
by the Resampling process 112, and up to 29 new values are written to the 3 buffers (the exact

number depends on the scale factor and the current sub-pixel position during resampling).

The buifers must be wide enough so that the reading and writing can occur without
interfering with one another. During the read process, 4 pixels are read from each of 6 rows. If
the scale factor is very large (e.g. we are scaling up to Pancramic), the same input pixels can
be read multiple times (using a different kernel position for resampling). Eventually, however,
the next pixels will be required. If we are not scaling up so much, the new pixels may be

required before the next pixel generation cycle {i.e. within 75 clock cycles).

Looking at the scale factors in Table 9 and Table 11, the worst case for scaling is the

Passport format 31: '

. 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



process of generating a single RGB value can in turn be seen as 3 processes
performed in parallel: the calculation of R the calculation of G and the
calculation of B, all for a given nmediumresolution pixel coordinate. The
theory for generating each of these values can be found in Section 3.2.5,
but the upshot is effectively running three i mage reconstruction filters,
one on each channel of the inmage. In the case of the PCP, we performinage
reconstruetAedc with 5 sanple points, requiring 4 coefficients in the
convol ution kernel (since one coeffici®nt is always O and thus the sanple
point is not required). Consequently, calculation of the nmediumresolution
R pi xel is achi {.n C e R
data. Cal cul ati %gﬂi}g b%ﬁ ﬁ@lﬁ %\r\r’]aér‘b&%:gﬁ(??%%ﬁGe%%é%% I” g%tfaLLft Wt%yatr‘?unm ng
an i mage reconstgyted. 6or mere delpilshge ShetioG1@a(18, and cal cul ati on of t he nmedi um

resol utioa B pi XBL rdSarRObMEMSEsMave HNiANB @PPéé%B&?oﬁ@f@ﬁ@tuﬁd&fnhg)maH' ter on
the B data. Although the kernels are s ic in x and E‘QH% are not

the sanme for eald2THF §R" BF SAaIngd within A F”@'ESIAW(@TW'C’P'E'J SgeP r%"é.'f*?%d fer nel
due to their si ity whisaigerenbiangatses beig resd. Thiwivede tdial pt aﬁbenplecét@r o, thle
rotation require [ onst Luct | t. have a d ker nel .
The high | evel v?]g\f}v s ﬁ'larmaﬁ(?ncrer%%?:dggosBcsaarq1 pgtsa tgené%c'} eF'f’rSfPr gag% %ﬂng%s
generation i s noturpsyesive. FOWh@rer exsigingsl fioragtep fyoeasmestnn onFyr e detauheaet her e
are enough pi xelsgetoh 1BYfsber! for the current pixel |ine being generated.
This will be the case once 4 colums of data have been written to each of
the col or pl aneg,iis B f&is thpkhfinted 36 2 R de?&iuﬂtgﬁ%ﬁg) tfe L
until that tinme. To calculate a given co | Um resglution

pi xel val piEsample peagcied h%wté@ersmqﬁmﬂr@ed irrJ abip 9. \2nd gensKep fash thep 20he 4x4
sanpl e arpges.Wwe apply the 1 D kernel (indexed by x) on each of the 4 rows
of 4 input sanples. W then apply the 1D kernel (indexed by y) on the
PCP06- SG -76 resultant 4 pf'aiSFel 9V$‘$ﬂ’§§ﬁer;§5lﬁuﬁdrﬂal result is the out put
resarrpl ed pl xelr Applly;ng aTSthgre ceefHHetent—each \.,_y\.,lc glvcs a total of
16 cycles to ggnerate the 4|internedi ate values, apd 4 cycles to generate
the final pixel val Beffef or a total Gdm@@sitoncl es. Wth reigards to precision,
t he i nput pixel gach 1 erne cogifiCignts are 12
bits. \B\é kgep Tealts of mpcalbré\?v%,ﬁ& a'%%]esx Fs. steps o Oeach application
of the kernel |(EicBuffebut orlsyroﬁ@yssérﬁpibsiw-s.gr the ressdot (8:[2). Thus the
sane convol ve engrhe—<an uset—when—econvolw g A——and Y- The fi nal
output or R G c%?e@qff§r8 bi| t18 rovied srmapigs >of0 kithe rlesanpl&ng prlocess is the
Convol ve Unit 150, as shown|in Figure 54. 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 iuminance
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 process of resanpling then, involves 20 cycles, as shown in Table 30.
Note that the Row 1, Pixel 1 etc. refers to the input fromBuffer 1 114,
and is taken care of by the addressing nmechanism (see below). Table 30.
The 20 Cycl e Resanple Cycl eKernel Apply Kernel to:Store Result in 1X[ 1] Row
1, Pixel 1TMP 2X121Row 1, Pixel 2TMP 3X 3] Row 1, Pixel 3TMP 4X[ 4] Row 1,

Pi xel 4TMP, V1 5X[ 1] Row 2, Pixel 1TMP 6X] 2] Row 2, Pixel 2TMP 7X 3] Row 2,

Pi xel 3TMPCRXP@] Row 2, Pixel 4TMP, V2 9X 1] Row 3, Pixel |TMP 10X 2] Row 3,
Pi xel 2TMP 11X[ 3] Row 3, Pixel 3TMP 12X4] Row 3, Pixel 4TMP, V3 13X 1] Row 4,
Pi xel 1TMP 14 X[ 2] Row 4, Pixel 2TMP E 15X[ 3] Row 4, Pi xel 3TMP PCP06-5G -77

16X[ 4] Rowyd, , jﬁiﬁe&ueét-ﬂyp and” ﬁe%\% gité(lée %F%eﬂn@Y&ﬁ% Vﬁé E{E é%YL)?i‘,]egqg NRich 1o

20Y[ 4] VATMP (tor out nerati on descri I'n Section
3.2.6.1, f#e Weécﬁ'ﬂﬂ?‘é’ﬁt“38ﬁGf-"rSé'ﬁP'@dttbeﬂl_cofféﬁipoﬂtﬂi@ L valipsequent shar peni ng

process. W consider the CIE 1976 L*a*b* col or space, where L is
Buffering L values (and hence RGB values) to save recalculation requires too much

memory, and in any case, we have sufficient time to generate the RGB values. Buffer 4 117
contains medium res pixels, but cannoct be used since it holds sharpened CMY pixels (instead’
of unsharpened RGB pixels).

10.2.10.1Resampling

The resampling process can be seen as 3 sets of RGB generation, each of which
must be completed within 25 cycles (for a total maximum elapsed time of 75 cycles). The
process of generating a single RGB value can in turn be seen as 3 processes performed in
parallel: the calculation of R, the calculation of G, and the calculation of B, all for a given
medium resolution pixel coordinate. The theory for generating each of these values can be
found in Section 3.2.5, but the upshot is effectively running three image reconstruction filters,
one on each channel of the image. In the case of the PCP, we perform image reconstruction
with 5 sample points, requiring 4 coefficients in the convolution kernel (since one coefficient is

always 0 and thus the sample point is not required).

Consequently, calculation of the medium resolution R pixel is achieved by running an
image reconstruction filter on the R data. Calculation of the medium resolution G pixel is
achieved by running an image reconstruction filter on the G data, and calculation of the medium
resolution B pixel is achieved by running an image reconstruction filter on the B data. Although
the kernels are symmetric in x and y, they are not the same for each color plane. R and B are
likely to be the same kernel due to their similar image characteristics, but the G plane, due to
the rotation required for image reconstruction, must have a different kernel. The high fevel view
of the process can be seen in Figure 53. Address generation is niot 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 kemnel (indexed by y) on the



perceptually uniform To convert fromRG to L (the |um nance channel) we
average the mninmumand maximumof R, G and B as follows: The generation
of a given pixel's R, G and B values is perforned in parallel, taking 20
cycles. The total time for the generation of L as described here, is 4
cycles. This nakes the total tine of generating an RGBL pi xel set 24
cycles, with 1 cycle to spare (since the process nust be conpleted within
25 cycl eshPerogp@ value for L can thus be safely witten out to Buffer 2 115
in the 25th cycle. Address generatiorféi-s descri bed bel ow. A single 8-bit
conparator can produce 3 bits in 3 cycles, which can subsequently be wused

for sel eCPe%sﬂf%nglﬁe%ﬁel B Srhk Oinh Rs@f e uf P&%@qug pﬁplﬁégﬁiégta-rgﬁglgi vision
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and Max b&esbigiesheash cyeiprpiues 3 & oM RIIRAGSRBIRES RBY InteTmertizte YalagRo2®d 68011 7
Don' t car eychk@ gnBERMe Mfal pitdl vBRS) Gor SRSEIP25aRe the add nerely adds the

mnimmto the maxi mum value, the order is uninportant. Consequently, of
the 2 inputs tovieregads o J}lréﬂ%‘iﬁnl tifcAhphe piRels RAL @EcPGY RSN R), 3 kel Wi | €
Input2 is a_chojce ? G gp B. The logic is a nminimzation of the
appr opr i af¥FM5ER'S Faie BisnEVereahn'4 BN f Pepisiongiung e 4 alrap ek sachaprlicaliondih f or
Buf fer 2 theaeomet P8, bit am sdve 1ReRamPiheredult (B12)STG! the RO gin¥sNe ergimé can
| um nance i, xel centered vertical 0 he i xel . The 3 L val ues
can be Wl‘lbé {]geeﬁwthgﬁﬁoﬁ?’?lgrg{n e y‘eﬁ'&ﬁ“?ﬂ*‘%ﬁ%lﬁe?: Oﬁ'saﬁ,gs-a and B val ues nust
be witten after, cycle 45 and before cycle 50, since the secaond pixel
generated is thér h%e%a[rteorfﬁ irisgfnp\t})\??oné'%ceﬁi%%{?aq%é Ven‘ﬂ@tﬁ%g’easl{g@?)‘f"f '”%nf%r fer2
The process of resampling then, involves 20 cycies, as shown in Table 30. Note that
the Row 1, Pixel 1 efc. refers to the input from Buffer 1 114, and is taken care of by the

addressing mechanism (see below).

Table 30. The 20 Cycle Resample

Cycle Kernel Apply Kernel to: Store Result in
1 X[11 Row 1, Pixel 1 TMP
2 X[2] Row 1, Pixel 2 TMP
3 X[3] Row 1, Pixel 3 TMP
4 X[4] Row 1, Pixel 4 TMP, V1
5 X[1] Row 2, Pixel 1 TMP
6 X[2] Row 2, Pixel 2 TMP
7 X[3] Row 2, Pixel 3 TMP
8 X[4] Row 2, Pixel 4 TMP, V2
9 X[1] Row 3, Pixel 1 T™MP
10 X[2} Row 3, Pixel 2 TMP
11 X[3] Row 3, Pixel 3 TMP
12 X[4] Row 3, Pixel 4 TMP, V3
13 A[1] Row 4, Pixel 1 TMP
14 X[2] Row 4, Pixel 2 TMP
15 X[3] Row 4, Pixel 3 TMP
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The value for L can thus be safely written out to Buffer 2 115 in the 25th cycle.

Address generation is described below.

A single 8-bit comparator can produce 3 bits in 3 cycles, which can subsequently be

used for selecting the 2 inputs to the adder, as shown in Table 31. The division by 2 can simply

be incorporated in the adder.

TFable 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

"Don't care state



address generation logic is shown in the foll ow ng pseudocode:

Col umKernel Y = StartKernel Y ColumKernel X = StartKernel X Do NLi nes tines
(however nmany output lines there are to process) Kernel X = Col unmKer nel X
Kernel Y = ColumKernel Y Do 1280 tines GCeneratePixel Kernel X = Kernel X +
DeltaY (nmovenent in Y) KernelY = KernelY + DeltaX (novenent in Y)
Generate Pixel Kernel X = Kernel X + DeltaY (novenent in Y) KernelY =

Ker nel Y +PgBes-3&aX (novenent inY) GeneratePixel Kernel X = Col umKernel X +
Del taX (nmovenent in X) KernelY ColumiRernel Y - DeltaY (nmovenent in X)
EndDo Col umKernel Y = Col umKernel Y + DeltaX (nmovenment in Y) Col umKernel X
= Col umKer nel X + el ta)Y (nmyenedt |n0Y) BndDo gPCP06- SG 80 As shown in

t he pseudocode|—the—generation—off3—pixels-leceurs—1280timwes—| Associ at ed
with the generatio® of each ®ixel| is 2 addijti on®, whijch c@n be| perforned
during .the course of the Cenerat ePixei 25 cycle task. Each Gener at ePi xei
task is 25 cycles, consisting of 4 sets of 4 cycles indexing the kernel
via Kernei X (coefficients 0, 1, 2, 3), followed by 4 cycles indexing the

kernel via Kerngl X, 08k I8P tadad thel mr@mun’f’)to i eraQiM%qn g%ue9 H&Ifaer YE! s

Note that all values are positive and 1 ractlon two carry outs
from t he UniperaENh§orseayandy. Rf iag inpulsde Heladder] Inpd %@ecﬁﬁhﬁﬁ? betweerhd apdidr ess

generati oe %uemeut@ns 4 dhsieg of Besrd BNTHDIodic 19 a iRimiBAGEof /the QFbr@HY)ate gihese
carry out Igﬁ )é i ndi cate whether or not the particular ordinates
for the KB&FH r\RF‘ér[TBEE Tduri ng the mat hemati cal operation. Wapping can be

el ther abgyp 1} sRluros) @iefitoR Y dlir peSUI t 115 al ays posi ti ve.

The output from the Resampler is a single RGB pixel, and 3 luminance (L) pixels

centered vertically on the RGB pixel. The 3 L values can be written to Buffer2, one each 25
cycles. The R, G, and B values must be written after cycle 45 and before cycle 50, since the
second pixel generated is the center pixel whose RGB values must be kept. The Buffer2
address consists of a 2-bit column component (representing which of the 4 columns is to be
written to), and a 3 bit value representing L1, L2, L3, R, G, or B. The column number starts at 0

each line, and increments (with wrapping) every 75 cycles (i.e. after writing out L3).
10.2.10.4Address Generation for Kernel Lookup

The method of calculating the kernel address is the same as described at the end of
Section 3.2.5 on page 28. Each kernel is 1 dimensional, with 64 entries in the 1able. The 6 most
significant bits (truncated) of the fractional component in the current kemel space are used to
index into the kernel coefficienis 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 forboth 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.



The two carry out bits are also sent to the Rotate/Wh iteBa |an ce/ Ran ge
Expansion Unit for use in determning the relative input lines fromthe

i mge. 10.2.10.5Address Generation for Buffer 1 The Resanpler 112 reads
fromBufferl 114, which consists of 3 individually addressable buffers
145, 146 and 147 - one for each color plane. Each buffer can either be

read fromor witten to during each cycle. The readi ng process of 75 cycles
is brokenPeR§pGi nto 3 sets of 25 cycles, one set of 25 cycles for the
generation of each pixel. Each 25 cyci®-set involves 16 reads from Buffer 1
followed by 9 cycles with no access. Buffer 1 is witten to during these 9
cycles. The 16 @éj\ﬁe hé\feocmﬁ?ﬁt L{)%Eltlén |H(érnglr E‘g%'a\ﬁ nXeﬂ) tﬁghéxt [xeﬂn reads,
and coi nci de mn roups o reads to t er nel eac pl ane.
The addr ed<r deﬁé%“&‘[‘?‘dﬁpuﬁ ﬁ@awe Verged @@s’f’@@weqle&@ VAlges th@ﬁ@rl@wégoommates

cal cul ati Dgbking @t Fifire 88, v 966 khe(tho bR rddtePartnfotdtdtGhRE bpacgener at i ng 16
addresses for cal cul at'i ng the second pixel (followe by 9 wait cycles),

and finally genw&éohagerttmné@rréﬂtdm%ﬁ@safs%ahbgvt\mhrtﬁe.rmaﬁ@& abdeRbarRpd by 9
wai t cyclglg __Each col or plane has its own starting Buffer| address

par anmet er §1& PH& format gnd pence dre valyg of gigs ks Secion S %N é'ﬂeeﬁfe?’b?haé%%‘f t he
1280 posi nvemszmdsong tmdmedlanmeiue anshnas, Lhe 1spspheny =arl'cancase bradgrane | i ne
of 1280 s;rlmg g % Dext. t thwo carry out bits fromthe Kernel

Addr ess Gener are us% to update these Buffer 1 address

t PCP SG 10 2.1 146, -81 Add . t f
Phe green: sub- balt o TRY G0N e i PO A 13RS 16 AEPEMSTGHBIT G2 8™Ehan ¢ ne
red sub- bG@lfSequentWaHdWQIaanbwaé bt AXL X drdrsubivent aafrom iYelasiensrotatedie gr een
channel g@gg@%%&h&&w BRI p.k ! &héh \!vg'ac{!\}%ﬁceﬁﬁe Wé\'aaoegﬂ?otﬁa,kdms

consist o or even |xe S on resa reen channel nmust
ef fecti veloy" V‘fﬁ%ﬂéﬁh‘ﬁebet?ﬂﬁﬁrﬁ@ve'ﬁ%tw Hé’g‘f @5@'5 by Q%W%r e twice as many
green pixels than red or blue pixels. Resanpling neans the reading of nore
sanpl es in the dben2ddiRtrugenastion| fae kemelhleplgipapssumes |a stading sngpifiers setebd  to

gener ate e¥aAreD b hwd aeuaeckxumdr@xs mﬁtﬁ@@@ect%tm&@ﬁb@t ihSy & kirghQpadel fd | hood

advancj t he buf each tipe, The exact |ikelihood depends on the
S CaI e fac"[“%jrr sgg@e&atlon ogrc is shown In the following pseudocode:

ColumnKernelY = StartKernelyY
ColumnKernelX = StartKernelX
Do NLines times (however many output lines there are to process)
KernelX = ColumnKernelX
KernelY = ColumnKernelY
Do 1280 times
GeneratePixel
KernelX = KernelX + Delta¥Y (movement in Y)
KernelY = KernelY + DeltaX (movement in Y)
Generate Pixel
KernelX = KernelX + Delta¥Y (movement in Y)
KernelY = KernelY + DeltaX (movement in Y)
GeneratePixel
KernelX = ColumnKernelX + DeltaX (movement in X)
KernelY = ColumnKernelY -~ DeltaY (movement in X)
EndDo

ColumnKernelY = ColumnKernelY + DeltaX (movement in Y)

ColumnKernelX = ColumnKernelX + DeltaY (movement in Y)

EndDc




However, the same concept of using a RAM as a cyclical buffer is used for
the green channel. The green sub-buffer is a 78 entry RAMwi th a | ogical
arrangenment of 13 rows, each <containing 6 entries. The relationship

bet ween RAM address and | ogical position is shown in Figure 57. The
sanples in Buffer 1 146 represent a checkerboard pattern in the CFA.
Consequently, sanples in one row (e.g. addresses 0, 13, 26, 39, 52, 65) may
repr esent Perdels®r even pi xels, depending on the current line within the
entire i mge, and whether or not the -8nmage had been rotated by 90 degrees
or not. This is illustrated in Figure 58. Consequently, when we map a 4x4

sanpl ing area on| % I-{plti'fﬁ 19”41% seudoB&le® 13l §Fte\9%¥ﬁnpﬁs§'p@et'5&cﬁn§ o %rﬁ@s

interpretation o e sa ares ere are
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even pixels. The decision is sunmarized in Table 32. Table 32. Determ ning
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only nee enerate a single resa ressing
by exam n?'W@f%qWéeﬂﬂbbaJ%%@*d\“e @Mt'gaiﬂﬁysi Begitivé-ndows as shown in Figure 59.
Al t hough the two 4x4 sanpling types |look simlar, the difference conmes from
the way in whi ¢he tecaIouRish PivgRIsosSené tar ﬂf@é?ﬂtﬁdwhﬁeﬁaiﬁéw?iﬁamﬂnamﬂge.

Figure 60Uh|{f’0HL$§eﬁ@@eQ&nﬁm@tﬁ@r@%h\lftgnp@fme%Iﬁ%mTlYéJi%a%e.AfXAf sanpling to the green
sub-buffer. Only the top 7 rows and ri ght - nost

10.2.10.5Address Generation for Buffer 1

The Resampler 112 reads from Buffer! 114, which consists of 3 individually
addressable huffers 145, 146 and 147 - one for each color plane. Each buffer can either be

read from or written to during each cycle.

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

kernel for each color plane.

The address generation then, involves generating 16 addresses for calculating the
first pixel (followed by 9 wait cycles), generating 16 addresses for calculating the second pixel
(followed 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 carry out bits from the Kernel

Address Generation Unit are used to update these Buffer 1 address parameters.



colums are shown since the 4x4 sanple area is contained wholly within this
area. The mapping of buffer pixels to sanple rows for the Type 2 sanpling
process is very simlar, and can be seen in Figure 61. In both Type |I and
Type 2 addressing of the 16 sanples there are two ways of processing a
row. Processing of Rows 1 and 3 of Type 1 addressing is the sane
(relatively speaking) as processing rows 2 and 3 of Type 2. Likew se,
processi ngCHbHE 2 and 4 of Type 1 is the sane (relatively speaking) as
processing rows 1 and 3 of Type 2. W&l call these row addressing

met hods Type A 170 and Type B 171, as shown in Figure 62. Gven a starting

posi tion {®5.16.86red% HubbiAgW (WndowSt artAdr) and a starting type
(WndowSt art Type), we can generate the addresses for the 16 sanples by

means of an 8 enjfdss tg@mra.oﬁffer tHle’ @ﬁ %h@9u¢ ??gﬁv\@thﬁwebﬁﬁé?ﬂlllﬁa}g%o? g) . \Wen

we read the first sanple valu romthe table to arrive
at the neS@mAigaRf Bamihered - b“ffﬁﬁé“%?’fdstél!eWtbPﬁ%éﬁéfﬁ’dW\@ﬁﬂQ‘m@a@%ﬁpe (A, B =0,

1). The otfset ﬁﬂwm@mehénaarrbﬁe&a@é %hécﬁeﬁab&d %E@é#ﬁ‘ﬁn pRecied Awmafelingg at the
first sanple |ntst&?r t he next ')éaE% st ke account of the nunber

of sanple col um‘igrjs' {odp °rgeé’ﬁ%rn'oﬁe refSBWPIBft 9 sEegiphaanel e Jiish
bet ween TypeA arfecliygieitatelthe ciangeldy #btegrgmner ati ng the addresses for a

i ngl f 1 docad
2ddi't on wodul o PP T8 b B el o Ry oPHLL B8 FEERGIAE ol
TypeAB = W ndowsiaging vilrperersemes Bthe %elamwnttqf hreg Fielre eNe still 06 s@mdes iBad ch Adr
Adr (Adr + Taig ﬁén@&@@%%&eﬂp%eﬁﬁxm Eé%dfp%e Tﬁﬁp%% B é\'%gl ylﬁ%ﬁ‘ﬁod BpdDo The

Iookup tabl e consists of entries - Type A 170, an or Type B 171
address of fset §efEFiag F’anuﬁ?fh%acaft%ﬂge 3?@ Hiefihqod| deperids andhe Reale fae ént
sanpl e positionu¢sar). Table 33. O fset Values for 16-Sanple Address

However, the same concept of using a RAM as a cyclical buffer is used for the green
channel. The green sub-buffer is a 78 entry RAM with a logical arrangement of 13 rows, each
containing 6 entries. The relationship between RAM address and logical position is shown in
Figure 57.

The samples in Buffer 1 146 represent a checkerboard pattern in the CFA.
Consequently, samples in one row (e.g. addresses 0, 13, 26, 39, 52, 65) may represent odd or
even pixels, depending on the current line within the entire image, and whether or not the
image had been rotated by 90 degrees or not. This is illustrated in Figure 58.

Consequently, when we map a 4x4 sampling area onto the buffer, there are two
possibilities for the interpretation of the samples. As a resuit there are two types of addressing,
depending on whether the current line is represented by odd or even pixels. This means that
even rows with image rotation 0 will have the same addressing as odd rows with image rotation
90 since they both hold odd pixels. Likewise, the odd rows with image rotation 0 will have the
same addressing as even rows with image rotation 90 since they both hold even pixels. The
decision is summarized in Table 32.

Table 32. Determining Sampling Type

Rotation Current Line Pixels Type
0 Even Line 8 Qdd Type 2

0 Odd Line 8 Even Type 1




Generation TypeABNO fset 0014 011 0214 0337 101 1114 121 1337 At the end of
the 16 reads, the TypeAB bit will be the sane as the original value

(1 oaded from w ndowSt art Type). Reading a single set of 16 sanples is not
enough. Three sets of 16 sanples nmust be read (representing 3 different
positions in Y in unrotated i nput space). At the end of the first and
second set of 16 sanples, the kernel positions are updated by the kernel
address geeme-a¢or. The carry bits fromthis update are used to set the

wi ndow for the next set of 16 sanples.82Fhe two carry bits index into a
tabl e containing an offset and a 1-bit flag. The offset is added to the

W ndowSt art Adr| apg t he fdvagLihs usedgt o det egygyne not to invert
wi ndowst art Type—Fhe-rvalves—for—thetable—are-shown 34. PCP06- SG
-84 Table 34. Upd&ing WPaHUOWSt ar { Ad8 and WoddowSt|ar t Tiype2Ker nel X Ker nel Y
O fset' Type CarryQutCarryQut 0O00ONO change OITrnvert 10I4tnvert™ 112No change
At the end of the third set of 16 sanples, the kernel positions are updated
to

The actual 4x4 sampling window is the way we effectively rotate the buffer by 45
degrees. The 45 degree rotation is necessary for effective resampling, as described in Section
3.2.5

Assuming for the moment that we only need to generate a single resample, we
consider the buffer addressing by examining the two types of 4x4 sampling windows as shown

in Figure 59.

Although the two 4x4 sampling types look simifar, the difference comes from the way
in which the 4x4 mapping is represented in the planar image. Figure 60 illustrates the mapping
of the Type 1 4x4 sampling to the green sub-buffer. Only the top 7 rows and right-maost 4
columns are shown since the 4x4 sample area is contained wholly within this area.

The mapping of buffer pixels to sample rows for the Type 2 sampling process is very

similar, and can be seen in Figure 81.

In both Type 1 and Type 2 addressing of the 16 samples there are two ways of
processing a row. Processing of Rows 1 and 3 of Type 1 addressing is the same (relatively
speaking) as processing rows 2 and 3 of Type 2. Likewise, processing rows 2 and 4 of Type 1
is the same (relatively speaking) as processing rows 1 and 3 of Type 2. We will call these row

addressing methods Type A 170 and Type B 171, as shown in Figure 62.

Given a starting position for the 4x4 window (WindowStartadr) and a starting type
(windowStartType), We can generate the addresses for the 16 samples by means of an 8 entry
table (for traversing the fwo 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 oifset 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

TypelAB = WindowStartType



conpensate for advancenent in X in unrotated input space. This tine, a
different notion direction is produced, so a different offset/ TypeAS

nodi fying table is used. W cannot add these offsets to the current

W ndowst art Adr val ue, because that represents a position two novenents in
Y away fromwhere we want to start the novenent. Consequently we | oad

w ndowst art Adr and W ndowSt art Type from anot her set of vari abl es:

TopSt art ABPPO&PRI  TopSt ar t AAdr, representl ng the first entry in the current
line of 1280. The two carry out flags®fromthe Kernel address generator
are used to | ookup Table 35 to determne the offset to add to TopStartAdr
and whet her or pot1 {i@ed nvert TopStartType. As before, the addition is
nodul o 78 (the sdgte of ;t.he, green RAM . The results are copied to

W ndowSt art Adr and w ndowstartType for use in generating the next 3 sets
of 16 sanples. Tabl B'852%pdating TopStart Adr and TopStart Type Kernel X
Kernel Y O f set' TyperdBar rig@ut GabrafQuterDO0Noccltange 01121 nvert 10141 nvert
1113No change PCPQG=&SG -85 After processing the 1280 sets of 3 sets of 16
sanpl es, the next flgge:q{c) 1280 begins. However the address of the first
sanpl e for posi ti A% Wi Thin the next line nmust be determined. Since the
sanpl es are al V\&Qg_l_g&ded into the correct places in Buffer 1 we can

al ways start fromexactly the sane p05|t|on in Bufferl (i.e. TopstartAdr
can be | oaded f rbericgkigoiablepansistpels entipoAdriyr Tiaevle I & anded fauSipevidriYy about

whi ch typaddrks affeet §atdtiog The bifsetsdr@ Sifrelah@ th YRQurr&lR BRASIS p&ticR .jruch we
advanced. Consequently we have an initial PositionOlype which nust be

updat ed dependi ng on the carry out TLLI@% 6&5(%%5]“@ ﬁgrnel addr ess generator.
Since we are noving in unrotated YglsOp\le | ogi c used is the same
as for updating W ndowSt artType @ég%g ,0,; hat |t is perforned on

Posi ti onOType i nstead. Fhenew vatueror—PosttionOFype is copied into
TopStart Type, and W ndowsSt art Adr {o begi n| sanpling of} t he
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 Typean bit will be the same as the original value

{loaded from WindowStartType).

Reading a single set of 16 samples is not enough. Three sets of 16 samples must be
read (representing 3 different positions in Y in unrotated input space). At the end of the first and
second set of 16 samples, the kernel positions are updated by the kernel address generator.
The carry bits from this update are used to set the window for the next set of 16 samples. The
two carry bits index into a table containing an offset and a 1-bit flag. The offset is added to the
WindowStartadr, and the flag is used to determine whether or not to invert windowStartType.

The values for the table are shown in Table 34.



first position of the new line. The sanpling process for a given 1280
position line cannot begin until there are enough entries in Buffer 1,

pl aced there by the Rotatel WiteBal ance/ RangeExpansion Unit. This wll
occur 128 cycles after the start of each new line (see Section 10.2.11).

10. 2. 10. 7Red and Bl ue buffers Buffer 1's red sub-buffer 145 and bl ue
sub-buffer 147 are sinply 2 RAMs accessed as cyclical buffers. Each buffer
is 30 byteerms-peit has a | ogi cal arrangenent of 6 rows, each containing 6
entries. The rel ationship between RAM&ddress and Ioglcal position is shown
in Figure 63. For red and blue, the first 16 sanples to be read are al ways
the top 4x4 entries. The remaining two columms of sanples are not accessed
by the reading al gorithm atrabiBids, Fidagry wikwdtitRsangeneration for these
first 16 sanples is sinplywinddwstinrygeposition (in this case 0) foll owed
by 16 steps of &ddition nDdu 0 36, as SHown in theffolfow ng pseudocode:
ADR - StartADR (Do 4 ti o4|€| = ADR + 6 MOD 36 Epd Do ADR =
ADR + 13 MOD 36 qu weyer &gnerathn mechani smis
different from g essing
mechani snms, it is pos@ible tp appﬂy t he greenOaddreﬁkhmngCPO: SG - 86
schene to the ré¢d and ptrue cpanmel s, and Sinply usg different|values in the
tabl es. This reduces “design conpﬂ

exity.l The bnly qi"™8rence {hen, becones
the addition nodulo 36, instpad qf addijtiongodul ¢ 48 This can be catered
for by a sinpl ertiplexor—itooking—at-the various address generation
tabl es for green, andiconsidering themas apdlied|tNochatheand|blue, it is
apparent that there is no requirenent for a Type, since bottt the red and
the bl ue channels do not need to be rotated 45 degrees- So that we can
safety ignore the Type value, the red/blue equival ent of Table 33, shown

in Table 36, ha?\t ttl)/goerﬁleﬂsthgfth?rodg&t &fc% sé}nplgsmtﬁé- Retnel positions are updated to

compensate for advancement in X in unrotated input space. This time, a different motion

direction is produced, so a different offset/TypeABR modifying table is used. We cannct add
these offsets to the current windowstartadr value, because that represents a position two
movements in Y away from where we want to start the movement. Consequently we load
WindowStartAdr and 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 lookup Table 35 to determine the offset to add
to TopStartAdr and whether or not to invert TopStartType. As before, the addition is modulo 78
(the size of the green RAM). The resuits are copied to windowStartadr and windowStartType

for use in generating the next 3 sets of 16 samples.

Table 35. Updating TopStartAdr and

TopStartType
KernelX KernelY
CarryQut CarryOut Offset’ Type
0 0 0 No change
0 1 12 Invert
1 0 14 Invert
1 1 13 No change




Tabl e 36. O fset Values for 16- Sanpl e Address Generation (Red/Blue)
TypeABNOf f set 006 016 026 0313 106 116 126 1313 As with green address
generation, we nove twice in Y before advancing to the next entry of 1280.
For red and blue there is no scaling between novenent in kernel space and
novenent in the input space. There is also no rotation. As we nove in Y,
the AY of O is added to xerneix (see kernel address generation in Section
10. 2. 10. 4r@ee-page 69). As a result, the carry out fromxernelx will never
be set. Looking at Table 34, the only‘$b33|ble occurrences are
xernei x/ xernel Y val ues of 00 or In the case of 00, the green solution

I's no change to g (ﬁr@:‘%ESIW lﬁg%@ &'Estﬁg,rse@, of Y¥ Q%%c’;@ ﬁ1'étn-g)\/twﬁ% ofsﬁeé H%ﬁqs‘ S

correct for red an case
W ndowSt aFevweyer tha pddrassreftheciistsample far Pegitrndiugthin the yﬁé "neﬂﬁéﬂ@fé é@tﬁfnPQBDDG SG

- 87 val ues.nseametsa@.b]eé afeeanb@ss:@a‘deé tdHE Gofrddt plast iR Rdid URe cINGIWAN Skt Case i's

advancenepnt a dre result I n an overl ap Wwor st
case as Sﬁ%ﬁz‘?ﬁ:hy 'ON” PW@%H& 5‘?pSF?FéA‘fIh?ag‘obes'S?deﬂffr°fBa sca'%&mgs
TopSt ar t Ael:mamdoﬂampStoweWeTyvpaemnsmtorrtaeboummxam ge wBiarncCdealivg \amesumvthengpe n X

(and addi e%_& F‘%Y en%m@%%ﬁy%}ﬁﬁggﬂe@’erﬁgbs 9@%#%&@% sr.tlog yp?\b s be 0.

The red/ blue equiv ere I'n t hat
there i smHg bFypdatecodapandingsintbecarymut flags from thenksoret advrest gencRer. SlnceBlvwe.

Tabl e 37. odpgialihd G TARBIA! tAHbuRRFhce TARSIRIC! dsaeis( RediRldgd dserpdlsg Ker nel Y

WindowStartType, €xcept that it is performed on Position0Type instead. The new value for
Position0Type IS copied into TopStartType, and WindowStartAdr t0 begin sampling of the

first position of the new line.

The sampling process for a given 1280 position line cannot begin until there are
enough entries in Buffer 1, placed there by the Rotate/WhiteBalance/RangeExpansion Unit.

This will occur 128 cycles after the start of each new line (see Section 10.2.11).

10.2.10.7Red and Blue buffers

Buffer 1's red sub-buffer 145 and blue sub-buffer 147 are simply 2 RAMs accessed
as cyclical buffers. Each buffer is 30 bytes, but has a logical arrangement of 6 rows, each
containing 6 entries. The relationship between RAM address and logical position is shown in
Figure 63.

For red and blue, the first 16 samples to be read are always the top 4x4 entries. The

remaining two columns of samples are not accessed by the reading algorithm at this stage.

The address generation for these first 16 samples is simply a starting position (in this

case 0) 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



O fset” CarryQutCarryQut o000 01- 106 11- The process of advancing from one
line of 1280 sets of 3 pixels to the next is the sane as for green. The

PositionoAdr will be the sanme for the first set of 16 sanples for a given
line (PositionoAdr = 0 for red and blue), and Type is irrel evant.
Generation of the next I|ine cannot begin until there are enough sanples in

Bufferl. Red and bl ue generation nust start at the sane tine as green
gener at i oPGPO&EG cannot begin until 128 cycles after the start of a new line
(see Section 10.2.11). 10.2.11 Rotate,88Wite Bal ance and Range Expansi on
111 The actual task of |oading Bufferl 114 fromthe |Image RAM 11 invol ves
the steps r [WeNy] j NCEY, o I ag.:
descri bedsﬁgmgetg??%L&S?ngy\@hiﬁrﬁgggt %@nﬂrﬂgg g g%%%ﬁgk( g@% @ r{rr]r%gat% ieB’??)'? oduced
f or Buf f efadugeasiesighenigie o lhe Raly differerceglen Recomes figdiife) mefuncics stead. Thi s
nmeans t habf ddditib@oduicSTaNThi€ c KelteRdd fétoy@hRS mukipboruni t nmust be able to
read, process, and store 6 red pixels, 6 blue pixels, and 13 green pixels.

The optional oY g4Kirgnat HeSBrid3 NS §ePkiRRorMbIESRH 8, RhX 8drSidkihglthén as
appropri ate order, (g(gq%e_ aagl ven pi xel has been read fromthe appropriate
pl ane in ERRYSY iRdRAN Rt ISiaPpater thapiere i 'eayEMeRidY P WRe S1ce both fgded dj ust ed
accor di ngaidahé biee chamgels @ paiTsied o Iedottddads defrede fSorted wertaPeRE® idntre-t68
Section 3;2. r ss. . Siply-—inval ves a_ si subtracti.o f| por 0),
and o mut Tt AR PRy g SRl TaoREh KT S o pB Fld 2R RertRl 2" e
struct ureemfiest his unit is shown in Figure 66. The red, green and bl ue | ow
thresholds 72, together with the red, green, and blue scale factors 173
are determ ned by the CPU 10 af t eiblg¥s effaétivagueshiér 18- st ograns for each col or
pl ane via the | nmage Hi st ogram un$imgile Add@esSeenératiord) . Dependi ng on whet her
the current pixel being processefRediBluehe pi peline is red, green, or blue,

the appropriate |ow threshold and] scal'e factjor is multiplexed into the
Sppropriate coror pl ape PeAR T erl T\ He Sults Aok 1 175 Subtracts ¢ he
8-bit | ow Threshold vjal ue foeom the 8-bbot | ngge 6

0 1 6

0 2 6

0 3 13

1 0 3]

1 1 5]

1 2 6

1 3 13

As with green address generation, we move twice in Y before advancing to the next
entry of 1280. For red and blue there is no scaling between movement in kernel space and
movement in the 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 WindowStariType, so this is correct for red and blue also. n the case

of 01, we want to add 1 to WindowStartAdr, and don’t care about WindowStartType. The green



RAM pi xel value, and has a floor of 0. The 8-bit result is passed on to the
specialized 8 x 8 mnmultiply unit, which nultiplies the 8-bit value by the
8-bit scale factor (8 bits of fraction, integer-- 1). Only the top 10 bits
of the result are kept, and represent 8 bits of integer and 2 bits of
fraction. The multiplier 174 has a result ceiling of 255, so if any bit

hi gher than bit 7 would have been set as a result of the multiply, the
entire 8-BPRB-PAteger result is set to 1ls, and the fractional part set to
0. Apart fromthe subtraction unit 17?3and multiply unit 174, the majority
of work in this wunit is performed by the Address Cenerator 175 which is
effecti Vebéﬂués%niﬁé‘éf@re%(‘safei}%sg@forrré?)eandLHU Th TH6rsBE3dE %Sa%v%gﬁéﬁtt{gqr\ ' S

governed by two factors: on a given cycle, y one access can

the | mage 2fghgispoth times, %ﬁmQ9@1WEWE@¥EWEWU@HFVeéﬁﬁxﬁﬁd@gﬁwﬁéﬁ be nmade to
Buffer 1 114. O the 75 available cycles, 3 sets of 16 cycles are used for
readi ng Buffer Bt tth?é‘dé’f:Ehﬁé'l"rd whalg ﬁaﬁ‘P@Sss@%taéFAdZ@”éVeﬂsésrtTWet'ﬁUSiBe reads

fol l oned bydaBanBinte w¥ Glefovingak (GdLRgingAved @lKeQJeﬁ)?the%a@y bakbe weyches for
25 wites ﬁG red constraints are

eat] st | ea"AnaE be fhadSipie LR aRbac 1S SR Bham neten P AR eerae

cycl es of istnegyiResdumpl, eincelrl2e ishot idpdriani ddBedeBIEener ati on for Bufferl Once
the resanpling process is running, we are only concerned with witing to
Buf ferl during the period V\henratbne;-,mgm qopdthdabipaniot reading fromit.
Since the Resanpler has 3 setmpStarfifpé grdmi@ich 75 cycle period, there are
27 cycles avail abl g Tor witing. vmen the esanpt er i'synot running, we
want to | oad up Buf|ferl as f ast g:g%?smble which neang a wite to

Buf ferl 114 each cycleK ess on flo erl ¢consequently runs
off a state machife_tAAPYYke %E%P

cases account. Whenever a
value is | oaded fram | mrageRAM |11, the ad%ejKEd value i$ witten to the
appropri ate col or ifm Buffert—one cycte tatef—PCPO6-=SG3 89 Address
Generation for Buffletl thereforle! i nvol ves a Si ngl e addr gss counter for each
of the red, blue and green sub-|huffers. Thelignitial addfess for RedAdr,

Bl ueAdr and G eenAgt—+s—0—-atthe st i in{each case, and

after each wite tqg Bufferl, thel address in¢renents by|1l, with wapping at
36 or 78, dependi ng on whether the bufferbeing witt tois red, green

or blue. Not all colors are witten each 75-cycle period. A colum of green
will typically require replenishing at twice the rate of red or blue, for

ex?‘”p' €. The | Oghg pfoges“%kb?%vain@iné 'ﬂ'gmfog!e lliRéMoPQZBBssgtlédo?%op(?x%ls tclj fthet rbeeit % Lor to

wite is Red
same as for green. The rosition0adxz will be the same for the first set of 16 samples for a

given line (PositionOadr = O for red and blue), and Tvpe is irrelevant. Generation of the next
line cannot begin until there are enough samples in Buffer1. Red and blue generation must
start at the same time as green generation, so cannot begin until 128 cycles after the start of a
new line (see Section 10.2.11).

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
3.24. 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



Wite to Red Bufferl at RedAdr RedAdr = RedAdr + 1 nod 36 Else If the
color to wite is Blue Wite to Blue Bufferl at BlueAdr BlueAdr = Bl ueAdr
+ 1 nod 36 Else If the color to wite is Geen Wite to Geen Buffer| at
G eenAdr GeenAdr = GeenAdr + 1 nod 78 Endlf 10.2.11. 2Address Ceneration
for 1 mage RAM Each plane can be read in one of two orientations - rotated
by 0 or 90 degrees (anti- clockwise). This translates effectively as

row-w se B¢PEBFumM-w se read access to the planar inmage. In addition, we
al  ow edge pixel replication or const &t~ col or for reads outside inage
bounds, as well as inmage wapping for such print formats as Passport 31. At

the start sgficfachy Rk %Focéés%ﬂlf m@H&’Qs 4 6Adle shMrabEBRARENY, ]aﬂvd ta%ulfgﬁg(z%) a

Buf fer| 114 as fast as possib his equates to a single acc

sanpl e eabfingy &Pl a0p éﬁ'ﬁﬂ ﬁpﬁﬁf‘crf@HSta'B% Tye ghedetyre of fiiumt '%%JIOWMTSF'M% 86.been

| oaded, which means 5 colums of 6, 6, and 13 sanples, for a total of 125
cycles. Plus an 1819 9tapa(a8d plyp lownirgshelds 72 dpasther with ghevied tarean. gnd bive
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multiply unit, which multiplies the 8-bit value by the 8-bit scale factor (8 bits of fraction,

integer=1). Only the top 10 bits of the result are kept, and represent 8 bits of integer and 2 bits

of fraction. The multiplier 174 has a result ceiling of 255, so if any bit higher than bit 7 would

have been set as a result of the multiply, the entire 8-bit integer result is set to 1s, and the

fractional part set to 0.

Apart from the subtraction unit 172 and mulitiply unit 174, the majority of work in this
unit is performed by the Address Generator 175, which is effectively the state machine for the
unit. The address generation is governed by two factors: on a given cycle, only one access can
be made to the Image RAM 11, and on a given cycle, only one access can be made to Buffer 1
114. Of the 75 available cycles, 3 sets of 16 cycles are used for reading Buffer 1. The actual
usage is 3 sets of 25 cycles, with 16 reads followed by 9 wait cycles. That gives a total of 27
available cycles for 25 writes (6 red, 6 blue, 6 green). This means the two constraints are

satisfied if the timing of the writes to Buffert coincide with the wait cycles of the Resampler 112.

10.2.11.1Address 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 Buffert 114 each cycle. Address Generation for Buffer! 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.



following line if the Kernel YCarryout flag is set. Since each 'read
effectively becones 6 or 13 reads to fill a colum in Bufferl, we keep a
starting position in order to advance to the next'read' . W al so keep a
coordinate value to allow the generation of out-of-bounds coordinates to
enabl e edge pixel replication, constant color, and i nage wap. W consider
the active imge 180 as being within a particular bounds, with certain
actions tBcRHesS® aken when coordi nates are outside the active area. The
coordi nates can either be before the8%mge, inside the imge, or after the
i mge, both in terns of lines and pixels. This is shown in Figure 67,
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there is no w appvtige ob Rehesuermgent(kededr al | print fornmats except Passport
31), we performthgqactiong in Jable 38 as we advance in line or pixel. To
rotate an inage b 90 degrees, the CPU 10 sinply swaps the ALine and

APi xel val ues. LGGKi ng at Table 38, the only tinme that ADR changes is by
APi xel when Pi x&l Sgnselsrs-e O, itand ﬂ}ye ALi ne when LineSense is 0. By

foll owi ng these swmptecraihesudder wildivkarval id for edge pixel replication.
O course, if a constant £Ql.Qr 5 deskred for out of bounds coordinates,
that val ue can_b be selected in instead of the value stored at the
appropriate add7 €€s. PCP06-SG -91 Table 38. Actions to Perform when

Advanci ng i n Pi Xelthe gploLigee iitne8Pirrel 9P xel Changeli ne Change

Write to Green Bufferl at GreenAdr

GreenAdr = GreenAdr + 1 mod 78
EndIlf

10.2.11.2Address Generation for Image RAM

Each plane can be read in one of two orientations - rotated by 0 or 90 degrees (anti-
clockwise). This translates effectively as row-wise or column-wise read access to the planar
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 possible. This equates to a single access to a sample each cycle. Resampling can
oniy occur once 5 columns have been loaded, which means 5 columns of 6, 6, and 13 samples,
for a total of 125 cycles. Plus an extra cycle for the final value to be written out to Buffert 114
after being loaded from ImageRAM 11. To make the counting easier, we round up to 128

cycles.

After the first 128 cycles, the checking for the requirement 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



-0Adr = Adr + APixel O0-Adr = Adr +\Line OOAdr = Adr + APi xel Adr = Adr

+\ Li ne O+Adr = Adr +ALine + +0Adr = Adr + \Pixel ++ To allow w apping, we
sinply conpare the previous sense (-,0,+) for Line and Pixel wth the new
sense. Wen the sense is "" we use the advancenent as described in Table
38, but when the ordinate beconmes out of bounds (i.e. noving fromO to +),
we update the Adr with a new val ue not based on a delta. Assum ng we keep
the start PedetFess for the current line so that we can advance to the start
of the next line once the current |ine%as been generated, we can do the

following: |If a change is in Pixel, and the pixel sense changes fromO to
+ (i ndi catiing 74RyaVE al QQ fBlaéé htdaRr. eReerbiad £ kol b ERdnaG R AT
with the LineSt a?{tA dr aa acce Plrxe% V\rnBtﬁ R%tf!n\gp%t aer)'tJ xeF ﬁcl%né

remai ns t K& '%QH%Q”tql?e@e‘(’:hange is in Line, and the lirne sense changes from
0O to + (indicating we have gone past the edge of the inamge), we subtract
Del t aCol unm f r orif Agrend Ateack gP aycls mpyied. disrisarcd Xevevariies femisapfecalyr @lapat e wi t h
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Pi xel or dicliewing limetifihedci-haeSiapddeifagls satnd Act i veEndPi xel . | f Pi xel <
ActiveStartPi xel, we call the value"-".If ActiveSt art Pi xel _Atne <

Acti veEndPi xel , Simee eatH ‘rdadecficaliely becdhies § o3 ted@ERHRI aX@lumnPh Bakert Wee cal |
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| oadi ng t BforS&a isgdisitp.of samples (either 6 or 13, depending on color) is
shown in the follow ng pseudocode: |ine = FirstSanpleLi ne

We consider the active image 180 as being within a particular bounds, with certain
actions to be taken when coordinates are outside the active area. The coordinates can either
be before the image, inside the image, or after the image, both in terms of lines and pixels. This
is shown in Figure 87, although the space outside the active area has been exaggerated for
clarity:

Note that since we use (0, 0} as the sfart of coordinate generation, MaxPixe} and
MaxLine are also pixel and line counts. However, since address generation is run from kernel
carry outs and Advanceline pulses from the MJI 15, these outer bounds are not required.
Address generation for a line simply continues until the AdvanceLine pulse is received, and
may involve edge replication, constant colors for out of bounds, or image pixel wrapping.

If we have an address, aAdr, of the current sample, and want to move to the next
sample, either on the next line or on the same line, the sample’s coordinate will change as
expected, but the way in which the address changes depends on whether we are wrapping

around the active image, and must produce edge pixel replication when needed.

When there is no wrapping of the image (i.e. all print formats except Passport 31), we
perform the actions in Table 38 as we advance in line or pixel. To rotate an image by 90

degrees, the CPU 10 simply swaps the ALine and APixel values.

Looking at Table 38, the only time that DR 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.




pi xel = FirstSanpl ePi xel —adr = FirstSanpleAdr Do N times (6 or 13) _
ol dPi xel Sense = Pi xel Sense(pi xel) ol dLi neSense = Li neSense(gLine) inActive

= ((ol dLi neSense == InActive) AND (ol dPi xel Sense |InActive)) If ((NOT

i nActive) AND UseConstant) Sanple = ConstantColor else Sanple =
Fetch(adr) Endlf line =1line + 1 If ((LineSense(line) AND w api nage) adr
= adr - DeltaColum line = ActiveStartLine Elself ((LineSense(line) =="Q")

AND ( (ol de¢meSense adr = adr + DeltaLine Endlf EndDo The setting for such
vari abl es as FirstSanpl eLi ne, FirstSarffJl-ePi xel, and FirstSanpleAdr is in

t he address generator section that responds to carry out flags fromthe
Kernel Address Generator, as well as AdvancelLi ne pul ses fromthe M. The
logic for this part of the address generation is shown in the }‘ol Idovvi ng
seudocode: Fi rstSarrpI ePi =0, Fir anpl eLj 0 Firs rrp eAdr =

Igi rstLi neSanpl eAdr = Acti vxFé'gf 38 ﬁﬁ%ﬂ"@ggﬁ %@ruh\e'ﬁen ‘bd"BBC’ﬂ%f"e 6}

( ( Ker nel XCar r yQt)—OR-(-Advangeline -AND Keﬂ'q!elﬁcarrvﬂlf\ OR (r‘ount < 5))

PCP66- SG

Line® Pixel® Pixel Change Line Change
- 0 Adr = Adr + APixel

- +

0 - Adr = Adr +ALine
0 0 Adr = Adr + APixel Adr = Adr +ALine
0 + Adr = Adr +ALine
+ -

+ 0 Adr = Adr + APixel

+ +

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 adr with
a new value not based on a delta. Assuming we keep the start address for the current line so
that we can advance to the start of the next line once the current line has been generated, we
can do the following:
. If a change is in Pixel, and the pixel sense changes from 0 to + (indicating we have
gone past the edge of the image), we replace Adr with the LineStartAdr and replace
Pixel with ActiveStartPixel. Line remains the same.
. If 2 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

*we compare the current Line ordinate with ActiveStartLine and ActiveEndLine.If Line <
ActiveStartLine, we call the value “-".If ActiveStartLine £ Aine < ActiveEndLine, we call the value
“0".If ActiveEndLine £ Line, we call the value “+".

*We compare the current Pixel ordinate with ActiveStartPixel and ActiveEndPixel.If Pixel <
ActiveStartPixel, we call the value “-"If ActiveStartPixel £ Awne < ActiveEndPixel, we call the value
"0".If ActiveEndPixel £ Pwxel, we call the value “+”.



-93 Do N Sanples for this color plane (see pseudocode above) Endl
ol dPi xel Sense = Pi xel Sense( Fi rst Sanpl ePi xel ) ol dLi neSense =
Li neSense( Fi rst Sanpl eLi ne) |If (AdvanceLi ne AND Kernel YCarryQut) count = 0
First Sanpl eLine = FirstSanpleLine + 1 FirstSanpl ePixel =0 If
((LineSense(First Sanpl eLi ne) AND wr apl mage) FirstLineSanpl eAdr -
Start Address FirstSanpl eLine = ActiveStartLine Elself
((Li neSen8&(%F¢ st Sanpl eLine) _-- "0") AND (ol dLi neSense "0"))
Fi r st Li neSanpl eAdr = FirstLi neSanpl eAf2-+ Del taLine Endlf FirstSanpleAdr -
Fi rstLi neSanpl eAdr El self (Kernel XCarryQut OR (count < 5))
Fi r st Sanpl ePi xely iz yih h3fiveaRLAEIPHRI refhaths tRURE. TeiGEM RN & te Add
((Pi xel Sense(Fi rlsnt S(impl_ ePi xel ') AND _rvl?/r(fll Isma e %? rst ga?n')sl eAd’;r rézss offset
Fi r st Li neSanpl eAf9ersreting fiedspiess dfdPixel. ativeShartsing: irqop (Rixel, ArtiveFndLine-1).
((Pi xel Sense(First Sanpl ePi xel %ﬁ == "0") AND ﬁol dPi xel Sense == "0"))
Fi r st Sanpl eAdr JnEfcoistieleasingAbr set niebar fbparenties (gither & oEHY idfpenging Do color)
10. 2. 11. 3Ragbwt BtheIuIobsdliBERcar € a nunber of registers that nmust be set
before printing_ an 1 mage. €y are summari ze | ) rotate
an i mage by 90 degreés” € Rpiy exchange the

pixel = FirstSamplePixel

adr = FirstSampleldr

Do N times {6 or 13)

oldPixelSense = PixelSense (pixel)
oldLineSense = LineSense (gLine)

inActive = ((cldLineSense == InActive) AND (cldPixelSense ==
InActive)}
If ((NCT inActive) AND UseConstant)
Sample = ConstantColor
else

Sample = Fetch (adr)

EndIf

line = line + 1

If {(LineSense{line} == “+”) AND wrapImage)
adr = adr - DeltaColumn
line = ActiveStartLine

Elself ((LineSense(line) == “0%) AND {(oldLineSense == “07}}
adr = adr + DeltalLine

EndIf

EndDo

The setting for such variables as FirstSampleline, FirstSamplePixel, and
FirstsampleAdr is in the address generator section that responds to carry out flags from the
Kernet Address Generator, as well as AdvanceLine pulses from the MJI. The logic for this part

of the address generation is shown in the following pseudocode:

FirstSamplePixel = 0

FirstSampleLine = 0

FirstSampleAdr = FirstlineSampleAdr = ActiveStartAddress
count = 0
Dc Forever
ITf {(KernelXCarryCut) OR (AdvanceLine AND KernelYCarryOut) OR

{count < 5))




Del taLi ne and Del t aPi xel val ues, and provide a new Del t aCol utm val ue.
PCPO6- SG -94 Table 39. Registers Required to be set by Caller before
Printing Regi ster NaneDescription |Inage Access Paraneters Wapl mageTile

i mge reads to replicate i mage when out of inmage bounds UseConstantlf O,

i mge edge replication or wapping occurs on reads out of image bounds. I|f
1, a constant color is returned. Red ActiveStart AddressRThe address of red
sanpl e (AEERGESt art Pi xel , ActiveStartLine) in |InageRAM ActiveStartLi neRThe
first valid line for the image in red®pace (in relation to line 0)

Acti veEndLi neRThe first |line out of bounds for the inage in red space

ActiveStart Pi xel RThes fii $a8b1 ¥ adol Gbnpl %8l o-f Olant NGed PRGE.dRe 86 5pace (in
relation to pixel Q) ActiveEndPi xel RThe first pixel out of bounds for the
image in red space DeltalLi neRThe anount to add to the current address to
nmove from one |i n@'FELRE Aext I PHiPEd FsFasErBEI¥dP xel RThe anmpunt to add to
the current addreskilt@sapee Liemoneipitcebplkbinthe next on the sane line in

red space Del t aCottinnFIhe L aomi kd-Q-8dd -1 8.«t he current address to nove from
a pixel in the last_line of the Active image area to the sanme pixel on the

first line of the ActIve I mge ar ea in red space. Constant Col or RRed col or
val ue to use if addfess=Perclagr blFds>®itt88eChnst ant=I G een

FirstSamplePixel = 0
If ({LineSense{FirstSampleline) == “+*) AND wrapImage)
FirstLineSampleAdr = StartAddress
FirstSampleLine = ActiveStartLine
ElseIf ({LineSense(FirstSampleline) == “0”) AND (cldLineSense ==
“0) )
FirstLineSampleAdr = FirstLineSampleAdr + Deltaline
EndIf
FirstSampleAdr = FirstLineSampleAdr
ElseIlf (KernelXCarryOut OR {count < 5))
FirstSamplePixel = FirstSamplePixel + 1
count = count + 1
If ({PixelSense (FirstSamplePixel) == “+”) AND wrapImage)
FirstSampleAdr = FirstLineSampleAdr
FirstSamplePixel = ActiveStartPixel
ElseIf ((PixelSense(FirstSamplePixel) == “07) AND {(oldPixelSense
== “0")}
FirstSampleAdr = FirstSampleAdr + DeltaPixel
EndIf
EndIf
EndbDo

10.2.11.3Register Summary

There are a number of registers that must be set before printing an image. They are
summarized here in Table 39. To rotate an image by 90 degrees, simply exchange the

Deltaline and DeltaPixel values, and provide a new DeltaColumn value.




ActiveSt art AddressGrhe address of green sanple (ActiveStartPi xel,
ActiveStartLine) in I mgeRAM ActiveStartLineGlrhe first valid line for the

i mage in green space (in relation to line 0) ActiveEndLi neGrhe first line
out of bounds for the inage in green space PCP(5-SG -95

ActiveStartPi xel GThe first valid pixel for the inmage in green space (in
relation to pixel 0) ActiveEndPi xel GThe first pixel out of bounds for the

i mage i n BeRePS space Del taLi neGrhe anmount to add to the current address to
nmove fromone line to the next in greé¥-space DeltaPi xel GThe anount to add
to the current address to nove fromone pixel to the next on the sane |ine
i n green space DeltaCol umGrlrhe anount to add to the current address to nove
froma pixel in the |ast ITaBR 30f RégierdHelqued (6RBBhEBalle? bbfdfe Same pi xel on
the first line of the Active inmage area ipPrifingen space. Constant Col or GG een
col or value t[0 use iT addregs out of "bounds and UseConstant =9 Bfue

ActiveSt art AddressBThe addrgss of blue sanple (ActiveStartPixel,
Act i veSt art Lilne)RegistarNageRAM Act i veStart Li RessriREonirst valid line for the
i mage in bl ug sBgeRccktdPar@hétbkon to |ine 0) ActiveEndLi neBThe fijrst |ine
out of bounds—fer—the—+rmagen—bluespaceActiveStartPixelBThe first valid
pi xel for the Wigal@aen bl ue |Siiadeageireads ¢ raplicals imagepyhee but®y image
Acti veEndPi xel BThe first pixdleugst of bounds for the image in bllue space

Dol tali neBThq JZBRAIort O 3d9 G, TG SHld RRcalh G rabphg oRron O [one 11 ne to
the next in ue space reads out of image bounds.

If 1, a constant color is returned.

Red

ActiveStartAddressR | The address of red sample (ActiveStartPixel,
ActiveStariLine) in ImageRAM

ActiveStartLineR The first valid line for the image in red space (in relation
to line 0)

ActiveEndLineR The first fine out of bounds for the image in red space

ActiveStartPixelR The first valid pixel for the image in red space {in
relation to pixel 0)

ActiveEndPixelR The first pixel out of bounds for the image in red space

DeltalLineR The amount to add to the current address to move from

one line to the next in red space

DeltaPixelR The amount to add fo the current address to move from
one pixel to the next on the same line in red space

DeltaColumnR The amount to add to the current address to move from
a pixel in the last line of the Active image area to the
same pixel on the first line of the Active image area in
red space..

ConstantColorR Red color value to use if address out of bounds and
UseConstant=1

Green

ActiveStartAddressG | The address of green sample (ActiveStartPixel,
ActiveStariLine} in ImageRAM

ActiveStartLineG The first valid line for the image in green space (in
relation {o line 0)

ActiveEndLineG The first line out of bounds for the image in green space




Del t aPi xel BThe anpbunt to add to the current address to nove from one pi xel
to the next.on the sane line in blue space DeltaCol umBThe anmpbunt to add to

the current address to nove froma pi xel

| mage area to
bl ue space.

t he sane pi xel

in the last line of the

on the first line of the Active im

and UseConstant =T Wite Bal ance and Range Expansion Paraneters
RedLowThr B8WeP@8- bit val ue subtracted fromred input val ues

Gr eenLowThr eshol d8-bit val ue subtracte®-from green i nput val ues PCPO6- SG
-96 Bl ueLowThreshol d8-bit val ue subtracted from bl ue input val ues

Active
ge area in

Const ant Col or BBl ue col or value to use if address out of bounds

RedScal eFact grAtibdstartpale f actrerfirsi¢aid pkerfortdgRgEMRAR Ispae?h Ted pi xel s
Green Scal e Factor8 b|t scal &erémtt@p.xgwd for range expansi on of} green
pi xel s Bl ueSqal-efFactor8-bi-t—scatetactor—tused-oer—+ange—expansi-gn of bl ue
pi xel s 11 REREMEIGERIPiKeIG] S| Vet Bl O%é@cﬁ‘éﬁfmmg%age%grh@ht i cation of
Consumabl es. | [2] Sil verbrogqkPRe&search, 1998, Authentication Chilp. Although
t he i nventi on n descr{ipged ,qrgogcﬁfg NGferk 9 xanpl es, it
_ i t t AFRE TS bl 35 y 1
will be apprieciated, by thcqﬁeﬁ,@%} é’)& er& cﬁ% 't ey he enbodi ed
i n many ot her—forns— The fgllowing n|| nnr agraphs provi dP t he
addr essee Wi t|IDefaPiselGher | ndiThatimomntdd actdhethsccommwt addredshembveviesn | on,
al t hough ot her novel and inv@tﬂeipb(elttbmamaxtestr@rsdmedinmihlgaetehepacef fieat ur es
wll also bE[? rTr mt1h ISCIO edttnrentn-'u-'o- e—ctgim -97 1.
A met hod for TG an i dg(%m}' f‘i’&‘%{cu%?eﬁ?drﬁéf‘g@gt? foYi|mensi on N,
to a _second CO' or space, of he X Io(r)1 st ine ¢ th;fAcm\ée imag arl;aa% ally
non-|inear reasponse, the net rbpé%ns Je
ConstantColorG Green color value to use if address out of bounds and
UseConstant=1
Blue
| ActiveStartAddressB | The address of blue sample (ActiveStartPixel,
ActiveStartLine} in ImageRAM
ActiveStariLineB The first valid line for the image in blue space (in
relation to line Q)
ActiveEndLineB The first line out of bounds for the image in biue space
ActiveStartPixelB The first valid pixei for the image in blue space (in
refation 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 fo add to the current address to move from

one pixel to the next on the same line in blue space

DeltaColumnB

The amount fo add to the current address to move from
a pixel in the last line of the Active image area to the
same pixel on the first line of the Active image area in
blue space.

ConstantColorB

Blue color value to use if address out of bounds and
UseConstant=1

White Balance and Range Expansion Parameters

RedlLowThreshold

8-bit value subtracted from red input values

GreenLowThreshold

8-bit value subtracted from green input values




the steps of: preparing a nunber M of N-dinensional |ookup tables including
respectively the resultant transformations for each specific entry as

i ndexed by the first color space; and obtaining the entries not included in
the tables by using N-linear interpolation. 2. A nmethod according to claim
1 wherein the first color space is RGB, the second color space is CW and
N=M=3. 3. A nethod according to claim2 wherein the tri-linear

i nt er pol aPt*¥S¢ equires reading 8 values fromthe correspondi ng | ookout
tabl e and performing 7 linear interpol®tions. 4. A method according to
claim3 wherein out of the 7 interpolations, 4 are in the first dinension,
2 are in the |sBenpdTEsmRISI qre-Bindivk subtracted FBM tidaiingdt ¢iugensi on. 5. A met hod
accordi ng to [any—one—of—etatims—1to-4—wheretn—thesize—of—eachtable is

17x17x17,  wi|tfFedesrierasior ry hed-bitpoglemsictos use! forsanasterpansian etredpgis tjo any one
of clains 1 tcb;réer%lglléﬁéc?ort ne Sfiliz%s?:algtfac?oqﬁ dtf&q'glﬁge:e%%%)é%ﬁgm{?%\‘ 1E|nr each entry

T+

being 8 bits. n appar at U onverting a geé st col or
space, of dinension N _to a.l second color space, of_dinension M| with at

| east parti al{lBlugSoaleFactoear r|esipicsesle factdn @sedifpras@jewSpansidn btshieng: neans of
preparing a rijunber M of N-dijmdesi onal | ookup tabl es including respectively
t he resul tant—transformations for “eachrspecificentry as—tndexed by the
first color space; and neans for using N-linear interpolation to obtain the
entries not included in the tables. 8. Apparatus according to claim?7
wherein the first color space is R@, the second color space is CW and
N=M=3. 9. Apparatus according to claim8 wherein the tri-Iinear
interpolation requires reading 8 values fromthe |ookout table and

per fornin 1EEFERéQPE5nterpoIations. PCP06- SG - 98 10. Apparatus according to
cl ai m 9 whHér 3Verbopl Resqarch @98 Apthardsapen cACystredbless are in the first di nension
2 are in PheSVEEOARGTBA bAYaIEF 4 DB n the third di mension. 11

Appar atus according to any one of clainms 7 to 10 wherein the size of each
table is 17x17x17, with each entry being 8 bits. 12. Apparatus according

to any one of clains 7 to 10 wherein the size of each table is 9x9x9, wth
each entry bei n@lt!g)uglp the invention has been described with reference to specific examples, it will

be appreciated, by those skilled in the art, that it may be embodied in many other forms. The
following numbered paragraphs provide the addressee with a further indication of the scope of
the invention, although other novel and inventive features and combination of features will also

be clear from the disclosure therein.



13. A photo canera including an apparatus according to any of clains 7 to
12.
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We claitn:
1. A method for converting an image from a first color space, of dimension N, to a second

color space, of dimension M, with at least partially non-linear response, the method including

the steps of:

preparing a number M of N-dimensionai lookup tables including respectively the

resultant fransformations for each specific entry as indexed by the first color space; and
obtaining the entries not included in the tables by using N-linear interpolation.

2. A method according to claim 1 wherein the first color space is RGB, the second color space
is CMY and N=M=3.

3. A method according to claim 2 wherein the tri-linear interpolation requires reading 8 values

from the corresponding lookout table and performing 7 linear interpolations.

4. A method according to claim 3 wherein out of the 7 interpoiations, 4 are in the first

dimension, 2 are in the second dimension and 1 is in the third dimension.

5. A method according to any one of claims 1 to 4 wherein the size of each table is 17x17x17,

with each entry being 8 bits.

6. A method according to any one of claims 1 to 4 wherein the size of each table is 9x8x9,

with each entry being 8 bits.

7. An apparatus for converting an image from a first color space, of dimension N, fo a
second color space, of dimension M, with at least partially non-linear response, the apparatus

including:

means of preparing a number M of N-dimensional lookup tables including respectively

the resultant transformations for each specific entry as indexed by the first color space; and
means for using N-linear interpolation to obtain the entries not included in the tables.

8. Apparatus according to claim 7 wherein the first color space is RGB, the second color
space is CMY and N=M=3.

9. Apparatus according to claim 8 wherein the tri-linear interpolation requires reading 8

values from the loockout table and performing 7 linear interpolations.




PCP06-8G
_98 -

10. Apparatus according to claim 9 wherein out of the 7 interpolations, 4 are in the first
dimension, 2 are in the second dimension and 1 is in the third dimension.

11. Apparatus according to any one of claims 7 to 10 wherein the size of each table is

17x17x17, with each entry being 8 bits.

12 Apparatus according to any one of claims 7 to 10 wherein the size of each table is

9%9x9, with each entry being 8 bits.

13. A photo camera including an apparatus according to any of claims 7 to 12.




