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SUMMARY OF INVENTION

According to a first aspect of the invention there is provided a method for sharpening an
image, the method including the steps of:

receiving a data set indicative of the image;
20
extractlng an initial Iummanoe channel from the data set;

.sharpening the Imtlal Iumlnance channel to form arevised lumlnance channel and
Incorporating the revised luminance channel into the data set.

Preferably, the exiracting includes the step of deriving the initial luminance channel from the
data set.

25 More preferably, the data set has a red plane, a green plane and a blue plane and the

method includes the step of deriving the initial luminance channel from the planes.
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WO 01/ 20548 PCT/ AUO0O/ 01074 -2 Even nore preferably, the data set includes
the Initial 'lum nance channel as a separate channel and the extracting

i ncl udes t®{p o3hftlls Of accessing the initial |um nance chagglwooldi®ler ably

al so, the sharpening includes the further steps of high-pass filtering the
initial |um nance channel to provide a filtered | um nance channel; and
formng the revised | um nance channel fromthe sumof the initial |um nance
channel and a 5 predeternined proportion of the filtered | um nance
channel. in a preferred form the high-pass filtering utilises a 3 x 3

convolution kernel. In alternativ enbodi.ment s, however, .t he hi gh- pass
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enbodi ment shanne ahd thk exiiasting inclhdes therstpp ot 4ckessing tha inifial hifninaocachinnel. Brefekeablyralsb,.
Accordi ng tuR dRad&hidickiasdRetunRt stbdsr! Nnvention there is provided an
apparatus for sharpening an imge, the apparatus including: 10 i nput neans
for receiving a dighpassHitering the itial 0Rindtce Endfind [BRERIde 8 RilereAGinhifihcd @R Arfel; bd
extracting an initial |um nance channel fromthe data set; sharpeni ng neans
for sharpeni ng t igmingitfiel rédiseli WiinaRdeCoharhebfofthe bin Hfanghiflal uftiiaR&Cehbh@) dhaac e
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dat a set i robodieants thehighipass fieringusiisesaT:e7 cdneolutien kerl.a separ ate channel and
the extraction neans accesses the initial |um nance channel. In a preferred
form the shar perficeridingta asecopasheal bf thraineentian|thare is providedi aniappendtud forshamening
channel t 0 aRifgeARe dpphratut MEIGhgt UM nance channel ; and fornms the revised

| um nance channel fromthe sumof the initial |um nance channel and a
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Description of the Drawi ngs Preferred enbodi nents of the invention will now
be descri bed, by extactionmeansiopdxiacting an, initidl lulninants chanhel frem the dbia séthe f ol | owi ng
-description and Figures. ............ Fig. I shows a high level inage flow
of the PCP. Thi s sBirpaingirzsnsSersharpeiigaoeeiditial luniiahdelcharingiltd foim alrévised Lininddge
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processing means for incorporating the revised luminance channel into the data set.

15 Preferably, the extraction means derives the initial Juminance channel from the data set.
More preferably, the data set has a red plane, a green plane and a blue plane and the extraction means
derives the initial luminance channel from the planes.

Preferably also, the data set includes the initial luminance channel as a separate channel
and the extraction means accesses the initial luminance channel.

In a preferred form, the sharpening means:
20 " high-pass filters the initial luminance channel to provide a filtered luminance channel; and

forms the revised luminance channel from the sum of the initial luminance channel and a
predetermined proportion of the filtered luminance channel.

Brief Description of the Drawings

Preferred embodiments of the invention will now be described, by way of example only, with
25 reference to the following description and Figures.

Fig. 1 shows a high level image flow of the PCP.
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AR




Fig. 2 shows a block diagramof the PCP In Isolation. Fig. 3 shows a bl ock
di agram of the PCP connected to Printcam hardware. Fig. 4 shows a 4-inch

Menj et prinRyHepshsasti 90 S shows the arrangenent of segnmenpsyhfaofidhal NCH
printhead. 5 F?g' 6 shows the arrangenent of nozzles In a pod0 nunber ed by

fixing order. Fig. 7 shows the arrangenment of nozzles in a pod. nunbered
by | oading order. Fig. 8 shows a chronopod. Fig. 9 shows a podgroup. Fig.
10 shows a phasegroup. 10 Fig. 11 shows the relationship between segnents,
firegroups, phasegroups, podgroups and ghronmopods. Fig. 12 shows AEnable
and BEnabl e pul se _gr ofiles durj nrg r| nﬁ?ﬁ 8" of an odd and even dot.
Fig. 13 shows thef ﬁ‘@?ﬂ%?"&hdi@? 'BPT‘H? ?P'P N, ased on the CFA | nage.

Fig. 14 shows a blLo of th e _captur hal 15 Fig. 15 shows
t he arrangenment 04; FQ)’ 3%’98 thg ’?@'??8’53‘1%’ 'f—’i"@fdw‘f% shows t he
| i neari ze RGB pr og e%ssh a({;; “_},\7 sh V\ﬁnﬂgel‘al pl anari ze RGB process. Fig. 18
shows a bl ock di a 118 epprl n chai n. Fig. 19 shows a sanple

col or range for a'_.l %v?stﬁeoén% ei’m,,%e m%gmﬁpegws the steps invol ved

in white bal ance a range exp st on. a bl ock diagram of

appar at ug capabl eFlessn&fsft%ér?g %&M@Jiﬁas@a AlfboiddBg fungipians! on. Fig. 22

shows the various col or In relation to A resolution. Fig.

23 shows the effegf ﬂhowsqﬁ@édan&rﬁehmwzﬁwnab@mﬁuﬁaéreﬁ!éyﬂs&ﬁgﬁ‘&&r 25 Fig. 24
shows the di stance between rotated pixels for the green plane. WO 01/20548

PCT/ AU00/ 01074 - Fg.l8isBowschfepsd. t he process of mappi ng novenent in
unrot ated CFA space to rotated CFA space. Fig. 26 shows a bl ock di agram of
t he shar pen proceEg .9 shows.a goddgredpows t he process invol ved in high-pass
filtering a single lumnance pixel with a 3 x 3 kernel. 5

Fig. 10 shows a phasegroup.

10 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.
15 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.
20

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

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

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

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



Fig. 28 shows t.he transformation in conversion fromRG to CW. Fig. 29
shows conversion fromRG@ to CW by trilinear interpolation. Fig. 30 shows
pi xel repl yeafjeag0f a single pixel to a 5 x 5 block. Figemnsdeoni@ys a bl ock
di agram of the half-toning process. Fig. 32 shows the process of
reformatting dots for the printer. 10 Fig. 33 shows a bl ock diagram of the
i mge capture unit. Fig. 35 shows a block diagramof the imge access
unit. Fig. 36 shows a bl ock diagramof the imge histogramunit. Fig. 37
shows a bl ock diagramof the printed Intgrface. Fig. 38 shows the bl ock
diagram of the Menmjet interface. 15 F_igq. 39 shows the generation of

AEnabl e and BEnalfi% 2pahows W Ripogss of mapping mavesysph R unrotgied kA FPagg o fetatad Gy
count | ogi spadei g. 41 shows the interface of the print generator unit. Fig.
42 shows a bl ock diagram of the print generator unit. Fig. 43 shows a bl ock
di agram of the t &id. 2showes blocksliagem of thetsharpep@raeesy. 44 shows a bl ock di agram
of Buffer 5. Fig. 45 shows a bl ock diagramof Buffer 4. Fig. 46 shows a

bl ock di agram of Figh@7 howsithe poesss inuolverir tighepass fifering Reihgle ivminapgepixelth a 3Ki3g. 47
shows how tiemelp froma standard dither cell and a staggered dither cell.
Fig. 48,shows a block diagramof the Convert RGB to CWY process/ 25 Fig. 49
shows a bl ock di ay. 283heks BelfrirformatioV¥ corverdohfidin REBAACINY/ 01074 -5 Fig. 50
shows a basic high-pass spatial filter using a 3 x 3 kernel. Fig. 51 shows
a bl ock di agr am dig. ehshoehicanpsion fruint RGE-o@EMYIY triliheanibtetpotatiod r uct ure of Buffer
1 Fig. 53 shows a bl ock diagramof the Resanple and Create Lum nance
Channel process. Figs30shgws pixel repiisationaf dbingikpixdl tagidxdbipick.t he Convol ve Unit.

Fig. 55 shows the order of pixels generated fromthe receptor. Fig. 56
shows novenent i rFig3bshoys 3 blogksiiagrampf e dalftonieg piecess- space. Fig. 57 shows the

address of entries In Buffer 1's green sub-buffer. Fig. 58 shows the

relationship bet ile#? greethe pneess ele@peinget Oohe rbteat i on.

10
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.
18 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.
20 Fig. 44 shows a block diagram of Buffer 5.
Fig. 45 shows a block diagram of Buffer 4,
Fig. 46 shows a block diagram of the Uplnterpolate, Halftone and Reformat process.
Fig. 47 shows how to map from a standard dither cell and a staggered dither cell. .
Fig. 48 shows a block diagram of the Convert RGB to CMY process/

25
Fig. 49 shows a block diagram of Buffer 2,



10 Fig. 59 shows 4 x 4 sanpling of the green channel. Fig. 60 shows 4 x 4
green sanpling type 1. Fig. 61 shows 4 x 4 green sanpling type ‘2. Fig. 62

shows the tweoinbees of row addressing for green. Fig. 63pghRubinidye
addressing of entries in buffer 1's red and blue sub-buffers. 15 Fig. 64

shows the first 16 sanples read for calculating first pixel. Fig. 65 shows
the 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 expansi on
unit. Fig. 67 shows the active inmage arga within the generated coordinate

. | OVERVI OF_THE P 1.1 H LEVEL EU I L OVERVI EW Th
Iilroimr:r?cam Cent rg%ﬁ'égéwSP%""’ﬁﬁ%?é&%@"ﬁl"PaPﬁgjiﬁr?’g:sti ng power f_gr a
Printcam and is ﬁ%%?%ﬂi;?lé"%%l!l ¥ gaegénﬁﬁg}%gkaqee%ﬂ*ﬂs-ed In the Printcamdigital

still canera syste 0 an i mge sensor | (for inmage
capture), and a ] L r'gi pmage printout. In ternms of inmage
processi ng, the @kgg"ﬁ%y&%ﬁ%ug ‘Efgg?d’gg being the translator of inages
from capture to pﬁ-'.@&% Block bR of 13 RekdMbieand Created Amiflice CREHIG rRASOr 1 I's
a CMOS i mage sensdér, icﬁ capotgubr es a 1500 'x fooéeaRGBm'i rrage. Tﬁe mage

Sensor g the | mage sk WS aBRM diddram df theicolWelv Uhig 0548 PCT/ AU00/ 01074 -6 The
Printhead 2 is a 4 inch |ong 1600dpi Menjet printer capable of printing in

three colors: cyrd) 55 SRge tHearder sl piiéld ged¥rated o Reirdtbftead | s the i mage out put
device. The PCP 3 takes an image fromthe I nmage Sensor 1, processes it,

and sends the fi rrid. 56 shows moveniehiin x oreydrerotatad idburistated dpeced 2 for printing.
Since the Image Sensor 1 captures in RGB and the Printhead 2 prints in
CMY, the PCP 3 mlKg. 5T shaws thataddréss ofentriesin [RERr d's loteen sybcbotiert 0 t he CMY col or
space. The PCP 3 contains all of the requirenents for the internediate

i mage pro s cessifigy58 shews tharelalionship beiwern| grges entrigsslepgndent pr tetionon and ganut
mappi ng, image sharpening, and half toning. In addition, the PCP 3
control ¥ t he userFig- A shoprad x4 sareplingefthegresp PiAnely ocess, provi di ng support
for a variety of i,mage formats. The PCP 3 also contains interfaces to allow
export and i npor tFi&POFNE 82 4 9EaiAMPiNGd PRt h t he DPOF (Digital Print Order

For mat) stfandard.,:i % HIs H LEVEL | ] L OVERVI EW The PCP 3 is designed
to be fabricated i hé"og ﬁﬁgrﬁ%‘q@% "process, with 10 approxi mately
Lo o O LB YR gl 51, T o e
cost is $4 in t ey BRhowdhd addhiSing Fientles i bidlfer 1°s red and blue sub-buffers.
15 Fig. 64 shows the first 16 samples read for calculating first pixel.
Fig. 65 shows the overlapping worst case 4 x 4 reading from blue and red buffers.
Fig. 66 shows a block diagram of the rotate, white balance and range expansion unit.
Fig. 67 shows the active image area within the generated coordinate space.
1 OVERVIEW OF THE PCP
20 44 HIGH LEVEL FUNCTIONAL OVERVIEW

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

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

The Image Sensor is the image input device.

25



relatively straightforward design, and design effort can be reduced by the
use of datapath conpilation techniques, macrocells, and |IP cores. The PCP
3 cont ai NSy phr2ds@yv speed CPU microcontroller core 10 1.fgiksbafrof
multi-level Flash nmenory (2-bits per cell) 11 A CMOS | nage Sensor
Interface 98 inside an Inage Capture Unit 12 15 16 KByte Flash nenory for
program storage 13 4 KByte RAM for program vari able storage 14 The PCP 3
is Intended to run at a clock speed of approximately 100 MHz on 3V
externally and 1.5V internally to mnipgze povver consurrption The act ual

t f f t t head t
(T equency. “The. ALY Riheadt i &4 nehlery 14pgeelMerriabyrEier rpple P Gie 8055 c
CPU, running at &iepumadentyled yelion.[The Printh@Rs 16 iape oGhi@8edeensor interface 12
can be vendor S#ﬂgbﬁ%%tag&f égﬁralag;elqroﬁi tgé'?r%ggs&ﬂ&ws pr@célggég(ﬁkarﬁ's@ﬁk%m finby f&-ﬂe PCP

3 in isolation. use in nt cam syst ens. |gure 3

Shows a bl ock. i 2L R iythecPrndens 21o¢ s Siaee temage Sprsat ! Gaputen & APl ki
hardware. 2 PRI NTHeEFRthEACKEIREUNDMY! the PCP :ﬁn&sﬁtrarplateiffohctaé RGB dalar spactio the

connect to a 4-ingR dobPsp 9&9 P24 coRtaind LIhﬁﬁgre%alre gm.ném geo,tg used

as a page-w dth prlnter oucmga I nc rinte
having to be no\feing,! @ad"h't‘b%%‘f’e'fﬁ'q comsetion R oampt e@rqing, W@%éha&.ﬁé‘l"g-t he
printhead 2, as shdhai toringEingidditorthe WOPBldoRiis/tBe BXET intdadd <nd @mitite print pdceks,

COVPGSI TI ON OF 44 %@ﬁ%?@}az ik nﬁg éq'f&ﬁ.%%b%b%%%%a&&&ﬁﬁtéﬁée%a&w

, h
Srinte bi-1ovel S?%emanmgmfahmcgmwwl%weepevérrs@' Pl SRR, ( o

page to r uce The positions of the segnents are sShown
in Fi gure Si nE'LG"l[e'TF&E‘pﬁIF E‘E""ﬁ'f’l nts dots at 1600 dpi, each dot is

22 om | L 2ot e 300, SRS el AR 388, o2 B bl .

‘Tabl e 1V0 Fiaperbximately &0 rniﬂprstraqsapre.seywt e} obwhith aefigalomemorgorplatie RIS Thisdeadsto Last

dot 0 O 798 estinatid@reh oPfthm: rhé eftittated maRStackiting bt i€ SinHelyas 2061. InPEP S1s299
relatively straightforward design, and design effort can be reduced by the use of datapath compilation
techniques, macrocells, and IP cores. The PCP 3 contains:

» A low speed CPU/microcontroller core 10

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

L A CMOS Image Sensaor Interface 98 inside an Image Capture Unit 12
15 o 16 KByte Flash memory for program storage 13

. 4 KByte RAM for program variable storage 14

The PCP 3 is intended to run at a clock speed of approximately 100 MHz on 3V externally
and 1.5V internally to minimize power consumption. The actual operating frequency will be an integer
multiple of the Printhead operating frequency. The CPU 10 is intended to be a simple micro-controlier
style CPU, running at about 1 MHz. Both the CPU 10 and CMOS sensor interface 12 can be vendor

supplied cores.
20

Figure 2 shows a block diagram of the PCP 3 in isolation.

The PCP 3 is designed for use in Printcam systems. Figure 3 shows a block diagram of the
PCP 3 connected to the rest of the Printcam hardware.

2 PRINTHEAD BACKGROUND

The PCP 3 is specifically designed to connect to a 4-inch (10-cm) Memjet printhead 2. The
25  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.



5 4.000 4,799 6 4,800 5,599 7 5,600 6,399 Although each segnent 21
produces 800 dots of the final imge, each dot is represented by a

conbi nat i oRy@h1/dasesl €vel cyan, magenta, and yell ow i nk. Bpepusydié@@ Printing
is bi-level, the input 15 Inmage should be dithered or error-diffused for
best results. Each segnment 21 then contains 2400 nozzl es: 800 each of cyan,
magenta, and yellow. A four-inch printhead 2 contains 8 such segnents 21
for a total of 19,200 nozzles. 2.1.1 Gouping of Nozzles Wthin a Segnent
The nozzles 22 within a single segnent 2%.are grouped for reasons of

hysical stghilit tion of power consunption durin
Briynti ng. gqterrgo@%sgﬁ@m cﬁﬁcﬂ’%ﬂ% a tot gl of 10 ngnozzl es shgre
t he sane Ink rese nsuppt i on Qupi.ngs .aLe de
e e k1 oo lin ol Rl YRl S P el v B e F
supports twhegsegwenisi?] psipts dtievel eyan egentdiand wle\mdotspeeé@/Mt parrefdheppbié b t O
be made i np@ifck Be ARt infAGE FHE poshbNiof Bb EbimieAtd Gre shdwnlinigdr®8- speed printing
node, 96 nozzles 22 are fired simultaneously fromeach 4-inch printhead 2.
The fired nozzl essiadeahd phinthead 2 rintedotsyat 4608 dpi) bachot iS 22.50 il difinelt? ad Spabdd €d

022 oo s 2 Rty mub e el ook o B 15 i 68 p kel %réﬁ’"été’fad%

printing moBREMONBYD nozzl es 22 are fired sinultaneously from each 4 Inch
printhead 2. The fir n I stant, so 24
nozzles are fir eig 'eqzﬁm?in Dig(%éf%s %bn%m@%ﬂﬂ rw‘zzl es, 100
different sets of SegmemOz Z} €S rrusﬁ.-sb.ﬁ,tfl red.| The mmg congunption in the

| ow speed node owever, that the
ener gy consuneg Lﬁ‘p?%ﬂ af-Hhe; g e X fe—jonme i n both
cases. 5 1n a scenaLkg_suc1_as_a_bagieLy_pgggLed—Emfggcan+-the power
consunpt ion requirenfnts Hictate 189 yse off 1owes@S8 prigting. 2.1.1.1 10
Nozzl es®bke a|Pod A3singlk pod 22488nsists lof 10 398zl es 22 shari ng a :
common Ink resgrvoir4 5 nofzles 23280e in gne r o8 g%and 5 4re in anot her.
Each nozzl e 22 [produg€s dof s appropﬂoﬂafely 2. 5pm4 7egdl anefler spaced on a
15.875m grid. Hi 6 ' )jod, with the
nozzles 22 10 ' Ay by nust be fired.
Al t hough the nazzles 77 ark firedd®inis orider Lelg.t.ionship of

nozzl es 22 and ph C ace rinte
o fforenc. he PSR eos %ﬁ?f”%ﬂ@@&%%ﬁ%@&#ﬂ?‘p By B B rererten B
| i ne on t hea perghinationaf bi-laeel cyanzinagentonandtyeliowt inke Beeayse the printing iist bidevel, thelipatot s

from t hes aﬂiagme&mbémeramorteh&mgafoﬁsbg%ad shows the sane pod 23 with
the nozzles 2 unbered according to

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

21.1 Grouping of Nozzles Within a Segment

The nozzles 22 within a single segment 21 are grouped for reasons of physical stability as

well as minimization of power consumption during printing. In terms of physical stability, a total of 10

20 pozzles 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 supporis 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 nozzies 22 are fired from each
25  segment. To fire all 19,200 nozzles, 200 different sets of 96 nozzles must be fired.



the order In which they nust be | oaded. The nozzles 22 within a pod 23 are
therefore logically separated by the wwdth of I dot. The 15 exact distance
bet ween t hgohpsdkhes 22 W Il depend on the properties of gdigaddbaioss firing
mechani sm The printhead 2 Is designed with staggered nozzl es designed to
match the flow of paper 20. 2.1.1.2 3 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 col or conponents of the sone horizontal
set of 10 dots, on different |ines. Thg.exact distance between different
col or pods 23 depends. on the.Nem e erati 20 par. ter and y.yary
from one Menj et %etgf E'ﬂh'f‘@e%ﬁ%"thflﬂa%f"}%ﬂ% n&lésﬁs%%c? i ?rgg%'%'ﬁ?;af‘%fé@%r&w Sacgg"ﬁe"
const ant nurittesad @f Thipfired\nerzies 22 shapldiesmaxinerily disignte s¢@4 nedzien aterfirest Bere eeait
when pri nt isggrent. &fird @l $,200 hba2le8, A oD YiidréHe sty e o RozEibORustbe fredde for di fferent
lines than those printed by the magenta or yellow nozzles. The printing

al gorithm nust althepévwep cordurdtioh Mth&lofispded Micde ihalifGha BOHE high-shebd odl. iNate

bet I T 3 ils). Fi iLlustrat

o ngl e chr REnEraGe SABY Forkundl i BB St et pabff e b ln B fibr 0 o
24 are @rganized] ' . S L@l nNs
30 nozzigeg ZIZZ eé'{cﬂts‘geé'g'é"?%"gg%géﬁ’tggﬁg’f]%?ﬁﬁ{:}%'ﬂg@egwﬁﬁgﬁgﬁm‘%ﬁ- ma%lant a,
and 50 yel |dm‘°ﬁb%ff*€§9wmeamw%48 PCT/ AUO0O/ 01074 -9 The arrangenent |s

shown in Figu Wi th chro ods nunbered 0-4. Note that the distance
bet ween adjzglcé\ﬁt ?%“?%{?Byagesa\q‘gfexaggerat ed for clarity. 2.1.1.4 2 Podgroups

neke a_Phaseqr ouR £ R9d05 oURGa R nfith 95 hfith Loinibndthebiih? SRERRS S GHP 26-

The phasegroup 2 0 namne ecause grou | NI n

phasegr oup mene py.raed Ssareyin| ﬁ“&‘h@’oﬁ%q‘ymﬂi?rqurﬂ“ cesi dptsrapproximalgly R e in diameteri s j s

expl ai ned ispace®br adSBaSm Gridl Bigdre 6 BAGwsS the. Bidngeriend bf A spgle pad) with! fhe fnoies22

podgr oups ' | ke f { | ow- speed and hi gh- speed
%ﬁmgéi)ﬁﬁg&r&@ tért?aeg gr |f1 %tc@ﬂ&%&?&: d.

printing via gr oup I nes. ring l'ow speed printing, only one of

the. two Podgr oumpk fie nb B3 2b Sreidd ih Phisfordlr M6 relabibriship of ohiss®2 A8 ﬁ,‘%lcéﬁ one
podgroup of the F&o P

ires nozzles. Dyring high-speed printing, bo
Podgr oupEn&lfeement of flots og ihe printed page 'ﬁ%ﬂerﬁg‘a‘ﬁr’%ﬂﬁs zﬁiﬂf’@ Nitebidl 'égr?s%ﬂgﬂﬁﬂent |y
a | ow speediotsrfiomtone dikeeen theipege. asd the ngpzlas om the'uitiph ranpreprésept thebdd datsifrem thee
hi gh- speed JfLdaf linb b (& pigll BiGuréP sHEIRE the BAFZH08 93 @th RE RSkzied 22 dumBteEactbiding to
[Ilustrate t°2'§% on‘go%tlon OL) %dphasegroup. The di stance between adj acent
podgr oups | é@‘d@ Biheympgipelopdedi 1y 2.1.1.5 2 Phasegroups nake a
Firegroup Two phasegrou haseqr.Qu and Phaseqgr oupB e . i into
a singlg firegr oﬂﬁe goﬁlfgg\nz H?""f ‘F"l%r:Z g&rgéﬁ%%%rfﬁmgg?hegaé%%?ﬁ%e ‘ﬂ?‘i’ggpg‘ﬁgﬂ‘eﬂ
are so naneadhdistance betwpentheinazzips 22.will dapend-andhe properties of theMemiet fiioameabanisny.  Two
enabl e | i nerhe privHaad: B dadigheBivirdiigheredhdza¥Y delignekitd infteh 1é AdW G1EQGF WIPA nozzl es

and PhasegroupB nozzl es i ndependently as different firing phases. The
ar r angenent2.4.52 s @osls 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

20 parameters, and may vary from one Memjet design to another. The distance is considered to be a
constant number of dot-widths, and must therefore be taken into account when printing: the dots
printed by the cyan nozzles will be for different lines than those printed by the magenta or yellow
nozzies. The printing algorithm must allow for a variable distance up to about 8 dot-widths between
colors (see Table 3 for more details). Figure 8 ilustrates a single chromapod 24.

21.1.3 5 Chromapods make a Podgroup

25 & 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 yeliow nozzles.



15 in Figure 11. The di stance between adjacent groupings is .exaggerated for
clarity. 2.1.1.6 Nozzle Gouping Summary Table 2 is a summary of the nozzle

gr oupi ngs 'Bq)(ﬁzﬁgrd; nt head. Table 2. Nozzl e G oupi ngs foreca/Aiowglogs 4-i nch
pri nt head pl'ication Nozzle Nane of G ouping Conposition Ratio Count 20
Nozzl e 22 Base unit 1:1 1 Pod 23 Nozzles per pod 10:1 10 Chronmapod 24 Pods
per CWY chromapod 3:1 30 Podgroup 25 Chromapods per podgroup 5:1 150
Phasegr oup 26 Podgroups per phasegroup 2:1 300 Firegroup 27 Phasegroups
per firegroup 2:1 600 Segrrent 21 Fi regr@ups per segnent 4:1 2,400 4-inch

printhead 2 Segnents .per, 4-i 5
BCT/ AU/ 0 1099 Aanggentss shqwa b ope i 39'9" e Et’ﬁe%qﬂé Gdd
contains a ltetweathadlifcertghr@wom{%aese@@fowqﬂm nt QICI e i nvol ves the firing

of up to all of these nozzles, dependent on the Information to be printed.
A Load Wcl’eﬂﬁv@l'\?é@““ﬂ%‘?@é’&ﬁfg% of the printhead with the information

to be printed during the subse ent Pri ozzl e

associ at ed Nozzl é@?g ‘@sﬁﬁ‘l”ef"ﬁ ize é‘f%ﬁﬁlﬂ%’%ﬁﬁﬂ@f’ﬁgﬁﬁ? S?Qr‘fuﬁeg'sgoﬁaggegl e
will fire dietausggrbips oPiozzds 23withina plidsegroupzrd fised sinhiitanepislyduginga0iysa firingghasec)
egi stors. pibis BoBltba il imor Tl b S don s BRI oHG P e a1 ¢ e
into the sHpfthe ?”é{?r“%st%'ﬁ’wﬂﬁe ﬁn‘tﬂ'q(}'eﬁ‘? %‘(ﬁ"ﬂ‘f“ f"ﬁgg"%pg?arb Q?:' {8d to the | ower
and upper nozzl es_on t er nat.e t
regi slto gr i s cérrpf?%‘%%llmﬁisp%ed "iﬁ%%ﬁé%ge OHA re %gEna&gﬁ&sﬁsO& s E‘;@/eﬁﬁﬁnﬁ

nozzl es, armisesso ofilppnepadoroupRithe iNgfites GQZZ'BNQ“ #Pegd punting, both ﬁP?Q"é‘BE'?aH 0 t he
alternate |ingd £k 6a) sofbﬁlﬁ b6dgRups fird\Rozkias. Cassetilentyaibvespead prinhtakesfteiceasi iong as a

d . . ' On |1
tho shit (eeredah a&émgigﬁ‘*?éef‘ﬁ*“ﬁﬂ'@@"%%?@gyﬂ"g AR a1 of the

bits are transf | oA Cof AP PHaSHfduB! ThoNididos IBaRabE adpicbit.
This eqfates to ZTE |ng @uﬁg{e§“}§+otrggisfér ﬁa&iﬁlgﬁzog bits. Once ?&{ecb

transfer hd@dsra‘vpér‘ﬁ%ﬁ%efétedf%ga’iﬁf'l nt Cycle can begin. The Print Cycle and

t he Load occur si sly as long as the parallel |oad of
all Nozzl e%ﬁi?e S T h&ﬁ?&@ of the Print Cycle.

Two phasegroups (PhasegroupA and PhasegroupB) are organized into a single firegroup
27, with 4 firegroups in each segment. Firegroups 27 are so named because they all fire the same
nozzles 27 simultaneously. Two enable lines, AEnable and BEnable, allow the firing of PhasegroupA
nozzles and PhasegroupB nozzles independently as different firing phases. The amangement is shown

15 in Figure 11. The distance between adjacent groupings is exaggerated for clarity.

2.1.1.6 Nozzle Grouping Summary

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

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

Replication Nozzle
Name of Grouping Composition Ratio Count
20 Nozzle 22 Base unit 11 -1
Pod 23 Nozzles per pod 10:1 10
Chromapod 24 Pods per CMY chromapod 3:1 30
Podgroup 25 Chromapods per podgroup 5:1 150
Phasegroup 26 Podgroups per phasegroup 2:1 300
Firegroup 27 Phasegroups per firegroup 2:1 600
Segment 21 Firegroups per segment 41 2,400
4-inch printhead 2 Segments per 4-inch printhead 8:1 19,200

25




15 2.2.1 Load Cycle The Load Cycle is concerned with | oadi ng the
printhead's 'shi ft registers with the next Print Cycle's NozzleEnable bits.
Each seg dosligs 3 inputs directly related to the cygpyAfesisa and
yel | ow shi regr sters. These inputs are called CDataln, Mataln and
YDat al n. Si nce there are 8 segnents, there are a total of 24 col or input
| ines per 4-inch printhead. A single pulse on the SRO ock |line (shared 20
between all 8 segnents) transfers the 24 bits into the appropriate shift
registers. AIter nate pul ses transfer bishs to the lower and upper nozzles
respectivelgy ce there a 19 200 nozzl es, a total of 800 pulses are
required f rzthe PATAND: RpiNT Sall 19,200 bits have been transferred, a
single pulse on the shared PTransfer |ine causes the parallel transfer of
data from the shifSngledgncbpantasad 2 copfaing; iotabef 1P290nozAgs 22 & ERAfSee igraies thep o
paral | el t fanysdfeap toslaf taeqnuiomsodep&“ﬂemmerinmnonttaheprpt@ce Loddt Gyele inftalvesr | nt

Cycl e has ; I i ng
printed wl 'fe' lﬁégﬁpﬁg%frﬂge@ﬁ& gggga%tggnl 20548 %H't%du%%mg %s&sfuﬁrgg\' iﬁl%yQ@

S eg{re nts 31 ar teh|EQétjﬁdi'zl¥\’2£ hﬂ@aﬁ wélﬁeﬁﬁgzﬂﬁkaw&ﬁﬁatt%&\‘mnﬁés' Metﬂégorpﬁg §feSS
mus produce e corre or rin

exanpl el;‘S Re=ze VF"& l?t npLrYels- {;ﬂ C'+°zzs'%3ﬁ§$ gr(”teh"@r )tﬁ'?&’ ‘fg Va3 gt ext
Print Cycl shi8registers), 800, 1600, 2400, 3200, 4000, 4800, and 5600. The
second SRClock pulse will transfer the CW bits for the next Print Cyde's
dot 1, 801, 1601 ‘ogicpiythere 3r@ishifyggisters pereapanti(cAsLer colnt,.teagh §00dong RS hife kre
pﬁl segcI t hniked rﬁﬁ&tﬁé%hmubr&@r 604 gén Eilor ey ake difectbd tol th RINkAEHA Jpﬁerﬁgi&stdﬂat
the o an t

Cycl e, % Xa%' ear 'W‘ﬁé%%“%% ca .th,I %'&“Fédgog nﬁq?ﬁ:o %’Esmﬂ 'FL‘JI"Q&"s
separ at | on °81’f°6 UBREAA Ne2FIeF anrrerzezfpreeew'moazl% ‘emaferﬁ"ﬁéwh'f‘a ingethg aligmate

separ at i on imehalRgisteR0AThrass thafextdinbififértios is eancarhed Howevsr, Brd i atingld §00eall shift
“producetodot g s? different lines of the page. This relative difference nust
be account ec1g or when |loading the data into the printhead. The actual

difference in i %&gf&%@ﬁiﬁé%@r@ﬂa&%ﬁﬁhlﬁ’kﬁég (?60 |o§é LGs), aﬂ'& bﬂ?gt@a”' sm

used in the ernthea erences can va I ab D, and

D2 where [ansfereg fnpagiel folheappoptiate NozzisEnable bits. This gquates fo "QE@P@P% "a'tiﬁa%z is
t he di st anc8,2bEbitscQnge the Iraisteshasftakeb placestheBring Ofaler can begirl. TheéBPrinhCyele andhthe Uaxds

transferredyg cﬁ%ﬁﬁ@ﬁnuﬁangsus@ aproh t@ﬂeg i) rtsaeoftn ﬁé&reénaerélbﬁ@&cur;& e 3-

Order of Dot's Transferre rinthead Pul se Dot Yellow Line
‘Magent a Li fAineyaiCydige | 8OOSa N N+Dlb N+2D1 2 800S+1 N+D2c N#+D1+D2
N+2D1+q% 3 8008+2 N N+D1 N+2D1 4 800S+3 N+D2 N+D1+D2 N+2D1+D2 15 a. S =
segment nurffet ( boadCycle

The Load Cycle is concemed with loadihg the printhead's shift registers with the next Print

Cycle's NozzieEnable bits.

Each segment 21 has 3 inputs directly related to the cyan, magenta, and yellow shift
registers. These inputs are called CDataln, MDataln and YDataln. Since there are 8 segments, there
are a total of 24 color input lines per 4-inch printhead. A single pulse on the SRClock line (shared

20 between all 8 segments) transfers the 24 bits into the appropriate shift registers. Alternate pulses
transfer bits to the lower and upper nozzles respectively. Since there are 19,200 nozzles, a total of 800
pulses are required for the transfer. Once all 19,200 bits have been transferred, a single pulse on the
shared PTransfer line causes the parallel transfer of data from the shift registers to the appropriate
NozzleEnable bits. |

The parallel transfer via a pulse on PTransfer must take place after the Print Cycle has
finished. Otherwise the NozzleEnable bits for the line being printed will be incorrect.
25



b. D1= nunber of I|ines between t he nozzl es of one color and the next
(likely = 4-8) c¢. D2 = nunber of |ines between two rows of nozzles of the
same col or Whbdikss = 1) And so on for all 800 pul ses. Pabfméa cl ocked
Into the printhead at a maximumrate of 20 MHz, which will load the entire
data for the next line in 40ps. 20 2.2.2 Print Cycle A 4-Inch printhead 2
contains 19, 200 nozzles 22. To fire themall at once would consune too

much power and be problematic in terms of ink refill and nozzle
interference. Consequently two firing nppdes are defined: a | ow speed-print

node and a hi gh s eed rint nt node, there are
200 phases, with 8 "51?5%@6%5%@'%#&}«@&%@ SRk e, Ao BB o0 S | o
per segnent prodice e pa;a infther corees agauerts for the ptirtheathiAgian example. the firsttSREindicpulselvdl e
are 100 phamfermsbhvw#ar PB @R Phit'Cyélds do? 8, 50077606, 24001 3200, 4006, U4BHE Bnd S6084

nozzl es per_se 74 -12
o o e T Brp e gt U gt P bR P Gt P AT BB 200
Chr onapod8e32§¢t40Q‘Be$(H(and 5604 Afer 800/SRCgoitses: thefPTransfer plise cayibe giverk 7) 4 bits
Nozzl eSel ect (select |I of 10 nozzles 22 froma pod 23) 2 bits of

Podgr oupgnabl e | i Ihie gnposant tagtotehat the ogg and epesdM Oeniaitsp Fthpughforinted duriathe same of
t he Rodgr oupdrneiesdd hdt @pelSonfd sanerphys.cmetpaniae: Thé pisiE sspartidh of odd muéres

ill 5 f
of ¢ he_Podg Bas i ihs piiel s i SBRAREE Kelbef B0 GEUEE Gy enlliS'dl| 0.
nozzl es. Foﬁhex ‘M‘l‘g PWW&S’B@@ diffgesat linps,pf the page. p"i!‘Fss’é'ﬁ“Vard@'ePEQNFlfsEeEB accpyinteql for
‘Podgr oupEnawhen Icaditgtha Béta thio the pinebd. 7K attualdifferentein e ldegepaash tnsaxl:er,acteﬁ&u)s one

fire -pul se = !Em'.

firing pul sJﬁl}e h ?}\f'gér?g sm%&%@gg@{ Eg@ﬂ@% cfsléﬁnlbgggfngy | chﬁ%s {\ﬂgz
Phasegr oupAWhergP F‘h‘h%@%ﬁ'l&e peiwernwrzies of difterantgolors; anddy, rsdwasme%m&en 0@'425*9 ofThe
typi cal dur@é sdxe colbr. Rathd 3 $Ha@s thi dbts fankferrekt tSsegmént of & PrinthEBEor(the Métu@iiss a -
pul se d&ends on the viscosity of the ink (dependent on 10 tenperature and
i nk characteri stics) Tablel3.tQrderakDats(Trapsferrendfora 4elueh Prititheadt 0 t he pri nt head.
See Section 2. n _pade 1 or [detarl s onf fee K e printhead in
order to corrpen:agﬂ's ar t eHfbr affy E'ﬂ’wr"i?nd Msgprts L "Eﬁﬁ Enabl e are
separate lines |n orderf 8008% thgMNiri ng pul Ne&5® can oM¥2Pap. Thus the 200
phases of a | owt speed Rrgopg+1Cycl &Eeny st qu, ol A pgnhd|{ 100 B phases,
effectively giving _10Q sets of ate A and Phase B. L| kew sef the 100
phases of a hi g1-sp3eed ﬂp?ﬁ‘ﬁz cy( Ne consi st r‘J)‘f["SO A és angd 50 B phases,
effectively giv|ng40 pea8¥s of Bse A anjNtthtize B.| N2DpPDgure 12 shows the -

AEnabl e;@nd BEnatf @ fsbdfemnbmBer@d & typical Print Cycle. In a high- speed

b. 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)

And so on for all 800 pulses.

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

20 222 Print Cycle
A 4-inch printhead 2 contains 19,200 nozzles 22. To fire them all at once would consume too
much power and be problematic in terms of ink refill and nozzle interference. Consequently two firing
modes are defined: a low-speed-print mede and a high-speed print mode:
. In the low-speed print mode, there are 200 phases, with each phase firing 96 nozzles. This
equates to 12 nozzles per segment, or 3 per firegroup. '
25 °® in the high-speed print mode, there are 100 phases, with each phase firing 192 nozzles. This

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



print there are 50 2s cycles, while In a | owspeed print there are 100 2s
cycles. For the high-speed printing node, the firing order Is:
Chr omapodSgbshoss Nozzl eSel ect 0, PodgroupEnable 11 (Pmoﬁmﬁnd B)

0
Chr omapodSel ect 1, Nozzl eSel ect 0, PodgroupEnable 11 (Phases A and B)
Chr omapodSel ect 2, Nozzl eSel ect 0, PodgroupEnable 11 (Phases A and B) 20
Chr omapodSel ect 3, Nozzl eSel ect 0, PodgroupEnable 11 (Phases A and B)
Chr omapodSel ect 4, Nozzl eSel ect 0, PodgroupEnable 11 (Phases A and B)
Chr omapodSel ect 0, Nozzl eSel ect 1, Podgr19upEnabI e (Phases A and B)
A

11
Chr omapodSel ect Phases and B)
Chr omapodSel ect ih R%%'%mé%hec?' aé’iverlb "&‘gf’ag"oﬁg +r§""ﬁb(Phases and B) 25
WO 01/ 20548 PCT/ AM@?FW&IEG(W‘tﬁémremlvpem&ﬁ?ngﬁbde the firing

order is siglar 4b@noﬁﬁsé}eak@@a&hdJraﬂzzusmhmmep%dzs node wher e
Podgr oupEnabl e was It, two phases of PodgroupEnable = 01 and 10 are

substituted as P&f‘??f\ﬁgdgm@ﬁ"ﬁ?fﬁﬁﬁfaﬁleét&hﬂ ResiopERsES ) 0, Podgr oupEnabl e
01 (Phases A and B) Chr omapodSel ect 0, Nozzl eSel ect 0. PodgroupEnabl e 10
(Phases A and B) WHepRpe, s ipdgiowmEnatle fingg isseh aaly the spesifiedBorigiouRip Enoaies Wil
(Phases gA &irechs B)teﬁnme@hy Chnerpapd Bidlaetdnd NozdSele bt \BisEndoth ofthe RuiggpupiEnablia ik erel 0
(Phases A %&dbolii) of QQﬁ%Jeﬁlﬁé}r n%zzféé'%? ln@%%LéaS&a rﬁodeﬂwd%%%w}e&uu‘é&

(Phases A able !
(Phases A M Fefarow mﬁ%ag%%&svefﬂ%?ﬂ' i peed mosB o pehe e B1
(Phases A aewdirds) with Roldgrowp&paiSedtect 4, Nozzl eSel ect 9, PodgroupEnabl e 10
(Phases A and B) 10 When a nozzle 22 fires. it takes approximately 100s to

refill. The nozz|Tee dgrationafhibe fifing puise isciven by the ABnpble and-Binabletlingpe whichsfire thepsed.
Thi sdl i mit ?’h&éﬁ@mﬁﬂfﬁrﬁ?’?asﬁﬁrwﬁw d&&l&%ﬁ@n firgrae Fespéiivelyl 1o typlcal d.moﬁt}dftahmg
speed prin [ i,n e

firing a n8 9 ?o??r oﬂ%+%1 derf% ‘is ith %ﬁ%%o% h‘gqfee{"k r&?%p?"dﬁ%

maki ng ®he WR}W%@@@W?’HW’W%@MM%!M‘éPO“HﬁeVﬂ"ihﬁ-tsﬁFé’dmb?ﬁd@ee Sestrn i s

sl ower tharzgd én sage 18 for YetdisSeh facdbadk ol e priftieeall iin orodt t6 tontbeRsateZfoterhgeratu®0
causes acoq;ﬁ f{gﬁ perturbations for alimted tinme within the comon ink
reservoir o )at nozzle's pod.23. The perturbations can Interfere with the

111 of mosel eqmey R dolbb eyl WBIT: R o airineBERbICker. TR
possi bl e. e300 ehasesnfa 'WrsPEEdﬁ'iP'é@"'ﬂ gsista 190 Anhpses apd B PHRFe £fechyRly givingz| e
22 per col1oe ;emehagmm«e Britiewish dhemOR bhasls of athjgbapeed phirit tykierconsiseofBOAQr oup

25. In th fired separately.
%h &%M%nﬁée 4 WI t % %ﬁa&?%%%n&ﬁhﬁé FI p y

Thus thg 5 roma- pods podgroups nust all fire before the
first chr 0m51p0d fRiguS12 85Ws the AlERALRE dnki BEnabl lines during a typical Print Cycle. In a high- speed

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

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

° ChromapodSelect 0, NozzleSelect 0, PodgroupEnable 11 '(Phases A and B)
o ChromapodSelect 1, NozzleSelect 0, PodgroupEnable 11 (Phases A and B)
L ChromapodSelect 2, NozzleSelect 0, PodgroupEnable 11 (Phases A and B)
20 o ChromapodSelect 3, NozzleSelect 0, PodgroupEnable 11 (Phases A and B)
o ChromapodSelect 4, NozzleSelect 0, PodgroupEnable 11 {Phases A and B)
. ChromapodSelect 0, NozzleSelect 1, PodgroupEnable 11 (Phases A and B)
. ..
° ChromapodSelect 3, NozzleSelect 9, PodgroupEnable 11 (Phases A and B)
o ChromapodSelect 4, NozzleSelect 9, PodgroupEnable 11 (Phases A and B)

25



x 2s cycles. Consequently each pod 23 is fired once per 20s. . In the

hi gh- speed printing node, the podgroups 25 are fired together. Thus the 5
chrome- 20 within a single podgroup nust all firg he first
chr omapod f‘?@ggmg‘ghai n, totalling 5 x 2s cycles. Consequent?y eogcﬁh pod 23
Is fired once per 10 is. As the ink channel is 300pmlong and the velocity
of sound in the Ink is around I 500nm's, the resonant frequency of the ink
channel is 2.5WHz, thus the | ow speed node all ows 50 resonant cycles for
the acoustic pulse to danpen, and the high speed node allows 25 resonant
cycles. Thus any _acoustic interference mnipmal Ln both cases

01/ 20548 PCT/ AUCTF® Wpeiﬁp""@gzn%ev%ﬁﬂvwﬁf IsisimyfaraEor gachdhiang,of the e'bwg%er
the tining obdenters FadgroapEnsbile wasGl', foh pbases of PRdg@pBmetie,= G1and 30 are gutistitatdd &y
Printcam IF, Ssder to print a photo in 2 seconds, the 4-inch printhead nust
print 9600 |ne néG x 1600). Roundi ng up to 10, 000 lines in 2 seconds
yields a |ifle tinEhemappdBeiecto, NazdgSelgetD. RadgraupEnshia O (RiasesA@ndB)| e Load Cycl e

nmust both finish GhrbidpadSecso, NozaeSelkdl 0bdbrbupERable OPhEBeLRANdB)OCESS ext er nal

to the printhead .5 mus n a . Fromthe
printinggpolnt of c'\‘/'?'@?ﬁ"&?ﬁ’m@yfyﬁfﬁggggspﬁﬁﬁ?"p%ﬁﬁb?@l(?%\fgsagoﬁ Ynch print head
to print ane enti €wohapodSalast R BlozzeSeledt A, RodgrodpinabietddBhases Mand®)de, 96 nozzl es

22 fire pergfiring pulse, thereby enabling the printing of an entire line

wi thin the speC|f|ed tinme. The 800 SRClock pulses to the prlnthead 2 (each
cl ock pul se®t r ansFuPPangSeast 3, NozdeSalpd £ P&FE’B“”@M%?'EE@W’FH n the 200 ps
line tinme. ¥he Ieagbmapeasmmﬁﬂaz@sklemlijmnme M (Plesées A4Ha Bys/ 800 =

250ns, indicati ng - I n addition,

t he aver agegtl me I(’:u?egfi N?%ueagﬂg}olﬁ’g@gﬂlsﬁ%&% &agésc'ﬁ t he 19, 200
nozzl es) must notcméﬁem% NpzzipGeleg) 8, Eﬁﬂgfmﬂabﬁﬂoéphamﬁ*’!@@a dot-
generator running at one of the follow ng speeds: 100 MHz generating | bit
(dot) pé® cycle Whepanqzae23fiesaft falkep appgrimately 390ns fo refily The\pezzle 22 conmol\pg fired
generating ﬂef&eth&réﬂumhshampssthienmﬁt&mﬂ@5953\bebﬁsBEﬂlhE hichbnhigs The. -

Pr i it Nead 2, CliF ke SY o ik B5e 100, S0 HAThe bGG ﬁ.’ﬁdhfé&%éﬁ&gm (3

segnment s) . S are use Just t

pul ses. Al t theagm maiches therefilbtipe. pking @a@@g-gpeeg H@‘t%a?cé@% e 'Wﬁéeef’epéﬁfback
fromal | segotis Sowshtharethis)se isalsomctepiablet at e bus | i nes. Oonsequent ly only
one segnment 21 at a tine can provide feedback. A pulse on the

SenseSegSe/ ect | i Tre filiDIce owzill 22 atsa causeso@ustie paitirietiorts Her aslimited titng mitlsin ther

t hat segnen&mmthﬁ,kfr&edaa&l&\asﬁd%@s +Aa&@smenp&kurmm csmmféfbamﬁﬁ& fifnb 8hnsRgTENT -

]ch 2} : lowts tﬂg nﬁo)gle wﬁ'ﬁ eSe ldgg tCoRsequently the firing E% nozzl aC K isl'ﬁnng ;e:od shou.ﬁc? be offget?’rom

each other as long as possible. We therefore fire three nozzles from a chromapod 24 (one nozzle 22

per color) and then move onto the next chromapod 24 within the podgroup 25.

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

. In the high-speed printing mode, the podgroups 25 are fired together. Thus the 5 chroma-

20 pods 24 within a single podgroup must all fire before the first chromapod fires again, totalling

5 x 2us cycles. Consequently each pod 23 is fired once per 10 us.

As the ink channel is 300pm long and the velocity of sound in the ink is around 1500m/s, the
rescnant 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 aflows 25 resonant cycles. Thus any
acoustic interference is minimal in both cases.
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20 Tsenseinforms the controller how hot the printhead is. This allows the
controller to adjust timng of firing pulses, since tenperature affects
the viscosigyoesishe i nk. Usenseinforms the controller hewawsméioyo! tage is
available to the actuator. This allows the controller to conpensate for a
flat battery or high voltage source by adjusting the pul se w dth.

Rsensei nforns the controller of the resistivity (Chns per square) of the
actuator heater. This allows the controller to adjust the pulse widths to
maintain a constant energy irrespective gf. the heater resistivity. 25 WO
01/ 20548 PC# 97 -15 Wsenseinforns the controller of the width of
the criticaf“Part a'('ﬂ""'t BNeater, which may vary up to t 5%due to

| i t hographic and gtchin varia S. i s.al |l ows. .t ntroller.to a

the  pul e vi dtn AT Bltef B Gringrbeud ndtF wighoio Y ey R o3l
The pri nt i nEFintramcle sedentaPprint apheto ing? seconds thed-ineh printhpadamust priot Qﬁﬂ@ll'ﬂesltﬁ* 1690).

t enper at ur eRou’ﬁain@ﬁw 16,000 g m"QQéboﬁdsryﬁst amattinmbf odo \lsh& sifdid PHnCycie Al agihaeh
has a con5|§oa nmet before

ui | | ure
it g ang oreS gt il Mt o, Jh sl "%yzﬁ%aw@g"#%m'%e Bt
cycl e i nyol Wi mgvestherprper angpromiptelamovd. al | .nozzles with Is (i.e. setting all
nozzles to fire), and a nunber of short firing pulses to each nozzl e. The
duration of the pifP@&wesprating peint of view,the jowiseerd priet made allows a 4+inch printhepd o pentengh

to heat up eértie lineln.200\us. Gwé loarspeda@riit mdAe), 9p nbaes 28 arle peeriifg pLUIseZthérebyldhaBiing
required, cmghﬁnq},ggn&gé) Hﬁﬂmh%ﬁn#ﬁe%ﬂﬁeﬁﬁﬂ“ence as a standard Print Cycle.
t re

Feedback duri eat node I's provided by Tsense, and continues until

equi | i brium tenpﬁ{eeu‘ousacioa PuRBSCHER phanéyatz @&Q c&mcwa@%hin )1 %ns) Egsgalso

duration of de is, argund |sec nds on the
i nk corrp05| a”l”?'gﬂgﬁispé‘s s e ﬁ'ﬁde'wgmraa SEGf B'ﬁ’ferﬁa"’]%ﬁ“’ 00 1g/8R%= not
af fect pri n?@ns frdicéting trattbeprlnulsad roust lse clodicadeat 442 in adtitionpthe aveckge ime © calculate
transf ef® ededch bit Rieliol eciP6rthelsD,280 ﬁozﬁesﬂrﬁﬁ'ﬂb@ce% deasb 1,25 d%nst Thid regli#e€a t N
chances of I zz|l es _becom ﬂ &I@%geil g:anl ng cycle can undert aken
before each®PPFERr BBRing! ofe ?gw'f'%s %ired a nunber of t| mes into an
absor bent sponge. 100'Mtt99hwm9mglt(d9¢belcyclwol ves a single Load Cycle to all
nozzles wWith I's (o iz gk %&iuvﬁ&bﬂ%ddot&%?&yﬁ to fire), and a number of firing

pul ses to each nozzl e. eaned via the same nozzle firing
sequence as®a st a?ﬁM'F"’cBeP?'ng ‘eedes) Prryciaunber of times that each nozzle 22
Is fired deggnd :Fpon t he ink conposition and the time that the printer
has been id asFE\ﬁPT KFROMIHE PRWFHEAR| cani ng cycl e
15 The printhead 2 produces several lines of feedback (accumulated from the 8 segments). The

feedback lines are used to adjust the timing. of the firing pulses. Although each segment 21 produces

the same feedback, the feedback from all segments share the same tri-state bus lines. Consequently

only one segment 21 at a time can provide feedback.

A pulse on the SenseSegSelect line ANDed with data on Cyan enables the sense lines for
that segment. The feedback sense lines will come from the selected segment until the next
20 SenseSegSelect pulse. The feedback sense lines are as follows:
° Tsenseinforms 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.
. Vsenseinforms the controller how much voltage is avallable to the actuator. This allows the
controller to compensate for a flat battery or high voltage source by adjusting the pulse width.
. Rsenseinforms the controller of the resistivity (Ohms per square) of the actuator heater. This
allows the controfier to adjust the pulse widths to maintain a constant energy irrespective of

the heater resistivity.
25



has no effect on printer performance. 2.5 PRI NTHEAD | NTERFACE SUMVARY A
single 4-inch printhead 2 has the foll ow ng connections: Table 4.

Four-1nch RQodbkigad Connections Name #Pins Description pegagabeigpPodSel ect
3 Sel ect ich chromapod will fire (0-4) NozzleSelect 4 Select which
nozzle fromthe pod will fire (0-9) WO 01120548 PCT/ AU00101074 -16 Tabl e
4. Four-Inch Printhead Connections Nanme #Pins Description PodgroupEnable 2
Enabl e the podgroups to fire (choice of 01, 10,11) AEnable | Firing pulse
for phasegroup A BEnable | Firing pul se4f£or phasegroup B CDataln[0-7] 8
Cyan | nput Lo cyan shi i ster af s 0-7 5 NDatal n[0-7] 8 Magenta
ot 16 migent A HeRPRRNGTaRE patrlgy o i T e sipe pyRer TR e ey 3P

i nput to yell ow &t 6% dueg: lihograplié¢ anslcaiehing tvarisfions. BiRChllowk thé céntrolidr soeadjust B&RCl ock
(ShiftRegi sterC ggkd ftﬁo‘;nglglycurrent val - ues from CDat al n(0-7],

MDbat al n[ 0- 7] and YDataIn into the 24 shift registers. PTransfer 1
Paral | el tmpansft egprdiadtcied rom the shift registers to the internal

Nozzl eEnabl e bits (one per nozzle). SenseSegSelect | A pulse on
SenseSegSel% % data on CDataln[n] selects the sense lines for
segnent gn 0 Tsense enperature sense Vsense | Voltage sense Rsense |

Resi sti Vi ty SeNSgpe Mﬁm%cbss%gg &oﬁ&@ﬁ&nﬁﬂ%@yﬂ@ekuubﬂﬁh femBérdtifatro Ana%c PYR

1 Logic power V _Bus Actuator Actuator Power 15 TOTAL 44

I nternal t &3t e first seqtiog ofjhe r‘?f"ﬁ%da'ﬂ’°t°8'3(’,’hha§§g‘r?ﬁ'ﬁt°"ﬁ dat sizp, dhe gaulibyim igmperature
connect i onsustbetriebbeipsprintingeeshy dots. Thik s aBcomplished vianapretieat aytiead | nt er nal

Segnent Connecti ons
The Preheat cycle involves a single Load Cycle 1o all nozzles with 1s (i.e. setling all nozzles

to fire), and a number of s_hort firing pulses to each nozzle. The duration of the pulse must be
insufficient to fire the drops, but enough to heat up the ink. Altogether about 200 pulses for each nozzle
10  are required, cycling through in the same sequence as a standard Print Cycle.

Feedback during the Preheat mode is provided by Tsense, and continues until equilibrium
temperature is reached (about 30° C above ambient). The duration of the Preheat mode is around 50
milliseconds, and depends on the ink composition.

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

15 242  Cleaning Cycle

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

The cleaning cycle involves a single Load Cycle to all nozzles with 1s (i.e. seting all nozzles
to fire), and a number of firing pulses to each nozzle. The nozzles are cleaned via the same nozzle
firing sequence as a standard Print Cycle. The number of times that each nozzle 22 is fired depends

20 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.

25 PRINTHEAD INTERFACE SUMMARY

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

Table 4. Four-Inch Printhead Connections

Name #Pins Description
25 ~ChromapodSelect 3 Select which chromapod will fire (0-4)
NozzleSelect 4 Select which nozzle from the pod will fire (0-9)




Nane #Pins Description Chromapod- 3 Sel ect which chromapod will fire (0-4)
Select 20 NozzleSelect 4 Select which nozzle fromthe pod will fire (0-9)
Podgr oupEngo3sAdkad! € the podgroups to fire (choice of Olpchfavhdiorabl e
AEnable I Firing pul se for phasegroup A BEnable 1 Firing pul se for
phasegroup B Cbhataln I Cyan input to cyan shift register Mataln I
Magenta i nput to magenta shift register YDataln | Yellow input to yell ow
shift register SRC ock I A pulse on SRC ock (ShiftRegisterC ock) |oads the
current val ues from 25 CDataln, MDatalngand YDatain into the 3 shift
regi sters. WD 011205 T?g PCT/ ALP:'%/ rOTé'OM -1 able 5. Four-Inch Printhead
| nternal Segment Conlf@4-§ Wltﬂlon PTransfer | Paral] el

transfer off dat aN;n{eomthq $hthd t regl sters to thgegcﬁhﬁ;nnal Nozz| eEnabl g
R ¢ T e 2 T 1T N L - AT v Y
Tenper at ur ¢ AEBARlee 5 vserde | \dfifinggpuiseforphasediBfce | Resistivity sensk

Wsense | W @Ehebieense Logild GND | Filingghlse fgr pigsrgroupBgi ¢ PR | Logi c_power | V-
21 Act uat orf cBammper] V+ 21 8Act u wanFpumcyiﬂhm:eﬁaen(cﬁ&me&seegrrents = 5p0

for all edakainjo-7 10 3 1 ave

dealt only ;?énnrgmm‘ A renwnwucvamqmnmsg@fge el ot Tty | L hat
of mappi ng riml%ugw - 2 . ae ere

are a nunbe

t eps Vol ved j{‘iﬁ %?I T_“E\‘;@o‘g ?ﬁéé%b spr,
and producijng a hi gh qual ity ouﬁﬁsg,%:rﬁ)@ba in can Q a'?’ ﬁ’

+ a0~ 1 ool aoc o
process | ntesbwe Hrage—pHoeess %ﬂlﬁ?ﬁh&%ro?&Yathh ToSioters to tha inteing

NozzleEnable bits (one per nozzle).

SenseSegSelect 1 A pulse on SenseSegSelect ANDed with data on CDataIn[n]
selects the sense lines for segment n.

10 Tsense 1 Temperalure 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

V+ bars Actuator Power
15 TOTAL 44

Intemal 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

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

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

:&:groupEn- 2 Enable the podgroups to fire (choice of: 01, 10, 11)

AEnable 1 Firing pulse for phasegroup A

BEnable 1 Firing pulse for phasegroup B

CDataln 1 Cyan input to cyan shift register

MDataln 1 Magenta input to magenta shift register

YDataln 1 Yellow input to yellow shift register

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




| mmge Capture Chain 15 Print Chain The Image Capture Chain.is concerned
with capturing the image fromthe | mage Sensor and storing it locally
within the Wwobipdee@gm The Print Chain is concerned wth tagtrAgeddigrast or ed

i mage and printing it. These two chains map onto the basic Printcam
functionality as follows: Take&Print = Inage Capture Chain foll owed by
Print Chain Reprint = Print Chain 20 For exanple, a user nmay print a

t hunbnai | i mage (Take&Print), and if happy with the results, print several
standard copies (Reprint). This chapter _¢gescribes an inplenentation

I ndependent i nmage pr S ual.ity requirenments of
Pri n{)cam At t h?c Et Ol-CgEI % po%r-ﬁlgebﬂ?t;\}%ﬂgtfwg €°ﬂE‘°£§gﬂ B%WJ ﬂp pr ocessi ng
i s perforned Ina,;,@rm#pfnshardware but rat herpewionust be done. These

functions ndfer 11 ed h‘ el'trHﬁsfeé‘&fda |1;%gthr sH tldtH.e"l erh'a\l"' Regarql ess

of the PCP |rrpr?errent atlon onstrain 25 The7
input ||Tag —s—a—CHA aS€et ILUI ‘nn’llq 4
-18 The o%gﬁﬁcﬁeﬁag( 1"'I S f es{ @IgeﬁﬁNDﬂ'%ﬂa?eve 2 'f)'tsg'e "8 500 dpi )
in CW col SPace aRe—HS S—-he—Saffe—eut-put—w-dt-h—(4—hehes—wi-de) .
3.0.1 Supp Ts80E%D; | nf Teqr ie@q%_émsuppnng_wpm_p'i nt

formats, as| ¥¥§B¥n in|Tabl d oitagegense| cases. the width of the inage is|4
i nches (nat|ciRdengg t he| pri nt{iReaigtiviysen$d . Only the | ength of the print ou
varies. 5 Tasensd. Syuppor tiemidheege Formats Out put Size Qutput resol utipn
Format Name \ASRGND Rl 0 - LbgifGlaR) (al 1600 dpr) rotarton Standard 3 2:3
4" x 6" 64%@?@ 32 Pc}ﬁbf&h‘hﬂe 2 SA'x—6"—6400—x%x—9666—90—Panoram c 33
4:6 4" x 12 %9209 R R —32— 234" 2664004267 10

The | mage Yisor doe :ﬁtmf A"E’E‘PE‘EWB'B entation |nf nrﬂga_l onAll lnput | ges

are captured™at the|8hne [ASUaPIRI™R (1500 x 1000). and may need to be
rotated 90 deAbes bebPr e (165 1 srgments+ §0rfor all Segmentslust r at es t he mappi ng

bet ween'? he capt H %F?e'é? R aé\gwh%e vari ous supported print formats.
Note that %ltho B'eﬁ‘\ % e rotated 90 degrees anti-cl ockw se.
the Image can be 'Fh%tp?étvi%gs segt!or?sc hka\\,lme alt only \?flﬂ\tﬂ!le hlghe§ tgvel overview of the PCP functionality
- that of mapping CFA images to a variety of output print formats. In fact, there are a number of steps
involved in taking an image from the image sensor, and producing a high quality output print. We can
break the high level process into two image processing chains, each with a number of steps:

. Iimage Capture Chain
15 o Print Chain

The Image Capture Chain is concerned with capturing the image frorn the Image Sensor and
storing it locally within the Printcam. The Print Chain is concemed with taking the stored image and
printing it. These two chains map onto the basic Printcam functionality as follows:

. Take&Print = Image Capture Chain followed by Print Chain
. Reprint = Print Chain
20 _ For example, a user may print a thumbnail image (Take&Print), and if happy with the resuits,

print several standard copies (Reprint).

This chapter describes an implementation independent image processing chain that meets
the quality requirements of Printcam. At this stage, we are not considering exactly how 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:

25
e The input image is a CFA based contone RGB image.



3.1 | MAGE CAPTURE CHAIN 15 The I nage Capture Chain is responsible for
taking an Inmage fromthe I nage Sensor and storing it locally within the
Printcam BQihisape Capture Chain involves a nunber of piagamsef7d hat only
need to be performed during imge capture. The Inmage Capture Chain Is
illustrated in Figure 14, wth subsequent sections detailing the
sub-conponents. 3.1.1 Inmage Sensor 1 The input image cones from an i mge
sensor 1. Although a variety of image sensors are 20 available, we only
consi der the Bayer color filter array (Ggd). The Bayer CFA has a nunber of

attributes whi ch re d her The 'P\% sensor
(via a taki'ng Ie t%"?&'éagﬁg?e 'W?i\?gn %ggﬁ 'es\,’glf#’ ?gsr?p)éf}' !qu e7 o4 6% as to
renove any ali asﬁrmglsahays‘tb&:sameomhderﬂmch%tm@f has an aspect ratio of
3:2, wth aresolution of 1500 x 1000 sanples. The nost |ikely pixel
arrangenment3.Oiis t SeppSetpdPrimtdoomaté i | ter array (CFA), with each 2x2 pi xel
bl ock arranged in-a 2G nosaic as shown In Figure 15: 25 WD 01/20548
PCT/ AUO0/ 01074 -ThePER 8isunports avarety afquitnut print fRYmals, assho®n dable 63p ethchses; theo
red, green widi\e elitsaeifSiRgiel (nkfhiiy uk&.mﬂ&u mdths onweaeﬂgbamhea&h oltiviifs, of the
nosai ¢ gontains information about only one of R B. Estimates of the
m ssi ng col or i nf or nEdblect Supirted naga Herniatsl Or e the |mage can be printed out.
The CFA is[considered [to pertor adequate Tlxed pattern nqi se (FPN

kely to

suppr essi of. in ﬁ’ﬂgg

have a co t.f;?’&ﬁ&" J_ R%ﬁ%ﬁf %‘&e or-¢—the ng‘gg,'{ﬂ" 5 from
t he CFA rm‘;tSéﬁErq: i Z‘%d to _be %ﬁ‘r? linear Wﬁ@ﬁ%nn lid ples are
transl at ed | PA®BOER i t |I¥hear sanpted by nean$4ek*x9880kup t di¥es (oneltable
per col or) | Panoramic3d r gnd:8 he CFA | '@’ 0, 2. 4 64000< 1920lex i Nt the R and G
tabl es, whi Meumbnaies2s Tlrzan t he CHM-<2eres 1, [ 8400bc42E. | ndgo 1 nto the G and
B tables. TATS 15 conptetely fndependent Of the orrentation of The  canera.
The prd@ess is siauMmays sdniseHdbss nbBprovideribrititioh InfRRALIBH. minpmrrayayamwwré@& for

P 205 et At o o g i
pi xel s obt a!tumsrﬂre@rﬁpwnebmn e warturedC Aleeswdﬁreaﬁ@ys pypperied é@ﬂt@dﬂﬁiﬁéhteo t he
nature of e aitRayeheWags & show rotaedS90 Bgréddi dnti-oRciWB)tht NMégeOtain BECHitated

hori zont al meF '3?3 pi xel Is followed by a green pixel and then by
anot her ﬁoﬁg’?(%lorg Te fferent color planes are interl eaved with each

ot her. e 19&53?3 g systens, an interleaved format is highly
usef ul . Homsr:eer rn t%"%r. n caﬁr]n processing system the algorithns are nore

efficient if workyng.nQ dabmaéhaﬁ@res;ﬂaﬁsrﬁe lemﬁth 'afr %#asde %Qqhé #naBé' SertsdPlng"as
been separated into 1ts conponent
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.

3141 Image Sensor 1

The input image comes from an image sensor 1. Although a variety of image sensors are
20 @available, we only consider the Bayer color filter array (CFA). The Bayer CFA has a number of
atiributes 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 atranged in a 2G mosaic as shown in Figure 15:
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the CFA RGB imge, there are 3 separate inages: one inmage containing only
the red pixels, one imge containing only the blue pixels, and one imge
cont ai ni Nng w@biekdae green pixels. Note that each plane palXukriéasents the
pi xel s of that color which were actually sanpled. No resanpling is
performed during the planarizing process. As aresult, the R Gand B

pl anes are not registered with each other, and the Gplane is twce as

| arge as either the R or B planes. The process |Is shown in Figure 17. 20
The actual process is quite sinple - depgnding on the color of the pixels
read in, the output i xel s ar t t he next sition.in the .
appropriate col OPEEBP ﬁﬁ"é""g sf’"ﬂéﬁgf%?’ﬂgrr%?%?%s"?wmtgﬁ%g@aq%em %'Pibg’ﬁtrﬁsf’?%'ﬁe"ﬁés t he
CFA). The rHcbitadNoletbat acheixepf the messic confeinginformationcabeort pilyongobR (3 ar B.distindtest he
si ze of t heofiNeiniidsing colérilormbatich efdist bé kdie Kuidte B Msdgk ¥anhdlpfintdddet.r €sol ution in
each di mension. The red and blue inages are therefore 750 x 500 pixels
each, wi th the rerheiorRgohdigerdddd peryrmaidbquate fikédpatiénh Goidel (FFEN)isGipERsion, one pi xel
in CFA space (1500 x 1000) in both the x and y di nmensions. 25 WD 01/ 20548
PCTI AUOOLO1s1/# 1LifeartlelREBMPN t he green planar image 46 Is half of the size

of the I gi nal A.image, it .is not set out strai ghtf dl s .the
red or gl{ ue” pl angg'.e' %F'?esars@rfs F'g'p%htgi?‘@ﬁ??g'p@%@é'ﬂﬁ Beﬁg?"ﬁe'ﬁ—éfv}%rﬂfe t%? i een.
On one |ine the drtGisanpies fore thg C64 chuplibe cbnsidgred tache npimiineareTitese nandineds sarpplesen | s
every even pixel .ard fdhSlated intoB oRBhedr $impRS bPhnednd OF I80kGEBLISY (BRAatIER: 8aGNt odd
and even pixels within the CFA image. Thus the green planar Image Is 750 x
1000 pi xel s. Thi Pitesgromans ¢AANIRéS 0022 efcOihddxiitto the RangE tablgs, WhilepR@B from @ CFA
Resanpl e R4, 1,35 %%%Fc‘le?ﬁtot?@ S¥ap lglgl%. idis ShGd ﬂn{%&%eﬁ%f ﬁéﬁ&n&%no&f R ane
of the lineariZe . lmage Is witien 10 rrermr’f/ r tenporary s orage.
The nenory @meH; thepeocess isshownin Eigure 46, The tafal amoun of 'P%“Q'HF‘&!‘%’ %?P%/'é?kuf’ frblepovner
has been shgie o8-bits. THees 1bakippdablés A5 Uitrefd?é reqiiERN thtalloR 8| MBytes(3 k2P bjtes). pl anari zed
linear ¥GB imge is 1,500,000 bytes (approximately 1.5 MB) arranged as
foll ows: R1.950 Pranafife R8s, 000 bytes 10 B: 750 x 500 =375, 000 bytes G
750 x 1000 =750, 000 bytes 3.2 PRINT CHAIN The Print Chain is concerned
w th taking an eXihepixelgobtaineg &roh the CF Abametheirédlorqiiatiegintertavadgiue fo thematuse dfthe) et
printer 2. I ' ' | - I ; ed,
Al thougn |tV ol k) s ch Bt G nci B che HEIRERUGATLY

er red pixel - the diffsrent color planes are interleaved with each other. In

some image processing systems, an interleaved format is highly useful. However in the Printcam

green pixel and then by ano

processing system, the algorithms are more efficient if working on planar RGB.
15
A planarized image is one that has been separated into its component colors. In the case of

the CFA RGB image, there are 3 separate image_s: one image containing only the red pixels, one image
containing only the blue pixels, and one image containing only the green pixeis. Note that each plane

- only represents the pixels of that color which were actually sampled. No resampling is performed during
the planarizing process. As a result, the R, G and B planes are not registered with each other, and the
G plane is twice as large as either the R or B planes. The process is shown in Figure 17.

20 - The actual process is quite simple - depending on the color of the pixels read in, the output
pixels are sent to the next position in the appropriate color plane’s image (therefore in the same
orientation as the CFA).

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

space (1500 x 1000) in both the x and y dimensions.
25



There are a nunber of steps required in the inmage processing chain in order
to produce high quality prints from CFA captured inmages. Figure 18

i1l ustrat egolopesi i Nt Chain. The chain is divided into pgafoshings
resolutions. The first is the original |Inage capture space 50 (the sane

space as the CFA), the second is an internediate resolution 51 (lines of
1280 conti nuous tone pixels), and the final resolution is the printer
resolution 52, with-lines of 6400 bi-level dots.-3.2.1 Input Image 20 The
input image Is a linearized RGB inage 4§ostored I'n planar form as stored

by the |Inage %[YH‘@T’ %S’eg'{ %?er]sag%nag & IS, galfS 3 fhe 52 snz? %f%he oanal%FR wgaéga{ is n%i set,

Statistics 60 A ardi
gat hered befitascstrpightiomaniiysas thi ted ophiue platss| Bm'easamf Mﬁg@e@kﬁaﬂm%lamhofbe

performed. oldas s ohé Meitiiel ddré“e‘ﬁ iSBVery otEHEI, bﬁb Jh%é)ﬁhhﬁétﬂ&'gr@élﬁ@evefﬂverﬁﬂel Phdsnt s

o2 Bert sl 3B ol B8 By S S PA R Sk 45,

red, green,
3. 2. 2. 1 BuiplagarlinzgedyTs@m mn%plkels Jhis hasaypmifications fmmel rgsampinasresgsse(nest ‘Besamatoh
8-bit val ugeah phipzetrlons. Pl ane. Each 1500 x 1000 CFA inage contains a
total ofs: 375,000 red pixels (mn 19-bit counter required) 375, 000 bl ue

pi xel s (m 3.410- bﬁor&ﬂh\.é@& required) 5 750,000 green pixels (mn 20-bit
counter required) Therefore a single 256 x 20 bit table is required to hold

tlhle hi It st ?gr agl tThmacrprf | Blafe &fmémbérdwset mgb issmeﬁ Wén!ior)sfof eing&}a& Gfob%@éd as
| ustrate e 10110 e ocode: I’

10 EndFor ?_l’n Ef“xréfho"‘Jd W‘ag'tg 1ath a?ge Im nge |5éet%ned aﬂertline rPé)we%-E be ns lﬁ%{lr vl p) -
Entry[p)+1 EndFg, dia ?ar%uu&dpﬁ%fﬁérg}egﬁhe Cghlegﬂﬁa#%nﬁ}ra%i%ég‘lﬁs #&ogg&fynéshe

hi st ogr am has been: CONSLTUCE & ane, it can be us
det er ni ne d4arrroxigmtely P MB)Rrangedatfglions: These threshol ds can be used for
aut omat i ng d at er Rusol-esobabzmoDe beyd range expansi on during the print

: .10
process: B: 750 x 500 =375,000 bytes
. G: 750 x 1000 =750,000 bytes

3.2 PRINT 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
s be reprinted (i.e. without recapture).
1

' There are a number of steps required in the image pracessing 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 continuous tone ;iixels), and the final

resolution is the printer resolution 52, with lines of 6400 bi-level dots.

3.21 Input Image

20
The input image s a linearized RGB image 42 stored in planar form, as stored by the Image

Capture Chain described in Section 3.1.4.
3.2.2 Gather Statistics 60

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

25 blue planar images.



Basing the thresholds on the nunber of pixels fromthe histogram we
consider the n% darkest pixels to be expendable and therefore equal. In

t he sone Wayg otMasonsi der the n% | ightest pixels to be pepRtGAN-E and
therefore equal. The exact value for n Is expected to be about 5% but wll
depend on the CFA response characteristics. 20 The process of determ ning
the n% darkest values is straightforward. It involves stepping through the
color plane's histogramfromthe count for O upwards (i.e. 0, 1, 2, 3 etc.)
until the n%total is reached or we havg.travelled further than a set
anmount fron%_g T ,Q hest of these values is considered the |ow threshold
of the colo %I i ﬂﬁh there is a difference between these darkest
val ues, the diff a r f ur e

" ange. expansi on atd ase mddhdeHNlehl 5 2e A0 ute r e S RSSO, o,
| i ght est vaPifdmagescostains p lotal off ¢ InvoI ves stepping through the color plane's

hi stogramfsomtl‘gyscaomﬁa &Qg(ﬁ%ummmreqﬁrea e. 255, 254, 253 eta) until
the n%t ot aI is / AUOO/ 0107 -22 reached or until we have
travel l ed fUrther 7?%5)91!9 %!’8’[24} ?‘f"‘ﬁ"?‘ﬁrﬁ%%‘ﬁ The | owest of these values is
consi dergd ¢he hi750.00thgresinbiets (roih 20-bitcoontervequipedine. Al t hough there is a

di fference between these |ightest values, the difference can be considered
expendabl e for t hehesforgrsivgle 256 =20 bitfebleis peapisiddmhaidtile igogmam. bal anci ng. The
reason for stopping after a set distance fromO or 255 is to conpensate for
two types of 5 iThecReesess gifuiiding e higloprgimnia steightfernpred. pe Mustrated by g, foligwing
wher e t her epsegdobdde:vhi te or black in an inmage In these two cases, we don't
want to consider the entire n% of upper and | ower values to be expendable
since we have a [[OW; raEQe 2[-"? begim wth. V& can safely set the high 73 and
|l ow 72 threshol 55 e ouiside the range of pixel values actually

sanpl ed. The exact Bﬁ‘i’% t2re8 will depend on the CFA, but wll be two

constant®. 10 A $edfpFe color range for a color plane is shown In Figure 19. °

Not e t hat al t houghr Phel entdagestdit tdmageditgje i S possi ble for an i mage col or
pl ane's pixels, this L!pg,wl,ar i mage has a smaller range. Note also that
the sanme n% hi stoglggq_t qnﬁgg}h 1 |'s represented by a larger range in the
| ow end 70 than e 71 This is because the histogram nust
contain nore pi x&¥%Hith h| gh vaI ues closer together conpared to the |ow
end. The high 737and Tow 72 Threshol ds nusSt be determ ned Tor each col or

pl ane i ndi v, | Thi n wll be used to cal cul ate range
scal e and o*‘?s’gt 3re§liqh %he' ng%'na‘ Hgt he | ater white bal ance and range

expansi gy proces SOnce the histogram has been constructed for the color plane, it can be used to determine a
high and low threshold. These thresholds can be used for automating later white balance and range

expansion during the print process.

Basing the thresholds on the number of pixels from the histogram, we consider the n%
darkest pixels to be expendable and therefore equal. In the same way, we consider the n% lighiest
pixels to be expendable and therefore equal. The exact value for n is expected to be about 5%, but will

depend on the CFA response characteristics.
20 :
The process of determining the n% darkest values is straightforward. it involves stepping

through the color plane’s histogram from the count for 0 upwards (j.e. 0, 1, 2, 3 etc.) until the n% total is
reached or we have travelled further than a set amount from 0. The highest of these values is
considered the low threshold of the color plane. Although there is a difference between these darkest
values, the difference can be considered expendable for the purposes of range expansion and color
balancing.

25 The process of determining the n% lightest values is similar. It involves stepping through the
color plane’s histogram from the count for 255 downwards (i.e. 255, 254, 253 etc.) until the n% total is



The follow ng pseudocode illustrates the process of determ ning either of
the two thresholds (to find the low threshold, StartPosition = 255, and

Delta = 1.wh@ihised the high threshold, StartPosition =dgmdshorbdia = -1).
The pseudocode assunes that Threshold is an 8-bit value that waps during

addition. 20 Threshold StartPosition Total = 0 TotalDelta = 0 Wile
((Total Delta < MaxDelta) AND (Total < MaxPixels)) Threshold = Threshold +
Delta Total = Total + Entry(Threshold) TotalDelta = TotalDelta + 1
EndV\hi le 25 Return Threshold WO 01/20549,PCT/ AUCO 01074 -23- 3.2.3 Rotate

mage 61 Rotafion t an o on_bot fure
and Print 57?5;' ﬁﬁ”“ﬁ?&'@%@gd E‘%hﬁﬁiﬁp 5{: m°u'|r’ﬁrﬁp%§ﬁ1r1§?°s eFteo% re\'ai:a % mage
to be rot atcewdeteﬂ therhigh thseshgld otibeeains plape Mmd@hﬂalstwef@mbmﬁe theae lighest as

shown i n F'vﬁUésethé%lﬁeFEh@. daR bé bineiderddoxpehdablie s iépuRidsdsit? rdndé ERRRdian ahe bast ed
print '535 Al though the direction of rotation is uninportant (it can
%

be cl ockvm ounter -cl ockwi se since the new orientation is only

FRcri i ng e 18 oS8 Sl b o i A 8 Aok b B4 o "

relative registration R anes rrzes t
rotatiog ré’ﬂ%ﬂePed for each print format from the original CFA orientation.

Tabl e 7. Rat ati ORhereltifdrigifaymbinRiMngb iskdw, 6or Print Formats Print For mat
Rot ati on St andard 30,90, 10 Passtgocli(t 33@90 Panoram c 33 90 Thunbnail 32 0
Since we are rot an’Frﬁgﬂ’eB"rﬁVWeﬁr Jamcload ees, no information is |ost

duri ng t he rotati OlﬂeseRwo %g S, we Egn?t \»\%Bt tg ﬁ%adeqr}l efntlrg n% o?gpéaepgh%gom%ﬁ\lalulggtor ead

row by row, and aro
col um. Recﬁ‘%et"ﬁ%ﬁei wed\re 'IaM%aI!P‘M: G t°p|P9aﬁé’§"‘nW§t°a'! aat@v seiche high 73 grd BWr7éct i on
i Nt o accouirésholdidSrobe dutdiddhié tafgds pRacaIuE acRal sEiapEE ThogxastdisRiicedalil depend on

the CFA, but will be two constants.

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

255 range is possible for an image color plane’s pixels, this particular image has a smaller range. Note
also that the same n% histogram range 70, 71 is represented by a larger range in the low end 70 than
in the high end 71. This is because the histogram must contain more pixels with high values closer
together compared to the low end.

The high 73 and low 72 thresholds fnust be determined for each color plane individually. This
information will be used to calculate range scale and offset factors to be used in the later white balance
and range expansion process.

15

The following pseudocode illustrates the process of determining either of the two thresholds
{to find the low threshold, startPosition = 255, and Delta = 1. To find the high threshold,

StartPosition = 0andDelta = -1). The pseudocode assumes that Threshold is an 8-bit value that
wraps during addition.

Threshold = StartPosition
Total =
TotalDelta = O

20

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




A photograph Is seldomtaken In Ideal |ighting conditions. Even the very
notion of "perfect |Ilighting conditions” is fraught wt h subj ect’i vi ty, bot h
in terms ofwghpiRgy apher and subject nmatter. However, ﬁ,l ,?,ﬂ t he
subject matter of a photograph is illum nated by | |ght e|t er from a | i ght
source (such as the sun or indoor lighting), or its own light (such as a
neon sign). 20 . In nost lighting conditions, what nay appear to the

phot ographer as "white" light, is usually far fromwhite. Indoor lighting
for exanple, typically has a yellow castag.and this yellow cast will appear

on an uncor % d%‘%}oh“q%r 'Ph To nost people, the yell ow cast on the final
uncorrected g oto wrong. Although It may mat ch the view ng

d h Rh
per cei ved cal or  cFOPER oS8 Aies'dick 3R il el 58 b ho ERSs SR Por B M

bal ance on ereg#Sogr aph before pr| nting it out. In the sane way, an inage
can be perceived to be of higher quality when the dynam c range 25 of the
col ors is expandeRffergnt piit iamaty eeayiig the imagryle bp Frtated-9ither @96 PO Aeasaee relativg 1o thes
parti cul ar | grAIemshiation as shown eigarect3aThel roaER amdurit agRAR didthd eunantitisgbddd print
resol utign. fB.%ﬁ ttﬂgoxgﬂﬂéﬁt&.&%ﬂrg{%u&nﬁs ..g‘laﬁ&qtgceaséa&%@é&cmeva&m G 20548

PCT/ AUOCO 01 e use ositions, avoiding a
st epped or BepRK§ientztitpds °Mﬂﬂéﬁﬂéﬁ<'ﬁaﬂgﬂ'?ﬁd P’?‘h)'d&'?t@??é(ﬂ"’?‘i‘i°’g‘1"'l/€ﬁ°ﬂfée 'I’eli‘F"[e 256
val ue r angeregistratibrosfene\doloeplares. Table [7\summanizeetie rdtation fequilee fir eachpeint fdningt flomest
val ue i s magped ok ongslioh.ne hi ghest value is mapped to 255. Al the

I nternmedi ate val ues are napped to proportionally Internedi ate val ues
between 0 and 255. MrhblevuHokt=tiohs fyom CRA ofipiRitidhiférPripeFdrmataed | s a translation
of LowThreshol d 72fto0fottowed by 5 ascate. —Theformg a i s shown here:
Pi xel ' = (Pixel - LowThr #8ptfomaty RahgeScal eFBet®d##n wher e RangeScal eFactor =

256 (H ghThreshol ¢Stendagl@hr eshol d) 8RangeScal eFact orshould be linmted to a

maxi munf®al ue to r ePassporfAE i SK O gexpanding the 10 range too far. For
details on cal cul a p%mnresnm 9g /2 SEE DEC[IOH 3272 'Gat her
Statistics". These (towthrgshotd—and—RangeSeatefactor) w il be
different for each &ﬁbﬂ ?ﬁnﬂ N‘*ann' V—reed—to—bae—ocal '?EI at ed once per
i mage. Both tasks can be u ert n.si ItaneousJ in Figure 20:
Since this step i NG Wed® Qac%f’g} by v 85 egggree\ﬁlem' °'1 '3?%"9%“? fion
fractional mpﬁaﬁ@'rﬁmlhwn oma&em'aqsp@ar hegreasrow byyrow; 4nd fay giratation of 9Gethe image ¢ao
5.25. Rat hQie km&tmﬁwﬁmhwmh lopthel3 ol Pl Hust 1Re the agtation dikéttidh ito

result (8 bits p Integer, 2 of fraction) on to the next stage of the imge-

processig ccﬁ%u n. 15 We cannot afford the nenory to store the entire inage
at nore th of the higher resolution In
t he resarrpa:ﬁig vgﬂgsg%ﬂﬁev%cﬁﬂgﬁﬁvgﬁgmfﬁput Image is 8-bits, and the

I on

output i mage ha 1 BRI S Bk SOPRRES orgh. EOR i RlenP i SO

in Figure 21. € su
so t hat al |hg()t§|pL@gdlt[9§§ d%\fraught with subjectivity, both in terms of phoﬁographer and subject matter.

However, in all cases, the subject matter of a photograph is illuminated by light either from a light
source (such as the sun or indoor fighting), or its own light (such as a neon sign).

- In most lighting conditions, what may appear to the photographer as “white” light, is usually
far from white. Indoor lighting for example, typically has a yellow cast, and this yellow cast will appear

20

on an uncorrected photograph. To most people, the yellow cast on the final uncorrected photograph is
wrong. Although it may match the viewing conditions at the time the photograph was taken, it does not
match the perceived color of the object. it is therefore crucial to perform white balance on a photograph
before printing it out.

in the same way, an image can be perceived to be of higher quality when the dynamic range
o5 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



LowThreshold 72 to be mapped to 0. Likewi se, the nultiplication nust have a
ceiling of 255 for the integer portion of the result so that input val ues
hi gher thagolbl/siRddreshold 73 will be mapped to 255. 20 sgr2Atmesanpl e 64
The CFA only provides a single color conponent per pixel (x,y) coordinate.
To produce the final printed i mage we need to have the other color
conponent values at each pixel. Utimtely we need cyan, nmagenta, and
yel | ow col or conponents at each pixel, but to arrive at cyan, magenta, and
yellow we need red, green and bl ue. W.bk.our one-col or-per-pixel, we nmay
have the r co f.Qr rticular nosition, . L.mat e
bl ue and g?%ne'ﬁa.%Bﬁgrﬁ%@e%§§eég%Ft{8Jésh ,g"°§ﬁ"8pans§‘!’é’§l"f% bk}ég{ 'Pﬁ@ef BS 'fggcf&gar?gﬁé) Isue.
25 WO 01/ 2¢simedicpivatiedyi250 yalue ranps toptiess valpes astuglly gamppigrde Indhecdbest ipse. thedpweglr een,
and bl ue codlgyis MapHRE 0] bAd thehigRetaiuéls ndppsuttb B55. ANthe PitelRddiate vames fré mapped
resol uti Ont#p'?&%ﬁl{:ﬁaﬁ\y/ﬂ%méd%%Jﬁfugsqlr?tvpeléﬂB?J\diﬁgsm ution. In addition, although
e phystcal "w

t he out put Tornma arres, t th of the printed inage is

constant (4 inch ?@th%ﬁt%ggghg&ee}afﬁonT&ﬁorﬁgg Eta%f'asl%g{:ﬂomhresﬁﬂtg ;ﬁb?’?&u&ﬁ%yi S

therefore 6400 dots. Ih Wo extrene cases to consi

| nt er pokat @ s¢ae- Tpefosmulads shoydbere:ni ni nal i nterpol ation), and then perform
shar peni ng, color conversion. Final ITy scale up to the print resolution.
This has the advant ag@ixef = (Pineét&nwThreshopB RepgeSewleFaeted col or
conversion at the lowre Iuté‘%coagsfHome\_/_er it has tipsedi sadvan- tage of

requiring nore t WRA"S- bi ’kong ‘H"r“”cc’)'npg résholE- EowIREshold)t he

I nterpolated Inage or internediate values will be incorrectly interpolated
during the final scale-up to print resolution. It also has the
di sadvantage of requiring a scale-up unit that is capable of produc- ing 1

print res | nter pfegeserlsfariorsheidbedipitedto a maximum yalug g sdugedhy risk Hyding the
resol ut i on rané®6 f4p.Fof Getdins SR ECalqRRINGILYWINESho/0) A2Ise€ Settih 352.DTGathehStatishicss Thédee

| L ! £ 66
advant dfe Q%{%%QL%@;}%%@%?%M%%)%8@Z§§ be Bﬁfgrwét%rr%g?%% pEHE. ?rfaf%&?w(élé’ds to

However it dvanta uiring scal e-up uni
capabl e of bpFatadegcePepiMAgeibi ¢ i nterpo- |ated val ue per cycle as well as
perform ng sharpeni ng and col or conversion, all on an aver- age of a single

| 1 2

cycl e. The shar pEANE%ean he Hndsirken pullaneqyaly. a5 StryR R Id9ugsl y t he CFA-res
kernel to the high-res |nage. Worse still, for. _sharpenin there nust, be at
eaot 3 wi ndove. SHEHTRSHPINDIRS SGRiDe Srorat e bR R LB DR R AT Mot
6400 ent ry teineapgd vaiua e.g. thevalue 92 may map tp Si2htRatherthan dischrd theyractionaleampotent, wan d
yell owt dtlzt %_ais?nro%&eéahu ?taﬁofflrftéb@% Qoﬁi{ciﬂ&ﬂfb ttle! u:aﬁ%mgelt& ubéad'tna&tqﬁqda&gfg{aﬁaﬁl
cases e, nto acco e fa at. the fina rl ut is bileve

Cat nor ot n e SRt il e o Gletrifonct PPip s e Bl e S
regards to of the @iglpr reﬁgytioa indheesampling stage. Consequently the input image is 8-bits, and the output

image has 10-bits per color component. The logical process is shown in Figure 21.

- It is important to have a floor of 0 during the subfraction so that all values below
LowThreshold 72 to be mapped to 0. Likewise, the multiplication must have a ceiling of 255 for the
integer portion of the result so that input values higher than HighThreshold 73 will be mapped o 255.

20 3.25 Resample 64

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

estimate red and blue.
25



best from both nmethods. The solution is to interpolate to an internedi ate
resol ution. Sharpening and col or conversion occur at the internedi ate

resol uti on,wéeidesised by a scale-up to print resolution. gEpabetlegsaedi ate
resol ution nust be | ow enough to allow the advantages of snmall sharpening

kernel size and color 20 conversion timng. But the internediate resol ution
must be hi gh enough so that there is no loss of quality scaling up to the
print resolution bi-level inmage. The effect nust be the same as if there
was a single interpolation to the prinigs.esolution (rather than t wo) .

Sne, the Bt | R gy, 4580 e B i G <
| nt er medi at ixel, MW’?SGH"WWE@SUWM)M' neheutputyesaiution. mmmmslthmhmwwma 0SS

of quality w@ved, mepRlicRiwidtitsrtle prtbSimaddis cdnslami4 MRk aMBod dpDThb&&MMehOwi@AGP 1S

therefore Xac al t|o of 1:5. 25 WO 01120548 PCT/ AU0O0O/ 01074 -26
To deci de ﬁlﬁmﬁwg\e%dﬁg\efeg%ﬁgﬁ is best to consider each color plane in

relation to the shown in Figure 22 for a rotation
of 0. 3.2.5.1 Re?%%ﬁ%g wehg%sg l"élﬁr'at the red 45 and bl ue 47 pl anes,

the fullg CFA resolrtappiate to &F4ireseluian @inima intesrolalioningnd temefamshemerieg, lsglor
scal ing up the nushersidaf Fﬁmbéféiuﬁ)iow Brint ResGidoh nl-isrlﬁemecuavméga of d Béhstant

T Ky L M o g e AR

(such as a Lanczos onen I lensi on Rer nel
is required, sincaos 'Pfe'e%'ﬂﬂlé!ml Bans GhitpeRer color @mﬁwﬂ'r'ed’eaﬁﬂﬂedtfpfu@e fntegrolated
different offset Simegh dr @iteiMedidte Vall@k will b intondttlyirtg@paerdusivg téinal schib-Op tolpeintCFA

sanpl e space, theglfpjbd ﬁlal ’:33;?5'3%5%& dr R aﬂs%Lle L trpa‘?usgiiJaEI o-1he

mappi ng of output coordina ace) to |np t coor epends
on the current ritg bRinkies ipfe '°Y§'Fﬂce the registration of pixels
changes wité r ot ahlepbrate @ thbq)rmtOesemoaptnerdmbma@eﬁWdr@lomnwsmt THiORaEAL ) .

For 1SN b1 e ) hedodSr ) e bad i BB B ks e

y' =(V+k2 MNP whe ="CcO o res space
coor dinate In i nﬁm dugﬁgmge of requiring a scale-up unit that |s capable of producmg 1 bl-cublc interpo-

lated value per cycle as well as performing sharpening and color conversion, 2ll on an aver-
age of a single cycle. The sharpening kernel must be large enough to apply the CFA-res
-kernel to the high-res image. Worse still, for shatpening, there must be at least 3 windows
kept onto the output image (each containing a number of 8400 entry lines) since on a single

print cycle, the cyan, magenta, and yellow dots represent dots from 6 different tines.
15
Neither of these cases take into account the fact that the final print output is bilevel rather

than contone. Consequently we can strike a middle ground with regards to resampling, and achieve the
best from both methods.

The solution is to interpolate to an 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

20 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
single interpolation to the print resolution (rather than two).

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

is therefore an exact scaling ratio of 1:5.
25



nps = mediumres pixels per input space sanple k12 = (0, -0.5} depending
on rotation This nmeans that given a starting position in input space, we

can gener ajy@ odaésgyv | i ne of 20 medi um resol uti on pixel s gy astdioitgs @ Ax and
Ay of linps and O respectively 1279 tinmes. The fractional part of x and y

in input space can be directly used for |ooking up the kernel coefficients
for image reconstruction and resanpling. 25 WD 01/20548 PCT/ AUOCO 01074

-27 Note that k1 and k2 are 0 and -0.5 dependi ng on whether the inage has
been rotated by 0 or 90 degrees. Tabl epg.shows the values for k1 and k2 In

the red and bl ue pl.anes, assumn hat the rotation, of 90 deqgrees i

anti - ol ook s, TaEegow BF [ Tpbatpler et § cotsitfaol i bar p (lpT el

ant i - cl ockwksolilion. Trisjs stiowe in RiguRi24eriagetatonofff. Or i gi nal Format CFA k1 k2 k1 k2
Standard 30 90 0 -0.5 -0.5 0 Passport 31 90 0 -0.5 -0.5 0 Panoram c 33 90
0 -0.5 -0. 5%, TReGAdBEAT) 0 0 -0.5 -0.5 The nunber of nediumres pixels

per sanple, nps, depends on the print format. Gven that the plananzed RGB
"rage has 1§ he f oltPeNIOR P & 43760 Ble 7 pneh:ife HLCE (E0IRR verpen ol ik cooEbiae. R

750 x 10 S@fbe Beatdtty skalib)dh the hemisc ofl sempledgixeissin tach dinfesiah Byf 2 Maeintemneiatat
for mat s g( S§Relichi Eegehetatddl bPMBShs bf 3 redbristnilel ited BuchR 'aiaﬁczoi\q'}%p%n]?ﬁtfa{ ﬁ#gnt).h the

Passport inmage fornat, the entire image 1S resanpled |1 nto

out put spac¥ opg gimengion iihg kamel isfegired Since the keme) @W"B‘F“‘F'ﬂ'{f@ redAndilue heveor mat
Mappi ng npdiffeteniyifsets iBteamsicfitiebir BlliaGeresbABHnNitHIO the CFABEARe sdae, dpdnital Abitier30 640
1. 28 0. 7813pihd Rerhdiiifl beilrdrendS 250 1280 5. 12 0. 1953125 Thunbnail 32 750 =
1280 1.71 0.5848 As can be seen in Table 9, the red and bl ue i mages are

scal ed up for al lthé FRpsnd SollliScoordirates Bl ¥E0  spiice) ARGt Bbdrdindiéat dePéhds BY the

aliasing artifacts. introduced. by the resamlin rocess. 3.2. 5. een 46
The g1 oan SHEHE loh 8t HE THEE itk e eaReRarH bt RuRES Wln ol Tafer 0G4,

bl ue, si ncedlegrgesifepending pmprintfprmat) o fed @nd bivethan. the follewing Telgtionshif kotdsnt  pi xel s -
ei ther ¥he odd or even pixels on alternate |ines.

X' = ('7’;’-;) +k

y = (;’Zp— +k,

where
15
x,y = coordinate in medium res space
X'y” = coordinate in input space
mps = medium res pixels per input space sampls

k4 2 = {0, -0.5} depending on rotation

This means that given a starting position in input space, we can generate a new line of

20 medium resolution pixels by adding a Ax and Ay of 1/mps and O respectively 1279 times. The fractional

part of x and y in input space can be directly used for looking up the kernel coefficients for image
reconstruction and resampling.

25



Al though in terns of the nunber of pixels it is representative to say the
green image is 750 x 1000, the image could equally be said to be 1500 x
500. This ggohiskan arises because of the checkerboard pafuEGRést Ne areen
pi xel s, where the di stance between pixels is not equal In x and y

di mensi ons, and does not map well to inmage reconstruction or resanpling.
The nunber of interpolation nethods used by other systens for green plane
reconstruction is testinony to this - from nearest nei ghbor replication to
l'inear interpolation to bl-linear Interpglation and heuristic

t tion. 2 1120548 PCT/ 09074 . -28 Th ' t
Coor di nat es (1 n 13018 Petks Bk et AR CeBme AR e RoreR R AT o e D8 e
for green ago ddgrées. Table 8rsbawsathel valliasdor Kjlmed fpip thervgd dapbiudiptares, dshening thateand
rotation of miaﬂgnréfg&gesregsi éﬁ?—&oc‘op@e regi stration of pixels changes with

rotation (el egrees depending on print format). For the green

plane the follow ng FgheieMeslts RofaBbiion kftand k2 (rotitidn isaRiclockividey NP Wwhere
X,y = coordi nete—+nrredttmres—space—16 } y—=—eootretn pace

nps = medi umfres pixels pgr input space sanple Red, 2 = {0, -6} dependi ng
on rotatgon As with the rqdotdionFdniOriginali] pl ane}, {‘he hunber |of medi umres
pi xel s per sdnpl eFomdt.  dependsS6A the plin®Mfofmmk2 dvel that*n

pl anari zed tandard@0 has tlhe fol | ¥ ng pl aBar rebd®aiti on85 whd® unr ot at ed:

R 750 x 500, A3sspéd® x 500, G 7580 x 1000) ot he stalse facodrs flar the
di fferent outjfRahoramicB®T NALS (SEE gg gure 1Bp ar e Flgywn | |ngkabl ¢ gl0. te

that wth thqpassRPEd T THUE FoTTIgt; tTTE EgtTTE [HTTHUE 5T ESAgs e nt o

ot at...l

114 of the oultwvH—sHace PN P e Cropn Blana bl A Coalavyay o

I.TJUI. JPMUD. L2 U AT COCUTT QAUTrTe U o T T UTNNo LER"AI L L} ge
For mat For mat ' ' .
Passpoft 31 1000 . 8‘ h@&éﬁe@gggé p‘ff?h%?g%pc ' %gs ) é%%gi%gpez&igé%ggé%%gmzo
Thunbnai | 3P platrized REP imagehas the follawingied apd biye plaarrasofuions wien wiretatets Rndf9pi ng
of coor #] nasepsBIESL WD, tkeFshale dautirs o e differentioutbtcformats e Figaeli 13rOnpage T are. :
However, onga.we 1Ry, B wWith BRIF %ggﬂ ﬁraéb fof il dnfi3 érhnél;qgg%re?aﬁﬁtﬁﬁ intd'fia GANNOL

perform inmage reconstruction an rg nplTng on the s e sane way
as red or bYEURHLEPEE]; t he

Table 9. Red and Biue Scale Factors for Inage Formats

Format Mapping mps 1/mps
Standard 30 500 = 1280 2.56 0.390625
Passport 31 500 = 640 1.28 0.78125
15 Panoramic 33 250 = 1280 | 5.2 0.1953125
Thumbnait 32 750 = 1280 1.1 0.5848
As can be seen in Table 9, the red and blue images are scaled up for all image formats.
Consequently there will not be any aliasing arlifacts introduced by the resampling process.
3.25.2 Greendb
The green plane 46 cannot be simply scaled up in the same way as red or blue, since each
20

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 pe 1500 x 500. This confusion arises because of the checkerboard
nature of the green pixels, where the distance between pixels is not equal in x and y dimensions, and
does not map well to image reconstruction or resampling. The number of interpolation methods used by
other systems for green plane reconstruction is testimony to this - from nearest neighbor replication to

linear interpolation to bi-linear interpolation and heuristic reconstruction.
25



checkerboard nature of the green plane 46. Instead, for the purposes of
hi gh quality inmage reconstruction and resanpling, we can 25 consider the
green ChaWﬁbufoQ e an image rotated by 45 degrees. WepcparhaPkrat the
pixels in this 01(20548 PCT/ AUOCO 01074 -29 light, as shown in Figure
23, a high quality image reconstructi on and resanpling net hod becones
clear. Looking at Figure 23, the distance between the sanpled pixels in the
X and Y directions is now equal. The actual distance between sanpl ed
pixels is d, as illustrated in Figure 244_5 The solution for the green
channel then, is_to performinmage recgnstruction. and res lin in rotated
space. Al though FPFE’“&RH’E °F%ﬁ‘§‘gfdﬁ‘@ﬁ§?ﬁ?aiolsf’%’ﬁ tPg‘pH's"@ﬂgiﬂég%)iﬁwrﬁ’ﬁ@éﬁ%thng
red and bl same bhgreenkasritie for sddcant tiubhel infapmingedepends lon the cgrmimd ootatiore oft thepimage,
relati OnShEiRTehﬁé aegi&%%iémpiﬁasrmb.ugﬁgwﬁ%ﬁﬁénqanhw«f& Bo @drbeb Bépendigin PRt férﬁ,%?wency

in the signa S erent to the relationship for the red and bl ue anes.
I n addi t i oo theQreenplang the folleyrng reloYPRSHiRROAS] | zed so that the 12 distance

bet ween sanpl es becones 1 as far as kernel coordinates go (the

unnormal i zed di stances between resanpling}coordi nates nust still be used to
determ pe whet her aliasingw || x'ce T sigyer). Therefore we require two
transformations: The first is to unr @t at ed CFA space into rotated CFA

since we are rotating by 45 deg'r‘é dd43 = sin45 1112). The second is
to scale the coordinates to match t norpal i zed kernel, which can be
accom plished by nultiplying each ordinate by 1/12. These two
transfornmati ons ebereine 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, xamgoetdinateingedipyres/spadcen 15 kernel y. Similarly, as we
advance Iny by k, we increase by k/2 in kernel x-and increase by k/2 in

" kernel 10Y. The r &VYatqoprdigsie pdeutaPdReen t hese different coordi nate systens can
be illustrated by considering what occurs as we generate a |line of nmedium
resol uti on pi xel @W?W‘&"‘Gﬂﬂ"‘g’ﬁaﬁ@"mﬁﬁﬂﬁesa‘i"ﬂﬁge. Gven a starting y
-ordinate In CFA | npu e, we begin at )=0, and advance 1280 tines by

11 nps, generati nétaa'{‘?e@%ﬁ‘if?éﬂd'"af’"@%é'ﬁ" new | ocation. The novenent in

unr ot ated CFA space _by 1lnps .can be deconposed into a mpvenent in x and a
novenent in y i n*&"&%@&dgﬁng YR &7 plgngs. the gofimedium sespiisls Per spmBiey (fPS 25,
Si nce cos4depends ondbe pribtifdthat. Giverethatiite planatized BGE irsaje Gas'the foliovinglMandriresplutionguat es

“to equal  QRYCHRLed: R: ¥s5030%boYB:Fo 156078 2b) x 10bb! the SH37e Ydtor e Bfded Bup@al ed
to rratc;,lgt enorrral|zeq kern ano r

| . h | h
ol T B aSFORS (7% F169 13K550 80 1T abip 10oots D o, PosgpeRt BogR o el 25

it image is resampled into 1/4 of the output space.

space. This can be acconplished X)g,b} nul{ti pl yi ng each ordinate by 1/12,
e

Table 10. Green Plane Scale Factors for Image Formats

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

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

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



WO 01/ 20548 PCT/ AUO0O/ 01074 -30 CFA space equates to a novenent of 112nps
in kernel x and kernel y. Table 11 lists the relationship between the
three coordygaimssystens for the different formats:. TabpgrAgsodsacn Pl ane
Kernel A Values for Image Formats Unrotated Rotated CFA space A CFA Space
A Kernel A Format Scale Factor 1 1 1 5 (nps) nps npsJ2- 2nps Standard
1.28 0.78125 0.552 0.391 Passport 0.64 1.5625 1.105 0.781 Panoram c 2.56
0.391 0.276 0.195 Thunbnail 0.85 1.17648 0.832 0.601 Table 11 shows that
novenent in kernel space is always by a_gginber less than 1, but in rotated

CFA , the P ' h A _val ue. of ter than 1. As
osul ool 800 ST S8 7 B0 el R et S i e o,

any of the #e¥ers. However, given that the A ls alnost 1, and that each of
the 4 images is only 114 size, aliasing will not be noticeable, especially

since we assune l9king atFigire7dsthe fistance betwgerbiie sarapleginixels indhe Xaad ¥ diggtions is
capture. 3.2.5.3 construction Filter far Redg Blue and een, The exact

r econst r uct THHPPF! 8?&%"'5’5""&38‘8%*1""'8%?5 sdﬁﬁ“’:ﬂfﬁ% '"%"'Fgﬁues. There
is always a tradg off between the nunber. of sanmples used in constructing
the orignal signitesolfiA Rertipareeq cpapngl fen. 'ig’ REfnageeoRELAgR ARG Tgsampling
qual ity of iniwfatecseang |Altbugnihg eamevesansiushionditeniy used aslfor cisémpling tediapd blagighd s 5
pi i<_el tsaglml fe?ne! ey %(@@ﬁé#énﬁ?(masg&abﬂmg(exaﬁogml. it h # samﬁutrﬁﬁwg'?s@mfet he
estimated pQgsition e X2 o X- . X+ : e e nature
Feconst r uc TAgiRRee el firyd to e regionsnin s PLony b ipfee I afiiten. e
the entry ifemehehotldbeabmnaliasn sk thahtbp V2 istansechefweon sireniasdiecamees f1f dsdarast kefnebk up
table with @oRithtes @6 (the LnfRandized UiskincdsWERRBE dsamping Boordiitids ymUdBstillbe used to
Coef {1/l Nt Gyoraie WarR YRNE Sl Bocl TiRbllon 3o el ado I SnliAREES | OUL pU
space to chanhges I'n 1 nput” space and Kernel space. e nost significant
bits of the®fractTheriestiséomprometated GFA spacedtio miatedGRiA spagentiis cap de accomplisbried to

index | Mo the kesylitiphyg ehdhGrdatey1AR) shce We aw}%ﬁig%f' @5 6eébreRB (dobdb= difast=he
kernel table, the13} rst 6 fraction bits are used to ook up the
coefficients. 64 &fries is quite sufficient for the resanpling in
Printcam 3¢2.6 Shwspeond 8% stalethe neardinatas ta matehithdyyormalized@pmelnwhich carbesdpgerpre ned

bef ore being pri niisibd bl AEHIYING eatt Bdinatd RN ng filter shoul d be applied In
the CFA resolution donain. However, at the image capture 25 resolution we

do not have the fTHeke 16 krdisfornidliorisiBinbifkto dieatd aCiuPlickdh faclonérti2adonsequeityyashave
red, blue of, Q.G P nrilai EFA sdbbd % E%glf&felsi{udr&@e by 2 i eMHel ¥ i dbredd B) wPln2N®

i ndependent 1y Plve
15 kemel y. Similarly, as we advance in y by &, we increase by k/2 in kemel x and increase by k/2 in kemel

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

20 shown in Figure 25.

Since c0s45 = sind5 = 1/¥2, movement in unrotated CFA space by 1/mps equates to equal
movement in x and y by 1/(mpsv2). This amount must now be scaled to match the normalized kemel.
The scaling equates to another multiplication by 1/42. Consequently, a movement of 1/mps in unrotated

25



WO 01/ 20548 PCI/ AUOQ 01074 -31 Sharpening should instead be applied to the
| um nance channel of an inmage, so that the hue and saturation of a given
pi xel wi | lwhaisidghanged. Sharpening then, involves the tpoanateapbioen of an
RGB imge into a col or space where the |lum nance is separated fromthe
remai nder of the color information (such as HLS or Lab) 80. The | um nance
channel 81 can then be sharpened 82 (by adding in a proportion of the

hi gh-pass-filtered 5 version of the lum nance). Finally, the entire inmage
shoul d be converted back to RGB 83 (or .gg.CMY since we are going to print

out in S IS ur V. | d ch
of the col STAEIaBHERET ¢ FRISRYY 1Rt 38 Ky BT, i tF 166 o Ridlofunk

hi gh- passe@etﬁ'ﬂrtf@?@@e@mwﬁvﬁemsﬁrﬁbeﬂ'ﬁﬁg‘éfmmaﬁe effect is a change In the
| um nance of the Image. A _change in th u gnce of a given pixel can be
vel | - appr oxi mated by™® lé‘qﬁ'&? %M‘R%Pl n}fl"ﬁ?g"& rmatsd B Therefore we
sinply generatge L, high-pass-filtg d} apofatéy Pr 9portion ofl the result
equally to R|G and B. 10 3. 2. CA% ar é!Bs&amh 0 ¥émansijder the CE
1976 L*a*b* co OFormpaCEScaﬂﬂEﬁobrL i's perceptual Iy unif ﬂvert from
RGB to k (the ) umnancp clkapslel) we@}:rag: ty;pml ilmum of R,

G and B as fpllows, —MNR+G_—B) =+ LR .6.2 High
Pass Filter L potengepd oh1Biss i1 %FB18% can| P he appsd le | uni nance
I nformation. S Prsepae hP64fi|ter] h8f25i n mef1®s space|OdBher t hdn CFA

resol uti on spafPanotainie 52.3& of t hgeo.8¥ar peni pg.2k®ernel can.iB® scal 4gd up or

t he hi gh pass rﬁﬁ,ubaaucmag)e scal emmropr esd Y. Thelewact anoynt of

shar peni ng w | Fdepend omthe—CFA —but—=a 3x3convofution kKernet 85 will be

suf ficient to pr qeble $1 SHRE tHaBmbNemant .Rﬂerhénsmewm thﬂﬁrﬁﬂzﬁ&@sfhblﬁsﬁulﬂ of

t he ker nel ect red 3
omvor ut s oo s a8 The Passpsit e hs A fteiel Ghecipr s & esul, Slso it

gr een canmegur fasthe Passpestasintforat big oetiferagy efithe athersadowever gyanithat the pdgsirmost 1. | s
dear that andhét &icﬁ Qdmkanmeéesaepmw ﬂd sk, énﬁummauihwne riofieatie) lebpbBialfishies wei | |

be adequate for shar Scal e Factors for Convol ution
Filter For &Y "gé “°"§9<a§sﬁ i q%meﬁﬁgumg %‘8‘5’ ‘Space Standard 30 1.28
3.84 3x3 org Qlidtion Filtdr 97Red, Blie 3R8'8reeR’ 3X3 25 Panoranic 33 2.56
768 1o pede Rergghcaor fmg G none. or  3x3

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
15 signal reconstruction, and quality of the resampled image. A satisfactory trade-off in this case is 5 pixel
samples from the dimension being reconstructed, centered around th_e estimated position X i.e. X-2, X-
1, X, X+1, X+2. Due to the nature of reconstructing with § sample points, we only require 4 coefficients

for the entry in the convolution kemnel.

We create a kemnel coefficient lookup table with n entries for each color component. Each
entry has 4 coefficients. As we advance in output space, we map the changes in output space to
changes in input space and kernel space. The most significant bits of the fractional component in the

20 current kernel space are used to index into the kernel coefficients table. If there are 64 entries in the
kernel table, the first 6 fraction bils are used to look up the coefficients. 64 entries is quite sufficient for
the resampling in Printcam.

3.2.6 Sharpen 65

The image captured by the CFA must be sharpened before being printed. Ideally, the
sharpening filter should be applied in the CFA resolution domain. However, at the image capture
resolution we do not have the full color information at each pixel. Instead we only have red, blue or

25
green at a given pixel position. Sharpening each color plane independently gives rise to color shifts.



WO 01120548 PCT/ AUOQ 01074 -32 If a 3 x 3 filter 85 were applied on the
nmed-res inmage, the result wll be scaled 86 according to the scale factor
used in theyggnasal | mage scale operation. Gven the anopglguddigabl € 12
(particularly the Standard print format), we can use a 3 X g {' ter 85.
and then scale the results. The process of producing a single filtered L
pi xel is shown in Figure 27. The actual kernel used can be any one of a set
of standard highpass filter kernels. A basic 5 but satisfactory highpass
filter is shown In this |Inplenmentation of the PCP in Flgure 50. 3.2.6. 3 Add

Filtered L The ext thi S f

resul t ant h%rbaﬁ’eﬂgg S“‘ﬁ“l"q?sé‘?ﬂﬁ‘ ﬂﬁeig"n@% 'qu?e a0 iﬁd’gf h’ﬁfﬁﬁ%ﬁ%
channel . Thﬂmmgef%ﬂmh@w'"beummeﬂted back to RGB (or Instead, to CW).
However, a change in |um nance can be reasonably approxi mated by an equal
change in R G  @hepeging Ben.|inyalyesathe trinsiatios) @@"ﬁ?&c‘@aﬂ%i"!oim&’rﬂ?cwsfeqvent |y
we can avoi iminBieGDbeparaed Rumthd @MSindeR lof me&blbﬁhfoh)éh@d@lhd\@s&ns&ﬂll%) 80. The

proportion IglrnlnLr{lS cﬁﬁnﬂél sh &3 ﬂLr{ ﬁe} $ha @gnﬁdlb?l(%ﬁ? \haA ngohgn R meGhi]gf’iIEasa %%ere heans

10 exact propor t he mage can e de

of a scade \remndaf the lyminange). Ri gnﬂrpme ﬁmquldéaeéenvrem baglnte RGH 83pr ‘O&WH K is
t he constansmcsoala&g‘omgt@hntdoancm)a'mlﬁfmda&nsﬁﬂaantnrﬁm&fzar mat i on of shar pening
R, G and B as follows: R = RtkL G = G+ kL (limted to 255 each) B =
B+kL 15 O cour seHoweher wacari miﬂmbmﬁfmmbﬁoanketsmnlstemmdmnsmtnbammadhgt he
scal e fact %n.?mpasma b BIDBRR imd thd e P Bl 6o i mné.czoﬁh@aRnag a

singl e scal act or eni n

The’l mage cAPPG3n BOHPIESY £ Ve 3 bF HeABRmEEo BLah g ciatos finess R
Convert to «ONB. Bieref@@we simplirgsnerateiLchigh-paes-fier L, eirbapply A propatianiof the @mlﬁwlwuv Ccw
is sinply: rR@adg®® M= 1-G Y="1-B However this conversion assunes that the
CW space has a |inear response, which is 25 definitely not true of

pi gnent &Y inkes dedvertweBArdo ally true for dye-based inks. The individual
color profile of a particular device (input and output) can vary

consi der abl y. Condecansidérths CIEQ9Z6 L*attr éotr spaEe, Whe@(.5¢ BerédiANUAEIND 1 Tb/ebnvert33

from RGB fo L (the luminance channel) we average the minimum and maximum of R, G, and B as
follows:

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

15
3.2.6.2 High Pass Filter L 84

A high pass filter 84 can then be applied to the luminance information. Since we are filtering
in med-res space rather than CFA resolution space, the size of the sharpening kernel can be scaled up
or the high pass result can be scaled appropriately. The exact amount of sharpening will depend on the
CFA, but a 3x3 convolution kernel 85 will be sufficient to produce good resuits.

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

Table 12. Scale Factors for Convolution Filter

Format Scale 3.3 Kernel In Med-res (1280) Space
Standard 30 1.28 3.84 3x3 or 5x5
Passport 31 0.64 1.92 none, or 3x3
25 Panoramic 33 2.56 768 | 7x7
Thumbnail 32 0.85 2.55 none, or 3x3




accurate conversion, as well as to allow for future sensors, inks, and
printers, a nore accurate nodel is required for Printcam The

t ransf or nefyioQBasigqui red are shown in Figure 28. Lab is gdipgmonhrgause it
is perceptually uniform (unlike XYZ). Wth regards to the mapping fromthe
i mge sensor gamut to the printer gamut, the printer ganut Is typically
contained wholly within the sensor ganut. 5 Rather than performthese
transfornmati ons exhaustively, excellent results can be obtained via a
tri-linear conversion based on 3 sets qhs3D | ookup tables. The | ookup

tables contain the.r ltant transformajions far th ecifig.entr S
| deved by mom TR ersB e b8l a1 FlreS gt Hasbalitul B fealsy o bbb 5
one tabl e Y seaipfactorysmiiB thegengral image seate aparistian. Givemthpamowyts lcYabled2 Yparticularly

Tri-linear thd SthriblaQriad foriatCidlcancust! 830k § Mted BY, @l lifen fskdlshe Fedbits] Thef Mbcesdips €
cess is shown in Figure 29.

entries not_included in the tables. The

Tri-linear pf°rq’t’%'}gﬁoﬁ'n§{eiﬁg?{e$eﬂ’fﬁ??égowpérh%quﬁ%i 8 values fromthe | ookup table,
and performng 7 | i i nt 0 i 4 | Jirst.d i .2 in
the Second, and P%%c_“f#‘éﬁﬁ."%eﬁﬁ B kP07 el kel o IR, o

i nt er negi atout spiffagiory highpass ity ls shone ivis fioplementatian gt YefGPn FawR 0. The size of
the | ookup table. reguired depends on the linearity of the transformation.
The recomierifbdAdd %&"Fﬁf"‘éﬁgﬁ table in this application is 17 x 17 x 171,
with each entry 8 bits..A 17 x 17 x 17 tghle is 4 bytes (] ess than

SKE) . To i ndex i ATOMPRENSSS 8.5 b Soms HppoRian FLE EE ot opss e Rlrpt
conponent s values haglk:tatheduminance shapnel.die [meoe canthendher convertedihack tpRGB/(opinsteadyfo

i nt egerl' gi \oMW).However @char@th lirifante béntéb% r&fﬁoﬁab@epﬁrmmlyus e6liaf &hrége (;n R, %, )

i nterpol ati . ni.er e r w de

CMWY i mage s %%v%"ge"lsﬂ'ﬁ% Fé!?’e#g%ﬁa%fﬁﬁ%?"t §°’t‘sﬁé%9§"’un‘g’} ‘%’? vt {"%‘é'é'llﬁ‘?‘u"%'ﬁ°'ts64oo
wi de) . The @ftegether by adding;an qayal progorfign ohthe hickl pase farestiuminance vabiednR| €. and B. The
certai MOy RREShropoRtioh Of thé hiH-RReftleied initge tsnbeaiefnetl BEmedns 6ed $686 fectbi.5> 1 n both X
and Y 20 dinensions), the resultant values will not be printed contone.
The results w || Ifids e higlepas-fiter lywinantegikel) and R ie the lcons@hisedle tatter wé e defiiet one
1600 dpi r Sl L ; i j .ed bi-level dots, the accuracy
of bi-linear }'ﬁ‘t’ﬁew?'lﬁi"8|°gi§‘lafj"ﬁﬁ'§b?gﬁ'g’%@%ﬁ{"ﬁtﬁ% 1600 dpi will not be visible
(the mediumresolution wags chosen for this very reason). Pixel replication
will therefore prRdade+gbqd results. 25 1. Although a 17 x 17 x 17 table
will give excell gpt=eSREYS (lithfted B ¥59EcRPSSI Dl e to get by with only a 9 x 9
X 9 conversion tajle ééz bytes). The exact size can be determ ned by

si mul atjgon. The & ative-but-definite-results approach was cho- sen
for the purposes of this docunment. WO 01/20548 PCT/ AUO0/ 01074 -34 Pixe
reiol i C?ti on si nplof cdufsethy Saleltdtior Salict tSL &RILE chrhbi llﬁd,v\;itﬂfhdsééﬁfiei%ridthﬁﬁ?tbtb@ -
val ue for eplicate a single pixel to

pi xel s (a ?:“té{%é’g%%(()sgg%s&f’?é'g'g%i%r;ﬁsingﬁ%ﬁ?eﬁr/%c%r()ntone, the result may appear

bl ocky, but sinc Q)n%e maz‘p%l'niﬁg ﬁJs%eén%pHﬁd Qkﬂ;ﬁé@ﬂxel,ttﬂ%nﬁfafc&% cbﬁ&,eh&% Cme 25

resul tant bi-
83 in order to be printed out.

3.2.7 Convertto CMY 83

20
In theoretical terms, the conversion from RGB to CMY is simply:
C=1-R
M=1-G
Y=1-B

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



| evel dots take on the contone value. The process is shown in Figure 30.
3.2.9 Halftone 68 5 The printhead 2 is only capable of printing dots in a
bi -1evel f |{Bfs4g V& must therefore convert fromthe coph@imepidfsto a

di t hered I mage. More specifically, we produce a di spersed dot ordered
di t her-usi ng astochastic dither cell, converting a contone CW |Inage into a
dithered bi-level CW imge. The 8-bit 1600 dpi contone value is conpared
to the current position in the dither cell 93. If the 80-bit contone val ue
is greater than the dither cell value, ag_output bit of | is generated

O herwi se an output bit of O erated. Thi bi t ual l'y
be sent to W‘ﬁ?‘{e‘ﬁ‘f’ﬁ%’has wellps f?c?ﬁ?"%gr%“tﬁ'efﬁnsgfshglfse rﬁ amore ar°8u ut(e: é“"g“q}sl ngl e
C, M or Y reqired fot®inlcat. r epr esent s whet her or not a partlcul ar nozzle wll -
fire for a given color and position. The-'sane position In the dither cell
- 93 can be used f ofheGranhfpratians Yequired orej sholya dinfigire: & Lakhcis (ripseprhesause 4y is2

produces t rk?ercgptu% uﬁifbﬂn )ﬁnﬁl@b&zf With %gﬁfae Kothb miabkRfSFroh thé ifage seeor{tiainit to trec| €.
The stagger| n?

St agger | n TR st e Rprgay e SR oo o fteatiBtdenth O3 O |
Figure 31. 15 The,sige mgzﬁom&ege t;aH%rm%ﬁAn% ggrg gsa,? %Qéll&?re&@é chP6obithiean Of

t he output dots. 'Since Sl ze
shoul d be |vaajdringanganversionbaged °"I3|153§afﬁq 'P?Jﬂp tablgs é‘?’F logkup trbley 5?""‘“‘1)#‘6@@@?1‘%
order to rr&taa&orhhﬁbnﬁ ok gclficse@yyras indexet Ibg RKIBz Fhred tablee ami reduired: ©pé kebisiadul d

I deal l'y di v. f‘ ﬁzl, X rﬁttgb@&ﬁaﬁpﬂgw& {pm@ R aﬁeetaﬁ%h .qaapﬁ.g 'R%BQ@‘?“T@&G&FEN

of the pri nT SIze e 9 roduce
hi gh qual i t'9‘°’Pe'3tl9PP%" besed tg pivg thetnal 'WEF?W“?WB“’%%'" 'id6 ?'"?F'El%es Fery

of the dithgshowtlFigure®.bits, for a total of 2500 bytes (approxi rrately 20
1.5 KB). 3.2.10 Reformat for Printer 69 The final process before being sent
to the printer i STrélipeartinterpelation require eeafding Sematues)fron thg laokep tablerand perfesming” f or

bei ng semt dlInQar‘irI?é?pdiHﬂbﬂ(ﬂﬁﬁﬁlafrsTbﬁ;eﬁHm‘nsz mtse&ﬁd Saam intued thilsp, HtuhlpPéciamadadua the

t t t t I 2.2.1. |If the dot
gg;rgg p?gdﬁé‘eﬁ’?’ﬁ"feﬂoﬁedi?@rs a‘fae’%t' a'h'?‘é%i’ef"&ﬁ’"gvfﬁ °"' §??s I ?nt he up-i nt erpgl a;)eS |
d dith 25 f -
and dither CLLong ch:%ilpzl%ﬁ helaﬁed ﬁs thU'ﬁﬁ%ﬁQroF ecﬁs'ﬂgfﬁét}on feen

t hose dot val ues (&ach % e co and sent
of f in groujeeconmiendedl. snziknteanhmwsmibapwmmthxHgiﬂ’ewtﬂﬂachwmm%ﬂsﬂn

PCT/ AUOCQ 0187410 is 3613 4s Baf sE)OUPS can - then be sent to the printhead 2
by the Menj g’téﬂen'tserf}(?%s%s U CORE AND MEMCRY 4.1 CPU CORE 10 The PCP

3 incorporates a Exntdihe rw-p&mﬁeh%rl Bbles e S ikpul Ediok Bontpohehity 6 trasted d3e
| mage 15 fixed-point numbers (4:4). The 4 bits of integer give the index, and the 4 bits of fraction are used for

interpolation.

3.238 Up interpolate 67

The medium resolution (1280 wide) CMY image must now be up-interpolated to the final print
resolution (6400 wide). The ratio is exactly 1:5 in both dimensions.

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

this very reason). Pixel replication will therefore produce good results.

25 1. Althougha 17 x 17 x 17 table will give excellent results, it may be possible to get by with onlya9x 9 x 9 conversion table
(729 bytes). The exact size can be determined by simulation. The 5K conservative-but-definite-results approach was cho-
sen for the purposes of this document.




5 capture and printing i mage processing chains and to performPrintcam s
general operating system duties including the user-interface. A wde

vari ety ofwgBlhdey €S are suitable: it can be any processefrata@hforav th
sufficient processing power to performthe required cal cul ations and

control functions fast enough to net consuner expectations. Since all of
the i mage processing is perfornmed by dedi cated hardware, the CPU does not
have to process pixels. As a result, the CPU can be extrenely sinple.
However it rrust be fast enough to run _Bhe stepper notor during a print

th t Al t abl
((:org ;ssegpg[“ | i p xgldg@‘%ﬁ?@%@ YeSRT %fis'ﬂ?lﬂ ‘Wé' g?ﬁg%gﬁttasfhweq*ﬁgl?@gi seno
need to naiareadn thisicass, we teplicate asingle pisel td 25 pbels (HBx flogk). ifiehdhaixelwerdyonione she

nodel s. Drésmeﬁﬁfupp%?&oew but SRsd tgé"ﬁxe'i?da‘e Rbeldifirdd; thk @fcP tidt thé 25 REkitant bi-
manuf act ur the CPU core. This

n
devi ce |ndieﬁfﬁ'ﬁatér'?i%‘"&{%m@mfHﬂ"egﬁheﬁ'?fé?fd% °]“’BE'IF'qDFF:}§]UCh as has occurred in
the PC market with Intel. Associated with the CPU Core is a Program ROM 13
and a snal | zﬁrogﬁﬁﬁ?ﬁﬁ“atch RAM 14. 15 The CPU 10 com‘rum cates W|th t he

other, gnits wt f P mapped | /.0 rticul ar €ss
ranges lr{i"np to par ?er“&?dgpf py “Xﬁge\??})?%f' N aré{%‘)a ',fa G par Etu'f,Ell
regi st ers wprveifom thia gantgng CMYdeR ditherat CMY infige Mdrggniecifinally, we produse a dispessed dot

paral | el | pifiehamRPusith XstbintdaBoitdertal] cbiveing BRbrtor2roNy @ﬁg&h@mam BifevbiS
| ncor por at %SN Lo the PCP-3. The ROM size depends on the CPU chosen, but

shoul d not M8 than 16-32KB. 20 4.3 PROGRAM RAM 14 Li kewi se, a small
Sorateh RAM ar ea i obid 403 BRbAL Bl W oodlifioBideultom BhaloF il fESGAZ] 80 00

does not have to no nee cratch
area. The M\ﬂﬂwf@m’ﬁdﬂwasfeaﬁ” arehegithercaibelue. qrougput %‘t%l@gm%ﬂamwse
~subr out i ne af @btpit@ of O BVgEREraid SThisloBPutitaril Sledmasly besent Yo thb piintRiad dhdlcontél abe

PECCDER 16 HRa o Kirediss KRBl GO T SRS bnand e pd s MY

dat a acces%@'ewwebé%‘g@@?ws\m%sl ates data addresses Into i nternal PCP
"regi ster accesses over the internal |ow s 3dpeed bus, and therefore allows

for memory nmapped"? FEEpOsieRIn theditter el 93 ean beyseh for R Rd) WTERIS Repayse fes |
USB SERI AL aR@R printheadR-peaiucds/ thé [, 34, iapd X dutsafieddiffeterit Sikssie theadamequrint, cyclenmhect ed

to the int %&8&%%&'&% difR¥nPRRRA dbiY Stretvely HVEs Jé%%ggérﬁ& indhe ditiéricell. S control | ed

by the CPU 1 e serial port allows the tran I mges to and from
t he The half-toning process can be seen in Figure 31.

15
The size of the dither cell 93 depends on the resolution of the output dots. Since we are

producing 1600 dpi dots, the cell size should be larger than 32 x 32. In addition, to allow the dot
processing order to match the printhead segments, the size of the dither cell should ideally divide
evenly into 800 (since there are 800 dots in each segment of the printhead).

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

3.210 Reformat 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
25 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,



Printcam and allows DPOF (Digital Print Oder Format) printing of
transferred photos under external control. 10 5.2 QA CH P SERI'AL | NTERFACE |
19 This is wosmkandard | owspeed serial ports, connectegciRubdiRedant €r nal |
chip | owspeed bus 18. The CPU nedi ated protocol between the two is used

to authenticate the print roll [1,2] and for the follow ng functions:

Acquire Ink characteristics Acquire the recomended drop volune Track the
anount of paper printed and request new print roll when there is

insufficient paper 15 to print the requgsted print format. The reason for

rint rol " & Qg3 B ge ptherpet R aherd ZBTheMeRetplee sF 1
i npl enented,as Au ca [2]. if onIyaS|ngIeI|ne|s used, a
done print fol | n(ép Bégﬁé R’@ﬁﬁ'géusurp t he aut hentication nechanism][1].
5.2.1 Print Roll's QA Chip 5 20 Each print roll consumable contains its own
QA chip 5. $e Q@Pc'-I’lFBR% tains information required for naintaining the

best possible print quality, and Is |Inplenmented using an Authentication
Chi p[ 2] The 256 BretRCRod '"MP%%%S'@P'P@E%?%‘“%@' EBY ey dO torsypeheonize thedmaga
roll's 296 &dptuse 4nlitprivng [imdyepecessing hsingdéridata pefor@antBamss gedebadﬁatmfh;&gam et cC.

16 bit
(()1/ 2o|54§) PC‘%"I"E%S@FSJE%? e @Q'ia?éb o gam%r%?%‘fu Ergo; lf% # %%EEP? H;s b‘% %’g
Access Descfrwithospficient prqsessing é’P""‘?"é‘l’Tﬁ?’f?F?l o rpfIuiie ‘ﬂ?‘“ﬁﬂ‘% fndjcangrol égi‘ﬁ‘ﬁ’
properties ¢riddghio tneconsumB@xpeckifiorishgent a |nk properties (32 bits) 5 7 RO 8
=0

RO Yell ow I nk properties (32 bits) 9 RO 10-12 RO For future expansion
(48 bits) 13-15 RéndqRpl@btye image progessing jscpetformpd birdddicatad hardwege, et GHU does not

have to process pixels. As a result, the CPU can be extremely simple. However it must be fast enough
to run the stepper motor during a print (the stepper motor requires a 5KHz process). An example of a
10  suitable core is a Philips 8051 micro-~controller running at about 1 MHz.

There is no need to maintain instruction set continuity between different Printcam models.
Different PCP chip designs may be fabricated by different manufacturers, without requiring to license or
port the CPU core. This device independence avoids the chip vendor lock-in such as has occurred in
the PC market with Intel.

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

15 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 paralle! interfaces.

4.2 PROGRAM ROM 13

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

20 43  ProcRAM RAM 14

Likewise, a small scratch RAM area 14 is incorporated into the PCP 3. Since the program
code does not have to manipulate images, there is no need for a large scrafch area. The RAM size
depends on the CPU chosen (e.g. stack mechanisms, subroutine calling conventions, register sizes
etc.), but should not be mare than about 4 KB.

25



a. Read Only b. Decrenent Only 10 Before each print, the anount of paper
remei ning is checked by the CPU to ensure that there is enough for the
currently wB@ghdsised print format. After each print has sicayAweimorhe anmount
of paper renaining nmust be decrenmented in the print roll's QA chip by the
CPU. 5.3 PARALLEL I NTERFACE 6 The parallel interface 6 connects the PCP 3
to individual static electrical signals. The CPUiIs able to control each
of these connections as nenory-mapped 110 via the | ow speed bus. (See
Section 4.4 for nore details on nmenorysgapped 1/0 . 15 Table 14 shows the

connectiong to t face. Table 14. Connections to Parall el
Interface nneceﬁgﬁﬁ%ﬂ%&ﬁﬁ%%tkg Paper transport stepper notor Qut 4
Guil | oti ne notor Mot o 0 i SO id t Fl ash
Crigoor oot o O beb MRSy Dek o, B il dipded P ey PR aifhers e o7
Qut 4 Pap®ecqderitiansiatessiata adresses imnmmmhreaismsse}@verz@ intgnd pwsperdidus,

PCT/ AUOO/O%QJtﬂerefm%&ﬂovéf&mLWn{ab?' ROARCP reisietsandar d JTAG (Joi nt Test
Action Group) Interface 7 is included in the PCP 3 for testing purposes.

Due to thegconpl ééMMUIﬁEA‘I‘ﬁfNﬁP’EQ AGESari ety of testing techniques are
requireg, i ncl uding BI ST (Bul In Self Test) and functional block

i sol ation. gAn ovgggg%ﬂ PokPlérkiEatly® area |s assuned for overall chip
testing circuitry. 6 gAM 11 The Image RAM 11 is used to store the

captured | mage 4%.&*&%&&9&9@3&%% &%anaed‘swéhnterﬂ:éﬁloﬂpeha&fs 19%.;@%') SO

that the image is retalned a been

anount of it i eanirplied dy f“&rc”f’h@ mea#%a?’ P%E‘“I”F HEé’P”ﬁf&%Bf F}?E?em iagd ?L“‘BE’B 000
bytes (apprintsammtdallpwd PBOF/B)igitar RriahQuier Fosmdtprintingof transferred photos under extemnal

control.

5.2 QA CHIP SERIAL INTERFACE 19

10
This is two standard low-speed serial ports, connected fo the internal chip low-speed bus 18.
The CPU-mediated protocol between the two is used to authenticate the print roll [1,2] and for the
following functions:
. Acquire ink characteristics
* Acquire the recommended drop volume
. Track the amount of paper printed and request new print roll when there is insufficient paper

15 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 rolf's QA Chip 5 using separate lines. The two QA chips are implemented as Authentication Chips
[2]. i only a single line is used, a clone print roll manufacturer could usurp the authentication
mechanism [1].

5.2.1 Print Roll’'s QA Chip §

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

Table 13. Print roll's 256 bits (16
M[n] Access Description
0 RO2 Basic Header, Flags etc. (16 bits)
25 RO Serial number (16 bits)
2 RO Batch number (16 bits)




R 750 x 500 =375,000 bytes 10 B: 750 x 500 =375, 000 bytes G 750 x
1000 =750, 000 bytes The image is witten by the Image Capture Unit, and
read by botRobfsusigege Histogram Unit 8 and the Print Gppphaghdaiiordit 99.
The CPU 10 does not have direct random access to this Image nenory. It
must access the inmage pixels via the Image Access Unit. 7 | MAGE CAPTURE
UNIT 12 15 The Inmage Capture Unit contains all the functionality required
by the Image Capture Chain, as described In Section 3.1. The I mage Capture
Unit accepts pixel data via the Image Segsor Interface .98, linearizes the

RGB data via a | ooku a ly wites the linearized RGB i mge
out to RAMin pl ana&&' qh&fpﬁ#ngggﬁﬂiﬁi{ is shown in Figure 33. 7.1 | MAGE
SENSOR INTERFA(:ENQ,% 'Ihe;\clcaage Sensor | nt er bageiplidnS! ) 98 is a sfate nachine

t hat sends contprgot—formats ncl udi ng
frame sync pul égﬁn( ﬁfbxej cl otk Ul "‘;2 Wi P)I‘ to read the mage. Mbst

of the 1Sl Is Ili%kely [tR® be a [seusninkgropertigs (33 hitg) t he | nage sensof
manuf acturer. Tise ISR Itse] f controlled by the Image Captufe Unit State
Machi ne 97. 7. Xgl Irmg@ Sensgli‘M@éﬁtB’ﬁi(pAblﬂ}&qm,ﬁ) vari ety of Tnhge sensors
are avai gabl e, vyrum RGOS er the Bayer color filter array [CFA). The
Bayer CFA has 4 8..u..u —f—at- 02 BH-e5—y b WO 01/ 20548
PCT/ AU00/ 01074 39 1R | reg °§?)"{'I']'f (& sensor (VI a a t aki ng
lens) is assumdd to BR® been| sufficiently filtered so as to Femove any
abasing artifaqt18:12Th&Censor| for biweexhansionm 0448itet ratio of 3:P, wth a
resol ution of 136885x | RO sanjpiandom Hilsediffepeit inleadbachip (48ibits)l ar r anpenment is the
Bayer col or filt—mf__@y—(—eﬁ&)—, W th each Z X Z pl Xxel block arranged in a
2G nosai ¢ as sho I N re 15: Each contone sanple of R G or B
(corresponding t ég and blue respectively) is 5 10-bits. Note

that each pixel oéefér@ﬁ cmmltﬁemmtwsaeﬁ TP BeBBOANS AN YRR Inel G

or B. E82inmates of the mssin ol or or mat 1 on nust ore the
i age can bE BB?HQHF%G’EO%'F?"“YH%‘*“%—%P’I“%hEMs’ffGEP%’B PRiRS hae sipRdnihe BPRunt AERARET of
fi xed patt eremainiog sest bé-Fddjensuted indegriateol’s QRdehiptby theaBPU-PN suppr essi on may
required. 7.2 LOOKUP TABLE 96 The | ookup table 96 is a ROM mappi ng the
sensor's RG@®3t 0 PARAHELINTRREACEIBt mat ches the 10 Linearize RGE process 40
described in Section 3.1.2. As such, the ROMIs 3 KBytes (3 x 1024 x 8-
bits). 10 bits of Thegdraliel integane’ connerts thia @CP Sito indiviiiuakstatin electridl signals) fThe CPU is

Tabl eSel ect g5 16 caHrFact & theb/ cohhRticnSBékRemory-mapped l/O via the low-speed bus. (See Section
4.4 for more details on memory-mapped /O).

15
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 Qut 1
20 Capping solenoid Out 1
Flash trigger Qut 1
Status LCD segment drivers Out 7
Status LCD common drivers Out 4
Paper pull sensor In 1
Buttons In 4
TOTAL 24

25

S



Capture Unit's State Machine 97. 7.3 STATE MACHI NE 97 The | mage Capture
Unit's State Machine 97 generates control signals for the Image Sensor

I nterface goop@sgenerat es addresses for linearizing thed¥iudpeand for

pl anarizing the inmage data 41. 15 The control signals sent to the ISl 98
Informthe ISl to start capturing pixels, stop capturing pixels etc. The
2-bit address sent to the Lookup Table 96 matches the current |ine being
read fromthe 1SI. For even lines (0, 2, 4 etc.), the 2-bit address is
Red, Geen, Red, Geen etc For odd lingg.(1, 3, 5 etc.), the 2-bit
address Is C%een _Eﬁé Blue. This Is true regardless of the

ori entati oR® ﬂ 20 The 21-bit address sent to the |Inage RAM 11

is the wite address for_t ers. hold . th

address for eachAdfangyd "T’%%&'B{IE%M""%@%‘?)L%”% &"ch‘?ﬁ%m&'&ed'?%és:gé’é 3ling
i ncrement  @erppses.dlus testheecomplekityofithe chipe a wériefyloftasting 2Bhrig0eX e feqeireg, including BIST
PCT/ AUOO/ O:kﬂZIflln Seﬂ'Q"estYan% f&ncﬁﬁﬂl SibRisolalibte Ah HREIRead AP U 6% th S bres RMdsAint2d fét

nunber of L{%‘ers Tabl e 15. Registers in Image Capture Unit Nane Bits
Descr i ptlor? }ee'*f"%g"f?"tmunber of pixels each row 5 MaxRows 12 Nunber of
rows of gpixels in inma Current Pi xel 12 Pixel currently being fetched

Cur r ent Row®12 ROM%F 11/ bei ng processed NextR 21 The address in | mge
RAMto store the next Red pixel. Set tg start address of red plane before
| mage capture. AflP@imagaRiM 18d?)‘c'§?f’é°3t?’ﬁ"§*°a?t€§‘i’ age 4%, Thp "ﬁ?f’rﬁ”"ﬂ&"‘f"ﬂ'@"ﬂyt e
after the rrish (2biteper cdlipsd that Bk imddeds @tithedafier e pdwen s bdddhutofist or e t he next
Green pixel. Set to start address of green plane before |Inage capture.
After inmage capt Jhetotal ankdust of meinery eaquited ffdr the plararizedjinear RGB\mageds 1.%00.00hkytegr een
pl ane. 10 I}ﬁpﬁp&n@@{ﬁwg@gg@s@agm"&,gage RAMto store the next Blue pixel.

Set to start adgb?iot \Aﬁ)sr%%gg){(ane before image capture. After inmage

capture, this to the byte after the bl ue plane.
EvenEvel® 2 sAddr e 857800 808 e375@00 bytesn rows | even pixels EvenOdd 2 Address to

use for even rowg: bsdfhopLisdlodo nydddEven 2 Address to use for odd rows /
even pixels

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.

7 IMAGE CAPTURE UNIT 12
15 i
The Image Capture Unit contains all the functionality required by the Image Capture Chain,
as described in Section 3.1. The image Capture Unit accepts pixel data via the Image Sensor Interface
-98, linearizes the RGB data via a lookup table 98, and finally writes the linearized RGB image out to
RAM in planar format. The process is shown in Figure 33.
741 IMAGE SENSOR INTERFACE 98
The Image Sensor Interface (ISl) 98 is a state machine that sends control information to the
20

CMOS Image Sensor, including frame sync pulses and pixel clock pulses in order to read the image.
Most of the IS1 is likely to be a sourced cell from the image sensor manufacturer. The IS! is itself
controlled by the Image Capture Unit State Machine 97.

7141 Image Sensor Format

Although a variety of image sensors are available, we only consider the Bayer color filter
array (CFA). The Bayer CFA has a number of atiributes which are defined here.
25



OddOdd 2 Address to use for odd rows / odd pixels Go | Witing a | here
starts the capture. Witing a O here stops the image capture. A O is
written hengogiseasgtically by the state machine after 1pcMASRAAG4Of

MaxPi xel s have ben captured. In addition, the |Inage Sensor Interface 88
contains a nunber of registers. The exact registers will depend on the

| mrage Sensor 1 chosen. 8 I MAGE ACCESS UNIT 9 The -1 mge Access Unit 9
produces the nmeans for the CPU 10 to access the inage in |mgeRAM 11. The
CPU 10 can read pixels fromthe image i ngd "egeRAM 11 and write pixels back.
20 Pixels could bg read for t e of inma tQrage (e.q. a the USB)
17, or for sinpl e%ﬁ Iege capru ‘névsﬁ i SERF% (‘%gﬁ%ﬁ'ﬂgﬂﬁﬁsta&%ﬂ%{’& }‘??’ﬁgbé?éAM 11
after the i sufipieniyfifered so anfo rqmvaarpyreéasins@sﬁfay:ts Hw\senbor itnelfj bas(an@apistiatia of 312SB)
or inmages fQfni f'e%&uunfa%t £400 xpmba)mﬁ.s ﬁeﬂostnﬁén,t fcé?%rr&ﬁbbhé't t;qhesyag b &@lok fiter

firing val U8 '<§Ft§v% ° &?a%@v»‘er Sikaetervnli ?ﬁéma?-%mﬁgva@-‘ﬂ S test mode
of the Print Gene tyr{y P‘E’g%g%%(@”g&esfﬂﬁ 0/ gnl 7‘&"&?@3‘@?}%1

| mmge Access Unlt t'f orwar rrech TS m

and opegat é%b'tﬁc.!ﬂqt%“‘éﬁeﬁw er| o t“PéPHiﬂc qentaigs infegwatipnabautpaly srrmlR. Bier $a§ﬂ"eat§=6

Tabl e 16. | éithdwrighiricOibSintifiaBonPhustbeldtfie béfpre telinage Bl ifeeot. 21 Address to
read or wite in ImageRAM 5 Mode 3 0 = Read from | mnageAddress into Val ue.

| = Wite Val ue t thel CRigie Actdideres to péddrmmcsofie smbunt offixed metteratnoibertFgN ) slppression( | f
Mode = Read%ddn-\{ﬁglr@Ng,ﬁp,%gggnq“@t,edumgeAddress (if Mpde = Wite) The
structure o h mage Access Unit |Is very sinple, as shown in Figure 35.
The State Mpghi nq okie Thel¥i9é Performs the read/wite fromto I mageRAM 11
whenever the CPU 10 wites to the Mde register. 10 9 | MAGE H STOGRAM UNI T

?n;hgs ! gggre H:ﬂ gﬁ{eaeakbmtabue SF Ikéta RGM Infapsl QggﬁorfsCRG]ﬁB%rhﬁéd? Rbralsr« BT |
Sectg'.J i on18. ZE% geq d%sgrﬂ:‘g? L{'trgie?g‘%ﬁl 3¢ (éf 5??5%???8*‘43? gﬁgﬁe‘?@r"ﬁﬁ%ﬂf Fages -
wi t h sanpl ebitshlO Bitsiof a@resame fioimethd IGh ybilelthes2 bitg obiTablgRélect greigenerafest hy del Images e d

three ti mescgfiire OhitsBtate MBEMMR 97l f ferent histograms are gathered; one per
color plane. Each tine a histogramis gathered, the results are analyzed in

or der 7.3 STATE MACHINE 97

The Image Capture Unit's State Machine 87 generates control signals for the image Sensor
interface 1, and generates addresses for linearizing the RGB 40 and for planarizing the image data 41.

15 The control signals sent to the ISI 98 inform the IS] to start capturing pixels, stop capturing
pixels etc.

The 2-bit address sent to the Lookup Table 96 matches the current line being read from the
IS1. For even lines (0, 2, 4 etc.), the 2-bit address is Red, Green, Red, Green etc. For odd lines (1, 3, 5
etc.), the 2-bit address is Green, Blue, Green, Blue. This Is true regardiess of the orientation of the
camera.

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

20

increment as pixels are written to each plane.
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15 to determne the | ow and high thresholds, scaling factors etc. for use
In the remainder of the print process. For nore information on how the
hi st ogr am g3Qyhesde used, see Section 3.2.2.2 and Secti gprrAghso7®- 1

H STOGRAM RAM 102 The hi stogramitself

each entry being 20 bits.

t he | HU.
guantities.

foll ows the pseudocode described In Seciypon 3.2.2. 1.
25 shgun ln Table 17. Table 17.

t he regi st
Unit Nanme

&

(decrenments un
01/ 20548 PCT/ A

| ndi vi dual

entri

The

es are read fromand witten to as 20 20-

bi t

9.2 STATE MACH NE AND REGQ STERS 103 The State Machine 103

ts De

g%?tﬂ tlon

oS g8 oAbl Sa g

It

Lied. ar t counting from

R

WO

Nane Bits Descrl pt [ Oﬂb|ﬂ5xﬂg$g?§gm|ﬁ,laggc2&u,blwtrmny pi xel s remain to be

is stored in a 256-entry RAM 102,
hi stogram RAMis only accessed fromw thin

Is controlled by
Regi sters In I mage H stogram
25 Total Pi xel s 20 The nunber of pixels to count

rs In I mge Hi st ogram Uni t

count ed Pi yet—¥alte h the
Pi xel Valu¢ Namey |1 rbltn tthe hi stogram Pi x@esedptien 20 The nunber of
Pi xel Val ue | paxftefs CPua! €] Numbérdepikaly dativown! S- togram It Is valid gfter a
wite tg P mm@sue 1> O q@;nw;owgoflﬁégg,mng@ Wnetrner t ne ni—stogrgm count
wll be cl P +hre \_L Bg‘l amprocess—A—+——catsesit he
counts to q.lr?enfl’“xel 32 and lxequrrénﬂyl ery*?ﬁlr r\mlnj'_t, +t o—+rehmai-p-Hht-eouchad (| . e.
the next hiCHEes d2is 1| Rowgurrenyy heingprocessed o o 1 Wit ing al Here
starts the h‘P’ﬁ‘?ﬁogran‘?broﬁé@%a“w#lﬂl'mgpewmﬁ@feéh%ﬁ dippxel. $at Ak am
process. Al0 is wif{ten @@fﬁ%’@"."'ﬂﬁh 59 IMA0G GAPHULS n%el"!i'iaéei’?d’&‘ﬁ
af t er Tot al Pixels—ha$ coudt2Fer YERATY'R ] N egi sters
is to set yPMeHBtal Pj#bis \Rflhgﬂd W e store tog bSetiestahdl ude i n
the count {e.g. 375/000 A@E . 20e R %‘ the red
. sr O M
Pae 1 MshobEne | hal %f : @ém?%ﬁ?wosw redhe RN i ned by
has fiMOsh¢d®®he i hat vi rrfi ned by
T e v it S e kg ke A sr.'fn@oeﬁ?eztgr&mt. 10
PRI NTHEAD HNFERFACE{-105— = 2P
_ 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
Go 1 Writing a 1 here starts the capture. Writing a 0 here stops the image
capture. A 0 is written here automatically by the state machine after
15 MaxRows of MaxPixels have ben captured.
In addition, the Image Sensor interface 98 contains a number of registers. The exact
registers will depend on the Image Sensor 1 chosen. .
8 IMAGE ACCESS UNIT 9
. The .Image Access Unit 9 produces the means for the CPU 10 to access the image in
ImageRAM 11. The CPU 10 can read pixels from the image in ImageRAM 11 and write pixels back.
20

Pixels could be read for the purpose of image storage (e.g. via the USB) 17, or for simple

image processing. Pixels could be written to ImageRAM 11 after the image processing, as a previously

saved image (loaded via USB), or images for test pattern purposes. Test pattems could be synthetic
images, specific test images (loaded via the USB) or could be 24-bit nozzle firing values to be directly
loaded into the printhead via the test mode of the Print Generator Unit 99.
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The Printhead Interface (PH') 105 is the neans by which the PCP 3 | oads the
Mem et printhead 2 wwth the dots to be printed, and controls the actual
dot printiRgoRims@ss. The PH is a logical 15 wapper fpprausiibar of
units, nanely: a Menjet Interface (MJl)15, which transfers data to the
Menmj et printhead, and controls the nozzle firing sequences during a print.
a Print Generator Unit (PQJ) 99 is an.inplenentation of nost of the Print
Chain described in Section 3.2 on page 24, as well as providing a neans of
produci ng test patterns. The PGJU takes_g.planarized |inear RG obtained

froma CFA format_captured | fromt I - eRAM 11 d produces
1600 dpi dit hered" § awécgsssﬁﬁ%%esla %R“‘WE\%Q?% YaL i ida {7 ﬁsz%ﬁ%@Wefnda

| nt er f ace 1@perates quitachinpilyimtermsa 3 Fegistenkas showndnTabledbt er n node, whi ch enabl es
the CPU 10 to specif reci sely which nozzles are fired during a print.
The units within the 1%?@'_'%%%1‘?’& led by a nunber of registers that are
programed by t e, CPU. E&MLnternal struct UPM;H e Printhead I'ntlerface

i's shown i n—H-gure—3+ S5WWh-G4L 20548 POTLALOG G074 43—1+0—1+-NEMIET

| NTERFACE 1@_@“@ et nter fﬁgﬁ@sj\tﬁma? °"1”£"‘?~'BW£FWr he PCP tao the lexternal
Menj et pgi ftM®&d, provild ng [t Readfpn ImagaAddmst BisMelvee signals to dontrol

t he nozzl e || oadi ng and [fi ri nq ise\Wyiite Velueto re3s.print.  The Menj et
Interface 1SvEe sinply (8 St at{&/akinslored et IageAddress (FMader=eReéaB8) whi ch f ql | ows
the printhgad | oading and fi rlivage @ sk@é ataageAddiss (if ModSewrite)n 22, and
I ncludes the functional ity of the Preneat 5 cyde and C eani ng Ccycte as
described in SectTHeRntfe of thakflageeetdse Onitls dery?simpié) @s BAbwn IbFigupesbs data | nto
the printhead froma choice of 2 data sources: Al Is. This neans that all
nozzles wll fir emdStitetgaching ndssheple pérfoftisi thid readpariteeironaio dndgeRAkAe 1 9heénaver ter d

mechani sm f Uluggﬂé'sqgm DMeaddedistbn€ad for a Preheat or O eaning cycle. From
the 24-bit ?‘?\put eld %n theb'Trénsfer register of the PGQU 99. This is the

st andar P ns ey i , Whether it be a captured photo or
g g GRAR U L.

test pattern. romthe P&Uis directly sent to the
rinthead and a lqphi " | ; t he
gnd of each |i nezl'ng Ir&a%ﬁm’gﬁﬁv@ﬁ@gw&ngg&g'gaﬁdstga?ns%% 'g%&ééer%?’f F‘(?g%‘sﬁg ;%Hﬁh The .
VDI 15 st ke RinkimedsPrasptsine ChmE dpagibed i desion 30 2T Uit Rerereres Rigbarameder
24-bi t t r angédrar formabimdges with senples ob®bifslegch24- bit data Input wll be valid for.

the first transfer to the printhead. The MII 15 is therefore directly
connect ed to the Teimedge BistogramtUnit 8 isryricayQuisetthled tinges eritppintnTtiree differentHistrgcini@. The

basi ¢ st UCikp&indrey, SHAPEF boloF pldrieOtdch tim®a hidtogra is batherb® MEGEultPAIS aaf)z&dih BHbdread - -

15 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
3.24.

9.1 HisTOGRAM RAM 102

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

9.2 STATE 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. Reglsters in Image Histogram Unit

Name Bits Description
25 | TotalPixels 20 . | The number of pixels to count (decrements until 0)
StartAddress 21 Where to start counting from




The MJI 15 has the follow ng connections to the printhead 2, wth the sense
of input and output with respect to the MI115. The nanmes match the pin
connecti on rinthead (see Section 2). Table 18. 4
Oonnectlonévﬁla'r/r%eog‘gygl ns 00 Description Chromapod- 4 0O Se:agg?ﬁm?‘g%
chromapod will fire (0-9) 20 Select Nozzl eSelect 4 0 Sel ect which nozzle
fromthe pod wll fire (0-9) AEnable 1 O Firing pul se for phasegroup A
BEnable 1 O Firing pul se for phasegroup B Chataln[0-7] 8 0 Cyan output to
cyan shift register of segrrents 0- MDajzl n[0-7] 8 O Magenta input to
magenta shift register se rrents -7 . YDat al "50 7] 8 0 Yellow input to
yel | ow shift_reqister aBP 12 “(5'“999 'BF‘I}P ' 0 A pulse on SRG ack

(Shi ft Regi st eram I OcldSBIEA"I current 25 vaI Lllﬁgc,fpgg,m CDat al n[ 0-7].

MDat al n[ O- 7}—are— R0 Hito—th i nt head
VO 01/ 20548 PireisRemaiirg 1 12 L 4 ﬂﬂf_& ﬁlﬁeltsrsﬁlh'ih}c becﬁﬁi}eﬁ:\ﬁgif .ULmL-“EhP L #Pi ns

110 Descri p} PaiValuer ansf 4 1 0 F’&"d’l?roﬁth"t %ﬁ%’f‘%"sB'f‘e'ﬁ‘?;’t’f‘h"""r‘;ﬂ?ﬁﬁ{"fen’éiughl ft

registers tph the print- {head's dﬂ@“f’?l:nn;; e hi fcw/ ohe rr\';r mozzl e).
SenseSeg- 1| BixeiCount se or) 28ens e STYERUTREE gluq\pixels qounted ig eEPFéﬁS‘ s-
CDat al n[s/] sel ects the dense | i|fiesan. iis valid afiera wiits to PrelValug, | | Tprmm ature
sense $ Vsep€learCount /ol t §de sens @etmmeﬁieﬂmm%wm W%‘b’@rﬁ%’e" rhse 11

Wdth sense| TOTAL 41 1Q.1.2 Fi|thesy Fhe IstopRENPTOSF pedbe firing
. . A e T

pul ses on the AEnabl e and BEnat 10 the

I nk (which % 3 ?rts %o Fe t he
anount of ppWer avail abl to t T I on
range is 1. to 1.8 s. The MII ﬁ%'s ;%E,Iga siﬁ Qe lll s€
duration taple, indexed by feed dom e pr| nt The tabl e off pul se

durati ons akH-ews—the—us: Fonwer—cost—powner amd—ards T
mai nt ai ni ng nore Jhe typigal gswp gfpthe @P@e{sllﬁq set up TotaIPlxei; with the total number of pixels to

10 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.

10 PRINTHEAD 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 PHI is a fogical
15  wrapper for a number of units, namely: '

] a Memjet interface (MJJ) 15, which transfers data to the Memjet printhead, and controls the
nozzle firing sequences during a print.

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

20 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.
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The Pul se Duration table has 256 entries, and is indexed by the current
Vsense and Tsense settings. The upper 4-bits of address cone from Vsense,
and the lo ts of address cone from 15 Tsense. is 8 bits,
and repr esgﬁ{‘gég i xed point value in the range of O- 4sap(i$‘(1§m{’fplé3‘ess of
generating the AEnabl e and BEnable lines is showm In Figure 39. The
256-byte table I's witten by the CPU 10 before printing the photo. Each
8-bit pulse duration entry in the table conbines: Brightness settings

Vi scosity curve of ink (fromthe QA Chigy 5 Rsense 20 Wense  Tsense
Vsense 3?1 DE{E ﬂnts The MJI 15 maintains a count of the nunber of
dots of eac col SEMETINEERFAGEAS: e printhead 2. The dot count for each
color is a 32- blh_ | ue, individually cleared under processor control. Each
dot 25 count ca "ﬁ@?‘&e‘a{"‘m My 12 eRriapeiz fhe BoR todhn rtermgkMeget gantheed, praviding s,

al t hough i hothyiptaeed apppripts signile toctohtrol ihe tidtzle Walihg 41 fiiradquancts alrg aphtal t er
each print. WO 01120549 PCT/ AU0O0/ 01074 -45 Wiile in the initial Printcam
product, the conJberibhiet lpterfiacaithds dirophha StecMachinel 106 see Figuré 38) whith dibwsathé €

that a dif bl oBaihgkng mngmﬁies&m&, iR SEEBH |25 %ﬁ%a..de%e ﬂﬂﬁénaf@%?ﬂ%h The

| d
of papet (St B ekaiiSh s B oR s Tad SNG4 (' kow vinet her et
I's enough paper ?Né”‘lhﬁﬁ? alu‘@ta'%&ﬂ Pﬁng.ea‘g ill?arc oﬁggﬁe@g?mere s - enough

ink for full coverag WP¥ati ve Printcam
product, the dot A&éﬁjﬁblsme%rﬂ‘abﬂ'mwre HeingRisubsequent Fuipldatie ahdiis t@astanhi p 5
in order to predusram&am:ﬁﬁemaa@&%%b&g@rarmmhea%gf&dé nk. The

f h of C M dyY
P om the R ont o et e iing Rl et i i Hiul el Tk e Hengartansans o
| nk sensors, andOfm"E‘mm imagd; whethe it béra capbires phétp ortest patternnThePd pit value fropclisd ed
ﬁ(r)?pbg ggplt nlt Z dWL PGUMIr&&Ié trsg’e??fs &hhea@natatm m&g% esmipuusé.strseaévtﬁisﬂgtruey\g I
change the ink w 1ﬁ95§,,[d° BETINR “‘%ﬁ""ﬁﬂa‘? B'ﬁﬁﬂﬁﬁ'ﬁ’ ﬁ’?ﬂ@? \g‘%PEpr inted. The
| ayout of the dotmeqwqg ﬁ.‘l,’_lst bg%J ?gap\gg hasnalrlé!a g[’r’%ﬁ%g“‘gﬁ'i{]sgﬁ,x g.{mn erng 2

dot counters

respect i vel3e- Thigs ?%FE‘F\?‘?‘Q!‘&’F"’ "‘r’?“'é‘!"“tfd’?b’rf@"helfws‘!@}‘s@' to ﬂmgrmsea@r s The CPU 10
communi cat es Wtﬂezlﬂ.ﬁ via a reg?;ster set. The re%sters al l ow t he
CPU to paranete d Br“i’eﬁ‘ff"ﬁg"%g‘f gonaected do. the Pant Generplar ¥nit-89and theexigmal
progr ess. printhead 2. The basic structure is shown in Figure 38.

15 10.1.1 Connections to Printhead

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

2).
Table 18. Printhead Connections
Name #Pins Vo Description

Chromapod- | 4 ) Select which chromapod will fire (0-9)
20 Select

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

AEnable 1 o) Firing pulse for phasegroup A

BEnable 1 o) Firing pulse for phasegroup B

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

MDatain[0-7] | 8 o) Magenta input to magenta shift register of segments 0-7

YDatain[0-7] | 8 @) Yellow input to yellow shift register of segments 0-7

SRClock 1 (o] A pulse on SRClock (ShiftRegisterClock) loads the current
25 : values from CDataln[0-7), MDataIn[0-7) and YDatain[0-7]

into the 24 shift registers of the printhead




The follow ng registers are contained in the MI:

Interface Registers 15 Register

Numrr ansf
(usual l'y

SRy

of 24-bit data

Th| S

Tabl e 19. Menj et

Nanme Description Print Paraneters

qwunber of transfers required to 1oad thgpddeghisead

i's the nunber of pulses on the SRClock and the nunber

Pul seDur ati on Fi xed

values to transfer for a given |line.
poi nt nunber to determ ne the duration of a single pulse on the Col -
orEnable lines. Duration range = 0 - 6 Its. NumLi nes The nunber of
Load/Print cycles to perform I\/bnitorigg the Print 20 Status The Menj et
Interface's Status R&gls er. nea?e I ng The nunber of lines remaining to
be printed,_ly va e o | ng value is Nundines
Transf er sSRemaingme The kel @ ransfers remabggd;gﬂgqnfore the Prl nt
U 1T Ul LA~

consi der ed oo .
SenseSegmeh ferg Eﬁt val b9 ¢t OT" rélliﬂEnéfE (%at ﬁthé&nﬁ?é{u&é\% lo‘i?]e
£ "mi hCaaShl ant o~ %02

subsequent feed " k—Senseoe Tkmw 5
P .§“‘.§f%§§ﬂ§ﬁ%§l b et

set, correwgﬁgﬁ‘ﬁﬂ ng o ongOof
T fgture sense; 1 _ i ¢

0 on
PCT/ A1J001 10
Tseosen; |
yolagassenses 5| | 1s. so that all nozzl

head |s

|a
oul d be

Nanme
t he
es wll
ing the

value witten to

h

TJable

Descri pgi 0 Y1es [ no

print head ¢§M¥pane® t hd LoadDpl s

be fired dURsenget he |subsequént | Resiskivitpeerse process. This i s used duf

preheat angwsesani nd icyclefr Tfwhlthdehse 24-Dit value witten to th

printhead CRRER fTomM/yhe PITTT GENer- ator ot This 15 the case guring the

actual printing of t‘he—phete—and any 5 test inmges. Actions Reset Awite

to this redPder FiringBulse Dlretio)| , st ops any | oading or printing pro- cesses,

and loads all registers with 0. SenseSegSelect A wite to this register

with any val ue ddhe duratiep oHising BujzeR ohithe Afinahie, endJ3Eqable lines depsind pe the visersitsefnds. a

pul se 01 Nt i iNkWRIEHTIE Bspahdvhit onl terfigdratire ardtankd chd@dcteristid | dIhedtbuitiof ftiwergaizbR

status it Yo fhe epnﬁt‘nl,ad. TheI {ypl@)ﬁulgg d&rg\%n %;n%L "fsSLQ tcg 3 Sa;{se 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
sjection.

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

15

The 256-byte table Is written by the CPU 10 before printing the photo. Each 8-bit pulse
duration entry in the table combines:
] Brightness settings
Viscosity curve of ink (from the QA Chip) 5

Rsense

20

. Wsense

° Tsense

Toe Vsense

10.1.3 Dot Counts

The MJI 15 maintains a count of the number of dots of each color fired from the printhead 2.
The dot count for each color is a 32-bit value, individually cleared under processor control. Each dot
count can hold a maximum coverage dot count of 69 6-inch prints, although in typical usage, the dot
count will be read and cleared after each print.
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set, the Feedback bit is cleared and nothing nore is done. Once the various
sense |lines have been tested, the values are placed in the Tsense, Vsense,
Rsense, andy¥$pms@ registers, and then the Feed- 10 backpfihusindsae Status
register Is set. The feedback continues during any subsequent print
operations. Go Awite of | to this bit starts the LoadDots / PrintDots
cycles. Atotal of NunLines lines are printed, each containing
Numfransfers 24-bit trans- fers. As each line is printed, LinesRemaining
decrenents, and Transfer- sRemal ning |s_ggl oaded with Nunmfransfers again.

The status register. .cqntal. I nt statyus information. on conpl.etign of
NunLii nes, the | O&@E“lel 'H3‘7°p1n1t'{ﬂ}fﬁrﬁ%arﬂPB@%@stH%f%Bgmﬁbﬁed“i"%@s @SURtﬁaPeriag'B d’ﬁ‘eﬁ:}%d.
During the ¢dneeiMabiprthaita diffgrentcrinieam [thadgl has 3 eeplacehbleninisoniyh congyriatieh dhel .initial
w; iht e of1 50 bm;dait%ipsoubétbaﬂoomovh[ﬁe dz{ohﬂb{rﬁﬂi?ﬁl@?ﬁe_méwﬁg ofieper (aalha ﬁlumtmaﬁws
ot her regi rs ar Cou Wi 0 this reaister rs . the |
CDot Count, N BRI 22) 5 R e i phobfiiPar i by dgsioq it ere o
respect i vel gnoughriek foefull cavemmgeeofiall surpljedpapesy Ip the aliemaive Reinteam psgdietcthe detgouditsnc k
th ense Re?dcdﬂmb)bssdcd%?dﬁ?ﬁﬂl 1fto :r,?%eg% dﬁ&&!ﬁ} diltaemérgs brgﬁameﬁfgﬁe&@fagewsw sent
0 seg enseSegnent .. 1s onl vy val. ! edha i it .o e
St at us mrgﬂgi ‘?t'"é‘?ﬁ\e 'q’g?ﬁs‘.’r R °e"°ﬁ8‘38* Lt &eﬁ@gﬁea i& &%S@h? Y?'P'Br’ftﬁ?fg&\'past
SenseSegSel 2&ouning the ngmbar of dropg eiminglgs tha medtiinsipiceerperand prgvepis|the inincHagnels t he
F]g:eggac kVa:c frdin hhﬁmg)flfry.hh%pda‘ﬁdadmp&mmw vf'ﬁtﬁftoittfe o®thip f?r&ns&h Pardh kM phofoid batc K
o ense nse . ment .
I's only val 'iqogmi’ ﬁ%ﬁ({é'ﬁ%seﬁ%gc ke@ﬁnﬁ??ﬁkg&[ a"?)‘;Ja H"?’%etﬁg%[tera?lfgm?gg’lg‘sa{itgrnﬁ&gaés:}(gf%%
Wsense Readdudipheto vaieghypust ke 6pitiense from t he | ast SenseSegSel ect pul se sent
to segnent SenseSegnent. |s only valid if the FeedbackValid bit of the

Status register |Hedgyputofingdetsafitter foL sypndishgwrisip Figure 40 Therempgining 2:9pt grypterss ot

to the pri niMbetidunt ahdditount, foReagenia ahd/yelav respectively)ire idénticabig etnicturedot s sent to

the pri# head. 25 YDot Count Read only 32-bit count of yellow dots sent to
t he pri nt hetolt.4 \WRegikter)548 PCT/ AU00101074 -47 The MJl's Status Register is

a 16-bit register with bit interpretations as foll ows:
The CPU 10 communicates with the MJI 15 via a register set. The registers allow the CPU to

parameterize a print as well as receive feedback about print progress.
The following registers are contained in the MJI:

Table 19. Memjet Interface Registers

15 Register Name Description
Print Parameters
NumTransfers The number of transfers required to load the printhead (usually 800). This

is the number of pulses on the SRClock and the number of 24-bit data
values to transfer for a given line.

PulseDuration Fixed point number to determine the duration of a single pulse on the Col-
orEnable lines. Duration range =0 - 6 us.
NumLines The number of Load/Print cycles to perform.
. Monitoring the Print
20 - Status The Memjet Interface's Status Register

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

TransfersRemain- | The number of transfers remaining before the Printhead is considered
ing 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 feed-
back SenseSegSelect pulse. Only 1 of the 8 bits should be set, corre-
sponding to one of the 8 segments.

25



Tabl e 20. M|

the MIl is

transf err egoloindkinsf er sRemai ni ng.
| oadi ng dots

| f dear,

Status Register Nane Bits Description LoadingDots | If
currently |l oading dots, wth the nunber of dots
| f dear, the M
t he Ml

5 PrintingDots | If set,

the MII is not currently printing dots. PrintlngA | This bi
set while there Is a pulse on the AEnable line PrintingB |l This bit
while there Is a pulse on the BEnable line FeedbackValid | This bit

whil e the feedback val ues Tsense,

Vsensqs Rsense, and Wsense are val

set

remai ni ng to be

I's nedryQeofns | Yy
Is currently printing dots.

t is
is set
is set

i d.

Reserved 3 Printing oL he current chromapod being fired
while the Printi ng- %f%plﬂ%rﬂiﬁt&ngrfscerg 10 Print 'Lnnl\ln]7l_pq 4 This hol ds
the curren mgg{eeNQﬁg n ; fired Whl | e t he ngam,mDot s status bit igq set.
10.1.5 Prel M o ",. PR --rll P Va8 vy e Ir e
Sinply accipl I SNed by $Ghbisdts AHBIHHbL et G . during the'Shi es =1
Set the PullseDuration r¢ghRbas profess This® usad dunkg ﬂbl{araﬁéa%hd(deamﬁ goease of ‘the
preheat nogle) or to 15|43 @PR-AalE WAL ORe emfesa Qiined ttbri tHe @Rnt éyne,cl eani ng
mode. Set |NunLi nes to bewt st B tHe cde du dutingiie dc i1 ghinng loftRe RN aRe [T 1 1 ed
Set thegCo|bit and then|wsiinagesr t he-Go bit to be cleared when t he print
cycl es have ACfORE preted.” 102 PRINT L:EI\II:HATLR UNIT 99 1 ne Print engr at or
Uni t (PGU)'%E s—arpien &Tg" Y &h\MI {6 £'ldé Unan L,leed 20
in Section id as well %‘gﬁ g,\%f 'éé:"é & e y %s Es "H Bm%u?e's n& rns.
rrom the SIEghest sgrﬁa"‘f iyl AIE Sk BUFeda cmsﬁqf en the
| mmge RAM 1 ginog e jfl’ga% rﬁi;&% I Jlél lad- e PGU
takes a planarized |ine I‘n aﬂ}ﬁrfﬁh fu® Bitstrd-dnA. i By ORihe SRHL bits@fb 1[Mage
fromthe |rageRAM and sa;iu@aéredsac& DR chlired shdtnb®ing thofedraonemge i n rgal time
as required by the Menj ¢ontdth€ldriéssendeines i eantested thealdeddte Pacadh Test
Pattern nodle,  whi ch enaliedserisho/seide, Hsondepari[Vesahdeytediiters, afdhsn mbiFeda- 10221 es
‘are fir®d during a prin{ backii of¥ie Stats registeris skt.The FeedtiaGk bopGnues dunnganyAdvance
pul se once|t he 24-bits havsequentprivioperationnd an AdvanceLi ne 25 pul selat the
end of thelldene. JI; Y@ viife ot @ To'tBis BiCstaraikaDodiblsd PrintDots cycles. A total of
: NumLines lines are printed, each containing NumTransfers 24-bit trans-
fers. As each line is printed, LinesRemaining decrements, and Transfer-
sRemaining is reloaded with NumTransfers again. The status register
contains print status information. Upon completion of NumLines, the load-
ing/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
15 registers.
ClearCounts " A write to this register clears the CDotCount, MDotCount, and YDot-
1 Count, registers if bits 0, 1, or 2 respectively are sat. 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
20 to segment SenseSegment. is only valid if the FeedbackValid bit of the
Status register is set.
Rsense Read only feedback of Rsense from the last SenseSegSelect pulse sent
to segment SenseSegment. Is only valid if the FeedbackValid bit of the
Status register is set.
Wsense Read only feedback of Wsense from the last SenseSegSelect pulse sent
to segment SenseSegment. Is only valid if the FeedbackValid bit of the
Status register is set.
CDotCount Read only 32-bit count of cyan dots sent to the printhead.
MDotCount Read only 32-bit count of magenta dots sent fo the printhead.
25 YDotCount Read only 32-bit count of yellow dots sent to the printhead.




-48 The PGUJ 99 has 2 image processing chains. The first, the Test Pattern
node, sinply reads data directly fromlmge RAM 11, and formats it in a
buffer rea utput to the W. The second contains ty of
Print Chai (}V?Bﬁ@?ﬁons (see Section 3.2). The Print Chai nﬁs léﬁnwﬂﬁéthl g. 18
contains the functions: Gather Statistics 60 Rotate Image 61 5 Wite
Bal ance 62 Range Expansi on 63 Resanpl e 64 Sharpen 65 Convert to CW 66
Up-Interpol ate 67 Hal ftone 68 10 Reformat for Printer 69 The PGU 99
contains all of these functions with the47exception of Gather Statistics 60.

To erformthe CS S mage
H st ggr am Uni t S%ﬁms ?‘Pﬁé %?T('?éa ﬁgﬁfeﬁ&'wgﬁﬂéﬂ%@msaﬁ '?%’B‘pl |ges some
sinpl e al gorithnmns. Tbt@blﬁ‘iw.ﬁ‘gﬁ{us%g&ﬂ? functions are the domain of the

PGU 99 for f-aas-gns-—gi—a-e— K—a-ud—s—peed——aeeu-hae)u—beea-e»e—(—he%-wuld be
too nuch mejmory Nemesui refl Bie hol d the entire besegpioat hi gh accuracy,| and

speed, becCalSRdRgDoITP! € [AU L0k §et thEMJI SearbntylieadiNg dots vith Ha umbe? of dots
hi gh- speed |[demands of thp Menj gaikihg Bb6 Gattteded ihTRin R&h&.&”ﬁ,@kes as input a

vari ety of |par arret ers, ipcludy |mmﬂls%uﬁ%yﬁgﬂgq&s t abl es, condtants
for perfornf Lo batpyceiap Y
r esanpl ign)g, PHI‘hc'ﬁ’&jt’mage au%essoz%éﬂ% @p, "?Pﬂ m £$ rotation. THe two
process chdins.can be sepn | . = gpnn 9%€%__chain gaes {f rom

the |mage |EN0nBA { o puff&r o T¥sPitisset while fhersls 3 piise onthe Afrabigligeess| 10, The
ot her chai n RrotingBst s of b1 prlotissidsset while thererigd puiseion the BEadbledine The fli r st

process 111 feedackvaiid | Nnage Rojt s kitis setAltile the Reetizziok wmies Tisense, Meenge Expdnsi on.

The second |process 112 pr f or|nRsefesandiVsensp.areltalid.t hi r d process 65 perjf or ns
shar peni ng,| Réservédurt h prmceqs- 66 perforns color conversion. The firal

process 113 Hiigehomagodc| 4P- 8 the clirfét chibfia ing fred Whild tH: ting
for the prijnter. The propessesooﬁaamnnm{ed via buffers, onIy a fgw bytes
bet ween1® oNEIFIIRESRES . PA'0 3 TriaHoldb the QuentnokZE b %a%mm 48 '
PCT/ AUD0101j074 -49 W | pok ats&m&g@{ocesses and buffers in a pr| r|Iy
reverse order,;, srmce the trmng for—the

' 10.1.5 Preheat 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
15 an appropriate drop €jection duration for cleaning mode.
L 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 com-
pleted.

10.2 PRINT GENERATOR UNIT 99

The Print Generator Unit (PGU) 99 is an implementation of most of the Print Chain described
20 in Section 3.2, as well as providing a means of producing test patterns.

From the simplest point of view, the PGU provides the interface between the Image RAM 11
and the Memjet Interface 15, as shown in Figure 41. The PGU takes a planarized linear RGB abtained
from a CFA format captured image fram the ImageRAM, and produces a 1600 dpi dithered CMY image
in real time as required by the Memjet Interface. In addition, the PGU 99 has a Test Pattern mode,
which enables the CPU 10 to specify precisely which nozzles are fired during a print. The MJI 15
provides the PGU 99 with an Advance pulse once the 24-bits have been used, and an Advanceline

25  pulse at the end of the line.



printhead drives the entire process. Timngs for particular processes and
buffer size requirenents are then nore apparent. In sunmary however, the
buf fer sizgyopsReshown in Table 21. Table 21. Buffer sizgs{vaonfis nt
Generator Unit Size Buffer (bytes) Conposition of Buffer Buffer 1 188 Red
Buffer = 6 lines of 6 entries @10-bits each = 45 bytes Blue Buffer = 6
Ones of 6 entries @10-bits each = 45 bytes Geen Buffer = 13 lines of 6
entries @10-bits each = 97.5 bytes Buffer 2 24 6 x 4 RAM 3 lines of 4
entries of L @8-bits each = 12 bytes _3gcolors x 4 entrles @8-bits each

12 bytes Buffer e 23 04
col ors(CWY) x 6 M%égsﬁgﬁ?%mé‘lﬁﬂ’%fﬁgrﬁ °Bﬂ “@a@sq tF? @S%tﬁm "1‘83’I§Lﬁ’ Yieads g 3
X 24 bits WaaArechBirohd imatp RAM ¥1; andh formats itiie p buffer ready for eutput todtheMJloThet $egond
processes @amnssma mafoh@%ﬂbmh QAkiH Runktbhs @te Gectio R he PARIXEHAR Ehewn g cgar €
sunmari zed |n T3€ f'{?ﬁ le 22. Menory requirenents wthin PGJ Processes
Si ze Un|t 3 ?ﬂ%smlon of Requirenents 15 Rotate/ Wite Bal ance /
Range 0 Expand Rethar$thtistiocs 6Convert to L 1,152 3 kernels, each 64x4x12-bits
Shar pen 0 Qonverha{a% % gi4, 739 3 conversion tables, each 17x17x17x8-bits
Upl ntergol ate | tone Ref or mat 2,500 Dither OeII 50404-bits Test
Pattern Access OWWE"“EQZ391 20 10.2.1 Test Pattern Access The Test
Pattern Aceess pRasgRExpdntldn5 t he neans by which test patterns are
produced.  Under nornﬁl user circunmstances, this process will not be used.
It is pri mari | y agnosti c purposes. The Test Pattern Access 110 reads
t he 1 mage RAM 11 Shargenfiisses the 8-bit values directly to Buffer 5 118 for
out put to the Me,Rlentdéybsce. It does not nodify the 8-bit values in any
way. The data In the Image RAM 11 woul d be produced by the CPU 10 using
the | mage Access Upiiterpdate g

° Halftone 68

. Reformat for Printer 69

10

The PGU 99 contains all of these functions with the exception of Gather Statistics 60. To
perform the Gather Statistics step, the CPU 10 calls the Image Histogram Unit 8 three times (once per
color channel), and applies some simple algorithms. The remainder of the functions are the domain of
the PGU 99 for reasons of accuracy and speed: accuracy, because there would be too much memory
required to hold the entire image at high accuracy, and speed, because a simple CPU 10 cannot keep

15  up with the real-time high-speed demands of the Memjet printhead 2.

The PGU 99 takes as input a variety of parameters, including RGB to CMY oom}ersion
tables, constants for performing white balance and range-expansion, scale factors for resampling, and
image access parameters that allow for rotation.

The two process chains can be seen in Figure 20. The most direct chain goes from the
image RAM 11 to Buffer 5 via the Test Pattem Access process110. The other chain consists of 5
processes, all running in parallel. The first process 111 performs Image Rotation, White Balance and
Range Expansion. The second process 112 performs Resampling. The third process 65 performs
sharpening, the fourth process 66 performs color conven"sion. The final process 113 performs the up-

20

interpolation, halftoning, and reformatting for the printer. The processes are connected via buffers, only
a few bytes between some processes, and a few kilobytes for others.

25



WO 01/ 20548 PCT/ AUO0O/ 01074 -50 The data read fromlmge RAM 11 is read in
a very sinple waparound fashion. Two registers are used to describe the
test data: W@gmbart address of the first byte, and the pétﬁk?‘[mq‘fnbyt es.
Wien the end of the data is reached, the data is read again fromthe

begi nni ng. 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 nore than an Address 5 Generator 119. Wen started, and with every
AdvancelLi ne signal, the generator reads.4g.bytes, produces a
Transfer Wit eEnahl.e, pul reads th xt 3 b and then

Advance pul se. bdv °E atilf\s}a mcesseﬁlag‘gb" agﬁé?'Wf? ol ﬂ?’@é rlﬂ?

gi ven, the mwﬁa@nmmer&mmeﬁdﬂmaaﬁm »?é'cwa'i Rrocegsee mdsbuﬁgaiza reqUirements are
continues Whén thoré Bidardy R 3GrArhar) RowtVérstRe bulfBEdiR4 Bra Bhdwith TbR2ESS begi ns again
from the current address. In terns of reading 3 bytes, the Address
Generat or 119 si npl y Takde2it ButfersizegfobPtint@rherar hoibm | mageRAM 11 and wites
themto Bufffer 5 II8. _TheJfirst 8-bit value 1s witien 1o Buiter 53 ghit

address 1d OBuf;elp @sﬁ"?’ s witten to Buféoq-,;ﬂpogmgné,;ﬂ,;g address 1, and fhe
1 1 d

third Is;\;wré*m "‘—QJ‘IL g 5 "*m‘s Generator] 119
then waits |9 Advai\@er%?ﬁ@ge'b;gf'a?“ ggﬁ‘ﬂg@ﬂ% '_Lsa?ﬁ@'fﬁ ®again. The
addresses denerated for t Giags of § eatries @Dl h 244t address pnd a
byte countl_as sho&n in TE@® er =r13jines of § entrigs (@ 1Ppitsieach WSWes Reqgi stlers
Regi st er NqrRuff@d@scr|i pt i 29n G&QRHUst ModeEnabl ed If 1, TestMode |Is enabled. If
0, TestMbdgq i s not Jenabl edsnnaadsfaShﬂesofS@a-butst-remymﬁ test data In Ingge
RAM Dat aLgngt h Nunber of &dbﬁ%eﬂtﬂ%s@&hﬁs@ﬁ&l’&fﬂ’t@teém I oW ng pseudocodHe

i1l ustrateg

not shown. 13 gt r\cad :

I nt o Buf f ern—o—-G3—fAd—A - LH .e?‘yﬂs?ﬁ,ﬁgﬁg u,A‘d.H-l HRead
), R348  Repmining = Renmining-i if (Renmining -

232%ngt h WO 01/ 20548 PCT/ AUCO 01074

Adr intt® BUBPEY s (
0) 25 Rermi AOAL =

Apart from a number of registers, some of the processes have significant lookup fables or
memory components. These are summatrized in Table 22,

Table 22. Memory requirements within PGU Processes

Unit (bs;'tzees) Composition of Requirements

15 ['Rotate/ White Balance / Range 0

Expand

Resample / Convertto L 1,152 | 3 kernels, each 64x4x12-bits

Sharpen 0

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

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

Test Pattern Access 0

TOTAL 18,391

20
10.21 Test Pattern Access
The Test Pattern Access process 110 is the means by which test pattems are produced.
Under normal user circumstances, this process will not be used. It is primarily for diagnostic purposes.

The Test Pattern Access 110 reads the Image RAM 11 and passes the 8-bit values directly
to Buffer 5 118 for output fo 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.
25



-51 EndDo It Is the responsibility of the CPU 10 to ensure that the data
I s nmeani ngful for the printhead 2. Byte 0 is the nozzle-fire data for the
8 segnent swgfol_ﬁ)g@ (bit O = segnent 0 etc.), Byte. is ttayspiRich®’
magenta, an yte 2 for yellow. Alternate sets of 24 bits are for odd/even
pi xel s separated by | horizontal dot line. 5 10.2.2 Buffer 5 118 Buffer 5
118 hol ds the generated dots fromthe entire Print Generation process.
Buffer 5 consists of a 24-bit shift register to hold dots generated one at
atime fromthe UHRU 113 (Upl nterpol at gptial ft one and Refor rrat Unit) 3

8-bit registers old the data rated fromthe TPAU

AccessUnit), andLrﬁe Bﬂt?tffatd f?°é'bﬁ'?t98%§é S82q e® bHY FEPer P gtf? F f"@r to
t he M 1( Memggisters are used todeedribe thia desydbien the stays addsess pf thefirstipite b tﬂe@gmwpmtesﬁf bi t
Transfer 1 GHenfendbritit datdis édenBd tﬂ%daﬁ'ﬂt@@&aga%@oﬁme&ﬁ%g? 8-bit registers

or the single 24-bit shift register. Buffer 5 therefore acts as a doubl e

buf f eri ng mechanitagtheiurelofe 365 PatRiEALcSKR Ut 1 ANSIsHBRS inFigulgauict ure as shown
in Figure 44. 10.2.3 Buffer 4117 Buffer 4 117 holds the cal cul ated CWw

I nt er medi at e r esQsidan s seénlin Bigure@s,)theCTust Raiftérn lABEEESUnit 130 isflitle mére thangamddrassed by

the Col gr %ofﬂgsg{o?llw Meﬁ%%ﬁéd Ga?u_dl_ éﬁn%v ?e%g&InySI%IQP thlép ean;aBF R%Li%%eqyto ,15

Hal ftone a or nat rﬁ‘@ocess rto rate ut
printer. THErdygesa Tensfe fe@ﬁ?ﬂﬁﬂ\'@Bﬁ“Fﬁ\“F’@&@ﬁ%ﬁﬁ’éPﬂ“W@h@%%PE‘&% At
di st ance bahe\edande palse) aeztramsferWiiteErable pulsé isiydan] . thesext® byed are rezd candatheOowaitar €

bei ng gener&gﬁsdaiagr Eﬁé‘&nﬂﬂé’éﬁrﬁ?&e hbd%%n.ﬂ&’ieﬁsef eré’upgb nfe ge@ﬁ% %b(’a ainHdm?

different I ne a I Nng generate ect rent
physi cal | ithfeureptaddsssnted at the one tine fromthe prl nter - odd and even

dots f diff t di ff t

cgnzep{ olm s :axple; ﬂ'@ﬁ'%:f’%%u{"ﬁ%é Q’?%’t'g g@egﬁpé'?%%fr’lrﬂél neﬁ %gﬂhfeé’%' '"Tr}m?o The
practical UmpedeRAM|13 andwaitesttiroy to Bufer § 1. Vb;efrsm@ttmimswmtehtmﬁe%maydrémm

E) ?gerevte? fnmlme%&& mg??ﬁr%ae.me@&a SHatese dird ib hﬁneaddaafﬁﬁean\ibgg&;&g% %?one
el s CnatTe B AR 8 hel yere = vgﬂ%ﬁﬁﬁ%ﬂ%ﬂ o Sate 0 dagh. 1o
‘the ratio of medi m?trl SssesI nggrat ﬁf dih%% E‘Farelb se% ‘oh’'a s?aarlca%d%?sd%afafbgfs

line is sanpled Fene of Cthe purposes
lines, we apwﬂeﬁﬂywemﬂaéeﬁ%d mnth I dlnenS|on. so only consider 5 dot

| i nes comng froma [ he di stance between nozzl es of
different col ars wj‘ %3&5{) é?‘bé’bé Fﬁg #eRenj et paraneters). we

therefore assufre ,Se istddiNalhe0! YES a 25 separ gggcggt,,g.‘ stance of 16 |dots, or 17
dots ingd nclus LRS- .lﬁmwm—rs—t—lﬁt—t—he 17 1ff"T WO
_01/ 20548 PCT/ AFE%”EAfB "2y 0, TestMode is not enabled.

DataStart Start Address of test data in Image RAM

Datalength Number of 3 bytes in test data

The following pseudocode illustrates the address generation. The AdvanceLine and Advance
pulses are not shown.

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

25 Remaining = Datalength



dot lines includes the last dot Iine froma given pixel line. This inplies
5 pixel lines, with dot lines generated as 1, 5, 5, 5, 1, and allows an

i ncrease ofwhepaki separation to 10. To ensure that the ﬁgﬂég&ﬁ"gﬁneration
process witing to the buffer does not interfere with the dot generation.
process reading fromthe buffer, we add an extra nediumres |ine per color,
for a total of 6 lines per color. 5 The contone buffer is therefore 3
colors of 6 |lines, each line containing 1280 8-bit contone values. The
total menory required is 3 x 6 x 1280 =_Z£3040 bytes (22.5 KBytes). The
menory only requires a single 8-bit read per cycle, and a single 8-bit
wite every 25 c]?ﬂﬁ% (each contone pixel is read 25 tines). The structure
of Buffer 4 Is shown ITn Figure 45. Buffer 4 can be Inplenented as single

cycl e doubl e acce rea i M r i h | pal e of

t he printhead dot'? %é"%é?sggqs%ﬁgﬁ}rﬂ%%é@?&gfn%‘gennﬂ%ér}g idg%lise'ﬁﬁﬁif'é}‘g%ég'eﬂiﬁ?gghi ng
4% faster Bitehistheinpzzie-fite deig for thedepgmentawiicyan (BitQ 2segmpat 0 eloy fyte 1 id he Bame for 4

i s set to Wahdefital aid By 2 hefyeliow. Riteinatd setd ofod4 BildQaredfol aad/@émﬁmsssepaé&a Dy

Upi nt er pol aﬁl% on%ft#%ne, and Reformat For Printer Although the

Up- I nt er pol °[5. I 11%ne, and Reformat For Printer tasks 113 are defined as
Separate ta by §ec%hi%n 3.2.8, Section 3.2.9 and Section 3.2.10
respectivel y; 2 ha" i§ npl enented as a single process in the hardware

i mpl enent ati on of 5 ' t = f tone
and Reformat Uni tB'{“thel-ﬁ?? 'ﬁ‘@ ﬂ!qesgq};ﬁgteg gﬁ?%ﬁ%%ﬁ)%@%r "% E%ﬁagﬁ sf[?%e' ®
cont ai ni ng toREsth ok ac2A-Ril shift Egistero holg siolscaenemied canperdiagtine fram dhe) (UHRY) 113hage.
TEe out put (UptefpoatatHatffonelghdlReforrivad Uni), B3 8-bit rédisters 1ohbie the dats derferdtad flom tl&‘e‘EI'HAU]E ]9

t he Menj et £ %g Qr 260k ' [ er
5 118. The ggggééeﬁﬁt i Is"ﬁ’ffrn ggge ner Q%'d‘ s?&'%s?{i‘é %@r&&{bﬁ%@%ﬁ%%ﬁ@%ﬁ% (@%ﬁ%{he
24-bit shi flpteraeg)- sﬁ%WPPeEMFF &pm dheMdi foads the 24-bip Arapgier register Wit alh24sbitssaithercc ur s
from t h#¢0 Adimantbe3 a-bitirefidtesocibb singte ZA-tgtishilt gegisteam t he MJI 15, When t he UHRU )
113 starts up, and after each AdvanceLine pul se, 24 bits are produced, and
are 20 cl ocked |Buffer § therefocp-dgistas gldpdble hufiering mechapiem By tecaeneBatésl/dats, and has a

Shi ft Wi t eEqallie astrddain Figifd@r the 24th bit has been clocked in, a :
TransferWiteEnabl e pulse is given, and the next 24 bits are generated.
After this,.dd¥ Bdilld#$3 wWaits for the Advance pulse fromthe M. Wen

t he Advance pul se arrives, the TransferWiteEnable pulse is given to

Buf fer 5118, and gufgr 41@#inoidé el daRuide® cRRliftermadife rdaailnfon §12664ds) EtitonéBitigh- | N

practice, o he first Advapce pulse is given, synchronizati ha
occurr eqi._.I an%‘%%u Vit %e"e'ﬂ%\? &N g%e gﬁ?'s%’ VR p%% %E'e?/"g r%ﬂ“&fc‘ﬁ% ﬁ%’?iﬁ?’t er.
The Upi nt erlja¥tone end Refdrnat precess A8 imerderteganersteyipuldots fan theerideren i n Fi gure 46.
25 WO 01/20548 PCT/ AU00/ 01074 -53 The Hal ftone task is undertaken by the

si mpl e 8-bit unsiGE&Ee ethpSenirngBufep i dengndent ap the phypicg! 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.

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

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

5 times in each dimension. For the purposes of buffer lines, we are only concerned with 1 dimension,

s0 only consider 5 dot lines coming from a single pixel line. The distance between nozzles of different

colors is 4-8 dots (depending on Memjet parameters). We therefore assume 8, which gives a

25 separation distance of 16 dots, or 17 dots in inclusive distance. The worst case scenario is that the 17



to the conparator cone fromthe Staggered Dither Cell 121 and Buffer 4 117.
The order that these values are presented to the Unsigned Conparator 120

i s deternmiwe@ibigsd he Address Generator State Machi ne 1ZtmAdssiw7ensures
that the addresses into the 1280-res image natch the segnent-oriented
order required for the printhead. The Address Cenerator State Machi ne 122
therefore undertakes the Up-Interpolation and Reformatting for Printer
tasks. Rather than sinply access an entire line at. a time 5 at high
resolution, and then reformat the line .ggcording to the printer |ookup

r eq!“ renent §lt Ih@? mQSd'seg ﬂeblgg doJ Igla r%gﬁ‘lté ﬁOen ;%n%l ﬂ]ng) Thlé |l£ eébﬁ Hmﬁés' ?@u# llnes

achi eved by e cont

4) 117, andQE'PPS‘ﬁ?q"ﬁd ?ﬁaft 1:37d Wﬁﬁ&f“&?ﬁﬁeq ﬁwémf'??éﬁ:%rrect | ookup from
the dither cell 121 to match the stag ered addresses. Halftonl t ask
is the same as dd8EPiupthatie asatope gapersti @”F%‘V@%Pt%li’”ﬂe oe Botdpigrreredtitp ut s
are gener atmacho't mrbheomﬁcembacmydmm thebuffel) e add at édra thediuingessling peradolot, Ifee a

Di ther Cel lyydy “g_s;gp%ﬁ&n so that it divides evenly Into 800. Consequently
a given p03|t|on I'n"the dither cell for one segnent will be 10 the sane for

ﬁ qulr temalAgl gg SZ Srgg dHﬁl'fUni ﬁbtéfgé{: té%éé?l oré Btoblgrrs oﬁel.deswaawmd%sntﬁmﬁ@i2at§fﬁgﬁtﬁt%he
cell can b&@ H%seéé"? Bal 'B?T?'%Feéﬂ %5% ?ﬁ?é 't%?awgé%é kﬁ‘g?sl) (?Pf'feg‘f’gn‘{"ﬁ'l i nes
are bei ng gewisesca sinblecd-bit reed mn!;let Amdba single 8-hit Write venh2b eydp®fegch cohlenenpixdl 8ssi ng

for the di trhres imed) The StrichiRy P BGHeP4 Ridhdvh IS FigMb 85. V& start at a particul ar
row In the Staggered Dither cell (e.g. row 0). The first dither cell entry

usled 'Sf Entry 0. giflerd%an B mplerétitddias Sihgle cytRSdolbielaceyss (88d and AridERAM alnfing fte 3
colors for n,.adv . [ . r
Ent ry 49, i hoimodEQIEPRb BuowfARfoc gEraltintRNASG, dr Bl rherti b REPng o467
I n order t@S@EW@F%@%QI‘”&@°2GMGEQ99%FP9W6|eHaIftone Unit then stops and 15
wai ts f@ the AdvanceLine pul se whi ch causes the address generator to
advance to the n&%‘ffsrf‘(ﬁﬁeftﬁwf“ﬁéa"Q?beﬂ'@r‘het%qrq°fm?H@"B'P%‘tj§er ed Dither cell 121
Is so called because it differs froma regular dither cell by having the
odd and evdf-24 n¥einterpalate Halffonesand Refermat Eef riotefe generat e odd and even

pi xels (starting frompixel 0) on different |lines, and saves the Address

Generator 122 fr dYiheugh iha'rrinjernolate, fiaiftone, and Refopmal For, Rrinter jagks 13 jere defined as,
al t er nat i veereedts tass b} Setion 828, Sdetian s .20 2% Stotons. 22103 esppdtively] itel are impiérhentd, and

how to map a%%sfn&leﬁro@és gg,gq,wgllet,m;m&@h&n&%#épst he same size. Note that

for determningt ness gl ven position, we nunber the pixels

in a giyen row O,Thé,mp& tettwe Uﬁﬂﬁrp%laﬁ' HaliéHe URd iReffMdBWnk QUHRU)14Z i ﬁae %&mﬁr ed
(unsi gned) t he

BT er "o e e ¥} ot ining e biereelelips ShG PSS ‘fﬂ%ﬂ%ﬁ‘?ﬂ%@w@aﬁ) g e
"1™ bit | s outputieq sat of 26ibvalies fnthe aorea prder tobe 0T 1D the MR Inteladedtfdr subseque™ b t

i s out put toiphiteths PhintHead @OBHEES 1181 The Bi bitsut bits ard den&rate@{ bit 2 a Bk, fdh@ st 18 the 200

cont one pi pi xel s nmust be read in. The 25 Address
CGener at or é%'b?srfé%gztg??gr ;g?ﬁis task, generating the addresses into Buffer

4 117, effectivelpp, mtrgjoé R pAeds GLARAN He Bdidnce and AdvanceLine signals from the MJI
16. When the UHRU 113 starts up, and after each AdvanceLine pulse, 24 bits are produced, and are
20 clocked into the 24-bit shift register of Buffer 5 by a ShiftWriteEnable signal. After the 24th bit has been
clocked in, a TransferWriteEnable pulse is given, and the next 24 bits are generated. After this, the
UHRU 113 waits for the Advance pulse from the MJI. When the Advance pulse arrives, the
TransferWriteEnable pulse is given to Buffer 5 118, and the next 24 bits are calculated before waiting
again. In practice, once the first Advance pulse is given, synchronization has occurred and future
Advance pulses will occur every 24 cycles thereafter.

2 The Upinterpolate, Halftone and Reformat process can be seen in Figure 46.
5 :



I npl ementing the Upinterpol ate task. The address generation for reading
Buffer 4 is slightly more conplicated than the address generation for the
di t her cell t overly so. The Address Cenerator fo gheBUffer 4
only begingwgﬁggm?ﬁe first row of Buffer 4 has been MWI??EH e renalnlng
rows of Buffer 4 are O, so they will effectively be white (no printed
dots). Each of the 6 effective output lines has a register with an integer
and fractional conponent. 5 The integer portion of the register is used to
sel ect which Buffer line will be read togeffectively upinterpolate t he

color for that pagticular color's odd a ven pi.xels er counters are
used to naintai Mﬁeﬁ?tﬁéﬂ ”"ﬂﬂ?f‘?'\ éflq‘e\ﬁ"fpfﬁ 'é"gﬂﬁ‘ﬂ?ﬂf"’"@amg’ﬁ 0., The two inputs

si ngl e. t enplortaer somparatot comerohiDRe Siapgesdd Ritielr @AlSIR1 ahdsBuffert] 1170 The érdertthat thiese t he
remai ning 7yfg Qﬁ%éenté&omﬂed%ﬁﬂarﬁﬂ%m&ﬁﬂﬁ @ttﬁé)ﬂdf'egé Gér%?éi’dr

Buffer 4 re wres t he fol ters, able
24. Regi st e}8ohiag ¢ whigh P’(‘ﬁ"’eﬁe&i‘g f“]sé'?m gne 1?@&%'(’@99 ‘N@?fbthgﬂg@““w&ﬂﬁlen 6
bits (3:3) jemeqdiseddoriihe pinfh@ad The Adsicpss Cerierator %@Ma@neazwermmmmdhé

05, (3 3) Mk R B Y U Bk 3 ks 30 %
AOR L1 8 ¢ st Pigh MSehgn o ap iippet B i aeriss to s i %éeq"mﬁ"a(ﬂw?w&d for
t he 6 buf f ein Section 3128§), theoetornatiing iscaclyéned by de mmpﬁﬂsadammgbéﬁhmmommes

(remenber 1 {aafer hﬁﬁvfarnagﬁdum@hatﬁ.ew% 126usB$ thée BdrledfdokupBroithel ditRer'ed 21 1o FOT
exanple, if t“t_}& g en output dots of a color are separated by a
di stance of™ 8? g&ﬁ'& A % of one color are separated from 20 the

I f th
B rot Line col umieiafistind Bag e ' Sard 'l bedbrmlf vy Sl 455, Hydier 3% Yo ok
gener at ed, RIS apF geperated in thesigpacterder farj e PFMW&M”W"&D""PT A2 bl 5'I'°se" 0
conponent , hatiirddkies évenly iritd 8001 Canbequértly a\giRertgosititif fHeldiithr EsNd@dT opé Segmeht will bies | n

the vertd cape .23 WRiha SO Woef o o] RS losy B ant -
val ues wl| e < ﬁﬁq/vns conc?ngﬁr?e c8r°5 eﬁdd E ﬁ%ﬁ‘ tdL
5:4 +1 =10 .Sec"g" #éd hegame Pa?"@" drhsdithensal ¢ap be P?ﬁ?é%’.d'ﬁﬁfa'mcgmz gue tphe fost bat
I nst al Set UdliffepemtiiinEeare beind generateihéttresahetmé faesath dittefcalors.|Tha eddreghgbethedithér 1 st
Li ne Secondggisiferefore quite simple. We start at a particular row in the Staggered Dither cell (e.g. row 0). The
first dither cell entry used is Entry 0. We use that entry 24 times (24 cycles) to generate the 3 colors for
all 8 segments, and then advance to Entry 1 of row 0. After Entry 49, we revert back to Entry 0. This
continues for all 19,200 cycles in order to generate all 19,200 dots. The Halftone Unit then stops and
15 waits for the AdvanceLine pulse which causes the address generator to advance to the next row in the

dither cell.

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

20 a given position, we number the pixels in a given row 0, 1, 2 etc.

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

In order to halftone 19,200 contone pixels, 19,200 contone pixels must be read in. The
25  Address Generator Unit 122 perfarms this task, generating the addresses into Buffer 4 117, effectively



me Cal cul ation Value Buff Value Buff 5 CyanEven Initial Position 0:0 O
1 0 CyanQdd CyanEven+0:1 0:1 0 0:2 0 MagentaEven CyanCQdd+1:3 (8) 1:4 1
0 2 Maogbly Magent aEven+0: 1 2:0 2 2:1 2 Yel.l owEvesprib@esicasdd+1: 3

(8) 3:3 3 3:43 Yellowddd Yell oweven+0:1 3:4 3 4:0 4 The 6 buffer line

regi sters then, determ ne which of the buffer lines is to be read for a
given 10 color's odd or even pixels. To determ ne which of the 1280 nedi um
res pixels are read fromthe specific I|ine of Buffer 4, we use 3 Pixel
Address counters, one for each color, agg.a single tenporary counter (P

ADR) which,is used to,.index |nt ch,segnent .. Fach s t ar at ed
from t ne. ndtespiahe Upieiai Vo, ¢ 8 TERap Ay {eab Bl 4 8 S e

Si nce 800 icamplicatedsthasi the addrass gapetationdor thecditbaricoll, pudoet oMerly se-ne | nt eger porti on
of the 3 Pixel Address counters. W generate the 8 addresses for the even
cyan pixels, thdhe fdress Generatosiorreading Bufferd enhebeoing gage: the firstiew of Bufier 4 hashe 8
addr esses  fo@én viritten. THERMERING AWs oMBufibri e 0o thel@ill Sfetlively®e whiknepHitea o).
magenta, and yellow pixels. This process of two sets of 24 bits - 24 even
15 then 24 odd, ieachx# et staclivé Oidiput iinue aas d'vegisanwithebintégesard flaltendPicorsgondddr ess

counterg ( %% . A.C Fe kel =Tof Eééﬁ;
5l'i ne a?va)r}'g%s', %g%%x?fq%{%gtééﬁ %ga F‘gsﬁ%é\?v ];°§e5”g‘!r’{ e r“gg!cﬁk?g?o 3 p atelxlng
(by the Cortpiatetrolplg the\solgs for that particules pler's odd jand even pixelss 3 aixel cpyntets arepseditor o myy
Tabl e 26. Ashihtabcthe Grentipasiiioniwithin segreaid), agl Birgedempbraiylchuaters® BBR(pikehaddeass)
Comment PIﬁg&?o@ﬁ&%&eﬁgﬂﬁﬁﬁe&%&?en pi xel in Cyan_P ADR Cyan

and a

segnent O vance to next an P ADR +=1 pixel for cyan 20 (nods) |
CyanEven: P ADR P \dRmbrythdh, Afdkad géhelallonTstI6TRIAG Blfrer § Yedlides 12 fSRYming-¢Gidters, 40R P
ADR +=160 A vanci q,,segnent 2 (cyan) 3 CyanEven: P ADR P ADR +=160 Advance
to segnent S3CS ??je 2 CyanEven: P ADR P ADR +=160 Advance to segnent 4

(cyan) 5 CyanEven: HMPR%%T&@%AWS&: Bufiggnent 5 (cyan) 6

Na
0:
2:

CyanEveW®:. P ADR ven: P ADR P
ADR += 160 AdvpncRBegisteskaent | 7 (cyan) 25 Weize1l/ 20548 PCT/ AUPO/ 01074 -56
Tabl e 26. Addr e8yanE@RET al 1 ON | @bitd @801 Ng Bul 1 er 4 # AddresSs Cal cul ati on
‘Comment CyanOdd 6 bits (3:3)
MagentaEven 6 bits (3:3)
MagentaOdd 6 bits (3:3)
YellowEven 6 bits (3:3)
YellowOdd 6 bits (3:3)
15 Cyan_P_ADR 14 bits (11:3
" " | Magenta_P_ADR 14 bits (11:3
Yellow_P_ADR 14 bits (11:3
P_ADR 11 bits (only holds integer portion of X_P_ADR)

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

{remember that the fractional component is effectively a divide by 5). For example, if the odd and even
output dots of a color are separated by a distance of 1 dot, and nozzles of one color are separated from

20 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

25



8 CyanEven: P ADR P ADR = Generate address for even pixel in Mgenta P ADR
Magent a segnent O and advance to Magenta_P ADR +=1 next pixel for nagenta
(nmod5) 9 Npgeipeadsven: P ADR P ADR +=160 Advance to segnmepbrhubdeanta) 5

10 Magent aEven: P ADR P ADR +=160 Advance to segnent 2 (nagenta) 11

Magent aEven: P ADR P ADR += 160 Advance to segnment 3 (rmagenta) 12

Magent aEven: P ADR P ADR += 160 Advance to segnent 4 (magenta) 13

Magent aEven: P ADR P ADR += 160 Advance to segnent 5 (nagenta) 14

Magent aEven: P ADR P ADR +=160 Advance tog$egnment 6 (nmagenta) 15

Vagent aEven e e et akRyl PRI sheo iy SR ink HIRER Tl 38 P et

Yel | ow segrmﬂfﬂ@samlthaﬂ\ﬁmuﬁtbgffﬂm 10 Yellow P ADR +=1 pi xel for yellow
(mod 5) 17 Yel |l gwkven: P. ADR P ADR _+=160 Advan t o _segnent ellow 18
Vel | owkven: HeBS-BXAPple Vi3 dons Apd Socona e Vg ek for o S Ruftechipe Rogihors

Yel | owEven: P_JADR P ADR +=160 Advance tpp sege [“3 (lvel 'él\@@ndﬁ:ﬂ» Yelll owEven: P
ADR P ADR += |160 Advancg to segnment 4 fjyell oy 21 l¥el "'owEyen: P ADR P ADR
+=160 Advancqg t o Nsegnent] 5 (Catculation wiBuffh: P ¥k P ADRmr- 160
Advance §o sqqryartve® (Y9 .a.mosﬁgnzsf Ye : Po:ADR|+= @60 [Advance
to segnent 7 (Qyéll‘d)daW) 24 clahd " tpat e [adggesy for even

ixel In LK PP Y&t ce—to-rexs: Spah—1—APR +=1

pi xel for oyapegiomer ILARHISEL T AR TR0 I Loy o
(cyan) etc. #ﬁgeﬁﬁg‘ﬁdnrm t?ﬁ"e'?ﬁgr?pr i 1] r 27117 adfiregses is
shown here. (Even i i| MagentpQdgr 138 sl| a 3eqlentd al|l se¥4of st ebs. [Tabl e 26
shows a bett drvetiwddof t|veliguver+D¢l naff urdat of| t e dper40i ofs 40 dluring the
address generation. % Calculate starf positrons CyankEven = 0:0 CyanQdd =
CyanEven + 0:1 Nogdtufiérliseregistels denditermide Which\dk (he buteDilebs i5 ti/be bl lw gident 0: 1
color's odd or even pixels. To determine which of the 1280 medium res pixels are read from the specific

10 line of Buffer 4, we use 3 Pixel Address counters, one for each color, and a single temporary counter
(P_ADR) which is used to index into each segment. Each segment is separated from the next by 800
dots. In medium res pixels this distance is 160, Since 800 is divisible exactly by 5, we only need use the
integer portion of the 3 Pixel Address counters. We generate the 8 addresses for the even cyan pixels,
then the 8 addresses for the even magenta, and finally the 8 addresses for the even yellow. We then do
the same for the add cyan, magenta, and yellow pixels. This process of two sets of 24 bits - 24 even
then 24 odd, is performed 400 times. We can then reset the Pixel Address counters (X_P_ADR) to 0

15 and advance the 6 buffer line registers. Every 5 line advances, the next buffer line is now free and
ready for updating (by the Convert to CMY process). Table 26 lists the steps in a simple form.

Table 26. Address Generation for Reading Buffer 4
# Address Calculation Comment

- P_ADR = Generate address for even pixe! in
Cyan_P_ADR Cyan segment 0 and advance to next
Cyan_P_ADR += 1 pixel for cyan

. 20 (mod5)

1 CyanEven:P_ADR P_ADR += 160 Advance to segment 1 (cyan)

2 CyanEven:P_ADR P_ADR += 160 Advance to segment 2 (cyan)

3 CyanEven:P_ADR P_ADR += 160 | Advance to segment 3 (cyan)

4 CyanEven:P_ADR P_ADR += 160 Advance to segment 4 (cyan)

5 CyanEven:P_ADR P_ADR += 160 Advance to segment 5 (cyan)

6 CyanEven:P_ADR P_ADR += 160 Advance to segment 6 (cyan)

7 CyanEven:P_ADR P_ADR += 160 Advance to segment 7 (cyan)

25



Yel | owEven

PCT/ AUCO 01074

Magent a - Ryfldagmad
pi xels for the first set of 24 bits

ADR Cyan P

P ADR += 160 EndDo P ADR = I nteger

Adr += 0:1

+= 160 BndDo P ADR =

Yel | owEven + 0:1 WO 01/ 20548
-57 Do Ntines (depends on print size) Cyan P ADR =0
Yellow -P ADR = 0 Do 400 tinmes % gemenidnide even

5 P ADR . Integer portion of Cyan -P
ADR += 0:1 Do 8 tinmes ReadBuffer4(line=CyanEven, pixel=P ADR)
portion of Magenta P ADR Magenta -P
10 Do 8 times ReadBuffer4(line=MagentaEven, pixel=P ADR) P ADR
| nt eger portlon ofsgYel | ow -P ADR Yellow P Adr += 0:1

= MagentaQdd + 1:3 25 Yell owQdd =

(I)I)o 8 tines ReadBuffe.;.aZLg éd??ddr§ Q r\éﬁ&?fophé% =P 15 P ADR_+_ 160 EndDo
% gener at e t-he Qr M\—u&gq
portion of |{Cyan| P ADRd@séBQ P A[}R +=CAleifatioR0 8 i MBS Comment
ReadBuf f er 4t “C*é\‘%ébWADﬁ' X - ADRS nera en bix =
I nteger porntion gema agenta_P_ADR Magenta segment 0 and advance to
Magenta_P_ADR +=1 | next pixel for magenta
(mod5)
9 MagentaEven:P_ADR P_ADR += 160 Advance to segment 1 (magenta)
5 10 MagentaEven:P_ADR | P_ADR += 160 Advance to segment 2 (magenta)
11 MagentaEven:P_ADR P_ADR += 160 Advance to segment 3 (magenta)
12 MagentaEven:P_ADR P_ADR += 160 Advance to segment 4 (magenta)
13 MagentaEven:P_ADR P_ADR += 160 Advance to segment 5 (magenta)
14 MagentaEven:P_ADR P_ADR += 160 Advance o 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 pixel in
 Yellow_P_ADR Yellow segment 0 and advance to next
10 Yeliow_P_ADR += 1 pixel for yellow
_ {mod 5)
17 YeliowEven:P_ADR P_ADR += 160 Advance to segment 1 {yeliow)
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)
15 23 YellowEven:P_ADR P_ADR += 160 Advance to segment 7 (yellow)
24 YellowEven:P_ADR P_ADR = Generate address for even pixel in
Cyan_P_ADR Cyan segment 0 and advance to next
Cyan_P_ADR += 1 pixel for cyan
(mod5)
25 CyanOdd:P_ADR P_ADR += 160 Advance to segment 1 (cyan)
etc.
The pseudocode for generating the Buffer 4 117 addresses is shown here. Note that it is
listed as a sequential set of steps. Table 26 shows a better view of the parallel nature of the operations
20

25

during the address generation.

% Calculate start positions

CyanEven = 0:0
Cyanodad =

CyanEven + 0:1

MagentaBEven = CyanOdd + 1:3

MagentaOdd = MagentaBven + 0:1

YellowEven =
YellowOdd =

MagentaQdd + 1:3
YellowEven + 0:1




Magenta P Adr += 0:1 Do 8 tinmes ReadBuffer4(line=MagentaCdd, pixel =P ADR)

P ADR += 160 EndDo 25 P ADR = Integer portion of Yellow P ADR Yellow P
Adr += 0: 1‘2,23;‘"5},5 01/ 20548 PCT/ AUOCO 01074 -58- Do 8 tpchRAY0/01074
ReadBuf f er 4( 11 ne=Yel | on0dd, pixel-P ADR) P ADR += 160 EndDo % Now can
advance to next "line" 5 CyanEven += 0:1 CyanQdd += 0:1 MagentaEven +=
0:1 Magentaodd += 0:1 YellowEven += 0:1 YellowOdd += 0:1 EndDo EndDo
10 10.2.5 Buffer 3 116 Buffer 3 is a straightforward set of 8-bit R G B
val ues. These RG@B val ues are the sharpeged nediumres (1280-res) pixels
generated by the Shar,‘;‘:‘)en dgr ogess 65 sz;mq read by the Convert to CW
process 66. It i8 Not™telBRES " P56 bl e buffer Buffer 3 116. This is
because the read (©¥APe™R 18 CWY) 15 process 66 only requires the RGB

val ues for the firsdged8 _rcyorl €9, wWhile the wite (Sharpen) process 65 takes
49 cycl es before being #@ady o¢ 0 actual ly update the RGB val ues. 10.2.6
Convert to CMY 66 {hg Egggersion fromR@& to CMY is perforned in the nedium
resol uti on space ( % -res3 as descrj bed infSecti n 32425%. The conversion
process 66must produt 8EREeBRCEHP BT &F B fefs ?eguﬁ;f er 4} 117 at a rate

20 fast genough to kewpoRip Infeghr PARELBIMEBEBRIFGIEL e- Hal f t one- Ref or mat process
113. Since each contGRAR p ADR += 0:1

Do 8 times
ReadBuffer4 (line=CyanEven, pixel=P_ADR)
P _ADR += 160
EndDo
P_ADR = Integer portion of Magenta F_ADR
Magenta_P__Adr-+= 0:1
10 Do 8 times
ReadBuffer4 (line=MagentaEven, pixel=P_ADR)
P_ADR += 160
EndDo
P_ADR = Integer portion of Yellow P_ADR
Yellow P Adr += 0:1
Do 8 times
ReadBufferq (1ine=¥ellow3§en, pixel=P_ADR)
15 P_ADR += 160
EndDo

% generate the odd pixels for the first set of 24 bits
P_ADR = Integer portion of Cyan_P_ADR
Cyan_P_ADR += 0:1
Do 8 times
ReadBuffer4 (line=Cyan0dd, pixel=P_ADR)
20 P_ADR += 160
EndDo
P_ADR = Integer portion of Magenta_P_ADR
Magenta_P_Adr += 0:1
Do 8 times
ReadBuffer4 (linesMagentaodd, pixel=P_ADR)
P_ADR += 160
EndDo
25 P_ADR = Integer portion of Yellow P_ADR
Yellow_P_Adr += 0:l



value Is used for 25 cycles (5 tinmes In each of the x and y di nensions),

t he conversion process can take up to 25 cycles. This totals 75 cycles for
all 3 col ogoeesrenents. The process as described here ondgiAwaviones 14

cycl es per color conponent, with the input RGB values actually freed after
39 cycles. If the process is inplenented with |logic that requires access
to the input RGB values for nore than 49 cycles, then Buffer 3 116 w ||
requi re doubl e-buffering, since they are updated by the Sharpeni ng process
65 after this tine. 25 WD 01/20548 PCT/.4800101074 -59 The conversion is
perforned as tri-linear t;mrégerpol ation. Three 17 x 17 x 17 | ookup tables are
used for the conversion process: RG to Cyan 90, RG3 to Magenta 91, and RGB
to Yellow 92. HoweverRea@pffert (hirengilovads, RHrles ) perform each tri-Iinear
interpolation, there imaAwo+=ne8dd for a fast tri- linear Interpolation unit.
Instead, 8 calls to gabd near Interpol ation process 130 Is nore than
adequate. Address generation for indexing into the | ookup tables Is
straightforward. W use the 4 nost signjficant bits of each 8-bit col or
conmponent for addr es "Pef® ¥YT6R P4KE t @4 | east significant bits of each
8-bit cgl or conponentyf&yen e pol ati ng bet ween val ues retrieved fromthe
conversion tabl es. Tiyenodaddroessing into the | ookup table requires an adder
due to the fact thatulhgadveoklip.1 abl e has dinensions of 17 rather than 16.
Fortunately, nultiplying a.4-0bj1 nunber X by 17 is an 8-bit number XX, and
therefore does not require an adder or nultiplier, and nmultiplying a 4 bit
nunber by 172 (289) Y&¥RAI +=Atghtly nore conplicated, requiring a single
add. Although the inf¥qyeddats 813 coul d be perforned faster, we use a single
adder to generate enbfo addresses and have a single cycle interpolation unit.
Consequently we gi@o.able to calculate the interpolation for generating a
single color conponent-from RGB in 14 cycles as shown in Table 27. The
processiOnust be repeated 3 tines in order to generate cyan, magenta, and
yel l ow. Faspels "Biiad1@r € possible, but not necessary. Table 27.
Trilinear Interpolation for color conversion Cycle Load Effective Fetch

Adj ust ADR regi stpafter Biadirdightanard sét dhBbit R, G 8/Bluds> Thesé\RBE vali¥siareitile/sharpéned

ADR=ADR+B 4 .P1 DR=ADR+1 5, P +1 ADR = + 16,6 .,Pl. RG+1B
AORCADRL T 3 o o2y i genpsBted By (i Shirpéyaibses A8rond ed by HleiConBIo BMY p s =
ADR + 1 P4 procgs 66 P2 by B 9 P2 R+t1 GB+1 ADR = ADR + 16 P5 = P3 to P4 by G

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

10.2.6 Convert to CMY 66

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

_ The conversion process 66must produce the contone buffer pixels (Buffer 4) 117 at a rate
20 fast enough to keep up with the Upinterpolate-Halftone-Reformat process 113. Since each contone
vaiue s used for 25 cycles (5 times in each of the x and y dimensions), the conversion process can take

up to 25 cycles. This totals 75 cycles for all 3 color components.

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

they are updated by the Sharpening process 65 after this time.
25



20 10 P1 R+1 Gt1 B ADR= ADR + 1 P3 = P1 to P2 by B 11 P2 R+1G+I B+1 12
P4=P1 to P2byB 13 P6=P3 to P4byG 14 V=P5toP6byR As shown in Table 27, a
singl e ADRwegi/msqr and adder can be used for address gepefausfiossnt O the
| ookup tables. 6 sets of 8-bit registers can be used to hold internediate
results - 2 registers hold 25 values |oaded fromthe | ookup tables, and 4
registers are used for the output fromthe Interpolation unit. Note t hat
the input to the linear interpolation unit is always a pair of 8-bit
registers P1/P2, P3/P4, and WO 01/20548.43CT/ AU00/ 01074 -60 P5/P6. This is

done dellberately the "
regi ster 131 hol dg %f,ﬁv‘iélgﬁg Tk ?{I | naﬁﬁtyp Q‘f Sﬁm?% 15“'??’1‘%&%"& e§§[ﬁt
can be writ¢sed fardhe mVQﬁHSYUmeF%it'@ﬁ tocven 86 RGP BRuMagentap1, and RGR)id YeYow 198. next
cycle. A bl Réwevél] shige wemave 25 BRIcCR DéRdrn ehéh tihAbalintopaIston GRereR o hkdd foP 8 Rasi th-

resul tant. oy AT aRR Soafis st ullBeloR sAENE 2 € it sl one
buf fer . The’ proc &d%[ﬁh?géngﬁ&nrf%dg%ﬂqlﬁbﬁgéo o8Te B lcRRH Wolleo HERFIRE ©

t he magent a pi xel g one pl X
1280- r esg c otidnifigent bits,ef eash 8-b P?l%[l@?mnﬁﬁ@’?@%\ﬂ)emﬁ'% fad 'ﬁFﬁ@aﬂls@"B‘E tﬁtt’fed
fromthe sosseh 8&Bcdidnparhponent tbr infegpolatiriybetwesad vajues retrisvedfioxethe éoave%éidhl’tﬂnhsl THeO t he

yel | ow 1280 d'&%§s @Qﬁ ox) %zijﬁftgb;d'r)equnrgﬁ a%&%i{ B?‘astﬁ tlgg%?lrhgtttﬁqubkaﬁftébl tdfn%gm%rg t he

cont one buf tral ress

acconpanyi nﬁ @d?tb?’%"e@t oyjupatsly.; raultiplyiog at‘bb'wui"tbﬁr X&y ééd’na'bf“b'f Rumben, ?%ea'E‘oI or
buffers. Thérerors0ed bt feliirel s 20ldr of mmﬂ.& riy hoitiplyfig b3 bittrdMbdYidg 7R (B8dh i dniC| ©

30, and YeII on ¢ O address Is increnmented by | every
75 cycl es (aqlv'yéf"°ra9I°¥m§i%at%‘15(r)erqg'"??aaosé"ggeag% witten). The line being witten

| Pnes et ng. v | ¢ (MR RUpBRER GYFHY peAUCRGE b SuPll hGE sedy b Snfile
writes (&5 3ddiesssp apd bavera single éY“éﬁﬁ'“eWP'ﬂ'P“t yoit- GCongeauently gyogre afledy calquipte the
Buf f er 211Snteipbiétion foP genaratirgya singlelealoraainiiunent froro RGBIre1 4 épces g shovial i Pebisl 27BN C €

process 11§Jroéé€§erﬁtfst reﬂéteﬁgmbﬁﬁ grdgf'??é'ﬁglgtelc{ 4N, $8dentaSarid GORW FalEr hétiodsad! VEN

pi xel coordinate. The output fromB 5 'goes toO the Sharpen process.

65, whi ch rRo§thle.Qungtnecessaly.cat of | uni nance val ues 135 centered on the

pi xel being shar pe”’?&mf“l)’iﬁl QLSRG | o34l8f Peni ng process 65,
hance—val-ues,

there i s nee as wel |

as the corregpoye 1g.oN£ \Effbetive Ectoh O Adjst ADR redjistérUI|i Nomeépopitecel | At t he
sane tine, t q nex | Spondl ng R&B|center
val ye %t o]: zfva{ i ort T Oy—T1e=1esS h_pAgﬂg tettmirance PTOTeSS 112. The
| ogi cal view g—ac e-s-s-es-t-e-BuLf-er-Ql AR ASR S RoW-

4 P1 RGB ADR=ADR + 1

5 P2 RGB+1 ADR=ADR+ 16

6 P1 RG+1B ADR=ADR +1 P3=P1toP2byB

7 P2 RG+1B+1 ADR = ADR + 271 .

8 P1 R+1GB ADR=ADR + 1 P4=P1toP2byB

9 P2 R+1GB+1 ADR = ADR + 16 P5=P3toP4by G

20 10 P1 R+1G+1B ADR=ADR +1 P3=P1toP2byB

1" P2 R+1G+1B+1

12 P4=Pi{toP2byB

13 P6=P3toP4by G

14 V=P5toP6byR

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

into the lookup tables. & sets of 8-bit registers can be used to hold intermediate results - 2 registers hold

25 values loaded from the lookup tables, and 4 registers are used for the output from the interpolation unit.
Note that the input to the linear interpolation unit is always a pair of 8-bit registers P1/P2, P3/P4, and



20 in Figure 49. The actual inplementation of Buffer 2 115 is sinply as a 4
X 6 (24 entry) 8-bit RAM with the addressing on read and wite providing

t he effect,ﬁ,ﬁ%lﬁ({gh{ti ng of values. A 2-bit col um. count erpcgtioBB1074
increnmented with wapping to provide a cyclical buffer, which effectively

I npl ements the equivalent of shifting the entire buffer's data by I colum
position. The fact that we don't require the fourth colum of RGB data is
not relevant, and nerely uses 3 bytes at the saving of not having to

i npl ement conplicated 25 shift and readigytite logic. In a given cycle, the

RAM can ei r he witten to or read from The read Lte Dpraocesses
have 75 cy%?%g'ﬁﬁ'%ﬂng H‘S'F?fat(%%ﬁé‘f%'eﬁ'ﬁtebﬁg& on °3'°§35’6%{}8' W%regnﬁtgr %ﬁ?‘fi *head.
WO 01/ 2054 &her83iY value Ol Celehlated GTihe Bt} result cBheryitten tPtibe Sintopiinteniodation in Buffer 4
perforns tReydhiymeigod.ask described in Section 3.2.6. Since the

shar pened RGB pi xels are stored into Buffer 3 116, the Sharpen Unit 65 nust

keep up w th the AGRieN @iadram bhdDbnvéH 10 CRIYrdebss 68leare eBibhiFRGreas.conpl et e RGB
pi xel nust be sharpened within 75 cycles. The sharpeni ng process |Invol ves a

hi ghpass filter @ksumirgahegrdvessis first rar 10 Béretate cyan)tHelresufiinBeyaib conhapigenid swrear ed

i n Buffer q?{j t ' t R%ﬁn%ﬁko . S

descri bgd i%ﬁo ﬁ‘%a e%fggevxsﬁ%ﬁtloﬁé g&ef%{ﬁgﬁlpg’p%ggs g’%g““péa%%' 5.g e ﬁ?gh@gtsg’

filter usedenestathgmagentapixph Jhis Magqnta coptonpspixelis gtored,indo the mipgent 128MreR epmiene  as

shown i n Fibgker.Finally, thé heliow cantonp pizd isfgehdrated fromn th@szene RGBRitbut) aed thd @swtaatlyeiow The

first cycl %ixlel‘??ﬁ&e&lﬂﬁtr[a‘”ygiﬁ@rﬁédlref@?ﬁoﬁ%ﬁ&ﬂgr).l‘lo with 8 tinmes the center pixel
S eft by

val ue (the center pixe Ifted bits). The next 8 cycles subtract
the L emai ni ngI 8 mﬁﬂgr&ab%&gﬁwmiﬁag folt&o%ngﬁe Q.iﬁeﬂ_(éufeﬁhﬁﬂﬁ%@rhipﬁfoﬂ{aﬂﬁﬁdulf e
can be acco i she an adder.. cle. i nyol v i plic on o
The resul t e 2 P abomaaving oo S B v Byt ta otk o o ik b s
179, but | gheCyandiufierds written teloncyvie Thetha Mogenta ancyelé 8@ madiYeligw gnéycipabcThie pixslone
scal e fct Qiidress il cleRbRbd BYTP Wy 75 cyclas ar@rales! cdists hivR tRen WritteR ) B unebeitas
(with a ceiling of 25'?3%; ﬂd weitten toﬁéuffq_ﬁp 3 'du”anf r({:%éjl.es 72 Ztg, and
74, Cal cul AFMSIEP Rere P Wit reRting opes ey BAPsTLine Bulbts, TRprieh el Hpesepil witkn. ' o
of the 75 d9ylskmplyftl-2-450d2-3 ¢te.. s thefwrites (RS1x1280 h3)belandeut with thBreafle (19200 The
structure gfs)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 15

| oaded Wit o8 7X Bhfferf2i96t L val ue during cycle 0 (of 75), and then the next
8 L values are subtracted from it. The result is not signed, since the

'tsutnt Iralct i %P hasoaaufré_ rQOﬁq{c;ﬂi‘tsi e éﬂdﬁtifﬂﬂ'\ mbfkeafﬁdb-wt' Sbleurfiriabics ﬁclm% 111t2,hﬁhér% abi Ej
ot a J | e a Scal e I,ac r C ! u unaer
ot v ¢ rpeias RaB s, bk oSferdtia B <ih il Bitifere, Hhe' B 118 Bhes, )
-TMP  140. @nthe Sharpenrseress 65 whichgequirgea B « 3 et of luminapgs Yajues 135sentared on the pixel
fracti on i dehngsiapehesl), so the limt fromthe nultiply unit is 255. If a

scale factor of 119 is used, the maxi mumvalue witten will be 226 (255 x
819). 20 The scalGendegadntly, during thelshdrpening pfocess 65,diere isinkdy forlaecdss Bithed # 3 amay

represent i Ngyhindnce VhGesY et B fie S6r@kfondi ?ﬁvéif%ﬁasfkﬁkﬁceﬂftéﬁ@%:nf&xém n%act

that different print formats arei\uetshe result of scall mage by a

[
different S$ame time, the next 3 luminance va and the corresponding RGB cerger value must be calt%lated

by the Resample-CreateLuminance process 112. The logical view of accesses to Buffer 2 115 is shown

20 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.

25



amount (and thus the 3x3 convolution wll produce correspondingly scal ed
results). The sharpened values for red, green, and blue are cal cul ated

during Cyclygodtheséeycl e 73, and Cycle 74, and witten topfzmuﬁm,@“ and B
regi sters of Buffer 3 116, one wite per cycle. The calculation perforned

in these 3 cycles Is sinply the addition of TMP to Buffer 2°’s R . G and B
corresponding to the <center pixel. 25 Address CGeneration Is
straightforward. Witing to Buffer 3 116 is sinply R G and B in cycles
72, 73, and 74 respectively. Reading frogBuffer 2 115 nmakes use of the
cycl I cal nawig oé Buffer2 The WO 01/2048 PCT/ AUCO 01074 -62 address
consi sts of '} coI umm conponent (representing which of the 4 colums

shoul d be read), e§g?h Fs égrl‘oﬁ-ﬁ’ﬁ &ggﬁagénegﬂﬁ iaggdés%nbe%!%rl ?&%?%52 6 %lncer%t(ﬁ

The col um nunber star S ncre |

every 75 cypenedfiRE Relsare ssredia B £ e Bhaspen S Snvet ke vaichetmarhc C
regi ster i StoldMy plodess 660wHichiMplied 8 Peniphits REH pikdh@ust BélstamenedAtithin@s Bjcles.on on C |I's
nodulo 4 (waps within 2 bits). Table 28. Read Access to Buffer 2 during
75 Cycl e set Cycthe shaifientrgprddesicivelvés a Righpassifiter 6+ Ctalgeher@ited tiiannel fréin the RGB C,

L3 C=C+15 4da¢a aAd' sto5ed91 B&f%r S-aﬁa“ lxddan'theﬁthed L gaacl infto th& ﬁeﬁ fg'npéngn@‘agdéscnb%d ft No

access 72 C regi ster
hol ds the CB‘PW "f'ﬂ}'ﬁﬁ@?‘m? 6? SFH’@ Pﬁ%s&5 E'?ﬁ'tqm’%fﬁ fitsh %eét's a 'Pffﬂ?é"ﬂ"mkf"ﬁg"smé
f et ch duri n3x3tchmvolntiontker@picdsashévnia Figate 5&har peni ng can only begi n when there
have been. sufficient L and RGB pixels witten to Buffer 2 (so that the
hi ghpass filter iEhehighipads fiteriiscaichialep over i eycles Thenfirsticyaidioads thertemporany fegistert i |

the Buffer &owmat.ﬁeﬁﬁ@&aﬁsp&w&m@m%ﬁ Msh&e@@hm) ftﬂan%x&wsfsaﬁtma 114

20 Bl 1 of |y 00l bl 4l Rt 96 B 6Vl 05 FRBARE Sl Sl
adder. Cycle 10 invoives the multiplication of the resuit by a constant 141. This constant is the

10 representation of 1/9, but is a register to allow the amount to altered by software by some scale factor.

The total amount is then added to the R, G, and B values (with a ceiling of 255) and wriften to
Buffer 3 during cycles 72, 73, and 74. Calculating/writing the sharpened RGB values during the last 3
cycles of the 75 cycle set removes the need for double buffering in Buffer 3,

The structure of the Sharpen unit can be seen in Figure 51.

The adder unit 142 connected to Buffer 2 115 Is a subtractor with a fioor 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.

15

During the 10th cycle (Cycle 9), the 11 bit total in TMP 140 is multiplied by a scale factor

(typically 1/9, but under software control so that the factor can be adjusted) and written back to TMP

. 140. Only 8 integer bits of the result are written to TMP (the fraction is truncated), so the limit from the

multiply unit is 255. If a scale factor of 1/9 is used, the maximum value written will be 226 (255 x 8/ 9).

The scale factor is 8 bits of fraction, with the high bit representing 1/8. The variable scale factor can

take account of the fact that different print formats are the resuilt of scaling the CFA image by a different
amount (and thus the 3x3 convolution will produce correspondingly scaled resuits).

20

The sharpened values for red, green, and biue are calculated during Cycle 72, Cycle 73, and
Cycle 74, and written to the R, G, and B registers of Buffer 3 116, one write per cycle. The calculation
performed in these 3 cycles Is simply the addition of TMP to Buffer 2’s R, G, and B corresponding to the
center pixel.

25 Address Generation is straightforward. Writing to Buffer 3 116 is simply R, G, and B in cycles
72, 73, and 74 respectively. Reading from Buffer 2 115 makes use of the ¢yclical nature of Buffer2. The
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nor e det ails see Section 10.2.10. Each sub-buffer
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ridking the fistdh dufirgrtise rexteCysleivalidi zed i n Tabl e 29, and consune | ess

Tabl e 29. Sub-Buffer

is

Conposition Bits

Sharpening can only begin when there have been . sufficient L and RGB pixels written to
Buffer 2 (so that the highpass filter is valid). The sharpen process must therefore stall unti! the Buffer 2
write process has advanced by 3 columns.

1028 Buffer1114

20

Buffer 1 holds the white-balanced and range-expanded pixels at the original capture spatial

resolution. Each pixel is stored with 10 bits of color resolution, compared fo the image RAM image

storage color resolution of 8 bits per pixel.

Buffer 1 is arranged as 3 separately addressable buffers - one for each color plane of red
145, green 146, and blue 147. A simple overview of the buffers is shown in Figure 52.

During the course of 75 cycles, 16 entries are read from each of the 3 buffers 3 times by the
Resampling process 112, and up fo 29 new values are written to the 3 buffers (the exact number

25

depends on the scale factor and the current sub-pixel position during resampling).



20 Red Buffer 6 rows x 6 sanples x 10-bits 360 Blue Buffer 6 rows x 6
sanples x 10-bits 360 G een Buffer 13 rows x 6 sanples x 10 bits 780 TOTAL
1500 10. 2.4@offas@Pl € and Create Lum nance Channel The Besammidoand Create
Lum nance Channel process 112 is responsible for generating the 25 RGB

pi xel value in mediumresol ution space by appropriate resanpling the

whi t e- bal anced and range- expanded R, G and B pl anar | mages, as descri bed
In Section 3.2.5 on page 28. In addition, the WD 01/20548 PCT/ AUOCO 01074
-64 lum nance values for the given RGB pgxel, as well as the |um nance

val ues for the pixel ove and bel ow t he pi xel st .be generated for
use in the |ater eap@gﬁi 'H‘('félﬁf’d'ﬂ & grougf), g0 t"T%ea'Ie?‘g%%'%f Wt'"ﬂrcg'ad’(?‘f”ﬁé’"?"f‘fé RGB
val ue and 3interfersiniowitis orieanqgtier. Gughgthe re@d progess, K pixels arg epad frem eqeh of  taws. ftheseale  of
tS h et m ni m?J) rrfaa¢a6£iis REr taraér(a.efweafref ﬁam@rual@pédafag&). WHe\ae Iﬁipff@ixeisf%ﬁ@ﬁé?) faEd ﬁﬁlﬁﬁfe
ection . 2.6.1) LTust effective r e al ues for 3 pjxe

coor di nat o5 He% a8 FIEFeT el Ban o PGS Exerhiae FougyB, et RABIESHY berhus
we have 75 teqditedsif wa ahiat lscafing vrascmbcht thetnigw pixelmmty penrequiredsidre theplegtspixebnd
their corregaRRHbN o (.¥ itk 95 cibitlchds).ng L val ues (and hence RGB val ues) to
save recglculation requires too nuch nenory, and In any case, we have
sufficient tine tpooiagar Bé ecddRctieth Talle!eand Betid &1, tve Wdrst 286 torisEifingR dhell M
res pixel sPasggtmgrg‘gmt be used since it holds sharpened CW pixels

(i nstead of Un Har pened RGB pixels). 10.2.10.1 Resanpling 10 The

resanpl i ng Pr oceshexgen peneshas A AyalugfosRassporiof 17425, dnjsatingthablocationsisambe eafi ch -
must be conpl et egingd Witine CEA Fixet bétRioks. Pbwever bath réwpafigreemsarpeso HoldsBveRf 75

I . Th f. ' ' b
a2 5 Bt ocesses pefapihuiye TR Alanp hay v saps &l S i o elsbleh, RiaCC"
cal cul ati on of G dugiea were ceselinitial pesitien). Maverpenti Y|indjcates the prayitemenkofipn additional
reism ut iégn Ei x;al SabripleCtolimh,amakih 6. Kikiy)lay additidhal §enipbs eolumings eqaifed Gdr whithgSThis
val ues n be fou [ ) : e ni n
three inmage r econ@ﬁsﬁg‘#ﬁ gfrﬁé?ﬁplf %’?‘%ro%}l%ﬁ&gﬁg%giﬂg%ﬂgﬁsﬁ&% ﬁ%ée.v‘%%é'{ewn k
the case of the Pt ofREB pisels orsash x pasien. themsxigummovenait iy Wi bs 4 e} 2553 nt s,
requiring 4 coef fk ¢5625). Movemehi D adiie bhosariplerow dmrerdard belbly. Ganseyuentlp adotal of 13 :
coefficient is al W@Fﬁre?eqﬁi% ﬁobﬂnﬁretdbﬁnssﬁg'ﬂéﬁo jNfp. IS not required).

t he ne

Consequent |y, cal culation of rTumresolution R pixel is achieved by
runni ng an Prrage Thededandibiugpleneshare 2 ¢ ¥gluefar Rageporkothtel2s. indicatine st dlecaens; he
medi um r esol ut i once t@i csthinddwithinl 1 savhplds.0An dddifidhiangmpilis reldBitkd foraaitnyswhile Gel ON
filter on the G data.. . i t ' ' B D S
chi oveqy by runni A d s B 1l ik Gles o Bl Bs 4EHAGE Bt Yt @ e 0
the kernels are si¢rPased to8 spmplesio giateh e gregp plang,(for $igsiup pyraosesi @ rows aregeauiredc o or
pl ane. R and B ar® chteriderimpvémenbie yiFoemera detailsasa®dctiabie.2t10. their sim | ar inmage -
characteristics, but the G plane, due to the rotation required for imge 20
reconstruction, nExh shawlferds itvpdldnmented tas ladRAMEWith deigedingi tg iiead oy @itevd singleof0-tiithe
process cansdapleREG cle. ThE sublbuffers are summarized in Table 29, and consume less than 200 bytes.

Table 29, Sub-Buffer Summary

Buffer Composition Bits

20 Red Buffer 6 rows x 6 samples x 10-bits 360
Blue Buffer 6 rows x 6 samples x 10-bits 360

Green Buffer 13 rows x 6 samples x 10 bits 780

TOTAL 1500

10.2.10 Resample 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

25



53. Address generation is not shown. The resanpling process can only begin
when there are enough pixels in Bufferl for the current pixel |ine being

generat ed. Ehr{%su Il be the case once 4 colums of data dgaysudbgfne Witten
each o‘? e color planes in Buffer 1 114, The Resanpl i ng process 112

rrust stall until that time. To calculate a given color plane's nmedium

resol ution pixel value, we have 25 cycles available. To apply the kernel
to the 4x4 sanple area, we apply the 1 D kernel (indexed by x) on each of
25 the 4 rows of 4 Input sarrpl es. W thgp. apply the | D kernel (indexed by

y) on the resultan s. The final resu h p

/Lol oa ks VRlyes o g et Ko ek, B B (e velp o e e aforg gme

01/ 20548 P@almmma@mmwa beGfeneratedifor use inliide lgtpeshemenieg RTeqses- at e t he 4

i nternedi ate values, and 4 cycles to generate the final £i xel value, for a
total of 20 cycl &he timg allkwedgupradicing thg REB; value And 3 kaaluesds 7> prige Giventhat kisch 10
bits (8:2) ,smib%el@;f]raﬁ of ih@ﬁflfflﬂ"lﬁ'h antf nfaximufh of RZG, %Bafor%{v&eﬁﬁl 1dhtiéh (ke Séﬁ:ttonb t

pr eci si on e u
only save %C#ﬁqfemqﬂo?' @%&P% E a?ga “539“ ﬁ%' IRgst?ﬂ:;rrghee iéﬁ(/‘@ﬁleg‘ogha%ﬁ' can
be used gwh@ixelebove@nd belgy. rfhuwvdmle 75xcygles ilrwhich toreglculgte thek megiumpes RSB aamm}'& s 8

bits. The Rfdhbir @fredpbfting@Samped.i Nng process is the Convolve Unit 150, as
shown in Figure 54. The process of resanpling then, involves 20 cycles, as

shown in Tabl e 3@ufféNag Evadies (antl henc&RGB vdlyesfio xa@de récaletlstion reglies Soimaich Memsrpput

from Buf f ery r see
el oy Tanr e benf e sbAERUGAD fortall '&/ggﬁmeﬁ%l W %&"'QE*FE‘E’P s
Store ResulPixelpput °f“'}Qf bg uspgfince it "P\"%\%ﬂa"’f"eﬂwvzp' xefsfinsteqd of i“s"?fP%éF RSB -piypls

X[3] Row 1, Bi el %4 X[4] Row 1, Pixel 4 TWP, VI 5 X[1] Row 2, Plxel
1 Tv 6 X 2P ﬂﬁl PG o TMP 7 X[3] Row 2, Pixel 3 TMP 15 8 X[4] Row 2,

T '3 b e o S Ml et e
Pi xel | TI\/F”TEP'%{ vg’hlnﬁé\ﬁyqps (for- 3 tetal maximym elapsed time of 75 cycles) The process of generatlng
a single RGB value can in furn 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 channe! of the image. In fthe case of the PCP, we
perform image reconstruction with 5 sample points, requiring 4 coefficients in the convolution kemel
(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

-~ achleved 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

20 reconstruction, must have a different kernel. The high level view of the process can be seen in Figure
63. Address generation is not shown.

The resampling process can only begin when there are enough pixels in Buffert 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
avallable. 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 kemel (indexed by y) on the resuitant 4 pixel
values. The final result is the output resampled pixel. Applying a single coefficient each cycle gives a

25



15 X[3] Row 4. Pixel 3 TMP 20 16 X[4] Row 4, Pixel 4 TMP, V4 17 Y[1] V1
TWP 18 Y[2] V2 TMP 19 Y[3] V3 IMP 20 Y[4] V4 TMP (for output) 10.2.10.2
Gener at i on v od20848AS described in Section 3.2.6.1, we nupeT/apevdiss 80 from
RGB to L for the subsequent 25 sharpening process. W consider the CE
1976 L*a*b* col or space, where L Is perceptually uniform To WD 01/ 20548
PCT/ AU0O0O/ 01074 -66 convert fromR@& to L (the | um nance channel) we
average the mninmumand maximumof R, G and B as follows: L = MNR, G
B) + MX(R G B) 2 The generation of.gsgiven pixel's R G and B val ues
is perforne I S

generation %*a'lﬁ@@y 'géoﬁémg&%'ﬂ*}é;?g@%eﬁa xg'l“%r %nsfj h‘%ﬁ&%% kes th ﬁn%[ %’%eg 1 e
of gener at forgytolRhof RBPHCleBi xel set 24 cycles, with | cycle to spare (since

t he process nust be conpleted wthin 25 c The value for L can thus
be safely witten gtmegqus 8 precision. sheqinngt ‘?”F?'st%ee%ﬂ?l"'Es;‘ﬁ‘?)ean%ﬁ'af"é’g@c'e"‘s are
generati on #zbideyekdeh a4ibilzer precisioh duringghest depisiof eath agplicatioroof the&erne (86} tueorily bi t s

Lo the’ adder™s 6l i 8 iR RORRIN N sciS e bftne offbesediieh Bty bl '
| ncor por gt e¥ ?Wa‘(‘?'l'@”b‘ﬂ@eﬁ or P38 bits3 1 Sel ection of Mn and Max based on 3
conpari sons 0 15 GB

oh1 1 BRO o X P@X"&a'&‘gd‘ed“aﬁ"’ﬁ‘%ﬁcﬁss Eé'i'e é°§'¥°3‘feéﬁ§,§ﬁ°lés hRwn '5&’5“’%5%e| y adds
t to t ly,
of et hmemzrrtjnmpu? S Pﬁ' “Phe 5% sa%r"e "?J "S'ﬁ}vc‘@%d%% %‘ésc soslhce \?\?esg nN%)@g@%g r‘}"\t/\,h?ll e

| nput 2 i s alsPixel 1 etc. refers to the input from Buffer 1 114, and is taken care of by the addressing mechanism

(see below).
Table 30. The 20 Cycle Resample

10 Cycle Kernel Apply Kernel to: Store Result in
1 X[1) Row 1, Pixel 1 TMP
2 X[2) Row 1, Pixel 2 TMP
3 X[3] Row 1, Pixel 3 TMP
4 X[4] Row 1, Pixel 4 TMP, V1
5 - X[1 Row 2, Pixel 1 T™P
] X2} Row 2, Pixel 2 T™MP
7 X[3] Row 2, Pixel 3 T™P

15 8 X[4] Row 2, Pixel 4 T™P, V2
9 X[1] Row 3, Pixel 1 T™P
10 X[2] Row 3, Pixel 2 T™MP
11 X3l Row 3, Pixel 3 TMP
12 X[4] Row 3, Pixel 4 TMP, V3
13 X[1] Row 4, Pixel 1 TMP
14 X[2] Row 4, Pixel 2 TMP
15 X[3] Row 4, Pixel 3 TMP

20 16 X[4] Row 4, Pixel 4 TMP, V4
17 Y[1] V1 TMP
18 Y[2] V2 TMP
19 Y[3] V3 T™MP
20 Y[4] V4 TMP (for output)

10.2.10.2 Generation of L. 8-

As described in Section 3.2.6.1, we must convert 80 from RGB to L for the subsequent
25 sharpening process. We consider the CIE 1976 L*a*b* color space, where L is perceptually uniform. To



choice of Gand B. The logic is a mnimzation of the appropriate bit
patterns from Table 31. 20 10.2.10.3 Address Generation for
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Since the add merely adds the minimum to the maximum vaiue, the order is unimportant.
Consequently, of the 2 inputs to the adder, Input1 can be a choice between R and G, while Inpul2 is a
choice of G and B. The logic is a minimization of the appropriate bit patterns from Table 31.

10.2.10.3 Address Generation for Buffer 2

25

The output from the Resampler is a single RGB pixel, and 3 luminance (L) pixels centered
verticalty 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,

cycles (i.e. after writing out L3).

L2, L3, R, G, or B. The column number starts at 0 each line, and increments (with wrapping) every 75



The address generation for kernel |ookup assunes a starting position set by
software, and 20 two deltas AX and AY with respect to novenent in Y in
kernel spaGggalngsgaddress generation logic is shown in pEgAbGIciEM NO
pseudocode: Col ummKernel Y = StartKernel Y ColumKernel X = StartKernel X Do
NLi nes tinmes (however many output lines there are to process) Kernel X =
Col umKer nel X Kernel Y = Col umxernelY 25 Do 1280 tinmes GeneratePixel WO
01/ 20548 PCT/ AU00/ 01074 - 68 Kernel X = Kernei X + DeltaY (nmovenent in Y)
Kernel Y - KernelY + DeltaX (novenent i n éﬁ- Generate Pixel Kerne].X =

Ker nel X + = KernelY + DeltaX (nmovenent in
Y) Generat e+3%xe1 wég%éern&fefétﬂn rIKemg X + Del taX (novenent in X) :

Kernel Y = Col umk J}ﬁ‘%?,% of GRlibeh y .:(?)@eraEI-ETs &h&ame'%&qgara@lam r0ﬁ§+l§0

Col umKernel Y + m)verren umKer ne
Del taY (novefe E'P?Qﬁ EadEFﬁ!l’Bb‘SAg'"?ﬁﬂm' Wih §4Ratr b%@&tfd%%éheﬁ'ﬁﬁfg'@?@mb%n of
3 pixels ocomnateﬂﬁé}@\etfranmal cémmemta'l the cunrenhkerribDspabecarg @seeirta indenin®o ftheci@alel

pi xel is 2 @t{lﬂi%l&ﬁl@aﬁr FOPhe ﬂ@&%&fﬂ%ﬁ%&&’é&bﬂ%& e kgrﬂél rvﬁ-ﬁi thhetvﬂﬁm

Gener at ePi xe e tas Gener at ePi xel
consi stigg ores he \%(%’d'B‘f‘eﬁ"E?f’cF'é‘ée the kel s SYnrefie: (e saree kﬁﬂehcaRQP H%“i")f” both X

(coefficlena®Y0, 1, 2, 3), followed by 4 cycles indexing the kernel via
Kernel Y (coefficients 0, 1, 2. 3), followed by 9 wait cycles. Note that all
val ues are posi tifas eaghdf he 4260 resampled valyes, Wehneed tooprasiieer 3/pixelst -dhef pixehin tabestion
updating of 161} i te phaR aoeaEMSaHd b\éia&vueﬁmam(epnsm&hah gerteme @euilfeeﬁﬁeu gkt i on

of Buffer 1 (R%% Sgﬁgvbnmn}llﬁat cer%er oW Hé’ne%‘?e %’xel?%d)éll\-{)d nera‘?sﬁ.e £ P gl

flags sinply °neica hot 't Tl ar GNEEY
ker nel wr apff@delowrit Hip sepend m'h‘@mnmd i3 Eé?ﬂa‘?lbsﬂ‘e opptasnixeh dv‘tta?ﬂ fstmetp thee r
above | or &ginavowandyshersts he nb 3 plxbls InthéherBolTputsoStidn. Wahis W ad sHows AlFigireO Ut

bits are_ al gé)wgg%mrgg. E@gg&to?(hmgo%%hgcel RangeExpansion Unit for use _

in detef®ini ng ative I npu om t he i mge.
Thus we have a current position in kernel space. As we advance to the next pixel in X or Y in
original input space, we add appropriate delta values to these kernel coordinates. Looking at Figure 56,
we see the two cases for rotated and unrotated input space.

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

15

We can now apply the AX and AY values to movement within the kernel. Consequently, when
we advance in X, we add AX to X and subtract AY from Y. In the unrotated case, this merely subtracts
0 from Y. Likewise, when we advance in Y, we add AY to X and AX to Y. We c¢an do this because
movement in X and Y differs by 90 degrees.

The address generation for kemnel lookup assumes a starting position set by software, and
20 wo deltas AX and AY with respect to movement in Y in kemnel space. The address géneration logic is
shown in the following pseudocode:

ColumnKernelY = StartKernelY
ColumnKernelX = StartKernelX
Do NlLines times (however many output lines there are to process)
KernelX = ColumnkernelX
KernelY = ColumnKernelY
25 Do 1280 times

GeneratePixel



10.2.10.5 Address Ceneration for Buffer 1 20 The Resanpler 112 reads from
Bufferl 114, which consists of 3 individually addressable buffers 145, 146
and 147 - QB8%1/h@ks €ach color plane. Each buffer can eit hgfylgeofag from or
witten to during each cycle. L = MN(R, G B) + MMX(R G B) 2 The
readi ng 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

i nvolves 16 reads fromBuffer | followed by 9 cycles with no access.
Buffer 1 is witten to during these 9 cygles. The 16 reads from Buffer 1
114 are effectively_ 4 sets r and coi.ncide with 4 groups of 4
reads to the kernel orslgac ““’4 geq 3’ e s 9})1/ 20548 PCT/ AU00/ 01074
-69 The address genefexpsidr KFaHLY Wﬁ?’ﬁ/é‘?"@j‘@ﬂ%f‘%t"? ng 16 addresses for

cal cul ating the firstengtaxelpixeff ol | owed by 9 wait cycles), generating 16
addresses for cal cul izhdig 4 R@n@RCOBA D XhvedehOhh @ned by 9 wait cycles),

and finally generati Q‘angllge leq_ng%drggﬁﬁ deUnehd1€n i rd pi xel (followed by 9

wait cycles). Each co E ane has 1ts own starting Buffed address
parameters. As the 3°®EfE°E'16 addresses are generated for each of the
1280 posi ti ons al ongXerhedX|4 Adumniermelfs+ PRraX dmyyeeset ddvnces 5 fromone |ine
of 1280 sanpl es to tkenalext colimi@erdndly €@ETLYY dikdvetint Snfnom t he Kernel Address
Generation Unit aggpysed to update these Buffer | address paraneters.
10.2.10.6 Green buffer 146 Addr ener 0 e, green sub-buffer 146
within Buffer 1 11475 Hore ’ﬁ % e oLt a‘%% a2 { ‘?“%“Ed"’g%’b buffer 145 and

bl ue sub-buffer 147°1P'8'1K’E“\RB‘ nﬁ““‘?‘i@é‘?&)’ﬁsf Del'f"’l’fe‘“‘@\‘eé'é‘ﬁ Th¥nnel represents a

checkerboard patEe®na in the CFA. Alternate |lines consist of odd or even

pi xel s only. To resampte the greem chammet—we Tost—effectively rotate the

chan- 10 nel by 45 degrees. there are twice as nany green pixels than red
or blue pixels. FAsSaMWsin fhg Prrydoreds, the opuessiion of 3 Rbtelsparus 280 fimess Atspciaterwithy e
amount ¥  tthergeneratibre bfceath ephet isl 2 aacﬁuoaarminmmeadpémn@emwm the cvaish opithec! i n

medi um res i |, & lid ffer
each tine. G%%%gtegix%g%%t%kh%gﬁ G%epen ’s‘elon 53002 gﬁDLo gf* %gseé Q%éé
the same cdfiedng thekerpeliviggexperdnfopeficlents Oy 12 Ehf°"‘MFF’fb¥f‘ w@eﬁjg@ains the keme! vig een
15 channel .xeddeky @oefieients 0pt, 21 &) ffelowedby® wall cyesr y RAM Wit h a | ogi cal
arrangenment of 13 rows, each <containing 6 entries. The relationship

bet ween RAM addr diste thata@ll valups ewel pogitiveiand factionsl anlyoTire twe cdfiy guts o The uptiating efnpl es
in Buf fer lneld@nd ¥ Rérfket %&es%ré%i'ﬁﬁi‘@ hﬂ%&r@s&%&ér&(aﬂ of Bufe e séféemm%t ly,

sanples in one addr esses sent odd
o Bven i 4E9ETT AR iR, A, RS IRG Wy Brleety Rtpienr o H*etpﬁé'aﬁpr%gf and
whet her or h&m?l wrépped digigethi mdtheraatioal pprration WWrbppir@@an bixeither@bover! onleeiow O mtshel S

|11 ust r at eqedull iskiviaysé Fosiate.

The two carry out bits are also sent to the Rotate/WhiteBalance/RangeExpansion Unit for
- use in determining the relative input lines from the image.

10.2.10.5 Address Generation for Buffer 1

The Resampler 112 reads from Buffer1 114, which consists of 3 individually addressable

20
buffers 145, 146 and 147 - one for each color plane, Each buffer can either be read from or written to
during each cycle. I = MIN(R, G, B) + MAX(R, G, B)
’ 2

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 kemel for each color plane.

25



Consequently, when we map a 4x4 sanpling area onto the buffer, there are
two possibilities 20 for the interpretation of the sanples. As a result
there are twooixggs of addressing, dependi ng on whet her pehRuadaneant | i ne
is represented by odd or even pixels. This nmeans that even rows with inmge
rotation O will have the sone addressing as odd rows wth inmage rotation 90
since they both hold odd 25 WO 01/20548 PCT/ AU00101074 .70 pixel s.

Li kewi se, the odd rows with imge rotation O will have the sane addressing
as even rows with image rotation 90 singe they both hold even pixels. The

d

Rorati on Gurrent Torai xeﬁéfg‘rﬁ bt engicing B LERELY ctapfiilfo kRASTHAT o
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degrees. The 45 degree rotation is necessary for effective resanpling, as
descri bed I n Sect Eanh cBlo2plne HusSits rawn Gtdrting Bulier1 addresstpatdneters/\@s thel ¥ seteofl18 o

generate a 5&&&%& Jreeaaﬂana!eﬁfm%h%@ §'196%rpo§|nﬁs am&@ﬁn M&g@ éa%a%&ﬁgga ni ng

thetwotypes of 4x4 sa I n OWS as own 1.n

the two gxAFenms PRg @%&nﬂ%&mgm v At o 0 s o Adops Gietier way
i n  which tUetatxdsedivpdaigthese Buigpriagdredspdrainatetshe pl anar i mage. Figure 60 -
illustrates the mapping of the Type 1 4x4 sanpling to the green

sub- buf f er . 1&H19/6 Greendyflerd4$ ows and ri ght-nost 4 colums are shown since

the 4x4 sanple area is contained wholly wi thin this area. The mappi ngie of

buf fer pixels to Adse genegien Pb'"etgffé“ﬂpp‘é‘ff?' 146 wishin Byffen A Jldd issmerg corppl
simlar. athen baredisab-atfarn4s andhik@soebulitr 142 or two riadireasbyge | and Type 2

addr essin f the nX"FQ(é RGEe

Pr ocessi ng gf Romg&?méﬁﬂaéﬁé?#’@gng ﬁaéhg%%ress ngml%smtg ﬁ#ﬁ Adind Joﬁé\%

spea( ng% as pr oce¥gioRgyen piggigonty. &saH'P hegresa channg; WW%@“BF%E’&%‘P%@"P‘OV\B 2
and Type 1 imseitynsdegress. (rel ati vely speaking) as processing rows | and

3 of Type 2, Ve Wik aflibe de/}Rg ore@f o eI i Bul BAd Resamb R raprs'o Adha P

B 171, as shown in I gure g posttion %ndow
(Wi ndowst ar t Adr) mRpre;sagPies in theysameamountef g nihernere-stl T@/f?@)P'es\fR?dd‘aSP“Q@FFerat e.
t he addresses f oredchpixel i nssdiinlrésSsphos, 5ot there isd higher Iikelibbdd of advaditing the(bufiér each

traversing the t%eg?hﬁese"ﬁ&"kié @memonmg&,e%%ggg the first sanple val ue

we add an offset 0 arrive at the next sanple position. The
of fset will depenﬁometme s&r}fp%or{cﬁit oBuslngOa asTé‘%ycn&f Eﬁfﬁi istsQJT}oP%JréHﬁ” h

ﬁg;? | |e| :ié tgmanne e grerésesgﬁguﬁtep is a enlrya&Ansl ::lI &:gsut:al Sarﬂg);emed? of Q}, rév?sf egcrl]\e

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 lllustrated in Figure 58.

Consequently, when we map a 4x4 sampling area onto the buffer, there are two possibilities

20 o the interpretation of the samples. As a result there are two types of addressing, depending on
whether the current line is represented by odd or even pixels. This means that even rows with image
rotation O will have the same addressing as odd rows with image rotation 80 since they both hold odd

25



(and must take account of the nunber of sanple columms). After generating
each row of 4 sanples, we swap between TypeA and TypeB. The logic for
gener at i Nowbh@dfr esses for a single set of 16 sanpl es pdGaclaMIsi N the
foll owi ng pseudocode. The addition nodulo 78 caters for the cyclical

buffer. 25 Adr - Wndowstart Adr TypeAB = WndowStart Type WD 01120548

PCT/ AU00101074 -71- Do 4 tines ForN - 0 to 4 Fetch Adr Adr = (Adr +

Tabl e[ TypeAB, NI ) nod 78 EndFor TypeAB = NOT TypeAB 5 EndDo The | ookup
table consists of 8 entries - 4 for TypggA 170 and 4 for Type B 171
address offset enerat i relative to the curre,
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Gener at i on imapmetatian AP ghidedkey both Oold gven pigels) The decisipn |5 sywmarzeginIable32.0 1 1 1 14
121 133715 At the end of the 16 reg the TypeAB bit will be the
same as the origjnal 3P4 3%-Deternining S3maiing W"ndowstarLTvoe) Reading a single

set of 16_sanpl es Iio?atl?:ﬂt emn“_,@ree set 3 ofphms sarpl eswggst e read

at.od 4D

(representing 3 gHHeren—pasSti+oRsS—A—Y- ttgt-ateg—t paeie). At the
end of the firstlanddsecdnd BEILNE; lﬁifa VDS AR Vp?t?r:s'flons are

updat ed py the kierneP addresQdddii®er dt or® The cBY8"y bilts fIREH tHis update
are used to set fhe 9 ndqw fRyenkibee next8 sei of Ede® sarpl eJypethe tjwo carry
bits Index into ja teabl e [condbaiumeng |an of f et @ad a - bi tryddag. |The of f set
is added to the WindowstartAdr, and the f1ag 1S 20 used 10 determ ne
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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.

10
Although the two 4x4 sampling types look similar, the difference comes from the way in

which the 4x4 mapping is represented in the planar image. Figure 60 illustrates the mapping of the
Type 1 4x4 sampling to the green sub-buffer. Only the top 7 rows and right-most 4 columns are shown
since the 4x4 sample area is contained wholly within this area.

The mapping of buffer pixels to sample rows for the Type 2 sampling process is very similar,
and can be seen in Figure 61.

15 In both Type 1 and Type 2 addressing of the 16 samples there are two ways of processing a

row. Pracessing of Rows 1 and 3 of Type 1 addressing is the same (relatively speaking) as processing
rows 2 and 3 of Type 2. Likewise, processing rows 2 and 4 of Type 1 is the same (relatively speaking)
as processing rows 1 and 3 of Type 2. We will call these row addressing methods Type A 170 and Type
B 171, as shown in Figure 62.

Given a starting position for the 4x4 window (Windowstartadr) and a starting type
(WindowStartType), we can generate the addresses for the 16 samples by means of an 8 entry table
(for traversing the two sets of 4 samples). When we read the first sample value we add an offset from
the table to arrive at the next sample position. The offset will depend on the type (A, B = 0, 1). The
offset from the fourth sample is the amount needed to arrive at the first sample point for the next line
(and must take account of the number of sample columns). After generating each row of 4 samples, we
swap between TypeA and TypeB. The logic for generating the addresses for a single set of 16 samples
is shown in the following pseudocede. The addition modulo 78 caters for the cyclical buffer.

20

25 Adr = WindowStartAdr
TypeAB = WindowStartType



Keneii X KernelY CarryQut CarryQut Offset™ Type 0 O O No change 0 1 1
Invert 1 0 14 Invert 25 1 1 2 No change WO 01/20548 PCT/ AU00101074 -72 At
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15 At the end of the 16 reads, the Typeas bit will be the same as the original value (loaded from

WindowStartType).
Reading a single set of 16.samples’is not enough. Three sets of 18 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 camry 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
20 used to determine whether or not to invert #indowstartType. The values for the table are shown in
Table 34.

Table 34. Updating WindowStartAdr and WindowStartType

KernelX KernelY
CarryOut CarryOut Offset Type

0 0 0 No change
1] 1 Invert

0 1
1 0 14 Invert
25
1 1 2 No change




entries in Buffer 1, placed there by the Rotate/WiteBal ance/ RangeExpansi on
Unit. This wll occur 128 <cycles after the start of each new line (see
Section 10w8.0339s48 10. 2. 10. 7 Red and Bl ue buffers Buffer Bc¢tsunediosaib- buf f er
145 and bl ue sub-buffer 147 are sinply 2 RAMs accessed as cycli cal

buffers. Each buffer is 30 bytes, but has a | ogical arrangenment of 6 rows,
each containing 6 25 entries. The relationship between RAM address and

| ogi cal position is shown in Figure 63. WD 01/20548 PCT/ AU00/ 01074 -73 For
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green, and GoRaddanlAlo e baRraRPhE itk 3 bds driElschibitsD! ue, 11 s apparent
that there 1s no requirenent for Type, since both the red and the bl ue
15 channel s do not nwb@uhﬁﬂﬁ@TﬁSﬁiMSaﬂEg:psmwﬁo that we can safely

i gnore the Type v Tabte 33, shgwn I n Table

36, has two sets df Offs% ;/al ueg for
. 16- Sanpl e Address 016 02
6200% 13 10 6 No change

Invert

invert

No change

After processing the 1280 sets of 3 sets of 16 samples, the next line of 1280 begins.

However the address. of the first sample for position 0 within the next line must be determined. Since

‘the samples are always loaded into the correct places in Buffer 1, we can always start from exactly the

. 16 same position in Buffer1 (i.e. Topstartadr can be ipaded from a constant Positionoadr). However,

we must worry about which type we are dealing with, since the type depends on how much we

advanced. Consequently we have an initial Position0Type which must be updated depending on the

carry out fiags from the kernel address generator..Since we are moving in unrotated Y input space, the

logic used is the same as for updating windowstartType, except that it is performed on

Position0Type instead. The new value for Position0Type is copied into TopStartType, and
WindowStartAdr to begin sampling of the first position of the new line.

20 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).

10.2.10.7 Red 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
25 entries. The relationship between RAM address and logical position is shown in Figure 63.



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
bet ween nowyERgkasks) kernel space and novenment In the 25ppRghompace. There
is also no rotation. As we nove in Y, the AY of 0 is added to xernei x (see
kernel address generation in Section 10.2.10.4 on page 69). As a result,
the carry out fromxerneix will never WO 01120548 PCT/ AU00O/ 01074 -74 be
set. Looking at Table 34, the only possible occurrences are

Ker nel x/ Kerne: LY val ues of 00 or 01. In_¢4he case of 00, the green solution
I's no change to either WnpdowstartAdr o / ndowst ar t Type 0 this i
correct for red aR® 'BFG%IX E'P%Y)Ee Frﬁt ﬁn?“@!ﬁg g?re@ ,a“?/\é'wﬁntpe ?°8 Jéﬁ(f"‘fmf i'he

W ndowSt ar t Agimainingrieb elyning of samples andual ecog¥sadibyi®: madinpygigorithMijatthigsiegsn val ues can
therefore be safely used for red and blue. The worst case |Is advancenent
by | in address bdberddieppaenerptionfir thesrfirstAG samples issimply statingpesition (inibis case 0k hown

in Figure iowdd bphe st oaRAitie mbdufd J6/ds/sHovina theolicWingpaélab&ae: Topsart Adr and
Topstart Type nust be updated. Since we are noving in X (and adding AY=O to

Kernel Y), the car%mwmm edl bl ue

equi val egt of Tab ’35 %S Shown here in Table 37. Note that there is no
Type colum, sinc® 2F4%& is not inportant for Red or Blue. Table 37.

Updat i ng TopSt art Adre anthkefopSt art Type (Redl Bl ue) Kernel X Kernel Y 10
CarryQut Carryout O faRt- aorQ- O©Mp 39 1 1 0 6 1 1 The process of advancing
fromone line of 128Q sets of 3 pixels to the next is the same as for
green. The PositiongAdr will_be the sane for the first set of 16 sanples
for a given line 1&§R(=P?)D§i‘ffsoﬁ%DA(3ﬁ = 0 for red and blue), and Type is

irrel evant. Gener®fi®n of the next line cannot begin until there are enough
sanpl es In.BufferT. Red an Ue generation nust start a e sanme tinme as

green generation, so cannot begin until 128 cycles after the start of a new
e (48 Soct | onHaNR: gy adarestspertibn ecliiim WATREN Baih o henish Gane
Expansi on 1hén deésign etaddressing giechahising it ik pessiti b énrplyltheigteen addsessind schemeigdheRAM 11
:jnvol }/gsdt Bam:;mmt%arma%raga gt-nblv Elsesdiff&%ni ﬁltﬁ@lg&tﬁlbct@o_ll%saﬂﬂs_ é&f&@d&i@ﬁé&ﬁlé&i& ﬁ?jel 35 _
escri be ction 3.2 3 and, Section 3. . | S S roduce
for  Butf er | SPLEFerERE 1 Jesprmit iy FoctR M 3% nabad o pabfir mefibte, i B
means 20 t haatergdiiot by sinpid multiplexeyr oup of 75 cycles, this unit nust be able to

read, process, and store 6 red pixels, 6
Looking at the various address generation tables for green, and considering them as applied

to red and blue, it is apparent that there is no requirement for a Type, since both the red and the blue
- 16 channels do not need to be rotated 45 degrees. So that we can safely ignore the Type value, the
red/blue equivalent of Table 33, shown in Table 36, has two sets of identical 4 entries. :

Table 36, Offset Values for 16-Sample Address Generation (Red/Blue)

Offset
6
6
6
13
6
6
6
13

TypeAB
0

20

WDIN|=|O|W|N]=2]O

SRl 2O

As with green address generation, we move twice in Y before advancing to the next entry of

1280. For red and blue there Is no scaling between movement in kemel space and movement in the

25  input space. There is also no rotation. As we move in Y, the AY of 0 is added to Kexnelx (see kemel
address generation in Section 10.2.10.4 on page 69). As a result, the cammy out from xernelx will never



bl ue 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 fromygguaiea opriate plane In the inmage store, it mgaiatacoini te

bal anced and its value adjusted according to the range expansion
calculation defined in Section 3.2.4. The process sinply Involves a’'single
subtraction (floor 0), and a nultiply (255 ceiling), both against color
specific 25 constants. The structure of this unit is shown in Figure 66.
WO 01/ 20548 PCT/ AU00101074 -75 The redgzggreen and blue | ow thresholds 72,
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bits of integer as a
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result of tiae isthdtimppitant fot R& ceBluer e 8- bit Integer result is set to 19, and
the fractional part set to 0. 10 Apart fromthe subtraction unit 172 and
mul tiply unit 174, tTﬂb‘ﬁﬂLﬁmﬁwBﬂ’W’MﬂWﬁ?ﬂiﬁm"tﬁ?‘gs"'ﬂerfor med by the
Addr éss Generator 1745, W%SIQ 'S (;;ll el y[[the state fachine for the unit.
~The address generatlomdrﬁogpverneéi o A0 actgﬁgi,g- on|a given cycle, only
one acc®ss can be nggE to the | gage RAM-TIjgamd—om = gi ven cycle, only one
access can be nmade tsb Bu-Her “14 —SF—t-he—+ cycles, 3 sets of
16 cycles are used florreading Lifer 1 Th age Is 3 sets of 25
‘cycles,.with 16 redds followed!®y 9 wait ¢ gives a total of 27
avai | abl e cycles for| 25 wites {6 red, 6 bl 6 gre_rfu) Thi s nmeans the
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coi ncide' with 13he precassoftadepchgfomudne lilesof REOaats bid pixbi 2o thd GexPis hit sdmetaidores s
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o ot | eadriF PR T or Sciaat DA dven o elevant Generaion 8 F e npgaRTet bt 75
cycl e peri outil thereeare epough 28amplesdn Buffestv Reed afx blued ganematiant musystart\itahe sdme timesssnpl er
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consequent |1$2r1qnﬁoaijmltéhﬁ£&ew% ExpaHsiohdffs these two cases into

account. \WWenever a val ue | oad rgﬁf rom | mageRAM 11, the adjusted val ue
is witten to th%@ﬂ&i%&ﬂ@ioﬁdlﬁﬁxﬁéﬂ 1 B Piclge RAR 16 0bNRs dls@ps of rotation,

white balance, and range expansion 111, as described by Section 3.2.3 and Section 3.2.4. The pixels

must be produced for Buffer1 fast enough for their use by the Resampling process 112. This means
20 ¢hat during a single group of 75 cycles, this unit must be able to read, process, and store 6 red pixels, 6

blue pixels, and 13 green pixels.

The optional rotation step is undertaken by reading pixels in the appropriate order. Once a
given pixel has been read from the appropriate plane in the image store, it must be white balanced and
its value adjusted according to the range expansion calculation defined in Section 3.2.4. The process
simply involves a single subtraction (floor 0), and a multiply (255 celling), both against color specific

25 constants. The structure of this unit is shown in Figure 66.



Address Generation for Bufferl therefore involves a single address counter
for each of the red, blue and green sub-buffers. The initial address for
RedAdr, al ugéd\gineaqad GreenAar is 0 at the start of each pppRubdiifRCHh case,
and after each wite to Bufferl, the address increnents by 1, with w apping
at 36 or 78, depending on whether the buffer being witten to is red,
green or blue. Not all colors are 25 witten each 75-cycle period. A colum
of green will typically require replenishing at twice the rate of red or
blue, for exanple. WO 01/20548 PCT/ AUOOL#1074 -76 The logic is shown in

Butferl ot Rodadr e Afen e ohl ou ool G2, rdder i 85 fod b ShP 8 Brole,
is Blue Wieeters{E3 que determiped by the GPU 1) aftepgnnerating fasistogranys;for @#@!‘rml@f planeryip tiss

El se |f them@géniétogrern%iié@eé&c@nwn Wite to Green Bufferl at G eenAdr
G eenAdr GeenAdr +i nod 78 Endif 10 10.2.11.2 Address Ceneration for

I magg (F;AM Each pl mnendhrybnbmmham curentpbe! eingtprubessed i?tmbafpelmms red, grednobradtbedy O
or egr | e or
ool U i 5 o1 RIS il ishll i ocsd Blirid *&Qg"@‘*%"ﬁa%ﬂ. HFand Bl i Wk
pi xel repl .f&aewf%wwfe"whgwmﬂ%mp'm-w 85 outside i nage bounds, as wel |l
o LRI W DD oW LBk B By ki R AR
fast as poetiebdnd hasr faifieor ot The 8-bit tesuit is pasgédoondto Gwesspediatized S8safplitipleunithwiighc| e.
Resanpl i N9 G@gpiéythe/s-BE Gdille by HeB-bitscal@tabt iﬂfﬂ‘df@a&@ﬁrhé Bn itspM S
col uxs 019 ‘ﬁfﬁhm é/zi (’al d:bg s: fo tamtﬁtgtb f % tc’;;?&dﬁ :y“{%t o;Eﬁ@B?”a
cycle for t ue t rl '
ropi i e, irBeefi s et 342 i gapn P i (7S S
| oaded fr onselinghef@egseif any bit trighenthre:bit Twowddhaye beﬂgsﬁfz 839 repult offhe multinhl thesntire)8-1 28

cycl es. Af titintédaerebultisdet A8, 26 b RactiodalvarntGBassi ng for the requirement to
| oad the next columm of sanples for each of the 3 colors occurs each 75

cyc: es, “ll/_lm'ot h t he Apapifromtiexsubtrasionuhie 572 28 daiiplg unii 17a, thé‘lﬁajorﬁﬁofwbﬂemsa?k is75
cycles. Fovigw ?:2% 'AHst?be Sitdr 918 much"YQ%Ffél:ﬁsLelly;tﬂee ﬂ%ég.h\ﬁ%ﬁg %l'feh.ﬁ-rt

set of 75 cycle or each col or
ol U of CHHENRSXETERIGHR $AveMeA BN oGTE SN FAViScEnY o accsss ca be made to e
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
15  the walt cycles of the Resampler 112.

10.2.11.1 Address Generation for Buffer1

Once the resampling process is running, we are only concerned with writing to Buffer1 during
the period when the Resampler 112 is not reading from it. Since the Resampler has 3 sets of 16 reads
each 75 cycle period, there are 27 cycles avallable for writing. When the resampler is not running, we
want to load up Buffer1 as fast as possible, which means a write to Buffer1 114 each cycle. Address
20 Generation for Buffert consequently runs off a state machine that takes these two cases into account.

Whenever a value Is loaded from ImageRAM 11, the adjusted value is written to the appropriate color in

_ Buffer1 one cycle later.

Address Generation for Buffer1 therefore involves a single address counter for each of the
red, blue and green sub-buffers. The initial address for Redadr, BlueAdr and Greenadr is 0 at the start
of each I_ine in each case, and after each write to Buffer1, the address increments by 1, with wrapping at
36 or 78, depending on whether the buffer being written to is red, green or blue. Not all colors are

25  written each 75-cycle period. A column of green will typically require replenishing at twice the rate of red
or blue, for example.



At the end of each 75 cycle period, the xernel xcarryout flag from each
color plane of the Kernel Address Generator in the Resanpler 112 is
checked t qudgi/sissd ne if the next colum of sanples shoylcd/ARonRAM-
Simlarly, an AdvanceLl ne pul se restarts the pr ocess on the follow ng |ine
if the xernelYCarryout flag is set. 25 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 also keep a coordinate
value to allow the WO 01/ 20. 548 PCT/ AUQ%01074 -77 generation of

out - of - bounds coqqdj nat e ed e |er replication, constant color,
and i mage wrap. q{)@!°g'6ﬁ§$°d@9"$ﬁ 58{, %ﬁge 180 as being within a
particul ar bOUﬂdH—Lh—G—@-F—L&LD—&GI—FQJ%Q—bG—E—&K@H—M@H—G@Ode nates are
out si de the acti ¥ethr eder Theridedisdkedat es can either be before the inmage,

I nside the image, wficaké @éa blrten®gReaadtoth In terns of lines and pixels.
This is shown in Figuse. sbhar 2l 1 Rotgh the space outside the active area has
been exagger at ed for clarity: Note that since we use (0, 0) as the start of
coordi nate gener5 ron, MaxPixel and MaxLine are also pixel and |ine
count s. gHowever, I%M‘ﬂ:@laﬂé?es%?egién@r“ati on is run fromkernel carry outs and
AdvanceLi ne pul seswxfimmatshe Miferl t Hlp@g@e out er bounds are not required.
Addr ess gener at i ONpfuekara sluki¥® Sh ek BscoNti nues until the Advanceline pul se
is received, andgmy invoI ve edge replication, constant colors for out of
bounds, or |mage I xel ping. If we have an address, Adr, of the current
sanpl e, and want*® (Sherrﬁ?}ér g"’f’l’fg e Banpl e, 10 either on the next |ine or
on the sane |ine, WFtige §'aﬁpﬁee'9§f“@6b|aﬁlsﬁm@1\/\n || change as expected, but the
way in which the adtesss -ciraages +depends on whet her we are wrappi ng around
the active imgegaand nust produce edge pixel replication when needed.
When there is-no—wapping of the image (i e all print forpmts except
Passpor®® 31), we performthe actions in Table 38 as we advance in |ine or
pi xel . To rioRate AddressiGyeerdtjordor iageBAM, the CPU 10 sinply swaps the ALl ne
and APi xel values. 15 Looking at Table 38, the only tine that AnR changes
1s by APi xel wherFafh pleteSeande read B, onaradl Mdoyﬁematiqne -viptetad by fcBclsdegiees (anti-By
fol I owi ng t&b@l&ﬁse? B llrSnsHéls@ﬁecM éé"nM—wQ@o%%Mnﬁl—wfsQ Feaed&sas%w paans.anlaéecmtl on.

O course, if . a

Chat val e PSS 2dha Db HicP o RE B! cPIYo: 1% SUSHE FRAGS hgin, o wel oo
appr opr i at dmagécirapping fop Such print formatsTas\R@sport 30548 PCT/ AUOCO' 01074 -78 . To al | ow

wr appi ng, we sinply conpare the previous sense (-,0,+) for Line and Pi xel
with t h% At the start of each print line we must read the ImageRAM 11 to load up Buffer1 114.as fast

as possible. This equates to a single access to a sample each cycle. Resampling can only occur once
§ 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 raund 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

20 Ssubsequent 75 cycles. However, the initial setting of whether to load during the first set of 75 cycles is
always 1 for each color. This enables the final 6th column of each color within Buffer 1 to be filled.

At the end of each 75 cycle period, the Kernelxcarryout flag from each color plane of the
Kemel Address Generator in the Resampler 112 is checked to determine if the next column of samples
should be read. Similarly, an AdvanceLine pulse restarts the process on the following line if the
Kernel¥Carryout flag is set.

Since each ‘read’ effectively becomes 6 or 13 reads to fill a column in Buffer1, we keep a
starting position in order to advance to the next ‘read’. We also keep a coordinate value to allow the

25



Tabl e 38. Actions to Perform when Advancing in Pixel or Line Linea Pixelb
Pi xel Change Line Change 0 Adr = Adr + APi xel 0 - Adr=Adr+AUne 0 0 Adr =
Adr + APi xelyokfisessg Adr +ALine 0 + Adr = Adr +ALine + Oplfaumniets + APi xel
+ + a. We conpare the current Line ordi nate wi th ActiveStartLine and

ActiveEndLine. |If Line < ActiveStartLine, we call the value " 10 If
ActiveStartUne 5 Line < ActiveEndUne. we call the value V. I|f ActiveEndUne
s Una, we call the value "+". b. W conpare the current Pixel ordinate with
ActiveStartPixel and ActiveEndPixel. |f7Ri xel < ActiveSt art Pi er we cal |

LD Va4 bl S5 Bt 4 o A RS Lol oL e

sense i s '-Wi@ use the advancenent as described in TabI e 38, but when t he

ordi nate beconmes out of bounds (i.e. nmoving fromO to +), we update the Aar
with a new val ue Weronsiggrdeapctive ipaggdfq 25 bejng within ﬁgaftﬁé'ak@é'ﬂﬂst% certaiyactipd dr ess
for the curbetken with cdordinites arduiGiaé the iéveCated. The tbordindtes TR bithePbe béTere ext

e once. sl HaiE o hdd“or 188 eRIMeDBACL UL orHEs SDR S g B 1

a change is | sense C

we have gon@" B'!i'g't'g" tmwa@mg@-de#w@ﬁ@e ?’ﬁﬁ@ﬂ?)bee'v@‘a%?ﬁ“’&é@ clagy: WI th the

Li neStart Adr and repl ace Pi xel éﬂ th Active- StartPi xel Li ne renni ns the
n

same. |f a chang¥ott thet since wgyse (00) a8 e startpf cancieate ganeralipaMaxPieh a9d Mexline
(1 ndi cat i ngareeist pixe agd lire qoords. Howvéver, sidegoaddiess generafiange jun fram kembltcaay dbuts and

Del t aCol u mAJvEu%hMﬁuls%@ ﬂ'orﬁ %l MF €5, eSS obdribBurlds lale\iRBledifea. Adurdss geﬁéréﬁ:'n §rTRi ns

t he sane. ess offset for ratin ress 20
e S CRpiFOBLERIeS ) B s op bisech el B et s oo

| oadi ng theooss,!antmlvrbbrowabsmﬂp,loe@a(;emxdhmamnmr 13, depending on color) is
shown in the follow ng pseudocode: |ine = FirstSanpl eLine pixel =

Firet San&l ePi xel If welpave apjaddressaddy| o Ay cument empieyand wantdg move)to themext sample,

ol dPi xelSengmerRintied fRRNHE cPbrthe Jamelinel Lt RFPRSLostdihite AHANHGE 85 éxpetted, but the

way in which the address changes depends on whether we are wrapping around the active image, and
- must praduce 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 ad\_rance in line or pixel. To rotate an image by 90 degrees, the
CPU 10 simply swaps the ALine and APixe! values.

15 Looking at Table 38, the only time that apr changes is by APixel when PixelSense is 0, and
by ALine when LineSense is 0. By following these simple rules aar will be valid for edge pixel
replication. Of course, if a constant color is desired for out of bounds coordinates, that value can be
selected in instead of the value stored at the appropriate address.

20

25



WO 01/ 20548 PCT/ AU0O0O/ 01074 -79 inActive = ((ol dLineSenae == InActive) AND
(ol dPi xel Sense == InActive)) If ((NOT inActive) AND UseConstant) Sanple =
Const ant Coygmprkse Sanple = Fetch(adr) Endif 5 |ine = domotoierd f
((LineSenae(line) __ "+") AND wapinmage) adr = adr - DeltaColum line =
ActivestartLine Elself ((LineSense(line) __ "0") AND ((ol dLi neSense "0"))
adr = adr + DeltaLine Endif EndDo 10 The setting for such variables as

Fi rst Sanpl eLi ne, Firstsanpl ePixel, and FirstsanpleAdr is in the address
generator section that responds to carrygout flags fromthe Kernel Address

Ge t | Ad S hi
oart of t heazdﬁ’?etosaﬁ%enév"f"n“@%ﬁmrg it arb il bHGp (B ol 1 BB ine' ' ©
Fi r st Sanpl ePi xel OTade erasxcianp&oqienaﬁn th‘n A&Vén&ﬂld’ mPBeNgaRdr =

Fi r st Li neSanpl Aet-reStprtAdtH-ess—cotit

( (Ker nel XCar r yQuiine*OR (m&nCFLI neppﬁail%hmgmel Y arrycm.acmgscount c 5)) Do
N Sanpl es for s —Tcqgtor—prang(see pbeuuocoag atove) Endi ot dRi xel Sense
= Pi xel Sense(H -ePeet——20—¢t eSerser—=

Li neSense(Fi rstSanplgline) |f ﬁﬂﬂvﬁﬁﬁb Wﬂg AND QV“QIVPQLL¥CUL}——COunt =0

FirstSagpleLing = FirlstSanpleline + i FiretSanplePixel = 0

0 - | Adr = Adr +AlLine
0 0 Adr = Adr + APixel Adr = Adr +ALine
0 + Adr = Adr +ALine
+ -

+ 0 Adr = Adr + APixel

+ +

a. We compare the current Line ordinate with ActuveSlarthe and ActiveEndLine.
If Line < ActiveStartlL.ine, we call the value *-
10 If ActiveStariLine < Line < ActiveEndLine, we call the value “0".
If ActiveEndLine < Line, we call the value “+°,
b. We compare the current Pixel ordinate with ActlveStartPixel and ActiveEndPixel.
"~ {f Pixel < ActiveStartPixel, we call the value “-
If ActiveStartPixel < Line < ActiveEndPixel, we  call the value *0".
If ActiveEndPixe} < Pixel, we call the value *+",
new sense. When the sense is “-” we use the advancement as described in Table 38, but when the
ordinate becomes out of bounds (j.e. moving fram 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
15 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 Active-
StartPixel. Line remains the same. '
. if a change is in Line, and the line sense changes from 0 to + (indicating we have gone past
the edge of the image), we subtract DeltaColumn from Adr and replace Line with ActiveStart-
Line. Pixel remains the same. DeltaColumn is the address offset for generating the address

20 of (Pixel, ActiveStartLine) from (Pixel, ActiveEndLine-1).

The logic for loading the set number of samples (either 6 or 13, depending on color) is shown
in the following pseudocode:

line = FirstSampleLine
pixel = FirstSamplePixel
adxr = FirstSampleAdr
Do N times (6 or 13)

25

oldPixelSense = PixelSense (pixel)

oldLineSense = LineSense (gLine)



I f ((Li neSense(FirstSanpl eLi ne) AND wrapl mage) FirstLineSanpl eAdr =
Start Address 25 FirstSanpl eLine = ActiveStartLine Elself

((Li neSens&¢drotimkssanpl eLine) =_ "0") AND (ol dLi neSense =pcr/Ruda)eidi® 01/ 20548
PCT/ AU00101074 -80 FiretLineSanpl eAdr - FirstLineSanpl eAdr + Deltaline
Endi f Firstsanpl eAdr = FirstLineSanpl eAdr Elself (Kernel XCarryout OR
(count < 5)) FirstsanplePixel = FirstSanplePixel + 1 count = count + 1 5
I f ((Pixel sense(FirstSanpl ePi xel) AND w apl nage) Firat Sanpl eAdr =

Fi rstLi neSanpl eAdr FirstSanpl ePi xel = Acgg.veStartPi xel Elself

((Pi xel Sense(First Pi == "0") Lal dRi o) I g

Fi rst Sanpl eAdr = F??égtgg%nbﬁg%élfmise EPEI %’aéyxgel'l('g %ﬁdfi’g leé%\]%%se 10 IE}F\C&B’S))

10. 2. 11. 3 Regi st er EutifHr PAIHEY AR B 3R Ber of regi sters that nust be set
before printing an i Sempde =TvagtaphCelorsummari zed here in Table 39.. To rotate
an i mage by 90 degree@s, sinply exchange the DeltaLi xe and DeltaPi xel

val ues, and provi de g, pew.DrlLALR)um value. Table 39. Registers Required
to be set by Caller ore Printing 15 Register Nanme Description |nmage
Access Paraneters \R?aIgi mage Tile inage reads to replicate i mage when out of
i mage boginds UseCdd¥tadi®e f 10, i mage edge replication or w apping occurs
on reads out of inagd(LipesengkSlinkf =4 *+21 BONgt™@mdgerol or |s returned. Red
ActiveSt art Addr essR T&e-addr-esscaebiuwed sanple (ActiveStartPi xel,

ActiveStartLine) in ;20 | fRQERAM, 1:qe
ElselIf ((LineSense(line) == *“0”) AND ((oldLineSense == “0¢))
adr = adr + DeltalLine
EndIf
EndDo

10
The setting for such variables as FirstSamplelLine, FirstSamplePixel, and
FirstSampleAdr is in the address generator section that responds to carry out flags from the Kernel
Address Generator, as well as Advancel.ine pulses from the MJl. The logic for this part of the address
generation is shown in the following pseudocode:

FirstSamplePixel = 0

15 FirstSampleLine = ©¢

FirstSampleAdr = FirstLineSampleAdr = ActiveStartAddress
count = 0
Do Forever
If ((KernelXCarryOut) OR (AdvanceLine AND KernelYCarryOut) OR (count < 5)}
Do N samples for this color plane (see pseudocode above)
Endif
oldPixelSense = PixelSense(FirstSamplePixel)
20 oldLineSense = LineSense (FirstSampleLine)
If (AdvanceLine AND KernelYCarryOut)
count = 0
FirstsampleLine = FirstSampleLine + 1
FirstSamplePixel = 0
1f ((LineSense(FirstSampleLine) == “+”) AND wraplmage)
FirstLineSampleAdr = StartAddress
FirstSampleLine = ActiveStartLine

25
Blself ((LineSense(FirstSampleLine) == “0”) AND (oldLineSense == “0~”))



ActiveStartLineR The first valid line for the image in red space (in
relation to line 0) ActiveEndLineR The first |line out of bounds for the

i mage in rgdopRRse ActiveStartPixel R The first valid pipeajado@irobdre i mage
in red space (in relation to pixel 0) ActiveEndPi xel R The first pixel out
of bounds for the inmage in red space DeltalLineR The anount to add to the
current address to nove fromone line to the next in red space DeltaPi xelR
The amount to add to the current address to nove fromone pixel to 25 the
next on the same line in red space WO Q320548 PCT/ AUCO 01074 -81 Table
39. Registers Required.to_be_se _Caller bef Printin Regi st er Nane
Descri pti on Del t aCol udnlﬁff*gngsaé"ﬁ%eﬁn{”%r% H’e%omp%hgr Elffgglrﬁngaddress to nove
froma pixel in the ®R¥st |ine of the Active imge area to the same pi xel
on the first |ine ofFirtisenpAeridr \=cFirpradpesawrderdrn red space. Constant Col orR
Red col or val ue t Oglde |derOEHa@SGuOtl (&lmbounds and UseConstant=1 Geen $
ActiveSt art Addr essG J; of,, l.e, (ActiveStartPi xel
ActiveStartLine) In J’F%g‘%%&ﬁ% ct ifyb%g%g%eﬁ%%gé ll'he first valid Iine for the
i mge in green space*PPn=r8%tt1dn to line 0) ActiveEndUneG The first line
out of Rounds for th¥ {iPiepdsenpe (Ginseiampliobizel) AT~ eBP arteFagel G The fir st

val id pi xel for the i n&ageswplraaeenrispanesqipierde| ati on to pi xel 0)

Acti veEndPi xel G The fig#;Sicshiok&lixddW a8fivdaikipisef Or the I nmage I n green space
Del t aLi neG The anouni, t the. curren dress,t Ve, f one line
to the next in ?ree%lsgfgag(gmf&sgﬁseﬁhﬁlarﬁ%“éﬁqé "f%lg ?a'rrt)dz}\tﬂ&tJ g& a?gi %%g%ehe' current
address to nmove f$dm one pixel to the next on the sane line in green space
Del t aCol uMmG The anpunfirgt§ampdiehds & PiletSenplerdnt+ BPadtAPéx® t 0 nove from a pi xel
In the last |ine ofedaie Active image area to the sane pixel on the first
line of the Activggfage area in green space. Constant Col orG G een col or
~value to use if agddress out of bounds and UseConstant=1 Bl ue
ActiveSPart Addr esSB_The address of blue sanple (ActlveStartPixel,
ActiveStartLine) In |ImgeRAM 15 ActiveStarti-ineB The first valid [ine for

the | mage i16.2hh.§eke°qfi¥i&%uhird%rf elation to line 0)' ActiveEndUneB The first
“line out of bounds for the I'nmage in bl ue space

There are a number of registers that must be set before printing an image. They are
summarized here in Table 39. To rotate an image by 90 degrees, simply exchange the DeltaLine and

DeltaPixel values, and provide a new DeltaColumn value.

Table 39. Registers Required to be set by Caller before Printing

15
Register Name Description

Image Access Parameters

Wrapimage Tile image reads to replicate image when out of image bounds

UseConstant If 0, image edge replication or wrapping occurs on reads out of image
:;qll{n:ts:;mstant color is returmed.

Red

ActiveStartAddressR | The address of red sample (ActiveStartPixel, ActiveStartline) in

20 ImageRAM

ActiveStariLineR The first valid line for the image in red space (in relation to line 0)

ActiveEndLineR The first line out of bounds for the image in red space

ActiveStartPixelR The first valid pixel for the image in red space (in relation to pixel 0)

ActiveEndPixelR The first pixel out of bounds for the image in red space

DeltaLineR The amount to add to the current address to imove from one line to the
next in red space )

DeltaPixelR The amount to add to the current address to move from one pixel to
the next on the same line in red space

25



ActiveStartPixel B The first valid pixel for the imge in blue space (in
relation to pixel 0) ActiveEndPi xel B The first pixel out.of bounds.for the
i mge i n blwgofmeae Del tall neB The amount to add to the egfagidoigddr ess to
nove fromone line to the next in blue space DeltaPi xel B The anmount to add
to the current address to nove fromone pixel to the next on the sane line
i n blue space DettaCol umB The anount to add to the current address to nove
froma pixel inthe 20 last line of the Active Inmage area to the sane
pixel on the first line of the Active Lgige area In blue space.

Const ant Col or B Bl ue Q. i f .
UseConstant—-l—-JAm—L-e-tﬁg!E%s'Lg&r =V g et 6 hr eshol d
8-bit val ue| sukgisteeNasde f rbm red | nput val uem;sc.{aﬂe.enLowThreshol d 8-bjt val ue

subtract ed FHIEEE D P he/aoditio ada e he FUEh BarDRa 16 mbvetiom a pfieHk the Ut I act ed

from blue ipput val ues R=Q§mﬁé& hrRCiciVe intade latea S tAe Sanfedhleldn ife@f [ ange
expansi on of red pixels J ®enéinvainvigaelesin rétispade. scal e factor used for range
expansi on Ol{'c_&r RBOIBIRY C! S| Redooldr Vaiua1a'is8 1 @BdreSs otit dPbaunas and DssGanbtan=f5ed T or
range expan qelé of—btHte—prxets— OO 20548—FPCTHAUS ul A —82—%%
REFERENGES {-H—sver-braok—Researeh—3-998—Aut-henti-6 bl es.
[2] Si | ver by AtveSignddinssq | Thocadress (’éﬁ‘ivraéfﬂ“Bb‘e'sA%Y ﬁ‘"c he

i nvention h j SPBsC Aples will

be appr eci pAHESEHINGG 050 'EIFW&!!" !-rr%fvrmf'mqe '“Q P SPRGe ﬂﬁ%’a"ﬁ'& :
many ot her [fAgtiyaEndime8 f ol | Bwifireylinerputnb bounds fprdheimpgrimgrepn spetsie t he addr essee
with a furthedtivStatPizeli onf Tfe firshealid piged for e inteigeinigreee seaice (i relatidntivipixetid) Jot her

novel and i nNdWHEwM&xeTGBat ur afe ﬁﬁbﬁﬂxél Gmf Hb&ﬁds%tlﬁﬁmég@&ﬂﬁi&éh%pﬁel I al S 0 |be cl ear
fromthe df G Sy Ot tothe t S¥EFe S5 Alovet Ao’ q1074
-83 1. Arretho ' ' the rrethod I ncl udi ng the gt eps of :
pecs vl O AT aEuR to 4dd o the Eaent alidrids 18 Thave Wor Bnd Bikel foot
| um nan channe rom t hiethe Adxflorsthé same line in green space
DeltaColumnG The amount to add to the current address to move from a pixel in the
last line of the Active image area to the same pixel on the first line of
the Active image area in green space.
ConstantColorG Green color value to use if address out of bounds and UseConstant=1
Blue .
ActiveStartAddressB | The address of blue sample (ActiveStartPixel, ActiveStariLine) in
iImageRAM
15 ActiveStartLineB The first valid line for the image in blue space (in relation to line 0)’
ActiveEndLineB The first line out of bounds for the image in biue space
ActiveStartPixelB The first valid pixel for the image in blue space (in relation to pixel 0)
ActiveEndPixelB The first pixel out.of bounds.for the image in blue space
DeltaLineB The amount to add to the current address to move from one line to the
next in blue space
DeltaPixelB The amount to add to the current address to move from one pixel to
the next on the same line in blue space
DeltaColumnB The amount to add to the current address to move from a pixel in the
20 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 UseConstani=1
White Balance and Range Expansion Parameters
RedLowThreshold 8-bit value subtracted from red input values
GreenLowThreshold | 8-bit value subtracted from green input values
BlueLowThreshold 8-bit value subtracted from blue input values
RedScaleFactor 8-bit scale factor used for range expansion of red pixels
GreenScaleFactor 8-bit scale factor used for range expansion of green pixels
25 BlueScaleFactor 8-bit scale factor used for range expansion of blue pixels




sharpening the initial |um nance channel to forma revised | um nance
channel ; and 5 incorporating the revised |um nance channel into the data
set. 2. AwBbimdsaccording to claim1 wherein the extragidmohbhehsdes the
step of deriving the initial |lum nance channel fromthe data set. 3. A

met hod according to claim2 wherein the data set has a red plane, a green
pl ane and a blue plane and the nethod includes the step of deriving the
initial lum nance channel .fromthe planes. 10 4 A met hod according to
claim| wherein the data sef includes the.initi al” | umi nance channel as a
separate channel and the extracting includes the step of accessing the
initial lum nance channel. 5. A nethod according to claiml|l wherein the
shar peni ng ,i ncl uﬂgfgﬁgﬁ %grt her steps of high-pass filtering the initial
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and a pr ed¢?] eBiivedhwock Rereadlo 1998, dahaficatidw€hipi | t er ed | um nance channel. 6. A

met hod according to claim5 wherein the high-pass filtering utilizes a 3 x
3 convolution kernel. 7. A method according to claimb5 wherein the
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set; shar %BHI n% TBans for sharpening the initial |um nance channel to form
a revi sed M-channel ; and 25 processing nmeans for incorporating the
revised | uninance channel into the data set. This Sheet Has Been Repl aced
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- PCTI AUOG 01074 -84 10. An apparatus according to claim?9 wherein the
extract®on means derives the initial |umnance channel fromthe data set.
11. An apparatus according to claim 10 wherein the data set has a red
pl ane, a green plane and a blue plane and the extraction neans derives the
“initial lum nance channel fromthe planes. 12. An apparatus according to
claim9 wherein the data set includes the initial |umnance
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5 channel as a separate channel and the extraction nmeans derives the
initial Iumnance channel. 13. An apparatus according to claim9 wherein
the shar pengggysBans hi gh-pass filters the initial |um nggsRusdiapnel to
provide a filtered | um nance channel; and forns the revised | um nance
channel fromthe sumof the initial Iuhqan‘ance channel and a predeterm ned
proportion of the filtered | um nance channel. 10 15 This Sheet Has Been
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A method for sharpening an image, the method including the steps of:

receiving a data set indicative of the image;

extracting an initial luminance channel from the data set;

sharpening the initial luminance channel to form a revised luminance channel; and

incorporating the revised luminance channel into the data set.

5

2. A method according to claim 1 wherein the extracting includes the step of deriving the
initial luminance channel from the data set.

3. A method according to claim 2 wherein the data set has a red plane, a green plane
and a blue plane and the method includes the step of deriving the initial luminance channel from the
planes.

10 4, A method according to claim 1 wherein the data set includes the initial luminance
channel as a separate channel and the extracting includes the step of accessing the initial luminance
channel.

5. A method according to claim 1 wherein the sharpening includes the further steps of:

~ high-pass filtering the initial luminance channel to provide a filtered luminance
channel; and
forming the revised luminance channel from the sum of the initial luminance channel
15 and a predetermined proportion of the filtered luminance channel.

6. A method according to claim 5 wherein the high-pass filtering utilizes a 3 x 3

convolution kernel.

7. A method according to claim 6 wherein the high-pass filtering utilises a 5 x 5

convolution kernel.

8. A method according to claim § wherein the high-pass filtering utilises a 7 x 7

20  convolution kernel.

9. An apparatus for sharpening an image, the apparatus including:
input means for receiving a data set indicative of the image;
extraction means for extracting an initial luminance channel from the data set;
sharpening means for sharpening the initial luminance channel to form a revised

luminance channel; and

25 processing means for incorporating the revised luminance channel into the data set.
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10. An apparatus according to claim 9 wherein the extraction means derives the initial
luminance channel from the data set.

11. An apparatus according to claim 10 wherein the data set has a red plane, a green
plane and a blue plane and the extraction means derives the initial luminance channel from the planes.

12. An apparatus according to claim 9 wherein the data set includes the initial luminance
5 channel as a separate channe! and the extraction means derives the initial luminance channel.

13. An apparatus according to claim 9 wherein the sharpening means

high-pass filters the initial luminance channel to provide a filtered luminance channel;
and

forms the revised luminance channel from the sum of the initial luminance channel and
a predetermined proportion of the filtered luminance channel.
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