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WO 2004/ 073296 PCT/ AU2004/ 000182 | MAGE SENSOR W TH

DI G TAL FRAME STORE FIELD OF THE | NVENTI ON The
present invention relates to the field of nonolithic
integrated circuits, and, nore particularly, to inmage

wWRRbUB293Nd 1 mage processing. 5 The inventi ggrhaSedleens:
devel oped for use in a hand-held stylus configured to

capture coded data di sposed on a substrate, and w |
be described hereinafter with reference to that
application. However, it will be appreciated that t he
i nvention can be applled to other devices.
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ﬁgﬁﬁbﬁﬁ.{gmﬁmm fol | owi ng co-pendi ng applications

filed by the applicant or assignee of the present
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?E@ggﬁ INP;S{SQ@ESI_ ﬁadNEP&QA@maME’SEbEQ?sﬁéBW NPS052, NPS053,
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UG eRLon G0t 6oYeee? T 58 abe b ERa: 5 FRRlelAa o captus
qodékdain dispoded oh aappstiatearndwillibs deesrived Aereingftdr adth référenes to

| ; '
Bt R DS 0 AL o

dsYicRAar i ous et hods systerrB and appar atus relating to
the present invention are disclosed in the follow ng

Eﬁgﬂ{,@ E,JAT'I‘t?ﬁé ons filed by the applicant or

‘ |gnee o present invention. The disclosures of
\éelnpuwm efhhdss svsismspaddicpgatup pativa e haprasert inviesinnzoe disdebsd
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8 89168 Jdreboriol raanRds Sfrabiode Brny oio-
rgigrenoy. e Eaicalpngs SmpporriyoigTifed kY ito dpdketmusder. This wil be
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09/ 575, 192 09/ 663,640 091609, 303 091610, 095

091609, 596 09/ 693, 705 09/ 693, 647 09/721, 895
TIPSR REBBREBOESB07, 843 09/ 693, 690 09/ 607, 605
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in the following co-pending applications filad by the applicant or assignes of the prassnt
invention. Ths disclosures of all of these co-pending applications are incorporated herein

by cross-reference:

10/409,876  10/409,848 10/409,845 09/575,197 09/575,195
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101291, 523 101291, 471 10/ 291, 470 10/ 291, 819 10/ 291, 481
10/ 291, 509 10/ 291, 825 101291, 519 10/ 291, 575 10/ 291, 557
WO 1RI3H61 10/ 291, 558 10/ 291, 587 10/ 291, 818 pk&).aBsoswiGis2
5 10/ 291, 589 10/ 291, 526 6, 644, 545 6, 609, 653 6, 651, 879
101291, 555 10(291, 510 19/291, 592 10/ 291, 542 101291, 820
101291, 516 10/ 291, 363 10/ 291, 487 10/ 291, 520 101291,

521 10/ 291, 556 10/ 291, 821 10/291, 525 10/ 291, 586

10/ 291, 822. 10/ 291, 524 10/291, 553 101291, 511

TIE R bR S L e et e o e L s
09/ 60929423 00/IBBF 7 VEPEHE, 59H/IAARI0E ULRD/468 055
09/ 92028849 0916284268 PN, 68B/WISAL 7, 301,557

09/ 5762083, 094535460 OBL5TBy 150,RGHTS. 168 5rdd, 042

I\I(ﬁﬁ%éﬂ%%/ 5%’2%85% og/éﬁi’g%ﬁs %‘éé’/fg)sm 685 4%78 706
09/ 57@291!%5_09/'5'?951 5098 019/29058214810/299.54222, 10(291,820.
88};2@298616 39/2%91%9 6, %281, 435250@125752014(151o;§x915508 920
10/ 1%’2%%7 10/@%%%; 1%“;'12572210%%7%% 5@2 t?f'?zgl 554
20 10678882027 198716058 021@?8*9’? 693, 7158y 5730 ’197@

09/ SWBATBIS 09P/EHFER16 ICHBYS, 34D/EBOIHI3, WPBI3US
09/ 783578393 090985, 1561 dB0922, 1700/dd9k422, dddb7,657

Sy Foeish AL, Ol e

10/ 284923885 109983893 196503 46 PUTP I 89951898%75 154
25 09¥/FE369129 6@04,&25, 1 B/E00614575, 61682,909/ 7209/8BA49

18; %2@32&450 é@/52596358£7 1\1:@108@13; 7%@/5%&?@781, 855,155

10/ 23%9‘ g )% i 60 1 r %g 40%’513/" é%%“‘m

10/ 43%7234% NPO@Y%@@ NP\REERER 00/8425, ’ii%g | BRIFTSA48 162
09/ 5UH5083D 09hGTH 5870 QBIETE] 17 oo BES, 16473042

10/ 296k7{ 267 10hgSebiof7 18/g0mhae 53804k 831, 70foet 36291, 827

10/650,027 10/652,026 09/893,301 ~ 09/575,174 09/575,163
09/693,216 02/693,341 09/693,473 02/722,087 09/722,141
09/722,175 0917'22,147’ 09/575,168 09/722,172 02/623,514
09/721,893 09/722,088 10/291,578 10/281,823 10/221,560
104221,368 10/291,503 10/291,462 10/274,317 08/575,154
09/575,129 09/575,124 09/575,188 09/ 721,862 10/120,441
10/291,577 10/291,718 10/291,719 10/291,543 10/291,494
10/292,608 10/201,715 10/291,559 10/291,660 10/409,864
10/309,358 10/410,484 NPWOO0BUS  NPWO0BUS  09/575,180
09/575,162 09/575,172 Q8/575,170 09/575,171 09/575,161
10/281,716 10/291,647 10/291,538 10291, 717 10/291,827
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Some application has been listed by docket numbers, these will be replaced when

application number are known. ' |
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10/ 291, 548 10/ 291, 714 10/ 291, 544 10/ 291, 541 10/ 291, 584
10/ 291, 579 10/ 291, 824 101291, 713 10/ 291, 545 101291, 546
09/ 693, 388 09/ 693, 704 09/ 693,510 09/ 693, 336 09/ 693, 335
10/ 181, 496 10/ 274,199 10/ 309, 185 10/ 309, 066 35 Sone

v BlolGRbdsON has been |isted by docket nunberpgrAdefReeis:
w Il be replaced when application nunber are known. i

WO 2004/ 073296 PCT/ A1J2004/ 000152 GLOSSARY .Thi s
section |lists the acronyns, abbreviations and simlar
information used in this specification. 5 BIST:
Built-in self test DNL: Differential non-linearity
ESD: El ectro-static discharge FPN Fixed pattern
noise INL: Integral non-linearity 10 PGA
crogsamyabl e gain anplifier PVT: :

rocess- Vol tage- Tenper . Ag;tg(;sgggg -
%ﬂﬁ?&f’?ﬂmétsi tﬁ? §r°at ed %tb%\:lﬁln?'{%l nage s%lr?lsn grg&t‘zﬁ{ Eu %H ﬁmth{s
spacifidafiorart . Exanpl es i nclude 15 Char ge- Coupl ed
B8 ERBinGGFisy and CMOS i mmge sensors. Refer, for
exar[r%p e, to Janesick, J.R, Scientific Charge-Coupl ed
IRl iCgfEegentigmopipgadilys 2001); Hoist, G C., CCD Arrays,
EsreEadoatdc Bsapheys (SPIE Press 1996); and Mini, A,

i.0n . Chi ps (Kl uwer Academ c. Publishers 1999).

% R PP

e processing algorithnms are known in the
[BEt IntegRefaprlinedily exanple, to Gonzales, R G and R E.

,y@,gq%grg}ing,ggiglgaihgﬁg@el?r ocessing 20 (Addi si on Wesl ey
1991219' Irra%e sensors such as CMOS and CCD i nage
AL RSyl epEaliFown. Such devices are typically

designed to work in conjunction with an external

%A@Q@ﬁbﬁhgggl VEnTltet Processor. 25 One of the issues

hat "ari1 ses en such inmage sensors are used in .
Ngnofidivsinteieedacifedit imagsr BEYE Gire ikgowm it therrst | Bxppples include
BalpeesHdIcnéiRE §CERaSatd anidst rgh @shiso, A S fr axuiaple, fo
%l{#%%g{ égnts%feenﬁfﬁ:l C??%}'g\é-e&%pgld %Lf!{:eesa[g?%regsaé@‘iﬁ %Eﬂ. @cct, E@«‘D
Arrays, Cameras and Displays (SPIE Press 1296); and Maini, A., Vision Chips {Kluwer
Academic Publishers 1929). Digital image procassing algarithms are known In the art.
Refer, for example, o Gonzales, R.C. and R.E. Woods, Digital Image Frocessing
(Addision Weslay 1092).

Image sensors such as CMOS and CCL! image capture devices are known. Such
devices are typically designed to work in conjunction with an external framestars and &

host processor.

One of the issues that arises when such image sensors are used in systems with a host
processor is that the link between the image sensor and the host processor must support

the relatively high read-out data rafe of the image sensor.

It is an object of the invention to provide alternative architectures that overcome some of
the problems associated with direct coupling between the image sensor and the host

processor.
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It is an object of the invention to provide

alternative architectures that overcone sonme of 30

the problens associated with direct coupling between
the i mge sensor and the host processor. 3 WO
wPRdPF3896 PCT/ AU2004/ 000182 Active pixel peglauSechadss:
a storage node which stores a charge. During an
integration period, the stored charge is nodified
froman initial level. Once the integration is

conpl eted, the anobunt of charge determ nes an out put
voltage whi ch can be used to drive an out put

It h t of th t put ci It
AEhi iicall By 8ttpgB notie Sl Fores fshirie e ap fesoragon
pehmi sheostwgsl cuige isl moditiet Bort i analtiaplexal]  Omdel the integration is
cBbER! 148 dnfthift e eRimbh e e&:s&f\fa[t%]g%n whel 'céﬂ{jbe  used to

causes one or nore vo age drops’ at
devrean BuGreiils Theppatut afrfb%gufplﬁ qrﬁét ig contigliad bﬂth‘? soltage and

heRBUBE Bhdrfte oPBk edtdgalnoglynam ¢ range of the pixel cell.
10 I't would be desirable to provide a pixel cell that

overcomes or at |east reduces the inpact of these

| Iv ginverfienalrpixebcailk tshiiching isiguand ionigpf trerntegretidnemtriadichiub ésoomel or
| rrfdré %Habé }ﬂropé ’HWQ lé oga)?g%odce Hl?é‘to'@ﬁ&sqﬁﬁécgt%eg i tf\? ?rc;ultl hhis

tactor of suc was not st.ant

refuptsipe petepii! dlﬂﬁ‘ﬁ'ﬂc Brogf it Pl £ellpi xel cells. 15 SL
kf113r9ARY OF THE INVEINi TION In a first aspect the

BB B PR oy B =il G0 e B Gopteord i et 2 e iopact
Of trege vPltrge rdiensi withoulateqlidags coroplisaten alidiiprebeiduiyivt dl would be

Gt RKicdtM if %mws&&a AR b&a &l 9aahst suggarglatly diferent to
corresponding to the image Intormation Into

thah giio %(fﬁ'xeﬁﬁ’&ﬁ a first framestore for storing franes
of the digital inmage data. Preferably the nonolithic

@ rther includes at least a first
Su it P%ﬂ'rfs,‘r:ﬁﬁf%ka‘r pH

ranes ore configured to store subsanpl ed
In wgteasea@témdagwt ventibepraviges aamonglithipdiniganated cR&utidnabuding:
in ti}ﬁnﬁbé§énsEFﬁFEaﬂﬁh§um£é%f§r’h%%ﬁ" the monolithic

inte :fnt ed circuit further includes at |east one
out ptht '§5Fh 6r a“%%?.% P‘?'t%uF?fU?‘I‘?rn&rda‘l’f%\’e’l"%nﬁ“\aﬁ@ signals
conpaspbrdiny to fhsrinegs afoadativniiro tiital imegealatzpatd dat a bei ng

bas eéjf it frajﬂn‘?%ft}rm fb@gttohr?d ilra)fné%rbf Eﬂled.é?bﬂhééé uéiémg € d ata. 30

Preferably the monolithic integrated circuit further includes af least a first subsampled
framestore configured to store subsampled image data based on the digital image data
stored in the first framestore.

Preferably the monolithic integrated circuit further includes at least one output pin for
serially cutputiing data from- the monolithic infegrated circuit, the output data being

based at least partially on the digital image data. .

Advantageously the output pin is singular.
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Advant ageously the output pin is singular. 4 WO

2004/ 073296 PCT/ AU20041000182 Preferably the
nmonolithic integrated circuit further includes a

second franestore for storing franes of the digita
woRge/@ata, the nonolithic integrated circuipbrhAgbhd@ocos:
configured such that the first and second franestores
respectively store the digital Imge data associ ated
with alternate frames of inmage informati on sensed by
the i mage sensor. 5 Preferably the nonolithic

i ntegrated circuit further includes at |east a second

t fi d t t
FHREEN s drosaltBR Sl TPy B e S steond e e o
didring fremend the digiesimage data Qhdmenaitridihtporated chauttdlein leordigured
éu@!’i Rk "ﬁ{eeﬁrsf %ﬁoc Héctoné %EQ&B@’S '?&!p@&ﬁf@ly asgore Qil?eggitglt?i tma%e data

processor | mage _processor I nc [ %
%ﬁ@iﬂfwlﬁ‘%tgmﬁﬁelfﬁé]es COHTRY ifosmaan senjeddy theremage spnean
i mage data to generate filtered |mage data; and a
er c uredto tere nage

TRPEOYEharkiie e LB HABE R Get Plfe o 560 plFapies
femestegecanfigwerttociore habsguiblsd imgediafa kaved bothegligital image data
s@%@iﬁ%ﬁé&%%ﬁ%rﬁe@ﬁr@no' ithic integrated circuit

urther 1n

es at |l east one output pin for serially
outputting data fromthe nonolithic integrated circuit
Prafeaaﬁ@ahel Aottt tittegrited @XrbGl DAherSiydkedas Gihl Hi=ag Bo@Bsr,, the

tput .data being based at |east partially on the
"aag Qrgﬁsggﬁd.'&d%ae data. Preferably the nonolithic

i nt egrlaast@n lowenaise filgrepeitoursd 4e tiiter dierdioitabimeas Wgtagmasnerate

iikbR8 Imedanl and hat is based on the synchronising
signal .. 25 Advant ageously, the innge sensor is drive

by af SF'PFEQ'@ 5 GpUigH=d| B EKPsamREE thediEed; E‘P@Srdatec}ooﬁ?emte the
sobsangpleddmegeathid hosotahe insyne beine slieakplet damkstbtzswoul d be
advant ageous if the imge sensor and the inage
processor operate asynchronously with respect to each
Felvarsageoustothe monpiithigdnigaiateé clesdiy Ainheiyaevdssiaf lsapleone output pin
FE0RAkH dMitting HEEIRine theGhérlithl ﬁié@r&t@@ rc;rmqh %G&ﬁ’dan&n with an
r,ocessor oce r

BTl oL ot B R Pﬁ%@éﬂ&awgﬁv THer dge

imagegizirer ate filtered i mage dat a.

Praferably the monolithic integraled drcuit operales according te a system clock signal
that is based on the synchronising signal.

Advantageously, the image sensor is driven by an image sensor clock, the image sensor

clock being derived from the system clock signal

it would be advaniageous if the image sensor and the image processor operate

asynchronously with respect to each other.

12. It would be advantageous if the monolithic integrated circuit further includes:
an image processor, the image processor including a low-pass filter for filtering
the image data, thereby to generate filtered image data..
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WD 2004/ 073296 PCT/ AU2004/ 000182 It woul d be
advantageous if the nonolithic integrated circuit
further includes: an image processor, the inage
‘processor including a range expansion circuit for
wohegrespandi ng the digital inmage data. 5 PpetRiuatlimdecis:
the i mage sensor has a plurality of photodetecting
circuits, each of the photodetecting circuits
conprising: a photodetector for generating a signal in
response to incident |ight; a storage node having
first and second node termnals, the first node
termnal 10 being connected to the photodetector to
receive the signal such that charge stored in the
Ttrvenée beteingresgedus If thg namolithit egposdtedeircpiefurtost imfudesie
phot ;
Gencra g piatkath bt irkpe Be: i a EhGFBirbraiGl aout for
rarge expanging e digitel ‘ﬁ‘gg%ﬁﬁ*@w t, the output signal be| ng
at | east partlally based on a voltage at the first

15 th t odet i rcuit. bei |
ShPbuedtees Bt Bd @ ASR o rEplitlraing SrEgpapeeh of te
pbbtadaectingicitduits eimprisigg node during an integration

perig gtht&leltéwgr W ér?e?ﬂnata ggﬁfaﬂ ih Fé%p&%e S& 1n§!&&‘§ ﬁ{;h’c and

recelve a conp a I on”si secon erm nal
of t ﬁé’mﬁgér%’@% hﬁ\ts@ef gt anchgrePnd pdengrmingle. ipelireloagpe terminal

bamg |c@ﬁ1&ctbﬂ|ﬁat tﬁf’ ﬁnw&éw‘ctoefb :@b@mhe Biged] amnttm chdige Molstage
at S e, u C

"aa%%w?eé e ST EaRRou e ot R B R S L eous
i f t & onpniotircuibifar deneratingier dutpit eighal duing Baead pefiagdeisthe
pﬁ@c);détéea]@ Gt e lbdehof sfgasl tﬁﬁx@%( ésétrbgmaa%a@éd b2 9108 Gt the

Internal™ti mng signal, the”i mage sensor bel ng
firbt999Rdi ve to at | east one of the internal timng
SIgnmb$hﬁﬁ¢£ﬁmm@ﬂﬁmnB@ﬂmanﬂgnatnsing of the image
datamg,‘r‘;adare Hq%g t one external timng signal; (b) at
Ieas one exter pin for supplying the at | east one
ext eintsgfate ¢heigedn Bie glesdgstnoda during @n dtedritien peddddpiiomifly receipt
RN Ir&By sidiy; Bhgf erably the nonolithic integrated
circuit turther |ncI des an |na$? Ekocessor

3l g U

RS |agfﬁ?18ﬁ75taf5°”nséq{’@ dHEregpndiewy BFiorER] AEde Fieashdye
titkarbad pariatl ) thd bendesatioh eighal iproeiag Servoltdgeat thavige terminal

W QERSR Yot BRUD GereRBLd Y bEHuRiar

It would be advantageous if the monclithic integrated circuit further includes:
{a) timing cireuitry for generating:
at least one internal timing signal, the image sensor being‘respohsive to at least one
of the internal timing signals to at least commence sensing of the image data; and
at least one extemnal fiming signal;
() at least one exiernal pin for supplying the at least one exiernal fiming _signéi {o at

least one petipheral device.

Preferably the monolithic 'integrated circuit further includes an image processor
configured to make each of a series of frames of image data available to a host
processor, the image proce'ssor being configured ic:
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6 WO 2004/ 073296 PCT/ AU2004/ 000182 receive a first
message fromthe host processor indicative of the host
processor not requiring further access to the i mge
data prior to a subsequent frame synchronisation
wo 0m@d73206 N response to the first nessage, cagFiAugoahoo1s?
| east part of the integrated circuit to 5 enter a | ow
power node; and in response to a franme synchroni sation
signal, cause the part of the integrated circuit in
the | ow power node to exit the | ow power node.
Preferably the nonolithic integrated circuit further

i ncl udes an i nmage pr.ocess

circ [ﬁcﬁlv%g%ﬁ% n}:egfﬁqgérgm tﬁ ﬁoét Eolel‘résa ollmdlcatﬁve%f ﬂ}e%%sthorocessgor
nat hrequiringr fothes arcpessh®  therinedep rd?@%s:slor tb ea nglbsequent frame
?&lgﬁdnggﬁcﬁps i T eceive, fromthe host pr ocessor a

equest for  access to a next _avail able frang L%e
dat AVEEATES PrtER st HPSAcs: TN A \Rast PR U 'aﬁ?erafﬁi circui ta
ehi¥R g fowdiiwdr hidd@\edt | abl e, sending a message to the host
:-lval lrnor%?eq%g%lto aﬁaﬁeastﬁn? ron?sa\t}cémn?qgﬁ ;%gnsseqﬁé Bar?of the mtegrgted
cireuitrin thedova povegs Imede g Hititiegjo RPwer madej s avai | abl e and
then sending a nessage to the host processor
i ndicative of the im ata''s Iabilltqvg. 20 h
Fhglorehb e EOPYHE HoRTBRg | ot fRper g HSaeRn (e fricspeen the
:MS@dteU RireuitssHgaidnfiavddng operatasih a gysBoESEViNgY,a Hdskprocessor, the
nt e ' udi ng: at least one input pin
oé 7 ec egqqflb%lgn %Hﬁga}eg%ata fromthe host processor; at
| easfeceie fun ethop modeelor. 3 AL for iBRRESH ive 894 EVRiRMA Feme

O@Ima@etdgtatf%gﬁ;%est@gocessor in response to the command
dat a;

(ORI PR B A R
provagsy pricchesi’ thg ihagcdstanaweitbiiaged dat a captured by an
| mgg, c}ﬁ? Q\%ﬂ[ the i AJFE]@ of ?r%gn ga@m 8Véllgﬁ" %a@tﬁ@ %tli'lﬂé’ ﬁ%lét@é‘

provi rntegrated circuit ~including
as@thaﬁn SEW@ea 5’@?@6? tqu? h@épi@ﬁ?ﬁﬁﬂ@n#'ﬁ%@ of e mﬁtdﬁbﬁ at
MBRSslityone analog to digital convertor for converting
anal og S|gnals “corresponding to the |nage i nformati on
into digital 1inmage data; and 7

Advaniageously the monolithic integraied circuit is used in a sysiem having a ncst

processar, ihe integrated circuit inciuding:

at least one input pin for recsiving cornmand data from the host processor;

at least one output pin for transmitting processed image data to the host
processor in response to the command data; and

an image processor configured to generate the processed image data by
performing an image-processing function on image data captured by an image sensor.

In a second aspect the present invention provides a monolithic  integrated  circuit
including:

-an image sensor for capturing image information;

at least one analog to digital convertor for converting analog signals

corresponding to the image information into digital image data; and
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WD 2004/ 073296 PCT/ AU2004/ 000182 an i nage processor,
the i mage processor including a | owpass filter for
filtering the image data, thereby to generate
filtered image data. Preferably, the image processor
wbYbdsa®hed Ncl uding a subsanpl er for subsanpl pegatiivesnddisz
filtered i mage data, thereby to generate subsanpled -
i mmge data. Advantageously the nonolithic integrated
circuit further Includes a subsanpled franmestore, the
nmonolithic integrated circuit being configured to
store the subsanpled inage data in the subsanpl ed
frame store. 10 In another aspeCtI@he gresentftrfo filterin
i nv et MgAe BrgeTae dnelTRgR BTICEFTCL MPHATEY PaY EE= PRUIPE fitennd
tHen@ bty therdid)o aenerarafieerat imagsdaia, the i nage
processor including: a lowpass filter for filtering
digital inmage data received from an inage sensor,
Prdieaigpythe dnagenpiosessorf furiher iaeluding g Subsampler fag syesagpling the
ﬁﬁﬁg’@iﬁﬁeé Bhta| tREreB B RAREeRObdahPicdihigy @eh.i mage data,
thereby to generate subsanpled inmge data; and (b) a
subsanpl ed franestore, the nonolithic integrated
Adidrgagebusheiting ranfithguirtahrated ditigt durthee ipcladesnpl epsampled
i mage d i Ny . - d
fré?wg%g}ea%;}nérﬁmhﬁqné#\?feﬁr@'lmﬁtdbé‘n{ figdred & stéf@ the subsample

€ nono icintegrated circuit further

image] datha the syhsampirgidrama et f or capturing i mage

i nformati on; and at | east one analog to digital
convertor for converting anal og si Walele
1 GolmG atvegR PRREY FRETBH PRENCES £ AR gy Pigorated SRRERELAR:
(25 Paefregabtogedshe theomebe pocassoninadglingt ed circuit
further i Y tind BBt Whidd ah Redefed from an image
outputtiﬁﬁfgﬂggiwﬂ%g%§ﬁ§?%%1§he n%%%lithic i nt egrated
ci r ceaneor, thaeeby iy geseragpiitgregdnarg ¢4 88° at | east

parti al | y; fipedrh@sriiomeBsmaiiag thEfeded abigy datcthamyoligehdrets
~inte rategegircuit qu}her i ncl udes a second

subs SfRERBASY K9P P& ¥1%r e for storing i mage data

(sensedubsaipled Tamegors she ovonoliin nteprrted ciswi hetngponigyesd to

sfdrd Bk aatﬁ%mg%a%ﬂ%ges&&m% SRsdrh BRI fsrer €Specti vel y
subsanpl e

store I mage data associated with alternate
frames of imge data sensed by the inmage sensor. 8 WO
260440 132 RenSIEI¢ MldIRHA AOAMBRherAditast:ageousl y t he
nonol it hic integrated.ci e i ncl udes at

| east" SHESSAPU r%%ﬁgvé$%&§ng&%%§m%ﬁsputting data .

f r omet Hesshoensl ianplpg fonisplaceryedpy dofi COMYSIHge §PRI3H cRonals

éM'rEegboﬁﬁ}ng {o the image information into the digital image data.

Preferably the monolithic integrated circuit further includes at least one output pin for
ouiputiing serial data from the monoalithic integrated circuit, the serial data being based
at least partially on the image data.

Preferably the monolithic integrated circuit further includes a second subsampled
framestore for storing image data sensed by the image sensor, configured such that the
first and second subsampled framestores respectively store subsampled image daia
associated with alternate frames of image data sensed by the image sensor.
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external synchronising signal, the output data being
based at |east partially on the digital imge data. 5
Preferably the nonolithic integrated circuit operates
according to a systemclock signal that is based on

v esosynedsr oni si ng signal . Advant ageoul sy, theTiaaganoe1s?
sensor is driven by an imge sensor clock, the inmge
sensor 10 cl ock being derived fromthe systen1c|ock
signal It would be preferred if the inmage sensor and
the i mage processor operate asynchronously wth
respect to each other. 15 Preferably the nmonolithic

é é%o ﬂ}eo %Hc%lJthlé |H{ebﬁgd o} r'@lﬁ tﬁ%ﬁ inc@ldég %tsf ast one output pin

f@amally Pyteutignoadsta frem éhwwmmhmm@graw%gna& ia @cmww& with an

kD §§nchr'3ﬁn%ir\? @%nal ARe bitREaRHRME D at 38 PalRGEon the digital
'Bﬁ ssor inc Ing a range expansion circuit for 2
IM3gy8aRx pandi ng the digital inmage data. Advantageuosly
the i mage sensor has a plurality of photodetecting

ﬁx‘efe?dﬁiy‘tﬁe rﬁ&u%l&hﬁﬁr{t%d?d&e 4 BRgk 8?%&8&5&&891; 16 %Légétém clock signal

tector generati ng i gha
ti"@@%ﬁ%@o'ﬂﬁ‘elsﬁ@qhﬂ@ﬁt"glstggﬂt 25 a storage node having
flrst and second node tern1na|s the first node

/_fug( gﬁl n connect ?J the hot odet e tﬁ"

é’é*F' ‘FYr SiMEASFESACh 'i“ﬁ‘él Y 8 §7458 S8TS6F 8P “'H%ge sensor

chaiideioh daiyed frduthengystam dlavkeignalt i on peri od of the

phot odetecting circuit; and an output circuit for

?eneratlng an out put S|gnal during a read period of
heouldy gt BgERTEE I e ciMagei $2nsemen®d Ubp Ufmage giarespi ﬁ@erata

Ayndnemslshpwitt legdektto Bageshen a voltage at the 30 first
term nal; the photodetecting circuit being configured
to: receive a reset signal; 9 WO 2004/073296
REFaR200 47000t i8 Diegrattdatyret fertienincyded:n t he storage

node ,qil; frRYedite 'rd?tsﬁ'ﬂﬁﬁfrérﬁéé R Alal RhOMART T ecei pt
of the reset signal; and recelive a cohpensation signa

at the second term naI of the storage node at | east
Feleet=By thd hﬁmﬁlmﬂﬂln@gfdtaﬂ?blmﬁm&rtmmﬂﬂ%t i on signal

B e e e
range expanding the digital image daia.

Advantageuosly the image sensor has a plurality of photodetecting circuits, each of the
photodetecting circuits comprising:

a photodetector for generating a signal in response to incident light;

a storage node having first and second node terminals, the first node terminal
being connected to the 'photodetector to receive the signal such that charge stored in the
node ¢hanges during an integration period of the pheoiodeteciing circuit; and

zn output circuit for generating an ouiput signal during a read period of the
photodetecting circuit, the output signal being at least partially based on a voltage at the
first terminal; _

the photodetecting circuit being configured to:

receive a reset signal;
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Preferably the nonolithic integrated circuit further
includes: (a) timng circuitry for generating: at

| east one internal timng signal, the inage sensor

bei ng responsive to at |east one 10 of the internal

wo piongsmegnal s to at | east commence sensi ng rafr/Au2604/000182
i mge data; and at |east one external timng signal;
(b) at |east one external pin for supplying the at

| east one external timng signal to at |east one

peri pheral device. 15 Preferably the nonolithic

i nt egrat ed circuit further includes an i mage processor
ggtn ;% {1) gharge {nlﬁﬁe g’(ﬁr%g? %de?i gﬁ &énelﬁteg lfahénr ﬁaeﬁg fo%wulldﬂ';%geq pt
cpfrtiwewergn&imndg configured to: receive a first nmessage
bR 4 end2RstioR LRSS RE skl ?e?ﬁﬁlnﬁﬁ:f ole ddrsgd1Rat at least dunng

tgrocessor not requiring further ﬁccess to tﬁ

2eqd pRiiash fhﬁ&"ﬁ'*’?ﬁ?&&%ﬂ@?ﬂ IngrpafiRg the woles aidhe F*é%{fri'
ﬁhllgﬂaéoutpmcrr@ﬁﬂy@ﬁsretebmetdn@ufmgm message, causing at
| east part of the integrated circuit to enter a | ow

power node; and in response to a frame synchronisation
Riiefgredly, the senelithinéntgasted gifcut hetherriedugleat ed circuit in

&he hiRwg quﬁyﬁpg&‘e}éﬁnsxﬂ the | ow power node. 25
Advant ageousl nonol i thic int e%r ated ci

f (At ERRHOTP HE‘?‘U%I&‘?'W'Q% § HrEeessy emgf??@%%ﬁ@?%%ﬁé&fm

Cidf thalifiterpel tirdnec sigrialsoto e Bast @orompendgt sensing af tisyistgenidianandg
a host processor,. the image processor being
conf i gur e#f l¢ast onedgma timingsianalhe host processor, a

fhfaues Keagt %Fte BLERaRih Or SupiiNy 1RV AIdRDLR foeﬂ@?tlml%@ sighal to at
roma framestore; in the event the frane

18?Stg?ﬁa@eé'pﬂ%i'ﬁ‘eflﬁv§eaval | able, sending a message to the
host processor indicative of the imge data's :

SRR ! Yopdl; 19:40:00440 73720 my@ﬁg&% gg%g&%,sm
mﬁgqrwgtm meke saeh jof agsatier aﬂslfrémgﬁdnf fihegr SeRGEvAlpbly to a host

%%%%Q:hé %ég@%r&l@%rﬁé:ﬂ&@cﬁfﬁ red fadi cative of the inage
data's

ot SERERB Y TS TG SR RS TR 5 @*ﬁ%&?@?@f
ot oegeisay | furitsh eadoadse gn athedirage cdatd privc| ode ngubsequenr frame
synchronisation signal;

in response o the first message, causing =i least part of the inlegraied circuit to
entar s low power mode; and
in response to a frame synchronisation signal, cause the part of the integrated circuit in

the iow power mode to exit the low power mode.

Advantageously the monolithic integrated circuit further includes an image processar,
the integrated circuit being configured o opsrate in a sysiem having a host prdcessor,
the image processor being configured to: '
receive, from the host processor, a request for access o a next available frame
of image data from a framestore; .
in the event the fram_e of image daia is available, sending a message to the hos_t

processor indicative of the image data's availability; and

10
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at | east one input pin for receiving command data from
t he host processor; at |east one output pin for
transmtting processed i mage data to the host

processor in response to the command data; and 10 an

woB@goRsggcessor configured to generate the piaeass@Mo01s:
i mge data by performng an image-processing function

on i mage data captured by an imge sensor. 1In a third

aspect the present invention provides a nonolithic
integrated circuit conprising: 15 an inmage sensor for

sensing image information; at |east one analog to
digital con er for convertin nal og.si gnal.s .

cor r UL AU e BMeIRB a8 GE G A0 P e, P B AP Tgs pigiable

arnieigen snéadilag a aaskaga td thebest prooessssiadicative ef therbgpge data’s

RERG8: including a range expansion circuit for

range expandl ng the digital inmge data. 20

Advant ageoul sy, the range expansion circuit inplenments

fafefeaerw&h@ melﬁhne ihidgrted dirRlit isised Blaadybiom HaGingaMbstipaddetsor,

tﬁ ngz ﬁ q (gn a corresponding plurality of |ocal
eeﬁF FrAHB " YYi tal i mage data. 25 Preferably, the
r anget leapansinput piri focretdivingcaromdnidglatadtbm e hbgipresessegi on
surr X ; [ [

b cohor Bineast B Sl (RSN RRT, BB oo BES A ost

pipeegenr &y iepreeee Wdhe soornasd dsfaxand val ues in the region

fal I ,an dﬁ]tagé f].‘itrtﬂﬂss'br SRARILd © gs;sdr&ty th@rpﬁsdwéadi aﬁamedata by

ens a r Qr
e A I S e R e e e
the pixel is below the first |ntenS|tythreshoId

IheR! Rfd NEpdd Wbt eé%nt khv@ctonY ﬁ}ovﬁes 11 n\’é@o@tgig‘l{n%aw circuit
PCT/ AU2004/ 0001 IT the value of the pixel is above

PAETE@E ond i nt enS| ty threshold, replacing it with a
whi tenmga%en@nt&xr'sénsmhhﬁageahibenaa‘bnt he pi xel is between

the f[ hlé%st Véﬁ% %ﬁ%@@ hal ﬁﬁﬁs 'cwfef@{ ?@rg%r?%)r(tmﬁ] g.%?cg .{%lalu
qorrﬂamn@nmtcéa@maqe tf'ﬁlﬁé@iﬁﬂml iefg digitg lrm@f@t%@nqz t he

NONObLj iR rrdte8dr AhErhagt hrdebdsof HoG@Rd & eHgE dxdaMsion circuit for

range expanding the digital imags data.

Advantagsouisy, the range expansion circuit implamenits a rangs expansion function in
relation fo a plurality of pixels based on a corresponding plurality of local regions of the

digital image data.

Preferably, the range expansion circuit is configured to, for a region surrounding each
pixel:

determine a first infensity threshold beneath which the intensilies of a
predetermined portion of pixel vaiues in the region fali;

determine a second intensity threshold above which the intensities of a
predetermined portion of pixel values in the region fall;

if the value of the pixel is below the first infensity threshold, replacing it with a

black value;

11
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if the value of the pixel is between the first and

second intensity thresholds, replace it in accordance

with the following formula: 10 WV-T1)/(T2-T1) wherein

Wis the white value, Vis the value of the pixel, Ti
wb%wiﬁhimet intensity threshold and T2 i spé&hausrReods:

intensity threshold. 15 Advantageously the val ue of

the lowest intensity pixel in the region is selected

as the first intensity threshold. Preferably the

val ue of the highest intensity pixel in the region is

sel ected as the second intensity threshol d. 20

Preferably the nDnollthl e furth
el Biearelie of Be Berh By s Asc T Re Byt Histaglit PG S Thih o
wifte vaile;datia from the nmonolithic integrated circuit,

e S, BhuE 8t OBl BAREE 1R CaR oddBAd fnnti Bishdigs,

rﬂiﬂmg iithes vaiuaetmsact ertitsgplatvg aromrulmtﬁthe Tréh and sRoendinreshalgs.
framestore for storing image data sensed by the image
sensor, the ran e ex gn5| n CI CUI y bei ng configured
Rreferal die mansiheg Ftﬁ%{@é G5 '%905' “the first
f r and sho value IoF éfecpiad liy betveembimeolirstt andcsacnmde ipteasipydthresholds,
C|rcu nd franestore, the 30
rﬁ%ﬁcelre %' F%méﬁm?%:‘ﬁilﬂ?ﬁ%gbﬁ ﬁ‘g“@%‘ﬁ'ﬁ@gur ed such that the '
first and second framestores respectively store inage
dat ayggsopietedryyi th alternate .frames of inage
informati on sensed by the i mage sensor, the range
expansion circuitry being configured to range expand
i rrag ehel@lnass téeehile valtbey fithe valene thepiseldT T Eé‘ﬁﬁe@'ﬁbﬁ@ﬁsw
;Q?ﬂ{ 0182 Advant ageously
nono |t%?%%§%¥§g§é§%%@@#%§8|t is configured such
that the range expansion is perfornmed as the inmage -
mm@aé‘aug@% @ille &ihd hackiriaemsy oiel hafie taypndstsasitanas the
rocessor. 5 Preferably the nmonolithic

‘Fﬂ%@dtﬁtg' EQPCUIt further includes at least a first

subsanpl ed franestore and a second subsanpl ed

S LAMR ﬁ%ﬁé @alué"@%eellls{jhetshﬁteﬁéi&%fﬁH RRAERLEH sakbRIBStRIcond

iS CO ore subsanpl ed i nage data
'B@F$@§H%%Bﬁng to the image data stored in the first
framestore, and the second subsanpl ed franmestore is

ed_10 - dat. g i

1R G %QL[‘% utput pin for
igrafé g%bﬁ dnlrnﬁnoh tglra%d clﬂj&‘?i g&g?éo#%g i Ik ne o p i ga
outputting uenal datd from the manohth:r“ mtegrated circuit, the serial ddta be:ng based .

at least partially on the range-expanded image data.

Preferably the monolithic integrated circuit further includes a first framestore for storing
image data sensed by the image sensor, the range expansion circuitry being configured
to range expand image data stored in the first iramestore.

Preferably the monolithic integrated circuit further includes a second framestore, the
monofithic circuit being configured such that the first and second framestores
respectively store image data associated with alternate frames of image information
sensed by the image sensor, the range expansion circuitry being configured to range
expand Image data stored in the first and second framestores.

12
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framestore. Advantageously the nonolithic integrated

circuit further includes at |east one output pin for

serially outputting data fromthe nonolithic

integrated circuit in accordance with an 15 external

wRyehsRemssi ng signal, the output data bei ng poasadooaioois2

| east partially on the digital inmge data. It would

be advantageous if the nonolithic integrated circuit

operates according to a systemclock signal that is

based on the synchronising signal. 20 Preferably, the

i mage sensor is driven by an i nage sensor clock, the

i mge sensor clock being derived fromthe system

cl ock signal Advantageously, the inmge sensor and the

Advagtaggonglg dises orenoijilsic dttegrateg narovib iso ouifigured Ssugh tiipet the range

Jxﬁ%&%%t:s beroffidd asOhd ?ﬁage%fa?aﬂ? FeaB oMt "t}% fFHPr'iE%Edré Rk Fansmission
rated circuit rther 1ncludes: first

tﬁtm&m@sm&r storing frames of the d| gital image

data 30 Preferabl y the nonolithic integrated circuit

§§BI rﬁ??{\g)ﬂﬁlall tagrg ) c\%_curl)tgffsl des %ﬂga%tréafﬁ’& subsampled
ftdnestamgxed datsapondh enlsbnpied ig@n@icﬁ@,ewhﬁ?rﬁmeﬁ@dﬁqshﬁg@ampied

f%Zﬂe%torelé cmq%%%%’fr@ %ﬁbﬁgﬂeﬁ%gﬁﬂﬁg Q&@@spondmg o the image

vant ageous e sens uralit
dtroriDiea e TGachasiar (00 oo U s GToehire e cppfpured
16 Isfobd! bubSarBSIeP e Eta crphmindide teihb dnadecdaty sloexdan thegsegond
ﬁi 8nﬁ’lei n response to incident light; a storage node
‘first and second node termnals, the first node
terminal 5 being connected to the photodetector to

Acﬁlﬁ%@{&u&!@%@shgﬁkﬁkméﬁﬁe@rattéaadlrc@hﬂﬂw irclude e gt {kdkt bRoutput pin

node changes duri n - int rio

fansRrigleusting fata Fan e mg %@F&%r‘“’&?f@ﬁ?"”p%?"e with an

Semed] afnchgnieing sighgLihe euigutalatamﬂgmgsai Ft desst jpeeiidllp dn bife digiial

|ﬁ%§ qRhotodetecting circuit, the output signal being
?east partially based on a voltage at the first

termnal; 10 the photodetecting circuit being

1€ @Bl %rﬁdafﬁ%eoui fGR: Mﬁm&ﬁﬂit@ ﬁﬂégrﬁ\éeg Biduit dpRteRgs adeerding to a
cha j,ntegration

8‘91‘%@] ﬁﬁ%ﬁé%@?‘g‘ge SW"’FW@'%? 3‘95%’ si gnal ; and |

Preferahly, the image sensor is driven by an image sensor clock, the image sensor clock

being derived from the system clock signal

Advantageously, the image sensor and the image processor operate asynchronously

with respect to each cther.

Preferably the monolithic integrated circuit further includes:
a first frarmnestore for storing frames of the digifal image daia.

Preferably the monolithic integrated circuit further includes:

an image processor, the image processor including a low-pass filter for filtering

the image data, thereby to generate filtered image data.

13
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receive a conpensation signal at the second term nal

-of the storage node at |east during 15 the read

period, the conpensation signal increasing the voltage
at the first termnal whilst the output circuit
WEhREasas the output signal. In another aspagidtifoiooois:z
present invention provides a nonolithic integrated
circuit including: (a) timng circuitry for

generating: 20 at |east one internal timng signal,

t he i.mage sensor being.responsive to at |east one of
the internal timng signals to at |east connence

rageRul e g P [ PRy LR b Ufofhy o 31 e
'ﬁimtqmleysbﬁng cirigis aomprsigt one external timng Si gnal to
oo | | tE{od&E&or%f deﬂQﬁﬁr‘]’d a S6¥! fh%esp%ﬁ ﬁﬁ%ﬁéﬁ%m the

IcInte clrcuit i ncl ud
i mage W@@%g@c&rhws first gof égcand nedk ée"@ae'ﬁ ihe ﬁa‘f §%¢% fggninal
Bdind donRREedad tHel’msi@d&é&t@' ta vtk ive eidnal sacihtatichargs stored in the

KB eronshuyiien RtE ] Psron HanClide aRP Ll aR >
i ndi catduipeit efrcutifer g@rﬁraﬁmgcarewmﬁ sigbe! Mlng reetpaf! merigpt of the
{;ﬁb‘i&d@%ﬁtn@ thTe%u{pt]?sﬁﬂﬁgéngfﬁt[@aspﬁdrﬁéﬁ[y b&ed oft USRI ENhe

rane onisation signal; In response to the
ﬁfﬁﬁ'tgl“[m"?ﬁbssage causing at |east part of the integrated -

Ci I CUhd pHofbdeRBir@ ciréuid lRWNglonRuraanste, and 14 WO

2004/ 073296 Pg:r l]JZOO4/ 000182 in response to a frane
syncﬁf"i? PEIETHRYY ‘gnal , cause the part of the

i nt egntegraid chirge inithe $ierage hedel davingavieiegatideried lgwing rresipt
LML REURY 5(051{%1 Preferably the nonolithic int egrat ed
circult her inclu es an E‘ 'ecgr ocessor, sgd
feReheR? smRREEatop 3Bl Bkt ﬁ@ecé’&ﬂf‘i'@ 2 ”1%?““%5?9&"36’% aﬁ igeeduring
ﬁl#%ﬁ@hﬁi{tf@@:o&ph%ﬁorﬁi%éﬂ&@&smglheyfolﬂa@gehq:)ﬁrﬁdm
Qﬁls[‘@.e%ﬁ% Mltﬁn&%taaﬁcﬁﬁ;}ﬁ?%?rglom the host processor,

ques CCéss to ne avail able frame of
|nage data froma franmestore; in the event the frane

Q\fanb{ﬁ%%pé@% drSseAildh it ;ﬁov&&%ﬁ%cﬂ@ah@m"ﬁéﬁ&@&mi@d inRiRding:
host qpr ocessor i nd| cative of the image data's

& ai I“Hl!ﬂg ety OReFEFFIP%e event the frame of inage data
I Sat it mmémﬁlummgvmml g image denkdr beimo sasppnsivislieat leastions

¢ Eﬁg ?‘Eézlﬁilg ﬂﬂ? ﬂq ﬂ@mg &t l%%%tcglﬁgngﬁ’%tsenéil%ﬁﬁﬁsqﬁage datz; and

at least one external iiming signal;
{b) at least one external pin for supplying the at least one external timing signal to at

least one peripheral device.

 Preferably the monolithic integrated circuit further includes an image processor

configured to make each of a series of frames of image data avaiiable fo a host
processor, the image processor being configurad to:

receive a first message from the host processor indicative of the host processor
not requiring further access to the image data prior to a subsequent frame
synchronisation signal;

in response fo the first message, causing at least part of the integrated circuit to
enter a low power mode; and

14
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avai lability. 15 Preferably, the nmonolithic integrated
circuit is used in a system having a host processor,
the integrated circuit including: at |east one input
pin for receiving comand data fromthe host

WU 2096589%; at | east one output pin for traneuriauzmg 00182
processed i mage data to the host processor in

response to the conmand data; and 20 an i mage

processor configured to generate the processed inage
data by perform ng an inmage-processing function on

i mge data captured by an inmage sensor. 1In a fourth

.aspect the _present invention provides_a.ph '

G A L e R R AR
tBe lpwalowemmuodesip eris the fav paner oo, | i ght; 25 a storage

node having first and second node termnals, the first
node term nal _being connected to the photodetector t%
Rrefempblydhe haoselihaintagried et TuEher feludpo AR IMIGP RTpReSSon the
iNeglaiet RAE Geseirdidonfidurédtol dpbRed mtd QBtepehavind eofiost brecessor, the
Jphot odet ectbi n% cifrcuidttd'r and an output circuit for
'Elé%ee?rgquﬁﬂ ER9SET RISt gnal  during a read period of

t he rguhivedoe thethongprodaseni a fequess fgecpss 1ap gevdlavailaplgdrame
&‘ﬁmérﬁ%ﬁi%a_f%%ifrﬁ%gé‘co@ased on a voltage at the 30 first

term phot odet ect j ng, ci r_%t bei ng conf i qulrheq_‘ ¢
to: irleeyspbthg fagwal aggfiafa is pualigpe SFHAPH 7 JipgE0e 10 the hos
ﬁ@g@ﬁd&@mﬁmﬁa&amagma@; siziaisiitgrage iln the storage

node rin n.integration : ' ! :

of ¢ 1% a7 e SPalEhor bt Mg 36 Pl
and thansesdingn thepeaositmiie hott prasessef beiseivevbie nagoe dalest
Lufidokg, t he read period, the conpensation signal
Increasing the voltage at the first 5 term nal whil st
the output circuit generates the output signal.
Ferfmhaieymbiutithict inlegrgizd wipali is sl irdesystercheyingiathost processar,
t’ﬁgi\ﬁ%@'ﬁ%e&%ﬁﬂ %clh&]ﬁq:out put circuit includes an out put

r ansi stor,

a current through which 10 is controlled
by t ltlegssoraipeutsin fonescelving eormperd dair e e ERreRGSTave

read 4P @LiOdne RUBLEHRPIY tdnemitihat Roeiseed imgheCtsts ubtthe host
further incl udg}s{t a_reset ansi stor having a contr ol
|

RIBRESSA 8} repRARET (A g SYEARAER @07 gnal . 15 Advant ageousl y
one terimapalprofestdreconigedd tio pepégieotne] procasperb dbaas dga by

5@%%i¥farﬁn{aﬁ§-@g}ceé’ﬂgtf o infhos 95QRdndiRE Bl Bﬁ‘kms%% sbher.

reset transrs I's electricall'y connected to t
first
In a fourth aspect the present invention provides a photodetecting circuit including:

a photodetector for generating a signal in response to incident light;

a storage node having first and second node terminals, the first hode terminal
being connected to the photodetector io receive the signal such that charge stored in the
node changes during an integration period of the photodetecting circuit; and

an oufput circuit for generating an output signal during a read period of the
photodetecting circuit, the output signal being at least partially based on a voltage at the

first terminal;
the photodetecting cireuit being configured to:

receive a reset signal;
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node termnal, such that the reset voltage is supplied
to the first node term nal when the reset signal is
asserted at the control node. 20 Preferably the second
term nal of the reset transistor is electrically
woonneetsd to the first node termnal via addrasbAloeis:
transistor, the transfer transistor being configured

to be actuated upon receipt of a transfer signa

during at least the integration period. Advantageously
the second termnal of the reset transistor is

el ectrically connected to 25 the photodetector via a
transfer transistor, the transfer .transistar in .
cont T 4R Heiatek e B3N PeRitRion e Bloairepei
Silgraset dignalregdat | east the integration period.

Pr ef ] f '

o ol oty e perR SRR Mol iR ord ol S ore it Bl e
qdugipghithea read 3@@3{ dhe campgnsatien plapal Jerseasing thy veltagsuatt the first
tbifiiid@nilst he bugascirauif denbsiteditnd s bighar di sposed
internediate the first node term nal and the
phot odet ector, a control node of the first transistor
Rrefeesblyitresterage node firsiudss$ gnagagcitaruch t hat when the
transfer signal is asserted 16 WO 2001/073296 .
PCT/ AU2004/ 000152 during the integration period, the
Advaripoequriy the opfprheliculh ingludencar prirub Hansisiarod cirest through which
ieb@atliddegiitevofiaurre ¢edist nBiekanind ldyriigthe £aEPeMsAt i on
signal is based on the transfer signal. 5

Advant ageously the conpensation signal is a logically
Rreigerbly dhey phididcgieciifo dnveit furtherdhalyudes @i rgsed randiyiesfhawing laycontrol
B8 1P RRLOAS HRGERE sighdicui t being a CMXS circuit. 10
Preferably n array of photodetector circuits. In

anot her aspect the present invention provides a nethod
fafatereishy ode pirdikl viatheaesat drgpsittsd Rocchheiat Pl aimsst

U, . , | . {1 P Y

RIS Sl 1 el G361 b A o
noge feoRisal, sush iagthe resef voliage isrsupplied tphe fitstieedsderminal when the
rBRe kbl REedereh af 6 chitrofnctOr age node over an
integration period in accordance wth the

phot ocurrent;

- Preferably the sscond terminal of the reset transistor is alectrically connecied to the first

node terminal via a fransfer transisfor, the transfer transistor being configured to be
actuated upon receipt of a fransfer signal during &t least the integration period.

Advantageously the second terminal of the reset transistor is electrically connected to
the photodetector via a fransfer transistor, the transfer fransistor being configured to be

aciuated upon receipt of a fransfer signal during at least the infegration period.

Preferably the second ierminal of the reset transistor is electrically connecied directly to
the first node terminal.

Preferably the photodetecting cireuit futther includes =z transfer transistor disposed

intermediate the first node terminal and the photodstector, a control node of the first
transistor receiving a transfer signal, such that when the transfer signal is asserted
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20 at the end of the integration period, reading the
charge in the storage node to determ ne the pixe

val ue, the step of reading including the substep of
applying a conpensatory voltage to a termnal to at
woeRelopREt i al |y conpensate for one or nore pepluad@foooisz
drops associated with the commencenent and/or
termnation of the integration period. 25

Advant ageously a plurality of photodetector circuits,

di sposed on a nonolithic integrated circuit, the
monolithic integrated circuit including: at |east one

anal og to digital conpverter for converti nal o
dgnr@nénes integmtign rerigs then Ershmgee defrind! &iﬂdcﬁlgc@?f’?%degﬁﬁwa are
eRb@tdiglconrdage. data; and 30 a first framestore for
storing franes of the digital inage data.

Advant ageously a plurality of photodetector circuits,
Piferply the compensatimalignahis basedtondheatrangfer gippgi.ui t

|nclud|ng 17 WO 2004/073296 PCT/ AU200 4/000182 an

I mage sensor for capturin nf ormgti on
APYRIERICQERHS P cPRERISAtANaTISRY s TR ‘i)/ GaiE SePBp o He transfer
sighdlcui ts; at | east one anal og to digital converter for
converting anal og signals captured by the
photodetector circuits into digital imge data; and 5
Prgierabhatie Pbpf@dﬁstft@wlmmﬂ@lﬂgrﬂa@fﬂogrcﬁ@@ssor i ncluding a
| ow-pass filter for filtering the image data, thereby

to generate filtered image data. Advantageously a
fﬂ%@l’f’@ﬁ%ﬁ"ﬁﬂ@?ﬁ%‘frﬁ?@ﬁs circuits, disposed on a

monol ithic integrated circuit corrprlsi ng: 10 an inage

1S SRR e gact%ﬁ&ﬁeeg&t .mq@oéee QIR iQhodt &esehgfﬁ@% SRSl

I ncor por ector circuits; at |east
G@'ﬂ@"%@éﬁ%@‘eﬁﬂdﬂ@W@Pd%@ﬁ‘?}'&f"@@f for converting anal og
si gn@b&inging E,Q,ﬁ@ondl ng to the inage information into

digital

or ocRRENG HaPCRP R ATE BRBRRe] Barae dol ¢ palrE e
phatodptedepandi ng the digital imge data. Preferably a

ﬁl)ﬁg Eétﬁ}ﬁg%‘c cahRtA %%Itcﬁ-%é’ﬁoc%' dveHEd &iegfe\tﬁﬁ RS BhcBordance

| mage sensing device, including: (a) an
wifyigPh@RYEINLf or sensing i mage data, the image sensor
I NCO&iARE @hd BOihk MBegration period, reading the charge in the storage node fo

determine the pixel value, the step of reading including the subslep of applying a
compensatory voliage to a ferminal io at least pariially compensate for one or more
voltage drops associated with the commencement andfor termination of the integration

period.

Advantageously a plurality of photodetector circuits, disposed on a monolithic integrated
circuit, the monalithic integraied circuit including: '

at least one analog fo digital converter for converting analog signals captured by
the photodetector circuits into digital image data; and

a first framestore for storing frames of the digital image data.

Advantageously a plurality of photodetector circuits, disposed on a monolithic integrated

circuit including:
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'20 photodetector circuits; (b) timng circuitry for
generating: at least one internal timng signal, the
I mage sensor being responsive to at |east one of the
internal timng signals to at | east comrence sensing
w@zo&hﬁsz“)ﬂage data; and at |east one externabriaudioRoois2 -
si'gnal ; and 25 (c) at |east one external pin for
supplying the at |least one external timng signal to
at | east one peripheral device. Advantageously a
plurality of photodetector circuits, disposed on a
monolithic integrated circuit conprising an inage
processor configured to nake each of a series of
f r an83IMs0e S%'E‘f‘°r\%’é§%’f‘ﬂﬁ'9 imageRfpristian s Imapg ggnsor ncorporating
the protaistettor difegitd; mage processor being configured to:

rece Ia’cV l%as@ o&é %naiicﬁr‘g %%ﬁ%%omeﬂg} fgp@onk}zgrﬁﬁg Qr{aﬁ)o@es%’q?\%s captured by |

i ndi €a rocessor  not
th%lphdtndﬁteafet:@@wt& iptotdfgital; "iﬁa@%d%ﬁ‘a prior to a su bs equent

frang, | GIRbRB4H ahé fhage! pﬁé&hsorllr&lmg%q@\ﬁfpﬁgﬁﬁﬂﬁfor filtering
PCT/ Al 00018 [ nse to the first message,
the\imagh tﬁ’tt FrEtelp gﬁﬁ?r?tegg '%%@"a\gﬁ f8Grated circuit to

enter a | ow power node; and in response to a frane

neh , . : . f
ARBIPAEhB PRALscf NI 108l s At
dirovit gooREsinginde. 5 Preferably a plurality of

phot gg ﬁﬁﬁéts@ﬁs& Hr%@hsug; infi RRSMEISH) th IFRGObdnbBH ifconitRaibg
I ng an i mage processor, the '

sensin evi ce i ncl
W%PW%’P&{?"E}TGP 5it being configured to operate in a
syst emmidesyi org ankogt fopdigitals sanverishdor wageripg ogrsdagosignals

g:%a&gx’?qqo t%ﬁ-\%g ‘n@om%ﬁ’dﬁ%ﬂ %rgttél AR J% Qﬁ’?t processor,

for access to a next aval l rane 10 of
. mag é" HRAGs PFeceRRoh the l1AGS PRIcassOr RCliiac alange =xnaesip gpuit for

rahgd SpgRirdakdibital megkbiall e, sending a nessage to the
host processor indicative of the inage data's

avai l ability; and in the event the frame of image data
Fl"rsfembty aam'amtnbi ehotogedetion graytts, idisppgsdion sameiidithisl image prising
ng a message to the host processor
|cat|vé of the image data's 15 availability
@iy ade AHERISLEGOTaOp el imzas Patgh BedBage EPT fpproging the
gﬁm@ﬂg@ﬂ&xmaﬂa monolithic integrated circuit for use

sten1h Vi n Qst processor, t he integrated
B¢ PRI oot
at lsast Qne internal ummg sfgnal, the image sensor baing responsive to at least ong .
of the internal fiming signals fo at least commence sensing of the image data; and

at least one external {iming signal; and
{c) at least one external pin for supplying the at least one external timing signal to at
least one peripheral device.

Advantageously a plurality of photodetector circuits, disposed on a monolithic integrated
circuit comprising an image processor configured to make each of a series of frames of
image data available to a host processor, the image processor being configured to:

receive a first message from the host processor indicative of the host processor
not requiring further access to the image data prior fo a subsequent frame
syn'chronfsation signal;
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at | east one input pin for receiving command data from
the host processor; 20 at | east one output pin for
transmtting processed i mage data to the host

processor in response to the conmand data; and an
woneg7p9ecessor configured to generate the proaes®ecos:
i mge data by perform ng an i nage-processing function
on i mage data captured by an imge sensor. 25 1In a
fifth aspect the present invention provides a
nmonol i thic i mage sensing device, including: an inmage
sensor for sensing image data; timng circuitry for

ene : I e t i

g ﬂr%éggrgsg ef?:’ g'l(_t)ar t err?e%geti @&skn a? Ee%?{ ooaI‘t h%gl% ?érg{ég circw.*t fo
etﬂﬁéa lowtpowarnods; aichg si gnal s t o at | east commence

wﬁ%é}ﬁiné@to%ffrawé%yhé!‘?&%aﬂéﬂ SgnaREuseithe F&ﬁ&tthélﬂégt%@decrﬁ@ﬂ in
east one external pin for supplying

tln]n |
e B 8006 ot M IDE PR RSB e ool oot T oaot
one peripheral device. 19 WO 2004/ 073296

PP %M?R{%IIQPQ :!’Jﬁgtf)dég éc%r%r?tﬁ‘lsydleﬁosg§ QT?E-: %Sllthl@ﬁrﬁg&aéensmg
ﬂﬂﬁﬁd L&g@é\asmyget AregesgProhe H’@eglrﬁi%%@"cé'hhe"iﬁ COFE@"'%@@@PWQE in
sl Gaﬁrﬁg%‘ﬁ’dsﬁprb&s@éroﬁé %ﬁﬁ@ﬂr@ce’és&r%hlﬁé bMﬁg&r@d & | east
one of .t F zter t|n1ng %J Pr ef erabl%l %ﬁ?
ti m RGN TP S ka’F%SB’y d(ﬁ‘li-%&tf OLRRIFFVIP AR AR frame
ofinagedata fiorm arflegiestoes;  accessi bl e by the timng

cir GhHY ! Le\(fentjtlg)ec#aq’ne é‘é@gépvﬁété ty a%afld%?er@ﬁlgsai rﬁ%sggé/ il:oq&ﬁe réc%st

accor

_ p’@ﬁ%gsa’f‘“‘i"l;?é"’%ﬁft@ 'ﬁ'@ﬂeﬂ?tﬁﬁ@ga‘?f"ﬂﬁa?@ i s progranmmabl e.

Adv _a? ﬂ!%@@:ﬂ%’qe}’f;‘drﬁ@ofdﬂégﬂ daffelis in6t aa@mle?mﬁg Ehtipy ;s\@[@yuagn‘e
ifyi a val ue stored in a register accessible by
et el i heci e U ok oy KA MR R e
avgdeldlitnal signal includes a I'i ght source control

signal. Advantageously timng of the |ight source
control signal i's progranned to cause actuatjion of a
Aﬁ’\fﬂ@ﬁﬁﬁ%l&@d@ﬂﬂm HPheigdeiReos sirdiondippaspiPmg mongliis integrated
citsaki fir 0g: ih Beyivm gﬁ\ﬂf@ﬁl ReHt picRessdf) HRANBEHARE cRAMShIMGim

the ait LB ng %laf[.}l Fﬁ :9’“%%%5511&5@&9#&% me%dspgggessar;
sensi Ng devi
at least one output pin for transmitfing processed image data fo the host

proceseor in response o the cormmand data; and
an image processor configured fo generale the processed image daia by
performing an image-processing function on image data captured by an image sensor.

In a fith aspect the present invention provides a monolithic image sensing device,
including: |
an image sensor for sensing image data;
timing circuiiry for generating:
at least one internal timing signal, the image sensor being responsive to at least one
of the internal timing signals to at least commence sensing of the image data; and

at jeast one external fiming signal;
at least one external pin for supplying the at least one external timing signal to at

least ohe peripheral device.
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an i mage processor for processing the imge data; and
a synchronous interface for outputting the i mage data
serially to a host processor 25 in reliance on a
synchroni sing signal therefrom wherein the image
WU WeLEsH6 operates according to a system cl eckasc@nadors2
that is based on the synchronising signal.

Advant ageously the i mage sensor and the inage

processor operate - -asynchronously 30 with respect to
each other. Preferably the inmage sensor is driven by

an i mage sensor clock, the inmage sensor clock being
derived fromthe systemclock signal. 20 WO

2004/ 073296 PCT/ AU200 4/000182 Advantageously the
Rrefeabiytahieastiona iterse tining gigda wicheled afrtine exposok siged:  at

| east one analog to digital converter for converting
anal og signals corresponding to the inage information
Admarsagsiogsly simingrad gb legeitane of e sxtemal;tinrg F’G'%ﬁ‘ﬁe§t%99éamﬁﬁb'e
rSilel B 8t B4R BRS ofhe lhﬂéﬁ‘aaﬂ!n_ﬂh%_ﬁbndlmg e data. _

Advant ageously the nonolithic image sensing device
further includes: at |east one analog to digital
Feeferablytire fifing |a:pmgfemmahlg by mal of meiifingl & valusciered pPon tHIster

tQ . ' tion into digital inmage data; and
afgesgrq)%lﬂ @cesfsﬁ? the i mage processor including a
| ow pass fllter for flltering the i mage dat a,

s‘/aiher ﬂ?ﬁoﬁdmh&amag@ééﬁsﬁg Hé@;seeaiscmﬂmea diaiaso, whergm a duration of
vant a nonol sensi ng evi ce
%W%?ﬁ‘ 5%6?“'"3’99 7R t‘s 3’]‘1’ g'agwgﬂ%(lag to digital

converter for converting analog signals 15

ﬁu%&ﬁtﬁ&egs%g‘tﬁégd&&oh @prbﬁfﬁ&ﬁmabt@fb?r%tdf AdaliOn i §Bhod in 2

I mage and an_1nage processor, the inmage
TE@'@%@@%"@@?“‘?'%W‘:U%PWQQS'rqugﬁige expansion circuit for
range expanding the digital inmage data. 20 Preferably

S o BRSO 58 (B o e,

circuits conprising: a photodetector for generating a

F?dv%‘c@bedu@ly rtﬁﬁﬁ@ RE e ﬁ’gh‘t %Bhr@@ %nﬂrél gs%nal & §¥o§fa&@s%dn@:d @ause :

havi ng f1ist and second nod el erm ?{@ L qensarto

scbiloThal = lighbravrepaRTe dediiea! fpea Eﬁ‘lﬂ' Bitene Giedimegne
doRffinee séridthgdf e dhaggwiaty. t hat charge stored in the 25
node changes during an integration period of the
‘photodetecting circuit; and an output circuit for
eyefeeabit iha dnanalitoi ingge sgnsiigaleview frthey iBeydesd per i od of
the gn image processor for processing the image data; and

a synchronous interface for outputting the image data serially to a host processor
in reliance on a synchronising signal therefrom; '

wherein the image processor operates according o a system clock signal that is

based on the synchronising signal.

Advantageously the image sensor and the image processor operate asynchronously
with respect to each other.

Preferably the image sensor is driven by an image sensor clock, the image sensor clock
being derived from the system clock signal.
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phot odetecting circuit, the output signal being at

| east partially based on a voltage at the first

term nal; the photodetecting circuit being configured
to: 30 receive a reset signal; integrate charge in
widwosd9age node during an integration peri @dT/AU2004/000182
follow ng receipt of the reset si-gnal; and 21 WO

2004/ 073296 PCT/ AU2004/ 000182 receive a conpensation
signal at the second term nal of the storage node at

| east during the read period, the conpensation signal
increasing the voltage at the first termnal whilst
the output circuit generates the output signal. 5
Preferably, the nonolithic inmage sensing device
Advettagbesshathe mongiihip mage ssnsingudenice §uthednclydesnake each

Of 8,8 LdfSorfl aﬁébﬁé'eﬁl Qlgitdi TBERAG! Ford kaheAR) Catdb signals

ost processor ge processor bei ng; configured

cegespprding 19 edmpge ﬁorﬁé@d@}% digiy) 1993k 809 pr ocessor

i ndi g @ist r@n&storé fve stang frihi @ Stssadigitahiniage dagai ri ng
further access to the imge data prior to a subsequent
frame 10 synchroni sation si gnal ; in response to the
Advagagenesisthy mon@lamgmage&ensrmicpmerdﬁclwﬁé i nt egr at ed

C' r Chy ttee{sp ongNbR%icd HhOWgRAVBENERELE ford RehvieRing € SRRAIYS RidnBis

frame synchroni sation signal, cause the part of the

W?@@Pdam%ta the imgge t"‘fqr'ﬁat'c{"'ﬁ'go Figli7 §B985 93 a89 t o exit t he
| ow peiMige PRstRssol thé\thvagat pagresss including'a lowpass fiter for filtering,

(b5 BGE TG bbb Rl EecRRelre0e Processor, e

eél'ng con ured to operate in a
system havi ng a host processor, the inmage processor

ARELASLBOM 4 ahg H{oﬁgltﬁlé’lmarg%%ﬁﬂiéir% dafvfc@ mrmaan&nm pr ocessor
are uest for access to. a e frame

i magé deash MeoANCY rtﬁng@{t%r 89""? ert ﬁ‘g Q%Vﬁft'"g h@nq‘kfgar?ég"ats
cofredpomiiey tdaﬁeamlage ilcauin&iddal iro d@eaﬁidnen@ dataygsdage to the

host ?aggﬁgggmmk Rk ﬁ%ﬁb }Sn%cggsoF ipl u&h?&ﬁ ?an%@%ﬁ?pa%sxan cirouit for

avai and i e event rame of 1 mage data
fﬁ@eﬁﬁ‘afﬁmal’fﬂe&bﬂi'@‘ f"’\ﬁ&? f#fag until it is available and
then sending a nessage to the host processor

indicative of the image data's 25 availability.

Preferably the image sensor comprises a plurslity of photodetecting circuits, each of the
photodetector circuils comprising:

a photodetsctor for generating a signal in response to incident fight;

a storage node having first and second node ferminals, the first node terminal
being connected to the photodetector to receive the signal such that charge stored in the
node dhanges during an integration period of the photodetecting circuit; and

an ouiput circuit for generating an oufput signal during a read period of the
photodetesting circuit, the oulput signal being at least partially based on a voltage at the
first terminal; _

the photodetecting circuit being configured fo:

receive a reset signal;

integrate charge in the storage node during an integration period following receipt

of the reset signal; and
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Preferably the nonolithic inmage sensing device being
configured for use in a system having a host
processor, the inmge sensing device including: at
| east one input pin for receiving command data from
wmob@siosprocessor; 30 at |east one output pidi£bo4/000182
transmtting processed image data to the host
processor in response to the conmand data; and an
i mage processor configured to generate the processed
i mage data by perform ng an i mage-processing function
on i mage data captured by an inage sensor. 22 MD
2004/ 073296 PCT/ AU20 84/000182 5 a si xth as i thg -
BrRESTOMARIRATPR 89{'%? 0% eRoe LSBT IRisioTReR By A during
thé reat ipbriciDp lcbid pangation Bignaltgeedsingdies entgeaintia firshtertirtad -

of i nmage data
@gﬁ e%’lﬁlén%rcﬁgargésr%tgitpgcegsor {he i mage processor
bei ng configured to: 5 receive a first message.from

BroRradbRSthe H&S]ﬁﬁ§ﬁ{a§é BsHsFaldeVi 8? mﬁluﬂé’s&mhﬂﬁge MHEBESFTOffigured
er ac eS S

{ {
R L L e
imagpposssstrbetigeoifignet toressage, causing-at | east part

Of ! B8l LORL MRk iofiihb nbQ prGRLES iRihY & M Hos R ssor

I'n respons e%‘anc ronisation sig
nohureeuiting ftiet aseessh jthR e@ﬁ'@ﬁe ta. o (iPt 2| ?PbFPFéJE%\RFame
@ﬁwn,g@g@s,gm -exit the | ow power node. Preferably

he. (LFEPsPe (B P E=see ety vl e qane figedd Sl e

ahﬂarandmgmmnmoﬁe, anbe nonolithic integrated circuit
ifs 9&&6&%5@ ? %F‘ﬁ &ich Q%n&r%{ﬂ%ﬁth@ﬁ%ﬁr&? S8iRetrhte circuit in

era e part e integrated circuit
W‘ﬁ (RPEST @quféﬁé'i &WWFE‘H@? ry associated 20 with
the image processor. Advantageously the inmage

' ,§ ogtgéezcﬁz%lé I'cl‘f”a ﬁﬁnﬂ L\th% W S da ée?lS[Rr %3@ x‘f’e lnglpgeq 9\%99 ?‘ltngeej;sft;\'é the

essin
itlegrated eyt bmrmﬁgtmtewemg inta sys@sl lnavmear @ﬂﬂl proggssor, the

l-n%E& dabkar dehaShitlbdahdt @ franestore. Advant ageousl y
t ?rroams storgels‘?ad gital frane store. Pref E‘F'I
8arama

the FPoRfve: EQmpfhe hest %%ﬁEFS%’fa ERESTR GEPER R 2 nﬁ’fi'é"ﬂ?’
&Fiifhsddl data fradla framestors;

in the event the frame of image data is availahle, sending a massages fo the host
processor indicative of the image data’s availability; and

in the event the frame of image data is not available, waiting uniil it is available
and then sending a message to the host processor indicative of the image data’s
availability. '

Preferably the manalithic image sensing device being configured for use in a system
having a host processor, the image sensing device including:

at least one input pin for receiving command data from the host procéssor;

at least oné output pin for transmitting processed image data to the host
processor in response to the command data; and

an image processor configured to generate the processed image data by
performing an image-processing function on image data captured by an image sensor.
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It would be advantageous if the nonolithic integrated
circuit further includes at | east one output pin for
serially outputting data fromthe nonolithic

integrated circuit in accordance 23 WD 2004/073296
WACTloALBE@4/ 000182 w th an external synchr orRCIVALZ004/000182
signal, the output data being based at |east partially
on .the inmage data. Advantageously the nonolithic
integrated circuit further includes: 5 an inmage

sensor for capturing image information; at |east one
analog to digital converter for converting anal og

~signals corresponding to the image information into

the i mage data. Preferably the inage sensor and the
Inresiiéh 3pbec dhssrresappiaventien providesta menrplitiiojintagraied cir@it comprising
SrERRAE lorb Qe SRUINAINES to NAANRBERISIOH Shiles! HEfrd RIS RS Yhta
| S[lfgﬁiel ven by an i mage. sensor cl ock, thg@izen%g_e sensor
REIROE 1B & NE RIRGEPIEINS IMAYP PRASeSPEhadg @n gnal . 15
Adv amécalye alf$tymdsesgenfeono tHetHasigprodet & iralicativecafitiouhdst processor
rrher. | es. ...ah. 1 Aag n apt und hs
il JECSioasd o HROMRE RS P 678 Bkl e
Fyoehreniselien $ignel anal og signals corresponding to the
| MO deBEdEER] the Mrsk _me@sagb Halisthg hiVB&E palRblhe Midraded difcsit to
fragt?store for, storing franmes of the digital inmage

FUHRZ oW BYYMOEB Al v the nonolithic integrated circuit
f ur t reresparsk tol aftameasynchmargmtiore signal, daose thepadral tige integgéed

c%jr'&ffr?iﬁ‘EPetIB\Q?éw@rtmén%Qé&xiﬂﬂ&lo@a%lv@&n&%. digital converter

or converting analog signals corresponding to the
image information into digital imge data; and 25 an

PARGDIVRINGFAG T poweh RiolMEBd4Y diBRE0Hodking lotithe HErt af the image
| ow-pass filter for filtering the imge data, thereby
¥ S'Begﬁeé’fcﬁt e filtered i mage data. Advantageously the
nmonolithic integrated circuit further includes: an

ASBGS,2889 Othe | MABnRBRS |niGyrdidP @Rl EoRfigiRbd &N gedPai@line frama
| east” one analog to digital converter for converting

sYReIrgtpelion®ien®  corresponding to the i mage i nformation
into digital imge data; and an inage processor, the

SRR 5583 R 5P RS B L Ut

with the image procassor.

Advaniagecusly the image procsssor is configured fo process the image data in
accordance with an image processing function prior to the host processor accessing it.

Preferably the image daia is stored in a framestore.

Advantageously the frame store is a digital frame store.

Preferably the frame store is part of the monolithic integrated circuit.

It would be advantageous if the monolithic integrated circuit further includes at least one

output pin for serally outputting data from the monolithic integrated ci;cuit in accordance
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24 WO 2004/ 073296 PCT/ AU2004/ 000182 Preferably the
monolithic integrated circuit further includes an

i mage sensor conprising a plurality of photodetector
circuits, each of the photodetecting circuits
wWapIple731089: 5 a photodetector for generati ngcaavizgnabois:2
in response to incident |ight; a storage node having

. first and second node termnals, the first node

term nal being connected to-the photodetector to

- receive the signal such that charge stored in the

node changes during an integration period of the

RS i e, Ty b gty on

thdagnagé@atghot odet ecting circuit, the output signal
being.at least partially based on a voltage at the
first termnal; the photodetecting circuit being
Adyantpgaepelythe gonoljtie infqpeated F'@g'éf“r@grd?ﬁfd,eszi nt egr at e

char gg id;d%e}sb@@bﬁbmin@@d@ied%fMioan integration

peri Q ol | owi ng_receipt . g '

r eceiag doFt ¢ nr‘rap & ﬁ%’g 4 Fcé)’n %éq'ta]n g?'wgft ér? ﬁ%‘I g g%ﬁ@bt g%lrlﬁ % gﬁﬂﬁ’a]s.
wiresgopding tortbeyinage éormationgnisthedmapedatat he read peri od,

t he conpensati on signal increasing the voltage at the
first termnal whilst the output ci rcui% enerates .
RIR@blY, HarmaeyFRIeoT ot A 1708 SLERGSTRY PREtENDR TR IRtGY wih
resicepo@bgtbtidrr cui t further includes: (a) an inmage
sensor for sensing image data; (b) timng circuitry

for generating: at |east one internal timng signal,
Adveniaganyely terage In8BeTds fréep oK 8 eage ergor Flagks thedmage sensor

AR il 8mRk bk MW sfhiiksigha. at | east commence
sensing of the inmage data; and 25 at |east one

external timng signhal; (c) at |east one external pin
Adveniaggapsly ihegndnbihiatnidgeaisd claoik fuperdnakadest | m ng si gnal

rono PR SenRlor SRRl HBAEE ™ P O S0ed ane
i mg@t peast egworanalpgiete PR cagiepee dorcicPREtinopanalep signals
&RREIBDHRE S thinRBE InkirRiatidh iﬁo%&lﬁﬂhﬁ%@@n? hoffe e
P ecerIe nambrire s THoBe PRPeraas o Mg dde: or access
to a next available frame of imge data froma
ii‘ﬂ'e%%‘ﬂ}tﬂé ﬁlbncﬁiﬁlis integrated circuit further includes:

an image sensor for capturing imags information; _

at least one analog to digital converier for convering analog - signals
corresponding to the image information into digital image data; and

an image processor, the image processor including a low-pass fllter for filtering

the image data, thereby to generate filiered image data.

Advantageously the monolithic infegrated circuit furfher includes:

an image sensor for sensing image information;

at least one analog to digital converter for converting analog signals
cofresponding to the image information into digital image data; and

an image processor, the image processor including a-range expansieon circuit for
range expanding the digital image data.
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WD 2004/ 073296 PCT/ AU2004/ 000182 in the event the
frame of image data is avail able, sending a nessage to
the host processor indicative of the inmage data's
availability; and in the event the frame of inmage data

w2000873dy¥ai | abl e, waiting until it is avail abrRu20900182
then sending a nessage to the host processor

indicative of the image data's 5 availability. It
woul d be advantageous if the nonolithic integrated
circuit is used in a systemhaving a host processor,
the integrated circuit including: at |east one input
‘pin for receiving command data fromthe host 7
processor; 10 at | east one output pin for transmtting
processed inmage data to the host processor in

I%gf%r]%&g e l%;gnol:[ﬁ% lﬁtgg‘]ggg% rﬁﬁttfar'the"il %lL@ L{REEe Qérﬁﬁle&%%smg

ocesse I mage
amiyrality cpﬁnhgtoaﬁeqct@resgeuﬁsr@@b 9§1ihﬁ @hq*teq*ﬂi%q“mwm@ﬁ'tﬁ (i?ﬁ‘é’ﬁs'%t a
fﬁpt Hb ﬁ&o@%fec@d? fér@éﬂeﬁ‘atﬁ@ adinal in lé_‘apbﬁbeao S'newamlbht,as pect
e present inve c
Sensg ﬁtj)r‘%@vnc@g\ﬁ ﬂ ﬁr& ﬁlécp 5??°P$r§8%e FB'E%% E(he fi rs{rﬁo%% terminal
Hehity eariretied tcihe photd detestan tp reosive e lsedaltsgcrdpa;erge stared in the
Xéc' Ehaqé%sﬁqdngg aﬁmté?%ﬂmp E S QP phBtE&eté Eirddf:AgSSor

el ve, fromt ost I‘OCGSSO})’
a r e8l@YtpUF Bircus dereganeting an equtpuammiawég forgAQ Pergd of the

dh%@&eéﬂiﬁb RirduitOlE Butbit SRS My, at KAt gartialebee ot a bibitage at the
frame of image data is available, sending a message to

fri&Emine processor indicative of the imge data's
avai tr@mhbiotlgtectagdirctuﬁbeihec@\ﬁemedttdw frame of inmmge data

IS ng&eggg%ééggéhm\maltlng until it is avallable and

t hen sendln a nhessage to the host groces , int
i ndi @éﬁgraﬁ%claﬁfgq *H@eiﬁtﬁi% negE Juing apjof Wﬁtﬂﬂ“ﬂe{' | foliing receip
g?[r@fr@geagbyanalm integrated circuit includes the

LSS S AR Lol St Bt

tberchd bériodoife pompensglicn sicaalfinaseasingdhaiiays At 78t termina)
Ml&ﬁ% AHEH cfd i GRhdratb DB 6RLCAREE W th an 30 external

synchroni sing Signal, the output data being based at
| east partially on t he I mge data. 26 WD 2004/ 073296
Mﬁtﬁdﬁﬂaﬁﬂ-{éfﬂ&mﬂhic infegraied drcbie fuaitierdintiaigeous i f  at

(afas an ma%{e eﬁs%gfo‘?ggﬁﬁr'g%%esda% the present invention

(b)  fiming circuiiry for generating:
at least one internal fiming signal, the image sensor being responsive 1o at least one
of the internal timing signals to at least commence sensing of the image data; and

at l=ast one external fiming signal;
(c} at least one exiemnal pin for suppiying the at least one external fiming signal to at

least one peripheral device.

Preferably the monolithic integrated circuit further includes an image processor, the
integrated circuit being configured to operate in a system having a host processor, the
image processor being configured to: 7

receive, from the host processor, a request for access to a next available frame

of image data from a framestore;
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provide a nonolithic integrated circuit which operates
according to a systemclock signal that is based on
the synchronising signal. 5 Advantageously the
nmonolithic integrated circuit further includes an
wonmeosesnsor for sensing the i mage data to Qe si068do1s2
in the franestore. Advantageously the nonolithic
integrated circuit further includes the i mage sensor

and the imge processor operate asynchronously wth
respect to each other. 10 Preferably the i nage sensor

I's driven by an inmage sensor cl ock, the.inmage sensor

_ cl OCIfntthe\ré]Qt ef ' \éeoq uLéSg%rHt ata IS a@{l?tt)kgm (B:ﬁli’gé;i?( ggalggagglté thlerll'aost

anot her aspec nven
RFBeRSRYT inglice 'Y%fé@'m%ldaiﬂ G\(wiablﬁtm@hddl ng 15 an inmge

Pr oC&sHhebvert: R flaRked fn?ég@ @aﬁ'lsr &ﬁ' bbaiB6k %ﬁ'@rﬁnﬁlgﬂg ShibSe |

atelnasstem V|n host proces
R Poiln & it o s cleSish e ehs e aatato:
avaliapilie a nmessage fromthe host processor confirmng
that image data in the Trams-store is no |onger
required, and in the event that new inmge data is
It ‘é!‘é‘é‘i‘ bearvepiagrous if §lecaonolithictinegratagreisau isaispd inor sys@6 Having a

Hobﬁpr@&&ﬁgﬁe mg%d(ﬁ%ﬁt '}{&Qdmdﬂl scardi ng the new i mage
dat a. eous if the nonolit

ot oGt ER T P Sl Tse i Gogiel dais, fonhing hestermsrgsor

t hat at leasihene iontpgte pidafon tnassmiﬁm@ Prebedsedr BeQE ddi t6 MR host
drﬁg&r&r@%ﬁﬁ tﬁeh&a'in agoverrun has occurred. 25
Preferably t nonol | | c [ h? egrated circuit being

conf EgUmage t@ceﬁbﬁoﬂf&l@dptﬂ pinerdie thenmsenegesd weigeadata by

 petiaehing ant iage-pFRERSAG AFHEEFUn ihisl &Rl bdb@hréci"%‘ arl iR@ g sensor.

framestore is ready to accept new inage
Advant ageously the nonolithic integrated ci rcw t bel ng
I grefeveniiy expetidhe opeentieeelion movidebes moBsithgienags au&ﬁtgadewce

it ool YOO AR s Al

| f“sfg%wt9mt2?§é°fn¥5ﬁdmaqemr@cerswégmmfguneﬂm;ut bei ng

conf fegeive drobrothyvake ptd&@sagﬁ it bRt fof Q&Pf%ggﬁét Shilable frame
[, nbde upon recelpt or a frane -
Qﬂn{a@%rd%tﬁf@gta i e? é%al Preferably the nonolithic
i nt elriza 2ugntihe Fame obigiagg data isfavgilabld sératirgenmeshes toltBe host

phdcBERr inBicHNE GIhe MhRRlbRR LRy i@the same integrated
circuit as t{;‘\g | mage. processor. vant ageousl y the

monofithFEnt érawﬁteé Eercalh ¢ NP vERDNe, R gl g available
ahddisdn samdingldl mebsgaito the host processor mdrcat!ve of the image data’s

avallability.

Preferabiy the integrated circuit includes the framestora.

Advantageously the monolithic integrated circuit further includes at least one output pin
for serially outputting data from the monolithic integrated circuit in accordance with an

exiernal synchromsmg SIQnaI the output data being based at least partlally on the image

data.
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for serially outputting data fromthe nonolithic
integrated circuit in accordance with an externa
synchroni sing signal, the output data bei ng based at

| east partially on the inmage 10 data. Advantageously
wheowenolsi thic integrated circuit further i nchuizssmmnis2
i mge sensor for sensing the imge data to be stored
in the framestore. 15 Preferably the i mage sensor and
the I mage processor operate asynchronously wth

respect to each other. Advantageously the inmage sensor
is-driven by an inage sensor dock, the image sensor

I b d | . .
AR RS A B TRELR o i e
drmddaﬂmsnolitrﬂmn‘aegta@d cs@ntymicmqmemmm:emdlr@tolwg’@m clock signal

At op Bl ior‘?{he sgﬁchl'o?\ % sn&. analog to digital converter
or conver

anal og Signals corresponding to the
image information into digital imge data; and 25 a

Kdvﬁ&bgé&gm ﬁb@o[iﬂ'ﬁﬁ :n&bﬁiﬁémﬂrcﬁit ameer néluddseardingige aknsor for
the ponolithic integrated

sc?f'? g?ffhﬁ "f'%ﬁgtq?@’dtv% Ya%g’ he¥§ﬂ1 S%ge sensor for

capturing inmage information; at |east one analog to

)Q:Ivgl"nttagéougl mée\'ﬁ&%ﬁithfc%te&%u er&dltr\“grﬂ%? fchQﬁes?'ih@ abse sedor and

corre ge I ntormation Et% digital
thwgf@emcassoa%mfe Q?Y“P'H’%Efé‘ by i EssBest o Ak o ge

processor including a | ow pass filter for filtering

VI o snrb s 400k BRI REBS I Gtk e Eer goo
Heirg ceoves! fronhihe systanegpeettsighaki rcuit further includes: an
i mage sensor for sensing inmage information; at |east

B T ey P S
ahi Bidoal prbcmage, thatinipgrated Sroaih bem@g:enf@umsdefssmeraie frea systsm
HRg e BLasSIsar argn:pg h&ﬁ%@&g Snk HUIE pok p?&é@&%ﬂ?ﬁ% Sohnfigitdd to:

expan
Pr ef eﬂ!@b’ﬁ)ﬁ mﬁ@aa@ frgnnu they hesti mvf@g?oatcem‘g “@l“ﬂéfﬂﬁtt'mﬁﬁﬁ" figig,in the

AR n@ﬁbnb&ﬂﬂ@_m‘é@%@r t hat corrprl ses pl urality of
2| PES‘} g%gqe_rg ﬁ%ﬂnis}%% Iéltsdsa is rece:vec? 1,fo be s"?c»rg in tﬁéj ﬁgnqé:stiérg Brior

io the message being reczived, discarding the new image daia.

1t would be advantageous If the meonolithic infegrated circuit is configured 1o, in the event
- that the new image data is discarded, record in the image processor that a frame

overrin has occurrad.
Preferably the monolithic integrated circuit being configured fo, upon recsipt of the
message, set a flag in the image processor indicating that the framestore is ready fo

accept new image data.

Advantageously the monolithic integrated circuit being configured to, upon recelving the
message, cause at least part of the integrated circuit to enter a fow power mode.
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a photodetector for generating a signal in response to
incident light; a storage node having first and second
node termnals, the first node term nal being
connected to the photodetector to receive the signa
weLhehyd7b@E charge stored in the node changegc@uuringosis:
i ntegration period of the photodetecting circuit; and
15 an output circuit for generating an output signal
during a read period of the photodetecting circuit,
the out put signal being at |east partially based on a
voltage at the first termnal; the photodetecting

ui t con ured to; eceive.a I Si ;
Syt e T le eSS AR R H e B o
thaninegradetd cimuibie taworbweo modswipey resin iops frapé syrh:brome@;igrp signal.
signal; and receive a conpensation signal at the
second terninal of the storage node _at |east duri
RrpiErabl e BRTOBc isaraiesh Bt Renncafigiiad 19 HeRaais i frame
dyhéhrorlatiGggril intthesdnd iffegraet kirtlad as thdinlagé pidaessout put
circuit generates the output signal. 25 Advantageously
the nonolithic integrated circuit further includes:
Adypntageoushatie eenetiibic iftegraled nistuitduithen neludet af;legsbpna QUL gin
{Gi ére?ild?f c;(XpJﬂ% c&%ﬂﬁ&ﬁ‘%@ﬂomﬁ{hlé lﬁ@ﬁkté&nﬁrchtﬂfneéceﬁjdaﬁcb 'ﬂiﬂﬂgan

the ge sensor Q%FSIVG to ﬂ ﬁ

A e Fﬁﬁaﬁglﬂg.b@‘ leggt el gt image
egmence sensing of the image data; and at | east one
external timng signal; (c) at |east one external pin

for supplying the at |east one external timng signal
Adyartegecugindhe marolifie infrgeates cligaly fgther Polugys o iMggs =3RSE for

REHINHE HHQRRL8 2 sRF&S iR R MadhekidRe. | MRge processor is

configured to neke each of a series of franes of
i mge data available to a host processor, the inmage
meReAShE ey gereon bing) theekhage proeewirvpertd aswthmessxgaelih

lfeép%@tgggcrmﬁér. processor indicative of the host

rocessor not requiring further access to the inmge
data prior to a subsequent frame synchronisation

ﬁdvgﬁ@éeeuélﬂ d‘feQﬁE@sDﬁhs&rQs fen bl BA ImdRSIAGR clobid ¥ iNGgPsensar
Eﬁ 8 h %ng ated circuit to enter a I ow
%ﬁgéﬁm e gﬂﬁ' = sys e cla signail. o

Preferably the monolithic integratad circuit further includes:
an irnage sensor for capturing image information; _
at least one analog fo digital converfer for converting analog signals

corresponding to the image information into digital image data; and '
a first framestore for storing frames of the digital image data.

Advantagsoulsy the monolithic integrafed circuit further includes:

an image sensor for capturing image information,;

at least one analog to digital converter for converting analog signals
corresponding to the image information into digital image data; and

an image processor, the image processor including a low-pass filter for filtering
the image data, thereby to generate fillered image data.
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in response to a frane synchronisation signal, cause
the part of the integrated circuit in 10 the | ow

power node to exit the | ow power node. Preferably the
nmonolithic integrated circuit further includes: at
wERsloeng i nput pin for receiving command dateafzeanoos:
t he host processor; at |east one output pin for
transmtting processed image data to the host 15
processor in response to the conmand data; and an

i mage processor configured to generate the processed

i mge data by performng an image-processing function
on i mage data captured by an |na§ sensor In an
%?%ﬁPw%ﬁ%ﬁE@PmWﬁ teg PW'WU@ﬂF‘gﬂeﬁrOV|des a

nonokh infdge sendol i 8érthg thagelinforhationuse 20 in a system
havi ng lgasl‘E]OSte %Elglgg Stgordl ﬁélh% N&h&g rf@ll ecgn\féh{ngubﬂalog signals
i ncl ddi ot one A ? for rece

Qoummn@nmwttae lmagmm‘qwamnto ﬁtgﬁéie@gm datgifand east one

out pUf iRAdR Jr&%s%? eiﬁesﬁﬂabb ipRigedoP ﬁa@i‘é@iﬁﬁ alrdfRy8 exshakion bifbuit for
t he host roce@z 12 response to the conmand dat a;

rﬁ?ﬂ?eéﬂaqdﬁ’&d%eﬁ? @8pnfigured to generate the
processed inmage data by 25 perform ng an

Fl'rg%%%lyp{hgc %ﬁéﬁ'e EIC iﬁtggllatﬁ%ncn%ﬂlt L IRAE ifalRs Ca%p&ﬂébé eRNbr ARat

ge’sensor I mage processor
ogmnr-$aguml@ralltv of @enleqt@ﬁeéecﬁmge ciuBE 8 BT ﬁhw@ofeaetacﬂﬁgl circuits
&ﬁgﬁgﬁgng a subregion of the inage data. 30

O GeRel ok TR, B0 RSgRr SR °
fi |t erstorgget helei hasige fidhead sSBNY\OOEH GBAB2HE first node terminal
ﬁg A /tcpﬁ)\g éﬁ&od&éﬁr?%%@éﬁe {HRQidnHBgEen REQASTS %rédsln the

frgure enerate rocessed i nage data b
rp% CcRESAEY ‘FLﬁ@g ap iteoraiige pafaadalf theRhgiodelgeitsg Sirspity 8 | rrag e
proces Fug[pa.tt SirdeR 1¥hd ﬂéﬁéﬁ:ﬁin@ @ngRARk aigal beinpraones yedod of the
| 5 dat threshol di.n roliage
BPRREratlp e et S S SL R 8 bRAT Rl i g yotece st e

g emaak t he processed i nage data by range- expandi ng
the mmaoegtgamg%ﬁ@xﬁgwgﬁ%w the image processor

is configured to generale e processed i mage data by
Iom#ﬁ%@@eﬁﬁg¥%$9 and sub-sanpling the inmage data.
Pr ef ecipdty chidige ih gorpyeOmeis sionng & inlephiiguresdd fobowing recsipt

q?ﬁ.' S%t[gla;gf rl@rocessed i mmge data by | ow pass

rin nmpl i ng and range expandi ng the |nag .
relegive a compensation sxgnal at the second ferminal of the storage node at least during

the read period, the compensation signal increasing the voltage at the first terminal
whilst the output circuit generates the output signal.

Advantageously the monolithic integrated circuit further includes:

(a)  animage sensor for sensing image data;

{»)] fiming circuitry for generating:
at least one internal timing signal, the image sensor being responsive io at least one
of the internal timing signals to at least commence sensing of the image data; and

at least one extemnal timing signal;
(c) at least one external pin for supplying the at least one external timing signal to at
least one peripheral device.
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Advant ageously the image processor is configured to

generate the processed image data by | ow pass

filtering, sub-sanpling and threshol ding the inage

data. Preferably the inmage processor is configured to
gh@iRst he processed image data by 20 | 0%@@%004/000182
tering, sub-sanpling, range expanding and

thresholdlng the i mage data. Preferably the comand

data identifies the at | east one function. Preferably

the conmmand data further identifies at |east one

paraneter of the inmage- 25 processing function.

Advant ageously the command data further identifies at

| east one paraneter of the inmage-processing function. -

F38fetablywhe lidadeeprachsastt i gonfighradfto tnke neanb lof bihdefied BBESEMes of

R 0 SRt e st th e R Epach PR Ropmdd ©

nmonoraceive @ firsranpssagsitper the hostupradeesor md@latm thge Hdst grocessor

rToE aa@ﬁﬁrfgr QuirRF aeb&sl RO thé NRabd Bt dRbA- toAQvamsmﬁpstame
%1 a?|lthl i mage converter further includes

5%% ‘ore for 5 storing the processed |nage

dat ain r@sm:’nee toothy fitsheessape)| datidigcati edsegarbdiail Dtegeiéd circuit to

ék&% &ﬂ&hﬂﬂ%%wd an i mage sensor for capturing inmage

Srnation; east one analog to digital converter

in GEPYEA R framg sAnbipogation gisawlscausethe oart eEie indtanzted oraultin

thaB@olai§ REAERD kRANthé RivdbeBinbdd. | mage data; and a first

framestore for storing franes of the digital inmage

data. Advantageously the nonolithic integrated-

Rrefecblythd monblithic integtamliedreuibiortharrgdidsensor f or

Capt 4 b4 ohd AR ol SRt Ut R e ABG AIALAY 1O

digit conve or converting anal og Sig

cor r &k [F3Rld PRy oHigul pig TRrdigaSTIHNG raveassess mag@ ¢ptgite dhe host

pmmmrma{e@ponmimmm d@faOQ@SSOT t he Irmge
“proc for fil

S i ncl udi [
Phe Fagestdierseoh de sy o, B dherste oFF imrtresy agodite by
paeiersning2: iPagd-prosdsEing ftmeticnmmtnagmuiaia capfvered it adineige serisbr.
further includes: an inmage sensor for sensing inage
information; at |east one analog to digital converter

9 87 cigHhvEPeat g PEsatdRyeslighRipddes aonenalihis aipsrgted sireyiidor use
in Segten ey BidsDitotaabar, Ik fidgdied BROCINdRtIAg: and

at lsast one input pin for receiving command daia from the host procassor;
al least one oufput pin for transmitfing processed image data to the host

" processor in response to the command data; and

an image processor configured to generate the processed image data by
performing an image-processing funciion on image data captured by an image sensor.

Prefarably the image processor ig configured o generate the processéd image data hy
selecting a subregion of the image data. |

Advantageously the image processor is configured to generate the processed image
data by low-pass filtering the image data.
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an i mage processor, the inmge processor including a
range expansion circuit for 25 range expandi ng the
digital image data. Advantageously the nonolithic
integrated circuit further includes an i mage sensor
wobi@seg plurality of photodetecting circuptgave@enois:
of the photodetecting circuits conprising: a
phot odet ector for generating a signal in response to
incident light; 30 a storage node having first and
second node termnals, the first node term nal being
connected to the photodetector to receive the signa
such t char e stor ed node .chan
eyl RS itetparaone IS saRTaE g odered Mebe S By
SBR-sWOPIRGaHE hAg2 88a.PCT/-AU2004/ 000182 an output circuit
for generating an output signal during a read period
of the photodetecting circuit, the output signal bej
Agivantagaously die; imaue \PrISESSeR isopPragured f%g%‘eﬁfe fhseProggsped imzge
daBf By thdbholdifein® hedgedetaect i ng circuit being configured
to: 5 receive a reset signal; integrate charge in the
storage node_ during an integration period follow ng
Rrefeeabtytthe mriage meocesets oonfiguzdd; o gackraiedles precessed image data by
at the second termnal of the
ré@%%Sﬁ QegFgagggt during the read period, the
conpensatlon signal increasing the voltage at the
Kdvéﬁbgéc@&lmmimabg ﬁMUekat' id Efigutdtd gereraelitiie gretespat @mge

i ngpapi TR G APE MM " 0 | e

sensor for sensing |nage data; (b) timng circuitry

5r@fer£;?yr{ﬁé ﬁﬁ'dg@%mcl%o@fs dof @Ped%‘ %ehéi&t%&ﬁ@bro&ésﬁéd“&age data by
gnal, the image_sensor bein OnSI%? to at |east

l%éasscfﬁte'i'%sﬁ' jog and; RTS8 & frpog fatfie 55t
comence senS|ng of the imge data and at |east one

;{cﬁzﬁr %]e%!u?l%/ e P‘%ﬁ pgr?:%]l;sor aclonﬁéur!a@@f’?er%pﬁe e Sohakep rn'iage

east exte tim ng si gna
mlowrpmtemswammard tareghalding tﬁemgerdéiaabr y the

|nage processor i's conflgured to make each of a series

PSRRI oo Regt P e e APt e b
inepasafiiednd, butsdamplises sapge ﬁmmdm@ endhivstshgidion @'@sroage data.
indicative of the host processor

Preferably the command data identifies the at least one funclion.

Preferably the command data further identifies at least one parameter of the image-

processing function.

Advantageously the command data further identifies at least one parameier of the

image-processing function.

It would be advantageous if the monolithic image converter further includes the image

Sensor.
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not requiring further access to the inmage data prior
to a subsequent frame 25 synchronisation signal; in
response to the first nessage, causing at |east part
of the integrated circuit to enter a | ow power node;

wanghd/ivstegsponse to a frame synchroni sation %lcgﬂﬁﬂzaoyoomsz
cause the part of the integrated circuit in the | ow

power node to exit the | ow power node. 30

Advant ageously the i mage processor being configured

to: receive, fromthe host processor, a request for
access to a next available frame of imge data froma
fra re WD 2004/ 073296 PCT/ AU2004/ 000182 in

Fref nE’x‘?é’?‘?t é‘fﬁ'ﬁ'ﬁﬁe 8‘?""?'&%\"@‘@"1?&“3(”9%5 {55t frampesdore for storing
tlaaamégmg;ata nmessage to the host processor indicative of
the image data's availability; and in the event the

frame of inmage data is not available, waiting until it
Adwargagepysiihe mopelithie iage Qmﬁm%@%@@é@ea sasovdiamestere for

sﬁﬁﬁg)@@@&{ceés@di id4gey, Oof the image data's 5
aval |l ability. BRI EF DESCRI PTI ON OF THE DRAW NGS

Figure 1. Jupiter systemdiagram 10 Figure 2. Detail ed
Poaferbbly thet momlithic idtegrated cirétitidurtrer Beludésri ng di.agr am of

the hiRAGe 350306 SYEDD, P GrisRyf coze- Frane  mode

sénsor data interface
Fi guite legst Pn ﬂ'@f"?ﬂ atgr digifabf cqrM@T%DtgrdmﬁVﬁ@n@ analog signals
c@@&)ﬁ@iﬁgﬂ@tﬁéﬁﬁb mfbﬁ?&loﬁ H’ft@dtfﬁal Bﬁs@braetada.ﬁgr am of the
a,calibration cy ng
i ot A THneRiEs o SRRa/mas st e sk diinge o i 1 o)
enbodi nent of a shuttered pixel circuits Fi gure 8b.

A%%a&me@hemﬁm&hegmm%{; fﬁt‘i’vhepﬁr?éﬁheé:' rcuits Figure

pical timng diagramo uttered pixel during
t he FHFeg? ‘aﬁﬂs@'ﬁo%‘iﬁ@?‘@“ﬁ' PROEiniRifetiory). The new pi xel
design ldae @aEPaRsat ao f @it e@mtrarteel forgeonitegifg Fhrgibe Jb]!als

the. o unmm. ci rcujt igure 12..
PR AR PR gy 4 et e
an tmage procsssor, the image processor including a Iow—pass filter for filtering
the image data, thereby {o generate filiered ir'nage data.

Prefreably the monolithic integraled circuit further includes:

an image sansor for sensing image information;

at least one analog to digital converier for converting analog signals
corresponding fo the image information into digifal image data; and

an image processor, the image processor- including a range expansion dircuit for
range expanding the digital image data. '

Advantageously the monolithic integrated cirouit further includes an image sensor having
a plurality of photodetacting circuits, each of the photodetecting circuits comprising: -

a photodetector for generating a signal in response to incident light;

a storage node having first and second node terminals, the first node terminal
being connected to the photodetector to receive the signal such that charge stored in the
node changes during an integration period of the photodetecting circuit; and '
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Figure 13. The tim ng diagram of the read-out cycle
Figure 14. Schematic diagram of the row decoder

circuit 25 Figure 15. Schematic di agram of |evel

shifter Figure. 16. Bias generator circuit Figure 17.
wayouwb73eds t he 10um pi xel using a phot odi ode oA Ut2bne /000182
capacitor Figure 18. Layout of the 10um pi xel using a.
phot odi ode and wi thout the capacitor 30 Figure 19.
Layout - of the 10um pi xel using a BJT Figure 20. Bl ock
di agram of the sensor 34 WO 2004/ 073296

PCT/ AU2004/ 000182 Figure 21. The structure of a

pi pel, i
O e o el St bineting Sndhod i) Blnnb 1 realiokfip b e
RiotodgiepiingsirpHit, trﬁ@umgj@lgnql kaieo Fheasbpasfially hesed |0p @rioltage at the

firit@athfhat4. The structure of the differential folded
cascgde circu Figure 25. The bias

o St el Pl PP G B AR Ei our e DG, The

conmueceivecigesetaigiick circuit Figure 27. The gain

boot '|rﬁgg£gl§r&%éé Bl stdrh o%e%ﬁrm Taﬁn@%@g@o@ﬁ%ﬁmgﬁ%%%mt

Fi gure eren current gen
qf?@?i@f@"\?@"@‘a%lﬂ’er used |n the bias current generator

rEd:@#ér@c&ﬂpen;dﬁi@n Sigip ﬁ‘l&hé @ecgh@@hﬂmhmf trtemﬁ:ragérﬁaaé atledst dunng
npde. an

ur.e n refe ce vol tage nera
tho B B thp B Be BT IR ER ARG RO Ha LGP D
whilstt the eutgg mizeuittoenarated Gieleuput ©orddl. The structure of the
bandgap generator Figure 35 The nul ti stage opanp used
i n the bandgap gener at or gure 36. The structure of

Adyantpggously figmeerslithic iroraied %!EPHEB—I”@EEQ%%ﬁ‘t or structure

(u}sedahnnédéfsal?ﬁﬁfor&r&memag%daﬂ]e conpensation structure
ﬁed 1 n the P rl%‘ﬁ 20 Figure 39. The fl oorplan of

( Rﬂgg,_c[r lfﬁw & bl ock di agram of the ADC
at least one lntﬁmal ttmmg signal, the image sensor being responsive to at [zast one

of the intemal iiming signals io af least cornmence sensing of the image daia; and

&t least one extemal {iming signal;
{c) at least one exiamnal pin for supplying tha at least ane exdernal fiming signal 1o =t

least one peripheral devices.

Preferably the image procasssor is configured io make esach of a series of frames of
image datz available fo a host processor, the image procassor being configurad to:
receive a first message from the host processor indicative of the host processor
not requiring further access fo ihe image data prior o a subsequent frame
synchronisation signal;
in response fo the first message, causing at least part of the infegraled circuit io

enter a low power mode; and

in response to a frame synchronisation signal, cause the part of the integrated circuit in
the low power mode to exit the iow power mode,

Advantageously the image processor being corifigured to:
receive, from the host processor, a request for access to a next availabie frame

of image data from a framestore;
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Figure 41. Tim ng diagramof the ADC in the normal

node Figure 42. Callisto system di agram Fi gure 43.
Coordi nate system 25 Figure 44. Sub-sanpling Figure-
45. - Sub- sanpling pixel replication Figure 46. Dynam c
woahggnysepansi on wi ndow Fi gure 47. | nconpl et @Cuswamic00182
range expansi on wi ndow Figure 48. Sub-pixel value 30
Figure 49. General Callisto nessage format Figure 50.
Regi ster access nessage format 35 WO 2004/ 073296

PCT/ AU20041000182 Figure 51. Callisto command nessage
forrmt Fi gure 52. Register data message format Figure

at rrrat Fi
o 2 PRTRIGh L ARG A HBLEh 8 Uefumd s (FRIEIS 1o oot
wscessquaywthvemagéataeramiabrnmnﬂe 56. Frane store

Wit gy B %ﬁé}gﬁ'leffﬁmf imé: egiéfa% Rot-avii faﬁﬁewﬁﬁr%" lﬁﬂ]m ik L@ailable
Unpr ocessed ead

e s 8 e iy

ndipga pigasad f@ %&CEWBE‘é@%@& of g‘@age‘edééﬁs
aafamind W th argunments 10 Figure 59b. Processed image
read command Wi thout arguments Figure 60a. _

Sub- sanpl ed i mage read command with argunents Figure
BRIEF DESCRIBTONGQF THaPRAWINGSconmand wi t hout argunents
Figure 61. Sub-pixel read conmmand nessage Figure 62.
Command execution and frane store wite states 15
Figgere Bpiterrayate diagragn buf f er | ocking Figure 64. Error

#ﬁal%\@erge’tgﬁ'éaéé‘al?r@oﬂﬂé S@lteﬁeset timng Figure 66.

e sensor ailn ce timng Figure 67. |Inmge
, Eignm Timmgdiagragnetltbe Madsgeneorc®eni signpds a*e‘ﬁseze-ﬁammg
mo&%(t er nal capt ure -
“Figure 4. Tming diagram of image sensor data interface
Figure &, Timing diagram of the ADC during a conversion cvcle
Figure 6. Timing diagram of ihe ADC during a calibration cycle
Figure 7.- Timing diagram of the clock mulfiplier
. Figure 8a. First embodiment of a shutiered pixel circuiis
Figure 8. Second embodimeni of a shuiterad pixei éircuits
Figure 2. Typical timing diagram of a shuttered pixel during the integration c:yclé
Figura 10. The new pixel dssign 1o compensaie for reset voliage drop
Figuse 11. Schematic diagram of the column circuit
Figure 12. Timing diagram during integration cycle
Figure 13. The timing diagram of the read-out cycle
Figure 14.- Schematic diagram of the row decoder circuit
Figure 15. Schematic diagram of leve! shifter
Figure. 18. Bias generafor circuit
Figuré 17. Layout of the 10um pixel using a photodicde and the capacitor
Figure 18. Layout of the 10um pixel using a photodiode and without the
capacitor
Figure 19. Layout of the 10um pixel using a BJT
Figure 20. Block diagram of the sensor '
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Figure 69. Serial interface synchronous timng: 2

byt es back-to-back from Callisto to m croprocessor
Figure 70. Serial interface synchronous tim ng single
bite transfer from m croprocessor to Callisto 25

woh S8liBsfk. Error recovery timng using brealpcr@biRoois2
72. External register interface read timng Figure

73. External register interface wite timng Figure
74. Callisto top-level partitioning Figure 75. clk
driver logic 30 Figure 76. register_read State Machine
Figure 76a. Four-byte Register Read Access 36 WO
2004/ 073296 PCT/ AU2001/ 000182 Figure77. serialif
RigpEecd fur depstiygiuge 912 PIREEHADG: at e Machi ne  Figure 79.

G:eszm\ Bi:afice Wéﬂ%ﬁe&bﬁbﬁdﬁo%seﬁm and State
chine _5 Figure and Read Accesses

IApuie 2. gthe siwstu&efsfa@& hﬁr%%%@féae éQEéa PP SFassRigRe Regl

ISEONENE ernefdiRidhife §he SIfRRINGSI fold8d dadconBRINELINIRMNR tHRA-
Direct Frame Store Wite Sequence 10 Figure 85.

APgne- handshaki ng State Machine Figure 86.

ga,%ezs,gﬁré%éé g%réb@&ﬁumwpm%ne Wisc 87. sif
F'|n_2’gr25erfunct|ona tlqueglaa gure 88. par2ser State

gisi 2% The eporreorpmode ¢edi@liér State Machine 15
re Figure 91. ingproc fs
te Ngﬁ}] %dwgédiﬁg%mgﬂﬁérg

Sub-functi ons of the
lﬁ@ul@e%ﬁséﬂlelme%@@munctlon Figure 93. "Col um

T e 1 o
Figure 30. Resistive ladder used in ihe blas current generator
Figure 31. The schematic dlagram of the comparator

Figure 32. Common mode and reference voliage generator
Figure 33. The wide-range OTA used in the reference voltage generaiors
Figure 34. The siruciure of the bandgap generator

Figure 35. The multistage opamp used in the bandgap generaior
Figure 36. The struciure of the PGA

Figure 37. The seleciable capacifor structure used in the PGA
Figure 38. The compensation siruciure used in the PGA opamp
Figure 32. The floorplan of the ADC

Figure 40. The block diagram of the ADC

Figure 41. Timing diagram of the ADC in the normal mode
Figure 42. Callisio system diagram

Figure 43. Coordinate system

Figure 44. Sub-sampling

Figure 45. Sub-sampling pixel replication

Figure 46. Dynamic range expansion window

Figure 47. Incomplete dynamic range expansion window

Figure 48. Sub-pixel value

Figure 49. General Callisto message format

Figure 50. Register access message format

35



10

15

20

25

30

20 Figure 95. Serial Qutput during Processed | nmage
Regi on Read Figure 96. ingproc_sertimstate nachine
Figure 97. inmgsensif structure Figure 98. sens_ctrl
state machine (fsm- double buffered) Figure 99. sens

wio 1obysise machi ne(onebuf - single buffered)perdGioosoooisz

Figure 100. synchronizer design Figure 101. reset_sync
design Figure 102. sig _pul se_sync design Figure 103.
New Fram events - Double buffering Figure 104. Single
Buf fer- Basic cadence 30 Figure 105. Single
Buff'er-NorrmI operation Figure 106. Single Buffer -
ége E franme 37 WD 2004/ 073296 PCT/ AU200 /000182
\WErd. HEristgermmergmessrgefgmatsane cadence as nor mal

FAgae a2 Wegisér ditd) fe8sadatibingar Fi gure 108. Doubl e
uf feri Ny No m ssed franes, sinultaneous read and

weire 3. PR 318 MesEBORTORmRt or i ng - One nissed frane

Figure &4! @olﬂrﬁan@étﬁ K@Hviak & pRANMQSLRPRR Tedd SdthRiatd 1-
Sub- sanpl e Buffer RAM archltecture Figure 112. Scan

Fawe 5@ng%PP§Yqu“§§$9§efQ@"atSymret ric FIR parallel

F:gmé%ema%é%rewn%sséabéf mepse of nultiplier and
adder__tree 10 Figure 115" 2-tap 2D FIR Figure 116.

Fgurendy r FeamestorRwetengssege famat Bl ock menory schene
ﬂ@s‘f@@el Iuwr&%gé&ﬁmag,e ré&?é .ﬁaﬁ@me%gégfug order Figure

8. Reduced |1 nest R FI gure Tag i mage
Fiowe 693 R@@ﬁ%ﬁ%li@ewa@djmmaod wnih REJURID| e tag

B! Procold AR YEReh RS AR Y 121
Fgyra §§anBhb-sainpiad inage spad eomdand whh swgumsats s) Fi gure
Fg\%g ﬁ%.%ﬁ?—s%ﬁ'ﬁ@dqn{aﬁg rédd AHRRHER wREMER TP O!
Figure 61. Sub-pixel read command message

Figure 62. Command execution and frare store wrile states

Figure 63. Frame store buffer locking

Figure 64. Error recovary cycle

Figure 65. Reset timing

Figure 86. lmage sensor daia inferface fiming

Figure 67. image sensor timing signals

igure 68. Imege sensor timing — external capiure

Figure 69. Serial interface synchronous fiming: 2 bytes back-to-back from
Callisto to microprocessor '
Figure 70. Serial interface synchronous timing single bite transfer from
microprocessor fo Callisto

Figure 71. Error recovery fiming using break

Figure 72. External register interface read {iming

Figure 73. External register interface write timing

Figure 74. Callisto top-level partitioning

Figure 75. clk_driver logic

Figure 76. register_read State Machine

Figure 76a. Four-byte Register Read Access
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Figure 123. Second sanple tag structure, show ng

macr odot arrangenent (fully 20 populated with

macr odot s) DETAI LED DESCRI PTI ON OF PREFERRED AND OTHER
EMBODI MENTS The detail ed description is broken down

wdHoby&eski ons for conveni ence. Section A desghisvesi@oois2

preferred enbodi nent of the present invention in the
formof the 25 Jupiter image sensor chip with
on-board i mage processing. Section B describes the
functions of the Ganynede i mage sensor conponent of
Jupiter. Section C describes the design of the

n de i e sensor. Section D describes the design
%ﬂéﬁsswqwgmiwa to-digital converter (ADC) used by
Sanbe ] eserffar Sefé Maahiredescri bes the functions and
desag@of the Callisto image processor conponent of

BighH mag syps SeiMasipd e PCT/ AU2004/ 000182  Sect i on

ﬁgg@ﬁ&f'rﬁﬁ hahd StéMakBingi | tering and subsanpling
circuits which may be utilised by Callisto. Section G

descri bes netpage tag sensing algorithns adapted to

Figltel € rtég@st&ahﬂntéére Réﬁﬂ&cce@ﬁél@essor for tag inage
rocessing and t decoding in the context of the

lguigfse U’E""r"ﬁﬂsﬁﬁﬁ' EgeswdpRitsamplac 8106 (RePd REQUBRCS: he
EiGaesd. qﬁ@b%pﬁgadaggﬁman?ppl ications |listed above. In

a preferred enbod nent the invention, the Jupiter
Figwge4s dYieast FramafBioraWeie Bequsiiceenbedded i n a net page

| e pen (as described in
X %pgémﬁJ%é-g%ﬁ‘&g%&n?c%ﬁ?@ﬁé 00/ 72230 entitl ed

Flsél'ﬁsﬁﬁndﬁ &_genergtiqnetfaipaehiin®000; and 10 co- pendi ng

[ E@g}g / 893 entitled "Sensin
Dgu'%?j s?faﬁlr@%e Rﬁé uﬁﬁe 2000), or a Net pagegvi ewer
lflg@rec&'@smar%@dstaﬁe dechieadi ng PCT applicati on VO
'ﬁééé%%ﬂ%m&% C‘ia\tféﬁ!\éﬁ indd th Code Sensor”; filed 27

erred embodi ment of the
Tigurerdti ormgpmherrumpret er |rrage sensor is also designed

'f@%rﬁ?ﬁf 3,%,@@,8}:%}8%2%%7{%&“ an Wi th surfaces tagged with

position-coding 15 patterns
Eisurergz‘aﬁl@ésncrﬁobedf ihe Rrosgsead imapsPREacpwidtioat i on WO

‘I%g{!rér%éﬁggsgm n ﬂq?a}f'i%%}%}%%n%degoggr f 2gep\emn:jrng PCT
Fdgwki Sdat* ColanmwdioV8d Figlieatind I%ﬂgé-ﬁyrp&aﬂlctal%’fhrtestuﬂd
ﬁg%?es etsffég%%h (%%g %S@%%Q m%&eﬁgﬁﬁqk gg(rj onal |y
Bguned®tr imgiragssertim state machine

Figure 97. imgsensif structure

Figure 98. sens_cirl state machine (fsm — double buffered)

Figure 99. sens_ctrl state machine(onebuf — single buffered)

Figure 100. synchronizer design

Figure 101. reset_sync design

Figure 102, sig_pulse_sync design

Figure 103. New Fram events ~ Double buffering

Figure 104. Single Buiffer — Basic cadence

Figure 105. Single Buffer — Normal operation

Figure 106. Single Buifer — One missed frame
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(docket nunber NPTO20US) filed 4 Decenber 2002; and
Australian Provisional 20 Application 2002952259
entitled "Methods and Apparatus (NPT019)", filed 25
Oct ober 2002). Various alternative pixel designs

wob.ab®ef or i ncorporation in the Jupiter i nReRBaHed1s2

are described in co-pending PCT application

PCT/ AU/ 02/ 01573 entitled "Active Pixel Sensor", filed
22 Novenber 2002; and co-pendi ng PCT application

PCT/ AU02/ 01572 25 entitled "Sensing Device with

Anmbi ent Light Mnimsation", filed 22 Novenber 2002.

he |n ention is a nonolithic
Eggﬁeg@g%%r%%ﬁﬁﬁgé t a'H?&?‘ &{1ce a8 Jirapk per q‘R@é‘?r single -
yfiee processor and interface, which are configured to

st mlnc d|n a host processor.
SREI08, Bolelsyrbd S o hisee Tt DimoNieeasiis road and it
FipuregiO8t Exbubler Buffering H(rnid missed??éﬁnel mage sensor and ADC

30 and the i mage processor
ﬁﬁ%e ge;@gg@ha%%gﬁgm%s "Callisto". It should
Elgtp'eeidnamﬂ dahnile BbierFaV egdtiteiaredf parti cul ar
Iﬁg&gqgg %Ctl onal or codenanmed bl ocks is not

ri c@“ 84" on that such physical or even
FF;gxgedaB SgoaictdaFIFOfarae] inpleM@nfitibs necessary for the
39 WO

net.i of th resent invention.
2@5 /1683%85 &'&@Pé@@i@i’eﬁat her, the grouping of
F;j@_n‘él']dﬁ.l asapDIRI Nt o functional blocks is a matter of
gq %qnvenl ence in the particular preferred
fer¥mmeic 2 FIRScri bed. The i nt ended 'scope of

Higm-e NES Bidick ittedHy seierRs ot Ben gor oa@ﬁu&iﬁ‘aéﬂoﬂrseﬁhd fifex grder

y as a reason

escrl t uld be read as
F&&Fﬁ&@%&ﬁ%f#% Bended clains allows. 5

F\MJP@ TER ngjmégeqj}o@g@mgrbﬁb{nonnent The Jupiter inmage
ens%%hgs been desggned for gh- speed | ow cost
T isgmpledag f@@uieeﬁéomsmmael arsdgermenisi ng i n

Fiterd ¢2R Bk Batbicl g sINKBROSN ARG AR B rrgas%t (gl

Jupiter conprises an | ge Sensor

| pf’?}ﬁ%ttefjb"ﬂthrﬂﬁquifés)and control |ogic, digi taI i nterface

Flgra 22 S @iohalsaffipRd 36 ARLEDHE %hoﬁﬂgfs&n%?&e ahahetn of

soms of th conput ati onal St eps NacH

FiguEs 1 43- Hecongisgple iag @ﬂmweasrwm@mbmw ardarggmm @iy

pbsbl.ﬂfatéé!mth%hdf‘&ﬁ%ﬁ' thic integrated circuit I and -its
relationship wwth a host processor 2. Jupiter 1 has

two nmain functional blocks: 15 Ganynede 4 and
DEZAL EBIDESCRIPDIONSOF PREFERAED ANIPOTHER EMEDIRERDS

TR detfired Q‘Q%hptlon is Ergken down into sections for convenience.
Section A describes a preferred embodiment of the present invention in the form of the

_Jupiter image sensor chip with on-board image processing.

Section B deseribes the functions of the Ganymede image sensor component of Jupitér.

Section C describes the design of the Ganymede image sensor.

Section D describes the design of an g-bit analog-to-digital converter (ADC) used by.
Ganymede, -

Section E describes the functions and design of the Callisto image processor component
of Jupiter. '
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and control logic, clock nultiplier PLL, and bias.
Callisto conprises the image processing, inmage buffer
nmenory, and serial interface to a host processor. A
parallel interface 8 links Ganynede 4 with Callisto

“ﬁ)mgg@m@(serl al interface 10 |inks Calli sto pgy/athédiosis:
the host processor 2 20 Interfaces Jupiter has

several internal and external interfaces. Externa
interface include the host processor interface and a
fl ash (exposure) and capture interface. Both of these
interfaces belong to Callisto and are described in

SR80 ke i Tl o SRR na 5 s
Inobatlisti. cat i on anong the different internal nodul es.

%%:r%gﬁ g Jll?lz%ﬁ%?ﬁa Faft%gs%%mhﬁo[agrﬁhré%édég{eﬁ téj E@ {he %%Ihsto image
Bre?ﬁswrfoms iM@ge preressingoengistag ng%lndhmntezﬁ ctf hh';e netpage

Nakbekbd B uteh REsteTRABhES inAhe€ cdBlferdeiq p@!éﬂt aopliddEnsQl¥ed

de the nodul es are activated for normal operation.
e ‘power is controlled via an internal 8-bit
Inegirgieeed erflanriimdait of ik inveniony tgiJapier image sessd ist designed to be

AR T SRE  TRA o i B B0 n o
iR BE A craligatirngyO 605223 entitledy Bensing Pevicg, fied 24/Mpy2008fand
co- pimaxr@ m@aép lid3BorR LN aord wsilénﬁuéds Séﬁ&:ﬂi’daéme” filed 25

NEErER & ﬁbhg e A Rhentpg Bk HRleSlog Vo

&i/410demitiehdiawee willh CodmBerfsard tiladi Zﬁgﬂcwember Zhhe. physi cal

IH'a%?&@Wéﬁtenﬂjogmﬁt Mﬁé aHod, el Juplt et Crﬂ%%é 95]:}’:5 ﬂ%dde"sgﬁed to

waf er -1 evel peci |cat| ons

RRatssd in %Qﬂéﬁnct'ﬂﬁa’éi(‘a%rfﬁ?fsﬂ?&ﬁ@é%h L L AL
pEfieipanyuhdes Heatibse m@@mr Par raplicalo® WO 00/72248 entifled

ek CR Bty RIERRS rGiet isd SNy 2ol RoBigne Por
apghcailon WO 02/84473 entiiled "Cyclic Position Codas”, filed 11 October 2001: co-
pending US application USSN 10/309258 eniifled “Rotaiionally Symmeitric Tags”,
(docket number NPTO20US) filed 4 Decambar 2002; and Australizn Provisional
Application 2002852258 entifled “Methods and Apparaius (NPTQ19)", filed 25 Oclober
2002).

Various aliernative pixel designs suitable for incorporation in the Jupiter image sensor
are described in co-pending PCT application PCT/AU/02/01573 entitled “Active Pixel
Sensor’, filed 22 November 2002; and co-pending PCT application PCT/AU02/01572
entitted “Sensing Device with Ambient Light Minimisation”, filed 22 November 2002.

The preferrad form of the invention is a monolithic image sensor, analog to digital
converter {(ADC), image processor and interface, which are configured fo operate within
a system including a host processor. The applicants have codenamed the monolithic
integrated circuit “Jupiter”. The image sensor and ADC are codenamed “Ganymede”
and the image processor and interface are codenamed “Callisto”.

It shouid appreciated that the aggregation of particular components into functional or
codenamed blocks is not necessarily an indication that such physical or even logical
aggregation in hardware is necessary for the functioning of the present invention.
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Ganynmeds Functional Characteristics As best shown in
Figure 4, Ganynede 4 conprises a sensor array 12, an
ADC bl ock 14, a control and timng block 16 and a
phase lock loop (PLL) 18 for providing an interna

fMakosrggnal . The sensor array conprises pi x@hsiBhofoiss
vfdc,aw decoder 22, a columm decoder 20 and MJX 24. Tﬁ)

ADC bl ock 14 includes an ADC 26 and a programmabl e

gain anplifier (PGA) 28 . The control and tim ng’

bl ock 16 controls the sensor array 12, the ADC 26,

and the PLL 18, and provides an interface to Callisto
| awi ng tabl e shows characteristics of the

Battgto i, g 57 redfutil Tomabae e s 2 costeest dosion
Reweliercedm g partalaBamgfeiraterhbRrHen ehat E@ﬂes@ﬂbé&( NrigeR&Dled

BBy DRG] oo GBS pops o
bopq\eas fepganablg ﬂnterpfeéeé}pn pijth¢ Bppended daiss bilaws| nput .
voltage range +/-1.0 Differential input Gain 1 to 16

geﬁn of the ADCis linearly set by a 4-bit
regl Ster. O fset <0.5 bit calibration nmechanismis

Fynstionend Euvironmehice t he offset ISSI ng codes NONE 41

e ?JB%V .P;Z.éé@énsﬁ’rcﬁﬁwaeﬁgcfé%?? or h{g Spe mlgwgg%%?c?une vision

used to digrtise t
2Rpficgjionsy e %ﬁ?l goggisapsing @kﬂe@c@hm aslibe Netpage peni arsl Wétpage

Vidveer AlDSiter BONSTSRS P IntihR EBheF | hﬁéy ﬁoc@&i{sﬂ&mmm'gea%@ lcéﬁnloﬂﬂg.c

cﬁ gl ?n%erél%?m%o arrlxg freauennéci/cg Sensotr oo rsa f th
SARp DaiEe Tcamis f%ﬁﬂfesere@ﬁ? R0 sopge of the

qcmpetghmal slers-df imaebiné vigio@ biybrjthwd. bit Differenti al

Fige h iSRG 4 Lyt %I d%g%oﬁhé de:ﬂgl%ono% HEarafl Hrcuit 1 and

|é I%ahonsE‘ pfv]:nt%rg host proceseor 2, Jupiter 1 has two main functiona! blocks:
Ganymede 4 and Callisio & blocks. Ganymede comprises the sensor array, ADC, timing
and confrol logie, clock multiplier PLL, and bizs. Callisto comprises the image
processing, image buffer memory, and serial interface fo a host processor. A parallel
inferfage 8 links Ganymede 4 with Callisto 8, and a serial interface 10 links Callisto §
with the host processor 2 '

intsilaces

Jupiter hias several internal and external interfaces. External inferface include the host
processor interface and a flash (exposure) and capture interféce. Beoth of these
interfaces belong to Callisto and are described In more detail in the Callisto section
below. '
The internal interfaces in Jupiter are used for communication among the different intarnal
modules. The internal Interfaces In Jupiter are déscribed in more detail below,

Power modes
Each module in Jupiter has two power modes: SLEEP and ON. In the SLEEP made, the -

- modules are shut down, and in the ON mode the modules are activated for normal

operation. The power is controlled via an internal 8-bit register. Each bit of this register is
used to control one separate module. A bit value of 0. means that the associated moduie
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Gain 1 to 16 he gain of the ADCis linearly set by a
4-bit register. Ofset <0.5 bit calibration
mechanismis inplenented to reduce the offset.

M ssing codes NONE 5 Cl ock Multiplying PLL A cl ock
woutdokphlzogr Wi thin the PLL ' 18 provides a | ogkrdabetioonis?
out put which indicates the PLL's |ock status. The

foll owi ng table shows characteristics of the PLL:
Paramet er Characteristic Input clock frequency

1MHZ<f mk40MHz CQut put cl ods frequency 10MHz<f out <200MHz
| ockjitter <200ps Lock tinme <1 nme | mage Sensor

: . ' interf ' d
bR I Prikh phis P ER-SE B e FhE0n0ede hibhed ot o
The interface between Ganynede and Callisto

eaRinfRechadcstidsgnal s icl k, isync, ivalid, idata)
i.s descr.i be bel owin nore detail. The foll ow n%ptabl e

I??ORE&?ngi HRIteE & BYforned diing e waferievelNeaskagingn fechminie to
Fope the osptllmenhiastutriggoal. The ipggadas pla_cefrﬂéﬂlff%f ﬁ@pﬁddﬁ @nd their
Hegse. t t, e i s signa ts the
ciﬁ'rﬂrgge s’er?gé]rﬂ% oﬁ%f?Hgée\%E 4 %F?Ggfﬁzaﬁonn uf® r%ﬁf@tjer B’geetmaf,ﬁr-éevel
RACKARHT ArRaeEs-s t he pi xel voltage in FF node. Digital
input firame_capture his signal captures the pixel

[ . Digital Input read-row his signal
‘%’ﬁ'g@gﬁﬁ i@ﬁgEgg&%ﬁg‘ad of a row of data and Digital
Gatpnede sadfwreguent |y a series of ADC conversions for
JIB8s4a f that row 42 WO 2004/073296

PCT/ AU200- 4/ 000182 r[7:0] his is the row address bus.
°&-hi; dioiration ¢fiths sasar agRY @PYSI s i s the col unm addr ess
~hiitgtal iGads dbutplit @ Calistid. nput  dat a-ready is signal
=Nl ) the anal og output is ready. Digital
g%ﬁgﬁu‘ﬁﬁ’tﬁa?@ gnal may be used to start a conversion
in the
Sanymede Functioinzl Characteristics
As best shown in Figure 4, Ganymede 4 comprises a sensor array 12, an ADG block 14,
a confrol and timing biock 16 and & phase lock loop (PLL) 18 for providing an internal
clock signal. The sensor array comprises pixals 20, a row decoder 22, a column decoder
and MUX 24. The ADC block 14 includes an ADC 26 and a programmable gain
amplifier (FGA) 28 . The conirol and timing block 16 controls the sensor array 12, the
ADG 28, and the PLL 18, and provides an interface to Callisio 6.
The following table shows charactsristics of the sensor array 12:

: Parameter .| Gharacteristic | - Comment

Resoiution B bits -

Sampling frequency - For zn NxN sensor array the sampiing fre
quency is greater than 0.D02/NxN) Hz. .

intagral non-linearity (INL) < 1 bit

Differential non-finearity (DNL) < 0.5 it

Input voltage range /- 1.0 [Bifferential input

Gain 1 fo 16 The gain of the ADC is linearly set by a 4-bit
register,

Offset ) <0.5 bit A calibration mechanism is implemented o
reduce the offset.

Missing codes NONE
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C). out his Is the anal og output data fromthe sensor
which is analog outputs inputto the ADC. iclk his is
the clock signal. igital input Figure 3 shows a timng
di agram of i nmage sensor event signals in a

worbRezenEr ame”  node of the sensor array 12pcwhithslooe1sz
Figure 4 shows a typical timng diagramof the inmage

sensor interface during a read cycle. It should be
noted that the nunber of clock pulses 5 between events
inall timng diagranms is for the purposes of
illustration only. The actual nunber of clock cycles
%I vary dependi ng upon the specific inplenmentation.
Interface The control and timng block 16 provides
ThemDig blaeldis ¢eert toddigitisegha bealdgoliiinut oNDE s2Bsor Bttay. T following
tE&E %Ws%ar%ét@hs%cs?‘@ﬂﬂéﬁ.ﬁbe ADC 26 pins. Signal Function

Iype. . sleep his puts t RC tao_sleep Digital lnput
icl k- Ti~ePEPSE" 45 gital | ABA"8&iEr 1 cony SE™PFansi'ti on
REUH" | ow to_high on-thi s gnal dtarts the Digital
FarpitRTeBHver si on processi end_corfyrap A pesiordeyiihe fapeiratt ow
to high indicates that the con- [PFYEgratdian BRIt H
perabpgreaiydd-l ended. tart-galti brate transition fromlow -
Piggrefin gphvingrdy ®M) S Si gnal skggdts the Digital 1 nput
jo@ivhite atgk ON process |1 n t@eonext digewaigywc] e.
&ih_ eallbrate (ransi i1 0N feam [ OW [hduahié GRADCTR GHed pdatBipa 4-bit
that the cali- Digital out put brr@tstknon process has

t he i nput “of 3-bit di gi t aI i nput redtldaaeaﬁ@Q ain he
|ﬁ£§ﬁdds’@ | npUL to tllc ADC: N@NEdI 0y~ i II[JUI. UUI.[ 7+t he

drgrtat—output—of —the—ABC—S—brt—drgrtat—output—~A
typical timng diagramof the ADC interface during a
Clesi/kpkiptyin e is shown in Figure 5. The conversion

A Sl mmﬁﬁiéﬁﬁittbﬂtﬁem_@t@tﬁﬁmﬁéés%/!@%b’ OfAdot ol REIch thu@ates the

LT 1S ol 7 Bt5ng Bl Brderel o el ho

|out put d’P'gve@eaI data dout s %kresterisfigl | d. The end_conv

gyt gvieifequensy set t 0 | ow [WHesin¢dpp@iz 15 start _cgnv goes from
cugintictiGredodng N . 10MHz < fout < 200MHz :

Clook fiter T <300ps '

Lock fime - Rims

Inage Senser Interdace

The imaga sensor interface is used intermnally in Ganymede fo read the image sensor
data. The interface between Ganymede and Gallisto (represented by signals iclk, isyne,
ivalid, idata) is described below in more detail.

The following table shows the image sensor interface pins:

Name _ Funotion Type
fcapture This signal friggers a frame capture sequence, Digital input
|s]_ep " |This signal puts the image sensor to sleep. Digital input
]frame_reset This signal re.sets the pixel voltage in FF mode. Digital input
{rame_capture This signal captures the pixel voltage in FF mode. Digital input
read_row This signal triggers the dewnload of 2 row of data and  [Digital input

) subsequently a series of ADC conversions for the data
of that row.
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A typical timng diagramof the ADC interface during a

calibration cycle is showmn in 43 WO 2004/ 073296

PCT/ AU2004/ 000182 Figure 6. The start-cal signa

triggers the calibration cycle. The period that it
whakfn:5hey the calibration to take place w béT/demanehois:

on the particular architecture. Cock Miltiplying PLL

Interface 5 The clock multiplier provides

mul tiplication factors of the formMN, where Mand N

are positive integer values. The follow ng table

shows the pins of the clock nmultiplier. Signal
Ell'\r\flnn Tlna ol aon ’\IQ n||fe fhn A[" tn claoan Dgltal

Iaf[ﬂﬁ;:";' +-cl | E‘ﬂslherqw‘édﬁ{éssb] ait nl i nput B-?‘tdli I

B nsition 'ﬂé&m‘f]umnaa?r%ss Be-0h on this g’b’tﬁ'ﬂfalf_m starts the
BTt al i nplteelERrEPL PGB B EEYY I ARY A
transition|TT 3 T B RAFH YRN8 es that the con-

Digital oufffit version has ended. s%?u cal | grate
F% ansi ti on Tf'?‘ﬁﬁ'ﬁaTaWtf”bdaﬁF‘@H"eéﬁﬁs%“ﬁ'?hé* 'YAK" = starts the

| Digital |n@ef="8Pibration process ijn the next| cl ock
Eycl e. . . ndhiddieckFEr® transition frof@diew t o Hi gh

—H

i ndicates that the cal |- Digital output bration
o) P
F?ﬂpﬂ?@%ﬁcé@ ltj@ﬂ'%ecﬁagr SLLt ék%?&aévﬁnt gl%'lfagem Gﬁ‘lreneze tFrame

Made ohfhe senshr a1y ARt E-wsafi sharaHePIEMIngAlagEn) pibe image
sento} mtéﬁﬂacerﬂﬁmg 'a@ééd&iycl@ Utt&Hbui@Be hcﬁ@d ﬂ\@ﬁhe Buibdr ol bIBEK Rllses

B bor W5 Al nf BieBiante 5 o7 e S laugt Bpily MiF et
nfrmbened nlogk dvdles will tvhry deperdidicepon the dpdpjfictimplementationng/ | ock
characteristics of the clock nmultiplier as specified
above. 10 Power/ sl eep interface This interface
ADGpfesteee t he power state of the nodul es in Ganynede.
ThaetnteDehdl tenind blodRaiBypreetRs ligtngrand icghtfad bighditdtih@ ADC 26. The

foﬁ%@ﬂﬁ%%ﬁéwéﬁgﬁ\mgﬁn on or off. 15 QOperation

Signal Function Type
ls[eep [This puts the ADC fo sleep Digital input
!icik . The clock Drigital input
start conv A fransition from low to high on this signal staris the  [Digital input

comversion process,

and_conv 4 fransition from low to high indicates that the con-  |Digital output
version has endsd.
Istart_calibrage 1A fransifion from low to high on this signal staris the  |Digital input
calibration process in the next clock cydle.

iend_calibrate A transition from low fo high indicates that the cali-  |Digital output
bration process has ended.

pOa_gain IThe gain of the PGA amplifiers used atthe input of  [3-bit digital input
the ADC.

ain [The analag input to the ADC. Analog input

dout[7:0] [The digital output of the ADC. S-bit digital cufput.

A typical timing diagram of the ADC interface during a conversion cycle is shown in
Figure 5. The conversion is triggered by the start_conv signal. During this period the
analog inputs are also valid, The end_conv signal indicates the end of conversion, and
the oufput digital data dout is then valid. The end_conv signal is set to low when the
starf_conv goes from iow to high.

A typical timing diagram of the ADC interface during a calibration cycle is shown in
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Thi s section describes the registers that are used in
Ganynede. Note that Callisto's registers are

descri bed in Appendi x E. The address gaps between
registers is intentional, to all ow possi bl e expansi on
WMo 832060 t he design process, and also to i dv2b@foSo1s2
the classification of registers and their unct I ons.

44 WD 2004/ 073296 PCT/ AU2004/ 000182 | mge sensor
frame_reset timng register The reset value for the
frame-reset-high corresponds to 1.6us using a 20Mz
clock. 5 Table 7. Frane-reset timng register 32-bit
lIFEl el g :ﬁ\é Bits Reset Descri lotl on value |ane

gde P §tAry.cpt sjgnapiriggers the calizatios oyele Thelpagjed that it takes for
the ndlibratio tocthieeciad@udils éspend 64 WeQBrtSr drbiiefigreedge of the
me reset and the capture signals. (t1 irn "Figure 3)

ame reset_fiigh 16 31:16 0x0020 is is the period, in
Flgrl Multiplying ngf"tﬁliﬁQes when frame reset is high. (t2
TH’é cldell lMLﬂilpﬁér dr&ﬁ&% PR dtioh FRMRs Eﬁﬂé lle‘l% hﬁanﬁlﬁE@e M M and N are

'StF val ues correspond
Al e ek Tl glowisg s shovs Mesovs o e ook ebisre 8.
frane}caﬁfa'la're fimng regitsicm 32-Dit FIEld Weath Bits
| Respider Descri [t BtheApabe@s 11 ame capt u @m@,m_ay—IEilS: 0
Ox060Bk ThT'S 1 S iedeeekd el @y, 1 N number —of bk put S§S,

bet welgi &He T 1 NrkgtoR e Bw B highol s sighal s8Hb%a C Bilpeeamd | t he
capture Ssi gnal s@nversto.eprobggs Figure 3) anme_capture_high 16

31: 16020 asantien M;awwammawmﬁ‘bmwﬁa
pul seF when f Ladgersapure is high. (t4fi Fi gur ¢ 3)
lstart_calibrate A transition from low fo high on this signal staris the  [Digital input
calibration process in the next clock cycle.
=nd_calibrate A transition from low to high indicates that the cali- 'Big_ital oufput
bration process has ended.
pgs_gain The gain of the PGA amplifiers used at the input of  [3-bit digital input
the ADC,
ain - [The analog input to the ADC, Analog Input
dout[7:01 [The digital output of the ADC. B-bit digital GLipLE,

The timing of the clock mutiiplier is shown in Figure 7. The time that it takes for the
output clock frequency 1o settle is defermined by the setiling/lock characteristics of the
clock multiplier as specified above.

Powerfsleep interface
This interface conirols the power state of the modules in Ganymede. Each module in

~Ganymede has a digital input pin, which turns the module on or off.

Operztion
RECISTERS
This section describes the reglsters that are used in Ganymede Note that Ca!hstos

. registers are described in Appendix E.

The address gaps between registers is intentional, to allow possibie expansion during
the design process, and aiso to facilitate the classification of reglsters and thelr
functions. '
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ADC cal i bration output register 15 This register
contains the offset error value obtained after a
calibration cycle. Table 9. ADC offset register 8-bit
Field Wdth Bits Reset Description value DC offset B
WO Qoo@xf¥ache of fset of the ADC 45 WO 2004/ 07 39Du2004/000182
PCT/ AU2004/ 000182 d ock multiplier counter.register
Table 10. Cock multiplier counter register 8-bit
Field Wdth Bits Reset Description value PILL
count_ M 3:0 OxO he feedback divider ratio for the
clock multiplier. PLL count N 7:4 OxO he forward
divider ratio value for the clock multiplier. 5 .
Configuration register Table 11. Configuration
iBRgsTensoRtyNe_reset fiming registadi t s Reset Description

vad ket VARG PG e rdbeBh in

in the ADC. Calibrat e”lgké%ggaﬁ?g ?d galgiursgdc%reamfl n %C?%g]
calibration. BD 3 7:5 OXO BD 10 Status register This
Tabla 7r Bradhewresetdimingiregister 32-Blabl e 1'.. Status register
8-bit Field Wdth site Reset Description value

st eR TSRS P RO Fhagsthe conpletion of the
ng_ernal calli brati on %@j ire overfiow 1 1 b'dQ
Ry re b Yol e fhaglasad Luag before
. pulses, between the rising edge of the
me:_reset and the capture signais. (1 in
Figure 8}
fframe_reset_high 16 31:16 0x0020  [This is the periad, in number of clock
pulses, when frame_resetis high. (12 in
Figure 3)

Image sensor frame_capture timing register
The resat values correspond io 140us and 1.6us, respactively, using a 20MHz clock.

Table 8. frame_capture timing register 32-bit

Fiokd Width Bits Resst Bagscription
valug
frame_capture_delay 16 15:0 040800  [This is the delay, in number of clock

pulses, belween the rising edge of the

frame_capture and the capture signals.

{3 in Figure 3)

ame_capture_high 16 31:16  0x0020 [This Is the pericd, in number of clock
puises, when frame_capture is high. (t4 in

Figure 3}

ADC calibration output register
This register contains the offset error value obtained after @ calibration cycle.

Table 8. ADC offset register 8-bit

Field Width Bits Resset Description
value
ADC._offset 3 7:0 %00 The offset of the ADC
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Upon read, this register is reset to 0. PLL Lock :
status b'O0 = Not inlock 1=In lock BDS 7:2 OxOO BD
15 4.1.7 Sleep control- register This register

contains the sleep status for the associ ated

wvshdlesisgi rcuits. A value of 1 neans that tplaeraqizecaisbidis:
is off (in sleep node), and a value of 0 neans that

the circuit is on (active node). 46 WD 2004/ 073296

PCT/ AU2004/ 000182 Tabl e 13. Sleep control register
8-bit Field Wdth BDescription 11 1 Sensor 1 0 mage
sensor sleep signal DC 1 1 DC sleep signal
utomatically turn-off relevant image ensor circuits
‘during the non-capture ode. BD 7BD To 5 Test

Elask msiltiplieg counter rpffiséerr egj st er control s whi ch si gnal
Tb10 9. WoskomuRBliac:dutitdr heyitRBELpad, and al so con-
trols the test node of Callisto. Notice that the PROBE
pad is_a direct_anal ag pad ' Y e

prot 6&fi on ¢i'Feuilt $= EadFes( gnal MRE"BE appropriatel y
uffered beflore being ¢cofffected to the PROBE pad. 10
A4 gi verf tingPonl y[P8ne Biefeedick vy stofogigsidetk or  shal |
be_high. Table 14. Test confd®¥-register 15-bjt Field
RA-d B t s Reset fBescr [t | ofihe oy didder@id velrrfrdei rcuit 1 0
b' 0 Connect |t he ¢ol um| ci r cieckmieierout and ADC | nput to
"PROBE wutput/ADC input BG1 1 b'0 Connect the bandgap

E8hEduRbtidn fRYisiut 10 PROBE

Table 11. Configuration regisier 8-bit

Field Width Bils Reset Deseription
] . value
ADC PRA gain 4. 3:0 0%0 [The gain ofthe PGA used in the ADC.,
Callbrate Y 4 0x0 0 to 7 = Perform intemnat calibration.
ITBD 3 7:5 040 [TED

Status register
This'is a read-writs register.
Takle 12. Status regisier §-bit

Fiold Width Bits Reset Degeriplion
' value
Calibration Status i 0 0  [Flags the complefion of the internal calibration

Capiure overflow 1 1 b'0 indicates thal a new capiure signal has arrived
‘ before the previous capture cycle has ended.
Lipon read, this register is reset to 0.

PLL Lock status d 2 0 0 = Not in lock
’ 1 = In foclk
TED G 72 0x00 _ [1BD '

41.7 Sleep contl-'ol_register

This register contains the sleep status for the associated modules/circuits. A value of 1
means that the circuit is off (in sleep mode), and a value of 0 means that the circuit is on -
(active mode). '
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$- 1 2 b'0 Connect the input clock to the PLL to
PROBE ack 1 b'0 Connect the feedback clockfter th e
diider) to PROBE e punp b'0 Connect the charge punp
output to PROBE 1 b'0 Connect the PLL output clock to
wiRidBEoetsgect 1 b' O Connect the PLL | ock det e@b’rﬁmﬁzﬂmﬂoozsz
to PROBE 1 b'0 Connect the blast signal to PROBE 1

b' 0 Connect the bias2 signal to P6 14:9 0x00 BD t
enable 1 15 Ox0 Control the test node of Callisto. 15
OPERATI ON MODES Nor mal operation 47 WD 2004/ 073296
PCT/ AU2004/ 000182 In this node the start of the
capture cycle is determ ned by the icapture signal.

The period of a capture cycle is determ ned by the
File b4 Seporptroloapister 8-bii gnal . However, if a new

capt ure signal arrlves before the preV|ous capture

CyChgwbras e T tle e ed and
the "Capture overfl ow §£@tus flag is Set high and 5
SoRpa s higp—thtp s Q\ﬁt;g;egelnst):s;éleppléna The
Let-ra—operpt-on—howayer, ey f new apture
SR arri'es_a%;nr the ct T8RP Nt ure cyclk. Reset
mode Wien RESETS'is sat Iovmm@ﬂﬁW”EPﬁﬂ?ngﬁgg i ng,

d

Ganynede a alllits donporfEHY &4 W hgorEEt | and al
i;gg_gi_gt_ag_%_n reset t.q anCIBQF‘? ped values. The| reset
cycle takesP onl whne [l ocK®Bycle of icik. The reset
cycle is repeated as long as the RESETS pin is |ow

TeECHdnBiI Eég{stéBANYI\/EDE DESI GN A CMOS process offers

t tect { ct | t [
5248500 L ELIL B0 UBOEL I M 1l T L
t@ﬁdﬁ%@ﬁ't @Odevte‘ rQallf@bl Nam:d thed therRROBE pad &ra ditecLariaiogesd which

oﬁ@%aymébhﬂﬁmo@agmmgteral di odes. The preferred
s chosen nalnlé on the esti mat ed
id

tructure
ESEh P TRy OF orPromaihi Rered briere hetomenestio e SerRORR pe.
Asemsgitanimeyonlyona bft uftais irspistafshaiepeemigd. par aneters: m
Quantum effici ency (dependent on junction profile) 20
(r) Effectlve detector area (the effective area can be
Trkig g iegt enningd ragistes it enses) Pi xel capacitance
(whi ch depends on the structure as well as the pixe

[CTTGRETS) TARETY Sl 1o S ¢ e R R
inportant [rol ejin tihg.se¢l ection of the

Calumn circuit il 0 b'0 Connect the column cireuit output and ADC input to PROBE
oulpuADC inpuft

VBG i 1 b’0 Connect the bandgap generator output to PROBE

PLL input 1 2 b'0 Connect the input clock to the PLL {o PROBE .

PLL feedback 1 3 b'0 Connect the feedback clock (after the divider) to PROBE
PLL chargepump |1 4 b0 Connect the charge pump output to PROBE

PLL output 1 5 b0 Cannect the PLL output clock to PROBE

PLL lock defect 1 B b'D Connect the PLL lock detact autput io PROBE

Bias 1 i 7 b0 Connect the bias{ signal io PROBE

Bizs 2 i 3 b0 Connect the bias?2 signal io PROBE

TBD B 14:9 0x00 TBD

Callisto Test enable {1 15 0x0 Contro! the test mede of Callisto.

ten}

OPERATION MODES

Normal operation
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30

structure, as the other two paraneters are | ess
dependent on the junction profile. 25 PIXEL ClIRCU TS
This section describes the circuits used at each

pi xel . Here we only discuss the shuttered (or

| wd aRZenidame) pixel circuits, although unshylcdenBshiesors:

pi xel s can also be used Two circuits comonly used

for a shutter pixel are shown in Figures 8a and 8b.

The difference between the two circuits is the

| ocation of the reset transistor ML with respect 30 to

the storage node X In both circuits ML is the reset
he transfer transistor, M3 is the

Itgljl? % mo%e ﬂgﬁﬁ%{f (t)t}e cagp.llae t‘l\y&le |§detefgnr|eg\ny g'@p%qﬁture signal.
Theansricslt off a chhterec aypiecist detern@di lﬁ/ thb epefibdb bR the lcapture signal.

. BRARH i héw c%ﬂti;r;e‘ %gﬁ&yanln@glbe%'ré hé p%%o/&% {:%ﬁurg A& GEISI Snded,

capacl t ances t orage node
the drpiutnaipng dp igepied rmpd theiCenturg dverdiow ostatis .ﬂ@g/es seﬂ: é119h4®1d

Mﬁé&@@ﬁh@r&?@ﬁs B@Téu&%é@éd Q@\Q%@&na} PSR, hdweDbH l‘é%[lmes if a

ows a typical
“Pcaﬁjéur%?lgrt’axgmg? g%TE?rﬁ'eﬁHﬁeVgFR%&g‘e Not wi t hst andi ng
their differences, the circuits of Figures 8a and 8b
ﬁgéﬁﬁkﬂmst identical W th respect to sensitivity and
ark _curren is i s because during the active perlod
\B’Fen EEﬁﬁEBpﬁ ﬁ%l"“‘( |aﬁf’ deJk in fogelingi GrnymsHe aRe alhltsnvcgmoeergs are
rebenandali Rgieiers 4rd feset B ;?S@fmﬁdjﬁalﬁéssemé réJRE oy RIB d : f A bne
e an inction [ rence
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reset period of the read cycle. For the circuit of
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J%Ee stora e node to be res et, while the <circuit of

PR TS AR GETMBPIHRgISCiAT StpiciuFesy HEosal ersent as
peafasﬁicgiaw&sBHhe fnbie dddlcsahed tedRe] estieidndaRtraliddiar sOURLres,

é'ﬁ%lrtlaﬁ%['ld}é?elréi%%ﬁeeat node-X, and will induce an inage

reset nol'se. However, during the reset
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/-‘a‘mw %ﬁeeﬁ@@m sifigigneiplesi a aSre "@ﬂ'@@ﬂmfe'ﬁh @evsaletcage of the

sthuétire] &6 1B UGB PERHBRIs &b 163 RBSANdEM S YR idPp éween |
the gate of these transistors are the storage ho

Many al ternatives have been suggested to renedy thls
AXELCREGUITSCI udi ng inCreasing the 20 reset voltage

T‘f{rse§&ttloﬁ Qie?(gi‘ﬁgéj Mo Efuid REoy & 3G¢ pgtgior?-rereo(weugﬂlypgxsgg the

lex re
shuttered {or freeze-frame) pixal circuits, although unshuttered pixels can also be used

Two circuits commonly used for a shutter pixel are shown in Figurss 8a and 8b. The
difference between the two circuits is the location of the reset transistor M1 with respect |
to the storage node X. In both circuits M1 is the reset transistor, M2 is the transfer
transistor, M3 is the output transistor, and M4 is the row-select transistor. The capagcitor
Cs is the storage capacitance, which may implicitly exist as parasitic capacitances at the
storage node X. Altematively, additional capacitance can be added to improve the
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circuits. Al of these alternatives bring their own

set of undesirable side-effects. Figure 10 shows a
preferred enbodi nent of a pixel design which reduces
this problem As shown, the storage node includes a
vieRRghiseds, the other side of which is connegicgghd6v4/000182

txb, the logically negated version of tx. It will be
appreciated that txb is a particularly 25 conveni ent
signal, in terns of timng and voltage, to use.

However, any other suitable signal can be used to
partially or wholly conpensate for the voltage drop.

The val ue o acitor is determ ned such that it
@3%&%&3@@@?#‘%%@'&%&1 antially all of the voltage
Cigwp Yehbwescs ypicRhiydigaiithesigrak sedpaltigtar can be

' 1Y [
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ﬁ@ﬂéé@ %ﬁ@&@lgﬁg%m ngé 69 QrQﬂ)%ﬁ \?( ﬁ%@%r%]éevﬁo'i% toBc?J @geﬁ‘ wh;le the

arti ng a i SCUSSI oNs. We sensi
Frguiy @b dE‘lE%r?Pu@%n“% Tequipy s Alperdn ithe qifé%loﬁééﬁufﬁ 83 the
ghoiogeteetbmurrthewl eovir tiseersétvoltddeyat nd8& X, BRY Rilll iSdukd an image

; .
SR8 b5 et AR bl S B L 8L 4
C@étb@ﬁwﬂ?ﬁtﬁg sensitivity are the Qg pixel area, and

dsbegditage el  capacitance. In order to sinulate the
use the circuit shown in Fi The

sensl tivit .
E‘YE’I‘%”‘\éFﬂGe% &Y 2l sstivgr Rixgl ghrguiis ds s ‘fogweegrpp then the reset
mmﬂestlmme@ﬁw ahutratppiedle fgtdisodlsBHR vdﬂﬁge E@p iiubed by the

T T e
of thegixel and therplige &, argindssible fiects Theiveliegel dOB intanber! scauss
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| ude t pr oxi mat el
VAR v boen HBoplet BaRPRU IR Problem g erps e
reasp utliabe Yindseivtd dccluent T&r REXAEE XiMpg or Lging moRs édnmldx éRelout
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Figyr%‘iq(ghogﬁ al;:@efﬁged-embodimeni of a pixel design which reducss this problem.
As shown, the storage node includes a capagcitor, the other side of which is connected to
ixb, the logically negated version of &x. It will be appreciated that txb is a particularly
convenient signal, in terms of timing and voltage, fo use. However, any other sultable
signal can be used to partially or wholly compensate for the voltage drop.

The value of the capagcitor is determined such that it compensates for the substantially all
of the voliage drop effects. Physically the capacitor can be impiemented such that it
covers the acfive circuits, such that it does not affect the filt factor of the pixel. For a
typical 10umX10um pixel, the amount of capacitance needed to compensate for the
voltage drop is about 0.2fF. Compared to the total capacitance of 30-40fF, this is
negligible, and therefore it does not affect the sensitivity of the pixel.
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- 13,5x 10-" In order to estimate the sensitivity we

can use these values in a transient sinulation.

However, as nost spice sinmulators are not tailored for

| ow current sinulations to give 20 accurate "current”

vonitubsesand t he avail abl e sinul at ors coul d pe@iau2004/000182

converge, we wll use a different nethod to estinate

the effective capacitance at the storage node, and

then deduce the sensitivity. W use AC sinul ations.

By applying an AC voltage at the storage node, and

then neasuring the drawn current, we can find an

eshdifilhye for the total capaC|tance 25 From the
Iatlons the total capacitance at the storage node

%g Foy §larting,any.AicHssicp wertefina\the |“sensisvily” toaavaid confusion with other

Rablied misiasthds- JPsibtssrh. rTfféttéﬁr?%enJltﬁrﬁg%E& N&L Ys thd Egnversbon factor -

v evi c e cal culate
%ﬂékLhﬁmé%yggmwm§F39 PWE“P 95deVPPe structures.
Ah%mamamem detaminig mawﬁzmmthetchmtpuxemsa teind leffélctlve pixel

Rt el o St e oA we o B 5 e e

G SPHFeSp?fﬁéﬁﬂoaii irefeded dhein rasnpsiivetQfa At 4 Gavalengt! ofB50

@nrRuiat! Watt@h2mput Gt GE840nRGhe BfoteH RWRerd Jhit BRgYLe 11, is
present at each colum of the sensor 5 array 12. A

the end of an integration cycle, the colum circuit 30
Ls dctivagsikioPhe roms are sequentially multiplexed

0 T@eﬁ%@pﬂyuggxqﬁ“s 4.7 Ehlr——?he illustrated circuit
perforns buffering in addi t18n to pi xel |evel and
colum | evel correl ated double sanmpling (CDS). In the

UshhgthasieuaRYIAE RhbetdTer tﬁ@N&aﬁPM'énﬂﬁg Nviefl! rl‘-%hr?&t% ulfé‘
g%m&ﬁﬁgé¢ng qgnSJgtPr are _connecte

"Ifar ansi s TR 1S EH A iRPPEE A P Qe B'hféP’er d?‘ﬁ Rlvtogvmm for

Hlrfadm 2 Mputiigh@lioeércuit i s advant ageous over the

traditional source-follower structure, as it prOV|des
a gain closer to one, and therefore reduces the

9‘ nai cQ%’hééFFGS‘@%r 0 Q t,of the
F's¥ buf S% ks sanmpl egk% vf%ﬂl)éuéﬂor%‘q éfg%t i CQ}672><10 .
I ol e FE. fi
ng”gﬁggbtlvatkngz?ﬁiugigﬁgpzﬁﬁrd%ﬂgﬁﬁngfgngﬁ tHg-5x107
\_/aI ue on Cr. Then all pixels in the row are reset,
is time onto the Cs

] DR nd Rty D risoidhiec e tamsent araweon
Howsver i e sphee sivalkdtare awhent tanh@dsranips}ulcn@ent SinRioes tRgve
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er circults the no

dl’iff:ep r@mﬁw ef{imate the gffegtivg ,CaFﬁ‘i nee gt g gtvaageu mdg,eanm them
dedige tHeesessitivity. dde sdegtdiSuRtichs! Bydpplyl =R AdWitade A0 ﬁ%?age
node, and then measuring the drawn current, we can find an estimate for the folal
capacitance, ' |
From the simulations the total capacitance at the storage node is 31fF and 40fF for the
Nwell-Psub, and Pdiff-Nwell-Psub structures, respectively. The sensitivity of the devices
can be calculated to be 21.6 and 337.5 V.s/W for the respective structures.

Area Dependence

We have found that sensitivity improves only as a function of fill factor, and is relatively

50



10

15

20

25

30

and buffered to the outputs. This operation perforns
colum level CDS. 20 It should be nentioned that the
circuit follow ng the sensor (either a PGA or ADC),

shoul d be designed such that it can benefit fromthe

wWeplobdysdogvel CGDS nechanism i.e. it can preeeas6heo0s:

outputs fromthe two different phases of cro. Colum
Decoder 25 The column decoder is part of the colum
circuit 30. It inplenents a N2 N decoder, and as

such it can be used in a random access nodé. TIM NG
The timng of the signals controlling the pixel and

&%Et‘émorcﬂlxe?&ht gsagn a%rBSrl}ﬁerP%ﬁ%:d Eluntr iong'sgaglht ernating

ntegration an
integration cycle 32, the entire sensor array 12 is
Eolufin dikg@t and then the electronic shutter is left
%pen to . integrate the 'phot ocurrent. At the end of this
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armydRoAetheiend bhan ipleg@tion dyble} e chleE cipdlit 30Y§écﬁivé’céd 0 rows
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cimult sxadsajagdoss oldrabe tradigomal &mtfomwealsirudmr&eéssn pEJvldés a

g}aﬂ?slés%Pﬁ:PBne‘ﬂ E@&’here-%}g réog.@% &gtd ﬁ%ﬁm ?ana%% f?onlga&u@%e)f 1'@19

I nvol ves sever oper
%’W\Bf t‘ﬁfgs@é'ﬁ%réﬁ%\?@'lﬂ*ﬁd twemsmg wd@rﬂ@a!tsmphgndma@rsamtures

mréaﬁ@hdd‘li% fir @ Wn® vy aéﬂ(vﬁilr% thd Q%nalrﬁ‘cﬂ:fj a‘ﬁHtsthMﬁ |tﬁ‘e value on Cr.
sse consi sts _of CDS

TR AT A BN e bty anf S Rreiingo sep e hsdimaqiae Os

capaciifia €itis Lperalibnaedor@BShe mive] IR}l DRl e 36 in turn

SRS ! SerBl vihed he SAHIHNE i OAMARLA 1he?’?ra SaPEXEl hﬁ%m in

eﬁﬁ%t ress?‘biﬁb? RULPY RUidR cisovity Eflpwiag e, n0fi¢9r>§rtan§ ﬁfgffamcemamnm@as

finghed) i@ftro Sigshl td@t ﬂ@.f:eihd I Mﬁl&d%i’gna&@e B@As@arﬁ]ﬂ h &8 tanczl Xs,
g, or e entire

aﬁ%&v&% dotlc’x 15 So?ﬁ'gggﬁratg’ﬂc?effﬁ@s C@E’@T”H?/fo §BS1 s sanpl ed

Iia@i@ulﬁéqedmbytlmecé that $heceietib followipa dg eensof feitheroavPGleondbr),

shbdiiu cﬁnsigﬁeéjﬁﬁh%h?ﬁ’ c:éﬂgé?lnﬁirﬁ%t‘n thi c&? %@%%Mec anism, i.e. i

resettin '%c m%hone row of pixe
PRI T SHRUE TR e deg ?“ﬁﬂ'ﬁ'ﬂﬂ?ﬁﬁﬁlﬁ?q{é@ets t he pi er
array during the integration cycle. The pixel CDS 40

|5y |y done during this sane cycle. During each
doﬁ'ml"ﬂﬁgémf.unn CDS' cycles 42, first the signal crc is

ngpoiqamrgﬁeqogerp:p At eféhe ¢pdumin circuit 30. It implements a N-2 N decoder, and
as such it can be used in a random access mode.

TIMING
The timing of the signals controlling the pixel and column circuits can be separated into

alternating integration and read-out cycles.

-During each integration cycle 32, the entire sensor array 12 is first reset and then the

electronic shutter is left open to integrate the photocurrent. At the end of this cycle the
shutter is clesed and the integrated charge is stored in the pixel. In the read-out cycle 24

51



10

15

25

30

of f-set conponent of the columm circuits, and then cro
is set lowto transfer the sanpled signal and reset
values to the output. This operation is repeated for

all the colums in 20 the sensor array 12. Row
WeeReAesefUrning to Figure 14, a row decoder pé4/ait3004/000182
responsible for providing nmultiplexing signals for

the rows, and al so controlling the behavi our of the
reset and tx signals. The 25 decoding is performed by
a NOR-NAND structure 46. The dec_enabl e signa
controls the behaviour of the reset and tx signals.

h decqder i .
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out
SR e e B THE ShESEUe HesioR dorl tsretugpe i
thheereanamay 18esign i s the pi xel design, and the
interacting layouts surrounding the pixel

Rovw Docoder

Turning to Figure 14, a row decoder 44 is responsible for providing multiplexing signals
for the rows, and also controlling the behaviour of the reset and ix signals. The
decoding is performed by a NOR-NAND structure 46.

The dec_enable signal conirois the behaviour of the reset and tx signals. When
dec_enable is low, the entire row decoder is disabled and none of the rows are
gctivated. At the same iime, the reset and tx signals will take a global role and can be
active on all rows. '
As the row decoder 44 implements a N-2N decoder, it can be used in a random access -
mode. )

Level shifter buffers 48 are used to franslate the logic levels from VDD to VCC (in this
design from 1.8 V o 3.0V). Figure 15 shows one of the level shift buffers 48, The level
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array. A VSS ring, which also has the Psubstrate tap
surrounds the pixel array. This is to 20 ensure that
the NMOS transistors within the pixel array receive

the best possible substrate biasing, as there is no

Wa {3t e tap inside the pixels to conservecaa@duos/000182
ﬂ ﬁﬁLayout The | ayout of the pixel should be such

that the effective photodetector area is 25

maxi m sed. In the follow ng section we present the

| ayout design of the four different pixel structures

that have been selected as alternative candi dates for
t he Ju desi gn. Phot odi ode wi th capacitor
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qﬁ&ﬁ%@é%ﬁ? 06182 suppl y vol tage runs both
horlzontally and vertically to produce a nmesh power
ure, which reduces the inpedance of the supply

_lp anes significantly. The read, reset, tx and txb
e by ccyiig Ahal gequire vteging yare tha ol oyp'gtsaﬂﬂ Fhete are four biasing

vﬁﬁdg‘eh &k hyved 16hR geﬁ@rﬁ%@' ’Mérforhﬁé uﬁﬁ?ﬂuﬂ%\' 9:2&3'2%‘%? gﬁggﬁ ahd'&vo
i
TR it e oot HiaspL i (55 H Sie”

d has been

Rigude n&d shives che twnemtmc pitaitryi scofmmsmgi baElre réxdtdréhiased bias
dghg&grmhlch is on MAd is connected to the storage node
rough a set of stacked vias. For the specific value
required for the capacitor, it turns out that the
Liawgiregdlel capaci tor covers all the active area of

tors, and therefore it also rovi.des
THREPAERHT LS pot B8 o it o Bf mHambons part o
’Lhﬁl eyt degierdis 10w pikgli destan, arhidhé intdradiimg tiapouiis surrounding the pixal
roxi mat el y 87%  Phot odi ode wi thout capaci tor
gure 18 shows a | ayout of a 10um pi xel using

WoF SBgowrich fise hap thsl Peubstigtpdan, suprerare |“8,9aP‘A?[0'3”'taM athis is to
emxwmnat rhé INMDS thsistolst RENA thd @ixglapes! tRbive Thebestl SocBiBle

e{}%‘é’@ b?é%ntghgq sk n su%@t%tgta%)ﬁpsmﬂgﬁe %ﬁeq%.]tnw d%eer}\?edareaa nd

ffore“ho cap acltance 15 rorme
wi t h/ wi t hout capaC|tor Figure 19 shows a |ayout of a
phumayukel using a Pdiff-Nwil-Psub BJT as the

The layout of the pixel should be such that the effective photodetector area is
maximised. In the following section we present the layout design of the four different
pixel structures that have been selected as alternative candidates for use in the Jupiter

design.

Photodiode with capaciftor

Figure 17 shows a layout of a 10um pixel using a photodiode and also having the
capacitor for compensating the reset voltage drop as described above.

The photodiode is an NWell-Psub structure, including a cenfral NWell connection, from
which the silicide layer is removed (except where the contact to M1 is formed). The VCC
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phot odetector. The layout is very simlar to those
usi ng a photodi ode. The pixel circuit is 20 identical
to that used in the photodi ode based pixels, and
therefore it will not be described here again. The
witthobdn3dega in this case has been maxim zed tperjARGHSARSs2
the emtter area. The silicide has been renpbved from
the Pdiff area, except where the emtter contact is
made. 25 Power routing A VSS ring which also has the
Psubstrate taps surrounds the pixel array. This is to
ensure that the NNAOS transistors within the pixel

0SSi bI substrate biasing, as

h
Sl ol Tt B BRI sy oS PRBcs & esh paveT Gk,
whipiyreducss thesimpedanoel sf thdvaupply ipiies staifidayitiyt. O ens ure that
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_ :ﬁ'ﬂﬁfeﬁ‘léhfea céﬁhcﬁ&yco{/é@gﬁth%%@ﬁ@raréMthmnsF%r?f hg %e?eqorg)(t also

e,.rncomn are e row and co

Qf?‘f’%"l?lat'?t“@lsﬁ’ﬁ|d3°’5%?§3&§‘é”?hey are physically cI ose to
Fdn¢he ifuspatee 0uni pisyl, tafll fabter is hegrexivkdely 87%. exposed to -
light. In order to avoid any potential problens, all
the circuits in the current design are covered by

Fhotegliogdeyithaut opadiioe that the design rules do not
iadgdr@watéﬁé\mélé%%t 8 §'1ﬁ%epi>¥ép[?§thd"ﬁ%to|d@f§r 198 é{% lalmost

@%’& ’E’sté l'tiple overlappln

e 8"”‘2‘:&5‘ urg eWEh‘%”&lh‘Pf’%Pﬁcﬁoﬁ H?FTJ\S@P 4@@\'\'1116- ares
vehetsoidi hasriieen bltichéd, iard thieefors\ns tdpatients RHbM@dl hat in the
800nmt+ range of input wavel ength, only NMOS
trangistors can potentially be affected by the |ight,
FAwie-RdT piibiyithoghedresiers are inside an NWel | and have

Fadurd b rehosk G @Btﬁl &‘ra f1@&mt;§i£éi RARL %ﬁﬁﬁ\%ﬁ?ﬁﬁ&ﬁfaﬂ &Sthe

th |
AEoddtesta 788 Sbtie oy SRt fotruein phepionidie e arauit i
iqmntidad o duht et onlitee photodidilel BEEERIAGE, ahii gherafond itSkip et bs

dgghe[bg(yp&g ?é,@gr am of the inmage sensor. The sensor

consists of an Mx .
The Pdiff area in ihis case has been maximized o increase the emitier area. The silicide

has been removed from the Pdiff area, except where the emitier contact is made. -

Power routing

A VSS ring which also has the Psubstrafe taps surrounds the pixel array. This is to
ensure that the NMOS fransistors within the pixel array receive the best possible
substrate biasing, as there is no Psubstrate tap inside the pixele. A VCC ring also
surrounds the array, mainly to ensure that VCC is supplied from all sides of the array to
the pixels. _ ‘

The VCC supply in the pixels runs both horizon- tally and vertically, to produce a low
impedance supply mesh. The power routing to the row and column decoders are
provided using the top metal layers from M3 to M6.

54



10

15

20

30

N'pixel array 54, an array of N row decoder circuits
56, an array of M colum decoder circuits 58, and a
bias circuit 60. 20 The size and the nunber of pixels

can be designed according to the required _
wapmeddmsmati on. 1.6.2 Operation This secti onpgdeasndkB61s2

basic steps to operate the sensor. The image sensor
only 25 supports one operation node, which is the
normal node.. In order to operate the sensor in the
normal node the follow ng steps are be followed: 1.
Set all the digital input signals to low 2. Apply the
appropriate VDD, VCC, and VSS supply voltages 3. Set
the Enable-bias input to high, and wait for at |east
LIGHT SHIFIDINGey may be 30 bypassed if the Enabl e bias

Tresmaest bxﬁ'&d]}blr&ﬂ@f?n ast lmlébg Bensfr thact%?]a)} d'éeaﬁ{aﬁtet‘i %fﬁlgllﬁcgmmg light
L i ol g Epynd REVSE Fisghe” Sl omusdon e Sagispireates o e

pr Xxe

kel @gﬁmandu rthergfoe. wilSha\ExRR6d /t0 TR Gn BEIRF w&o&&/a()ﬂoao@éhtaal
p?able$€§ all B dirtuits IR We élﬁrehﬂy&ssgpyeis Wole! fed b?f OeZzﬁ IE}YS@G Notice that

tter and stor.e the i mage
f@e‘# esiondul e? Wc’faﬂfm‘ %@é‘% afs,a ginple ﬂ@tlms iae‘ﬁ of freetet,iamg thersfore

nadithieesv@riaghingSattal Bfers Gfe’ bdeARYEd ﬁd&.‘)(r&stﬁe BirRitd B thd Breferred

starting address. 5 10.
eﬁ%\?x\/&@%ﬂt enabl e and col _dec_enabl e both to high. 11.

It @lsp erts iragméiprigothat indhd Bednm+1 2ngSet mplheuaseim dﬂ@l NMOS

traRsidt@Wean ﬂozteSnté et%é %%gfee? 'bg tl'I%AgHt ﬁ]‘tﬁ @6‘3 ﬁa%gfs‘&f%aé"e g],sisie an

"‘P"keqirﬁna ﬂa"%“ Iptrinslc barrier forie phmkp-gspermind osimigrrawhich sisgeadrated
deet inghal sifiemetillo Meyertleless, ANastuiishtive BbeHBhiAiddSRthe Bleifred
othboditElit Cr0 to low. At this time the two output

SI gna% wi |l have the pixel signal and reset val ues.
15 13. ‘Change the "col" address bus to the next

IgiFERseeg® val ue, and repeat the steps from
Figure 20 shows the block diagram of the image sensor. The sensor consisis of an M x
N pixel array 54, an amray of N row decoder circuits 56, an aray of M column decoder
cireuits 58, and 3 bias circuit 60.
The size and the number of pixsls can be designed according fo the required

specification.

1.6.2 Operation

" This section describes basic steps to operate the sensor. The image sensor only

supports one operation mode, which is the normal mode.

In order to aperate the sensor in the normal mode the following steps are be followed:

1. Set all the digital input signals io low.

2. Apply the appropriate VDD, VCC, and VSS supply voltages

3. Set the Enabie_bias input to high, and wait for at least 1us. This step may be
bypassed if the Enable_bias has already been set high. :
4. Set the & input to high.

5. Set the reset input to high. This will reset all pixels in the array.

6. Wait for the desired integration time.
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Step 16 to Step 13, up to the last .desired col um

address. 19. Change the "row' address bus to the next
desired val ue, and repeat the steps from Step 11 to
Step 19, up to the last desired colum address. 20.

wid 0iaes@gnsor into be disabled, set all thepgr@ivkal/ocors:z

inputs to low. However, if the sensor 20 is to remain.
enabl ed, set all digital inputs except Enable-bias to

| ow. Disabling the sensor In order to disable the
sensor at any time, the Enabl e_bias, col _dec_enabl e,
and row dec enabl e si gnal s are set to low The reset

ld b
Fhe b, 20T d R RSP St el e Mo et hassioese
IIIDEIQI gn ADC ARCH TECTURE The sel ection of appropriate
9@&“]‘\%&‘6&“5@&&@%& {bq}'x wéc?st@rhﬁ&!a Cfir&%l step in

VIN‘EH% reliab esi gn, [icon
% &e digput ?@*%ﬁslbystﬁfm @?Sﬁﬁ‘i F@T““%P%?ﬁsned ADC desi gn
16 Setiibe cbvi_Hed_brahly erfdenl ask endmboaeidthighA redundant

1. ggﬁq glg,gél ho({ﬁ§9 pStructure is used because it

F eSent S Carr nt self-correcting function due to
% 8ot belsigoridoldiaios- e of the operation, and because it
15 seEkadiivghy tolerant to offset error.in conparators,

2004/ 073296 PCT/ A1J2004/000182 th
% Freﬁw@et gpherror in other ADC structures. Fi gﬁre
ishem folito &t uct ure of a pipelined RSD ADC 62. |t -
P{ tﬁg Ero% Pfgﬁj eﬁttljng E’r}1 %%%g &gBut%&J @s,lﬁlgnwp na Wg ?%Feg‘royg IWlll

resi
iaayﬁﬁm@lumnrpffaﬁvms@ based pi pel i ne ADC in the first

B 8Bt drb & 1bRALlthié BmE IERAS BElpRARINGS Wwill R k}%Vp%le‘ﬁmgna'i_’ and reset
T ese two | evels are often chosen at +Vref/4 and

& /4. If the input is above both |evels the input
l% Ghenpedbel “dol) atidreds Risain thet reahdeivpd vl aindd yepaall tae bizbs Gbm

t | evel s, the input
oo 4,148y e 0l ELIERR RS VT 1T
%PBWQEHB% How e’{f@ fegs bysfe thenpyd desired melw% £5¢ ersgt the efepg from
a@;@lﬂ feNeRP)| pfth @@ ii&ﬂd@aur&@ﬁélmﬁn Qr.fzdr&as The i nput-out put

tlonsfor Q t he rel )

AW 31 S50 £ 52 3RaRed Lol ad A b 0 on v ereemor
teio}mBm@pmswmgMMmtsﬁm&pt Znbl@ biad (Mow< Lr4 / o
BPOBN:1 Tout=2(T'in_I"2e}} 10 Vin is the anal og -

ut, BP and BN are the digital outputs, and Vout is
EJ’F ’“ﬁﬁ@‘?ﬁ@@ésu due

In order to disable the sensor at any fime, the Enable_bias, col_dec enable, and
row_dec_enable signals are set to low. The reset and x signals should also be set to
low, otherwise, the sensor may dissipate power. '

8-bit ADC Design

ADC ARGHITECTURE
The selection of appropriate architecture for the ADC Is a critical step in achieving -
rellable design, and silicon performance. A fully differential pipelined ADC design is
used in the preferred embodiment. A redundant signed digit (RSD) structure is used
because it presenis an inherent self-correcting function due to the redundant nature of
the operation, and because it is relatively toierant to offset error in comparators, which is
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output. In order to convert the digital outputs of

each stage we should renenber that an output of BP=1,
BN=O neans that this digit has a value of +1, BP=OQ
BN=0 has a value of 0, and BP=0, BN=1 has a val ue of

wdz2ooFos29%xanpl e the four-bit RSD nunber PCT/AU2004/000182

(+1)(-1)(0)(-1) 15 is equal to (I x 8+(-1 x 4)+(0 x
2)+(-1 x 1) = 3 Notice that we can represent 3 as
(0)(0)(1)(1), hence we have a redundant
representation. The RSD digital outputs fromall
stages are then converted to a twd's conpl enent

he r s80f84 6MBrrorfA DWIAE@‘I&I@%\I The ADC bit-slice
F.an g L l.emented using swtched capacitor circuits.
R AT ShafR e SIEIFtre #a FIpRYCed k3D AREI625K Beneisiesotdentiaal sages,
szl whictomstananalag a'!p'ut, afh 3ne¢fg rfaﬁ&fﬁﬂdtﬁlﬁ ?ﬁd*%Qi'ri]dit@{c)utﬂM
Pedbag; e.sane tine the. inppu
{en FSTPERAAREARBATE. WS prClipt A TR abridfiod dhetnal Biiqves
Hiese dya fexels ée often ehnser at oYief/d lang eVrefihdf thepamittioalsovarkmih
eI 1E At fsQedided B t g L ot input i
i n %@g@ 57 W 2%8%?_/57@35% "Egc"%" AR oﬁ?éo"%fﬁ%gﬁﬁ%_r'"p“* 'S
aen g BiooB(RS O P (lfeAs smAlisd gt . df the dpeuiisxteipw
teitty lesis, dbs inpoisis increbisb eiyanéfizand @ep _ﬁﬁ’l@ﬁédidtﬁ/ aJEa%ﬂar of 8. The
T=Trl e _i.njection and substrate
Ig%%Fﬁ%%%aga@%ﬁo?{éﬁezgg%%%segq'?}%mé?r? ucture of one bit
slice, and Figure 23 shows the capacitor connections
in three bit #9%i-¢2%) of phe, MG i npapesGyclen 5 A
critical conponent "of the bit-slice is the“operational

anplifier gf[@%ﬁf&»hzefg@i N, BSPEET 0 AN, P \@@,r_i’ﬁssi pation
of the opanp deternmnes the overall perforfrance of the

ADC. A ful lyrmeiE€pr ent bmd o ok dedraaseosie Z&)r uct ur e

was chosen for this design for the foll ow %g reasons.

L N TR

“oypuhg gai n-boosting techniques. 10 The optim zation

r | Gigith BB o bt
B S B 6 T e g

of BR=hENFRrmeans fhat v digh heee velig of Hie BR=ADBNFE fizs a value of 0,

ailt) BPef, BNB=1 hiak a Ralut ONBT FERAGHNIARE fhir- G fi8Rbdr e S
isc%ugﬁgt can sinply be reduced to | ower the power

(Ix8)+(-IxN+0x2+{-1x1) =3

Notice that we can represent 3 as (0O)0X1)1), hence we have a redundant
representation.
The RSD digital outputs from all stages are then converied to a two's complement

number system.

IMPLEMENTATION

The ADC bit-slice can be implemented using switchad capacitor circuits. in this approach
the input to each stage is first sampled on two capacitors Cs {sampling capacitor) and Cf
{feedback capacitdr). At the same time the input is compared against two levels and the
digital bits are extracted. In the second phase, the capacitors are connected to an
opamp to form an amplifier with a gain of 2. |
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di ssipation. 15 Figure 24 shows a sinplified circuit

di agram of the fol ded cascode opanp 64. Not shown in

this Figure is the comon-node feedback circuit, which

forces the common-node voltage at the output nodes to
wa pismdebs ned val ue. This circuit is sinpli flpeli/AiJmmmoowz

illustrative purposes and does not represent the

overall conplexity involved in the design. In the

foll owi ng sections the design of each major 20

conmponent is described and the justifications for

using a particular circuit are explained. BIASING The

R BihetteCibH nDoR s O pRT of B KRl RER e 0Bhe, 3ot
apemachrin aisech & reguastthe effectsiof change iniskticaged sw@trefercyupiing

3 dﬂ@ 28l showél 18€ BRIcRIre Af ode bt HEE - Hkf Flglﬁ' Vi%esfhtoﬂg N tQa?'gBa%ﬁor
Sssi pat | on

as .t anSIS ors
ol b B el e By 1 SSTpat i on (1
Acriisalrgmeonantiofithe Hifgice @&l the aferstivpallzinatifier 8o) Im@em speet hend

ﬂ(}%mss%'aﬂoﬁﬁf tfx% l);!)%det&hﬂﬁg kel ?v%mn%epf&waﬁ& of D dq% ﬁfﬁy—

IasS curren anc
diffarentiel felfed-caserde strnplre aveg clmzn fegdis dﬁswg iqr#e falloming reasons.

“Foldeagsschse SntiobOtot rdiirk 66 %ﬁcade opanp, and
i effecti ve .t age acropss

term pe e
3 SRS el mpchre S o B g e s g GG i Hgues.
*t Tie oplinsization of tbe bpamp PMBBIdr demiitsd amaleMrimbeaoidrak®@ors5iBthe
¥Q;2004/ 073296 PCT/ AU2004/ 000182 bi asp[ 2] This
voltage is used. . for the fol ded cascode opanp, and

"ddedigsing & therpamgroap be vadsdpmtheptalfepting the stahility o Brerefere, if a

I6NEDSpd T Estreqtﬁredi/ﬁ’lb bR CbulvEl chi sintply BCdidlked 1o lower the power

st ac)rlgentatlon the sizes of the transistors have been
'm zed such that the VDS voltages are al ways at

Fl'@&%?‘? #hows as|mpifiedniget dikgranybShs ftldagfcatdrde bpaasp 84. Not shown
it BBk Qs %e &rﬁrﬁbrﬁrﬂ@dg RLaed %IréddCEkaﬁ forddd lﬁe cﬁmﬁgn-mode

ensur é t hat hese transistors are al ways I n
"§W@B¢F8H"W'€@dﬁ%"° apedefinglielteur rent to the b| as
ThRNEcat @ siplifaticait Nlagraiye bitpodeel MidemRe rob Fdregdant the o\ferall

cgﬁ%mgrt ifvol C}.feg Fﬁ% %‘[&5’9%% bﬁ'il @g\’f?ll%rueﬁ/l:ﬁhc}ng :}ﬁ))gesﬁq X oeﬁlF?) maéor

cgipenset it gpurdbedmeiin: mﬁﬂ" cHiignelon ugingel périicudat cirouitrapmexpisiied.
voltage. This circuit effectively tries to change the

BIASING

The biasing circuit provides biasing voltages that are used throughout the ADC bit-slices,
and also in the PGA. The choice of the biaéing voltages is very crucial. In general a
trade-off between area (size of bias transistors), and the power dissipation (the bias
currents) should be made. Figure 25 shows the biasing circuit. The role of the bias
voltages in the opamp are as foliows:

e biasn[1] This voltage is used fo determine the bias current in the input branch and the
NMOS transistors, MN1 and MN2. |
= biasn[2] This voltage is used for the folded cascode opamp, and determines the
effective DC bias voltage across MN1 and MN2. ' -

* biasp[1] This voltage is used to determine the bias current in PMOS fransistors MP1
and MPZ.
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bi asi ng conditions through a feedback | oop. Figure 26
shows the inplenmented CVMFB <circuit. 15 The

differential output of the opanp is used in a
capacitive divider to find the coomon node voltage of
vido@spigt . This voltage is then fed back i nca/AtvWoos/o00182
differential pairs, which control a current that is
injected into the NMOS branch. The other input of the
differential pairs is connected to the common node

vol tage VCM This feedback nmechanism effectively sets
the conmon node voltage at the output to VCM The size

t b_i t hi t
e bt 7RG, SHRGE s ik BE Wi roldbe ' e e, i sitpves te
efiecties/ @ bias yoitsge phwsothaMMORnshstshes BPomad Mear i ng
m #6 Hbtha!%%bﬁibﬁt@ﬁdrﬂﬂe S‘s‘bﬁhe - sk %R{k S%%H @E@Sedo Qo that
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L6803 RAIH 25 GAI' N BOOSTI NG AMPLI FIERS In order to
ThHereas &t e gain of the fol ded cascode opanp, gain
bepspuirpyrentde das biee genasatai is euovidEH ey diverafdréncg amerd fyetdiator

§caed repocode stage wi thout gain boosting is |ess
than 100. This is.because the cascode transistors

have m ninum |l ength (0.18um to achieve 30 a high
CONMONIMODEGSIRCIMT opanp. To increase the gain of the

ﬁ%i“&*“?ﬁy A6 e0isel T CYERRIEE B bl ik b apae o

Prvee pregdefind spmaentreagetvoligge. Thisscirgwib effectivdly tyies o clamge the
masind d6nBRoPhAIUBR S EEELD B3h CriteS6 shivis BRAWE
B o o D 2004T 053508 TR ACSDeRs ooowgfh’gqiﬁ%gé’"cs
pri fiers have been inplenmented such that they can be
Ther difgeglerditf outpun oaitheli dpizmp i$ osedtihe cppaitive ﬁa«wian@srnami @WRsbn
rﬁ&(dcd.%t Syt he..ci rc
'é%&weﬁut%g%ggqg%ga iﬂglli %g%ﬁﬁgﬁtg h}m & fierent wshlch

di sab b ' val ue turns. o
Forel SicytraF the igtinipeted isiodbn NEGSfanal, Twmémn*mf@e dtfferenttal
pdits 116 @orrizeteBfth 1A dofithoh h@o&s“ LBge 0&01@1 henid %éd%’@”ﬂe&ﬁmsm

%ﬁll%gwgﬁ’ uge Wi I I be pul | ed
&F of

hi gh
PP SPLees, e Bith o N olepiee o the
cRibhditois & cmily méhis oifduit tsTdmlgsattnutSﬂ fig of f nmechani sm reduces

THREVRERSS Hf B @Rﬂl*é" eréf‘ﬁgll Eﬂ&‘?soﬁﬁg lﬁﬂ!ﬁ&n l}f‘,’é ?ﬁh& 9 n% atn ?herefore

common node vol tage at

JuEey GWlér?P{"H@a'g% ?P%'eb%‘iﬁ"ﬁ@j‘l Slmkﬁ be P do 41 CVER e, Also
rofids, theithe QUARBUIEIrcOR a8 oFRAMP fadtibdckéop! bRPthbRebre AN yrdahifcs

a?&&ll%&t t&o?aﬁeabﬁom ﬁ'l%tdyﬁgmlgsan tﬁlee S’ I ar ed val ue.

GAIN BOOSTING AMPLIFIERS

In order to increase the gain of the folded cascode opamp, gain boosting slages are
required. The overall gain of the folded cascode stage without gain boosting is less than
100. This is because the cascode transistors have minimum length (0.1 8um) fo achieve
a high bandwidth for the opamp. To increase the gain of the opamp beyond the
minimum requirement (which is at least 2N = 28 = 256) the gain boosting stages should
have a gain of at least 10. This amount of gam can easily be obtained from basic OTAs,
as shown in Figure 27.
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10 An inportant point in-the design of these stages is

that their bandwi dth should be nuch nore than the
overal | bandwi dth of the main opanp, as otherw se they
will form additional poles in the circuit and reduce
wdsophase nmargin. The bandw dth of the opanpcerhasei®enis:
desi gned to exceed 300MHz. For an N-bit pipeline ADC
the required bandwidth is approximately 15 Therefore,

a bandwi dth of about 1GHz is required for these
anplifiers. This in turn translated into a | arge
biasing current. Arelatively large proportion of the
hese anplifiers.

ADC
NS el e oSy YA e e B o B Birpac et baccon fo
ﬂp@owpmlnm]w@gemucﬁmhly, the butpiteroltsge winth the cﬁrf:urt i8 Gnsabled
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Hm)lntmgent p'ﬁ{nt i thd desigintof ERES Bttﬁl@é?e i@th&ﬁigblr Bﬁﬁtﬁd‘cﬁl‘l kg be much
i r nt aj ood control oyer
56?%31%9 he operalp %Q,S?J l('Eﬂfri)es § &P 8 %’P%\n&@e f%‘ﬁré"’selr ey é’Y"b rfD”“
Fdslitiopal Pgh@méhe @@U@Mﬂmﬂhe phase ewin. iThe baievitttedf tas opamp

iiisObdel basighal 116 NBEeed @%mzoerraéi-ﬂffbtt %@eﬂ%")&ﬁd fhe required

Flgur 30 Eac Iadder consists o qual resrstors
S B OUBERY 73296 PCT/ AU2004/ 000182  val ue of

THeederer ediasdvadth df ssbolitoRGHE Bueluitebabr thBse B@AbRers. This in tumn

dder .
FRSHBUEE s OB LAMLE ol oD ALl g e
ARy Iscapsimed fy éesp amAliesDC two conparators are
required. Figure 31 shows one of these differential

a Each conparator 68 conpares the
%ﬂ&§%g§gkgﬁgénput against a differential reference
Wreldegly oerewuietds/ plodunek Alvthé tlbek) pha&emé&b@dma@a@éréﬂh of the
Aid bgt W@cu%gﬁt is Q%%nh&@% g ?q?éerhlé P qgn #, %iﬂ(}le ﬁ,aacgock phiases

removes the nee genera
Wﬁ@?ﬁ?ﬂ“?Wﬁhals

Figure 28 shows the clock generator 66, each branch of which generates a series of

I -

delayed clock phases. Each of these clock phases is used fo conirol the sequence of
events in the pipelined ADC. Notice that the clock phases alternate between the stages
of the ADC.

REFERENGE CURRENT GENERATOR

As shown in Figure 29, the reference current generator 68 uses a resistor R with a
known vaiue, and a reference voltage. This cireuit requires a well controlled resistor. In
order to maintain good control over the bias current against resistor tolerance the
resisfor in the preferrsd embodiment has been implemented as z digitally switched
resistor ladder, as shown in Figure 30. Each ladder consists of 16 equatl resistors, The
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10 The switched capacitor structure 70 is followed by
two cross coupled differential pairs 72, which act as
the main conparator stages. The reason for using two
stages is that the input capacitors are relatively
vanmblosmer educe the | oading on the opanps poTAligookdois:2

- slice. This in turn dictates the use of smaller input

transistors for the first stage, and therefore, the
avai l abl e gain fromonly one stage would 15 be | ow.
The second stage ensures that the overall gain is high
enough to avoid neta- stable states. The out put of

v%%pdftmé%eﬁgéi%&f i@\rﬁﬁc:jggh @uclp @’iaE ﬁ'lei t?iﬁg %%%ﬁgcet R the lnﬁéoa‘fgl SP the

RS flip- ) N “ensures out put "does
Iagster isieaHy)do Berepuiiediigaistaneser t he deci sion has been
made, and also to nmake sure that the two outputs are

i ' may not be the 20 case if a
%F@*@?‘ng{dﬁg@ S Urs.  COM &ON MODE GENERATCR | n
For dash stagegé trer ARG totrempantursampetpireth Giguef Hrshoweone of these
y L . .
RHAGRSRRSS L L e PBLAIAB ] SN
A Aersrl TetrerBe olage {YrB4NG VIS -oh SKHaPRS SHARRIor Struchurs 70
Hae @dnnded iffigs desbrawhiRl esm&Ves tHY Meel ifdridéhérafiictiht Yefp/4 and

il icity, and automatic tracking of the supply
\@%%a& aﬁs"and process corners. The switch is used to

Toatswiietedtdapaditoestvatike Glisi falipwet by she epssroulpled difterantial hirs
7RONREN £Ht§§il‘\@%‘iéir9£hnf£%?a?or%’ta%@%e 32). 30 REFERENCE

OLTAGE. GENERATOR An_opanp-based circuit using
TX@ £92807 {05 USing pRstaoEs g Haet khe inRubcaraciipsate falntively prall tofrduce
ihér lofiging amnthe \dpahps inabe BI]E'IGIWE. Tﬁnsbiﬁit@ﬁgma&. tgél' bee éf%ﬁ%\l;%ﬂﬁ@t

: ! I a e. tained as: 61

P83 e R o Do s 2Pyl bAG BRR #35iond Fapiuous
bydeyy- Tihefserp slagecsherrenthat (hel cavangl gein islhigh eadugh twevoid mista-
shareiawel p=vVemt0. 50, and Vrefn=Vcm 0. 50. The Vref

ef erence vol fage._is nerated by a bandgap generator
ThE PP S Gl o Broanie Peisce SRR o 1 BENHORS Tifeton ) which
siidvgesoipairips outpetdiobsindt thangsi tefond bndditer heiedision hs been made,

=k , edi i n_and

ot 865 IPAR, e e lelo ol BT 6y TR Pal6l oo e

C54R mgle-sigbleslatpatcae  Vrefp and Vrefn are used to as
input to the opanp in the second phase of conversion.

CORMMOM MODE GEMERATOR _

In order to generate the common mode and reference voltages necessary for the
operation of the ADC a common-mode generator is designed.

The common mode voltage is derived from an inverter with self feedbac.k. The
advantages of this circuit are its simplicity, and automatic tracking of the supply vaoliage
and process corners. The switch is used fo cut off the feedback during the sleep mode,
to avoid power dissipation (see Figure 32). |

REFERENCE VOLTAGE GENERATOR

An opamp-based circuit using resistors in the feedback loop is used to derive the Vrefp
and Vrefn, as shown in Figure 32. The reference voltages Vrefp and Vrefn can be
obtained as:
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They are al so heavily decoupl ed using | arge MOS
capacitors to reduce the bouncing on these voltages.
The circuit is shown in Figure 33. MIIler conpensation
has been used to 10 ensure stability. The current
wiehbOdvsiog stable with capacitive | oads of noCE/AUAEA/000182
3OpF. BM DGAP VOLTAGE GENERATOR The bandgap gener at or
produces the nmain reference voltage fromwhich the
Vrefp and Vrefn voltages are derived. It is also used
for generating the reference current used in 15 the
bias circuit. Figure 34 shows the structure of the
bandgap generator. The resistor val ues have been
chosen to produce an output voltage of approximately
1.0 volt. This neans th 9% _the whandgap generator is in
fact out of bal ance and ‘the ouﬂbut voltage wll be
tenperature dependent pehbire,i®4i n fact a desirable
feature for this design. At hié%er tenperatures the

2% éjeéfé?éﬂcﬁ vas@a@g %f {.8%alY, %ém §avw.-9@>=vaﬁ+oaéd afd Viet=Yemioso.

gf reduce. Therefore, if the reference
Vo V% ?"?”"ceo‘f?é*?%‘ﬁ gef‘?f@tef“ &Y &i haeagmﬁﬁa@rﬁaw@@uw 1.0 voit
(Sek bitol Sorwidré dathe hi gher than what they can achi eve

%%gg@pés%d iIII 1? g%crt].lﬁrgrg ba? gggr} Q hwé r%n& ubqﬂtdegign o achleve

ower e
meﬂlhmegammltimﬁrtstabémgn dhrecrresanos ofa(grge cawe;ltIV%toedm ct\@te that the

V%Y@EA%C \fll%fn 4B %séﬂqg ay ul\dut IE’(‘.E’thﬁ %Béﬁrﬂ@\f/}f the 38¢&hnl Iﬁﬁés%fd? leSnversion.

I BFY e ?'ﬁ%ﬁe"ﬁ“’%g‘?@éﬂed W%@@P%ﬂc% C?Q?é"t?’%f%%'f%éh%t&ﬂ”f’%lﬁ%on
rase witngga Thay eircuie mmamam i Fgwee 83, flikéreninperishtion Had®een used to

Bl e b i U LBl B 5 b s
of dynam c range di screpancy wi Il be reduced. The

ammm&mmﬁr@aaawbmﬂ@ap gener ator is a three stage
4. Th
S e ot PG mein forer ot g v werh he Sk 5

Yigipyoliagd2ary\@s2Ea Al G320 Gear M@ﬂnﬂ B8 04s&nce current used in

[h%lb%% kQR: Conpensation is necessary in this opanp. A
neste nlller conpensati on has been used, to reduce

Figaregid ahowst the BEUGHRAEHS RendsAP ealsEeiPt ging resmtenRinpAREE besn
EHibh M&baﬁde% Eutﬁ@t Johtggd Bpéﬂprdkfmétaﬁ 1ADGIR ThisOhéamt iiat the

B AR T 1 TP Pt s 850 e RAEE v Sy SapSistive
Ghrendant.Udisur & fagiesdeairan featusdfor thisplesigt.ot hitbel igmperftuegess the
ﬁ%ﬂﬁmdrfah{éj(oﬁﬁ}gé@g\hiﬁg)@f Ql%n%ms'uﬁtl%rlﬂlﬂ&wl’l Rafidegure 36. In

|rS I nput IS Sanp onto CapaCItorS
&erefg[esgtl'@trﬂfgfene%&tegq l@,cgnséq,r@. ﬂb"i" ’@Swmaa'?‘ﬁ rangp glprcuits will
%@ higher.thdnwiiz ¢heg eal0achigyBabe skiaple apa diriaaiicrafteat the output of

&%qglgﬁé gg‘lsgp wﬁlhbee RR&H aq%ightep Jt’empneratmree;. With a constant reference
voliage, ihe reference levels for tha ADC will he constani, and therefdre, the ADC will be
forced o provide more dynamic range than required. '
Heowever, if the reference voltage has a .negat'we temperature coefficient, then the
biased circuits will be automatically adjusted to lower biasing currents and voltages, and
the amount of dynamic range dis-crepancy will be reduced.
The opamp used in the bandgap generator is a three stage wide-range OTA, as shown
_in Figure 34. This choice is to increase the gain of the opamp and increase the supply
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10 an anplifying stage. In the first phase of the

clock the switches connected to 01 are closed, and in
the second phase those connected to 02. Using charge
conservation equations we can find Voutp- Vouti: =
wombissige- Vof f set n) +C Vi np( 1) - Vi nn(1)) - ClVipam(A22e04/060182
Vinn(2)) where Vinp(l) and Vinn(1l) are the input

val ues during 01, and V inp(2) and Vinn(2) are 15 the
i nput val ues during 02. This particular structure has
been chosen to facilitate correl ated doubl e sanpling
(CDS) in the inmage sensor. During CDS, in the first

r{%ﬂe@ﬁtﬁne %Bmé 8%'1]%& heée?%é]? |ngtH%|opXr%%J ue nés%gli rﬁtf(&%@ﬁm@éns%ﬁ% has

resetrva
lmb%@ﬁaéqﬂeﬁb}cet@mmercﬁ&ee@mp@osaﬂh@mgwtor Cf inthis
design is 100fF. Capacitor Cs is a linearly selectable

SRR EbRlae S RNABIEER Ses 37 or'e "he coane The
Aqiammpuscﬁ thel ADT beligRéix pregraramybls iamplifier h4sbeeh atipleraedted. This
Erll f'lavie Féa&%iu&%— Iﬂ'gfheo ?LOGS mhs?é/ﬁ F 05, ﬁ(@s’c%ﬂu% &nggggs%ched

"ar ger transis
qmawoy design. FRe ﬁﬂﬂ@s@hem@l%w& ﬁhqwn in FEguespAdn therfifst
ﬁf{é@e Q{eh@fut is%aFnEl@d ¥R ﬁﬁaﬁo@@kﬁis%ﬂﬁéapﬁ@ﬁ%hﬁ BtdoRtged to
structure rang as shown, i
it St i SePnCiheB fepprior s ERSTE tpﬂmpgwpg?m
dreghifieng skbge. 1n ihetf rst phadecof |t deck thaiswitdhas dovndtiad to ®1 are

éPJs%Q%HnHt‘EQHé&o ﬁﬂ?ﬁ%e%&%l&@ted?{%ﬁ brings the pol es

t'he out put ose to ot poles in the
l&[qgcquafge @W’aﬁ@ %%‘é%‘séﬁe eRdndut put of the gain
boosting OTAs. Also the size 30 of the feedback

CapagbQSusl Sk ﬁJetPt boeby+ ng LA — By rﬁs(tvm};dsae AR

i nput capaci tance when th ain is td?its maxi mim

The corrpensat| on structure tries to bring the pol es at

t he out 63 WD 2004/ 073296 PCT/ AU2004/ 000182 of
whees ‘g’lap&) prb¥Riprehasnels wallsading| ¥lo 2pdidior@) awt Wnp@)are

tﬁ@lﬁbm@amaﬁdlﬁagm@s Rcorrp resistor), to cancel one of
The _out puts fro the it
T BT s b ag Pivsa /7 el o titet AL Bl R GDS)
imfthet imeage cleosok. Duving KRS, Sh maeﬂg'e pmsatﬂshadommﬁ gnal value is
Y z t ! iz
PELAL, ch YRE MeAGT el g R oo, AR P Whosciuonty
spblf3cies- f | op, and are driven by Phil [0] and Phi2[0]

mdetbebadnb:a@ﬁﬁ tr(|§ 8s3igni ig WOEF 38apacildh €<fié B Fhedrpbabaabla tdpaciior
s%,lesgé i igg%(e( 'Irtzthlg]FﬂLéra?[s r%sgétgt 211?’1& ﬁtﬁﬁpagf%'?’é QP éOﬂW H

PGA Opamp

The opamp used in the PGA is very similar to that used in ADC bit slices. There are
however, two main changes in this opamp. One is the use of larger fransistors, mainly to
increase the bandwidth of the opamp, and the ather is the use of a basic miller
compensation structure at the output branch, as shown in Figure 38. The source of
instability in the PGA is from several factors. The first is the larger gain-bandwidth
product required in the opamp. This brings the poles at the output branch close to other
poles in the circuit, such as those at the ouiput of the gain boosting OTAs. Also the size
of the feedback capacitors is relatively small, to limit the fotal input capacitance when the

gain is to its maximum. The compensation struciure fries to bring the poles at the output
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10 and it can be sanpled safely on the negative edge

of the input clock. Before the last latch there is a
code correction logic, which is described in the next
section. OUTPUT CODE CORRECTI ON 15 The RSD out put of
widsophBeki ne ADC i s often needed to be convetradizicd/oo1s2
nore conventional binary representations, such as
two's conpl enment or signed representations. As RSD is
a redundant representation, and in a pipeline ADC
different representations of the sanme value may occur
because of errors in the conparator t he process of

Dt er . i.s refer
Fane A Heblidd OIS, 5. 4 BsRa & -HPIBY podit D8 e onano
jegister)i iperpoek pngdfdhe pofes/ we represent a 7-digit RSD
nunber as
é‘é@g 1C0=( Bp6Bn6) ( BpSBnS) (Bp46n4) (Bp3Bn3) ( Bp28n2
ﬁ‘% pOBn0) where each digit is represented by
Theoodiputafrym\ind bie slideBareBgoneratdt ﬁbelm&%rﬂﬂq); ,ea@rrér%}a,of the

380 5 ey, TR0 4 g Al RBEy SoheS p

Brchrenidng Bishap srepSRH4NieSNFimes afgpio fact half of a D-flip flop, and are
ﬁ%@@ﬁﬁﬂm@% %ng pha@@@(@@éﬁaﬂr@@%s&g (I)ggzgni Jhe clocked

ange from -

B, M S o b 0 ko Dot o or Pz
aroriten de eamp[edr sfele on thelnpgative alde @ietinput Tlatle subt r act o r

d . Of ronjz
D90, 0E PR KA 00 & orBB Bibdual lodha Bt Uagba nd o
SFH¥r oni zer. CALI BRATION The calibration of the ADC"
can be perforned using different algorithnms. The

4/ 073296 PCT/ AU2004/ 000182 design
%ﬁ@%@gﬁﬁﬁaﬂ%&ﬁg%er a digital offset calibration,
e RARI ogpwfdfsie mpdinbrARG o ofter needetlld be sfoAgRied to mors
cgh%n@a“g a al of),»BE cribi.ng , .

P B e b Ritote, Meis crRBRANE b onfre

"FW&?enfatyPnean 8-bit ADC the gain errors whi ch mainly

ARSI = af eI CeRaRABHST B in %q;rbebﬁe AISS arﬁér%ﬁneﬂ.égé@auonéof
Thr n be achi eve conmmpn centroid

e PR S BB ecea B BoS (R Pe fos BT, Ficrpere: o
C\rqurilngdlne E%Dao & bingnyinbmbsnigrefemret! tr 24 code berratiar. al |

'I%érF@'LSto tﬁa?gocdntreréﬂn %Qﬁlaﬂr\%@ttslnﬂ:{% rl%iﬂgﬁr%é?{ﬁ QlTydréi#ﬁStfe‘%nber

of 1% can
csﬁrc‘s&gﬁ% Ca ﬁ%5%%@g§s§@¥5p25nz)(5mBm)(Bpano) where sach

drgrt is represented by two binary values (BB}, in which -1=(01), 0=(00), and +1=(10).
Then a two’s complement number can be obtained by subtracting a binary number

formed by B, from B,

NpsNpsNpaNpaNezNo1Npo = BroBrsBpeBeaByzBpiBuo = BasBrsBreBrsBraBuiBro

The resulting number will range from -127 (10000001) to +127 (01111111).

Therefore, the RSD fo binary conversion requires only & éubtractor. This subtractor has
been implemented as part of the synchronizer, and is inserted before the last latch in the
synchronizer. '

CALIBRATION _
The calibration of the ADC can be performed using different algorithms. The preferred
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10 Digital O fset Calibration This algorithmsinply
nmeasures the offset of the whole ADC. This is done by
shorting the differential inputs of the ADC together
and neasuring the digital value. In orderto reduce
womeguranti zati on effects the nmeasurenent i sPOnAE2@N000182
multiple sanples (for exanple, 128 sanples). 15 The

of fset value is then digitally subtracted fromthe

out put of the ADC during normal conversion cycl es.
Notice that this nethod of calibration is. sufficient
for an 8-bit ADC, as nentioned before the gain error

c%ngigp hgs E&{ ?:l- %g]%r gkt?lgﬁs \#Iallc’bl?agllo!:l :‘% %ﬁg oﬂf%e% gg‘braﬁon ora
m@iiﬁ\‘ggﬁdf@lw g3in and @‘hetwlbraﬂﬁn s time the PGA is al so

Bé‘ﬂ&@ Id&&%ah@ thetmr&a Ich[mtbh %tr%@ Q&Sm(jﬁ hhénubﬁthat for an 8-bit
esli ere

ur e 0 curre
ATE A AT (e SR TSl SOTLtbe SeGRare e B dessihan, /2.
ThivecaAGie achieset by osifig glbagiaicomyah westroid strichirs faltigroedphbitrs.

SRR LRI R ot B e Bl Ao A s

out IS recor

%mf a@,aweﬁ#e@ fe@aquswrﬂm@eo”ftf% and #) effpel of I ardie tolratepiGhen

ofiBét ceftraten wilfnot Bendeléesahd changed in a feedback | oop
such that the output of the ADC beconmes zero. The

i nput applied to the DACis then recorded as the
Digital @ffsePaliboatioon val ue. 30 Mul tistage Digital Gain

T@l&%i&ltﬁﬁ%lmﬁ?hlegg@éé o t!'f@\&l%leﬁ&@@ l'fstlg dmqursh&rmg the

renove O fset errors
diffesiial inputsief Ba gy 0@@&%@@ mpesuging deidigiah vaipp; ig order to reduce

titd @Rihiidalon dfcie ticatedsurdhiat ie dbfy orRGIigIe Shpidd (R Sxiple, 128
% than 8 and |l ess than 12 bits. 65 WD 2004/ 073296
FﬂUZOOM 000182 The algorithmworks as follows: 1.
T effeaiyale isothem digitally tsubirantpd fdnBBe wiput bEhABOU durisg noite!
cgﬁre%,o,pcggeg he digital values are neasured. This is
for several cycles (typically 128)

t The
NoER RS (o8 of caUBraBe s saTEiNe T anciskit AR aswﬂemesgt@fore

it ghin drfve carntdontraliet el balsl tiktrag et 3/268t to the md
reference range ((Vrefp-Vrefn)/2). The output is then
measured for several cycles. The of fset neasurenent
Apglogdyiteet Galikgetign | are i ncluded during this phase.

Tﬂ{h%@aﬂﬁ ldsChn &ﬁﬁ ab@auﬁ.%umnﬁ\tom.é e FRASHA %&H .ﬁmm?ed in
Uﬁte%?lbﬁu?n gfop%@s{tm% t|§r % T@E@H%\%B%e T%Jérregip Eéas,t:g%ﬁi and there?are this
algorithm will present a better solution, specially if the PGA is set to high gain values.

In this algorithm, the differential inputs of the PGA are shorted together and the outpuf of
the ADC is recorded. A DAC is connected io the offset bias inputs of the PGA. The value
of the DAC is changed in a feedback loop such that the output of the ADC hscomes
zero.

The input applied to the DAC is then recorded as the offset correction value.

Multistage Digital Gain and Offset Calibration

This more elaborate algorithm will remove the gain and offset errors from all stages,
through a successive algorithm. This algorithm is often suitable for ADC resolutions of
more than 8 and less than 12 bits.
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of fset and gain errors fromthe previous LSB
bit-slices wll be used in the calculation of 10
offset and gain errors of each stage. During a nornal
operation, the gain and offset val ues obtai ned during
wio®og@aklebrati on process will be used to copteaudoiesois:
digital outputs of the ADC. LAYOUT DESIGN 15 The
| ayout design of the ADC will directly affect the
performance of the ADC. Considering the ADCis a :
m xed-si gnal design by nature, it is inportant to take
into. account the interaction between the digital and
[ LCUi LS .try to minimze any possible
@%?é@g}%w%##é%ﬁf%' the anal og circuits. While during
1. f&e diputigithe beisitage (WeB) dhtirAlds iscet i zerd, sedithe digitalsiahugs are
thédstideadiThib 6t §0idafly BF ShVelf CcEn’t:iéste gty[n@&{ll? 1\23} 088 GhiLBredAfhiue

techni ques_used to conpl enen e clfcul't design.

rﬁﬂﬁﬂ%ﬁﬁﬁseﬁ‘ﬁé”}!ﬁ #3%nment of the blocks in the ADC is

X Toh induiito thedastetbe G set it ke r6itl Ir€feichSe ranbé Qdfvrﬂ;ﬁ-ﬁrefﬁ)m. The
' t | I tage e, ADC are furt a

B o MEasulel Tor SBIAH . G bty Mg Blert Wbl Hont 8B

arp ihekuderbdising this phas dhe gain egerange He ddund fromAOngasyrdneands.

HBORY 1 biesiep 2 44 Elich@i:elﬁ RipeSted fdtendhdie bif 61icBE tntli #eNEB Chhe

erator are the farthest block to the clock ]
%%%ean 961, SO FoR theRERous -SERE-sisrsrvill Papgrd 18 thestajegtagion of
affeeifEnd gginreopsef sadhlstdge. absor bed by the ADC st ages
fore " ; r e
REhe ian'g@ﬁﬁ%%a%ﬁﬁ? gt sl e it St AL e cairation
mieaspaivil oo uped fospresch e idisialvatpuisa the@®Bi as and ¢l ock
signals. The bias signals are routed on one side of

t ks, and the clock signals on the other.
%&ﬁﬁgﬁfeach bl ock the bias and clock signals run
Trirleygh design\WD PO 04RO ASR SireRIPT Atkekd 366 fefiofbids of the ADC.
& DANRI S miplHk r U RiHd Zdng & e . ' ‘
CRPGR S DT  miblghe oo 7 A0, 4 Bl 36 1o
astyfhine ippgslion dpbyeep iendigiahand anghngr eistitsadns tehieanigimizg any
dgﬁéibl@m.s?_&emdc?g VMDD m@ne{i/rcpﬁ. Qﬂhi}eahurﬁ@?@étoﬂhﬁt disign we
wer . Rout i n e ar S supply. yoltages surroun
FHETE e el e (RSB plsniien e il e ibe
ifabnigves ysad i ¢owiplgpieat ibe clapiidetign. t o enhance supply
decoupling. Inside each. bitslice the power lines from:
he two sides are joined together to forma nmesh. In
kM) ocks there are MOS capacitors used to |ocally
Tihe piaghent toh the Stk iyt theOAD@ @such that the most critical circuits, which are

the PGA and the first stage(s) of the ADC are further away from the main source of
digital noise, i.e. the clock generator. The last stages of the ADC are least sensitive to
digital noise. The biasing -and reference generator are the farthest block to the clock
generator. In fact most of the short range substrate coupling noise will be absorbed I:iy
the ADC stages before reaching the biasing circuits. '

Signal Routing
The signal routing is also designed to minimize the interaction between the bias and
clock signals. The bias signals are routed on one side of the ADC biocks, and the clock

. signals on the other. Also inside each block the bias and clock signals run through
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10 Bandgap Cenerator The conpensati on capacitor of the
bandgap generator is fornmed using MM structure. The
resistors are formed using poly without silicide. The

i nput of the opanp has a conmon centroid structure to
woemogesmesmat ch, al t hough m smatch is not aPpCrist2ealenois:2
15 paraneter for this bandgap generator. Biasing and
Ref erence Circuits This layout is |ocated at the
bottom end of the ADC fl oorplan, and as such it
contains the two wide netal lines for the supply

vol tages. The width of these lines is 18um 20 ADC bit

SHobfefe IR ANGARARIARY B Ifbrf RGNl bS] LG0T the ADC

are forne n a conmon centr ol
lherasanee Pebiraged cptesigeatvepreeren saaigtherr @c@rcpc@e shielding

s baen i s reﬁid)p@hyypoq@ﬁgtbmsg@g{ capacitors are al so
used close to the logic circuits. 25 PGA The gain

setting capacitors of the PGA are fornmed in a
RawarRogtingoi d structure to inprove matching. Bias

fHef\ﬁjﬁ ahd 058 i, WiegiR sﬁ@%r@bﬁ% 'g%% 7 %fggggwmdseﬂﬁéﬁgnetai

| arge MOS transjstors

e Rt drmobeAale! plsecrpasioro-enpmee pEmaleaHrliag flagide each
b'ﬁbl&:ebheoﬁdwaﬂ liRgrfam ok thé Eld%e]ﬁnécﬁto%ﬁé’wto kdimP @B ItBost

SI st.s of st a
o e o e U oot Bt M oo e
generator 74 5 and a synchroni zation and code
BuPtb8s Befdtattrock 76. The following table sets out t he
unction of the ns of the ADC 14. Name Typ
B r?emps*??am‘fﬂ!)@ﬂ%r §i thg|bandaspaengratoy is. ey leﬁ'f@uwéﬂ structure.

Tiha pasistordhea firivies dsmg Udoly ﬁrlthdﬂt lihcldéihfhegi‘uﬂﬁk@ tivd bﬂ:anﬁﬁhas a
0C

cgﬂ%het%ntrw %ﬂuéttrﬂ'bﬁg rg%g ml 8 gﬁ ﬁBEﬁh ésn'gl c§1 olS d’lgf % dcrpsal

PAAGISERr SRy %@ﬁﬂé@ap generator.

Biazing and Reference Gircuiis _
This layoul is located af the boitom end of the ADC floorplan, and as such it contains the -
two wide metal lines for the supply voltages, The width of these lines is 18um.

ADRGS bit slice
The main capacitors in each bitslice of the ADC are formed in a common centroid. All
bias and reference voltages are decoupled using large MOS capacitors. Supply

decoupling capacitors are also used close to the logic circuits.

PGA
The gain setiing éapacitors of the PGA are formed in a semi-centroid siruciure fo
improve matching. Bias lines, including Vrefp and Vrefn are decoupled using large MOS

transistors.
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di ssipation. clock Digital Input he input clock. inp
Anal og i nput he positive input to the PGA. inn Anal og
i nput he negative input to the PGA inp2 Anal og input
the positive offset input to the PGA. inn2 Anal og
wiorparo7ireé negat i ve of fset input to the PGA. garmplio@pooisz
Digital Input Four bits controlling the gain of the
PG, from 0.5to 8, in steps of 0.5. A val ue of
"0000" sets the gainto 0.5, and a value of "1111"
sets the gain to 8. adc bias[3:0] D gital Input Four
bits setting the bias resistor for the ADC. A alue of
ERGUON DSeABc Digidas resistor to 876 COhm and a val ue
of "1111" sets the bias resistor to 14KOhm The
- eraeA t val ue should be "1000". di sabl e[6:1] D gital
Tha lb!dxbk dibgram of the PGS 14 SEEWHIA FiguR . The ADIC TEcoBéistt Bea PGA

B T TP P8 S0 ol SR o, e

aﬁ'é awsynabronistigngind pods eprmection|biggkl76.Set t he val ue used

Tﬂé‘fdli&g ngﬁible@éﬁtduPﬂeff@fctl& Hitde pibSdrigpeaheh has been
di sconnect.ed.- fr.om ND 20047 073296 PCT/ ALR004/ 000182

pr efPBEs st ag'EV.Pebo[7.‘|’fJ‘}"q§|°§|tal 8-bit ADC out put .

Qut pHELIPD Su qlﬁbit‘ai Mptlhdivkhidd Cerl288) Mpht! WHERT thitl inputSig
SS ound G

qund vol tiage ration
In hormal opdration t]ﬂgh @B%OBW‘H'E)\/%SE%@ k‘ﬁgﬁ ﬂJ‘ be
mety  Enabl e |i nput s letldmdailjm¢ewmtgoghotrﬁ s1etepstodeaﬂré
"disabl e” signals Shcéﬂcﬁi th&ut% lals%eéaiéoot Wi any powei]

5~ 0B

dissipation.
clock Digital Input [The input clock.
inp Analog inputThe positive input to the PGA.
inmn Analog input|The negative input-to the PGA.
inp2 Analog inpulThe positive offset input to the PGA.
inn2 Analog inputThe negative offset inpui to the PGA.
gainf3:0] | Digital InpufiFour biis controlling the gain of the PGA, from

0.5 to 8, in steps of 0.5. A value of “D000" sets|
the gain to 0.5, and 2 value of “1111” seis the
, gain io 8.

ade_bias]3:0] Digital Inpul [Four bits ssiting the bias resistor for the ADC. A
value of “0000° sets the bias resistor fo 876
Ohm, and a value of “1111” sets the bias

resistor {o 14KOhm. The default value should
be “1000".
disablefd:1] |Digital input [These signals disconnect one bit slice of the

ADC from the previous stage and prepare it for
digital calibration. The LSB bit slice does nof]
have such a feature,

test[@:1] Digital Input Set the value used during calibration for a bif

slice which has been disconnected from
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"gain" is set to the desired Value Cock is running up
to a maxi mum frequency of 20MHz. Tim ng I n Nornal
Operation 10 The tim ng diagram of the signals during
the normal operation is shown in Figure 41. The i nput
wo bdoy/bBoqr esented in two phases of the cl ockperiAuzbdi®oois:z
first phase, when clock is high, the input is

sanpl ed. Typically during this phase the inputs carry
the offsets fromthe previous circuit, and therefore
they are alnost the sane. In the second phase of the
operation, when clock is low, the input is sanpled

agai pr—hi-s—tire the'inguts cafy—t-he—ib—actdal—sighal
val Ues. Noticé that tHEYHE5§EE®d0 not necessarily néed
t o bjpoldif er erdigitd .  |Hiit AT putbuthi | | be generat ed f gur
clodk cycles llgkgk.- The |atency between the tinme that
Reset (x) has heen intrnoduced to the tine that the
out p¥PDcan be [Pkl y (\VRRIvalteod hoeinaligetat 11681 f cl ock

cycliggs NOUTCOGhIE G hbiRcvolikde o erimed; i t—dogs
not wd-nf -Pmnr-bm‘t?i’tpg%égnge??}tg’vgaf ar 20 S eep
Mode In sleep node, the enable input is set to lowIn
Nbirsal Opdeatiolhl bl ocks will be disabled. 69 WO

7 04/ 018 i bration Mdes
ﬁgl%%g ?%rg{?m}tﬁre%ﬁg% HFY 89 %Bﬂgg not controll ed
BYebiehispyipmuldbrssibigkuch any design that uses this ADC
&éb?*éndl"&ﬁ&b@*%ﬁhal&Eﬁ‘ourd%ea\!%&ttomﬂtro' logic to perform

% %Teoq%i Q{) ,,cal bration techniques. 5 Digital

sEtseféﬁ F0/#4n order to performdigital offset
Catk ibmatningruptitne nfagirivoviraagersy epsoisoul d be taken 1.
Enable input is set to high 2. test[6:1] is set to

" 000000" 10 3. disable[6:1] is set to "100000" 4.
T i Morpmah BPEGH@m to a naxi mum frequency of 20MHz

Phe tiRgy dilQ@aﬁrbﬁihle@@néiQQ&H i nckhf o @Qilmgglllcgvnt?@ﬁgure 41. The
[CO”St = tng“ }u\@ ftrfﬁﬁ c{% iq;e%( t}%. |

BB £ " ook frcie s PO dt wgh.
thédnpdi i eadpleduTypinedy during didsl ehlageate ipats carry the offsels from the
previous circuit, and therefore they are almest the same. In the second phase of the

operation, when clock is low, the inpui is sampled again. This time the inputs carry the
actual signal values. Motica that the inpuis do not necessarily need io be differeniial.

The ouiput will be generated four dock cycles later. The !atenéy between the tims thai
Resel(x) has heen introduced to the fime that the output can be safely read is five and a
half clock cycles. Notice that as this ADC is pipelined, it does not have any end-of-con-

version indicator.

Sleep Mode
In sleep mode, the enab_le input is sef to low.In this mode all blocks will be disabled.
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15 8. The final output is then averaged, by a right
shift operation by 6 bits. 9. The resulting val ue can
be stored and subtracted from subsequent ADC out put
during normal operation. Analog O fset Calibration 20

wol200i/8859st 0 perform anal og of fset calibrati grridiBoos000152
follow ng steps should be taken: 1. Enable input is

set to high 2. test[6:1 ] is set to "000000" 3.

di sable[6:1] is set to "000000" 4. dock is running up
to a maxi mum frequency of 20MHz 25 5. The inp and inn

i nputs of the PGA should be constant. 6. During the
i.rst. 8 .clpck cycles no operation is perforned 7. For

%ﬂé’@?@)’?thﬁ%‘% Sclock cycles the digital outputs are added

Ndige tHatihe 8alibition medeseaaintt dostrolled bz ﬁ‘leot\[lm and i suchrany design

d:at t; oy ,

AR 00 00 by ol KT P 4
irer qeligra %HPQ!‘H'CIE%UI d be 30 provided by the

cal I bration control mechani sm 9. The steps are

n the digital output is zero. 10. The
‘5' Ra!ac%f%e a’t rﬁté can be stored and applied to the

lh iorsispto parfgrm' digitapofisehgalibratidn théfollov@Astdos shogldtbedalmor mal -

pper% eIk ,gtqs g/gpt(;iq 4/ 073296 PCT/ AU2004/ 000192
? mF %aln and O fset Calibration In

%rdei‘esf[%"b%'ﬁ?té? @ tal offset calibration the

3 oI I emmqss];eﬁsushmobmh"be taken' 1. "‘Enabl e input is
o "0000", and

e PGA IS
g:?qfcp 'es’?r %rmmgaqp t ?%’3 ng@&i@ﬁg remain
%onsﬂhﬁtﬂp@utﬁ mngmutwftr@l l?C‘éﬁ d‘tou@rbem)mimts 3. CI ock is

unni
ert.etmen eﬁ@t@clﬂa&yﬁiﬂghéﬁﬁé‘?é{ oP Ie[6 |ssetto

to
f111 gfi"l"“ 'l‘%?"t @4 clB”d? ‘f‘yﬁ'ss f"ﬁéi'qtﬁ'r”é'fpul? e pededd
per dhd vzl dEpyidy then ameagéd, H&@mmmnm@eratﬁé bg Bm& cycl es

d he ¢l okdsahin b%u!?e“%@et%g SoRGEH b%&%g%&e&%z%’%q%%m AT Butput

val ue repres value
dugng wEwalpperation.

Analog Offset Calibration

In order {o perform analog offset calibrafion the following steps should be taken:
Enable input is sst to high

tesi]6:1] is sel to “000000”

disable[6:1] is set to “000000”

Clock is running up fo a maximum frequency of 20MHz

The inp and inn inputs of the PGA should be constant.

During the first 8 clock cycles no operation is performed

For the next 64 dlock cycles the digital oulputs are added together

L L o Y

If the resuli is not zero then the an appropriate input is applied io the “inp2” and
“inn2” offset inputs of the PGA. For this purpose a DAC is required, which should be
providéd by the calibration controf mechanism.

9. The steps are repeated until the digital output is zero.

10. Thg resulfing value can be stored and applied to the “inp2” and “inn2" inpui of the
PGA during the normal operation.
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9. During the first 8 clock cycles no operation is
performed. 15 10. For the next 64 clock cycles the
digital outputs are accumrul ated and stored.
Subsequently the offset value neasured in Step 7 is
wabtxaresd fromthis. The gain error i s thewrT/AU2004/000182
calculated fromthe resulting value. 11. Step 4 to
Step 10 are repeated for the next bit slices, while
the values of test and disable are shifted by one
bit. 20 The gain and offset values will be used during
the normal operation to digitally correct the output
code fromthe ADC. 71 WO 2004/ 073296 PCT/ AU2004/ 000182
CALLI STO | MAGE PROCESSOR Cal listo is an
C&é%ﬁﬁ%ﬁ’"ﬂ’@%?ﬁ?ﬁé&#’%’apﬂ@erface directly to a

hmrd@ﬁo pentorin IRl offset dalibkativh thedolRdndstepl shttiche taken:

Hnteré%%mﬁ@tssgﬁ Ih X perform some image processing
and pass |nages fo an external device via a

deri aTheo%QﬁaQ@'mSéﬁﬂac@UU’B amhg URESntidPipats tethe PGAShEB@Rain

b&stdﬁiﬁ@ﬁmgﬂi@&@ﬁbraﬂah%%es%t ore buffer to decouple
Qaral e sensor interface and external seri al

] nter#'ﬁ%‘és“‘f INGHR) 19 M fegipngy off20MiE store data to
€l i mitesticdt] mebfterodoosali ng over head; Low pass filtering

and %gg gﬁtégggmaqﬂq?_ptur ed image; Local dynamc

rang sanpl ed i mage; Threshol di ng of

?he &%'D%HT%@F%@ cloglpygles B pearelind is paigemecdRead- out  of

, 'p.l xelfr metdéktmﬁldé@f:jdé%%é a&ilaPOLtSes &r@%c&ﬁ‘rﬁﬁé%éoe%d' SHEE This

d. 15 and unprocessed | mag

ere?rg??ngsntﬁ F?Sﬁgf?ht?r xel val ues; Configur abI e i mage
%ensd?sf[ﬁl’fhlsﬁgttoi‘ﬁoéﬁtﬁace Confi gurabl e i mage sensor

Sl ZeaDunﬁ‘é’fﬁE'ﬂ@t‘é @fgb!f%rblg?gc? Cﬁe?ﬁ ! fs ng%g\g 20 Power

enent: aut Ext er nal

er | Pr fiee et 8¢ €lorle .ﬂ}’qfwg% dtm@lpcmtm@m dredaozinpdated and stored.
SubaagentiBiihs ofidekiRicAdasiied S8y 7 i B E drPihis Bt Shiflrror

r%@ﬁgggﬁﬁéd B enetrgsruﬂ[ng va Sé/ | ces.

11.  Siep 4 to Step 10 are repeated for the next bit slices, while the values of test and
disabie are shiffed by one bit.

The gain and offset values will be used during the normal operation to digitally correct
the ouiput code from the ADC.
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Envi ronnment 25 72 WD 2004/ 073296 PCT/ AU2004/ 000182
Callisto interfaces to both an i mage sensor, via a
parallel interface, and to an external device, such

as a microprocessor, via a serial data interface.
werhbléBsel mage data is passed to Callisto acroesRoddoeis2
parall el data interface fromthe i nmage sensor

Processed image data is passed to the external device
via the serial interface. Callisto's registers 5 are

al so set via the external serial interface. Function.
BLACK- Box DESCRI PTI ON The Cal li sto i mage processing

e i mge sensor and 10

%§§§8®%§ﬁ§?ﬁbS?QqﬁAgﬁﬁhééﬁéﬁéEsed or unprocessed, to
Gallistx fseamimiagel @uicesson desianed te bygrigee dieaily 1 atreerfogyeme Tihage
| £¢%§r vida Mélféhdéi’ﬁﬁbrﬁaée BafHSAY eﬁoﬁnh %m@ﬁé%%%ce&.‘?ﬁﬁ 4r8 pass

ecoup from whatever read-out rates are
?ar?f}tﬁ%de‘ﬂ'a%?ﬁ fPﬁeeﬁﬁw@bdeg'@ﬁglara SSFFH afaiggeaensor data
rate and the imge data rate over the serial interface
l=gecoupl ed by using an internal RAM based frane
S ore | mage data fromthe sensor is 15 witten into
t h&arafiel intertacetadmage gersdlt e t o sati sfy i nage sensor
I e 2elmRiiore GRKLY BHRBSDIe SR infhgh REnddr dMtBrah Yng exEataPserial
can he read out and transmtteg over the serial :
i nt erfig@Sat  whatever rate is requi red by the device
at Dobisle biffeeing efffchnaf stdrl data itonélimifze buffeCllabling beerbaad;
0 I r i ing on the inmge
o bR iteREl e sh-2ailiny CPRBURARERE 09, " er T
cohﬂ¢5@dbfnamf°dﬁﬂge'@$§afl§§’ér°fﬁ‘ﬁwa@rﬂ?@s@aﬁ% bypass image 20

pr ¢ﬁ|%§i§:l1d"® it é@lbts@inﬁleaqtéﬁjésexbﬁhdehana%’é@r oces Ec,ecl i mage.
ma r or.e n a u
or BERLR4 P IR defsR LY PR iRy it prbossse

Cal | i@t anprbesdsbsd impgescessed i mages are i medi at eI y
tr@%ﬁ?}‘aﬁ%%‘#s@&ﬁn{i’é%alh&e serial interface. Callisto

rovi several image process rel ated functions:
SUE:ngwbbn@age 9}135‘5@6’6’&19 ‘Fﬁ?ﬁ%‘iﬁ c range expansion;

Thc@ﬁﬁgg@mengage@l;@-@-atl on of sub-pi xel val ues;
def |nedLP[§.ect angle fromthe processed and

a
un%PB dmf‘% sor Wsanpling, |ocal dynanic range
ex [Pawsi eanageroentraubsdiesipdind grabeup mgdsscal |y used in

External serigl interface for image ouipul and davice managament;
Exdernal ragister interface for register management on external devicss.

Environment
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30 conjunction, with dynam c range expansi on perforned
on sub-sanpl ed i nages, and threshol di ng perforned on
sub-sanpl ed, range-expanded i mages. Dynam c range
expansi on and threshol ding are performed together, as
w RbAgkBsoperati on, and can only be perfor reta@Bo01/000182
sub-sanpl ed i mages. Sub-sanpling, however, nay be
performed 73 WD 2004/073296 PCT/ AU2004/ 000182
wi t hout dynam c range expansi on and threshol di ng.
Retrieval of sub-pixel values and inage region
read-out are standal one functions. The details of

EARESintdiaLds 8 %ﬁth%{nﬁwgé@#n‘;&d viR& Séw?llel ﬁteffyé\écgh%sarl R85l

coordi nate syst rent
Jeyicat SUSH @5 \Ai Wﬁfoﬁr%ﬁsspﬁd@ea aeigh gatamtamec%tw% #oage data is

é‘a)éﬁo‘aw CaRRY Rrdsh GeXpANer (%It@ ﬁﬁé?fab@ﬁé:ﬂ WeEimabé edsbe ProdeSsed

t,_.ac
i e 56 5550 8o SRR R o o se B BTt Cafipofsgegisters
auk siso eetvimdhe external fseral ingerfee.pi xel | ocati ons using row
and colum nunbers. Using the x-y coordi nate system
used in this docunent, a pixel's row |ocation refers
Ruclies v coordinate, and a pixel's colum |ocation
BietrBoOxDest#sion coor di nate. The ori gi n (0,0) of the

1?' clpsgrg naters siglemused Ioc at the to Ieftd
SrET st MHaEs ArpREEEng e ﬁ—c‘r’%‘tﬁ é“%? 8N TobTEP HEhey an
Paesdsribattdata, eithenproesseéd ar iproskssed 5o Bhextemahdavicastiag a serial

&fﬁ%ﬁadeSTﬁé B R bda §§B3§sé$q8 %&erﬁéi de @J i€ bidealy e@ﬂom

erln% pi xel s beginnin e t cor

fee!ﬁféﬂ %‘ﬁ@‘é‘wtﬁi‘f@? G miggsed Py !r@me seaﬂzﬂ top to bot t om

TGal imabé skesohsislan@e: hiAthepimegb Jdata £iB bf?@ th@&@ﬁal?ﬁt@ﬁé&e are
er 0cC

LRI AP 0 S50 BHR Bb.  l ye

vagem iime ithegirares aiow athe rais fresatishy imape ﬁeassoarc@deb cEgbwdents.

Crida thhe ﬁ‘%g %ref H&éﬂ:én%é efd &ﬁ%ﬁ@ﬂénsﬂﬁeﬁi RSB raPRterfacs at
IS ho €O transl ation

“E‘re %@ﬁb lsnrﬁawfeaﬁa ff&ﬂewa% at e 8’3%‘?"H %hst ipigHacey anpl e
Celistarcah epicingliy rerfdi®) sonasirege @rcdeismgmnltﬁb atop Horgdldn :t@ ﬁrame

Sf?)‘lle st ]'c_i?eéed ?’usél}gcorﬂglﬂ'almﬂ'lo"rhgll#’e npallz Amogég’ 'fo pn{'pass aige

p&?@?ﬁ“dnma’edegblaﬂ eﬂcﬁ%ﬁsa’r@utb% Uﬁ€°§¢$§e¢ n’e@@ §ebr§@mplaﬁi ffdages are
shisdh inet bLﬁblebdt RY Ero5RRsH fmagbé &R rfoi p@r@mi’aﬁ@%&nr&d :n Calllsto fully

PR g Pa BT W RIS Pt TBL AP a8l VHEeL. Callsto

provides several image process related functions:

Sub-sampling;

Local-dynamic range expansion;

Thresholding;

Caiculation of sub-pixel values;

Read-out of a defined rectangle from the processed and unprocessed image.
Sub-sampling, local dynamic range expansion and thresholding are typically used in
conjunction, with dynamic range expansion performed on sub-sampled images, and
thresholding performed on sub-sampled, range-expanded images. Dynamic range
expansion and thresholding are performed together, as a single operation, and can only
be performed on sub-sampled images. Sub-sampling, however, may be performed
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"motion" of the wi ndow over the image is sinply
left-to-right, top-to-bottom Each 3x3 w ndow produces
a single pixel in the output imge, thus producing an
image 30 that has nine tines fewer pixels than the
Vs doaifBlesi mage (see Figure 44). The nine pighsuabdlooos:
the wi ndow are averaged to obtain the output pixel:

out put Pi xel = 1/9*(pO0+pl+p2+p3+p4+p5+p6+p7+p8); The

al gorithm for produci ng the sub-sanpled inage is: 74
WD 2004/ 073296 PCT/ AU2004/ 000182 foreach 3x3 w ndow

| oop .out put Pi er = 0; foreach pixel in the wi ndow | oop

B BBl Bnos G and BrosySie. KR Erdbammt vaupg an

'Mﬁ%feﬂloﬁlf‘éﬁﬂ-mﬁﬁw@ardabae tuoctious m a conpl ete 3x3 w ndow,
'ﬂ*e%é&rlsbflﬁeééfgmtioweg v QS{QGS of the original
e|

image if its wdth an t are not nultiples of 3,
t hen pixels along the edges of the image will be
qucinbnat ed to fill the 3x3 wi ndow. Figure 45 shows

Qb&ﬁ%l‘ﬁ!t@é&térﬁpl i cated during sub-sanpling when the

ndow goes beyond the edges of the '
Ttppatgf@umgg refersdip pg?hlgcﬁtlgnmﬂgearﬁmawmg af xey doocdirlate system
Mwmgxr@e%ﬁ RRRSEAN rbNeh | BNridrs dcl%@'%ﬁee%ég% Qg the y

ﬁﬁf renmove, the effects of vari at
PP TR RS PEES SR [y ivage, frefp tog to RS TR ——— ingefepto
el peatibons rmnb rosi ang calumhing@blerts Nosish bk oty cﬁbﬂur@wétah used in

tAk %f:dnt: HE @ g[xel@’r'&%?ati?r?pqur Sxﬁ%g&z'?c%{-]dﬁ?%ea rgdgtwr}afcolumn

[ xe
leqatien fefess tor itegr @f@%“é}tTmWéglﬁ (18 ﬂb@ft’fh@ k¥eboiidinate system used is

i6caritt Ui 10f lefldtRitr bh e Ml Scuitidufe 25, ?*B%Fbcfdrcﬁﬁ%t s define the
fraction gf the pixels in the window are [ess t:f1an I'S

c(?gtfefrfﬁ Thi s beconmes the black | evel. The value -
Thkiiehn “testypecieliie dis neatin diis dricutbiet gpixefbis 16 BR ordghigpPdfixels:

He&ﬁﬁ]né at tﬁé l&?&ﬁéﬁoﬂ‘ﬁg 1ma%{édm5\|ﬂ|§<%lleﬂ?§ ﬁﬁ%n& %tivwggi{oﬁlévg;ai-

| evel FiI na curre
ligtg| a5aumags $hat Pl?iv&é Trop thet imags rsgmmarwca@ed in thisswderhaixe! at

ld@mlﬂbm{s rb&\h?d fiddy, thén the n&ﬁPl&@ﬂotﬁé Ghht, |c:Eni’frﬁ.x§19‘é€'r'ok@th‘e§ine

i G I UM BRI o R S
thene isrngperding®s Banslation betwsen input and output. According to the axampls
shown in Figure 43, raster order would be p1, p2, p3, p4, p5, ps, p7, p8, p8, p10, pif,
piz, pi3, pi4, p15, p16, pi7, pi8, p19, p20, p21, sic... '
All image coordinates are relative to the image sensor window and not the i image sensor
itself.

Image sub-sampling

The captured image is sub-sampled by passing a 3x3 window over the entirs image. The
“motion” of the window over the image is simply [efi-to-right, fop-to-bottom.

Each 3x3 window produces a single pixel in the output image, thus producing an image
that has nine times fewer pixels than the original image (see Figure 44). The nine pixels
in the window are averaged to obtain the output pixel:

outputPixel = 1/9%(p0+p1+p2+p3+p4+p5+pB+p7+p8);

The algorithm for producing the sub-sampled image is:
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In Callisto, the radius of the window is fixed at_2,
whi ch approxi mates to a 5x5 rectangle. The fractions
used are 2% for both the black and white |evels. Since
2% of 25 (5*5 pixels) is 0.5, it suffices to
wetennrngs t he m ni nrum and maxi mum pi xel val upsST/Ateos0ddis2
wi ndow when determ ning bl ack and white | evel S.
Callisto's algorithmworks by passing a 5x5 w ndow
over the image, with the pixel being processed
situated in the centre of the inmage (see Figure 46).
When the pi xel being processed is no closer that 2
Rixels from the top or bottom and 2 pixels fromthe
left or right of the inmge, there are sufficient

nei ghfﬁ’éﬁﬂch %PQM@ORO construct a full 5x5 w ndow.
When t?’f q ‘_lon does not hold 35 there are not
enough fﬁaﬁ'?e%ﬁe g@t %Y’! PWIP a 5x5 window, and in this
case d dﬁgﬁ e FgR%elex pansi on i s performed Ion tlge e
avai |l g Figure 47 there are only o]

75 V\Qﬂf %7%@&%/ AU2004/ 000182 pi xel s avail abl e
in the window for the pixel bei ng processed, so only

se 16 are  considered in calculating the
L&‘E‘Sr‘?ﬁe Vgt herds DisHdeent pixgbdate jo fPWéaﬁPwe!eteo%q?:n‘gndow along

. u@ns;hﬂmdemtmﬁ@ﬂgesaﬂ Ehepirg®kl iDagg rt@wme&ﬁﬁﬁaghaaﬁéﬂnmﬁ%ples

truct
5 420 3Rl i ok GRAEIRHS b Rpring o 1te g
Fﬁérep%@éPW% Bovn gixgls e@ergs!@ated Woriny suheampiing whem taenslib-sampling
wmgbwmameg@ﬁ tp.(@édé%cﬁﬁgmga%gor ded. The new pi xel val ue

| I I to the range 0 to
E%%aﬁ g&ﬁ%‘f’%aﬁ?@g? éxﬁm%gganhnﬁﬁg za: Beg i net he cur -
Tlanltocaldyrehonv rafdeasparsion FihaiavPintedvbdouR: Eed to remove the eﬁects
315&561 amtd Ilyﬁl?ﬁﬁanmﬂqaér{t% 1&3]@%3 UL %toﬁdmg g\ﬁggq)éggrpne\g Jising &

val ues are gase
frgddwesholy. 255, The al gorithm described in pseudo

'ﬂﬁﬂj@naéﬁa@tﬁtrﬁiﬁfﬁh ARy rahéb éﬁﬁfﬁb‘?‘onl 996+ ea%ﬁ’ Bi§élr A &Eméﬁé@ of the

I?ﬂ%éfo p% azwlnl[ﬁ:aw nﬁ %&Fl?@d {%&zstaﬁgﬁr o rteg%o;a(lg%lpw cor@HHct@qr Th@q& the
yrilyeakhich am.n@crf ibnaction of the pixels in the window are less than is determined.
This bacomes the black level. The value which a specified fraciion of the pixels are
greater than is also determined, and this becomes the white leval. Finally, the current
pixel iz mapped o 8 new value as follows: if its original value is less than the black level
it is mapped fo 0. If its value is greater than the white level it is mapped {o 255. Values
between black and white a mapped linearly into the range 0-255.

In Callisto, the radius of the window is fixed at 2, which approximates to a 5x5 rectangle.
The fractions used are 2% for both the black and white levels. Since 2% of 25 {5*5
pixels) is 0.5, it suffices to determine the minimum and maximum pixel values in a
window when dstermining black and white levels. Callisto’s algorithm works by passing a
5x5 window over the image, with the pixel being processed situated in the cenire of the
image (see Figure 46). When the pixel being processed is no closer that 2 pixels from

" the top or bottom, and 2 pixels from the left or right of the image, there are sufficient

neighbouring pixels to construct a full 5x5 window. When this condition does not hold
there are not enough pixels to consiruct a 5x5 window, and in this case dynamic range
expansion is performed on the available pixels; in Figure 47 there are only 16 of 25
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40

mn = pixel; 25 end if; end loop; if max = mn then

pi xel = 255; else 30 pixel =

255* (pi xel -mn)/(max-mn); end if; end | oop;
Threshol'ding 35 Thresholding is a sinple function
widmbyeeryerts an 8-bit pixel value into a l-pbirtatpécs@boisz
val ue based on the conparison of the 8-bit pixel value
with a pre-defined threshold value, stored in a
Callisto register. This is the pseudo-code that
descri bes .the algorithm foreach pixel in inmage |oop
40 if pixel >= threshold then 76 WO 2004/ 073296

L2004/.000182
(4 ARGRR' S U o he e, PP oSy P16 e
eoxpigersd oin t_muﬁlnasﬂs@ rcb'nam:aﬂ‘artgm%paﬂded talues Foo | the veikal ebeing
AReadhgqt v is the pixel value bei ng dynam c- _
range- expanded, and that a is

Eﬂiﬁa?h raxqﬂ &pige P@@ﬁ%%ﬁébéwmwmm ’fhéf pixphisconbiugies gs daggribed
dbeoeli foe Ul ttepikeld IrothbingneTiiudMm@nke piReltbeingphsdebdead! bl the

"%@E‘lu?ﬁ/ %)/(l%ﬁp]gn?xe? v%? ers]sa'rt-%) %ﬁ?e{g U,%;Th? Ded Iplxgﬂ\./&,ue is cal%xiated by
Tﬂwf(gdmﬁﬁirly)lnta shet rapgeskto #5H pccodingntio thesmax mr*,@mm fihengur-

rent window. That Is:
newPixelValue = 255%(pixelValue-min¥(max-min)

Unless the max and min values are the same, in which case the new pixel vaiue is sef to
255, The algonthm described In pseudo code:

foreach pixel in image loop
congtruct 5x5 window,
min = 256;
max =
foreach pixel in 5x5 window loop
if pixel > max then

max = pixel;
end if;
if pixel = min than
min = pixel;
end if;
end loop;
if max = min then
pixel = 255;
else
pixel = 255%(pixel-min){max-min};
end if;
and loop;
Thresholding

Threshoiding is a simple function that converts an 8-bit pixel value into a 1-bii pixel value
based on the comparison of the 8-bit pixel value with a pre-defined threshold value,
stored in a Callisto register. This is the pseudo-code that describes the algorithm:

foreach pixel in image Eodp
if pixel >=threshold then
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35

v>  ((t/255)"(max-mnin))+m n By conbi ni ng dynam c range
expansi on and threshol ding a conplicated divide (a
divide by max-min) is replaced with a sinple constant
di vide. The divide may be elimnated 20 altogether by
wioequigrszg the user to specify t1255 rather pOBAURGFO00182
t. This equation holds true when m n=nax. Sub-pi2ze
read Sub-pixel read allows the user to ascertain the
grey level value at an arbitrary location 25 which
l'ies between pixels in the captured inmage, i.e
sub- pi xel s. Figure 48 shows the |ocation of the
desire ?wb plxel with respect to actual .i mage pi xels.
Sub- pj; cobrdinates are expressed as 8.4 fixed point
values g@eovalues dx and dy in Figure 48 sinply
refergdqrthe’ fractional portion of the sub- pi xe

coorgﬂld]aépes The grey scale value v for the pixel
shown —which.ligs.hetween m_xel s v00, v10, vol, v1l is

c%}Obcalc Iggasfgd 00.+ dx*(v10 - vQOO;

m "’% resiRlding an V%‘l‘f 'B"Gl‘fe"*’e'af‘a" dy*(vl - v0): 35
Lzt aeumne Gt o“sslzeﬁarmw/xememomwa themeaI galuz beitchgynamic-
réﬂ@fe—%&ﬁé‘ﬂ&d e GRS eghfuﬁfammngmegpaﬁdeer&empé ‘Thresholding

l'1sto supports ati ng many sub-pi xe fles
r?%ffasf@?f?ap@namon When Cal listo begins a sub pi xel
read gpetration it is told how many sub-pi xel values to

2placin t.he ter |.at ed pi xel val ues
g%t%ﬂmﬁh% aé“‘?r{aa%‘gsg’é"a'&?f"? ﬁ%ua r‘f'% Sinterface back to
the 55ﬁwmu@é(m@x-mm}lﬁﬁrtocessed | mage Regi on Read

Aﬁgggt.é %nyﬂ& i mage region read function of Callisto
user to read all the pixel values out of a

deflﬁgﬁ V@HW&hddF@F”W@glon of the unprocessed inmage in
a si ngini :eﬂezmﬂ(mm-m’i:he 10 region size and | ocation
may ke,.: @ n | Mage data is returned in
raster o processed i mge read function :
By sernbiniag dﬁﬁ@ﬂ‘f@“@%@r@ﬂﬂiﬂoft ansl thisplipiding apenEicgee divids € divide

bY RRAxAIDI9 eaﬁas;eai v&;}tﬂ?ﬁﬁmpl@%ﬁﬁé& divide. Im@aﬁudeaﬁamb biniRRed
olPRfterBY aaratrredl B Spr sk XA A e TRE gresion poles

trexwbarl iyinfinks the i mage. That is, using this function
it is possible to read back the entire image in the

franme store,
Sub-pinzl read

Sub-pixel read allows the user {o ascertain the grey level value at an arbitrary location
which [ies between pixels in the captured image, i.e sub-pixels.

Figure 48 shows the location of the desired sub-pixel with respeci to actual image pixels.
Sub-pixel coordinaies are expressed as 8.4 fixed peint values. The values dx and dy in
Figure 43 simply refer to the fractional porfion of the sub-pixel coordinates. The grey
scale value v for the pixel shown, which lies befween pixels v00, vi0, v01, vi1 is
calculated as foliows: ‘

v0 = v00 + dx*(v10 - vO0);

vl =v01 + dx*(vi1 - vO1);
v =v0 ¥ dy*{vi - vO);
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15 unprocessed, thus providing a bypass path of the

i mge processing functions. It would also be possible
to read the entire image in various ways using this
function: A set of tiles; A set of bands; Line by

wg 065073289 etc. Processed | mage Regi on Read pgp@iubedso0is?

Li ke the unprocessed i mage read, the processed inage,

or a part of it, may be read by the user. |Inage. data
is returned in raster order. 25 The user may specify
what part of the processed i nage they want to read by
defining a rectangular region. The coordinates used

t fy. thi th
Topiedloengie; BiFTRt BERRTRRY PeerbiiRdty SeaEh GHRe Sugshrs
chioulating ruayr abgbstualiemige singit eomwend. Yikent Gallisihbrdinssa sip-
pEQI {?Qg 0‘p¥r§§ Pk id {Bﬁgﬁ%\ﬁ l'fr%‘ﬁ? S8b-Bi ggelt\%b_ g P @él&%téfeﬂacmg all the

sanp e +

inisrRelated n*@hgé'ues T Hodisl mesyageves SsodrBl ieoigce 8200 the
pﬁg&geUZOOM 000182 CQut of Inage Bounds For inmage

region read functions Callisto allows the user to
arbitrarily specify the position and size of the
uw::msédwhtmsrﬂﬁeinﬂ ReagfFunigtioni ze of the image. This

T‘ﬁE ﬁﬁé %a?re‘a@%bﬁﬁnl delChtisto Aidws the us? W@re@d alPthé pREI valtes out

eC| region nay lLie outside of th g -
otal cﬁeiflg%fbrﬁ?@@gui?foﬁegsnﬁéﬁ%?ﬂﬂf%ﬁ%sesdﬁ‘ﬁa% 88 I® Rpefafon. The
rédibrbsifeeganstatiof mayiee atﬁa’énigl e€isinzpe dithys miurregiiorasishender.

e oo AL 8 4l b .
tio tigirehssaddmaga gRecaiigel thi amwurﬁa@ﬁ ith 8¢ r@?ﬁlru%!sbe Jiuy goitrary

Ic?cra’f?od" and® bdgbifhl b St B rpogéﬁﬂé %%ﬁﬁ@& Fegfith tidd eRadty fil8Ghe image.
i ons that afe not

: Tthﬁ B Ltswgt’tm% ﬂ@cifﬂn)géis pﬁf%@ r?aé:ltv%f:lﬁkng ee{j'ﬁ %ﬁg%t%%et%rame store,

Lﬁbﬂdﬁ@@sécﬁ: dhuslffofiinga ki tplamg.\f the iMegaproBissing f@wdidner It would

T

noﬁ\nﬂquyle%orres froman i mage sensor. Callisto provides

a megespingperation which allows the user to directly
vvrlteplxel datalntotheframe store buffer by '
st BN®5 callisto a "wite to frame store" nessage. -
Byetputting Callisto into the appropriate node --

Processed Image Region Read Functions
Like the unprocessed image read, the processed image, or a part of it, may be read by
the user. Image data is refurned in raster order. ) _
The user may specify what part of the processed image they want to read by defining a
rectangu!ar region. The coordinates used to specify this region lie in the processed
image so that ihe region defined is aligned fo a 3x3 boundary in the unprocessed image.
The user has two choices as to the tj;pe of image processing to be performed. Either:
Sub-sampie only; or
Sub-sample + expand dynamic range + threshold.
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setting the FraneWite bit in the configuration
register -- the user is able to wite data, four
pixels at a tine, directly into the frame store buffer
by sending Callisto a FrameStoreWite nmessage. For
wioodid7s®t Wwite of a frame the user nust setrcria@284biois:2
in the nmessage to '1'. Once a nessage is sent the

user nust wait for a 20 FraneStoreWiteAcknow edge
nessage before sending the next FranmeStoreWite
nmessage. Callisto uses the I mageSensor Wndow setting

to determ ne when a conplete frane has been witten

6&toq +Q§ %&ﬂiﬁcstore buf_fer. _25 Serial Interface The

serl a eto Callisto is used for several
T ifreseegion erd Bosinne Caliisi iatnyvstae kses taoarbiratity srizsify the position

ANIQER SPAE ré h%eﬁ@tlﬁ&ﬁﬁe Qf&cﬁ% |ﬁ!@5§f%g‘§cré§t§satﬁ’e a&glbillty
wite tor B#f?glng regls er data as are

st the %0&? «Clpt e seeo i7a may g owisifle PEF%'"}E@M%WSWOES not
peﬂﬂ@ﬁalﬁiaicmndﬂheokmgInghlalrégal‘tg ifamelugee doasespecii-h glaioh aherls all

PR PO Qi Ao SRR b BRa? 0TS Rblung povore

opigsieghaimagrwiiinare udelned values.si x Cal | i sto nessage
ThéRESre rﬁ:ss@@taffé&g of Ebntsé’tﬁjef-:éés' d?‘@p@tgfyﬁ'@tﬂaﬁons INBSSBURE wholly

ssa T S Squr ¢ Code Reqi ster
LA N e R o e T
access Can either specify a read or a wite. Calllsto

M%W@ﬂﬁ?éﬁﬂme%% Bgdel | Callisto to performan

g rocessi ng function. Can be either:
Qﬂi‘fﬁ%@%’%@ﬂ Ipl‘rﬁb@at? ag therimage, genspr ibteEgeslg th?rﬁ'@’@e SR pfer;
thi€@gka noHRalG 2BPES Horh MR GRadeeinedt. CoRdlo pRiided krRlde 0P Bfkration
which allows the user to directly write pixel data into the frame siore buffer by sending
Callisic 2 “write fo frame store” message. By puiiing Callisto info the approprizsie mode --
satling the FrameWrite bif in the configuration ragister -- the user is able to wrile dala,
four pixels at a time, directly info the frame store buffer by sending Callisio a
FrameStoreWrile massags. For the first wrils of a frame the user must set the S bit in
he massags o ‘T Once a message is seni the wuser must wail for a
FrameStoreWritsAcknowledge message before sending the next FrameStoreWrite
message. ’

Callisto uses the ImageSensorWindow setling to determine when a complete frame has

been written into the frame store buffer.

Serial Inferface
The serial interface fo Callisto is used for several PUFpOsSEs:
Procassor issuing Callisio commands.
Processor issuing register access commands (read and wriie).
Callisto returning register data as a result of a register read command.
~ Callisto returning image data.
Error signalling and recovery.
High level image sensor frame synchronisation.
Frame store write.
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Regi ster data b' 010 Callisto Message containing the
data requested by a register read reques romthe
Processor. Conmand b'01'1 Callisto Message contai ni ng
data produced data as a result of executing a

heg Frame b' 100 Processor 8Messages useehai9§oi/000182
hi gh I evel svnchroni- Callisto oftware frane
processing cation synchronisation. Frame storeb' 101
Processor Allows the user to wite data directly rite
into the frame store buffer via the serial interface.
Franme store b' 110 Callisto Acknow edges the frane
store wite wite nessage indicating to the user that
acknowl edge another frane store wite nessage may be
Message Types ambBoagts consi st of a constant nessage

; . d for

?rﬁ%é g'éepsmq/%ﬁl}? F}dﬁrﬁ%@% é’g?ﬁa Lé ?%?ﬁfé@g‘gqlﬁvégg g%ﬁet' rolbyte,
Meesaori ¢ tMessagn Typaessgee Sowes[Choimentied by a var yi ng

er of |glsdea byes!dependi ng on the nmessage type.
he messade-narker . fivte i s set QXN 30 \WO

Begiste0 7328008 T/ Al (Diaveseis2  |NeRcbtor preessaCellisiels seaisters.

bickss i n the control |byte shoul dcah wewssfeinseical 8r Mwrite.
. r‘ 1

aanoral. farimt far
Er%lssages. e fol |l ofi AG tAabl e sH%?ﬂsfoa{egiﬁr‘_Pg@mo'?e@ﬁB an
ewimangl byte arranggnents for e gffodebsing fupsiiAagCan be)
type: Control Byte Message Type,Rif. 7 Bit 6 Bit 5 Bit
4 Bit 3 Bt 2 Bit 1{Bit O Regijster access b"OE N NO
12 1 TO Callisto conmand b' 0 HUepresesseddmageregiog read

Register glata b' O E|I N1 NO 2 liprbedssb®ieb tegitidtéad’ O
b*O1 Cl £0 12 11 0} Frame b'0 gubgsa?np(?edsu}':agegeéio% rl'eacc)i
' - [Sub-pixel read

e} O bhaoawe + Iha
C 39 O\TV‘D L Ay crroTr—Tot

Registar data ©'010 Callisto Message coniaining the daig
requasted by a register read reques
rorm the Processor.

Conmand 011 Callisto Miessage containing data produced
data as a resull of exeeuling a command.
Frame b' 100 Frocessor &liﬂessages used Tor ' high level
eynchroni- Callisto cifware frame procéssing
sation synchronisation.

Frame  storeb'01 Processor Allows the user {o write data directly]
write info the frame store buffer via the

7 serial interface.
Frame  storgl’{10 Callisto Acknowledges the frame store writs
write message indicating fo the user that
acknowledge another frame store wrife message
may be issued.

Al messages consist of a constant message marker byte, common to all messages
(used for message synchronisation), followed by a control byte, specific to each
message fype, followed by a varying number of data byes depending on the message
type. The message marker byte is set at 0x7<.
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synchroni sation Frane store wite b'0O b'0 b"'0 b"O S 12
11 10 Frane store wite b'O b'0O I b'OER2 1 O

acknowl edge 5 The followi ng table shows control byte
field descriptions: Field 'Description [2:01
wdzdoessamge Type b' OO0 - Register Access b'pQ@isu2004/000182
Callisto Command b'010 - Register Data b'011 -
Conmand Data b' 100 - Franme Synchronisation b'101 -
Frame Store Wite 110 - Frame Store Wite Acknow edge

C 1: 0] Command Type b' 00 - Unprocessed | nage Read

b' 01 - Sub- pi xel Read b'10 - Sub-sanpled | rage Read

Rotblt T pea il WRBRHE00 sodldthy etk o1 Vo
EGU@/@FBWF’W%@@&V@O@&@ mesmages. ned in the
Wﬁuﬂ@ﬁng RbRQhods Qﬁuﬁmaﬁ( @Jchae cr:oinglgps't{)&sarramg%ger? éxgé(éheéf the

b" byt es ternal
%@%g?a’p?ndl cate that a register access conmand is
for an ext er febntes Bye connect ed

Message Type Bit 7 Bit6 Bit5 Bit4 Bit3 [Bit2 Bit1 Bit0
Registeraccess [0 [E W IN1T N0 T2 [T1 [TO
Caliisto command |p'0 0 [P C1 [C60 12 {T1 [10
Register data b'0  [E i N1 NO T2 1 [0
Command data b'0 0 | C1 [CO (T2 |11 ~{To
Frame b0 [P0 PO 1 S0 T2 T1 [i0
Jsynchronisation - -
Frame storewrite 00 p'0 'O 0 S T2 ™1 [T0
Frame sfore writeh'0 [B'0 |l b'0 ER T2 [T1 [0
acknowledge

The following table shows conirol byte field descriptions:

Field Description

T[2:0] Message Type

B'000 - Register Access

B’001 - Callisto Command

'010 - Registar Data

b;D’f‘l - Command Data

1’100 - Frame Synchronisation

b'101 - Frame Store Write

b'110 - Frame Store Write Acknowledge
Ci1:0] Command Type

1’00 - Unprocessed image Read
1’01 - Sub-pixel Read

b'10 - Sub-sampled image Read
b'11 - Processed Image Read
N[1:0] Number of Bytes

Defines the number of data bytes (minus one)
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to Callisto's external register bus. NWite Wen set
to "1l in a register access nessage, indicates a
register wite. P Paraneters Wen set to 'l indicates
that a Callisto Conmand nessage contai ns comand
wssRestass al so. interrupt Wien set to '1' ddT/£02004/000182
nmessage fromCallisto, indicates that the state of

one of the COR bits 1in the status register has
changed. 5[ 1:0] Synchroni sation Message Type b" 00 -
Ready For New Franme (from processor) . b'01 - Finished
Frame Processing (fro rocessor) b'lI0 - Received New
Fafre—{from-Caltsto—S—Start—F—Frare-+n, a Frane

T AITe \I!UIII . ali I U \frf : ) h R

Store Wite fRIBEdNHAMESt8E firs wite pf a frane.
|ER Franme Stone0ONiye Error In a Frame Storp Wite
Acknow edge _%gﬁ%# ndi cates that the prgvious Frane
Store Wite 182 04/ 073296 PCT/ AU2004/Pp00182

Il coul d not b terdBtefed because the jFrameWite bit in
the configur dfiiauy kg ster was not set. Calfisto
Interrupts Al nessages. fromCallisto contgin an
interrupt (1)} bit in the control byte to ipndicate that
the state of |odife For ardpist€€@d cl ear on read) bits in
e at o S tE as—peen—set—and fat the user
shoul d exani mé the status register. Once this
condi ti on hag'sg8cig riadicaimgthat a register accessl

commangd is for an external device connected

to Callisto’s external register bus.
W \Write
When set o ‘1" in a regisier access message,|

indicates a register wrils.

P Faramiers
Whan set fo ‘1’ indicates that a Callisto
“lCommand message confaing comimand

parametiers also.

i [ntermupt _
When set fo “7" in a message from Callisto,
indicates that the state of one of the COR biis
in the staius register has changed.

S[1:0] Synchronisation Message Type

l’00 - Ready For New Frame (from processor)
b’01 - Finished Frame Processing (from)
Drocessor)

b"10 - Recsived New Frame (from Callistc)

S Start Of Frame
In & Frame Store Write message indicates first
write of a frame.

ER ; Frame Store Write Error
In a Frame Store Write Acknowledge message]
indicates that the previous Frame Store Write
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15

Callisto haA set an | bit in a nessage, it wll

continue to set the | bit in subsequent nessages

until the status register has been read. Register

Access Message Type 10 Callisto's registers are

Voo CRHeBEhsby nessages sent to it on its seri alcr/au2004/000182
interface. The nessage consists of a control byte, an
address byte and 0 to 4 data bytes. Figure 50 shows
the format of register access nessages. For registers
whose width is greater than a single byte, |east

signi ficant byt es W I I appear in the message first.
i an exanpl e

i 8?%'S%yt* P 0 woul d be
15 witten thl@hﬁwrm ditdh thbeconfgyiratiberregistal a byte 1 to
bits 15:8, dajs k& 2 to bits 23:16 and ¢ata byte 3
to-bits 31:24 The following table shows the the

control byte format for register access nessages:
Calibtd IBietraptyl dt h Descri ption [2 0] 2:0 Y -Type. Type

B G538 5l B3 1 P e 255505 Ll
by state offond of tilEtQQFb éclaar o resd) bithlin ithegstatus &gls&ltlr fas Bédrl &t and
ﬂw&?ﬁfi Qfl'—.gasshc‘!m& Bﬁatmel e % es%éﬁ% r%&%%]s qnc@ﬂ]i@ c%nraﬁiign %&s ogcyrred and
‘Jﬁq 1540 g?ﬁ st 53"’s'e’)P/'t R messaoRdit vt eatinue toesst dheet bijvin sebsequent

Bedshgerguntiiche Satus Rdiistrbesbeen repd. E 16 1 External . If
set to 'l indicates th 83 WD 2004/ 073296

PCT/ AU2004/ 000182 regi ster operation is for an
Regigprdscege Meceagediter wi se a Callisto regl ster

@élli?sﬁ:sss regMePs ére'%ceﬂ%@%y oLk &E}t SN cf |ts ser apﬁ'}térﬁfs%

m S ?% %’rzﬁ The user

TGSy SOAT GVt ShBLE a5, AR A 1 celel s Figve 50
shpes tibifomat of rgpstdraceass TleeS@ee. FRRRRIIPRERE QFIHS RNPASLr than
Oingle G2 1ER siD¥iBnt tryfgs mﬁly\?pdpegy in the message first. Using the example
message in Figure 50 as an example of writing to 2 32 bit register, data byle 0 would be
writien fo bits 7:0 of the register, data byte 1 to bits 15:8, data hyte 2 to bits 23:16 and
data byie 3 fo bits 31:24.

The following table shows the the control byte format for ragister access messages:

Ficld Bits Tlﬂiidih Deseription
T12:0] 2:0 3 Type. Type of message. Set to "000"
for register access.

N[1:0} 4:3 2 Number Write Bytes. indicaies the
' number of bytes of data to be written
during a register write, less one, wherg
"00" indicates 1 byte and “11” indicates
4 bytes. Set to “00" for read.

W ] 1 Write. If this bit is set to ‘1’ indicates a
register write. Setting to ‘0’ indicates g

read.
E &) 1 External. If set fo ‘1’ indicates the
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5 zero or one paraneter byte-count bytes (pbcount),
foll owed by a nunber of paraneter bytes as specified
by pbcount, or ‘as inplied by the command type. Figure

51 shows the format for the command nessage. pbcount

wWcP280873359 the nunber of paranmeter bytes |esscrlifossRfois:
a value of zero signifies that there will be one

paraneter byte. The follow ng table shows the control
byte format for Callisto command nessages: 10 Field
Bits idth Description [2:0] :0 3 Type. Type of
nmessage. Set to "001" or Callisto command. (ii: 0]

1.3 2 Comm _Sp.e.u_f_i_es_t_h.LL;Lmemﬁand: " 00"
Unprocelsed i Eegster ooperatiph i iRl [an r @ggINal 10" ,
Sub- sanpl ed i 8édte, "olderwib¥ o uiR® HdyRes read P 5
1 Parangter. el..LO "1" indicates that{ this
conmmand affeters _included in _the nessage.
iAher wi Fe use {ipar a]ﬂptlése;l. 8hduilcimdsabto “Cal | i st|o
regrster—settinygs,  NA7-6—2—Not—Used—Shoutd be set
to "00". 84 WD 2004/073296 PCT/ AU2004/000182 Number
Callisip Gommans Message T¥RONmand: Command Type Nunber of
THeQ R askb Wafisto t_éJP&gdﬁﬁ%ms bﬁ%in@ﬁﬁﬂe&aé&%ﬁ%ﬁeﬁﬁ%ﬁch
ed inma

read 0. Sub-s [ read 0 Sub-pi xel rea

deBier i PRI ITBSE St oS er o Buitol ke Teliyged by
Zerooon @el farataeriytkeauot iivire (pbwont) Sallowed by a number df pafanseter
HyRS a8 sBécified by pbcount, or as implied by the command type. Figure 51 shows the

format for the command message. pbeount is set to the number of parameter byvies less

ong, so a value of zero signifies that there will be one parameter byte.
The following table shows the control byte format for Callisto command messages:

Fieled Bits Widih [Description

T[2:0] 2:0 13 Type. Type of message. Sei io “001
for Callisio command. '

Cl:0] |3 2 Gommand Type. Specifies the type
command;

“00” Unprocessad image read
‘01" Sub-pixel read

“10" Sub-sampled image read
“11" Processed image read

P 5 | Parameter. When set to ‘1" indicates
that this command has its parameters
included in the message. Otherwise
‘luse parameters defined by Callisto
o register seftings.

N/A 7:6 2 Not Used. Should be set to “00".
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10

read nessage being received by Callisto. The nessage
consists of a control byte, a register address byte
and up to four bytes of data. See Figure 52. Using the
exanpl e nessage in Figure 52 as an exanple of reading
weoimiare® bit register, data byte 0 woul d hectakenyoeois2
frombits 7:0 of the register, data byte |I frombits
15:5, . data byte 2 frombits 10 23:16 and data byte 3
frombits 31:24. The fol 'owing table shows the control
byte format for register data nessages: Field 1Bits
idth Description [2:0] 2:0 3 ype. Type of nessage. Set
to 010" for register data. N[1:0] 4:3 2 Nunber Data
g% E I ndi cates' the nunber of bytes of data, |ess

pber of fhGount-hyfes Pﬁ‘é‘é\‘ﬂmﬂmbyte and "11" neans 4 bytes.
bo&nianuntypérupt I'n @,a;,gs even has
pbccurred which has ghan the st atys register. An
i ndi cator_that _ sof (&% shoul d exam|ne the status

Hegbsﬁsee:dimageaatis 6 I External. T{ set to "1’

t o e+ reghster—eafl for an extema

P@E%éfgaﬁﬁghfgd W se adCaI |isto registef 85 WO

SupsErriabigesPead AU2(D4/ 000182 frccess and set to ' 0.

Bl pidel fedyot  OsedShoutd—be—set—toe—'. Command Dat a
ssage Type 1. _ Thése nessages return data back to

t he processor as a result of processing a comand.

ﬁﬁ!ﬁsﬁEBSﬁ%sﬁéymr es a cont rol byte, two data count
%‘%es P%%{P aﬁ nber of data bytes as

speC| %a(?ef)?reﬁ’?@ & ‘Stﬁrhaclbﬁptl@% progessor-ag arresulf aTegister

read me@Wﬁtbemltresel\@pd:m cf:gmstu)vvhﬁms@et sk dfal ébn&ﬁleoytél a

k&@te%@s@ eﬁﬁ%gotg% ourb n%%‘rfltdata Seg ’SFTSQ%VB@"%B’@Q%{@QP’E

means t hat alns a
PERTS IByiourePs as antq»@mpl@a% reading ﬁpmlaﬁrﬁt régitier, ddia bite Otwemld

Heythles:. from bits 7:0 of the register, daia byte 1 from bits 15:8, data byie 2 from hits
23:16 and data byte 2 from bits 31:24.
The following table shows the control byte format for register data messages:

Field Biis [Width ’Descrip&ion

1]2:0] 2:0 2 vpe. Type of message. Set to “0107
F;' register data,

NF1:0] 43 2 Number Data Bytes. Indicates thﬁ

number of byles of data, less one,
where “00" means 1 byte and “11
means 4 bytes.

| 5 1 Intervupt. Indicates that some evend
has occurred which has changed the
stalus register. An indicator thaf]
software should examine the status
register conients.

E 6 1 External. If set to ‘1" indicates the

original register read for an external

device, otherwise a Callisio register
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15

if. 10 In. The follow ng table shows the control byte
format for command data nessages: Iv. Field Bits
Wdth Description [2:0] 2:0 3 Type. Type of nessage.
Set to "011" or inmage data nessage. C[1:0] :3 2

wOwweriskodype. Specifies the type command f @CTAWIR@N000182

this is the data being returned: "00" Unprocessed

i mge read "01" Sub-pixel read "10" -Sub- sanpl ed i mage
read "11" Processed Image Read 1 5 1 Interrupt.

I ndi cates that sone even has occurred which has
changed the status register. An indicator tha

SofTwarg shouf i exagkd os—Tregister] contents.
NLA_Z: 612 Not qud}é %sja %és& to "00", The conmand

Wpe fi@ld Cifidi caNSUﬁh'é Shpyd besetdofiand that was
executed to proouce tThe Tesuft—data T the 1 nage data
i nt e upt | field indicates that sone

g%@'ﬁf'ﬁgﬁﬁ@ S29s &Pduri ng processing and-that the
Icont &hé¢se roésshies rsiua't deta bagk B tted pebesgbroashereslibof processing a

7 [ AU2Q04/ 00 2. For
B athe Rt (pae d ol xle e e R Bce. B Db
nugnbar ofagada pyireps geackied ibydhe ity sbuntdlyigesSed Figuraes3. Thes data
déﬁntlﬁ'yr%%péﬁgl HE:GI m&%ﬁ&mﬁsamﬁﬁ‘ @ﬁe ﬂéé&%be q@srsaodesso that a
V@ tﬁ@gé % or der ¢ | gse of the
alip 5 Pepd reas %}ﬁ%wasaaﬁ%cw 318 & SB0IE DR oAb LRt bR I
toy least signifiodni bte biftbe twotytesespondi ng coor di nates were -
puppl i ed. Except for the processed inmage region read
command, all pixel data is 8 bit. In the case of the

liy oc&%@ﬂo“}"%‘@@e sayysdihe penig! byisoiameat for cormmpindkdsdta tassages:
lveturned is 1 bit and padded so that start of I|ines

BAFUT QEid YT Jalidih [Deseription |
IT[2:0] 2:0 5 Type. Type of message. Set fo "011Y
' for image data message.

Cf1:0] 4.3 2 Command Type. Specifies the type|
command for which this is the daig)
being retumed:

100" Unprocessed image read
01" Sub-pheel read

“10" Sub-sampled image read
11" Processad Image Read

| 5 1 Interrupt. Indicates that some event
has occurred which has changed the
status register. An indicaior thad
software should examine the stafus
register contents, -

IN/A 76 2 Not used. Should be set to “00”,
The command fype field C indicates the type of command that was executed to produce

the result data in the image data message. The interrupt | field indicates that some event
has occurred dunng processmg and that the contents of the status register should be
examined.
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boundari es. 10 The pi xel values returned as a result

of executing a processed i mage read command are

single bit values. These val ues are packed into bytes
so that each byte contains 8 pixel values. Inage |ine
woomngesices al ways correspond to byte boundapiesu2andoois:
in the case where the inage width is not a nultiple
of 8, the last byte of a line will be padded with a
defined bit value so that the next |ine begins on a
byte boundary. The valwue of the 15 padding bit is
defined in the callisto configuration register. Figure
54 shows how single bit pixel values are packed for
an image that is 132x932 pi xels wide. 132 bits
r‘é’ﬁ'ﬂ??&"'ﬂ'ﬁa"# Bata bytes, and 4 bits of a 17th byte.

ﬁahs remmr ;ambﬁh@m dﬁtaaﬁes"s&b%s lélél\lrva)}sm?détg %' RS %%%é-; In the

[ nes conS|s SJN0)
Byt EOmBRt 1148 e ity ot Bek el I TR sl orde I the
daee ot the sginbikel ceant cdpirbarfdi the pixel? BreSrétuiad 20 G SS9 Ghich their

r ' j Lan ssage T.
ikt e D
eprRd. 'bE‘égs‘i’% is §yilic hp &6 easei Wfrihe Preoeesedr imagh megion read
cdhmﬁ‘faﬁdi tHatpixeDiAE rédirmddisS HIRHS EQ@ded%ﬁ 1 QMR of fhesBcur on byte
bbQhd-0¢ ng table: Frame Sync Frame Message Comment
ssageé Type Sync Source Type Code Ready for ne b' 00

The GE@S’S’@I% tehoinerbasesresuit dfakdcliitga rb@ssdédimagé reatieommand are
s%lé%?c%@és 'T%eéee@aq’t}é s Béc?&oe?ﬁt% tﬁ“leéé%\g’ﬂ];a{t%g& by@kédtéﬁs a pixel

send recei ved

"’%“H%‘p dree ""Pu BouepREigs vy cregrong ts diesthaun ﬁf@ﬁ-c%’tdels thepcase
wBatel thshmagt kadth ishet a pIUNIPRSSE 8/Yge IHSP@)@&&M lirfdad bé PARBE qnth a

d%{a r%ﬁeo%%}a eé hﬁ“nag ﬂ'ﬁtrr?eg !uge.l.ﬁergéns on a%yttehboun arrgrr.e te va?ue ain the

I NS exe
padqu bit is defined in the Calliste configuration register. Figure 54 shows how single

bit pixel values are packed for an image that is 132x132 pixels wide. 132 bits requires 16
fuli bytes, and 4 bits of & 17th byte. The diagram shows that the ful image requires 2244
bytes and that each of the 132 lines consists of 17 bytes. Pixels are pack <ed in rasier
arder using the ieast significant bit first.
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unl ocks the frame buffer and allows new i nage senso
frames to be witten. Received ne b'10 Callisto his is
the response to the frane "ready for new frane"

nmessage and indicates tha Callisto has a new frane
wentlyo7B®6 processing. 5 Frane sync nessage pcg¢Qké@booisz
byte format Field Bits Wdth Description [2:0] 2:0 3
Type. Type of nessage. Set to "100°" or frane sync
message. [1:0] :3 Franme Sync Type. Indicates the type
of frame sync nmessage: 88 WO 20041073296

PCT/ AU20041000182 "00" - Ready for new franme "01"-

el SSi "10" -Received new frane |
E@eﬁ}%&?{%@s{éﬁo{’h@%{agge@%ﬁat some even has occurred
Tireise h mesgaceh apge dniended g0 abeisuseggifst eoftwaka  iramlé C ptaessing
$ynanrod&tibNeT RS BRU L YRBIRE 1d-1E of 1l lr'r?essé"éqgg %S‘ SBwn in the
nt_eq%s._ This bit only appear in nmessages Trom
%@1‘?"7"?% Be: i e. when Frame Sync Type is "10". NA :6 2

PFiatneus ed Syhtrding hessagé ([Comfiant Frane sStore Wite

Tvpe I $o.NESSagg type enables the (ser to
%Eué%ggg?’&é’a %Iyata cﬁur“é%tly into the frame stqre

buffer. To hEmablle to perfformthis functioni|the

"WriteFramgaodei i in thejconfiguration 5 register
pust be set lfirs Thi s nessage consists of [the OX7E

%@‘hdé o cBAWRY  IRFeeessd [ndicates to Gallisto that the
frame - ' processor is ready to process|

a new frame. Callisto will send
2 “received new frame’
message in response.

Finished frameo’01  [Processor |Indicates to Calliste that the-
procassing procassor has  finished
' procsssing the current frame
when the current command
has finished execution. This
unlocks the frams buffer and|
allows nsw image sensor
frames fo be writien.

Received newp’10  [Caliisto This is the response to the
frame ‘ready for new frame”
message and indicates thaf
Callisio has a new frame

ready for processing.

Frame sync message - control byte format

Field Bits Width [Description

T[2:0] 2:0 3 Type. Type of message. Set to “100
for frame sync message.

S[1:0] 4.3 2 Frame Sync Type. Indicates the type
of frame sync message:
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four bytes of pixel

of nessage. Set to "101"

wol b do78ds Frame. Setting this bi

dat a,
Frame store wite rnesssage -
Field Sits Width Description [2:0] 2:0 3 Type.

supplied in raster order.
control byte fornat

Type

or frame store wites. S 31
I ndi cat es traatavkdve/oonis2

nmessage contains the

irst byte of a new frane. N A

7:4 Not Used. Set to b' 000.

89 WD 2004/ 073296

PCT/ AU2004/ 000182 Frame Store Wite Acknow edge
Message Type This message ackni ow edges a frame store
wite msssage

noti fyi ng t he user that

Loectiad

anot her frane

I l. C IIUDO‘agu" TTITCO llpssage
consi stls of a X7E dr?yfge%&’ré'e&’gﬁﬂeol byte.|5 Frame
store wite nessage|tt” eBinisheal framyd mrotesein@t Fjeld Bits
Wdth Descript on [ Rin@] Type of pessage.
Sat tol"110" fr 0 R%ceglegng\)m’gme Er o or
IThis biEk is sef by TR e e eWite
message was riecei vRsk Bs&rrb@avmmﬁasgwaagéoom egi ste
bit Wi{t eFrane] was n% set égagls et to
b'Q 1|5 1 Intlerrup a”?nd'?%ﬁ? sAPha’f' e B¥en  has
occurred which has gechblie exammirieuther eist er . An
i ndi cattor thai| sof ] St at us
regi ster contents f‘ﬁ}lﬁf‘?ﬁn@&é&%@@%@?a@éﬁrsm b' 00.
13. Callli st o Comman|fismessages from Callisto. Le. when

Frame Sync Type is “10°.:

N/A 7:6 2 'Nat used. Should be set to “00".

Frame Store Write Message Type

This message fype enables the user to write pixel data direcily info the frame store

buffer. Te be able o perform this funciion the ‘WrileFrame' bit in the configuration

register must be set first. This message consists of the 0X7E byte, a control byie and

four byies of pixel daia, supplied in raster order.

Frame store wrile message - confral byte format

Ficld Bits iticlth [Descrintion

T[2:0 2:0 3 Type. Type of message. Set o “1077
for frame store writes.

S 3 1 Start of Frame. Setiing this bil
indicates that the message contains the
first byte of a new frame.

/A 7:4 4 Not Used, Sei fo b'000.
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Callisto is able to perform four operations:

unprocessed i mage read, processed inmage 10 read,

sub-sanpl ed i mage read and sub-pi xel read. Conmands

are issued to Callisto by sending it command nessages.
Wi GiBstbs or  parameters for commands may becgmesdlh@ek:

in one of two ways. The first is to set

conmand- speci fic settings in the appropriate register,

as defined in the "Qperation" chapter. The second

method is to supply the paraneters with the conmand

itself. In this 15 case a slightly different form of

use 0 ndlc e to Callisto that it
’E‘Eoulc% éteﬁg:‘rk %Mg gﬂewth the conmand and
Thig nfeswamdgwlsm@s aeﬁamemgoreWté mgsa@al Inbtifling tite USE that

SEATRELS 1S 5 AT, i

& and/? Rl €¥Amand message control byte to 1' 90 WD
20 0 410 73296 PCT/ AU2004/000182 Overl appi ng command

' W th command trapsm ssion i s not supported;
%ﬁ%gf&%&m\fé Tto rs BO% mt&gec’mm‘%q a command it cannot
Frieldei veBiny newldthﬁﬁeamdattoﬂ'he user should He careful

tohgSUe aigew T R £y s conmand
ﬂgts) fi |2shed gxeCL éﬁ%n(gl ca‘isa%e %)?rt “Frocessor
receivilng the corref§bf®‘=ﬁ%ﬁﬁgremtﬁ$and data 5 fessage. |f

ERands are T gcel VERGMhE i 106! by calisiowilhoy  executing
a co nd it wlil l%nter an error state and|i ndi cate

this td the procesddPMGPareifile seMmesragent eWdgce. See
Section for defail g=céhled BudlficowdniguraiRat ragig@d descr i be
t he i ndi vi dual| com , how onstruct the com
mand ssage tio pern w&eﬁﬁ%e“% E’%r‘i’zgrocesseci | mage
Néad ThEs commiind tiédt|UsedBdatict® to return 4l |l of the

IPTXETOgT & WU T ol T CHat il Wét‘ébm%"&en‘nprocessed
i mage. |This conman oesn't UI re any nmet er

count RHytes fol | owill§§ CceHEsdCWHen Bas B@%"Qefééh t has a
fixed number of ar g t ;egistERI sqrpommgr ejpgct s two
argu 18 rnents (exprgssed_as, two s):  ToplLefi X
TogLeftY. An exanplf ss%[ﬁ’gldf 8?%?%? 3%'2 nd is
shown iln Fi gurle 58lregitier caotenial execution of [this
NPRTTTEN U7 & €T T eS0T gik; WeEh SR EH g Wwo—parametgrs: Si zeX
Land  SilzeY These fwo paraneters mist be spécified in
the appropriate register. Note that this conmand

- al wayBalhxperiimdnae arguments, and it is illegal not to

C:;ﬁniétg é§ :?l:g% ?F gelcr){%qﬁﬁ%{r o%gra%nfs:f L?Jp?oq:tessfe r|r§1TaBgeo|fe::a nrgjrtr)c%%seesdsi?n%ge
read, sub-sampled image read and sub-pixel read.

Commands are issued to Callisto by sending it command messages. Arguments or
parameters for commands may he specified in one of two ways. The first is to set
command-specific setfings in the appropriate register, as defined in the “Oparation®
chapter. The second methed is to supply the parameters with the command itself. In this
case a slightly different form of the command is used to indicate to Callisto that it should
use paramefers supplied with the command and not from a register setting.

Telling Callisto to use arguments supplied with the command rather than those specified
in its registers is done by setting the P bit in the command message contro! byte to *1".
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Has Control Comments Paraneters Byte Val ue No
b' 00000001 Illegal formof this command. P bit nust
sways be set and arg nments supplied. Yes b' 00100001
Valid formof this 21comand. Processed |Imge Read
wohbsyenegand tells Callisto to return all theravuxelocnis2
values in the defined region of the proc- essed inage.
This command requires four argunments (expressed in
four bytes) if 91 WD 2004/073296 PCT/ AU2004/000182
suppl i ed: TopLeftX, TopLeftY, SizeX and SizeY. The
Size paraneters are in processed Inage units, and
(@) . .
L8R sfink e itfend b ol By RHRRE YRRtk P D SRR SR
Gallistois besysaeettingragemarane it camt SOR{YP iaRy New goRBATGS- T hmh geer
sﬁéiﬂ’cﬁb, 4 %?&&u%@tcﬁ S8 % Héknﬁﬂgg&ana Qniflthe FevelscoMbRing hadfifished
It _va a_an

ues. Figures 5 d 59b show t exanpl e
SRS dhirited, b e PR (POPIL e FOIHRoHRS - DUBRE, data
meseage. If eatimandmara deceldad wiitnCaltidio Sdnme exesutinBar compaandsit will

eﬁ’té gﬁ\é?llop%talt\é)cg cf QARIEORL 51 A€ p?c%gss Eﬂrkgﬁin%fseri MG See

. rom I'Sto register. S 1001 Size an
Segiprefor ggtgjlsnent s supplied with command. Serb-sanpl ed

TheRMwiRE 86ktidts ddiboeGRETMBINEUS| TommMandd Sl holv@o EdiBtruct the com-
n%;lacessed |rmrﬁ)e read command except that the proc-

DESFIeRSRPTTPPIIS  case has not had dynamic range

expansi on and threshol ding per- formed. This neans

| xel eturned are a bit values. Everything
Uplcok s flff had

se a Is command is the sane. Figures 60a and
ThigomEid telie Calisiee getarg @lgf theriel data within @ defined region of the

unprocessed image. This command doesn't require any parameter count bytes following
the control byle as if has a fixed number of arguments. This command expscts two argu-
ments (expressed as fwo byfes): TopLsfiX, TopLsftY. An example meassage for this
command is shown in Figure 53. _

The actual execution of this command relies on an additional two parameters: SizeX and
SizeY. These two paramesters must be specifiad in the appropriate ragisier. Note that this
comtmand always expects two arguments, and it is illegal nof to have the F bit set.
Different forms of unprocessed image read cemimand:

Has Control Commenis
Parameiers Byie Value

No b'00000001 jillegal form of this
command. P bif must
always be set and argy
ments supplied.

Yes - [p'00100001 alid form of this
command.

Processed Image Read
This command tells Callisto to return all the pixel values in the defined region of the proc-

essed image. This command requires four arguments (expressed in four bytes) if

g1



15

command. 15 Different forns of sub-sanpled i mage read
command Has Control Comments Paraneters Byte Val ue No
b' 00010001 Size and TopLe argunents taken from
Callisto register. [es b'00110001 'Size and TopLe
WS gu@eies supplied with 92 WO 2004/073296 pcr/au2004/000182
PCT/ AU2004/ 000182 jcomrand. Sub-pi xel Read This
command tells Callisto to cal culate the sub-pixe

val ues at the specified sub-pixel coordinates. This
command has only one formand its argunents nust

al ways be 5 supplied in the conmand nessage. This

SDPTERT Forl B RBLARE SRk A e\ I e BBl ts lyocsssed

£165% BN TPk $10X a9 Tonlgelt arpixpensed efdcesmsd mmgeraortinetes.
fris %@:ﬁhﬂhcﬂ ?ét&n@)ﬂiﬁﬁ vbl@éss erHethe bro@es&é@ m(zEle OEQ‘LQP Q’PI:} Egr{: pling,

represent a nunb
GRAE it STy rgShaiod 56 8 Phsiscuie SR Bt vakpmiFigures
F%rand 58hithopi twe exangasifoeraamsantlis woinhaBd.s ub- pi xel
coordinates. 10 Different forns of sub-pixel read
command Has Control Conments Paranmeters Byte Val ue
Rifersnbionns gbproceeseddmageramdsorumandand.  Mist have

AEOUTENT FoniePP! Icgmentes 0 00101001 Valid form of
gormand = %lil isto Command Processing The conmands
Fraueies: yiﬁ/\! Flisto are enmbedddd i n nmessages i nput
using the serial| 15 interface. Ijn normal

s onieELSt o ZR% ecefgpi%ﬁcomrands I mredi at el y

argumeriis taken from
Callisto register.

Yes b'00111001 |Size and TopLeft
| arguments supplisd with)

command.

Sub-sampled Image Read

This command [s identical to the processed image read command except that the -prc_c-'
essed image in this case has not had dynamic range sxpansion and threshslding per -
formed. This means that the pixels refurned are 8 bit values. Everything alse about this
command is the same. Figures 80a and 60b show two example formats fér this
command.

Different forms of sub-sampled image read command

Has Control Comments
Farameters [Byie Value

No ’00010001 Size and ToplLeft
arguments taken from
Callisto register.

Yes b'00110001 1Size and TopLeft
arguments supplied withl -
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recei pt using whatever inmage data is inits frane
store buffer at the tinme. There are how ever sone
boundary conditions that cause Callisto to not follow
this "normal " behaviour. These conditions occur at
wo aeoBa¥ndaries. Initially, after reset, tFIAERNE/000182
store buffer will be enpty, and Callisto will be

di sabled and 20 will not process received commands.
Once Callisto is enabled, and when the frame store
buffer contains a conplete frame, comrand executi on
begins and further witing to the frane store buffer
I'S di sablfed.™ Thi SednEigt Tom comttpues until Callisto
receiveslafinished frane processing nessage. This

i ndi cates that processing of the current frame has
SubvpideERead™t this point the frams store buffer is

Y 540, B AR SO e'sob ot voen at e, ipertreshsub-pbel
qdiordifgiesi Ihisr ¢amneandi iesoorih enddidrineand s grgueeb® mbsivawayaebe
ﬁtpa-ﬁe% in tHeAbRIntdn@ Mies8Rfd. ?E:%‘c&ﬁm%%tf g&i&%ﬂ%ﬁoﬁ% gﬁ%‘h‘f&lr%ing the

frame store ertln rane
‘?‘1" RePYie: Whieh iRdipates h%mme?qsrqrmemea@ra cptaifed indhe meswmge.
pteomt defirds thei dumbeabf doslﬂmtes:ytd@eésfs@hm-n@ m&moooom) means

:g%ﬁ% %h@g'nugtgrﬁﬁsrgé nﬁué)'nger E%&ef, ﬂ@?ts.qlve)sgtu%b?g‘}r@}rg 6? shows
ﬂ"%lfﬂ"‘ﬂ%%ércﬂ subtpixe| negd comhroandouthed subenixel trordinadere st or e
buf fer is able to accept imge data fromthe image
é%nso%? n its locked state it is not (see

Gar %@sﬁﬁ%ﬁ'mﬁrﬁﬁdw'ﬂi’@"gtore buf fer becomes .
Hascked witmmifohe @ontasitky 10 déTilned sensor w ndow i s

bn into the buffgr, and not when all
ﬁ%e cfgtaég#?%érﬁ% H '

e i mage sensor has been received.

en the buffer ils locked. 1ssuing
'0 Sheadgiat return data, i.e.

i ster 1 and ready to receive

B pPYCesTBYMERY only have a single

tmm@d any one time; the processor

t—has—+eecetved—H he data out put of the

H ot o |
‘Sirrent POGUEEY! Waydpan OT@QU“%'?C' &4 new request. For
requests that do not return any data, e.g. register

QMHSEEEé@mmﬁd@{.%g%gr does not have to wait and may
T|ssue these request3 at whatever rate it w shes. 20

63 PP @RS REogeRRes| By Gallisicie embedded immersagesorst psing thtserial
irfiertdae. Bt Airdabeifchi@btahdesNO4llidtd! lbtoces®s tddintnané lihmE&@&tEl tupon

dBisF e Ve b Rot BEIT b B2ttt Ploin e it Jabre o how-
SYBGaBs tbQUWaB’rﬁOﬂWeOdefﬁai eauseLatisto th nbd follo@.dth:s ‘normal” behaviour,
These conditions oceur at frame boundaries.

Fi gure 68 shows
Neal Ti STOiged ]
Callisto
15 a new frane,

request putstand

rea

initially, after reset, the frame store buffer will be empty, and Callisto will be disabled and
will not process received commands. Once Callisto is enabled, and when the frame store
buffer contains a complete frame, command execution begins and further writing fo the
frame store buffer is disabled. This condition continues until Callisto receives a finished
frame processing message. This indicates that processing of the current frame has
ﬁni_shed. At this point the frame store buffer is unlocked, and command execution locked
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WD 2004/ 073296 PCT/ AU2004/ 000182 Conmand Executi on
Performance Qutput Data Rates For all commands except
sub- pi xel read, the output data as a result of
executing a comuand is produced without interruption

waizobh@sfogl | serial interface rate. I n the ca&se/Avbo04/800182

t he sub-pi xel read conmand, the sub-pi xel val ues
returned as a result of command execution is produced
wi thout interruption at. one third the full serial
interface rate. The reason for this is that the
cal cul ation of each sub-pixel byte value requires a
nfif 88" Rt SranORBR A St s sl blored! Piolidséa WRbvks 18" state
the tull coordinate to e receive 8re
teanpitiens #ne siatrs fayjcagimang prasuliaaspd tframf@fmméﬂt@ﬂcept. onto
the above is the case of a processed i nage and

ub- I i rage read conmands when the regions used
%?@e§§%?IB%%PB this case the output data rate falls
%@Ifmmelﬂﬂ%mﬁert ib whengl inagredata fromrtbe sérsoris ditdred whitecCallisto is
pE?erlnﬁn i3 Xei'hcgpb'ﬂer 9 saoﬁaﬂhgt ti% Tﬁﬁg‘i‘a%é Wt Bﬁﬁer is

| ess t | ess t | xel s.
C@Ri!‘i‘%%% &jb%@'ﬂ?r 'ﬁ%’?e@e Ak a’g@c t'ﬂ dls fujlopkedeytpta, ﬁq‘ﬁ drage store
Hg&i&rﬁs aﬂl\é/\}ega&o%%ﬂmbgél Hath &bﬁ&hé iffags RBhdor, Wi dé M tsIbokes state it is

| e
Sk o8 Bl b e e 508 HpresbisTeY bahes 1 Vg Pl pusey
RIFdAIPeD IS Zomlzlatebfnweﬂ'ﬁ’eo thehuifet) @hd wotswhensall the data
fﬁfﬁ%&ﬁrﬁ%& seAdR Hgé lf‘e%n rﬂelﬁ@%um%s GNEY B8 BEfbriidYocked.

serial clock cycles. Latency tines are
neasured fromthe receipt of the start bit for the
I6duing Chjitte Réqueste nessage that contains the command,

I'—Io9 {etqugsfté i{i\%ﬂémdsaltao e, alh%g [11%5 ster?eafdg %mé I%gd); th E‘écteive
byte o e nessage contal e" conmand _

g e the@upawesn maatoelﬁdsﬁ@@ mﬁiﬁﬁeﬁqaﬂ@@@tammﬁf apReReiEye

the proesssor must wait until it has recsived the data ouiput of the cumrent request before

issuing a new request.

For requests that do not return any data, e.g. register writes, the processor doss not

" have fo wait and may issue these requests at whatever rate it wishes.

Callisto s unable to honour a command request i its frame store buffer is not full, as this
will result in an image dafa underflow error. Callisto can process ragisiter access
requesis and frame synchronisation requasts when the buffer is not full.
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Il mage read (witho 30-40 clocks paraneters) |nmage read
(with 50-70 clocks paraneters) Register read 30-40

cl ocks Receive new frane 25-30 cl oaks Error

Det ecti on and Recovery 10 Wen Callisto is active, and

Ve esliotsng commands, there are several event Sdhabhoddoocis:
wll. consider.to be errors. If any of these events
occur, Callisto ceases conmand execution, initiate a
break condition on the serial interface to indicate to
the processor that an error has occurred, and w ||

not be able to resune normal operation until the error

r onD | ete. Figure 64 shows the error
Fg@ngagrdi/éxe%ﬁnep 0"% eVehts that put Callisto 15 into

QHf@FPéfa%ﬂ%ﬁe are shovvn in the follow ng table:
Ea Al &dnfmds %(céb@@gb Ph(@lnr%a@r OloufpN Gl 1597 %mpé%cuhng a

Message out of ‘% IS con It1on occurs
eRPMRr R Poduged vt dptensuntian abthe &lserial irteriase rate e dheagpse of
the giuh-pixadreat domMahdi %E&dbﬁﬁ&ﬁms \Niafhed a6ad bdsit @F command

%% 'qu blﬁ?@é E\(nﬁtég[ﬁqnterrucpg ﬁ 3:1[1)3 tﬁ&ﬁl{t}%h{h seH%H Xteg%:ﬁé'ate The
Wé?%" fguwl i$ that thg @amm/eemsa@emmmmo@na!qommmree-byte
&&f—drrﬁﬁté AR, @‘alh@iﬁ'nﬁ@s”t WBH 1dFRRS R SSordihate be %%Ergg géfjore( Pean

c)u?ag {hgg{'{ig'gggfgggsvu 2. Regl ster Access )

nd numwrite _bytes .0011.
Tret exgsmlion fo thechbbve B'the éas},- df bl;ﬁcgﬁhseldﬁh@gfd'@{d SuBGambRE image

@Q&j E&ﬁﬁaﬁé@lm%gn the(dQiohd 129%re SXNETNAL L&IhS to&t{:utaodaga &t Talls
be[ow '100% of the full serial interface data rate, Table shows the output data rate for
region widths less than 10 pixels, and heights less than & plxels expressed as a

2

percentage of the full seriai daia rate,

Datz output rates Tor small region sizes

Region Width |Region MHeight [Duinut Datﬂ
FRaie

0-3 S+ 50%-80%

10+ 0-7 45%-50%

0-2 0-7 20%
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(d) internal access, numwite_bytes inconsistent
with address 3. |Inage Command Messages: (a) not-used
field /="00". (b) unprocessed read with P/=1". (c¢)
subpi xel read with P /="1". (d) subpixel read where
wWPReOAkegl) no divisible by 3. A Frane Symgrauzoo4/000182
Messages: (a) illegal control byte type. b
interrupt bit /=0". (c) not used field 1= "00". 5.
Frame Store Wite Messages: (a) not used field 1=
"000" Mal fornmed byte Occurs when a stop bit is not
found in the - correct position. Command overflow his
ndition occurs when Callisto is busy processing a
%@e whi ch produces a response and receives a new

| Thesghlgdelowghows egoetion datpwiesdor dath gemoabdiexpnebsed pvaumber of

%ﬁ%i éié&k yEI@sC %t\éﬁcqy t%e%%ﬁ@gslp%ﬁ fr&rn%? frre@éfﬁ of ﬁ{eoé’tﬁ't bit for the

oesn contaln a co

%awba’fmmsm SeFoTmRIsoR AR tEmission r?ﬁ@'é start bit

fSﬁ‘ih&(ﬁl‘st byaé Bfrthe@8sstgd thal dthirsakecobifarditfohace to the
i mge sensor relies on external control of image

sensor timng, ir..e. 5 Callisto does not control the
Gmg@ngéﬂﬂmeﬂl mng or sequenm ng. Callisto relies on

B RmandBJE SETST f""'&b'?ﬁ Jecetelling it when there is- a
r

new frane to be r omtHe sensor, and then relies
on the interface {@8Mhg it |when there is valid pi xel

¥a6d.  Se8d { Nqwimoutsoaiolaers — |chapt er for timing

paramletlers) ’

Image ~read - (with[50-70 clocks
parameters) . -

Register read 30-40 clocks
Recsive new frama 25-30 clocks

Error Detection and Recovery

When Callisto is aclive, and executing commands, thers are several events that it will
consider.io be errors. If any of these evenis ocour, Callisto ceases command execution,
initiate a break condition on the serial interface fo indiéate to the procassor that an grror
has occurred, and will not be able io resume normal operation until the error recovery
cycle is complete. .Figure 64 shows the arror recovery cycle. The events that put Calfisio
into an error state are sfxo_wn in the following table: '

Callisto error conditions

Error Condiiion Commeanis

Message out of sync iThis condition occurs when Callisto is no
_ flonger able to determine where messages|
begin and end.

Malformed message When a Callistc command is malformed.
An example of this may be when Callisto
is expecting command arguments and
none were supplied.
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Two paraneters affect how the i mage sensor interface
behaves: the Image Sensor 10 Wndow setting, and the

| mage Sensor Size setting. Both these paraneters are

| ocated in Callisto registers. The | nmage Sensor

Wi fudowysaet ting control s which part of the tocalavhomgeis2
data Callistois to wite to its frame store buffer.
Data outside this window is ignored by Callisto, i.e.
not witten to the frame store buffer. 15 The | nage
Sensor Size setting tells Callisto the size of the

i mge sensor array, and so how rruch data to expect
e frame—This pa,"g&“m&icﬁ S “.ccdd':d HA—conrfdRgtion wWith
the wi ndow settilng in 8} G Wﬁ?ﬁ?g?ﬁn what data to
save and which dgt-#lltmessgos:e. Tining | nterflace 20

Cal i sto provi degpf Wyeapmalahsypand possiblyia third to
control the imagq ich it is comnected and

nsor to
an external flast sﬂ?ﬁ@t‘t’v&‘}cﬁﬁ%‘&ﬁsaﬁ*‘gnal s afe expose
and flash. A thire) a sdagnatess @A huth writ€ ate€ 4 her be
gener ated by CaII ?to and used internally of provided
as an input. The Tim ngs of expose and flash are
defined rel ative (Pbnataysedifild &ridl. are definediby the

del ay fromthe rl(s,) l%aﬁﬂﬂﬁa%gl%%d&-&s%[u@’e” as how
| ong each signal erte e timngs of these

two signals may kg) WFW?‘H@@&%&G@E?#‘?L@E each

other. Al of CalfH) sintErsal i eeges,sandvitd bytedy Si gnal s
are inactive wher I s inactive, {i.e. when
the Enable bit |slﬁ%6ﬁ£'3tgﬁt‘+th%§$rg |on register is set to

3 @@ﬂﬁﬁqﬂ@ﬂﬁ%‘ijmﬁﬁa@@ﬁer ate the tining

{hwmsé@ﬁé}ﬁ’ﬁabdy"y, the wuser defines
t he period of the Etureés%H ef,l,nlng1he | ength
of tine between pendBECessadrspith Pz caniute pulse is
gener at ed i medi t)suppisd tear with@ /etiabl e bit [s set in

the con- figurati &)“sdb?&blsﬁe % w2 &p&ﬁ%gg&ﬂ%

PCT/ AU2004/ 00018 er na &egl S ace

in

V. Wien Callisto
for the capture {

Callisto may be

Callisto provideg
that allows it t

witing to regi st

Elple Y Lontrol the reading
@F&xnﬁd&\@b'ﬁﬁ%&@&yl ces. To

o YRERn € | cgi o er o]

(b)amembltbr‘@fands used on C

from and
his end
ite bus
in other
hllisto's 5

devi ces. Registe
serial interface
regi ster operati
Internal registe
registers, and e
ﬁﬁﬂbﬁ? regrst
ni tlat transacg
|nterface.

Command overflow

vhet her a
hal . "
5s Callisto

o Biapestige Wiite Miresgoe acce
o gain

m)ebﬂahedfawgsms are used
and

SEMYP I AR XSt r

coirrect position.

@lnbp%éJfEquse@O"t 0 specify

On_i S "I nternal or "exter

[Fhis condition occurs when Callisto is
busy processing a message which
produces a response and recaives a naw

message requiring a response.

Image data underflow Callisto receives a command but the frame

rame, i.e. isn't locked.

Ftore buffer doesn't contain a complete
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This interface is asynchronous and expects the
external device to observe a 10 handshaki ng protocol.
Power Managenent Callisto has a | ow power node where
the serial interface and external image sensor timng

wi Bfgd-s06emai n active. In this node the usempcirsyahlBoois:

to access Callisto registers. 15 This | ow power node
can be entered in one of two ways. The first is to set
the LowPower bit in the configuration register. Wen
this occurs Callisto will remain in | ow power node
until the LowPower bit is cleared. The second way
Callisto enters its | ow power node occurs when the

Aut oSl eep bit in the configuration register is set In
Image Sezsw Ihterfaggovwer node will be entered when Callisto
3% 2 PGS i nactive, and will leave this state when

ere I's sone activity for it to perform The
Therigfergopdo therimpee sepsefeliasan exleensl caitpl of irpageasensar iminge de.

Qri]HIIS%ﬁﬁchéb @t bdheroCHE iriite sfehéﬁmimmg\/\&}' sehudieing CoARASIliéLon the
avil n I ece

TRt et RS ek whel LEE T & e ABr RIS B Brrcdm e sgneor
anglsthere cgliev exh  thadintedédeoteliing riowhérh ¢heirerdsy galids pirel odata. t $est the

« stﬁéBFel [ This occurs when the !sync
MF@WT cEpRer et ot de%@ "CALLI STO | NTERFACES PI NOUT The

Tf“{S’I PN PGSt Afsck " iRsimace septantntarseiehpes: Yieginaoe Sevisor
Wiakibv Sdtiing, akeethe IDbgeCSUMsbi08izd SHtitiol BER tidse Palafotel A8 Mcated

ri pt| on Direction nanme resetb | synchronous
'%gli’%?r{ergzg input en 7 est enable. input 99 WO

mmm@m&' W@_ﬁﬁ‘#\m@ﬁdi @hich ward ef the Tdal imagediata Galigto is
18 Qhltelto S #8mE BRRY Kirrel. @@iét outsifd thiis windl i€lgnGe 86 Cal’lléw Y. not

dl sout 1 Seri al outlput data or scan outpu out put
vilien, o the: frame store buffe

The Image Sensor Size setiing tells Callisio the size of the image sensor array, and so .
how much data to expect in & frame. This parameter i neadad in conjunclion with the
window setting in order o work out what data to save and which data to ignore.

Fiming Inteiface _

Callisto provides two signals, and possibly a third fo control the image sensar to which it
is connacted and an extsrnal flash. The two oufput signals are sxpose and flash. A third
signal, capture, can either be generated by Calliste and used intsrnally or provided as an
input. The timings of expose and flash are defined relative fo capture and are defined by
the delay from the rising edge of capture as well as how long each signal is asserted.
The timings of these two sighals may be defined independently of each other.

All of Callisto’s image sensor timing signals are inactive whenever Callisto is inactive, i.e.
when the Enable bit is the configuration regisier is set fo ‘0.

When Cailisto is configured to generate the timing for the capture signal intemally, the
user defines the period of the capture signal, defining the length of time between pulses.
The first ca;pture pulse is generated immediately after the enable bit is set in the con-
figurafion register, '
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rxd/sin 1 Serial inout data or scan inpu input data.
iclk Image sensor clock. input isync | |nmage sensor
frame synch. input valid 1 Image sensor pixel valid.
input idata 8 Image sensor pixel data. input capture
WO bovputszaser si on of i mage senso i nput capt ur elch)ashs/000182
timng refence signal. This signal may al so be
(optionally) internally generated. 'lash 1 Externa
flash control signal output expose | |nmage sensor
exposure control output ignal rvalid 1 Register
interface valid. output rw 1 Register interface

dr 8 Register interface address.
Eﬁkhﬁﬂn@#%ﬁ%gvmgggReglster interface i nput data. input

88'5&36"@2‘3%5@5%‘50'?9& thef raading fromuandl airiting ter regitsters inl other
Redrest By thisrgng rdzaeR ﬁﬁ)ﬁ&\ﬂ ﬁﬁgﬁ@ﬁbtsief" Risb/wrif WS tlat allow 'tL to

GR75365 i B 87 SRRk RepBihresatr ot ieAlon Callst'
CORITIREIfapNBIoRESE USKT ERFp@@E' Whetiearad regiater ropbrativrdist ‘@fdmal’ or

s I ction
'regfseg{af alﬁsggtﬂe%@ir%{gz g?eg%g ard! 9&@ V\ﬁ%ﬁ@c&ﬁé E&Ill&g re§ s{e% 2h Bxternal

HEGHER B dEed £ gﬁ'ﬁﬁ‘FC%Vs’lOeWE'éieﬁﬁcm E’Gl%ﬁef@ﬁi dewise, and initiate
teamabitiens dihige egleingia8gifiethtetfagelit nabl es image data to

T 'il?tlerfg:%t B asynchronous and expects the external device to observe a
handshaking protocol.

Power Management

Caliisto has a low power mode where the serial interface and external image sensor
timing signals remain active. In this mode the user is able to access Callisto registers.
This low power moda can be eniered in one of two ways. The first is to sei the
LowPower bit in the configuration register. When this occurs Callisto will remain in low
power made until the LowPowar bit is cleared.

The second way Callisto enters its low power mode occurs when the AutoSleep bit in the
configuration registsr is set. In this case low power mode will be eniered when Callisto
becomes inactive, and will lsave this state when there is some activity for it to perforrﬁ.
Ths “inactive” state is entered when Callisto has finished processing the current frame,
which corresponds to having recsived the “finished frame processing” message.

The “active” state is entered when Callisto has received indicafion, from the image
sensor, that a new frame Is available. This occurs when the isync signal is asserted.

CALLISTO INTERFACES

PivouT _

The following table shows all input and output signals on Callisto.
General control interface signals:

Signal Width Description Direction
name i

resetb 1 Asynchronous system resst. input

Een 1 Test enable, input
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eati ng. node Test node. Wen driven high puts input
Callisto into test node, specifically or scan testing
and BI ST. en Scan enabl e. Wen driven high input scan
testing is enabled. In this node the serial interface
waadoaro7sisgnal s t xd and r<xd becone scan dat ac3iagRalSeo1s2
In this node sclk is used as the scan clock. sin Scan
i nput data. Multiplexed with input the serial data

i nput signal rxd when sen ="1'. 5out Scan out put

data. Multiplexed with output he serial data output
signal txd when sen ='"1'. Figure 65 shows Callisto's

" ol ] ba bal d | ~wvs fAr
{Mél TEMT O T oSt e—1e 10w +6+ | east 3
cveles bf 5 th@gﬁlngv%st of the two CIMS dcl k and

$el K. st nodeSdaf énablei ons ten - Tes mpemabl d. When
SR ef [gg FOTTERG & Aom t O bEe—Serial L%?ﬁd—(ut put -
fromtxd (see s ?t‘éudo'r? 4) 10 Ionoré al |

txeisnuhdd/ accessBeria byt ditgrorrase oupriomiput es.| sen -
Scan enjabl e. gaaasserted: 101 WD 20{04/0 7329 6

2—Forces every flip-flop inlthe
pigl jBodheigte oreBras: bpuiinaslie - |Test
U:hta.d For ces aII derlvad cl ocks to be

treced-Fromserk—Forees based b"pass of RAM
'F‘ﬁ Qibut s _of ﬁlﬁ@&%‘i’%”'ﬁfﬁ‘ed to the RN | npyts 5
lﬂncough“i an xor B‘magacstanaoefrsmecmmh utsfcan be

+

roffied—duri asynre—feset ees to be
R g e

idafichr ghi zat i ogr)mageﬁewplx@ dskanchr oni W to tfarget
EhAFK JpTEI N OO ERIRE LT OREEET SaMSorrpal T s nust be
lcaptureffiash  timing refernce | |
signal. This signal may also be
{optionally) internally generaied.
flash i External flash conirol sighal ouiput
sxpose |1 Image sensor exposure controfioutput
signal |
rvalid i Register interace valid, output
nare 1 Register interface write. outpul
racielr 3 Register interface address. ' output .
rdatai = (32 Register interface input dafa; _ inpﬁt
rdatao 32 Register Interface output data.' output
rack 1 Register interface acknowledgment{input
rnak 1 Register interface negativelinput
' acknowledgment

TOTAL 96

100



10

di sabl ed during scan as these reset sync flip-flops
are also in the scan chain. If this bypassing didn't
occur the gl obal synchronised reset signals may
accidentally be 10 triggered during scan. Test pin

wolbiness Devi ce Mbde sen tnode ten Functi omret/a02004/600182

I mage data to serial O DI Scan testing 0/1 1 0 BIST
testing 0 1 0O | MAGE SENSOR DATA | NTERFACE 15 | nage
sensor interface signals Signal nane Description
Direction iclk Imge sensor interface clock. input
Maxi mum frequency is 50 Miz. Note: iclk must always b
ééﬁ%ﬁh@onméﬁ’ fégpgﬁ. or sync. Indicates the input

I rage sensor has cap?ured a new frane. ivalid |Inmage
%@Foml@nﬂéﬁtmtemmm hi gh, indicates valid

ggﬁ Chel UalpdiESetidriocs g af ter Pg&ggn s asserted.
2_\\D ?ﬂﬂA 073 Qﬁ PCT/ ALR2004/000182 _idata[7: 0] |nmage

reesiBor dat a [SYE9MeEHfts Actygrwhenrfiyeniff®m i fage sensor.
Val i d when |¢wa:lsyyehhrcﬁm@g5§eﬁéuedystéﬁ\ gure 64 shows the
timng for tﬁ] qgge sensor interflace. igync is
asserted to EF% t hat the image sengor has.

tempt ured a ﬁém!bnane Mﬁmaldﬂmhsﬁaﬁsmﬁted to indicate
that valid i1 abl e gn i dat a.
ivalid is asegée“%?g4 g%?fe%a{ea;tg%%lar{a@%ycl e dyring which 5
there is valft?stﬁ“%l xel data on idata. isynd nust be high

tfn@:&e_ at T easiTeaithode. WiHen @M¥anchigh pLitdmplt

Callisto into iest mods, specifically

for scan festing and BIST.

isen Scan enable. When driven highinput
scan festing is enabled. In this
mode ithe serlal inferface dala
signals ¢ and rxed become scan
dafa signals. [ this mode selk i
used as the scan clock.

Sin Scan input data. Multipiexed withiinput
the serial data input signal rxed
when sen = 1",

sout Scan output data. Muliiplexed withipuiput
the serial data output signal fxd

when sen = 1.

Figure 65 shows Callisto’s resst timing. resetb must be held low for at least 3 cycies of
the slowest of the twa clocks, sclk and iclk.

Test mode definitions

ten - Test enable. When asserted:

Forces idata to be serialized and output from txd {see section 3.4).
Ignore all commands/accessas except for register writes.

sen - Scan enable. When asserted:
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15

stay high for the entire frame transfer. | MAGE SENSOR
TI M NG | NTERFACE | mage sensor interface signals 10

Si gnal nanme Description Direction capture |nage

sensor capture and flashinput timng reference
W Pn@d7s208ish Control the flash. output expeeg/AU2004/000182
Controls frame capture for the output inage sensor.
Figure 67 shows the timngs for inage sensor contro
signals. Al of the tine paraneters are in units of
iclk clock cycles, and are defined by setting their
values in the appropriate Callisto register. The

. Py S i I n capture i s an.
Fiﬁﬁcfregrléﬁé ﬁgiﬂ%ﬁgﬁhgaﬁ%ﬂg{gﬁﬁ %?Iégeesﬁ énrgp's%g synchronous to
tmadg - Apt "P%Fge When|aseerigickit h of | iclk period. 15 Figure-

Fudces AP WSrivied @lotiks th BE sb@kadiiftf ¢ er nal capture signal,
asser at least 1 iclk cycle when

' nust b for
e i Yo RS B Slbyts o RAVe Preswisius inputs
tRoggitan xeasterches 60 thpt RAV olipute chn bacortolidd doeing adanc! ock.

i f [oSaol T it data. .
s SR BRI B i BB v B BB i Rieatom
Rasgide sxnehignised fofpiget sock domaingliring torm! sprsslionhieut this must be
diaéblédﬂdiﬁmg ﬁantd&etgsﬁr :ietaét dgﬂé ﬁib{f@ﬁ@a#&alﬂ ?ﬂgé %@?ﬂ&a?ﬂ?%is

is a,back-to-back transfer. o ytes from
WP (ot S o @FJBa'r BETGHpeh el sighels |y Ao be
t8ageredidiuting s8aBO shown is the transfer of a byte from
the mcroprocessor 5 to Callisto on rxd, also using a

1sin | e s_tog bit. Error recovery timng using break
EPip &893 hows the timing for error recovery. Wen

DselckiMdde encount Ref anf@bddliien '] Sig- nals this

F%ﬁ&%h%t' on by hol ding tpe txgl signal low (for at |east
sci'k cycles).|[This Wl

Image daia io serial D 0 1

Scan tasting 0/1 1 0

BIST testing 0 1 0

IMAGE SENSOR DATA INTERFACE

Image senseor infeiface signals

Signal hame Deseripiion ' Direction

iclk image sensor interface clock.input

Maximum frequéncy is 50 MHz.
Note: iclk must always bel

running,

isync _ Image sensor syne. Indicates thejinput
image sensor has captured a new
frame.

ivalid Image sensor data valid. Whenfinput

high, indicates valid data in idata
bus. Goes high after isync' is

asserted.
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10 violate the "0" start bit, '"1' stop bit requirenent
and will raise a mcroprocessor interrupt. This is the
break condition. Once the m croprocessor detects the
break it will then also generate a break condition on
wiodo1/Z8dob | St 0 acknowl edges this by driving PRUANR@WO01S2
and the process is conpleted by the m croprocessor
driving rxd high. 15 EXTEPRI AL REGQ STE4? | NTEP<FACE
External register interface signals Signal name
Description Direction rdalid Register bus valid. High
vvhenever out put a read or vvrite operati on i

QECHFE u. —dates o—HwWw Regi ster
'ﬁﬁngall te. &F g ﬁRFMF‘W'?e%ﬂ"‘ Lgs tHe current
operation igom imaggi semsor.wWalide whegck Regifster bus ack.
Signals to iUt ass@kdd. St 0 end of [registgr acecess
cycle. nak Register bus negative ack Has input sane
behavior as rack in that it is a handshaki ng signal to

FRdIfe 86 shicwRSRCHmiAG for ke ifagd 860 m@m% Bszfc is @ksari@e ko haicate
at .a

S50 SO SSPYRH G T MR § RESH1PY it et vald
piwetidathde navt avaabicdom istateh évaldiisraseerteddon gach iciderele7duding which
u?eﬁg tsSafid pild aatg(aﬂ KRS ,sghm.u&gwghtfa%t RULRHL cloBddbRSRd Hlay

e regl ster belng cesse datal [ 31: 0] Regi'ster
SEﬁ!fé“Qﬂl‘af?rath‘F?P“r@ﬁ"éﬁ%qrﬂput driven by sI ave devi ce.
Used. fo register reads.

[RRAGE SENSOR TiMING INTERFACE
Image sensor interface signals

Sigital naime Bgscription Direction

capivre Image sensor capiure and flashinput
timing refersnce signal.
[Flash Conirol the flash. outpul
SxposSe Conirols frame capture for thepuiput

image sensor.

Figure 67 shows the limings for imags sensor control signals. All of the time paramelers
are in unite of iclk clock cycles, and are defined by seiting thair values in the appropriate
Callisto register. The parameter i1 is only definable when capture is an internal signal.
The capture signal is synchronous fo iclk and has a pulse width of 1 iclk period.

Figure 68 shows the timing for the external capture signal, which must be asserted for at

least 1 iclk cycle when active.

SERIAL ITERFACE
Serial interface signals
Signal name Description Direction
scik Serial clock, Maximurm frequency isinput
40 MHz.
txd Transmit data output
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rdat ao[ 31: 0] Regi ster bus data out. Data to be out put
ritten to a register during a wite, hen rear is high.
Figure 72 shows the timng for a read cycle on the
external register interface. The read cycle begins by
woadoodlesisag t he address (raddr) by driving rvwahdgiziii@bers:
together with driving rw |low The target device
acknowl edges that is has put the addressed data onto
rdatai 5 by driving rack high. rack then remai ns high
until Callisto drives rvalid |low again. This signals

the end of the transaction. Figure 73 shows the timng
dgr—an ext-erpal—register—wite Callisto signals the

Start of theRé-c’@VS?é‘taby val i dati ng "R addfess and data
to be witten (raddr and rdatao) by driving rvalid
t n The. ta
d%ts%csé 2 70 oW he opater f¥isoly iheraet s shlinons gpece.
howR hereds arbé%iioﬂv@clhtr@ﬁfm f 2 byteairom Satlisigrto thesmicropdocessor on
tkd)usnﬁ;g@mﬁgie 'Eﬁb%ltSAlgtﬂéﬂoﬁmtl@@ze tl@lﬂ&ferocjf atlﬂfe e aRtbABeessor
%»fCaﬁQoo I|%nal seré to conplete a
ransacP”%jnaf ‘a\?m%ﬂ e was an error in the
external device and the transaction coul d not be

E}P&Fﬁé@&veq,t.rﬁmgqggﬁfgggly Note that either rack or rnak

Fs oul 1(% assert and not both sinultaneously. 15
IPERATHIEYS theiying farerrorTRsayere Wihep Ratisis entaveters an error, it sig-

rBla! this Soadisor l@gthﬁnﬁg; fhe tﬁ@gﬁ?hﬁ lltfvﬁ(fbroér’]c néf;w '1§Is§!£< c%&esgh’nﬁs wil
e . |

BB SER i HbSbB B el i mrrrosestrantaiunt

Thisgs Hiet breakedorditird CmcBihesniRepeteBersdateqit fhe reaklitiall then alse

gEﬁ@Eﬁb% Brefk BorRiBR 3R &, Cgﬁgl{)'da%om%d@e?{l\s E)Pdnv?n'g b?cpﬁirﬁaes

listp operation.

t'ﬁ%ﬁ'@%l (FgTBletad by ke mistoprosesser driving %h'ﬂl@ t h| s bit is

se
EXTERMAL RECISTER INTERFAGE

External regisier interface signals

Signal name Description Direetion

irvalid Register bus valid. High whensveroutput
% read or write operation is
occurting.  Validates rvadds and
idatac!

rwr | Register bus write. When highjoutput

indicates the current operation is 2
register write.

rack Register bus ack. Signals tojinput
Callisto end of register access
cycie.

rnak Register bus negative ack. Hasfinput

same behavior as rack in that it is
a2 handshaking signal to end a
transaction. It is asserted instead

of rack to indicate that an error has

104



10

15

20

o'0', but will still respond to register accesses.
ConExRst 1 1 b'0 Command Execution Restart. hen set
to 11' causes Callisto o imediately stop comand
processing and return to its inital processi ng state.

wihe®4/iztesi S sell clearing. PadBit 1 "0 PaddisvgooBodors:

Val ue to use when padding bytes as a result e
reading a full processed inmage. The padding is used
to align the start of inmage lines with byte
boundaries. BistStart 1 b'0 BIST Start. Instructs
Callisto to performBIST testing of its RAMs. This
t—ts—setf—d "‘nNU ’““t“:cln.l 4——~0-Capt ure | nput.
Mhen set to | is supplied

ext er naI ly, md'tbat\ﬂ ®ald|mt bescarnedtogt aI l'y generated.

n e tllll 5 bit is set
 state. utoSleep
WD 2004/ 073296

t
t

tp '1'
6 power state
| bBtate when

PCT/ AU2004/ é&é&%d V\hen this bit

ot o i al lv, ant ar

S
TR G T A T R T S

acti ve agai rdriven by slave device. Used. for]

register reads.
rdatao[31:0]  |Register bus data out. Data to beputput
written to a register during a write,

when rwr is high.

Figure 72 shows the fiming for a read cycle on the external register interface. The read
cycle begins by validating the address (faddr) by driving rvalid high, together with driving
rwr low. The target deviee acknowledges that is has put the addressed data onto rdatai
by driving rack high. rack then remains high until Cailisto drives rvalid low again. This
signals the end of the transaction. '

Figure 73 shows the timing for an exiernal register write. Callisic signals the siart of the
cycle by validating the address and data to be written (raddr and rdatae) by driving rvalid
high, togethér with driving rwr high. The farget device acknowledges the write by driving
rack high. rack then remains high uniil Calliste drives rvalid low again. This signals the

- end of the transaction. If the rnak signal Is asserted to complete a transaction that means

there was an error in the éxtérna! device and the transaction could not be completed
successiully,
Note that either rack or rnak should be asserted, and not both simultaneously.

OPERATION

REGISTERS

This section describes Callisto’s registers.
Configuration Register

This is a general Caliisto configuration register.
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riteFrane 1 7 b'0O rite Frame. Setting this bit to 1
enabl es direct witing to the rame e store buffer.
Status Register Callisto status register. This

register is clear on read (COR). Status Register - 16
VP 200F0BP% Type Wdth Bits Reset Description peaiAte004/600182
ErrCond COR 3 2:0 b' OO0 Last Error Condition.

Indicates the error that occurred that p Callisto

into an error state. "000" - No error "001" - Message
out of sync "010" - Malforned nessage "011" -
Mal f ornmed byte "100" - Command overflow 101" - | nmge

be

ciﬂtf@umrd,QrﬁégmérFrgampM ss COR 2 4:3 b'00 M ssed Franes.

Pt t en Resedptionyf f er but Calfl i.sto was
unabl e aeise was in the corn ngnd
No fr 1" - O]e

Btélu.l —st@fe: \.46

a0%e mssedl " 10" ° Two Frpblse Sefing bl b"ﬁli"' ‘1 Three or
more frames 107 200¢ha0a2 94T Aldpeaddrj00182

m ssed. | Bi st :a! I C(R 6 E?uifi?too(%lﬁl ST rF?n"nl urﬁ. Resul t
of running builtlin se est on er na

command processing or frame
store writing while this bit is se
to 0, but will still respond to

register accesses.

ComExRst |1 _ 1 o'0 Command Execution Restari.
When set to ‘1’ causes Callisio
to immediately stop command

procsssing and return o its inital|
processing stats. This bit Is s=if
clearing.

PadBit i 2 i'0 Padding Bit. Value fo use when
padding bytes as a result QT

reading a full processed image,
The padding is used 1o align the)
stari of image lines with byig|
) Doundaries.

BistStart |1 13 b0 BIST Start. Instructs Callisto fo
perform BIST tesiing of itg
RAMs, This bit is self clearing.
Capiure Input. Whan sst to *7°

=y
[
o
o

Capturaln
the capture signal is supplied
externally, otherwise It g
. internally generated.

L owPower |1 5 b’0 Low Power Mode. When this
bit is set to “1’ Callisio enters its

low power staie.

=
[)]
g
[}

AutoSlesp Auto Sleep and Wakeup)

106



RAMs. '0' - BIST passed T- BIST failed Bit
allocation: 0 - Franme Store Buffer 1 1 - Frane Store
Buffer 2 2 - Sub-sanple Buffer 1, RAM1 3 -
Sub-sanple Buffer 1, RAM2 4 - Sub-sanple Buffer 2,
woko73ms- Sub-sanpl e Buffer 2, RAM 2 Bi st Coamplagbés®odols2
11 b' O Bist Conplete. When "1' a indicates that BIST
has conpleted. utosleep- 1 12 b'O uto Sl eep Status.
When '1' Stat indicates that Callistois inits |ow
power state. NV A 3 15:13 Not Used. 108 WD 2004/073296
PCT/ AU2004/ 000182 Threshold Register - 8 bit Field
Actt—Bit-s—Reset—Dbesertpti-on—Vatuve—threshel d 8 7: 0
OxCO Thrlesholld val fie usdd FhERETE o L GES 8y pansi on
and hrdshol di ng pfocesswil aBikpradsaie eniss 51265 wher e t
i s he desirgd threshol g, gy elat W,lfgqpi;@%@@ta%g as a 0.8
d I'mage Si Z

fi xed- pgoint [val ue| Unprfocesse | Ze Regi ster
This redister is used t geHET iné pH@aksiaie Went he regi on
used in |the ynprocessed detagsgainead 5 conmand.

WriteFrame!l 7 b'0 Write Frame, Setfing this bit to|
1" enables direct writing fo the]

frame store buffer.

Staius Register
Callisto status register. This register is clear on read (COR).
Status Register - 16 bit
Field Type rNidth Bits [Reset [Description

Value

ErrCond  [COR 3 2:0  p'000 [ast Error Condition. Indicates)
tha error that cccurred that pul
Callisto into an error state.

000" - No error

‘001" - Message ouf of sync
‘010" - Malformed message
‘011" - Malformead byts

100" - Command overflow
“101” - Image data underflow
FrameMiss {COR 2 4:3  [p'00 |Missed Frames. Indicates that
new frames were availabie to be

written into the frame storg
buffer but Callisto was unable to
do so because was in the com-
mand execution state.

‘00" - No frames missed

‘01" - One frame missed

“10” - Two frames missed

“11" - Three or more frames
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Unprocessed | mage Regi on Register - 16 bit Field

-idth Bits jReset Description value SizeX 8 7:0 OxOQ
Size - | of regionin X direction. SizeY 8 15:8 QOO
Size - | of region in Y direction. Processed |nmage
wegoomskegi ster Defines the rectangul ar regimirA®ob@oos2
used in the full processed i nage read command, 10 and

t he sub-sanpl ed i nage read command. | nage Regi on Size
Register - 32 bit Field Wdth Bits Reset Description

Val ue opLeftX 8 7:0 OxOO coordinate of top left hand
comer of region. opLeftY 8 15:8 OxQO coordinate of top

L of ¢+ hanAd oaornor _e.f rogl ] QI 7Qy Q OQ 1R ('\/ S| e

LIAYA LY I'marfa VT TTCT

-1 of rdgion in X-dirjecti Jrisseds; ;o 8 31:24 Oxp0O Si ze

BittFall r §0DRNGI N YO& rleal | GBIST Fbﬂ&re\/m%
PCT/ AU2003/ J00182 | mage or ISt Thi s
regi ster] defiines|the |wi nd v'Y'/qu et roggef%gerpglage

sensor iinterlf ace| Datla outfAMe of t he defi nedl wi ndow

is "drogped,[* and not| wi tgepidpiRside franme store

jbuffer. |5 | rage pensar W dow Regi ster - 32 bit Field
W dth Bijts Reset De_scrlptﬂ)n 19 gled opLeft X 8 7: 0 OxQO
coordi ngte gf top | efit hanmst allwcatton:of wi.ndow. jopLeftY

8 15: 8 (xQOO|coor di nat|e of correr of
wi ndow. {Si zgX 8 P3: 16 C)(Ogt gﬂa.lng&, C’Ire Q?I}Pem Wi n

directidn. o 1 - Frame Store Buffer 2

| 2 - Sub-sample Buffer 1, RAM 1
3 - Sub-sampie Buffer 1, RAM2
4 - Sub-sample Buffer 2, RAM 1
5 - Sub-sample Buifer 2, RAM 2
BistCompletjCOR | 11 0’0 Bist Complste. When ‘1

F—

s indicates  that BIST  hag
completed,

AutoSleep- { 12 G |Auio Sleep Status, When ‘1’

Sz _ indicates that Callisto is in its
low power state.

IN/A,

[#7]

15:13 Mot Used.
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“fcl k cyclies (t]2). ke

SizeY 8 31:24 OxOO Size - 1 of window in direction.
| mage Sensor Size Register -16 bit Field Wdth Bits
Reset Description Value SIZ8)A 8 7:0 xOO Size - | of
i mge sensor in i direction. SizeY 8 15:8 OxOO Si ze -

wo shyb3mge sensor in  direction. 10 Capt ur e peeravaah+/000182

Register - 24 bit Field Wdth Bits Reset Description
Val ue CapturePerio 24 23:0 OxQO Defines the period of
the capture signal in nunber of icl cycles (t1). If
set to zero then Icapture cycle Is disabled. 110 WO
2004/ 073296 PCT/ AU20041000182 Expose Tim ng Regi ster

Thr@%oh'ﬁegﬁie?'@bnw dth Bits Reset Description Value
ay 0x00 _Defines the delay (mnus one) after

E'&fﬁ ure 'ﬁ'é#hr%“-’exp t desarptions asserted, i|n nunber o
16 31:16 0x00 Defl nes how

Lohg {dr“ S c;;;ﬂ) XPOS cycl es
[brasholr) Bish F ngPRRi 0 i dth Bits
Reset Dgscription | Val u@yndngt agngdkb edfanbio®ddfl Def i nes
the del dy (mjnus one)

hresholding process.
Expressed as 1/255 where { is
he desired threshold level,

Unprocessed Image Size Register

This register is used to define the size of the region used in the unprocessed image read
command,.

Unprocessed image Region Register -~ 16 bit

Field Width [Blizs  |[Resef [Description

Value
SizeX 3 7.0 Ox0C  [Size - 1 of region in X direction.
SizeY B 18:8 0x00  (Size - 1 of region in ¥ direciion.

Processed inage region Regisier .
Defines the rectangular region to be used in the full processed image read command,

and the sub-sampied image read command,

Image Region Size Register - 32 bit

Fiaid Width [Biie Reget |Description
alue
TopLefiX |8 7:0 0x00 [X coordinate -of top left hand
corner of region.

[TopLefty (8 16:8  |0x00 Y coordinate of top left hand
corner of region.

SizeX 8 23:16  [0x00  [Size - 1 of region in X direction.

SizeY

(25

31:24 |0x00  [Size - 1 of region in Y direction.
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after capture before flash signal is asserted, in
nunmber of iclk <cycles (t4). H ghTinme 16 31:16 0) (00
Defi nes how |l ong (m nus one) ash is asserted, in iclk
cycles (t5). 5 Chip ID Register - 8 bit Field Wdth
wB) 2004/R8met Description Value RamWdth 8 7:p¢TRDRecRlobdis2
Wdth. lIdentifies the width (mnus 1, in bytes) of the
frame store buffer. Buff Mode 1 8 BD2 Buffering Mde.
This bit indicates whether the design wuses single or
doubl e buffering: | RanWdth value is defined when the
chip is manufactured, as is readable on reset 2
Buf i Mode val ue is defined when the chip is

manuf actured, as is readable on reset 111 WD '
In9ge Sensp Yéinpdew Registey/ 000182 0 - Single Buffering |

‘Fhld]@gilbt%\lecédﬁblést 186 Wﬁﬂmb dsed &s@tt@%@%e@@n@or*rﬁ&%& fDa% outside of
R PR TERY o R S oEfwrites P (0¥ FaS slofe BLL at o

where al | of its configuration registers contain their

.mgshen.e,@kwiﬁa%mepﬂ?& -ahgye; Callistois disabled,

Ing 1t una 0 performany inmage 5 processing.
Rigldj 5~ nWidtin Bits ¢ hResge§alescintioni n t he confi durati on
registefr is ; reset, by a register
e hat j if its

T ofis. BHY ng the
Enable Jit Any ot|her fc&ﬁéxﬁ&ﬂﬁﬁﬁters shoulid be set
T%IE sIIC .Tg-rgnn O is\{dicsa'“l "‘u [ Frablie i s set
tg é+8, Call{'STo dO Kgg npt ?JOF%QE’& atﬂ§/ %fgrlﬁanqo mands or
wite i age sensor; dat achmefivrgiolr ane storg, and only
SizexPONUR 10 BBYEST®I0  Size - 1 of window in X
direction.
Sizay a 31:24 |0x00 Size - 1 of window in Y]
direciion.

image Sensor Size Register - 16 bit

Fizld Widih [Bifs Raset |Pescription
Yalue
SizeX 3 7:0 000 [Size - 1 of image sensor in X
direction.
SizeY S 15:8 [0x00 [Size -~ 1 of image sensor in Y|
direction.

Capiure Period Register - 24 bit

Field Widih [Bits Reset |[Description

Value '
CapturePerio |24 23:.0 0x00 [Defines the pericd of the
id : capiure signal ih number of iclk]

- leycles (11). If set to zero then
capture cycle is disabled.
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access messages. NORVAL OPERATI ON During nor mal
operation Callisto'is notified of new franes captured
by the i mage sensor. 15 These frames are witten into
Callisto's frane store buffer. The tim ng and

wo r@gentdag of inmage capture by the sensor iTOURe04060182
of Callisto's control. It is sinply told when new
frames are avail able. Once a captured i nage has been
witten to the frame store buffer, the user may ask
Cal- listo to performcommuands. This is done by
sending Callisto a command nessage. 20 Paraneters for
E4H Fl'ﬂﬁm E@ers'éﬁﬂit' ed with the command, in the
nESSage n froma conmmand-specific

riglgi st er . lmlIHB@ecR%Epr Desoriptiores t he user Having to
keep defi n| ng para lgés when they are issuirng

mllflnln

.... 2 en
'B%f?%net er‘E,6 ar 4 15s,oent O’Qﬁpt h Dceﬁ@e%w (”H@if e not
persistently |stored, i.@ftet hRptuetd Beddregekposk|i tten
into the|{commnd- speC|f| . isters. .Only anjexplicit
25 registier ite dan do {Qﬂ%qs a}';-sc')alrte%’o 'ﬁa%cifhat have

| ong seqiiences of par amefadfeycleb{tke the sub-pilxel read
IHGRTRET. [{6'1€ SE1OBTEER0E  Aideniest How's ode)| €
R;esults are gener atled i nre Me“s H? onlgn(gag?ﬁn € hat the
results ¢f a sub- pilxel rféﬁ?sﬁoﬂﬁmﬁﬁﬁe’ﬁ% §"tal?‘

appearing on the segrial iddsqEHace before allj the
cabrdinat ncl havun haaon recel Ved

ar annmt ~Ad o [ o~ Nind

aranmcT Tt oS \QUU |JI AN CUUT OTTTUT \4\.)/ TTUAV U O OTT
112 WO 2004/ 073296 PCT/ AU2004/ 000182 Frane processing
Hiagh Tlmmg)ﬁﬁmgi?Eps%i}ujb code fragrrent hi ghl i ghts t he
F"iéﬁpb T ”Wﬂd%f T po1% Bjo N izimy frame—Thns code
woul d be|exec Jtigd n tEe groéﬂgssor at the other end of
the serigl 5]|interfa¥®. [ while TRUE | oop
BHRAIVE g( Fgady heaipNevigxba mep, fn%ﬁﬂhé%yr@ﬁﬁjsV&% Newfr am
e); 10 processl mage(frarr;[ I\Y{Br%gé

ni shedPr pcessi ngFriane) ; [ %’rﬁi’i’p ”%iﬁr ¥ng@raput ment

15 Commapds that dq not Jsetssertediny dlatker iofmakli at el v,
such as register wijites, c%(%e

HighTime 16 3116 00  Defines how long (minus one)

flash is asserled, in iclk cycles
(i5).

Chip ID Register - 8 bit

Field Width [Bits Reset Description
Value
RamWidth (8 7:0 TBD1 RARM Width. ldeniifies the width
{minus 1, in bytes) of the frame
store buffer. '
BuffMode {1 <] TBD2 Buffering Mode. This bii
indicates whether the design

uses single or double buffering:

i RamWidth value is defined when the chip is maﬁufactured, as is readable on reset.
2 Buffvdode value is defined when the chip is manufactured, as is readable on reset,
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positioned i medi ately after another command w t hout

the need for that conmand to have finished execution.
Any conmand may be positioned i mediately after

anot her conmand whi ch doesn't return any data. This

W@ Sdoy/032060Nt @i NS sone pseudo- code segnent S HOY/AU2004/000182
denonstrate this. 20 Normally, a command-nust finish
execution before the next command can be sent:
sendMsg(unprocessedl mageRead); // nust wait for

command execution to finish :
maltwhg(unprocessedlnagaPeadData) 25

regtste Reatradergss— A .ﬂ_;e g €f D"ad); -
------- ----} In tlhis exaﬁ.‘ség ﬁ‘é Zb?ie
-responsg of [he urjprocess

ENdTNyFa T EERST §EXETT
gjo Regi gter J\ry?t esmgegl st (t‘:rﬁe\;\dérﬁme ake @

i mmedi ately After |t he nesgieganiCallisessplvei 0?590
SO care nust be taken to ensure that the wite does

ot adversely affect any command in progress. 35 If a
F"gﬁf‘?f\é? wite i mediately foll ows another command
Aftee reset, Salfisio icia ch aie wherk afl of itsi doafiguratiap cevtaters ddrifaiviBeir reset

seng/(%ﬁgdggbd: gCﬁH%IPQé/oQS%QI£§2ma17u]g it unable fo perfornfg tam¥ image

unpr ocesse 2 need t
RrerRTeing fb%e“amnfd rihg 5”?’? fqpPEip the @gn@uaﬂw Tegisterdel selste atter

r@ééﬂﬁay d r@Q‘ ket RAtdY thheClRicbegin©sbdorming any of its functions.

%k ShE L L S =B RRACL o0l SLEL LS L e

sebslsage does not generate a response so can be 10

wh éﬁﬁ%t@%adlﬁtedap@téﬁgﬁie(i@w &, d OC&'JeE)ﬁO{ H’SE%S m 8 m-
conmand 1 n’ processin frane. I xel Read
marpsgar writs image sensor ata into its frame store and only responds io reqister

dcCess Mmeasages.

NORMAL OPERATION

Diring normal aperation Callisto’is nolified of new frames captured by the imags sensor.
These frames are writien into Callisto’s frame store buffer. The fiming and triggering of
image capiure by the sensor is outside of Callisto’s confrol. It is simply fold when new
frames arz availabla. '

Oncs a caplured image has been written fo the frame stora buffar, the user may ask Cal-
liste to perform commands. This is done by sending Callisto a command message.
Parameters for commands may be supplied with the command, in the message, or may
be taken from a command-specific register. This second option saves the user having to
keep defining parameiers when they are issuing multiple commands with the same
argumenis. When parameters are sent with the command they are not persisiently
stored, i.e. they do not get written into the command-specific registers. Only an explicit
register write can do this.

For commands that have long sequences of parameters, like the sub-pixel read
command, the arguments are used as they arrive. Resuits are generated immediately,
meaning that the results of a sub-pixel read command may start appearing on the serial
interface before all the parameters (sub-pixe! coordinates) have been received.
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subPi xel Read. yCoord[ 0] = 2.75; subPi xel Read. xCoor d[ 1]
= 3.75; 15 subPi xel Read. yCoord[ 1] = 3.5;
subPi xel Read. xCoor d[ 2] 12. 25;
subPi xel Read. yCoor d[ 2] 27.75;
waioveloRead. nunCoor ds 3; sendMsg(subPi xelpBeadirooshdoisz
| ast processing conmand for current frane 20 // No
need to wait sendMsg(fi ni shedFraneProcessing); // Now
must wait for sub-pixel data before ready for a new
frame waitMsg(subPixel ReadData); // Signal that we
are ready to process a new frame 25
sendMsg( r eadyFor NewFr ame) ; _
wai t Msg(recei vedNl ewFrane); Processing new franme can
Frameipeegassingd WRI TI NG DI RECTLY To FRAME STORE BUFFER
mrfbﬁtﬂvﬂb%é@%o chb%rfﬁ?h\%ﬁb hi&ﬂibﬁtsgﬁé th%é Avavdd'R rfr&c% =ing each

stor omes from ah sensor
3 ?e‘f?% 5 HOfi ey pigediod @8t BB ArSHIeT RRY eﬁ the seria
mﬂan‘fams the user to wite directly to the frame store
buffer. The exanpl e bel ow shows witing two 1 Ox10
frames into the frame store buffer. Wen switching to
di r ethilg TRWEIoSBore witing node it is recomended that
t he f 8¢l RpmpdyRulenia@elbf operati ons be used: 40
Reset W@H‘ﬂﬂ(@ %"ed% FroeteFrame bit in config register;
Set E_ '%ﬂ g‘ onfig re |ster 114 WD 2004/ 073296
PCT/ ATPRUA? Uﬁ}fg rOC%‘i?&gEr ting to frame store.
conf FaReqr'st er = 0x00; 5 registerWite.address =
configRegister; registerWite.data[8] = 1; // set
Mgespesrbyiment t

Commands that do not return any data immediately, such as register writes, may be

positioned immediately after another command without the need for that command to
have finished execution. Any command may be positioned immediai:ely afler another
command which doesnt refurn any data. This secfion contasing some pssudo-code
segments to demonstrate this.

Normally,'a command miust finish execution befors the naxt _command can be sent:

sendMsg{unprocessedimageRead);

/I must wait for command exacution to finish
waitMsg{unprocessedimageReadDaia);
registerRead.addrass = x01;
sendMsg(registerRead);

In this example, the code waits for the response of the unprocessedimageRead
command before sending a request to execute a registerRead command.

Register Writes

Register writes {ake effect immediately afier the message is received by Callisto so care
must be taken to ensure that the write does not adversely affect any command in
progress.

If a register write immediately follows another command there is no need to wait for its

response:
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sendMsg(reg isterWrite); franeStoreWiteMsg.first =

1, // This is the first wite of a frane 10
frameStoreWiteMsg. data = data[0];
sendMsg(frameStoreWiteMsg); // Vait for the response
wiidobJyetobr ameSt oreWri t eResp); 15 franeSt or @dyau2004/600182
riteMsg.first O; // This is NOT the first wite of a
frame frameStoreWiteMsg.data = data[1l];
sendMsg(frameStoreWriteMsg); // Wit for the

response waitMg(frameStoreWriteResp); 20
frameStoreWiteMsg. data = data[2]; sendMsg(fram

eSt o%ﬁ?Il g{ ews%f |t for the response

wai t | ast word of the
fra i @f;rlﬁ“ Fe§ Sxe g dé'to%a'g a[24]; 30
sendMsg Wﬁf&ed%ﬁ él\/lsg /1 Wit for the response
vai t Mg e{m{m&; gerteResp) 35 // Wite a new

fr angeﬁdn@g(rég@wrﬁg)or e buffer
i-:-an:aSt c;r.e.W.u..e.N;g..f-u.s.t..-—l; /1l This is the first
%gg{’ygmfsg frameStoreWiteMsg.data = data[ Q;
PARE ot oreWriteMsg); 40 // Wait for the

Tmes‘i;rmﬁw@FrameaPrm@e(ﬁgr FEsBOe rdowe rriot aResAp ;2 response 0 can be

aﬁ:ﬁt@ﬁ%@ﬁiﬂ&&%ﬁh&%ﬂnéﬁr@&caﬂy e flnkl cbitintank fr HMZkslig ilJ]alrn%t
wite of a frame franeStoreWitelsg. data:g afl
A5 SENOMEY(TTameStorewiteMsq) ;

subPixelRead.xCoord[0] = 1.5;

subPixelRead.yCoord][0] = 2.75;

suhPixelRead xCoord[1] = 3.75;

subPixelRead.yCoord[1] = 3.5;

subPixelRead.xCoord[2] = 12.25;

subPixelRead.yCoord[2] = 27.75;

subPixelRead.numCoords = 3;

sendMsg(subPixeiRead); // [acat progessing sommand for surrent frame

/! No need to waii

sendhMsg(finishedFrameProcassing);

{/ Now must wait for sub-pixsl dafa before ready for a new frame

waitMso(subPixelReadData);

If Signal that we are ready to process a new frame

sendMsg(readyForNewFrama);

waitiisg(receivediewrFrame);

{/f Processing new frame can now bagin

WRITING DIRECTLY TO FRAME STORE BUFFER

During normal operation, data going into the frame store buffer comes from an image
sensor on the image sensor interface. Callisio has a mode which aliows the user fo wriie
diractly to the frame store buffer. The example below shows writing two 10x10 frames

. info the frame store huffer.

When switching to direct frame store writing mode it is recommended that the following
sequence of operations be used:

Reset Callisto;

Set WriteFrame bit in config register;

Set Enable bit in config register:
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[IWait for the response waitMg (frameStoreW
riteResp); frameStoreWiteMsg.data = data[2]; 115 WD
2004/ 073296 PCT/ AU2004/ 000182 sendMsg(franeSt oreW
riteMsg); // Wait for the response waftMsg (fram

woShor@sdériteResp); 5 11 last word of the Pramm2004000182

frameStoreWiteMsg. data = data[ 24];
sendMsg(franmeStoreWiteMsg); 10 Il Waft for the
response waitMg(frameStoreWiteResp); CALLISTO
DESI GN 15 ARCHI TECTURAL OVERVI EW The architectural
partitioning of the Callisto design is illustrated in
LSsto top-level partitioning The
é:égr %ﬁmgébffa"% Jberf orms all nessage reception,
TnterpretatTomand-transm ssion. | mage 20 corrmand -and
EBibRégiteraqix@g;ses recei ved fromthe user are
translated into single command instructions which are
=ehterlVotetabiéresp cartigReukteonf i g bl ocks. Subpi xel i nage
cgistedfidie.doa{8) el ; A satdViiteBrame bitnst ructi ons, one for each
sodhdg(regtsierysited;. \When a nmessage is received that

requires a response i mage read or register read) the
@%P@%Prewﬂfﬂl\@emée sH Api i 1he BrRkwte e nli@Phe message

"cﬁ%?re aﬁ’r{@' config bl ocks wait 25 before
Z%f%‘ie Y%9%e serial interface to ensure the
ion of returning nessage header.
ls’t éﬁé%%i!t ains all the configuration
ﬁmﬁ&sm 0.athe ol MRS A6ST 1hQ rlP Rtk 8 Rk
S e BN Sie gb@ﬂatémstructl ons are recelved fromthe
SRBMad(rEmbBieeWrRkgi;ead data is returned as a rate
/Rafiferdndeéponbe serial interface bandwi dth) byte
waithMsg(fani@Ctofdvérite Rgapic bl ock control s the i mage readi ng
functions. It receives a comand instruction fromthe
TearngSerptritsMeg Ratarradiefad?]f or ns SRAM reads from either the
@B@M&@%ﬂrﬂ%ﬂm@wﬂ?ﬁ“ sbufs bl ocks. For subpi xel and

I“ﬁlé B commands, this data is processed
Lélt é%ramesmre%\lnteﬁesp, P :

/! tast word of the frame
frameSioreWrlieMsa.data = data[24];
sendMisg(frameSicreWriieMsg);

/1 Wit for the response
waitMsg(frameStoreWriteResp);

/! Write a new frame info frame store buffer
frameStoreWriteMsg.first = 1; // This is the first write of a frame
frameStoreWriteMsg.data = data[0];
sendMsg{frameStoreWriteMsg);

If Wait for the response

waitMsg({frameStoreWriteResp);

frameStoreWriteMsg.first = G; // This is NOT the fi rst write of a frame
frameStoreWriteMsg.data = daia{1];
sendMsg({frameStoreWriteMsg);

/I Wait for the response

waitMsg(frameStoreWriteResp);

frameStoreWriteMsg.data = dataj2];
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bef ore bei ng passed to the serialif block. For
unprocessed and subsanpled reads, the raw RAMdata is
sent to the serialif block. The output data is a rate
adapted byte stream 35 The franebufs bl ock provides
waaeblashaf f ered storage for the raw i nage dataauvBykesis:
are witten into the frane store buffer fromthe
i mgsensi f bl ock, and bytes are read by the ingproc
bl ock. 116 WD 2004/ 073296 PCT/ AU2004/ 000182 The
subsanbuf s bl ock provi des doubl e buffered storage for
the subsanpl ed i mage data, which is derived fromthe
k r interface. The | oading of
ﬂﬁggbggggigg g'zcgmbliﬁt he i ngsensif block involves a
weitkgifRthdNordiiteReger ati on. This is due not only to
t he subsanbuf V\ordgﬁs’ri ze (70bits), but also the
subsanpl ed val ue cal cul ation 5 sequence. The wide word
size is required to maximze txd utilization during a
Iﬂ@twgeﬂthen‘rnmge read. The ingproc bl ock reads from
HeeHongaialrosiats daaldfi | st execut | ng either a

" y‘ @ESP%éeM%d or processed inage read. The
reg(ﬁ‘%%ﬁ ecei ves data fromthe i mage sensor

Y4 S @%F?pgisthe witing into both the
framebufs and subsanbufs bl ocks. It nanages the
doubl e-buffering 10 swappi ng nechani sm i nage
AL S PES the i mage data subsanpling cal cul ati ons.
Rat e adapted i nrage sensor data is passed directly to
%‘ﬁ‘f’@”@%’r‘*‘ﬁé‘f@'ﬁ%ﬁ ng test node (ten). The clk _driver

Tk amkiteditipatifionifeofgithesinid igalis MdiralcliifERa: 78] ocks.
s elk and i _clk are the persistent clocks for the -

seylal and i mage domai ns respectively. sg_clk and
Gaflisés terdeys! patfdieningow- power equi val.ents and are

Tﬂé%&@llﬁﬂo%@ﬁ@r\{ﬁr&ﬂ %ﬁg@lﬁgp@w {?Eb? tgt%ﬁ%ln framt ﬁ el%n\%%a

ar e cl oc contro

Ggﬁﬂﬁ'ﬁa ﬁ'ﬁd %ﬁ&iﬁﬁ%é?@éﬁ reggitpdafram dhe disen apirensialgdeintsy gingle
cpassnd instrudhibies wlmﬂghm& sanif fhahee thpassd r@rcohs blacksi sgipﬁcel image

h h
LA Sl S0 BBl L LT 48 i
NsEsRIR 1§ é’i‘?é't\’ﬁ@ dwt ﬁwﬁermg@pms(mge iredchyy repister fead)ethe serial
wﬁér&ﬁ@'#an%'t%ﬁ%ﬁlﬁ@ thé Qne%é‘ég%ﬁ%adéi" Ehé? %&&.L al%El?@f? %7&[:%\'wast

n |erarch| es fo fere
o @RS CBRete Fetoh JISTaEn e SRR Ie) SarEShommission of
réimhmwmeﬁmgarehmm in the hierarchy is descri bed in

Tgt?g rff?gag%ch Fé@ i &) %?E&ﬁg&\%ﬁ& reg?@ 0%%54.11 AR ) 98Kxternal

registers. Register instructions are received from the serialif block and read data is

refurned as a rate adapted (at the serial interface bandwidth) byte stream.

The improc block controls the image réading functions. It receives a command
instruction from the serialif block and performs SRAM reads from either the subsambufs
or framebufs blocks. For subpixel and processed read commands, this data is processed
before being passed to the sgrialif biock. For unprocessed and subsampled reads, the
raw RAM data is sent to the serialif block. The output data is a rate adapted byte stream.
The framebufs block provides double buffered storage for the raw image data. Bytes are
written into the frame store buffer from the imgsensif block, and bytes are read by the

imgproc block.

116



10

15

20

25

30

35

core 0: core(struct) clk _driver 0: clk_driver(rtl) 30
config O confg(rti) flash expose 0O:flash expose(rtl)
framebufs_ _0: framebufs(rtl) franmebuf O:

franmebuf (rtl) fs rambist 0: fs rambist(struct) 35
wioswoas fs_ran(struct) fs_asic_ram 0: fs_geTmu2004/000182
ram(behav) ranbist 0: ranbist(struct) 117 WD

2004/ 073296 PCT/ AU2004/ 000182 bi st _patt enD:

bi st _patten(struct) bistcnpO: bist cnp(rtl) bist
_fifo0: bist flfo(struct) bist_fifowd: bist

fifowmrtl) 5 cfgfifoO: cfgfifo(rtl) bist_segQC

' t i ek ct .

e Shia Rl el pLoIBE i o R SBRE s Rl eipapegmage e
W":ﬁ%ﬂﬁ gerved fiomnipe Eygpming dmagergsnens inlerfape. Thegpading of subsampled
&8 5 thel igsehdiD blbdROMRRNSE b rélid-holI§SMed dplefdtbN Cthls is due not only

‘P WL JRE e PR it Hyo 169 Subrempledcyie Shibuiaton

wsaomzcs Jhe wide wed sizalls reqired semadinizé bsitufiliation qirfhg a processed

iﬁééehl%gcﬁ—'f@té rﬁt{n{ %IE#@QQ&&E‘F I the § _saﬁﬁ?@ %@gig hilst executing either
s Tnsg ander rs) sit nsg (?rgen - SI'T nsg ‘grgen r%lnjg
aRybeqmpietimagpteag or poFesieygipaR (9odl )

The imgsensif block receives data from the image sensor interface and controls the
writing into both the framebufs and subsambufs blocks. it manages the double-buffering
swapping mechanism, image windowing and the image data subsampling calculations.
Rate adapted image sensor data is passed directly to the serialif during test mode (ten).
The clk_driver block contrels the generation of all internal clocks. _clk and i_clk are the
persistent clocks for the serial and image domains respectively. sq_clk and iq_clk are
their low-power equivalents and are disabled whenever possible. For the double
buffered design, rq_cli[1:0] are the clocks controliing the two swapping SRAM buffers
and are also disabled whensver possible. The single buffered design has a single
rq_clk{0].

The synch block synchronizes signals crossing the iclik/scik boundary.

The ﬂash_expdsa block generates the image sensor iiming interface signals flash and

expose.

HIERARCHICAL DESCRIPTION

The Callisto design hierarchies for the two different buffering schemes (single and
double) are shown below. Each element in the hierarchy is described in the form:
<instance_name>: <block_name>(<block_architecture>).

callisto_sh: callisto
core_0: core{struct)

-clk_driver_0: clk_driver(rtf)

config_0: config(ril)

flash_expose_0: flash_expose(rl) .

framebufs_0: framebufs(rtl)

framebuf_0: framebuf(ril)
fs_ram_bist_0: fs_ram_bist(struct)
fs_ram_Q0: fs_ram(struct)
fs_asic_ram_0: fs_asic_ram(behav)

rambist_0: rambist(siruct)
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sif_par2ser 0: sif par2ser(rtl) sif_ser2par O:
sif_ser2par(rtl) subsambufs_0: subsanbufs(ra)
subsanbuf 0: subsanbuf(rtl) 25 ss_r am_bi st | o:
ss_rambist(struct) ranbistO: rambist(struct)

Wi $04/09326t er n0:  bi st_patten(struct) bist cnEQrAisésyooo1s2
crnp(rtl) bist fifoO: bist flfo(struct) 30 bist
fifowd: bist_fifow(rtl) cfgfrfoQ cfgfifo(rti)
bi st _seg0: bist_seq(rti) ss_ram0: ss_ran(struct)
ss_asic_ram O ss_asic ran{behav) 35 ss_rambist_hi:
ss_rambist(struct) ranbi st rambi st (struct)

bi st _pattenD: is? tpa bi st cnp0: bi st
crp(rtl)  bi stmfb,&g beg,gg rzj‘f’ﬂruct) 40
bi sffifowd: bi st_s.st’r'ﬁ%rbhrfo {'f001 cfgfifo(rtl)
bi st _segQ bi st st #bwo bmjf : ss_ran(struct)
ss_asi c_ram0: sscfgﬁd)mlrc@ﬁ{dpﬁhaV) 45 synch-0:
synch(struct) bt ebg® Yist sed(rjeset _sync(rtl) reset
sync mgproeel engpsealeiet) | )  si g_pul se_sync_newf r ane:
si g_pul degrsymis(P:tim pre¢ gs{fsal)se_sync frame_mi ssed:

si g_pul §'%9 'Y'J-  Imggmoos seriim@$me fin _frm proc:

Si g- pul pPrpg ss(MUSEOTY / 073296

nsif{stiuct
pCT/ AUZRUE éﬁ% e étrl(oﬁébufi

sens_fs_0: sens_fs(rl)
sens_mux_0: sens_mux{struct_rtl)
sens_ss_0: sens_ss(rt)
serialif_0: serialif(struct)
sif_errhand_0: sif_errhand(rtl)
sif msghand 0: sif_msghand(ril)
sif_msghdrgen_0: sif_msghdrgen(rt})
sif_msgsync_0: sif_msgsync{ril)
sif_par2ser_0: sif_par2ser(ri)
sii_serZpar_0: sif_ser2par(ril}
subsambufs_0: subsambufs(ril)
subsambuf_0: subsambugf(ril)
ss_ram_bist_lo: ss_ram_bisi(struct)
rambist_0: rambist(struct)
bist_pattern0: bist_pattern(siruct)
bist_cmp0: bist_cmp(rl)
bist_fifo0: bist_fifo(struct)
bist_ﬁfowo: bistﬂﬁfow{ rtl)
ofgfifol; ofghifo(ri)
bigt_seq0: bist_seqg(ril)
ss_ram_Q: ss_ram(struct)
ss_asic_ram_0:'ss_asic_ram(behav)
ss_ram_bist_hi: ss_ram_bist(struct)
rambist_O: rambist{struct)
bist_pattern(: bist_pattern(struct)
bist_cmpO: bist_cmp(rti) -
bist_{ifo0: bist_fifo(struct)
bist_fifow0: bist_fifow(ril)
cfgfifo0: cfgfifo(rt!)
bist_seq0: bist_seq(rtl)
ss_ram_0: ss_ram(struct)
ss_asic_ram_0: ss_asic_ram(behav)
synch_0: synch(struct)
reset_sync_st: reset_sync(rtl)
reset_sync_|1: reset_sync(rt)
sig_pulse_sync_new_frame: sig_pulse _syne(ril)
sig_pulse_sync_frame_missed: sig_pulse _sync(rtl)
sig_pulse_fin_frm_proc: sig_pulse sync(rﬂ)
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sig_pul se fsw aclc sig _pulse_sync(rtl)
sig pulse_ ing_cnd fs w. sigauise sync(rtl)
synchroni zer _auto_|o_pw status:synchronizer(rtl)
synchroni zer rack: synchronizer(rtl) 5
waymoehgmezer _rnack: synchroni zer(rd)  synchrranyAsagoo+4/000182
i ng_en: synchronizer(rtl) synchronizer-auto-sl eep:
synchroni zer(rtl) 10 callisto db: callisto core _O:
core(struct) clk driver 0: clk driver(rtl) config O:
config(rtl) flash expose_O:flash_expose(rtl) 15
framebufs _0: framebufs(rtl) framebuf 0: franmebuf(rtl)
fs ram_ Het) fs_ram0: fs_ram
(struct gfs“’sadt W{ll J F )behav) 20 ranbi st
ra”b!sﬁ @Eiééioiﬁo IPbwi @%ro effpat ten(struct)
bl st cr gpRhroRikst T rabiBfrichiohizedttist T 1 f 00: bi st
fifo(st synekipnizdd]l rahckf S)fnGNbemzeb{rﬁ)t ffow(rtl) 25 cfgflfoO:
cf gf i f ogynthrpnizdsiistg_sregyAchbhisérgtq(rt!)  framebut 1;
f r amebu$ynrchirbiizdr sautca siesi: syndBronfzer(ntlam bi st (.struct)
fs _ramO0: fs ranm(struct) 30 fs_asic_ramO0: isasic
behav rambi st0: ranbist(str_uct) bistaattenD:
C@?“§*l°a l° struct) bi st cnpO: bi st _cmp(rtl)

bi SYRLF GRSt L] DSt ruet)

config_0: config{rtl)
flash_expose_0: flash_expose(rtl)
framebufs_0: framebufs(rfl)
framebuf_0: framebui{rt)
fe_ram_bist_0: fs_ram_bist{siruct)
fs_ram_0: fs_ram(struct)
fs_asic_ram_0: fs_asic_ram(behav)
rambist_0: rambist{struct) .
bist_pattern0: bist_paitern{siruct)
bist_emp: bisi_cmp(ril)
bist_fifo0: bist_fifo(struct)
bist_fifow0: bist_fifow{ril)
cfiglifol: cigfifo(ril)
bist_seql: bist_seq(rl)
framehuf_1: framebuf(ril)
fg_ram_hist_(: fs_ram_bisi(siruct}
fa_ram_0: Ts_ram(struct)
fs_asic_ram_0: fs_asic_ram{behav)
rambist_0: rambisi{struct)
bist_pattarm: bist_pattern(struct)
bist_cmp0: bist_cmp{ril)
bist_fifo0: bist_fifo{struct)
bist _fifow0: bist_fifow({ril)
cfgfifol: cfgfifo{rtl)
bist_seq0: bist_seq(rtl)
imgproc_0: imgproc(struct)
imgproc_fs_0: imgproc_fs{fam)
imgproc_sertim_0: imgproc_sertim(fam)
imgproc_ss_0: imgproc_ss(struct_ril)
imgsensif_0; imgsensif{struct)
sens_cirl_0: sens_ctri{fsm)
sens_fs_0: sens_fs{rl)
sens_mux_{: sens_mux(struct_ril}
sens_ss_0: sens_ss(ril)
serialif_0: serialif(struct)
sif_errhand_0: sif_errhand(rif)
sif_msghand_0: sif_msghand(ril)
sif_msghdrgen_0: sif_msghdrgen(ril)
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35 bist__ffowd: bist_ffowmrtl) cfgfifoO:

bi st seg0: bist _seq(rtl) imgproc O:

wasfoebos®s rtl) ingsensif 0: ingsensif(sStruetr/auz004000182
sens_-ctrl _0: sens_ctrl(fsm sens fs_ O:

45 sons_mux_0: sons_mux(struct rtl)

cfagfifo(rtl)

i ngproc(struct)
i mgproc_fs_0: ingproc_fs(fsm 40 ingproc_sertim.o:

i ngproc_sertin(fsm ingproc_ss_0: ingproc

sens fs(rtl)

sens_ss_0:sens_ss(rtl) serialif_0: seriafrf(struct)
sif_errhand_0: sif en-hand(rd) sif nsghand_O:
meghand(rtl) 50 sif nmsghdrgen 0: sit_msghdrgen(rtl)
sif msgsync O:

119 V@&O%@ %9? Fgzé'/A ﬁ 04/ 000182

sif

si f - megsy, r O sif _par2ser(rtl)
ser2parSI ser% , ) subsanbufs_0:
subsaphufs uf 0: subsanbuf(rtl)

Ss ram_gmbgémﬁ'._gp gsgugsa g@t(struct) rarnbi st _0:

r anbi st ( St W )bisdi I6tsspaint

bi st _cnmpO bamblstrﬂnémbibﬂstrll&) bi St _ftfoO
bi st _fifo(str ubis) patierrst bifti fatestiocst f fow(rtl)
cfgfifoo: cfgfi f@(st_tcmpﬂthlmcﬂmé@)o bi st seq(rtl)

ss_ram 0: ss_r anbskfifadt bist_fifo{struct)
ist_fifow0: bist_fifow({rtl)

cfgfifol: cfgfifo(ri)
- bist_seq0: bist_seq(ril)
ss_ram_0: ss_ram(struct)
ss_asic_ram_0: ss_asic_ram(behav)
ss_ram_bist hi: ss ram_bist(struct)
rambist_0: rambist{struct)

. blst_pattern0: bist_paftemn(sfruct)
bist_cmpQ: bist_cmp(ril) -
bist_fifoD: bist_fifo{struct)y
bist_fifow(: bist_fifow(ril)
cfgfifol: cfgfifo(ril)

. bisl_seq0: bist_saq(ril)

- gs_ram_{0: ss_ramisiruct)
ss_asic_ram.{: ss_asic ram(behav)
subsambuf_1: subsambuf{ril)
ss_ram_bisi_lo: ss_ram_bist{struct)
rambist_O: rambist(struct)
bist_patternQ: bist_patiern{struct)
. bist_cmp0: bisf_cmp(itl)
higt_fifoQ: bisi_fifo(struct)
hisi_fifow(: hist_fifow(ril)
cfgfifo0: cfgfifo(ril)
bist_seq0: bist_seq(rtf)
s5_ram_0: ss_ram{struct)
" ss_asic_ram_0: ss_asic_ram(behav)
ss_ram_bist_hi: ss_ram_bist(struct)
rambist_0: rambist(struct)
bist_pattern0: bist_pattern(struct)
bist_cmp0: bist_cmp(ril) -
bisf_fifol:: bist_fifo(struct)
bist_fifow0: bist_fifow(rtl}
cfgfifo0: cfgfifo(rt!)
bist_seq0: bist_seq(rtl)
ss_ram_0: ss_ram(siruct)
ss_asic_ram_0: ss_asic_ram(behav)
synch_0: synch(struct)
reset_sync_s1: reset_sync(ril)
reset_sync_i1: resef_sync{rtl)
sig_pulse_sync_new_frame: sig_pulse_sync(rtl)

120
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15 ss_asic_ram0: ss_asic_ram behav) ss_rambist_hi:
ss rambist(struct) ranmbist 0: ranbist(struct)’

bi st_pafternO bist_pattern(struct) bist cnmpQO bi st
cnp(rtl) 20 bist fifoO bist ffo(struct) bisi fifowQ

wo sbydhoe(rtl) cfgffoo: cfgffo(rtl) bist_segDau2004/000182

bi st _seq(rtl) ss ramO0: ss ran(struct) 25 ss_asic
ram 0: ss_asic ram behav) subsanbuf 1:.
subsanbuf (rtl) ss _rambist lo: ss rarn_bist(struct)
rambi st O ranbist(struct) bist_patternG

- bist_patten(struct) 30 bistcnpQO bist_cnp(rtl) bist

SS_ram. Bl AT ekl bilse Syncta) C_ram0: ss_asic

r am( beha¥)puks_ifm@nantl_$ witisig_Bfisd 8fAchinst (struct)

ranbi st gfhchromdd] ditd &1 pHE iatushiyathrrtder(edyO:

bi st _pagynetirodizdr rraek: pyréfrobize{rtiicnpO bi st _cnp(rtl) bi st
fifoO instrodizer oatkr syothronikarst) fifowO bist fifowrtl)
cf of i f o9mchybnjtarfimgran: pyrishronizerétio: bi st _seq(rtl) 45
ss_r am &nchyenizeg AUt plger:syrpbroagegrtl am O:

sSsasTTorantbetav)

i B s [ oL
¢ 5 7 _

clic_driver

‘The clk_driver block drives all the intemal clocks used in Callisto. Clock muxing and

disabling is performed in this block for the ig_clk, sq_clk and rq_clk[1:0] clocks. Clock
enable signals (generated in the serial interface and image sensor circuits) are sampled
an the negative edge of their driving clock to avoid glitching during disabling/swapover.
When the test mode signal (tmode) is asserted all gated clocks are sourced from sclk fo
enzble successful scan and RAM BIST tesling. For architeciural deizils regarding

clocking strategy see Section . The clock generafion logic is illusirated in Figure 75.

config ,

The config block contains the configuration registers and drives/receives the signals of
the extarmnal register inleiface.

The configuration registers arz stored in a single hierarchial type, indexed via the
register address. The ¢fg signal which is oufput from this block is a flattened type,
allowing for easier use. The status register, due to its clear-on-read nature is a special .
case. At the start of a status register read operation, a snapshot of the register is taken.
At the same fime the register is cleared and then immediately updated with any events
from the current clock cycle. This sequence ensures that no evenis are missed during
the raad-clear operation. The snapshot valus is then used as the read value.

The register_read state machine and associated counter control the read data output.
This state machine manages: message header delay; extemnalfinternal read delays;
variable number of output bytes; the serial interface byte fiming; and the reg_read_done

output signal, This state machine is illustrated in Figure 76.
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synch-0: synch(struct) reset sync_sl:reéeset_sync(rtl)
reset sync_il:reset sync(d) 50

sig_pul se_sync_newfrane: sig pulse sync(rti) 120 WO
2004/ 073296 PCT/ AU2004/ 000182 sig_pul se sync
woameemssed: sig_pul se_sync(rtl) sigsulse fhgw/auzoe4/000182
frmproc: sig pulse_ sync(rtl) sigsulse fsw ack:

sig_pul se_sync(rtl) sigsulse inmg cmd fs wr:

sig_pul se_sync(rti) 5 synchroni zer auto | o_pw status:
synchroni zer(rtl) synchronizer rack: :
synchronizer(rtl) synchroni zer _mack:

E%Jrl]hg ! on {e c%u}t;%ut from r%ﬁ%jl F%ﬁh' zbgo:ck-mﬁaqﬁﬁd cadence of 1 valid byte
evpRCtER siopisdp qnetqh)thqwnai iterfadedata ratph Ehie pwmt.uwmstrmed o¥th @

_falamM@éregisierFeeeobaﬁwnna#;gﬁﬂe%zs used in Call l sto C ock

FH & AaRsteCEnie Sl gecionpies) el RS ofpdoha Bireacy
amaibrbmza:ﬁ ) @neEcks abd esnaak tsighaisnare hsed ¢ validaienthe rékizeel aeyister

%ﬁﬂ&oﬁﬁ&ﬁ Of heCldidtlbr 89 s Pk A3omlad méé?'gre{elaeah OqquSxtema[

elr driving cTo to avoi
e[dERFS1SMAG/ swapover.  When the test node S|gnal (tnDde)
is asserted all gated clocks are sourced fromsclk to
ena }e successful scan and RAM FI ST testing. For
T tectural details regarding clocking strategy see
‘Becserialifl is aTdvactotadblkclgbaepaforms séraginteriace messagé reseptibni and

1!: ér%wsgloz 5Fhe%gszﬁ @fﬂjc’txﬂe of-linﬁ b@B{E‘i‘s ilfis tébclh ng‘aa%tﬁ" ns the

con gura 1on reg I sters an rrves/ recel ves the
Eheyesplgatsrreceived ‘%ﬁ&'?fé’PWe@ g bytss by fhesi Seipar blqgke This byte is
m@.mfdemw A0 heghgdsehp (Y 6if Hisasyad HidiiaThd R@bsages are then

Dl dag BY Toe, S Fou s i A bt 0 el Pingaders fo
ipdnsmitieli sframés. aThee sdbat3spe block| $cowirisg tHeobyie astisemsufem the
sT ih ﬁlséljio%éﬁs cﬁfn?@ 'aﬁﬁ ﬁ'fgpmg%ﬁ\cﬁsoinﬂotasseﬁél %ﬁ@fr&lﬂ'n "rﬁ@gn‘ %ﬁ%éﬁcﬁalocic

SpECIa start t at us regls er
ffoél%v &pd rca!{%i%n?" f&ﬁﬁﬁf&ﬁ@}?@?ﬁ@@? “F‘ﬁ’é’ei’ @guf?& ¥qricug seay dpferface

blocks, and controls the sertal interface arror racovary process.

sif_seripar

The sif_ser2par block receives the serial bit stream and delineates sach byte based on
the start ahd slop bits. On succassful delingation the byis is outpul with an associated
valid flag asserted for a single cycle. If nd is detected to be held low for 10 consecutive
cycles (whilst tx_break is asserted) the rx_break_siatus signal is asserted. This signal is
negated when mxd is asseried. If a stop-bit is not found where expecied, the
start_stop_error signal is asserted. Figure 78 illustrates the ser2par state machine used

to control the seriai to parallel conversion.

sif_msgsync

The sif_msgsync block performs message delineation. The message marker byte (0x5A)
is used to obtain and check delineation. The message conirol byte and subsequent
argument bytes are used to determine th.e message length. The msg_sync state
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At the sanme tinme the register is cleared and then

i mredi ately updated with any events fromthe current
clock cycle. This sequence ensures that no events are

m ssed during 30 the read-clear operation. The
vemapsbotesval ue i1s then used as the read val weT/Al2804/000182
regi ster read state machi ne and associ ated counter
control the read data output. This state machi ne
manages: nessage header del ay; external/internal read
del ays; variable nunber of output bytes; the serial
interface byte timng; and the reg_read _done out put

' iS.1]] t ' I gut.e
R o SR e SRR el o B b R0 s
Ew@gtearaeh'aet%uﬁtrﬁﬁeémﬁimezamfi g block with a fixed
‘ﬂﬂsdﬁlfﬁ@d@t& id stHIy éj rddisiPed QHEEY of B8 ifluP Qé’tﬁ \Rrr@r #B8LANEING a
i nt C ata rate. This conceé)
Fritive e Bt vﬁ?ﬁ“aésaqeeﬁ’r‘“%ﬁft’é°‘ff%ﬁﬁ§f‘%lr’ # Sgle Gisie RHsedit
asaerﬁdgﬂﬁedélﬁ@atroﬁlbloekternal regi ster interface outputs
are regi stered before being output. The (already 5

nchroni zed) s rack and s_nmak signals are used to
‘V Sgh#d t he external register interface inputs. The

ThétﬁClhsg]’r@n?f)loﬁ&bérﬂiﬁmdﬁ&ﬁ:@ﬁrécﬁﬂeés‘égé Hérﬁhﬁ? af |ﬁt@ s ﬁq‘é message
extern addr ess

donlrfi 37 2R e, A oqiB{t Aot it MeoIst P 5ReS 2t felgted and
dnrerer Signak geesatad Gisee bﬁ’ﬂntercomﬁgawlud:k) Namlsrmagema cdinerted into
c?éﬁfr?da?rd Shordic tTHé ‘?ns%?‘ hirly éat@lnq’a&hmé %PH | dsbsddad @cﬂrn{egs Eﬂ)r?r‘dlr fris

. The serial data recelve rst convert
%99'{533“ Wy thip gtalg padhinedp YstisleddkFiogids. byte is. then
h Iréufstdredcdsatio raRIAaUR® D¥indld Corfimbnd RBRYHCHE k&L Koo BUBCIN

FRASRR B el QR L SHEPP o F e LR P o Ftpn
indicgiasineg st of arveks a@ﬁee diof rqvigte?yerd Bhesskescibaveg trsad thne
sPinkSis $étr§rﬁ@dr§ fl‘fe%hﬁ&@ocksrhérﬁairﬂ%w%g% re&@@% glaQPQen seni to

tream e Si

s into a seri al
ffé%“?ﬁ@ bgrcgc IS eppliesc PAMTAY RSOyt gEOTafteiRe A rpgster write
foliewsabes ragizee iraseithpbstidriie illvettztalis Frerd #d. | nt er f ace

é%lsﬁﬁrl%e c@&%aﬁgng {r%%téﬁﬁm egrrﬁel n:lr.rhgr[rc]; | Oé'r é‘?q —BT"S &g&s

The sehrixe cormea@eﬁ thelonlyiegcapliens 41 eomemas ip i:relaﬁl@@i igtactseries of
chﬁﬁn@ﬁélﬁQ B forteBen §Ibaﬂ'n¥el &fbﬁﬁuﬁt@& Wzl ThOng Bine %g§£&h§rslq

o i FRCRL 55 08, Pt o, B S Plcvr JoF 6 THH iepisthe mage

cdwmand type. t'RInelwg figtl &b 4 83blf bus iiGchcamdascalitthey paramytel Bformation

(t()fﬁgﬂ)k %ttc )t Mf é?@ks I%&i $§r§tﬁ rtﬁee fi g?d??ﬁornggggtgravkag&g aoﬁ“r lf’tgceptlon dof

gnal 1S asse hi's si
thegTessags w0 hvre andsthepoysr-wri %ﬂ mawmﬁaaweneters "For non-

sENAC ifthbe feB@ commands the go and fgo bits are identical and indicate the
previously mentioned fyp and arg fields of the img_cmd bus are valid and an imags read
can start. For subpixel image commands the fgo bit flags the first coordinate pair of a
command and the go bit indicates the first and subsequent coordinate a pairs for that

command, The fs_wr bit (active for a single-cycle) indicates the current data in the arg
field part of a direct frame store write. The fs_s bit indicates the start of a frame store

write sequence. A sequence of unprocessed, process and subsampled image reads is
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start_stop_error signal is asserted. Figure 78
illustrates the ser2par state nmachine used to contro
the serial to parallel conversion. sif nsgsync 30 The
sif msgsync bl ock perfornms nessage delineation. The
woemsagezserar ker byte (OxSA) s used to obtaioraagotooonis2
check delineation. The nessage control byte and )
subsequent argunent bytes are used to determ ne the
nmessage | ength. The nsg_sync state 122 WD 2004/073296
PCT/ AU2004/ 000182 machi ne and associ ated byte counter
is-used to control and track the delineation state.

e . : o e 9. .
T ey
q4ﬁ'§5‘§tj"at8%? direcirame stAe WiRisaaueneeof a  control byte flag
Farhe hﬁh&haﬁsgs&gﬁ;@)p@ﬁor?feﬁ%y %Htéﬁlj&s@{aﬁﬂ‘@ilocksTﬁs mechanism
. . at is assey n_ .
Rtk e YL S1oR ) B8 s Dl S T S95P0 B semsanieger
bipskk Srenin_freceroy edsenissd e theaseds jdrhblodld ahd ther gooktchablBe for
SAESHE a6 Waemnt.m.Whebyérﬁe_ﬂaﬁdsﬂaéfng%iPé‘%ﬂ%ﬂh% m%lﬁﬁ&stmteg in
Al f an error

l;éaé?/t e%:f ormed nmessages are deleted and
Ynal- generated (used by the config block). Valid

Imedditingeise sif_ msgiemd @idoe disb bRcis QRIARR HOTollswing lhm%sér?gg haada
t ciated_counters_control this
eﬁ%%i @f‘ ﬁﬁg%'n % |S“%§%§we"ﬁ%-%ﬁﬁﬂ%d%ﬁ§wi' fua%kat ed i n
Figure 80. Each register access is translated into a
sH mgymirgeymand word on the reg_acc bus. In addition

Tho tfhe %vvr gg r, extn and wdata signals the reg acc
t s HLY grgﬁ'b ab 1eraign DR trapsmitied) nessags header dyies fordmage
rapgl cainaties sgiskor read gbmim@ndg, a‘mﬂwege;?ﬁsaﬁgls frartgg*ghgg_wrﬁ@ bk
[ ' A confi ck i ndicatiy
riéaSfos TR, abek ARG Y bt By foibur Hieradi o
apg greratipgihg aapramieismessaam hebdexeheh ilsissteraitheitet imats mad or
rediste@dt er wite followed by a register read
eration is i|lustrated in Figure 81. Each inmage
TROSE RiskiRRacrbionk oS bR ish somelets Histecerh AR anp otie-ack
meprsoRhy besmtl bus. th@0 s@ink rs wbpi el msgp MEanRgl fivs stk ensgn! d¥nd
cept i-0n; is ' S into_a series of
SRR AR g ichaR ARl Thd AU Snal s RaferdBl =pg uis
by, within theringpiogpleskdo indisatsothel e snesetosshisadel fidschesntsent and
infagelddis i= 40 bagnsnkig®,. 9o, is s and fs w. The typ
' I pdj the jnmage, conmand type. The arg field
The el Dalo e BaktfoohPE 85 poeGOHET cruhleR camkhapsherstion o
the ifegragathieandters. Thie stats machireticil)stratediisFifirelsd. i s | oaded
FoM itnBgd ' h-BRe Hegl v ception af
s o Gleaclgss'h e Bfte pftdtdte Hate By EunPlind ROGRUERA. Pl

) nmessage )
IMBIE 1FOmARn %w%p&@p@pg im3gey gtk bytes is calcufated using the

command arguments (parameters), This involves a size x by size_y muitiplication for the

image pixsl read commands, and a division by 3 for the subpixel read command. The
number of data byles returned in a register read message Is dstermined via a lookup
based on address and whether the register is Internal or external.

Message header byies are output from this block with a fixed cadence of 1 valid byte
every 10 clock periods to match the serial interface data rate.
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subpi xel inmage read commands the go and fgo bits are
identical and indicate the previously nentioned typ
and arg fields of the ing_cnd bus are valid and an
i mage read can start. For subpixel inmage conmands the
wiogodu7saok| ags the first coordinate pair of acraosmanehis:
and the go bit indicates the first and subsequent
coordinate a pairs for that 30 command. The fs w bit
(active for a single-cycle) indicates the current data
inthe erg field part of a direct frame store wite.
The fs s bit indicates the start of a frane store
equence. A sequence of unprocessed, process and
swdll’aé'g%%l ed image reads is 123 WO 2004/ 073296
Thesi_ra2sotgB@eePts Mmedsage herden ragistdF sjore@ingme and direct image

séﬁé@PB%ﬁlb %Q@c&ﬁ@ﬁs repBRdekid bﬁ@@@ﬁ}n ' Whé;rl ﬁHr’o@ b?é%k input is
ag@%ure lustrates a direct frane

ﬁg'rfloéma F?pﬁﬁé’o?\ hesmisdden gnq thegixd quigidly '?ell)q’ %lagrﬁyzeqoh &vhen
bs bfeaknisgieatidlkdis kheldTiigrs uitie Hadfinét satid Byaatsrretedveidnat which point
?%‘? ro?%llag&n g%suﬁwrel? ﬁeQ %FE%%SWFL Hﬂf‘”o’?%f cff'nt]ﬂg Fhur Heﬁ% & oB¥es:

roc
nMegsRsd f@ydqw@g@f@hseaé 1dﬂ1a $pred kyagergta and cbne@tama%ws@rsdata is

abipe a$gn)%rl@, tﬁm ahdltHet kb birfling bmesufeéﬁer%ré}@{édédaaiea Rfthe serial

h |1 d
ORI NICRR Y R DTN - T

Thé eif fpaldsemsangpleses salgicbviee laad deh paPseo state_mathios audl aswgiated

v %Qé& V\éon{rﬁggeqlg 8‘%&' O&NS qfugméengfé -bltlg r%‘—fnt stream,
tdf Seie it A oo Rt ok

rgen genera
51°P ﬁWt@ééﬂi%%ﬁﬁe%é@ﬂ F'Drﬁyf@%s‘iﬂ‘@rmﬁci‘!ﬁ@@'"lﬂsé'&’@d in Figure
ggonmands, register read commands, frame_sync and
frame-store-wite ack messages. This is done by
nmoni toring the commands i ssued by the sif nsghand
sif|corilend> and generating the appropriate message header

THOER ehhargze&lg%tp%ﬁgﬁrﬁéqﬁé eﬁ'E blﬁ%&ﬁ e BGerfint idrQGH: 4Rl mleirface

read. drgen al so generates conple
The SRS /pdier g ”f%ca'ﬁﬁ sgfttreISébwrrqr @%Ga&w PIPERSSq (i SipigJrafhine
smmmmﬂedﬁﬂnQLés&neM/ frmmsg, send fsw_ ack nsg and
Ai ser:ﬁgllnféan aC k %xt% és Iug{g])g}'l% gié%%%]m Ilc%:?' E( cO Igfsﬁi érﬂo snfe%rmr
O!Etbleicsien@bfvmqiim that easshd fo thé eonfls@mge h eader has bee n
Sé\%rr‘él eﬁ'Bldreia[é@B:ﬂfpug%r‘%lé Ste R THE s{ob m&&%nal-rg @ pulse

header generafion. state machi ne and associ at ed
uEGuRY e [AgE, B'DG?%E'QgB‘H@’rSaF? Gigot s al t%@”ﬁégs%@%ess'"g The
miag aghed_statubhisgnalt afdcatBC vhalerd She | darial risteretbel s Rh gbheesage

sﬁ@hmnization. The tx_break signal indicates that the serial interface should transmit

the break sequence.

imgproc

Figure 20 shows a structural block containing the four image processing functions.

Note that the block 78 is not internal to the imgproc block: it is shown here only to
indicate the connectivity to the subsambufs and framebufs blocks.
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For image data nessages a two-byte nessage data byte
count field is calculated. For 25 image conmands, the
nunber of returned i nage data bytes is cal cul ated
using the command argunents (paraneters). This
Wwoeress a si ze_x by sizey multiplication feerilgoioooisz
i mge pi xel read commands, and a division by 3 for the
subpi xel read command. The nunber of data bytes
returned in a register read nessage is determ ned via
a | ookup based on address and whether the register is
internal or external. 30 Message header bytes are
@g%,&g Jromthis block with a fixed cadence of 1 valid
every 10 clock periods to match the seria
Prayidgsiibe Ungrasessedimage Read Woctaoend tieg@gepixel Read' function.

WU:‘W@&Q@&%@%&&" findidh 2881s A fegidn prﬁﬁd’e%siﬁ rth@lng: Kmd -
’E&E S rresza%e eg%?e regi ster, stored i|mage an

ra Uprinierong i &oT eael il Indthe 22930t es and converts themto a

Her'Suat-pikdl Resd' faration Hﬁmﬂshmetof(trbrsaaie doBgutt gels the four pixe[s _

r@&.ﬁr%&%;?ﬁcap@&r rfﬂr}y.zoaagmm ’Lﬂgs hije QAPLL: L&brea%ﬂdma erea s%ans

out put

i @Ionse%qt@qﬁ |!tg”ﬂfanmat¢s @Weacr«‘um@lﬁtes'/ Hiei datengn @en@y and returns
dr/oRib BRE pedttegidil. Ol dB4tk RachiR® ERRbwPRET@RId AN resunes. |t
is assuned that only one of the four data sources:
nmessage header, register read data, stored i nage data
lamocﬁssébhndgnr@adﬁensﬁnn)data is active at any one

Adr IR Ur@ﬂ)@eéslé air?ég{%%éﬁﬁrfbﬁ’dh ) t%‘%‘g in??cét%ﬁ?@at %nt%r% to produce

rat e- seril a ace
(¥} ogrdisiptee foxfhe rpaiore (The GeiByiresiate isdrangipntand generaiesan aedsess
tb ﬂ'lel"_fiag‘iéﬂﬁff&ﬁn A& sibhestsief thp AdsUBRY pife Ut@Sd @nd/tﬂ!a wehitB¥t Sate

ar23er sta e an SSO t
E A e LG RERE S R T
asitogt. tiE yg are adhe ahd bi thegegieanye refirio o thietldle atede. dierwise, we
088 bPlR binbseakicPRAhE he Fow L1Dhel SatByiz
dﬁ [Tustrated in Fi éﬁl}jr)% 88. 105w'3|mq§§&r% etgiﬂ}e GeiByte
5&’%‘? hand bl ock perforns the error prot ocol managenent -
for the serial interface. The error handler state

‘!@Cﬂs&??@e&ﬁﬁhﬁ&laﬁ the error recovery process. Thi s

illustrated in Figure 89. Al serial
Fon ther PufcRiedrResdsfuagiion; tipudo trglicetion oads equnteim b blodude (x.y)
Bodinges fRled:d FHngtvhﬁ 15 l@)ﬁ.féﬁ o@{he sa]gbh@&'&ﬁrﬁmeﬁé gnal

1gh B‘” S thenmgasse to the config Sever al
Soibrisaia kg BEpand 9%%5%%?%%%@9@@ Ml%fr@ae by
The @jore sHteels edsodiagsiant -i storing [thd ige! lacaiyfobiurthdreprbdBYRY in the

FRERELS SN Akl R ARl i POTBRA pRECRTSRAE. | Th

nsg_s at'us sig rTal
Aftgr e Prsessisiate, r:ftfpﬁalggt@@@l has been processed, the resulting sub-pixe! value

is stored and the WaliSer state eniered. When ser_avail goes active, the byte is sent to

the serialif block and the ldle state is entered, because we only ever send out one result
per region - the Last Byte status is remembered from the Process-to-WaitSer fransition.
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synchroni zation. The tx_break signal indicates that

the serial interface should transmt 25 the break
sequence. inmgproc Figure 90 shows a structural block
contai ning the four inmge processing functions. Note
wiorad/07kpes bl ock 78 is not internal to the i MpPET/AL2004/000182
block: it is shown here only to 30 indicate the
connectivity to the subsanbufs and franebufs bl ocks.
125 WD 2004/ 073296 PCT/ AU2004/ 000182 ingproc fs

Provi des the' Unprocessed | nage Read' function and

t he' Sub-pi xel Read' function. The 'Unprocessed | mage
"B&a@c‘&ynctlon scans the reglon provi ded in the

-.returning one byte for each pjxel in

Pr%ﬁé ﬁhe souprRemPidh %eﬁique Btrctignysnst then Prosessed éméwead'
frctidrine sane code - it gets the four pixels required

by scaning a 2-by-2 region in the same way as
"unprocessed i nage read’ scans a region, except that
Sub-sampigsUmage Kead (functtan)ul at es t he data on the way and
ThE tS‘ﬂlB@%mpféH |lr¥aéH‘lQeaE!y|E %lgrﬂg/rsm[fa?w e ‘Unpl‘Jcéss%H %Sgerﬁééla' fifc-

I's shown In qure Unpr ocessed

tipd. gxeaPt 2afye ’F’fB'F' P '?Jfﬁﬂuﬁ%@s‘,’ébth? Age bre &Bg#%ﬂ‘ét"f @ 8-bytes
rétivaedIorh bl sLbisbMplelbofiéls counters to produce (X,Y)
coordinates for the region. The CGetByte state is

transi ent and generates an address to the frane
Prerfepeed ImagetRead Sunelionjt ate, the resulting pixel is

Thé @F&Qsﬁ&dm&&eﬁ% fur&tiond tﬁé %os@é&?r@ﬁ@di’ed %ﬂhe&ﬁﬁd@é&' |

oes active, uest he byte,_Is

TheRayiret evtpiids ao%‘ﬁﬁ'ﬂt"f riit pjee! é(F‘Ee%f‘” @h%?e&ﬁ%’ E?S“’f‘hEhe pixet
ordegis sow-byweow, @hd laft tb aigithathinddaeh sdva twith eGtiheivs phels pasdded out
|Hﬂ§3ﬁhﬁg%]rlun¥bgneofcb9%gt ers, noving to the next rowif

ack to the GetByte state. Sub-Pi xal
Fmé@dg% Pﬁﬁt@@@‘-ﬁ% treosubdpndtines guibe Puncien. Rclel tial e SgnSample

Btﬁ]‘@ i<gholyfl Abeanlyab shARWPES cEEAB 6Tthe bRaPr oduce (X, Y)
rd|n 2Xx2 region vvlththetopleft of

for t
d?ﬁﬁ%ﬁ?ﬁﬂ%%ﬁ”%ﬁ? e. The GetByte state is
Ttner dgmtb‘ntfora:n@tiugml @rshtes dinrgddressad end theesholdarbpixels in this

Dl%glf |f1\§‘:rlves E%n%% % égc;h“:}m!u %Ltg% F%ute&@dﬂ l%'g%ﬂt starllr?gt&[ci'l Ak from

|xe furt ocessin
2 FﬂPl%‘@g delboratne, Lw% Pt:wepréﬁl% ERe et“H@S a/éaogmnﬁ Pgelf R SR the
raa;mnemdwmlrmé at&&e |ahd aid ﬂze:mare%&toﬁamﬁuytra@m& 28 €5 address

n ro E
of bR ehipettfs n e Bt hPtn SR TR PR ERIREY Bt ser
Contedl dnfens erssdd aibach tr@enn_dmmsi whice ivadylev do ush diotnythe dight
r&ﬁﬁgd; lWRether to pad this bit; whether this column is valid; whether or not the first two
rows are valid; whether or not to generate a bif for this pixel; and when fo send a full

. byte.

Delay Match sub-function
Since the Sub-Sample Buffer returns data in the next cycle, the control info that maiches
the data must be delayed b‘y one cycle.

Data Alignment and Masking sub-function

Takes the 8 bytes from the Sub-Sample Buffer and selects the appropriate 5 rows. Also

invalidates bytes that are not wanted in the min-max calculation.
Column Min-Max Generator sub-function
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the serialif block and the Idle state is entered,
because we only ever send out one result per region -
the Last Byte status is renenbered fromthe
Process-to-WaitSer transition. 126 WO 2004/ 073296
wiZb0-A472394/ 000182 i ngproc ss Provi des the pCT/AU2004/000182
' Sub-sanpl ed I mage Read' function and the ' Processed
| mage Read' function. 5 Sub-sanpled | mage Read
(function) The ' Sub-sanpled Inmage Read' is highly
simlar to the 'Unprocessed | mage Read' func- tion,
except sonme nultiplexing is required to get the single

return
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i g =0 P e EH RO B Bor ol i sverg fygl afer
fhatvol ves scanni ng across each row of the request ed

regér%gm p%?é’ﬁéltéuﬂﬁm‘éﬁ&h row from 20 2 colums before
t he regi on and end@@g@Z col unmms past the

i ,
Et#ﬂef%wsft %Eferﬂ éﬂj? 8h B-bitrbift REsien B dRalting @vie wenitie g perialit
vaict reéqlisomR bl asd bydrésatdsnaathr Gém@rﬁﬁéhn@dﬁét&ﬁ& address generator

{ d f t t
BERGEBp Bl ok i s Biro i P ey e Sty e
t Hé%"difﬁ@%@tbesnds\mebh five bytes to use fromthe eight
VIRdnihed & inwiaes hﬁéshtal‘a rBh rah b&rstara e w{ﬂ&w Jhosk Bhs a4 e

i's var whet her or not first rows are
eyeii9eg-TofHAaT MkymaF caiRyiatipn, Tgerﬁ%tihwtr@t'esrar the ddieg§ Generator.
apTegedidge and when to send a full byte Del ay I\/Iatch

follrg?] t& R)%J ﬂae% t%egﬁo“?de uhg ef%léb S l i‘%r ani\%t% {:]og\% =) 2’the

next he con
ﬂarawldﬁrh &gawip éwd‘ eﬂuay\edj-!erﬂye mﬁ@d@l& Imsi@m@aqlareﬁd i gnne nt

napstiosdd ng sub-function
As each row is writien from the image sensor side, all the byis lanes lower than the

actual one being written are also written with that same value. This means that the last
row is duplicated at least two extra times, and these duplicated rows can be used in the
min-max calculation without affecting the min-max result.

c. Left side

The final decision is not made yet - one possibility is to allow negative X values and
mask the enfire 5-byle result from the min-max calculations if X < 0. Anather would also
allow negative X values, but overwrite the X value in the address calculation to zero if X
<0.

d. Right side

The the X coordinate of the current read will be checked against the window width and
the resuliing B-bytes masked if it is outside the window. '
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Takes the 8 bytes fromthe Sub-Sanple Buffer and

sel ects the appropriate 5 rows. Also invalidates

bytes that are not wanted in the m n-nmax cal cul ation.
Col um M n- Max Cenerator sub-function 127 WD

WO Sl 43296 PCT/ AU2004/ 000182 At each col umgr/4u2604/000182
pi xel data and the two bytes above and bel ow are
processed to give the mn and nax val ues over that
5-byte colum - this is shown in Figure 93. Colum

M n- Max Pi pel i ne and Range- Expand and Threshol d
sub-function These mn, max and pi xel val ues are

pu I ntoaplpellne with the four
%Qgﬂn%tﬂg%tgﬁbg i xel val ues. These five pa&{gel [ ned

W&Bw@ widib of tlvemeqwrhls meikeidsible by iBnpedding dityrpie added aklke end of

o %rtet hrRe %rdause’ithétegmééas Ca%msg % Ww Bes msxnte thel Widthh\Ras
)

Buttig Byt Sspr B Biplr Bt i oS o 80 en R el 1 o o

Sipagd anddirebteid fandien tcheseihgednfimeed paddingbit insteed.can

pr ggld% %%qﬁrtog%ﬂpgyel -threshol d pi xel value per cycle

eve 10 that. Serial-to-parall el
@‘ﬂﬁ)tof"ﬁm ’@HP‘Eﬂﬁ"GBF tospagitee putpyt sy @ Brbithatdheandaofisach &, f il
6%&‘!1@:% iR fdend Bﬁaoﬁsﬂﬁél LifilizBbnY R cu@lf setifl bhi¥)@ng A6t tAé ihfough-
en.r gal#gst ed g‘g.?FFg address generator - renenbering
’f‘ﬁéﬁe oo lmc] rator controls the cadence for
THesouipt sarial tlsodikonly beclesstthag 10036 uiizegpwitendiie eeg&nvddimist SHpix-
dibg-iggrialif. 15 Handing out-of-bounds pixels Wen
rts of the 5x5 threshold region fall outside the

a
T FRBYe 190 Beoughrut soraRsdie seyiabiBterfase: the dengersprndiand threshold
fﬂhdtroﬁaéed@ad Suip.R {driverad8) SbitsSevalyl1oepekst ol | ed at the

c . L i.d he .. bei
PR T8 s trls pdC P NG g Aot e Bishtea e
reogesexabos and theeshgld funbticrsdaml elémit posbi pent dyeler bt Tastnwe dikveeto
s@au@]taamiwp%a&é%Ig@@%sﬂs&%d@ﬂegdn%d b. Bottom si de As

each rowis witten fromth ensor side, al
Phibeephandnibere g dead ﬁyct'??é"t t@ﬁ%”acrf aphat tB%?'FFbOf eac“ row -
Wrhstvic@n rarsahat @ ftrideb@Bydldst h t hat sanme val ue. This

I\rng‘?g %roﬁ'l rf:%%oré E\%t %g%hdreés #nefatcg‘%égg ?Foﬁﬁicegt IJD@ B strg%g ihat is

OWs can
diigible: 258 rwawsaeévaWdIaﬁ @tl!i@bt&tbﬁ%ireaw Rrb@seRseRfof eetonrvddthher 8, 18 24

dmmglm@sr 8stFlure®s, Left side The final decision is not
'{}Eﬁ f%%eetgq?&rq 11!?3 cgdoe?zcs:’é giJ tlhlc-:qtt;{rtels %rr?v%gaatltr?ewce%g‘g %‘% the plgellnﬁ (see
Figure 94}, and the 10-bit output cadence each 8-bit block.

The 2-cycle Pre-Fill state indicates the pipeline receiving the max-min values of the two
columns to the left of the first pixel in the reglon. Similarly, the Z-cycle Trail state
indicates the two columns to the right of the last pixel in the row passing through the
centre point as the pipskine s flushad. Noie that the Trail state is followsd immediatsly by
a new Pre-fill state: the data for the next row follows right behind the previous row.

The 2-cycle Idle state is used periodically fo stop the input data raie exceeding the
output rate. ‘ _

The blocks of 10-bits show how the 8-bit data just collected is output to the serial port.
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mask the entire 5-byte result fromthe m n-max
calculations if X < 0. Another would also allow
negative X val ues, but overwite the X value in the
address calculation to zero if X 30 <0. d. R ght side
Wih2ooehs29% coordi nate of the current read w |ﬂc7@ﬁ120041000132
checked agai nst the wi ndow width and the resulting
5-bytes masked if it is outside the wi ndow 128 WO
2004/ 073296 PCT/ AU2004/ 000182 Paddi ng the out put byte
When the width of the region is not divisible by 8,
paddi ng bits are added at the end of the byte. The
Hé&@i‘s@f'dﬁb vl b?%ﬁ%ﬂés @gl]ra(?ﬁg-bh ﬁur{l;g\% Qg\%gl? g e, e se{lg’lges it

e W dth was di Vi Si s’an
%?fﬂq WElgsthere it pronestior 8 HRQ ps surl. utaashift register oFhet dvidress
gensrgier erisums pei theanitt rédistesiDhélef sVapidon to use the
configured padding bit instead. Achieving 100%

t hroughput Due to the requirenent to pad the output
iggpresserms-bits at the end of each row, | will only

Thal :K]gh@& %ehii‘n tb%kmpr&fzdégoﬁ’@ %ﬁﬁl Hﬁl‘irlg' Foﬂtthé) '?Ju&:[lt %FS stream, |

Outéﬁﬁ ? not t
ngige ﬁ@é&%ﬁ lg td%'t'%?d by therimgrratip an lwpromssmkm | |
Tole! bjodsethiie smist beahurk8Of6 méldpemeb m@meie&ecafrtﬁslseﬁaiwb%b. It

bﬁsﬁcaﬁ% Eljozfiﬁ%seé@ipfﬁgall I'lo?dsn%sffe %ﬁﬁeh Ifotﬁlig 8 g%i}% @gpﬁﬁ@e serialif
tq 5706 d1edpeponsapreamble. thee dépvisene bytp wut very 1@\cedesge) 8
Tbé Inﬁgpﬁibeéé{'tfrﬂ @tafd MEM e @dﬁévﬂgmtﬁb%r@é’é kN&Bs tclapﬂg Srteﬁ)g\ﬁ‘fachme

a sf's not a problem Once the pipeline has be
geqs @8 the 15 range-expand and threshol d functl on
lcan dJussific — Bhie isthe 'fpe fisid\ot b, imbge E@fhandorN®e&eid) if. This

e | t_bj,t t
h%)l/c%m éé}s W‘%} f&r‘i’h %ﬂglu egq'& oxrhg #:c%brg?ned l}e\%gee é)@{gﬁe en
Zat t ng 2h 53195‘-"69 Cﬁ'ﬁ’d al’, ﬂ'ﬂ%a@iﬁ(ﬁscﬁ glebdresai\and l:ﬁferr!cies other

irheiioren rows there are four dead cycles. Noting from
or_ al ways produces a

b f h h d

31 ow BTE BLARRE FoonDgiohe PrEYe s o BreRapsst
meh eoraritmmerdisbeit @t the aamp cysl) cedids sibelrmayegiyQdmst W dﬁeh@ycréf
5.8, 1&’he %r\ﬂ@@ @La@ mﬂl' Ié&l fﬁr g§ gciéé nglkﬁ V\%ﬁSer sq?tﬁ eW(IL %ﬁ{ fOé a

shows the cadence arri

.G&’&\esfc?{@ Wishetdda iy %’@emnlm@up@e @mpﬂyiaﬁ@tq, hﬁ@ o fHsi required 10 -

ciolek fbvaradgace each 8-bit bl ock. The 2-cycle Pre-Fill
state Indicates the pipeline receiving the max-mn

val ues of the two
framebufs

Structural block that instantiates either one or two framebuf blocks, depending on the
buffering generic passed to it.

it makes sure the correct buffer is accessed by the imgsensif and imgproc blocks.

The two rq_clks are each directed to their respective buffers.

The two blocks (imgsensif and imgproc) accessing the frame buffers each provide two
memory enable (sens_me(1:0) and user_me(1:0)) signals, one for each buffer. The
framebufs block just directs each enable signal to each individual framebuf block, while
all ‘other inputs are simply connected to both blocks. For example, sens_me(1) is
connected to the sens_me port of framebuf_1,
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25 colums to the left of the first pixel in the
region. Simlarly, the 2-cycle Trail state indicates
the two colums to the right of the last pixel in the
row passing through the centre point as the pipeline
wWe20ok/osked. Note that the Trail state is folPCEREE004/000182
i mredi ately by a new Pre-fill state: the data for the
next row follows right behind the previous row. The
2-cycle Idle state is used periodically to stop the

i nput data rate exceeding the 30 output rate. The

bl ocks of 10-bits show how the 8-bit data just

Trid beet Sisb inSitigEkeRUhe bio 418 &RE bibutBRESs fromd 88:hVMffer onto the
@ 04/ 07I3296 glgT c/IAU.’Z(?ge/OOTOTSZ Because the serialif

NoE e Vel sRIR derdy Ihdqes Nsewpg oL YsehidlUW n 2 singl e cycl e,
Edvhrblek enslrézibst only orevafrits’léhablpcigesls ig $aéiaba timenandribe tigher

lfas%rr ?otd%:l)IFer&\%s Fdtfle It;ﬂldjﬁb%k@ doi %lésh Tl 'eﬁ&'%ther-rh e address

rator ensures register wll never
lgt\mlﬁ Prigiihe &_wiih ﬂ%’i‘,e"é‘ré?r ‘Fﬁeﬁn’“’rﬁ?écui%ﬁﬂP §tze gsach frepegene buffer
RAN\indges) Tifs ld i8baddelidogn 404 néingeretit miein_bigke stream
i ndependent of. the serialif. It is used by the
i mgproc_fs and i ngproc_ss bl ocks. This bl ock thus nust
mnébufned to the operating paraneters of the serialif

I bldek tHA8H faﬂélelt% @%%l\ﬁi?%uf?éh foP btés He #é?rlléjbxﬂ'fef‘ Ftrb\mfes

e start o eac Irst-g eserlal
"1’59 P@Y agers feribe F'Eﬁ%ﬂ%@%?ra@d 67 I°€'Y aFFf"éﬁ t°atIhP Byapresypleck.
byte out every 10 cycles. The ingproc_sertimstate
frra'%hl ge is shown in Figure 96. Notes for the state
Ehi-n are as-follows: 1. FirstG - This is the
Tfﬁsgldockfnr@lldﬁs eh f3_hm anﬁg@lf‘cwmqtestlbm the serial-if.

R BypaRE ! i3l drdbic e - tHibbin, S, dVahdS@4 &i aldéreb&c@!@zﬂated
out a command header before you start® g é‘é ;{}T_HJ
HHFIRAGE dRrdrene] & bit Bpundapy chogasdyingy B 55 chpnls ey ed o
mem*e*as files 5-bit trdtte. Tlms &alsk td mned oo thehdouls part alvagi tnodruis pckive.

Ncﬁe th%t tw%%l'é/re {ed{ﬁgf éJﬁ?atﬁB %E&é z n@%@&& ro ;W& d@éf:%gg quest

st aet rray only last for one cycle. 5 The Hdr Wi t
@lake Wil last for 30 cycl es. The WaitSer state wll

ast for 9 20 c when added to the m ni num
%\'?ebl?ﬁi‘(f'é%'iﬁ?%a @%’grarﬂ}é“%g?ﬁt—ﬁ% “Buired 10 cycl Ies f or

ltig @sgunipdtitet thefa petey faan isSRrhite wide adithizl iodilkide=ipwritable byle lanes.
ik éoﬂ&&é 18'tﬂeh§ it 9 W bR h iPSR6K RAM acce
Jﬁp %g(t %‘}) Er%fe’%erclkng ene%r%lgig passe] actc oIS,
and back agam !t also converts the VHDL unS|gned fypes of the main de5|gn with the
std_logic_vector types of the fs_asic_ram.

This block may need to be recoded depending on the final RAM implementation.

fa_asie_ram 7
This is the component that must be replaced with the actual silicon RAM.

it is assumed to be single-port, synchronous and 32-bits wide with four independently
writeable byte ianes. If's size (in byies) should be. at [east fs_width™2, where fs_width is

the Callisto top level generic.
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Strugirablesk ?Bﬂﬁ‘lf“‘é?““a’ﬁ? §ither ane o1 tyR Subsag Pl bIeGss

It makes sure the correct buffer is accessed by the

i ngsensif and i ngproc bl ocks. The two rq_clks are

each directed to their respective buffers. The two

bl ocks (i ngsensif and ingproc) accessing the frame
wautcbeoeszsach provide two nenory enabl e (semsTAme®:10)0182
and user nme(1:0)) signals, one for each buffer. The

30 framebufs block just directs each enable signal to
each individual franmebuf block, while.all other inputs
are sinply connected to both blocks For exanpl e,
sens_ne(l) is . connected to the sens_ne port of
LPQQE&H% 1. 130 WD 2004/ 073296 PCTI AU2004/ 000182 This

ocC so nultiplexes the two sens_dout output buses
Segening o the

b@mﬁngg&@ﬁbg@ss&@mguser dout . Each bl ock ensures that

nl Si naI et at a tinme, and
AR GTH ol = PHgLHRRPO St SERSTIE ™ Rar tho two. bl ocks
Tihe lva bloblas(hngmamslﬁ apd dhgroed) ecoessng\thetsnb@nwm twffensiggch provide
b%ém\@ln@ﬁbxﬁﬁl@%én@ thé(1 Uﬁﬂé‘rﬁj ds8r ﬁf%.'(%'}b Q.E'lﬁalé RRe ﬁ:lr éé‘chQJuff@ﬁQ‘he

ranestore hi s val
sHRRERHTSRIYA U dgeﬁ%ﬁﬁcgewéwﬁ él%@htps%aﬁfe inddahsoRembur biook,
m%ﬁlé =] bme-a;hglnhk f@@@lmpblﬁlboﬂnﬁﬁécﬁtﬂ bot giScl&h?%rl%ﬁM\_ ple,qaenT - @tb(1) is
or | e rane r,ovi des wite only
cg%%eggg%? g‘% St sle%ﬁ%‘{bgarg?lﬁ and read only access to
Tthlsebhdrgqmulmi@@k thef o sans_dputoutpivt Busss der 5 biiérs oninthe

hfi of :@&H@é}% éoﬁ'it%‘éeblu&%etf& uE&-Saodtt RAM bypaSS i s

pr ov
2 blogh, 8%%”5‘1‘?&9%1&”‘3’ o7 o} E% 8“%% é’ﬁaeg%l st ?tf?et“?ﬁzﬂ‘g §%Sh igher
IBetprdaeyl enslvepipaiche b dlodkdddn'tclweinivih exvtl oiBRed t o
provide a final 8-bit value. This value is nuxed onto
the lout port when tnode is active. Note that two are
bgImb@d per subsambuf block, to provide 70-bit wide
FRSRRASal bick Fll%iﬂn%%niﬂ’éeﬁh@ IRAGK R agmeaa fdes shgi=appahipl@ botdd it
ram IS assuy S as c,.ramis

the f
Pt FE AR Ao Y T PHRROTROIAR] PO Rl Bos it S

BEhks bl ock converts to the 8-bit accesses of the naln

Séﬂ:lé}gsg rﬂarﬁ%ﬁlﬁbh %ﬁl é}éﬁrﬁg pftheh rs lI n

so conver gne types o
deS|gn wth the std-Iogic-vector types of the fs_asic
g@&m&;%&nThis bl ock may need to be recoded dependi ng on

'III'lF| Ioclk prowdgé% Isg‘p i“lal% and nt %‘ié’loi‘[-]éck tg %es?itc'.i cr am _

RAM bypass is also provided here - the din, addr, en and we signals are concatenated,
zero extended 1o the next 35 bit boundary, chopped into 35 bit chunks and XORed to
provide a final 35-bit value. This value is muxed onto the dout port when tmode is active '

Note that two are required per subsambuf block, to provide 70-bit wide access.

S5_Tarlt

This block provides a wrapper around the ss_asic_ram. it provides no other function
than to convert the VHDL unsigned fypes of the main design with the std_logic_vector
types of the ss_asic_ram. :

This block may need to be recoded depending on the final RAM implementation.
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This is the conponent that nust be replaced with the
actual silicon RAM It is assuned to be single-port,
synchronous and 32-bits wide with four independently

30 witeable byte lanes. It's size (in bytes) should
wWiERbydeaet fs wdth""2, where fs width is pbeav2004000182
Callisto top | evel generic. 131 WO 2004/073296

PCT/ AU2004/ 000182 subsanbufs Structural bl ock that
instantiates either one or two subsanmbuf bl ocks,
depending on the buffering generic passed to it. The
two rg_clks are each directed to their respective

gg g%n% 5 The two bl ocks (inmgsensif and ingproc)
accessi ng the subsanpl e buffers each provide two
“heigisithe compbhent thebmustipe (dpla@pd itk thessahsilican BAM. si gnal s,

Resth-pGRG chH:fnﬁﬁg and! 82bi @H@Sﬁ"g‘?ﬂﬁiﬁuﬁi é?fé‘ls]c{é%rrmmed by the

irects eac ena bl e si na to e
Calldaion ipvelgepere s Wﬂhlaé‘ & Pl asigwes are sinply
connasweﬂhhmﬁ@htMﬂbmanﬂ For exanple, sens_ne(1) is

conne&t FFS‘?SM§$' pprt of subsanbuf 1. 10 This

bl ock ™a exes e two sens_dout output buses
fromseanﬂﬂjﬂ;ﬁff@ﬁ %mwtdtm*ess beigiier | evel sens_dout. It

does dhb@%x?%tﬁé’heﬁéreﬂart%%?eal RaRberl ock ensures that

one its. enable signals is set at a tine, and

%) PRt R PSS %%F“%?%'%%l"%gﬁ"éﬁpé%c 2 P3%R9% wo bl ocks
don't clash with each other. 15 subsanbuf A structura
QE% GKeif hat instantiates the RAMrequired for a single
nple buffer. It provides - read/wite access for

%@owr@s%%e BT imgsgnsifiiela i raitiigek et Bushes gate frem the sensor

o MR andlsOs-KamPiBeoddely. ess mani pul ation and data
mul tiplexing is provided at this level. 20 as rare

bi st This bl ock provides an ss_ramand a BI ST bl ock to
teestmiy . RAM bypass is al so prOV|ded here - the din,

@Q&gfee ﬁﬁbrw %ﬁgmslhgﬁgtjﬁsor%@e 2RaLE ﬁn‘lte Faﬁ{apdata ﬁéugays

ext ended next 35 bit un ary, chopped into
%W*B%ﬁ%ﬁ@§°&ﬁwﬁxéﬁﬁﬂnﬁo 25 provide a final 35-bit

l’L/ééte@s thd Réig e Wl isinse dﬁb&@@ﬁérﬁ% @ sinBe pd@tdbn ﬂerdutgadng Reyned.
e is ac

1bIBE TS P b B85 Bk i Bl ol e e Ghtermge o e

serialif block via the tesi_daia signal.

sens o

Conitrols which buffer a frame will go inio, and controls the sensor side clocks.

If a buffer is available, sens_ctrl passes data through to the next available buffer and
waits for 'EOW' from sens_ss. EOW' marks a buffer as full and causes sens_gtrl to
generate 'new frame' fo the serialif. fin_frm_proc' from the serialif frees the oldest
buffer. If no buffer is available at the start of a frame, the frame is dropped and =a
frama_missed' pulse is generated.

Two VHDL architectures are provided in the design - the fsm architecture is a double-
buffered version (Figure 98), while the onebuf architecture is a single buiffered version
(Figure 99).
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This bl ock provides a wapper around the ss_asic_ram

It provides no other function 30 than to convert the

VHDL unsigned types of the main design with the

std-1ogic-vector types of the ss asiﬁ r?m Thi s bl ock
to be recoded depending on the fin 04

@n%?ogr@r\g%ﬁau or 9500 50041 079206 Pet AUBGSATY 00162""*

ss asic ram This is the conponent that nust be

replaced with the actual silicon RAM It is o

singl e-port, synchronous and 35-bit wide. It's mninmm

size is determned by the Callisto top |evel generic

;% i dth, and is calculated as follows: 5 ss_wdth =

G (*fs width-1)/3)+1 ss_hei ght = | |

siens_(ﬁ( seyfaningl the-mindbpving) furictios andrerites sl egtaiimsjde=ths rindbetidio the

fmd,rgghﬁé@here int(x) is the integer part of a real

X..- See the ss memsize f() function in-the
'F ﬁ'ﬁ% éﬂ%‘ﬁ?"@% SWRBIMPIPaRiRh Gub-row wrljesyperasming nieel siptivation where
rEngledﬂnﬁl)aSSeﬁm&dafhels§n§s§blbb1&tUra' bl ock that pushes

h-
% selgbés%mfge psbéle?]s ?{%\% E#?S%?ré"zh ?%grtﬁ? ﬂ_@su lln the same row
qf Atseibsample pixel Mibuss evdrdhree niverdt a_ametmem three fubaow veiabaare
sBh¥BYach SUREIEE pixe?. Qﬁhéﬂ [ﬁ)ﬁel l%gﬁ:cta't'i&ﬂsgeﬁ%eg %{1 e bottom edge,

detects the risi ﬁ ync and generates
fewardfian tge seb-igy va %S’éfﬁtsa’@?r ng isyncl. In test m)de
Subisamblequtel Wplldatu&rl Emeﬁbmﬁe‘al’ﬁt tt%VﬁéHl ah@ wer ¥adddei e WiRGow.

"REL PRl T bR Bl ip FoRBL Epid LR B Plmagise
SHMWi Wlunreg@aiemp@celsarmwe@@merrw sTheheordedsing tisd ldst row of the

uﬁrl!déﬁrkﬁns ihtbrnfedRtd SUBT is 'a%o"i‘i’{zﬁfdh@obijaf‘l plﬁﬁ B Atbdbkr @‘E}&ggﬁﬁat need
thro htothe next avaj | uffer

36 Pl 2. g e TGS v il e pateege fsoge o=

bfagkl! and causes sens ctrl to generate 'newfrane' to

the serialif. "fin frmproc' fromthe serialif frees

the ol dest buffer. If no buffer is available at the

8RR of a-frane, the frane is dropped and a

seid adTBkeD iAS Qb-saRipleS B ivalug SRPERERE the sub-sample buffer,
The subsample buffer is capable of accumulating 11-bits per pixel for an entirs row of
subsample pixels at a fime.

When the first sub-row valus for a sub-sample pixatl arrives, it overwritas the valus in the

.subsample buffer. When the second or third sub-row value arrives, it is added to the

value in the sub-sample buffer. When the last sub-row value arrives (and this may also
be the first, second or third sub-row value depending on bottom edge pixel replicafion)

“the result is divided by 8 before being written to the sub-sample buffer.

flash_gxposs

The flash_sxpose block generates the flash and expose Image sensor timing output sig-
nals. The fiming of these signals is based on either the internally or externally generated
capture fiming S|gnal and the flash and expose delay and hlgh-tlme configuration
values. A 24-bit counter is used to either generate or frack the capture signal depending
on the state of the Captureln configuration bit. Two 16-bit counters are used to generate
the flash and expose signals. These counters (one for flash, one for expose) are loaded
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Two VHDL architectures are provided in the design -

the fsmarchitecture is a double- 30 buffered version
(Figure 98), while the onebuf architecture is a single
buffered version (Figure 99). 133 WD 2004/ 073296
WeChH#1J2004/ 000182 sens fs sens fs perfor s pclav2004/000182
wi ndowi ng function and wites all data inside the

wi ndow into the frame store buffer. It also

cal cul at es sub-sanpl e pi xel sub-row val ues (perform ng
pi xel replication where 5 required) and passes thene
to the sens_ss bl ock. These sub-sanpl e pi xel sub-row

\Mﬂl M@Sde%&evaﬁ@ewﬁéanﬁf ﬁlﬁ %BE&e|s pp‘uﬁ%!isﬂlt{] éd&ﬁt—tfo%‘sandogve

a su ree

SﬁP%@éP%ﬂﬂyﬂW%W% r¥k-res ‘cﬁé@ \@he@ thes equnt is @eroeatatiich point the

iy SgHEp {ﬂ@sipbﬁ(éﬂposéﬂt-ﬁéhs@ﬂté@e Wi'feﬁ FtHe' H@{ inﬁ@ cdnfnt Féﬁélfe@ rz@?%dthe
Nelp thle cIJStto g u{ t ]-E)owv
Tng g T@g%?jﬂ %%FP& & Be&é?mﬁl%splﬂﬁeyﬁ i e Cﬁ%twrreowﬁ@dfs

dgtecteHe ri ght and | ower edges of the wi ndow. First,

ThB @a g}éﬁorsél Hﬁclpéc)&@!)ts lt[‘% \raﬁmt g‘ér?érg %h&:ﬂ dBied ind {ahnég%i)(/:n of the

require produci ng sum w
fYﬂHF‘E’EﬂLl%héﬂ“Tﬂd)@lysmthe E'Ffepas%ﬁ?@“r ow Then, only during
the last row of the w ndow, this |nterned|ate sumis
39 o nultiplied by 1 plus the nunber of rows that need
O be filled - either 1 or 2. This is the final
Assityclucahblpgh centaiiag sirchippizsre dortdatat tremsteenissheaen tibsdid ackiclk

48 RERs. IPret s P s §ﬁlc¥1ﬁﬁlz§tf6h anA Rl S ld %éé%r'!ﬁﬁpugg

updat es the sub-sanpl e fer. The subsarrp e
capabl e of accurul ating 11-bits per pixel for an
semtfirogizerow of 20 subsanple pixels at a tinme. Wen the

Sghrrh?‘c;mégg sfgiﬂﬁf t}éﬁ'!g%estgl%farcﬁﬁgtgge SA0 rﬁBF‘% vﬁtﬁ Frfeariumbéﬁcif’r?taiqteﬁ

dged $¥dsimevichitagess b oansianifal- J b= aynchipeiger desion i ihddtaidd

it gdr@goo.val ue in the sub-sample buffer. Wen the | ast
sub-row val ue arrives (and this may also be the

first, second or third sub-row val ue dependi ng on
r@ﬂ%m edge pixel replication) 25 the result is

v%%?%yﬁ/ b cpeixpl&ﬁ*olkﬁfés E Vgcl kild Iﬁ@ feef Q%B%ugrkas%%h e an

pose

aﬂ@ﬁﬁ%ﬂ% s"*s%% ﬁ“mﬁg@h@d@p@%@wmwi@ Grising eded)nThegnumber

oD erRtioniBbdsiabad o dam@dlt by THRINGh éfh@%l%gsé @B aioastas% RaSesls
S\mchrcnuereurseé Hl;e)ﬂcl'pgttr?ari%?e n% rsgsrei el)ﬁa%rns? ?nodg lr%u{1 (e moée? enables the
output reset signal to be fully controllable during scan testing. The reset_sync design Is

illustrated in Figure 101,

sig_pulse_sync

The sig_pulse_syne block synchronizes a pulse from ong timing domain o anather. Due
io scan-test restriclions, this is implemented using flipflops (instead of latches). The
operation is as follows: the rising edge of the source pulse asserts the req signal. This
req signal is then synchronized by the destination clock and the rising edge of the
synchronized req signal used to generate a pulse in the destination clock domain.
Meanwhile, the synchronized reg signal is fed back to the source domain, where is it
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30 capture timng signal, and the flash and expose
del ay and high-tine conflguratlon val ues. A 24-bit
counter is used to either generate or track the
capture signal depending on the state of the

woepturrglon configuration bit. Two 16-bit couRbemy2@EB00182
used to generate the flash and expose signals. These
counters (one for flash, one for expose) are | oaded
134 WD 2004/ 073296 PCT/ AU2004/ 000182 wth the del ay
val ue when the capture signal is pulsed. They
count-down and are subsequently | oaded with the

alatsgéa & g&nu@b&b% YM?se?ﬂfc 54 kg L&e@ Sset Bl M{g nggr_eegé@ﬁp

he timng or expose) 1s as

Ffﬁélghpﬁwvwe%wﬂ"usf@é@ch@s:ngz@ 2.the timing signal
is negated and the counter renai ns i nactive until the

Vst Ise is b5 detected. The flash-expose bl ock
acceaégugﬁe vari ant generic which disables the

T@‘@W@ﬁr@indﬁpendwt generids wkdjindhs dasignch i s used only on
ﬁh@%{aﬁﬂﬁp@é}neﬂ@fékgsn on N Gdlues P eﬁroﬂaré’rc\; %Iflgtob Lrﬁ% Ke sst on the

contalnlngw ync roni zers for data transters
sROtEoNIO! Hifrorechiack apshiapprsad thiughott fijsedesign w@e@rraqaurred itis
usyd) GiustNitE adptiiBe ahe sUBLMipld BURlr, addPSet eqBBbrD Wud &iso in the

y | Synchroni zes a signal using a standard
Sﬁ J;]'?Qlli"Ecg’%s&orfﬁc§hron| zer with the nunber of stages 15

TaeﬁAUﬁe@sbgeneﬁe talienes fhec/aeaesingle ar bndoubie. [{i3)iso Bateon the
MG A oR 1k ﬁ'ﬁrcu%eédd QPrekg thEJe%EB@ot ﬁqs ‘Jhr A& b&ﬁftﬁné@%stanﬂate

rese ne reset _sync onl zes
RCReEUR 6 9 SUBECOGTLR PRIRS B O 6 HOCE be refiectd inthe
BaffgringNoon Beld ofdss etip I[f fegistdrng edge) and synchronous
Tﬂs gsat\&ﬁdtf'l g 5&'&93 geg gﬁlhe %egtr?urgﬁﬂ‘? g@%fvgifé AH%OQ Ig%el@t léﬁrfaﬂnes
tl(eslyl thﬁﬁ@i Seighiyafh Bt r@ﬁﬁztere hyifers- « EF‘éif‘h feinggerethtier rawst holdat least
f4_Qasi+fs_Width 531%‘51 ah®# Sad iﬁ@é’&n {ARdg), 288 allgl‘s%iukh@umg% Bidy-

8! ripe i s Bt BOPGRS 3} Soprinsir e s pibsampe
bmifegw Aitass 25 dedctbeuuibses sypcihe PhehiistigraONep8as Yy NC
Tﬁé %%E‘I@%M'féc Qﬁaoguﬁ-%ﬁibamso Hllolgl}% fsre 1{!1]= Q0 %Mi%!’ém]g&%qg qg%g[gultat% the

a?fﬁ%rc@m fﬂ%"%u%ﬁ'ﬁgafg ?ﬂréﬁ;qrso%@% Winigh @a@g%;a Hewe aretby mefh eize
QORBIE. atHxQﬁemSSi@Sgaﬁ@id QWS4 S\hﬁ@ Bl\ﬁ" AGuiRd GcaiulatBe SOHES S
Rﬁm Sd%re%g’g’s o‘iesi anc? by iﬁg s% | ram emd fsé agic_ram behavioural modsls -
which assume that the final Callisto implementation actually uses the minimum required
memory sizes for a given fs_width. If more memory is actually used than is defined by
fs_width, it will be used, but will not be tested by BIST.

The three generics always appear on component entities with default values of
v_suropa, b_double and 128 respeciively. These defaults are purposely set io the
values required fo synthesize Europa. |
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30 req signal is then synchronized by the destination
clock and the rising edge of the synchronized req
signal used to generate a pulse in the destination

cl ock domain. Meanwhile, the synchronized req signa
Wa20pgestpack to the source domain, where i s PCT/AU3@INGD:S2
2004/ 073296 PCT/ AU2004/ 000182 acts as an acknow edge.
It is synchronized and used to reset the original req
flipflop. The sig pulse _sync design is illustrated in
Fi gure 102. VHDL Generics 5 There are three

i ndependent generics used in the design. The variant
EifpsiNe takes on the values v_europa or- v_callisto.

Tghiﬁr'; s %t on the instantiation of the core bl ock,
Rgepgn QE Eﬁat'fﬁrﬂ’%@ﬁwmth?"rr%ﬂ%§ﬂ°b¢f}l\hﬁé?ﬂé‘6f#f@cf@ﬂ g dangigd
with relgivedasmst |y to optim se the subsanple buffer

[so..i if . hand
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ctrals s valtes) tp %esbugfzrgoar@emheo @ rehebuffenis tegeivédatheaewafame
el [t%@ﬁtﬁs 11t SERAIRBGhNREIhE nDRB&eH thd Eug’eistpéhs\@ag v&r@cen It is this

wSondi f onal, I i,nst a E{I t he secon

B 178} b spyal %beﬁﬂeﬁ% Lfﬁjldﬁ with all i5iRrepg C%F'B%W@Stf%thﬁémgpmc
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TE@ gih?é Eﬁf{er%cﬂé?‘cm@etﬁ\@e%rﬁbgﬁ Gﬁhé SefsSct B OC]TO‘?"I tag* Alow Eo one%g#er

esig
aa%wﬂ*muteﬁeraﬁﬁwqwefrgrn@ d@iﬁ ic e’ f Fan@swa seovisutefvdrame ayanthin a
dbubmFeaficeiitddn®int. "nust hold at least fs
width 'fs width bytes - and it can take on values 1 to
256. This value is used to calcu- late the framestore
Singld Bufid®iflg addr ess fromthe (x,y) coordi nates and the

Tﬁé‘@é&?&ﬁ%l@ undi Bsrﬂ'l'al &%gét@gqr eﬁ%gﬁ?ﬁ%ﬁe@hggﬁ%@ﬁﬂ\%u&%ﬁf

Architectura rvi ew
'§’H‘ﬁs I8RBLAveE nore eeeralios. inledingallgammenganeric to
cal cul ate the 20 ss_asic ramand fs_asic_rarn nenory

: A ssed down as the nmemsize generic.
S#'ﬁ‘égé%%m M e’%é?‘] c is used by the BIST circuitty

Figgrec Hlec ghavtseatrrenen arisiog  aif the Rwyberdd rietse She OFinieistd, Faint
Plb»}ée#fh@ SRnPeifes rrr@mtﬁm c:nf;esss@rs e@%égﬁgaﬁéé\@ Flraﬁ'le d%rﬁ‘eq

assune that t final Callisto I ement at 1 on
'"é%stpﬂﬁsral'?‘sl‘ég'e@af ﬁé"‘?ﬁaﬁfﬁﬂﬁ Pragfieined mermry sizes for a
given fs_width. If nore nmenory is actually used than
DS ped. by 25 fs_width, it will be used, but wll
&m %Lht est ed by G ST. The three generics aI ways
F'&‘ﬁﬁ%&w apg Mrﬂﬁérﬁ@nﬁd@ﬁv phavedpullettiviferinganitht  val ues of

Sa\m&bt(d@ﬁéh ashmaﬁabbaatﬂmor%iétﬁ&@ﬁct ively. These
&fﬁ?ﬁ%{ﬁr?%r gﬁﬁgﬁgggseregdgedtwrhg the values required to

One missed frame

CLocK CIRCUITS

There are three main aspects to the clocking of registers;
Separate input clocks for serial and sensor timing
Buffer access by circuits in these two clock domains
Low power operation

The following clocks are derived from the two input clocks:
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136 WD 2004/ 073296 PCT/ AU2004/ 000182 BUFFERI NG The
design of the entire core is such that single and
doubl e buffering can be handled wth relative ease.
The doubl e-buffering schene is fundanental I'y

woandgoedbed i nside the sens ctrl block. It Bceantnwnabmis:

its owmn wites to the buffers, and when a new buffer

is received, the new-frane event it sends to the
serialif contains the nunber of the buffer that was
witten. It is this value that the serialif
subsequently includes with all its inmge conmands to

t he es to enable the sclk onto
r‘l' chI,{%’%QSctW? Q{Fﬁgmﬁﬁﬁ] #ﬁe single buffered

arl.cqiﬁ ﬁ@ériﬁ@!e(ﬁt@mbff)‘ormcﬂq he sens_ctrl block will only
al sy O 8ABcRLifonPSalk. AbRedRfh Wiehla RR1ebcBYREs Silable and disabled
new frane.data.id to '0'. Figure 103 shows new frane
evenP oW RPWEr MadRinI e buffering environment. Single

Bud _fcir sougcelifenbintia Acﬁmcﬂn@ winddhe parspais vajlieg & therhuffersand
no [ in Figure 104. 15 Figure
105@%%\%? Jr?gr?r%gﬁw b@? ation, incl ud| ng all commands.
swmgqﬂ‘@)aﬂrﬂf%wheNI\%ﬁPﬁW is dglag aeqes¥edr; gure 106 shows a

f rr@rm B ddivd \Hlﬁbna:tuffbhﬁlslbt@ﬂ§ Eéb%‘séedt(fﬂ&ﬁieebdfﬁﬁe d ifdatia88eshly)
ocessli. n en rri ves r ocessor -

P g*@-ataf R PRt gy ks 80 St REL e BRRE S et
witiain i tbey g afotidng ‘Térnitiess [iie dindrrSindodlr ogtereguing ‘any Bpedi! ecircuitry.

S@Hﬂ%s ' Eig? Féep:gw#ﬂﬁtel¥oﬁeflnéQQnt@p %@Qemf ei%ﬁ&ﬁéd % | é’orl%Q{Sdemg

ence as nor
c'eﬁ%ﬁeaﬁmhb%\ems |dHEjP9éa¥9H? pliqwsJijs fobaealissd f r arres
EstHH th@ﬂ&oltq_cm@aﬁbearaﬁe \oF thta&wo Cof=rewsHe Cﬂioﬁlﬁ]@%ﬁﬁ&ln%lﬂﬁk eme.
ere ar thr C n

ClLRCU TS h
EGH et Ber P our g b s & vth BE e TR e B e di o)
fuwelimds amamnmghe Buifef eihe indzreal srofngolcinsgigk taly ons titewil dcms a

b&ﬂ’a‘?%ﬁ‘an@%ﬂ@{uﬂ@ Low power operation The foll ovm ng
clocks are derived fromthe two input clocks 137
Each of the sclk and iclk domains confrols its own drive io the rg_ clks The intermal

protocal for swapping clocks requires each domain io simultaneously tumn off its drive ie
an rg_clk and io send an indication to tha other dock domain through a synchronizer, I
is the latency providsd by the synchronizer that guaraniees only ong domain will be

driving an rg_clk.

IMAGE PROGESSING ARITHMETIC PRECISION

There are three places where precision is a factor:
Range-Expansion and Thresholding
Sub-pixel Generation
image Subsampling

Range-Expansion and Thresholding
Referring to Section 3.3.5, there are no special requirements for maintaining precision in
the following equation: '

v >= ({t/255)*(max-min))+min
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WO 2004/ 073296 PCT/ AU2004/ 000182 s_cl k: always active

- straight fromsclk i clk: always active - straight
fromiclk sq _clk: sourced fromsclk. Active from when

a frame becones avail able and disabled. in |ow power
wotlel/bripgg_cl k: sourced fromicl k. Active onlactwEnodonas:
sensor is witing to the buffers and disabled when in

| ow power node rq_cfk(0): active when buffer 0 is

bei ng accessed rq_clk(1): active when buffer 1 is

bei ng accessed (double buffered incarnation only)
Fundanental to the clocking strategy is the assunption

f..\gag,%?g %ﬁ{g% tp]'re%gntgﬁ ta?éea%no glf&85§oxat18nzy}¥tnnhﬂert I}% t|1\995;1c:tu:-3!]y

require any
C@bﬁ@ﬁdm1@¢ﬁeﬂﬁiry Synthe3|s using appropriately

Aedi B8gbs RlIEpretibiog ks kRiktaibd bp\RFehRiig GRé MAmBONER Bk where

cl ocktree skew bal ancing during layout, allows this to
N5e°5°8%1 i sed. Each of the two rq_clks drives one of the
two buffers in the double buffering scheme. Each

4.8 ﬁ sourced fromeither s_elk or i_clk (or
ne| ker‘%ﬁ dﬁsendl ng on what 15 function is accessi ng
Allhepasaifone are fncwep@rwt birgrel Abpbsiages: Bt PIRCSIONOIR| R2iBAieed by
lﬁdi’é’@.lﬁ@'tﬂlé nudeeSfDitd whbrdink&dssal. any one tinme. Each of

B e AR A S SORAGRSe b 3y L B AP v

achwcidston, eanslmalstremaﬁngiatrﬁw endt 0 sinul taneously turn off
its drive to an rqg_clk and to send an indication to
the other c|ock domain through a synchronizer. It 20
Imgge RubsadiRgy provi ded by the synchronizer that

T B RERESNORobese NRisEERBieRuINk | Hind 8-bit deiudé NE barsumehet) ken

AR THVET, SI'ON Th h
Ry SR R B T adbor: 25 e
Tm@ffﬂ?g@k@op?éﬂgud@ﬁgraﬁ@pérmw@mwrﬁ@mgg Hogsing ebinprisian i ienthe

RIS sRURSAHR ||dpﬂﬁfalLB§g‘ﬁ'§s EXRANSHAR |ﬁe§l£1|nﬂii§i%§m1'cﬂ1 REosifg
Referring to Section 5, there are no speci al

PRBGBIOPER®nt s for maintaining precision in the
Thel i esiidvad pquate@n: v >= ((t/255)*(max-min))+min 138

e The summation procass only requires that the number of biis of storage at all
stages is sufficient 1o hold the full range of values that could be possible at that
siage, The result of this procass is a 12-bit unsigned number, which is adequaie
fo store all numbers from 0 to 25570,

e The 'divide by 9 and round’ process is more complex.

We were able fo use a Taylor expansion fo get the desired result using only a subtractor,
two adders and some shifting.
We 'lucked in' here because the binary valus of @ is b1001, which can alsc be
represented as b1000 * b1.001. Thus we have:

resuft = int(b0.1 + acc / (b1000 * b1.001))
The (acc / b1000) term is trivial - it is just a fixed point shift, which costs nothing in terms
of gates. '
So we are left with the interesting problem:

acc / b1.001
The constant b1.001 can be rewritten as (1+x) where x is b0.601
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WD 2004/ 073296 PCT/ AU2004/ 000182 The t/255 value is
presented as an 0.8 fixed-point binary nunber: it is

not actually <calculated in the device. At all stages,
full precision is maintained by increasing the nunber
was 200i/d3200here  necessary. 5 Sub-pi xel Gener aicronzdishocors:
operations are fixed point binary. At all stages, ful
precision is nmaintained by increasing the nunber of
bits where necessary. Rounding is perforned by

starting wwth a constant value of bO 1 (binary 1/2) in
the 10 accunul ator, and sinply truncating at the end.

WhgesSUb-sampl i ng process basically
reqU|res nlng'gﬁﬁltggalues to be sunmed, then divided
bycd1aRd TaEhUEd X'oZoEducke an 8- bit result. 15 The
preci si on=gtc t e xfleqiokp 4 4 Ogerational Iy equi val ent ‘to
floatln fﬁ?ﬂ T%,g E@r jon - i.e. the result for all

PILLT ™ %u aPt8%gives a result that is
i g/ Gt pyl13 habd te(1f—rb0mﬂa) (i ®&DI00GO01POHILOCPOENDESTHIOF ..)
'H”E'I §t|![' lﬁvcﬁl%g'ﬁtvlﬁ |tb n.se:f1 gtaskT e ?su{tmf?'{d hBY %a% of the

requli res t er of orag
’a‘Ff‘Pas”’Eb’ %iaél@régrmsgs sqgﬂ*rqddp aive the@eﬁm%acpwec»f ul'l r ange of

Tl sldl@ﬁor{ Waf toeeslh Srd@fo&@%trwd% Bheck Bt reSLﬁttcﬁgﬁi‘posIB% input val-

(RO 5 sho Tl Pe” "t el i B (1o rs B hwpr ' sma

_@Esé\r‘g valughvelsdidvedte thy fifal aasolt icoampjbxupateamm tes;nn reErehe input
r‘an‘?d@{!\fé)%ld %lé“ﬁéﬁoe%msg \ntechaH 9{5"%%5’: SOPARL %E] fﬁ:r&r}ggﬁc}ing

the desired result using tractor,
Wr‘ss%‘ﬁ?d”@@ﬂ@wi‘ﬂwyﬁﬁggewnﬂaﬂ%ked in' here because
lrlsrlepaismoral ue of 9 i's bl001, which can al so be

'S as _b100 001, Thus - |
AR SRk e ol Ra b wild Biee b 00, ™
Thercangrsl aoepss ra$thods'-| are Ehovinus Figref 110e I'hp oipdate sirild & just a read

WRlkehreRgks nothing.in ternms 30 of gates. So we are
left wth the interesting problem acc/bl.001

Frame buifers

. Each frame buffer is a simple, linearly addressed, byte-wide, singls-port synchronous

SRAM. By design, only one of the two addressing ports will access the RAM at a fime.
A generic, fs_widih, defining the maximum row widih is used fo generate the linear
address from the (X} coordinates:

Address = x + (y * fs_width)

Sub-sample buffers

The sub-sample buffers are designed fo allow single cycle access to the pixsis of 8
contiguous rows from the same column, but with the added feature of addressing on any
4-row boundary. This provides single cycle access to any pixsl, and the two pixels above
and the two pixels below, for the auto-level-threshold algorithm.

As shown in Figure 111, each buffer is implemented with two 4-byte wide RAMs, some
on-the-fly addressing and some re-ordering of the o'utput data. Each RAM is cut into

~ slices - each slice is the length of the maximum row width, and thus each slice contains
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The constant bl.001 can be rewitten as (1+x) where x
is b0.001 139 WD 2004/073296 PCT/ AU2004/ 000182 Usi ng
t he Tayl or expansi on, we get acc/(1l+x) =acc*(1
-X+x2-x3+... ) =acc*(1 -x) (1 +x2+x4... ) or nore
woewmishiea |y, for x = b0.001, 5 acc/ (1 + bORGWU2msA0AS2
* (1 - b0.001) * (1 + b0.000001 + b0O.000000000001 +

.) This still involves an infinite series, but the
task here is to find out how many of the increasingly
smaller terns is required to give the desired
accuracy. The solution was to use a brute force nethod

b SRERG s KB M Lue ik B A3 BAR o idnalkR g pdis e

reeyingd Towsowever a small 10 constant vaI ue was added to
traawb iRAds (Eﬁﬁfélahdmwﬂ Qﬂ’e@ﬂﬂr@%e@ sbbeﬁatél@ I?%@d@ﬁé@i istsh Iied

4R b Bt ot RAME 5 QEﬁ'aﬁ‘Foia%Poﬁeﬁ’ﬁ%u%g ey oy deta

wed Jgatstlt'saiddechEa fedm @AMOVanbiitggeur MBEss fram RAMINFERRAdRESs is

Sl by A IO P9 A 05 e s
cilseidydhermalmys ray dengidih - thes mEtrisying datadromriha sgipe golgmn, but
BYHE Bout fowls %&bwa\‘afh%ﬁﬂan Sidvk OMYe FeRiiny B bl daﬁrvmls %ﬁn@@ wih

ig‘salfoh[\f}vrﬁgg‘?ro %Mé aﬁa n‘ts @%ﬁsﬁ@uﬁ%&{gy a dr Words are

sd.asb@nsmmﬂ'agrasme of the two addressing port s wll
§ Sﬁd{ﬁ%ﬁm Maddo LdidRxte the gﬁgﬁ{u'rrpsubg Sooth Shvicth ss_width,

finin e maxi mumrow w d IS used enerate t he
wmweéfr us@d&r §83eratE ofie t Imear iuty%antpéfmaawﬁ%ﬁ é’gm hgdlogisd &)
Shbsantple rrdyScotadbied: 25 Sub-sanpl e buffers The

sub-s | e buffers ar esigned to allow single cycle
accesg‘g& [he* f—%‘g‘i’tg S'frd:} conti guous rows fromthe

vderaethe divigion furigtu:tn "Wiig the slardzsdidfidldL fefmition ef '6f addr essi ng

A29% - e oﬂ%tb%%ﬁﬂéb! wit {Ha%dcﬂ}é&v i fHRRaRk Rﬂétﬁer‘-‘df%ﬁo offsst
e two pixels above and the

access to a I_xe

theddspseiop &f ‘B‘é}fg\ﬁmsf’%?a"f%ﬁeda% o- | evel -t hreshol d

al gor iotfen= -BQhAS (\ahaye) >=m Fi gure 111, each buffer is
i npl enented with two 4-byte wi de RAMs, sone
on-the-tly addressing and sone re-ordering of the
Fpatnplst!: dat &Y HaehARNgsi=s0, @ifestisft o

RAMO_addr=0 => dztz oul is Colurnn 0, rows 0 io 3
RAM1_addr=10 => data out is Column 0, rowe 410 7

final result is (LSB first) Column 0, rows O to 3, Column G, rows 40 7
=Column 0, rows 0ic 7

Example 2: X = N-1, Y = 4 => Address = N-1, Offsef = 1
RAMO_addr = N-1 + N (the extra + N due to Offsat == 1)
=2N-1 => data out is Column N-1, rows 8 io 11

RAM1_addr=N-1 =>data outis Column N-1, rows 4t0 7

final result is (LSB first) Column N-1, rows 4 to 7, Column N-1 rows 8 to 11
= Column N-1, rows 4 to 11

A layer of logical addressing sits over the physical addressing - the logical byte rows,
which actually start at -2, are mapped fo the physical rows starting at 0. This is done so
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slices - each slice is the |length of the maxi mumrow

wi dt'h, and thus each slice contains 140 WO

2004/ 073296 PCT/ AU2004/ 000182 four contiguous rows
side by side. Slices fromeach RAM are alternated to

W avi/ele20al | the required rows. The two RAMpoRANI4BNGS2
RAML) are addressed separately. If the address is
supplied w thout an offset, both RAMs are given the
sanme address. The resulting 8-byte data 5 word gets
it's four LSBs fromRAMO and it's four MSBs from RAML.
If the address is supplied with an offset, RAML gets

t@sﬁ%eﬁg—@&@§ %ﬁc{aje%]s%};gé\y”ﬁle rPh?ﬁéa( ’(ﬁp[?s aggrg eglﬁlag(s con fi{sstﬁé 5

haxi us retrrev
éﬁ?‘t“ﬁ@d &5 pee Columme! tf@muto- mﬂmghuncfommentreﬂmsrou@d b pixel at
thed{xlyPEookdidte. above. The resul ti ng 8-byte data word is

TR it Bt e RIS i Relet i Ml dp BBay e
design dethe IaatorlemHWeshﬁildeTFﬁESSlmpliﬂchtlogemmes dromsthel $atl iabyou can
GRSt ReobilafhalBF D1 UGS TR of BNl _gggp%;@wb get the

s used generate t I near
t‘ﬂ%‘&?"‘@%"‘f@%“ﬂ%’@"oﬂe\ﬁ Balow.(x,y) subsanpl e array

T&HO Q&sdmmaiy%mwé% §1§c$ effechively \ﬁéisié&‘ HbRever, (tMéyBaill 46ntHh @6fes of
e divi 2s?t andard VHI DL

on i 0 S
ﬂl?h'??tﬁw Pfsth f"dolff’ 5 Qeé:%?r} " B?Qe 127 he offset - is -
Ezaip pAMew!l agtudily i3 Senitel wisle sathdrttharf-timtvéde. Whe biter thiee bitowill

bE Ous%fj ft?/efhe éetﬁgo:aggé qg, fdr%eoﬂ‘he eﬂ T[.gf%é?zlxr? f&'a’éhg LQUB&SH ple

aGC”"‘P'a“% and WAbRﬁ '@%‘%’EW %/be’w@ef set =0 R AI\/D_addr =0 =>
Toatausoufor the ebh thige Hiis tsf mmh@mbﬂmam !Bé!hﬂeg@edﬁalue tﬂat-néﬁds to

o3 ) o oA ok & Rt el Tk ot S
re;qu:rm Cobiisiptab Theemexia lhr@e Pliewid g re-ugred v eacN-rQw inythe slce of
G, sﬁd‘grtﬁesﬁtoraq@f&ahgﬁ@g‘emlda is ;-?IQt B&h@;l%qgé a Subsatngle u%w is

éthe extra + => dat a
"oPIEEs) Fevanery stprs e feehy- bit Valygn addr = N-1 => data out
is Colum N1, rows 4 to 7 35 final result is (LSB

5%1‘5%5‘1%5'?8!@3&‘?3 N1, rows 4 to 7, Colum N1 rows 8 to
Direct Frame Store Writing

Direct frame store writing feature iz intended io be a system-level tesfing feaiurs,
allowing Callisio to be fested without an image sensor. Frame data is loaded Info tha
frame store by a series of image commands, each containing four pixels worth of data.
The serial interface block sif_msghand inferprets frame store write messages and
generates command words. When the WriteFrame configuration bit is set the sens_mux .
block ignores the external image sensor data and drives the internal image data signals
with the data receivad from the serial interface comrmand words.

To aliow all possible iclik/sclk frequency fetationships a high-level flow control
mechanism is used whereby the sens_mux bfdck riggers the fransmission of the
frame_store_write_ack message when the current command is processed.

Image Sensor Data to Serial Interface

When the test enable input (ten) is asserted Callisto pushes data received on from
image sensor data direcily out of the serial interface. This operation is intended to assist
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= Colum N1, rows 4 to 11 A layer of |ogical
addressing sits over the physical addressing - the
| ogical byte rows, which actually start at -2, are

- mapped to the physical rows starting at 0. This is

Wib19e4/676296141 WO 2004/ 073296 PCT/ AU2004/ 0001 @2 1/AUa0t/000182
the 8-bytes accessed by the physical sub-sanple

address always contains the 5 bytes required for one
colum of the auto-levelling window centred around the
pi xel at the (x,y) coordinate. This neans that the
first two byte rows in RAMO are wasted, but this hel ps

&%lﬁédﬁm%%; fQbtind & theinthgs 'sgﬁbopfm Ei'l%e.]uﬂkgr %ew@t—;x ‘Huettg 'Eh%sd'é%\gidth

The s ification cones fromt

migeRichSeAlisipsamples GVelY ittiebye received i ’{51@,"}3@9 sensor, and if this

Byt ie valiehited sdnbioathdsdridbifiefiict fyQdenalz4myind Gandi€sion on txd.
two-rows above and the two-rows below. The | ast two
byte rows are also effectively wasted. However, they

BFVIGE TESTERPWTCOpi es of the last row of the wi ndow -
S&f Section on page 127. 10 Each RAMwi || actually be
at her than 32-bits wide. The extra three

‘b?'?@e W%"%a% f%ﬁ%*& fepyFallisto. Seanviestipo will be pedorpies ring selkenly,
anel ol gtrmdefneegqmneahefma?ld hﬂuﬁmbb&@rfﬁuv@sclla‘bﬁ!féw‘ abélORets. In
n or
s e R
1Q0ig- J e eoritol ¢ deignode anda%ersnmﬂsa@nns s¢andestingnisafiustrated irofigure
1ab. bhs ae lﬁ@'rrlﬂ’ﬂﬁ& a&m&mm«%ﬂaﬁa X 8sd of ne%tn%é?*nd\tffg ltr%?red

f%’i’ %ﬁ i@ ]f E}ot al . These extra three

i) By B CHR B PR oriEe et B orslRg: Lopirbe '2ithes
betveeagifiefant cibtietresst may pe aetessay. Tise SRAM &fHel g bente irfa

C f store e

PR TohRerefinals 0B SreRBtpripRi ol B Sl (i tese
“®F8me Store Witing Direct frane store witing feature
is intended to be a system|evel testing feature,
%&%g ..Ng Callisto to be tested wi thout an inmage
sensor. Frane data is loaded Into the frane store by
Factsefithebudfistintaige SEivisthad assosiatzd BESibait MTHEgCifcotty is used for

’\B'l@“%ﬂa%u?é@t[zﬁrﬂl & QQH?‘RAMTES@SQ‘ &hd ﬂ.tn”'é’”i‘q{ i l%{hﬁ"f t%i%tgern

rrs hand |nte rets rane tore wite nessages
Bf=at B @r‘r’ﬁﬁi’ﬁiﬂ%r gsconjipliad eneb maniipredy aasréhe conf guration

ragmfm e adsit eitabi hpmt%lqﬁﬁft (trhdiR) MaBiSeBddendll RFiky BENOESHg 1o
ohA BE ARl AR SRRl ' 2,0 Ve fhe it et
serlal |nterface connand words.. To allow all possible
SECTIONE L iFIiTERMIE ARD SUBSEMSNRE! PS @ high-level flow
Tﬁig gteéﬁio}il'l considers hardware implementaﬁons of low-pass fiitering and subsarﬁp!ing
(or decimation).
FIR filiers are computationally intensive and in general, for real time video applications,
require dedicated hardware which can exploit paralielism to increase throughput. To
achieve linear phase, the FIR will have symmetric coefficients and with square pixels can
apply the same filtering in X and Y dimensions which simplifies the hardware. When the
filter output is to be decimated, further savings can be made as only Input samples
required to produce an output are taken into account. Usually, the 2D filter can be
decomposed into an X filter and Y filter in cascade. For example, a 5 tap symmetric filter
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mechani smis used whereby the sens_nux bl ock triggers
the transm ssion of the 30 franme-store-wite ack
nessage when the current comrand is processed. |nage
Sensor Data to Serial Interface Wen the test enable
wioputo7§wen) is asserted Callisto pushes dat acTaceinedhis?
on from inmage sensor data directly out of the serial
interface. This operation is intended to assist 142
WO 2004/ 073296 PCT/ AU2004/ 000182 manufacturing
testing of the image sensor on the Jupiter device. Due
to the bandwidth m smatch, Callisto sanples every

ha8BlBeRdbA v‘éﬁ@?%&’ﬁ‘é{t 5 bmédg %aﬂl.qta@qsed%@@ﬁm{?t y&;@gﬁpyrahéns

byte 1s valid it IS sen e seria
PeryiRtiszmPleoRingh 4 fittera iy ﬁﬁ%@q%ﬁe deededd6 multipfingfiens pRESFMPle
afd rBﬁn;#eESrhe'ﬁsra@esé\c@nmgé ﬁp&ﬁé@d@d@ﬂdlﬂ(ﬁ bﬁthb@c&é‘b%@leﬂ@t&ncy SO up

TR e R ot 8 bl Br et & R TR BRI Ut ol
Df@ﬁ%ﬁedlmw dai4 foro theomabé achyoaskit iseear out or readl diffpinathe fi¢lhisiore
aP8 ekt {jen Of the trode input will be used to disable
a non scan testable 10 |ogic. The control of the
IR 201 FaROse B IPIEnecH YRS E IR kst MR ghpwn in Figure 113. In
sbink isdlerasragtions) itd @mmseitdr& 82008y Hae bhiRe Havbhth@d 6vek tH@irect

| d
R, 15 2R b e Pud pee OB 9= Bl pifpagianipoe
itdlheé‘the- dsiaye np inggenfowoka aipft registdrasd chwoikseysed id $toneaigments of

uﬁhﬁ@hahﬁﬁﬁaaﬁay be necessary. The SRAM cores may be
ass .or transggrent node to increase

o Paife""éf% riefitdhal igReHGYIBelinde vsedriveh eesiicients Wi pe gero
eiibt for Bh& Tettat bno fiwhich aefieys tha’lsdlwmétlaﬁa?@ﬁ&mms rAslies odd
Lat I CU|tr is used for

[eiéﬁ@ﬁ%r%r?ﬁ%d%%ﬁﬁ%gwg}grp& M cgr es and runs a

13n MOVI RAM test pattern 20 sequence. The BI ST
mppgng&#agmgﬁzqontrolled and nonitored via the

onf| ratlo t The test enabl e input signa

gﬁlc'ﬁ{'f@f é?ggi ?t ed during BLST testing to

Ceﬂl‘ﬁmerﬁsarhae:fm&%m'l ocks are driven by sclk. SECTI.ON F -

FI LTERI NG AND,s8UBSAMPLI NG 25 This section considers
har dwar e i npl enent ati ons of | ow pass filtering and
WEEHE g K3 ntagers Wikshinikes evapt impleenfatipresasy.dpndy decimation by
aGsump Ut 2ld ppaabikh drdtzeRsl ve and in general, for real
time video applications, require dedicated hardware
whi ch can exploit parallelismto increase throughput.
Thigpartitioning and addressing of the fieldstore can be aranged such that neighbouring

pixels are concurrently available, allowing 2D filtering on the fly without extra memory.
This allows the processor to obtain the sub-sampled image pixels and store them for
segmentation. A histogram can also be built on the fly.

The example shown in Figure 115 pariitions the memory info 4 blocks, which is
particularly simple for addressing (being a power of 2). However, due to symmetry
requirements, all coefficients must be equal so only a simple sinc response can be
obtained. Furthermore, such a filter has a delay of half a pixel which is difficulf to
compensate for if the segmented image is used directly to estimate the centres of tag
targets.
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achi eve linear phase, the FIRw ||l have symmetric
coefficients and with square pixels can 30 apply the
same filtering in X and Y di nensions which sinplifies
the hardware. Wien the filter output is to be
veziowatsed, further savings can be nade as OrHGI/AUIPLH000182
sanples required to produce an output are taken into
account. Usually, the 2D filter can be deconposed

into an X filter and Y filter in cascade. For exanple,
a5 tap symetric filter 143 WD 2004/073296

PCT/ AU2004/ 000182 has 3 coefficient val ues so that 2

BEGmARASHE 2Mn %ﬂws@gna erqaﬂefcw]g i@Nhdrrdd THisLd éngﬁl& RBitied
e

per output sanple. Since ters In casca
AREERRSAY SEhEFIR I8 PRAC WHE JpYs ?@a’@w wmpigsdranpaflipgesidlocks to
H&&a@éﬂﬁesﬁn@méd be pi pelined depend| ng on the

?%gr? Crtgtgrbl 2 cé‘le{f’fn So u anc} Preéleﬁaglm &ﬂggl )a?f umlbﬁr so that
the irpage icdekkygd by pr MSmdmheegfthlsolat a fromthe image
ﬁé E@Wneﬁ Figﬁre' ﬂGr fRGhuRIbkr &rmén%?'? bl’oEks ihQEadeb gﬁfﬂ#e%qg&re%ﬁ‘ te

Direct Transpose

%‘Wﬁ%f’ﬂl@r ﬁpﬁ ”F P<I ey & g\'sea@Fﬂ?Wh rapidiy-peggmes impracticy. Also, as
m@mﬂbnedﬁﬁo@&ﬂﬁé addirbdatn fAdee id fieans PRIl QHEN LBIRsERYhoPdplex

g‘c%%siﬂ t%ﬁ%rﬁ %V E%eﬁté I;]eglt q.sl {r;(,; Gl aéeo\ryﬁ?fg (e\ghl?fh §{eé/|ents constant
eheficignt mudiinliens b@lnga*deﬁant age 10 it that the delays no
i ﬁ'b%éralgi@ 'i:d"baﬁ‘tlt%lﬂ e frén?&{o% Bprévid c%ﬁ&l?r%ht ke aU%@Q or‘il?and add

inal input data.

e e e
it ShSTaa o ke theoC e This. ticbiow ayserigicior fapr which is
nis equal e ¢he fitlee bidec izesligstiywhdie dogiplee rddressie fdhefens i@ and

ff.
T AT AT
WﬁiF‘?ﬁﬂ'qaﬁwﬂat fllters 15 M= 0, coefficientsi 2 1 M
I theCHGhibl=GIneRE T Ftéur@ 19f 165¢R oflier i'-'IR i@@?fsfa{qgurﬁég ﬁnﬁje%n@ef are

t
80 5T T P S o el oy o e By s
dadec taomoinbe 2hiftad fromseral memery diveck St agetherT evipa! thitti regméiagis

f&%dmr Iélgrsofi r&z%%e%aq lsgr?ata %Ei‘ﬁs c‘a?é’]ncg; G @fr@@&%gﬁd@#’g#the

t hat ne| our| ng S are’concurren
filten ‘HW@Q Sesipaiiqndpsierd)- Semerpbainoyof fie et d@séw@pmww
IQ5|Sa_b¢ﬁIb@de@wlﬁdtﬁ1m)r ocessor to obtain the sub-sanpled

l‘gacgglgcfr? gﬁge ngda ?ee\ﬁ léngslﬁ\resks%?qg %\%p@ﬁéﬁ? r‘f;nite?c}s{ure i d%clmauon is
required, the X filter benefits from the lower input rate. If separate linestores are used
with decimation, the X fiiter is performed first and decimated, thus reducing the storage
ang speed requirements of the linestores.
It will be apprciated that multiplier-less filters can be impiemented using shift and add
functions. Canonical signed digit or other redundant binary arithmetic scheme (-1, G, 1)

can aiso be used.
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The exanpl e shown in Figure 115 partitions the nenory
into 4 blocks, which is particularly sinple for
addressi ng (being a power of 2). However, due to
symetry requirenents, all coefficients nust be equa
w2004 79208 Si npl e sine response can be 30 obtrgiradoos/ooois2
Furthernore, such a filter has a delay of half a pixe
which is difficult to conpensate for if the segnented

-~ image is used directly to estinmate the centres of tag

targets. 144 WO 2004/ 073296 PCT/ AU20041000182
Decimation by 2 in both X and Y directions is inferred

%&ﬁ?ﬁf_ihb%éjgymﬂigdﬁﬁ_‘ p@ddressing schene is used

and even sanpl es from adj acent bl ocks
A degstbadegrdensively He mamyeof tthereroseraterenged rdgeigments, the preferred

r@éaségtel s%tgiﬂtréhearoﬁ kﬁ&ﬁﬂ@%e%ﬁ%ﬁﬁ&r le)ﬂwtﬁ M%Qhebﬁetﬁﬂge pen

T et e Psay apeion sl Tk 6 PRGR, natisdes of fhgapen

anianthtian eftiveeiotns/ pdyeds kiso rantiren freaddition [ aeosoregives affthé pege

rﬂ%ﬂ% d@veﬂfsggél%l_ntg?d’peltngg t?ha llﬂaeé & B%\Fno% bglﬁllespe%%&ﬂ(}%emng back

tBoVR Semal sarer Hat! %’HWSQEQ Weteminaci draoly GoHEs aterh which
,@rnq,@,ﬁt_aupl ess a nore conplex addressi ng schene and

Ffi. . t h' d
B tePURmen, s 3 BY e e o Tapss, ADs Fbedgsce e data
requinpd b theabdtemt Thepa ateithe payetidemtityr thentgtioratiort withir by page and

déé’ P&Héﬁ:?%&f n%i 'P% nﬁ‘c&iﬁf Fﬁé‘ é’on%ﬁ}ﬁnegatﬂg t%gaqme Bh@r{iéclon Rl ¥&! pen
reletiveriafhedHos AR ibe PoRioB R he Pengb wilh frEpeg & P tacrlpqatian can bs

dAHRined Bom |tHldJB&d‘t!Mn 0hEtag mﬁggeax R¢GheFick ﬁgv@\ﬁ B8 Borh $he per-
0. route,the,_s

d . mul | ,
Prava Ao an e fufes s Feded The i ivg UGiE TRt pgbptve
ifl seettlaidioeviil] led ipvitible 1 ihe hRledesvanpl e shown in Figure
P lanfpledbd) 0GR ard éﬂ%mfn Ilj'l F@[nre'ssl‘i@ﬁzﬁ‘l'ﬂieﬁhlcﬂ %%s&db&?% de%all

are wititen sequen i al rrermr% [ ocks so

heloWe s Thaprepnt rdéé'?ﬂ'PE‘Hh%‘?t?PméﬁttW%/“gSﬁtW e %fa‘f'&”"@%ﬁﬁ%?n%ézo
ﬁhdﬂ.]fcﬁ‘:&@rgf lmmti@ﬁﬁdm?mﬁeyeﬁcmﬂfmt@ tﬁélﬁﬁqlb eMamﬂaéﬂeH%Lbﬁﬂlhe 1aq
shi.ft re il 9 e exar.s y. o
s e BoBRG ool U ucfiPul oL 6B o RSl el Ste
f:roﬁtl@relarecﬁea@"rbeém%mlom Reil v‘-‘@nhcamlimﬁﬁuo@ﬂﬁé&shar i ng of
'lthh%éﬁj %ﬁﬂsoﬁﬁﬂ r£Bé|rtti!s Bh li’%rlﬁaéeRQMEQ%mb $ecﬂﬁr§c§)1.o°&é‘§e§rh1meechn tag

ependi n . The COSt@cf % few linestores is
¢} ae%%‘ﬁﬁf-‘e‘ii"-’? Slitgdon g é‘%tSS'F Bt tog favaliip sk g5 made
melwnglh@ ty thelrequiteiiehts divat renakpé sorfsrsonﬁ dshfew Ipprelrasipogsiible, by

té@gf?@ctsl Jf d@l%eﬁﬁﬁ%r{p ;{éf%%& vg% istdrf or msg ]p}éﬁ LIF bé/ rr(]jotlon blur, by
sag@qwq;aiugdo amblgagt ﬂ[l@ﬁl@@quﬁgangﬁ:y @p@fqgg@s due to the printing process

and damage to the page. Further, this processing must typically be performed by a
batiery-powered device at a rate of 100 times per second or mors.

The Structure of Netpage Tags

The tags considered in this report consist of two componenis: targets and macrodots.
The tag information is encoded in an array of macrodots. These consist of small solid
circles about 130 pm In diameter. The presence of a macrodot indicaies a hit value of 1,
its absence a value of 0. The data is encoded with a forward error correcting code. The
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25 anti speed requirenents of the linestores. It wll
be apprciated that nultiplier-less filters can be

i npl enented using shift and add functions. Canoni cal
signed digit or other redundant binary arithmetic
wirle®sfsl, O, 1) can also be used. 145 WOpCT/AU2004/000182
2004/ 073296 PCT/AU20 0 4/0 00 1 8 2 SECTION G - TAG
SENSI NG ALGORI THVS As descri bed extensively in nmany of
the cross-referenced docunents, the preferred Netpage
systemrelies on knowing the identity of the page with
whi ch the Netpage pen nib is in contact and the

£ a e

B Ethbeinr RipiRuch . Bict /A1 £ B35 (8 3R Ron
vode i FEUS) (whichdslidesagibed inamdre dstail bgjpwh Thefargdieanpaglid circles
Jnayoveﬁscgj MR aaﬁfaeal Trfértgn?;@{stde atd @b SHRAM 1R RA akﬁ%ﬁ@na

ééﬁ‘e fgeréw hout Eerrln ckf to sone externa
ARy rerererencg PoinfRelomitich e lgeatiersieiriBe Martodele Wi Sirptie de
1pageualvtdghﬂatamtsh:anbefdu3d| n contact. This requirenent is
achieved by printing tags on the page. The tags encode
the data 10 required by the system These are the
Pregeadreisktdoript abuiene agpthesctherebinavaiding the fomeatisagé dark degions

thﬁleadéééﬂ%‘ﬂ'ﬁﬁdr &5 tHaftalgbe an8 Wepd is0f whikebhadarsHatiRd ﬁ'}rg?@s of at
relative to

The orjentation
AR? $58 3im HhDoS o6 (B e BHivS Eleal shiot ht Sesré umpere of
thligetstcmgndcﬂ:dahl 206 ncﬂmpbﬁant ttetherdasine @f theaaidrithen, lotiea thabrthat

tﬂ retrlégdé %gbé ggst fQur ?@r {a‘% aﬁm& tlﬁ’]get&];mﬁgtlgl){v P?‘% eger tive

per - spe Irve di's ion O
“ﬁf?éfof"&ggc“'aﬁ@‘-’ﬁliﬂﬁ'?ﬁeed"%%"nglwﬁh‘ﬁ EEFUE ﬁt?éfblarﬁ ifQuE taEESisl ke
et atchBisanith bnddfs thB Vargdidare cleriy Neingakiediseye. Two
sanpl e tag designs are shown in Figures 119 to 122,
whi ch are described in detail below The present
Gesenspeizod Desedings the tag structure of Figures 119

T%@%lg%ﬁ@ims pﬁ:lct-ﬂgﬁu{%u é Wurhibdr b @a%%@@ Eq%cplﬂe tRir&dRfbmation

form of aspects sensi ng an
f @@blﬁ@%ﬁgof ff@slﬁ%% ﬁ&f‘?"?“yt H@rec?é% 8K Fichaeits ﬁ"@e acqdsiingy,
orientation and relative 20 position, are described

4n det at.ion PCT/ AU00/ 00556.  The mai n
focug 0 ‘fllﬁtgp @S%d'd% On the image processing

Z equieled fou cawtidetasiandha e targeds: | ocati on and

FPer S@@@FrhiM@thd'p@ él{otéeﬁébr%ﬁn@:férﬁx sense the tag data. This
task_i s nmade ing by the requirenents that the

% rrag@e@ﬂ‘i‘ig?@?t%ﬂ‘ ”ef?ﬁ?'gw pi xel s as possible, by the
fef f eDeendetheded aglon identity aadipbsfiien spdacdrid\eay dagt ort i on due

6t 0 pﬁgttani)iH th@xo r{%P t@ég: llﬂy fgn? ﬁwtlgag gﬁf&to% r%m the

anbi en on an
PeTsPRative Eafﬁf%@@ﬁé fhed@ﬁﬂiﬁ@l’a?fé@ﬁataﬂ gentlee  page. Fu r t h er,
this processing nust typically be perforned by a

Steps 1 and 2 can be merged, but it is simpler to keep them distinct. Steps 4 and & can
be performed concurrently, as the data is often exiracted a word at a time. Further thers
are a number of alternative optic;ns for performing each of these steps. Of all these steps
it is steps 1 and 2 that present the most challenges, although, in the presence of severe
shadowing, step 4 can also be difficult.

The page-to-sensor transform of step 3 is straight-forward. There are weli-known
procedures for deriving.the perspective transform given the mapping of one quadrilateral
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battery-powered device at a rate of 100 tines per
second or nore. The Structure of Netpage Tags 30 The
tags considered in this report consist of two
conponents: targets and macrodots. The tag

woHoeyd¥edoon i s encoded in an array of nacrogetmudIBsRs:2
consist of small solid circles about 130 pmin _

di aneter. The presence of a macrodot indicates a bit
value of 1, its absence a value of 0. The data is
encoded with a forward error correcting code. The 146
WD 2004/ 073296 PCT/ AU2004/ 000182 tags described in

| jcati o;g%l\lo. PCT/ AUO0Q/ 01111 use, a

.PCT 15, 7) |
8 2028 U 1 e SE A 07, QBRI PLMABSEy eRioieh mege
Wiarpiag,dEER iCompateo®dcietyless, 8 0gM ! Fheddigorithal forcktey 8, dbi@fmining the
JLHSt_ 30Q. pmy. j ter.. The ; s, del i-neate. .
ol nBiifon. %%&%h%“%agse " oo o, G Bpoaton
RSO MY Q0/G0668n Hanpa freseriwolstapa Bregres desfcribeddn thisctosumed,

whi ch encode the 5 individual tag data bits, can be

oynd.. The macrqdots do not abut one another, thereby
Tfﬁ'?%ﬁréﬂf'ﬁﬂ THEF%‘%H%@?%‘QW dark regions that appear
uERVIEW OF TKE IMheE Proagssiscand there is a white border

t . . t he..
e e R e
Ippoe1ior eeaninBiagomn T hdedeb dataginrea g expansipio pretationt & qofrects for
tlfbi‘ﬁfééﬁls of i\féfhﬁ% ﬁluﬁ'ﬁlfa'ti?r‘ﬂnﬂw [{%‘i‘tf&tﬁfar wlﬂlaﬁ‘ sh{ﬂ:ﬁiwsdért@%&_eﬂi‘?teﬁ% is
a ur targets to allow the determnation

repupn ereBilg PO 4t PP OREP Ol NP ERE bt s
avet then pdagdy sxteesstihelist hbcapdideie tdrgets frbmrtigedegmeitied image. These
s ) " _ o )
T B Pl B IORe e'*?_f@?ﬁ%élﬂé@%ﬁé@%é%‘ﬁ%c’%%@sS%teﬁgg 02
IsTHRed P gElert haw 9 iyeriagthis By deRyR deswiba®abovsf The agets-sepsor
trandferacis déﬂé&ni?ﬁmml ' fsﬁ@ th@ia@gmhmf (afté;%lj} aitnfmﬁ@@, 19k rili®dots
. . [ v, re are six steps after image
déeg%ﬁqpéelgﬁég%:gbti'x uErcé'gf' 'args' Fsile?tﬁ'of target candidates; 20
2. Select four candidates as the tag targets; 3.

TES HREJY fi8cdfR3@er t O- sensor transform 4. Determine
E,? éaEaﬁit pattern; 5. Decode the tag region identity

the ta
F%‘H”ﬂﬂgi'r‘f@%n code and any flags; 6. Determine the
The tagdto Brsofis=t he dpieraiRi the aMfdrcnh P @A =Ofdglninatdréitisl leRifnce

e #ofrd LLyve transformand. the | ocation. of .the
PhH oA SLRELLHE LB OhASEL A e
bitg. hp e foped. IQnep 2 eWiahisdist of fowrtiargSs dgineatingracsirplesian hatseheen
fduRa,f agﬁﬁgbeemwérrsﬁ%l Yan 88 86 Habéyid SeQdgNoCile" B! afe
el at atlr;ge. Furt her there . )
identitication of a set of targeis proceeds in two stages. First, a collection of target
candidates are found, and then four of these are selected to be the final set of targets.
The search for the target candidates is performed directly on the image acquired by the
pen and is the mest costly and difficult step in terms of computation and algorithm

development.

Creating the [ist of Candidate Targets -

The preferred at.gorithm to create the list of candidate targets consists of a number of
steps:

1. - Local dynamic range expansion;
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are a nunber of alternative options for performng
each of these steps. O all these steps 30 it is steps
1 and 2 that present the nost chall enges, although, in
the presence of severe shadowi ng, step 4 can al so be
waik fob/ematds. The page-to-sensor transform of FoaiBodsH00182
straight-forward. There are well-known procedures for
deriving the perspective transform gi ven the mappi ng
of one quadrilateral 147 WD 2004/ 073296
PCT/ AU2004/ 000182 into another (for exanple, see
Section 3.4.2, pp. 53-56, of Wlberg, G, Digital
grragq-hrééﬁ(g[mh@g, | EEE Conputer Society Press, 1990).
orithimfor step 6, determining the pen
%rl e%@g'ﬁ’re@fﬁt'%nd di spl acenent, is fully described in

zPCT Agpet matmg)mgmgmge\@g)m 00568 Hence these two steps
scribed in this docunent Sensi ng and
S8 1 s UREL NS ied Tos R 6 ke P (BRORERIERS en
aegtyaméd 1T119 tfmmigmg feéept 2 gan bagarigd ontesshagegaiaiation (Fep 3) is
derbSiedt Wos ﬁ]'bf?eoéff' GEME q‘loWe%} {ohﬁcqrﬂzdmtg% J’l%rthg ?o%ge tgnt'uc(%gnge

The | ocal dynam c_rang Ban5| on operat|

BT LB %Per%‘P"’ 3% Wllnke éh%b gJof Tb%mlyﬁ Pfg'mﬂgﬁ LBgDments i then
searcpat for tarbetikevoBBets eIl e 2hQcR! £86 @Blid cifdisS tHeSsearch is for

sholding 86, in preparation fo
pfePJ E&\O?gs%eag@g ng??ents based criteria are then used
ﬁ“‘e‘iﬂ dha ipaist obgiew df icompuibtiaratite dat enéraory ebsuikmentst Mling the

c&ﬁﬂﬂ@@ﬁa@&té gﬁﬂ:—?mo&@?ﬁ&sw& Inbibn EPP]‘)E a"?%gi% Gr% xg sRand. 1%y

Qrece i ng. paragra
5, jihe gigogthnt ig “@E‘i‘r@(ﬁ" the Bl seipf Ptkalﬁg ets. This

is step 2 described above. The pen-to-sensor 15

Lb&@ﬂ}ﬁin g,);g #%fgfﬂ l;jed 94 using the target |ocations

the macrodots are sanpled 96 to

%ﬂf&%*hdstnﬁ@wcrampa@stqrs@lwm goFaguchel thepraycesshndng the

ofifas Bf sieldblbd bg@ga—'}ﬁdﬁlgﬁf@toﬁg) ér;r gﬁmg%ﬁ(g’? &o@sr ﬁe?%@i:jo Lfew. In
Pt ol e plong R netod hint S OARRMoBE ¢ he

Feaeadbduta, a Welcgtene ncthd episteieini diindodud spedifed RldRis FBbltSiha
f; [ I of f ur targets.

CAR DRl P IR Indh Bl vh2 W e ) of o are

lsse epds fi?*vmqoaﬁw a?waﬁveu@aqaml texigby ialualeticus sgpctibd

frixhien biaye pikdl©arsi gbRidr kifah Cia bis® fbufé. 'ﬁusS&tcm%E@ e LaRd Bvel. Finally
two sta i on of target

v el Pale S rEbPiRie f Fie & ot Toe WeBeloalegs lss
thai thechlack level lildis meppéd todll, tseminbhurh abgkbtaue. Iike/afeas glaater
thEﬁ)Ehet\MﬁetI@Egﬁtts rﬁgﬂ'b@lj ?@éﬁs tHeSnB&R AT EIE%MH} OStby be?weenqﬁe

btacg;a a%% w%itg %vels are mapped linearly into the range 0-255. : '
Since the local dynamic range expansion operation must access all the pixels in a
window around each pixel, it is the most expensive step in the processing chain. It is
controlled by three parameters: the window radius, the black level percentile and the
white level percentile. The values of these parameters used to find the targets in this
work are 2, 2% and 2%, respectively. It is also convenient to perform thresholding
simultaneousaly with -dynamic range expansion. The threshold value for the range-

expanded image is fixed at 128.
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pen and is the nost costly and difficult step in termns
of conputation and al gorithm devel opnent. 30 Creating
the list of Candidate Targets The preferred al gorithm
to create the list of candidate targets consists of a
woudnherszed steps: 1. Local dynam c range expedvauznoi/oo0182
148 WD 2004/ 073296 PCTI AU20041000182 2. Threshol di ng;
3. Segnentation; 4. Target filtering using nonents.
Step 1 preprocesses the inmage for conversion into a
bi nary image (step 2), which is then 5 segnented. The
t heshol ding (step 2) can be carried out as the

Tﬁ% g/”l%@ 3‘{ ]th%nloéasl tc&Ranq’%: ranq;]echrpsgslj r% garametteBst %ret %lrgﬁ 128 (':tglallow
Mmb@ qpaﬁ@@tlore&fﬁammrdymc snge mxpaasionelgbrithe. iyadicular,
abﬁda@é"é WITIB&N Eétﬁn&fa k&&%la? Wﬁxﬂ'ﬁ%téiﬁmb BE DixeS SR, %F‘?ijia 0.5,

et- Since the targets are so
hencﬁé? 8%? mt"Pﬁethe EEFE kg \ghfted%ve'spﬁﬁ%%tt? ering e figimum and
miagimiuch pixelslieshe hihdbwoThd Pielp@bgPingdbperatiew @h be eliminated by
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Sist expensi ve
algorithm This is because in aII phases of this

process, tla(glaemoé;)lh,m,té%\,myzkl ng on the full set of
Expansi on 15 The | ocal

“‘Eﬂ?ﬁﬁmrﬁx'mﬁtﬁﬁg'e%ﬁ%iﬂgi%ﬁ“’%‘? orit hm goes nuch of the way
t 0o r enovi ngpladidevebfl 2R {(whiflevah adblask lavet)))psaer al '
variations inillumnation across the field of view

particular, it allows thresholding to be perforned

GU@F et shef nugrbgr pihpixaih Bl te Wingew isaichdesedhan theugtbeigefins in

ﬂﬁ] hidtb@am| ( &éi’&aﬂem@ V&rﬁdcﬁé‘v .pi‘s sieehf !oeﬁihdr@ﬂiﬁ 48 rﬁémum and
e current

TR kel B R Wtk ot o BT, g 151 8, toos wlossgiegts by
exdnaning alkihd ali:@lenit medocal hirsiol ef embspitdheltl mdnna eneininima for

th'é'eléfscii LoifioW Ak Sath! k:& iR REG 1fh '%rﬁé%bﬂ ‘i‘qlﬂ cE)thﬁe columns

| Xels are avgater an, IS a oun econe
m@h'ag R theewingaue| Thisryva s wach pigel @n & IOWtis Bfﬂ}@@%se@ ahe éutrr%sul’fs

frﬂfﬁmﬂeﬂﬂe\f&;sann@%n\t@réﬁeas follows. If its original

| | t h t he bl [, opt d t .
iR e’ BorlseRtonot o B354 eF Bl of RSt e
sxHangion ¢reration tssshiwn & the followisg tehipp Btk dadPBHE] cantbe innplrmaniad
c.é’ b ShitnMalidi&hift }(@{iu% gb%hi"‘l%ie{i’)a rélﬁsiegé»p@s%g m@ﬂfag M o8, on

evelsaremag) linearly into t range O-
average there would be 9 regisier copies per plﬁel All these Qperatlons can be

performed using 16-bit integers. From the following table, the fotal operations count per
pixel is 65. The only significant memory required is for the thresholded output image. If
this is stored as a bit imagé, the original image size is required for storage, at the
expense of exira processing fo create the bit image. Otherwise, an amount of memory
the same as the original image size is required. ' '

The Local Dynamic Range Expansion Per-Pixel Operatlons Count

Operation |Count
Fetch 14

Store 1
Register 16
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Since the |l ocal dynam c range expansi on operation nust
access all the pixels in a w ndow around each pi xel,
it is the nost expensive step in the processing chain.
It is controlled by three paraneters: the w ndow

W liowe73296he bl ack; | evel percentile and the romhithao4/000182
| evel percentile. The val ues of these paraneters used
to find the targets in this 30 work are 2, 2% and 2%
respectively. It is also convenient to perform

t hreshol ding sinmultaneousaly with dynam c range
expansi on. The threshold value for the range- expanded
bépyge 1 S[T1xed a} 128. 149 WD 2004/ 073296

GH-AB2004/ 00018 The val ues of the | ocal dynam c
PamB¥exfansi on paraneters are such as to allow
moresieder @bl e opf] m sation of the |ocal dynam c range
a:dsanSi ep—alger—t hm In particular, a radius 2 w ndow
&tonmes A rect angul ar wi ndow contai ni ng 25 pixels. 2%
L@f:d%byzsio. 5, hence to determine the black and white
Fevels—t+t—suffices to determne the mninmumand 5

maxi mum pi xel s in the window. The pixel mapping
eerentatian can be elininated by calculating the Iocal

4 _ .
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{ %g I_[ g hese val ues
S P - ReaosF Il ATGOREM, GeaphichiGettoupin 27640 and
fﬁi"xft@fz. ed ¥iassaai ABS afAdadeinti: PResk01920f feddi@fiitle f]g%etrésitém & fe
o Xjma an n| ma of the
Eﬁél Tﬁ@élﬁb’l]it@ﬁ SRid é&ﬁh&gea l[{% ore-hian tw m as each pixel

col umms Y,
The PenGiRiRef the iﬁe@cﬁ&g@@@hmt‘ﬁ@e folidyvseSiven 8 plxélnmtl‘letnhage the seed

plsle it ifingsSalppixeid c&ﬂ@ctbﬁtortﬁélm [ﬁ@f B}!?‘ IBBI%%ﬁ!v m?vmqqthmugh all

tio cos
o E4oH BB 1S Shabel N s e ot fdbataro horizsmiehonavert-
cally a:dj@@erﬂdﬁn&%k@ij&@iﬂﬁ\j% nckleenglievédl @ dngl 2 uﬁ?aghcﬂ% if iis. value is
ha¥VB | E{HRTR LIL Il
)P cARRiMcRe: S yRlied BREL B o phig o ek tfonered i
RORPHPEIFE A9RBr NojR iz assamgs theylag timages i gl spithee they are
wiitd ort dilack teplgr@indgns can be performed using 16-bit
Sfamns $hthe sEé’J“%[feW e%{tr?el #{?’r\;{w%?eq lt'?%g%l%ieﬁtqlgeao}ﬁ]?\l;]? lscans along the .

atl ons co
row] 'g’ﬁ'i it |f’6§$1therﬁ§$tm>geisrt9cp¢theledde thaf e riohin thi mb&bwplé@ﬁg pixel

cd@kﬂirﬁéﬂés lh Wﬁ’emtllﬁt #it Bl%becedESTI%n% %&&‘IS i) B %e i q;{léent i
r%r{ﬁ e size Is required orsora %‘?’?
examl s e two vartically connecied pu-.els If these are in the object and have not

already been visited, it first stores information on its current state, the segment details,
and repeats this procedure recursively for each of these adjacent pixels.

The nature of this algorithm means it is particularly difficult to estimate its running time
and memory requirements. The memory requirements can be limited by applying the tar-
get filtering to each shape as it is segmented, thus avoiding the need to store the points
iist of more than one shape at a time. Also, there is a maximum number of pixels that a
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expense of extra processing to create the bit inmage.

O herwi se, an anount of nmenory the sane as the
original imge size is required. The Local Dynam c
Range Expansi on Per-Pi xel Operations Count Operation
weorbatodelch 14 Store |  Register 16 150 WOPCT/AU2004/000182
2004/ 073296 PCT/ AU2004/ 000182 copy Conpare 17 :
Increment 15 dd 1 Divide (by2) 1 Segnentation The
segnentation algorithmtakes as its input the binary

t hreshol ded i mage and produces a list of shapes. A
shape is represented by a point list, a list of the

RN PGyt B B P18, b0l SRR bl starng poits

or | TS oclheared a
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fiape basls serpedtine forexdccppyirg) the Ehine infdgep eadht pixed BSviditse close to

tgrye%@tegggsg;drﬁf@} stAﬁJagaoE olpcmrefﬁls— dlsg;gé%ghyp po‘%x‘éP%téqu.ﬁd

and 10 721-722, ed. d assner A S. (Academ c Press,

mg&)p,ﬁé}m@eterm ne the ext ent of the object. This
ittle nmore than tw ce.

orltfﬂm Visits e

Hhedighd Meind denoteatihes Bations 1 obigars Primatls S and sheso. A
mohérdswsase@apmnach ipuseel Thershbipelist :Bﬁgsec:ull’edil of c&ﬁ@datespﬂhz(ieiontam
thd mfahypg‘ic@ile}w p@!e?é%i‘?en%ﬁ%ﬁgﬁgﬁgoft«%cﬁ %? G Cf!uf%%d q*PM if afl the

progressively rou
PAECEhEBvIinRe iﬂeﬁ'@% raRgeE, ﬁhmefsezpsmpn tsts@e@méhe candide

IR The Qadiiink Wreddetatfiiidd byTalkabiing tAsEaeatof iHd tﬁéﬁ?ﬂ Rhage o]f the
a shape i

acency Js .ngt considered. A pixel is in
%F BE M é't%'%p]’{ez%?}témﬁaﬁeoﬁe rated threshold. Visited
Hiexedmente tegeg cansisiEa osjsating batshabesywiwisk binkey mgmant dd néifiie
iR @@@mgﬁépﬁﬂd %éé‘ (}l:&il\gtd@tallédqﬂiﬂ%cﬁ Al fa?ﬁmhq%ﬁxsb@ ?%99% of

are i nverted

Mardaed rloutiens) a0 ﬁgoqeﬁw WithdNeys Alefyode JohgrWilgyand Sons,
Topa)sTheniax@heléh cORtie] eloshd Bepct @HS, iHichSA@ Se MRS dohSin

range and the (3,0), (0,3) and (1,1) moments, all of which must be less than suitably
specified maximum valuss. For a perfeci disc, the aspact ratio Is 1 and the moments ara
ali 0, a result of the symmetry of this shape. From symmefry considerations, the
minimum aspect ralio should be the reciprocal of the maximum aspect ratic. The
perspective transform causes the moments and aspect ratios to vary from the ideal
values. The limits on the allowed pen filf limit these variations and so determine the
permitted ranges of these parameters.

The computatiional cost of this step depends on the number of pixels in each shape and
the number of shapes. For each shape it is necessary to first calculaie the centroid, as
central moments are used throughout. The operation counts for a shape are shown in
Table . There are also eight divisions per shape. The results of six of these divisions are -
only used in comparison tests, and so can be replaced by muitiplications of the other
side of the comparison. The remaining two of these divisions are required fo calculate
the centroid. These are divisions by N, the number of points in the shape, which can he
replaced by multjplications by 7/N. The restricted range of allowed pixel counts in a
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20 row until it finds the first pixels to either side
that are not in the object, placing pixel coordinates
in the point list as it proceeds. Then, for each pixe
in the row segnent, it examnes the two vertically
woonneeiksd pi xels. |f these are in the objectecamdiztvamenis?
not already been visited, it first stores information
on its current state, the segnent details, and
repeats this procedure recursively for each of these
adjacent pi xel s. 25 The nature of this algorithm neans
is particularly difficult to estimate its running
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A pligmnadive fooppings me'aﬁa?a ifalbedsetRlrer sAsredeRIenE deiseHsRgH iy more

de0 B@mplmhé rea_d\%nrrﬁ.lhe rmrrembmamah aac hrs hape as®itive o

. I '
s%%tg%l%{?t?emtg%o‘sg,na& Ige p{,\ﬁ %"ﬁ or less in an a J(e%{ c,eanVMa{rg a gl@h@%nl effeci.

ape s posrtron is
Despitecthisdisihgt these|messureMaes pasprofussesulie ommarﬁhiee@cwcy to

Lﬁ%@%{aﬁ{eb @9@ %m@ﬁgtm&&eqepﬁeéan& B BRG pbnﬁaﬁmeélt %E Bown to

. p05|t|ons are used
%ﬁ%ﬁ't%‘?cﬁ‘rﬁ% @ﬁl‘?ﬁ%eié“%‘?@?ds’f‘%s 8!l efakRiy any shapes

whose binary nonent do not lie in certain specified
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“Masters, T., Signal and | mage Processing
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2. Find the candidate closest to a specified distance from the first candidate;

3 Find the candidate closest to a point the spegified distance from the first target
along a line through the first target and perpendicular to the line between the first two

targets;
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perspective transform causes the nonents and aspect
ratios to vary fromthe ideal values. The limts on
the allowed pen tilt limt these variations and so
determine the 25 permtted ranges of these
wsaebess. The conputational cost of this $i@RU2004/000182
depends on the nunber of pixels in each shape and the
nunber of shapes. For each shape it is necessary to
first calculate the centroid, as central nonents are
used throughout. The operation counts for a shape are
shomn in Table . There are al so ei ght divisions per
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dealrgith thaSetback, thieaistdnbes shoaldget saead ek thatlietsof candidatd faggets is
| [ € ' C C id : ,
P 1! B e pU UG IR AP PTGy ¥ B shpwn n
tieg {Hpwing deile.f Thecmpy rexpgnsive copemiion inihaisiigtanse ogicidalion, which
r&dUBY 8 Tsubtrdbiibide 29@\3}@&1@&8@ &sdt aH SddRRAUE & suﬁfmehtSto perforrn the

likel t.a vali e Wi | |
A5 i B t5est Ao e i o birodiny R e g Contror
Idviatianst s.thasm'eI réals,gatd Eo ltiee caloudpticp eraat beo parfvBosd usifdN nisgar
aibeepunber of points 10 in the target candidate)
eration Count Add 9/N Miltiply 5/ N An alternative
to using nonents is to use caliper neasurenents

T@ldiﬁ@éﬁ ssﬁcﬂmﬁh OP&RToREESirt (DR DWnumtRe S ifFRE Hé]ﬁcﬁ‘ddi%@ Ik is
t are nore senS|t|ve to

u
a??ﬂﬁ%ﬁ %#% @Eﬁ%ﬁgﬁ as one pixel nore or less in an
@hpEmOncanlhmVe a significant effect. Despite this,
usgpgtheseggreagur enent s can produce results of
conparabl e accudacy to 15 those obtai ned using
fenmparss | HoWéver|, because the target position nust be

kn ) qgﬁ-plxel accuracy, the target centroid nust
still bhe calculated. Selecting the Targets

Multiply 8N
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Gven a list of target candi dates, four suitable

candi dates nust be selected as targets. A 20 sinple

approach is to select the four candi dates cl osest to

the centre. Better perfornmance is achieved by

vantoos/eizzeg vari ous geonetric constraints on tPog/AR004/000182

targets. |In principle, any arrangenent of four

targets is feasible, but the restricted field of view

and the allowable tilt range constrains the di stances

and angl es between the targets. The procedure used is

to: 25 1. Find the candidate closest to the centre; 2.
te closest to a specified distance

?ronﬁ%nggﬁﬁﬂéﬂ%andldate 3. Find the candidate

To drterainertiye bit yalyestn thedagsipess fhesintensiyvalie at the eradicted position

dfid macnbadtg@t:ompﬁrw @itk the Vifuck i Gy %hrtot‘a@oﬁél iftbrsfit®d 9&hts. The

1 bet
LR S oS B9 Seis MR B0 PO TRIoTAING Bt
assignetmdilickaeld itthe sarktof the pixkevapeiiniargecanplgit Exgeritrsats indicate
REY a?éult:?d]é’ﬂfrﬁﬁﬁrﬁ Pafnﬂ‘?éjor}% 1 o. H?‘% hadrsdot fu?él %ﬁlu@% aﬁer t@tn any of
stance 0

eac ste
‘P%Fﬂ%ﬁ”ﬂﬁﬁﬁﬁ#ﬂ@de%9F6&§ﬂ9°§%lected targets nust be
Wet brddlc&ﬂr tnatraddti Mchton Isf détbin’ﬁnécﬁ uBiﬂQ ﬂ’:@ epéi’@{,%%tlvet RERsTEm

derulBE HoR LRERIHI Soships, TS PETIn S Ot sty dnd
the preffedeanding dntensite dalueTih ldstemumd ysirgdilinaarn ihtenlatac ept abl e
BRt sc%ref %?]rdets%ﬁgfést?rlﬂéaﬁnWPE%HPQRpIQEtiJnhISCHA V\Bﬁft 111 and

nmbi nati ons I's exhaust ed
Bi3Eeeq ncFiquity G a60 Ag! Paeaed Scrrria s O BetSUTalpPUeDS. Thus,
E@ér‘pfe@pmlde Emnéi’dire:s&ﬁ\b&n@’rmﬁaﬂﬂéﬁanara@e quﬁ't'eﬁin fﬂ&e fol!ow:ng table

s&l %ea%éa‘guﬁ {,Iog.m 1%:'4&% l\ﬁ%he alcleﬂ%‘rﬁl iglhs aaea{'l)éud point

ance e save S
qpﬁﬁéj@’tss Given the duErhed of |imemtva@a:s; dhat miget fogl faraied and their

&ﬁ@%@s@ﬁdth‘é%éﬁ@d&% &t th&A b RHHwhiIS todfanSB AN Iﬂla?é Rues
The nost eX ensi Ve Oger ation I's

n he
"aFP 31%% 8“%6‘%{1‘53% Ao Heing A Rl ORgEidPRibed Bifiselorct foims 240~
280,mf Mlditrg, Gt Rigites Insanel Vesrpiad dEEE @amplier SscisyPfdss,iiend. to
performthe calculation using the target pixe
| ocations, which are integers, rather than the
e s B Sanplverarions Rewh (Hiis the smasired mumtsr (o dntensity
ﬂﬁﬁpﬁﬁbatlon can be perfornmed using integer
Hprete——the  Target Sel ection Operations Count (N
eF?@‘nuﬁE%W{of target candidates. It is assunmed no
fa?eltdzlnacl oci\ur s) Operation Count

Add 14N
Multiply TN
Reciprocal N

DECODING THE TAG DATA

In the square tag design described in PCT application PCT/AU00/01111 and illustrated
in Figures 120 and 121, the tag data is encoded using a (15,7) Reed-Solomon code in
GF(16). There are four codewords, each containing fifteen 4-bit symbols 92 that are
distributed across the tag area. In Figure 120, one of the four codewords is indicated by
bold outlines 94 around each of its symbols. The decoding procedure uses Euclid’s
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Store SN Conpare TN Add 12N Miltiply 8N 20 154 WO
2004/ 073296 PCT/ AU2004/ 000182 SAMPLI NG THE DATA BI TS
To determne the bit values in the tag i nage, the
intensity value at the predicted position of a
wtoeeiosi S conpared with the val ues at i tspCowuz004/000182
di agonal interstitial points. The central value is
ranked against the interstitial values and the
corresponding data bit 5 assigned a value of 1 if the
rank of the pixel value is |arge enough. Experinents

indicate that a suitable mininumrank is one, i.e. if
alﬁ$ gkﬁﬁgfgso%%‘gnﬂgb )ﬂleFec\,f‘glw léeZé PP%%ﬁBE?r 012 @?@%V\Pf Err&r?ﬁontroi

§yw%fpealgw&ommmmnd<ﬁiora@, Fesndeaniialie 499Ps Thig i indikely to -
%gg[fe?ﬁa%ﬁ W tilef @é}ﬁB%éﬁprﬂﬁlfogrdg‘pnﬁe'&ﬁ’om b &&%&Qﬁeﬂt%?ﬁbhﬂy more
et 2P i he BORETEO eSS OB (SHHBR S APalll2s o
dadker, Bi We dbidis camczidai Heiusedir i nt er pol ati on. The square

tag design described in PCT Patent Application PCT/AO

00/01 1 11and .illustrated in Figures 120 and 121
REEERMWDIGTHE PEVBeSITIon ANTRORIEYTATIGN St i t i al posi ti ons.

éh@.& the pafspefiRE SREGSAY 8s hé@mﬁéarmn @@dareetl ﬂo@i@é\{s m the image,
%tagrpojatlons arereure The

it i Broreatan e e G- BY R G abe PR Positignand
ofEetation Wiy the dirdct m'eciadpm debcrib&d inRE Tt pptisesion BCV/ADI0O/MDE568, or

{ﬂ%n?e%twg f Ieééfts lfé?‘ést %ro‘é@%&#@ Sdetsé}ﬁgd 3“5153 %t&@%ﬂ%}@ﬁ dl‘[ed 4
%ﬁ"ﬁ‘ﬁ}fﬁqog \t-"ﬁl lt‘f'r aﬁgmapmcﬂm "iUWﬁ@"éO/V%%ﬁ%s into the t ag

coordi nate domai n using the approaches described in.
ection 7. 0- 260..0f W)l berg, G, Dugital
Peso et atn g te ot i aoutihor % oo 13667 20
fileen Datpaini b Bawpll icagp@pimagndonendguihe nfcst e@wﬁme procsssing

& CtheldHHE hat Qs knt
éte;t%g ﬁ're4ﬂ|1€ ' %yg%&uﬁ'u fynﬁé‘ Séxﬁéﬁqmﬁ a%g[.lér?&kgw i RSk
segmentation, as thesn two steps are app[ted to the fu!l-resolutlon lmage The memory

requiremants for these two steps are roughly three fimes the size of the image in pixels,
assuming that the range-sxpanded image is thresholded as it is formed, and so requires
1/8 the amount of memory as the input image. I the thresholded image is storad in
unpacked form, ie. one byle per binary pixsl, than a fotal of four fimes the imags size
will be required. This factor includes the storage of the original image in memory which
must be preserved for the latter macrodot sampling. The local dynamic range expansion
step requires of the order 65 operations per pixel.

Congstdering a circular image field of diameter 128 pixels (co'rresponding fo 12900
pixels), adequate for decoding the macrodots, acquired at 100 frames per second, and a
processor with a clock frequency of 7T0MHz such as the ARMY, then there are 55 clock
cycles per pixel. This is insufficient for performing the initial dynamic range ekpansion
step, lef alone the segmentation. 40 000 bytes of memory are required for the two initial
steps, which becomes 52 000 bytes if the thresholded image is stored in unpacked form.

~ Clearly, the only way the algorithm can be used as described is to use a faster processor

or aliernatively, to provide hardware support for the local dynamic range expansion siep.
The expensive local dynamic range expansion step is used to allow some tolerance of
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DECODI NG THE TAG DATA In the square tag design

descri bed in PCT application PCT/A000101111 and
illustrated 25 in Figures 120 and 121, the tag data

is encoded using a (15,7) Reed-Sol onon code in
w&1pdB)73296here are four codewords, each cont 2CmiANE0-+/000182
fifteen 4-bit synbols 92 that are distributed across
the tag area. In Figure 120, one of the four codewords
is indicated by bold outlines 94 around each of its
synbol s. The decodi ng procedure uses Euclid's 155 WO
2004/ 073296 PCT/ AU2004/ 000182 algorithm as descri bed

lggfé e%e@ai g’arﬁﬂj dlgﬁﬁpﬁ%%& {hl%glﬁ?ﬁ'&tureﬁ imiWe. R Hing

nmruni ca
l@f&bﬂa@?@"o mr@ﬁtﬁm@nsm ﬁhadpygsnaﬂwﬂével 3 pmhlenpeecﬁeypemdyng on the

leREN TrenBiied) of %ohﬁ&le%ﬁhpgo&mu&ﬂfah&ﬂ afd Jﬁ@éﬂif"oﬂed Smbient

PR BeefRE yS i Whfra e cReta g ety Hargel

Ater -1@&2W dyrafic Bangé eakpansioB, thé/segmintefign qmratmhsmu bemalse drhis

Q@I@B”A‘ok\' 12bre %%Bh{rﬁ@ag&eg’\br%\é%%ggW&%ﬁﬁl & e ég%ﬁtﬂm

spect lve tr termne
!p obves imsery ﬁcqeﬁ% thigdigestates ®6Qﬂ8rprweﬁwrt%@9@w6mevrr gxagple
Amf RedtessRR CinCHB mgteéergbnmet MemBss dé{bﬁlaf:d:rpl?eq%ﬁé’s rouah:y 13
§tat|on1us n%@é]&e rectg{gerogle ure., k}% Ii] "
CRAFA B SR AYBTFE 56 F“‘E%%S'”q ?%ﬁ foyQn estimates,
thmstwa sqeraties jorecedsunee dib sTihe SSdavaiiabléSpiPetseat cycles, leaving
woalell th US patent
%tf) dfggb% é’éﬁ"éﬁ‘*u“ﬁig FfASC’/r g%%ggpﬁ{)%%%% NCE AND RUNNI NG
DrE@NCAURIRE THM 1.5 From the point of view of
16 QP sécmbm i1 ;&Bﬁiegﬁﬁ;ﬁr@éfysmgt &1 dRsdin® NpPagd 14gs Y Begssdenes of

a8 sl s, Y EREL AT S BEBRIR e i sppcons
i imagethge beere gescripast @rpmnaéfdeot &t is ivpaf et theasedegsingpsources

rbfRES - forTE\eennﬁ'l@El)hpié SENthAR BB %quﬂ‘@%ﬁ@cél%rp%&@ Rardwars
are roughly three tinmes the size of the image in

' Sp‘J‘PE'{‘E”'I's, assum ng that the range-expanded inage is

It ieeadnobidedpeas ilutninatiord & SEfibienty thisiser eonfiaras wiid uizéc&_trolled
‘{nﬂ:‘?en?ﬂyﬁﬁgtg%f thg}? gi%(d\éwg re Ig% c!f Q%P&bléng%g g s#r%plénglgﬁal threshold

MR ysed, Fﬁﬁﬁﬁb@ﬂ"sﬂb@ lhe ft'¢1'é ﬁuraaaecnf éne dhafisurngs aam@Stcﬁ@tep

i& {m&@erﬁltnég thvuqhdndl@&m@gsﬂswént ERivenkast a6 l‘ﬂﬁ' régﬁ'%d n@a[
e 0 e ori | g

Bl s ST i Rar IS B HT G r R T Hags =

dyeriand belowrgpedmaun smmmthaisn Gfe abeenderdad shaxfowshaich md algofithm

:53-5 %ﬁgmggﬁoﬁa@qgosse &:P nl?ll H&Féd” gar@w%"e sEHH)cﬁ’tr fi} tﬁ%g\%uld

COT respon ng to
qﬁ f@éaﬂgslv dnelguiae eravisie; d@@b(wgn@ﬂ% h@orﬁamaadmeglorya@afeﬂS§ end
ittdrerddMing.  BFERS Wit H8RI0AE: s@part athis operation would require only: 6

c:peratioﬁs per pixel fo consfruct the initial hisfogram. For the ARMT this franslates to 10

cycles per pixal.

Even with this increased iifumination, i is still difficult to perform the required processing
in the available time, mofivating a modified approach. The problem is that the early
processing operations all have a running time of the order of the nurnber of pixels in the
image. For the example above, there are 12 900 pixels. The number of pixels required is
determined by the need {o be able fo resolve the macrodots which carry the data. The
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| processor with a clock frequency of 70MHz such as the

ARM/, then there are 55 clock cycles per pixel. This
is insufficient for performng the initial dynamc
range expansion step, |let alone the segnentation. 40
widthobytes of nmenory are required for the twecivkédboors:
30 steps, which becones 52 000 bytes if the

threshol ded image is stored in unpacked form

Clearly, the only way the al gorithm can be used as
described is to use a faster processor or:
alternatively, to provide hardware support for the,

Ita%gtglj etgy i J M%g .K)IE@ Qﬁhg ﬁlaér%)&ﬁ spagngg 8!23( t?agin 2{{' ¥% Wsolved

ran expansi o
Withrgalf &e@@ﬁéeacaﬁg Hgg@p m:m@fwmgxels should be adequate for

ﬁﬁfdﬁh@@éét@%ﬁrﬁque%h@ﬂ%rﬂ%@ &eﬁﬁﬁga'ow\f@sr&ltﬁ’i&ﬁ %Esge’s Ure

t he capture I mage. Even usin

lgggpeﬁgh\g%@w,mgﬁagt 198y pansi on, shadows may still be a

probl em dependi ng on t he relative intensities of

ﬁmﬁr{gqhé?gl- F{sqj]_-,tm |Iu B'EH']@I on and uncontrol | ed

nbl ént um na |on ner errors occur where a
%‘Qlﬁcmp'@e‘eth @dpyen medviipadmanss is apegrbto. determinedhe ragioak of most

Iﬂl‘,téi‘éﬁﬂ]nc‘anﬁﬂﬁﬁ \nﬁmﬁﬁ ARSIHBR exérﬁlﬁecﬁ&%f&uglt rﬁgélt‘ﬁfbn ORRfiAld &buld be
stil uires from 10-20 operati ons

6 Yo U R b 9 LI ESER PPols HerTRg oe ‘96 Maptpt b
valies wegsedrtwtargetaositas, to bithi-sixd! beusdcattife full nﬁébe‘lr@solutlon As
P F&E@Mocﬁﬁéﬁ@@émﬁ@oﬁe&% SSRATR st ﬁ\'ﬁMﬁ tﬁ’é&% S?citgalies using a

t e worst case s cal cula
PEERUfon inags R dherousing e figheanlution deager iongal@ahe final targst
latasadio 6ateinmss thélemsmyﬁ;l thelddsnes prebiipgh esti mat es,

|1 of the 55
TR o RN
leggiation i ang lbltcé{@golawnf iorages. o pooese 8 dindihg sies tardakdV AR ely
iBMRCAPNGH LMoL D all Ve SarR QoL vl Hrp1 % I%Ean‘?iﬁ@ meeé}%}%f in3d Sllg D

a‘H&b‘g caodi ng Netpage tags in
¥ "nEeHERIN BRRRNGSdhIN rsamin, TnecPeset Rasitignssaaspiately from the
m@pmeamhnﬁmaﬁem;rrgghwéshmdsraﬁ@m-régmuu&ﬁ ':th§ td éfﬁﬁﬁné?%mh

l I
BES LR W W i g S Sk L i e e
F&ﬁ@r oach probably require special - purpose hardware '

1SA6RP {Hetafqohfhn{ Eé%cﬁ&ﬁt dld, ek B &tﬁ%% HEd-REdS I%@? Ilsmia ot designed

U.ffl cie t ré %‘mﬂnse conp are uncont
BRI STHRS ISEPEh 1N PRENec s oIS 4P @ ssmipg fhe controlled
ifpmuitEtiemis asotliciants tarpivamg | b admididnt amthaion,2 @ndR¥nd3€ suppress

éﬂé@ddvsdﬁgm&hﬂﬂ?—,@ﬁén the mai n purpose of the dynamc

range expansion s 'S to determine a threshold for

t he subsequent segnentation step. The required gl obal
threshol d can be determ ned by constructing a

curmul ati ve hi stogram of the inmage as described bel ow.
Experi ments show that in the absence of shadows, such
an al gorithm
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gives a tag sensing error rate close to zero. If

requi red, hardware support for this would 25 be
relatively sinple to provide, involving little nore
than nenory access and increnmenting. Even w thout
woexoeEs®e support, this operation woul d requrCceAuRdoy/ o182
operations per pixel to construct the initial

hi stogram For the ARMZ this translates to 10 cycles
per pixel. Even with this increased illum nation, it

is still difficult to performthe required processing
30 in the available tine, notivating a nodified
DeRLSAeOng The problemis that the early processing

ope Eélons all have a running tinme of the order of the
"Hﬁ%?ﬁ deyraarRing *m’ﬂ"f?%fermm@rag‘@-ghveéﬁumwéthémmp@ha@weceis
it Srenecwintew 2Bof@d: pLathSof tHdh Bowr sEd@ledOpixd) afc@ﬂegpcrneﬂg |t6 R

pés% fi Itg@'gdq?%%g %H p%g%m@:nghgn%eaffls alnﬁ.ﬁ?béo%fgs%nﬂ% IS\{O reduce the
cmmgatw@z%iemw AR 180 18 IsBplest sghemaa gessiblea Moisrio togtdwn-

sérl%ié fhyt Jhemfég?# fébftort lﬂiﬁ:cﬁ%ﬁpﬁ%i(ﬁ%p@f&d&% Ll Cbu&"f’éq msé el yliare

ﬁﬂ esol ved hal f the pixel spacing.
MREY e %?w§ ?Sﬁeplxels shoul d be adequate for flndlng
Thik ecthameg ednseasilebd mgerasntéd n Eﬁarmdirélg.%gl bigtabla fcﬂ@ﬁ!ﬁsatkﬁ"i B0the

frérﬂg\‘%)[l % }yorrel Cflll.ﬂn%g?rﬁ egaerceangbglt ealdw:l't%a(l\trhe %?1 qrw \g‘ﬁreqthe
PIK%@&@S RiP @%B%%eﬁstp motierts) rr@moombpatnoe% within iaciewi precgesoridipck

chTﬁe%IMaﬁIe@aFéecaﬁJ&%téoe&'chﬁlﬁrle most interest in an
Tvaa%§ are then exam ned at hi gher resol ution.
7 1EoWR ¢

‘&H?F&"'Efe‘x’“&t) dPW”F?’HB"“?I?é & Hihgflansof jag pymier of
pikel$ in-the Sudiredoludon imagg @nd bbihd elbensimging isotdragsgnanigethoARM7

Ef%ss&roth}éadah’x@§ o&s %ﬁ!eidsﬁl% cg,%:%% 9CdralP Rble 7 Esch% Bumber of RE pixsle

i xel accurac i mRge resol ution.
'“lﬂl%'[ﬂaﬁe a'@%e"‘ﬁi?d‘-’l“@@é”@%%ﬁmpr ocedur e consists of
fIrSt finding target candidates using a

eo%vrm? ol u[ﬁs? §ﬁérn’ﬁ§%sé%?>gnﬁ%%gﬁ us| Q%‘:Wg& Pf:agll gléts the aumber

oigikale tn b Tulbdstlotice vage avel R isdhe dpesstinphisg feidrhe

_ 9 ron. Wth this i'n mnd, this section
@ﬁﬁ%mﬁ Churt >

cribes a nnr|thns for finding the targets using
hEftEh 15 rékol Jtion and third-resol ution i mages. The
PEReESS oipyfa nding the targets is largely identica
ded above and so we only exanine the
st¥s i|[P¥Ad¥allgorithm which differ. The main
C&m@&gnge;wf?tc determ ne the target positions
accHately—Hrof the high-resol ution i mages, using the
?@@Whts o#“?he | ow-resol ution steps, in a manner which
does not squander the savings gained fromusing a
| ow-resolution image in the first 20 place.

159



10

15

20

25

Unli ke the al g'ori t hm descri bed above, “the al gorithns
descri bed here are not designed for inmges with
strong shadows. In practice, this neans we are

assum ng the controlled illumnation is sufficient to
wowadm7ie anbient illum nation, and hence SBOPAESH/000182
shadows due to anmbient illumnation. 25 158 WO

2004/ 073296 PCT/ A112001/ 000182 DOAN- SAMPLI NG I n

general, down-sanpling involves form ng a weighted sum

of the high-resoluti-on pixels in sonme wi ndow about

the location of the down-sanpl ed- pi xel, correspondi ng

Fﬁ I\lGOIW- fllteringfollovved by re-sanpling. Since
ovvn sanpling is to reduce the 5

qusmiam onal burden, we should use the sinplest

'l?l% ?gﬁ@acﬁn‘}é gﬂéo:iﬂgrqhe ’H’de% ét%v@-fés?@)%’ﬂllsr %g&’gl\%gjrtgy sa@tle as that used
pﬁ\fi@@g‘g with twp dqndse o P RROVBATE e BB & B et than
Icaheremeamng@asiphiyside ab We feesyigron artifical dherimatioBygufiicient to
FJH tén%glllg elh%Er%%@hg&tﬁsogec%kd,tcgl?pe{ Inregégf npéﬁtsfa% usetdhtﬁ fi I%er thr?e tar-

In a virtu
deisf father thae the rmqnentsiipyqul filtering dgsgeted@baveaccessed as
not i onal rrermry | ocations within a few processor cl ock
Gpécl pi XE val ues are cal cul ated as required.
VgﬂB AR =PI ons count for down-sanpling as
Thefgiotal dgnamid rehbe eﬂpﬂﬂsan mpécespisxgingiari o thdndocal dynamic range

kézlnsmh ﬁ?b%géétd’&%ém% aﬂ% d%?erénﬁgisq@@@ 'hréﬁ:'g@n‘l Bﬁh%%ﬁﬁ'@érea

essor

of iteegst wémsanévﬁeﬁa ﬁpm thisyhistograng thaf theyieanglerBiBeticsy is gpieamiged.
Thi2 slxﬁalettmsfemﬁt@ioﬁr&h% tsed ¥ erePMa-aps Bl initérgstf act or . The

AR ST B sSR Shith, SBe PR BRI 68 fhtBlos
imageg evsaseat sk thes intvéree drenafersfangtibn ey déiaxmins i dpeidd jewel. This
R e 5 6 D e AR 0 1
As there are generaliy far more pixels in the area of interest than in the & by 5 window
used for iocal dynamic range expansion as described above, the enfire histogram must
nomally be consfructed. The compuiational cost of global dynamic rénge expansion is
quite low, as each pixel is only visited twice: onca to construct the histogram and a
second time 1o apply the threshold. The following table summarises the operations count
for global dynamic rangs sxpansion.

The Global Dynamic Range Expansion Operations Count. N is the number of

pixels.

Operation Count
Feich 2N
Store ' N

increment 2N

Compare N
Add N

This adds up to roughly 12 cycles per pixel on the ARMY7 processor.
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FI NDI NG THE TARGETS I ntroduction The approach to
finding the targets at lowresolution is essentially
the sane as that used previously with two changes.
First global dynami c range expansion is tried, rather
wiohmowGsdecal dynani ¢ range expansi on, as WePparau2004/000182
relying on artificial illumnation sufficient to
substantially elimnate shadows. Second, cali per
measurenents are used to filter the tar- gets, rather
than the nonents-based filtering described above.
d obal Dynam c Range Expansion 10 The gl obal dynam c

daﬁgg,esa@égq-gﬁéegp“ﬁhggess is simlar to the | ocal
nam c range _expansion process descri bed above. The

A&)’{'fer Eplifoas |°§n5t'4ﬁ§9d Bereyi i EqyoBlinilst mepredelPpRding, Artarget igfonly

twmtcem@atpmfe& it ?ité&fktt@ﬂdbp:aﬁdih ?ﬁ therpeh n.u%naw In§b@£troarm iHadleld of
e ST e UNCL I QN S eter

ioE Tt Sl Btel o 2 e b SV e seiohian ey P g5 sicie

pixgt end st lowss nepalifiohs dad caly maake Gt diffivgile t@eplassio imits ifocthe

rd’éﬁnéﬁfse FOMEanipiY. &f freb&rbsbilltidrdCa & Q#rﬁé‘l?&] e cgr?cdngﬁggf Hhree

can use the inverse transfer unctiom to deter

pleloyit arsiaaper onieiration; §° degi wifh his prellem orher tagrkss rgoments,
wehea calppl hesbutemdnbeottié tofget Alkeging. of i nterest. As there

. a ar, npre els in the are i nterest
Bifer HRATG e tisis b SRR 18, RaliPort, oL & e stafe & SBitous
diregges. Ek@awgm@wrsa@‘ thkeshepe Hhatlaralvonsideréchare dn idtfe its height and

it bl Q@ ﬁ@nmﬁ%ér of PREERI:bMaRE TheRskd et ed. The
cost of gl obal_ dynam c range expansion

Jconput at i
Tis 2 %ﬁ'ﬁ'ﬁ"@“ SR Pixgls 'églerﬁhSP%@l'”F@?ﬁ‘ﬂW r398i ted twi ce:
2onc ethéidhecwiditt and dieighteee N sipegiieangsl a second time to

3 ap p | t)ﬁatti[lﬂs,ewtdm 1§ ﬁ%qe%t %Pc? |sfmﬂt%1 %V%pgg§ r%@e f gngrmzr | ses

perat | ons
4expa¢ﬁ%i|“éﬁ1ﬂ"f¢ﬁ@”€3|5€ﬂ%nC'Wham c Range Expansion

ARR hﬁHeﬁﬁ%aMﬂanné“We? rst R8¢ RPRB AmBEr or dReRindBE §hape
tch 2N Store N I ncrenent

T tr%tgﬁoé%ﬁ"%%g R?'?r'ﬁ."@maaﬁs up to roughly 12 cycl es per

pi xel on the ARM/ processor. 160 WD 2004/ 073296
PCT/ AUZOOA'(»Q&Q 18135 (maximum aspect ratio) x (height + 1)

and
(height — 1) < (maxirmum aspsct ratio) x (height + 1)

The additions and subtractions of 1 are to compensate for the spurious inclusion or
exclusion of pixels into or out of the shape. For the fill factor the test is

- Area = (minimum fill factor) x (width — 1) x (height —1}
where again, we have subtracted 1 from the width and height fo avoid the effects of the
spurious inclusion of pixels into the shape. |
The following table gives the operation count for finding the height and width of a
condidate target.
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Cal i per Based Target Filtering At the resolutions
consi dered here, i.e. roughly the nmacrodot spacing, a
target is only two to three pixels in dianeter,
depending on the pen tilt and its position in the

wio Rbgo7edos vi ew. The segnmented i mages of a t acgRiu2@a000182
vary by the addition or deletion of a single 5 pixel,
and at | ower resolutions this can make it difficult to
set useful limts for the nonments. For exanple, at
these resolutions, a segnented target can consist of
three pixels in an L-shaped configuration. To dea

'I’Het GpdritichslEdRit &I Find QH}?J ?ﬁt%ﬂ widath Wmﬁdate *ﬁ'&éﬁ‘(ﬁ i3 the

cal i neasur enent s he target ter
'?‘WEP%PFH@'“ESO‘H@%?@E‘EF? exani ni ng the naxi num extent of
thwer&age Csunyarii ous 10 directions. The paraneters of
t+he——shape téﬂ'—‘t dre considered are its width, its
Fﬁ and W}s area, i.e. the nunber of pixels it
cRe@ﬂemc. The tasts are: 1. that the nunber of pixels
in {"ﬂ? shapd is|in a specified range; 2. that t he
8 and heightf are in a specified range; 3. that the
vieerapare ¢ t hV heijght ratio is within a specified range;
TS5 tiat—4greflill factor is large enough. As for
nent s-hased filltering, we first test for the nunber
For tfpﬁ ARG . this weiks oWaasel3 cyTise peepoist ifidhe sdomenied tobjech There

e thtp t6 3% b&fts géﬁ;bﬁe\&t ifl ehhatr-Hsofttiort mgb m m as psntj tm ; gt Ieg%
maxi
1?’3% @@)”%QQEH? ﬁ%ﬂ? %‘3 Of?ra‘léﬂe? Ga@&f%cahé’a W’ﬂp&& |961|El§e5

of 1 are to conpensate for the spurious inclusion or

'I%E ﬁ%%tfﬁ’ﬁ%%uﬂf tg%&f&hée mgi @al%:er %'étu f the shape. For

i e test - n1n|nun1fll
fQpetadien | x Gt h - 1) x (hei ght -1) where agai n, we
Nehghard/Dt ragted|1l fromthe width and height to avoid
JAﬁg effects of fhe spurious inclusion of pixels into
dghape. the following table gives the operation
CRufibiyt or Tyndipg the height and width of a 30
conatdate—target. 161 WO 2004/ 073296 PCT/ AU2004/ 000182
The Operations Count to Find the Height and Wdth of a
DEFRRINGRG THETARGEX PdsNIdrs t he nunber of points in the

TRRIRGhhe tHMRLRE QR Wi targets we caloulate the grey-scate centroid in the

high reselution image, as opposed o the binary centroid used above. The centroid is

caleulated in a circular window about the targét position dstermined from the low-
resolution image.

The size of the circular window is chosen so as to guarantee including the entire target
while excluding any nearby macrodots. This is a minor weakness of this fechnique. The
combination of the low resolution and the noisiness of the low-resolution segmented
image means th_at the target position, as determined from the low-resolufion image, can
be quite inaccurate. If the window is to be large enough to encompass the entire target,
taking info account any inaccuracy in the positioni'ng of its centre, then it will inevitably
include some of the surrounding macrodots. S
IMPROVED TARGET LOCATION _

A simple approach to improving the estimates of the targst locations is to use the same
algorithm as used for high-resolution images, except that it is applied only in a small
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Fetch 2N Register N Copy Conpare 3N Add 3N For the
ARM 7, this works out as 13 cycles per point in the
segnented object. There nmy be up to 15 points per
object in a half-resolution imge. 5 The foll ow ng
waeoskews t he operations count for cal cul @COrow2eH/000182
the calipers features. The Qperations Count to

Cal cul ate the Caliper Features Qperation Count

Conpare 3 Add 4 Miltiply 4 DETERM NI NG THE TAP. GET
PCSI TIONS 10 To determ ne the precise centre of the
targets we calculate the grey-scale centroid in the

Wi drEiSal e 8t p&d%ﬁi%s m%?e AR Fé%éflﬁt‘g: .aageheh@tvma&myposmons are

centroi d used above. The centro calculated 1n
%FW@WP%F’DW“?HBW%?BB'H?“ 98¢ ar get p03| tion deterni ned
'ﬁhé@iﬁtdd’r’@n bbavsmalPSRUIE ie@RniafREe a chididate taage@fs thie@ and used to

4 o 00 LALE0 SRSy AR R il e
thmwnnd@mﬁ@ addifiergl fogm af tmgebﬁltevmk tfes sippiied befors the sdumegtagon.
R%m&ﬁ@ihg%é Qd?gé?é ateRadkOWiHeSRtehdil bPRe @&Q[ étltﬁe centre of the

noj Si ness of ovv-resol ution Seg nent ed
vindow i 9'135#&& *hﬁotgteﬁt*% forathe d‘é't‘c@t"’m“ﬁeﬁertdldétﬁ lsrrélecfed "ang
sbamerttanlisiidt parfdnineg theaize, he me:agemmn frROida i€ sedrientdte

Ms%%g%{s{ehtgtt% tfg'g At HeIEonid A ﬁ}% uqd W%’ﬁﬂ@qgg 8&&%{ %Fé]lt‘één?aﬁon

I'nto accou ccuracy |
apd@dtﬁp tsi aﬂ@recyftages 8 iscuficient tOtebr@apt the sitiglel shepregti teaagsingre opipe

wirtelUitRe gmn Qf tHeh:SrgéME &%@te%yﬁﬁ&&ﬁﬂptcémmtd\@wg@ramd
TARGET LOCATI sinpl e approach to inproving t

SBYS mat es of the target | ocations is to use the sarre
Aalpgimtedidatin abovesaost fobihe lergis-of the eimpid low-résohij@rsalg@kioe pte due

7
tc&)@' A{%B%{F?fgtgegtf é‘& %lrvévérna Qigt‘?if'%lnlt nun‘tb@? 1‘"’@{0%9 %ﬂu% tg ﬁazget
migidgrificagion. [To pmskrgie s thefﬁ&g@ent%@gweasaewwgw 'ﬁ 5%&%0
further filiering using moments. Only targeis that pass the momenis criteria are
considered for the final farget selection process which, as before, is based on geometric

consirainis.

FERFORMANCE OF THE IMPROVED LOW-RESOLUTION ALSORITHIL -

Similar pérformance is obfained using third-resolution images with 1/2 the number of
pixels. Quarier-resolution images are not so successful, since at fhis resclution the
targets are reduced fo single pixels. Improved performance at quarter resolution might
be obiained by higher-quality fillering before down-sampling. However, this filtering
would have to be performed in hardware for this approach fo be practical, as the filter
templates are likely to be of the order of 8 by 8 pixels in size. Even taking into account
the gains due fo down-sampling, this would require excessive processing resources from
a general-purpose processor such as the ARMT.

Examining the numbers of candidate targets that pass each of the filiering steps
provides some interesting insights. First, at low-resolution, the calipers tests play no part
in reducing the number of target candidates. Any reduction in the number of candidates
is due to selecting only candidates with suitable sizes. By size, we mean the number of
pixels covered by the candidate. By contrast, many target candidates are eliminated
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determned fromthe | owresolution imges. The

hi stogram of a small circular region around a

candi date target is taken and used to set a

t hreshol d, as descri bed above, he. we use gl oba

vy e B29sange expansi on within 5 the w ndovecru2004/000182
additional formof target filtering is then applied

bef ore the segnentation. Renenbering that the targets
are black, if the intensity of the pixel at the centre
of the wndow is higher than the threshold for the

w ndow, the candidate is rejected and segnentation iI's

P&Yauste theOf RSty Sit m@&%ﬁﬁe ﬁfxgﬁn' Nl Y&skztli[@ H:agxe\% rt]?o great

s segnent.ed, S s%g tron starts
FMeH rﬁﬁﬂﬁ%ﬁptiﬂ?$ﬁ@* ¥E)-general segnentation 10

applied to the entire image, it is sufficient to

t fi g d
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is obtained using third-resolution images with 1/9 the
nunber of pixels. Quarter-resolution inmages are not
so successful, since at this resolution the targets
are reduced to singl e pixels. Inproved perfornance at
quarter resolution mght be obtained by

hi gher-quality filtering before down-sanpling.

However, this filtering 25 would have to be perforned
in hardware for this approach to be practical, as the -
filter tenplates are likely to be of the order of 8
by 8 pixels in size. Even taking into account the
gai ns due to down-sanpling, this would require
excessi ve processing resources from a general - pufpose
proocessor such as the ARMI. Exam ning the nunbers of
candi date targets that pass each of the filtering
steps. 30 provides sone interesting insights. First,

at lowresolution, the calipers tests play no part in
reduci ng the nunber of target candi dates. Any '
reduction in the nunber of candidates is due to

sel ecting only candidates with suitable sizes. By
size, we nmean the nunber of pixels covered by the
candi date. By contrast, many target candi dates are
elimnated 163 o o s
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WD 2004/ 073296 PCT/ AU2004/ 000182 because the
intensity of their centre pixel in the full-resolution
image is too great (renenbering that the targets are
bl ack). APPLYI NG LOCAL DYNAM C RANGE EXPANSI ON TO THE
LOWM RESOLUTI ON | MAGE 5 The al gorithm descri bed so far
can be further inproved. Pen-controlled illumnation
is still typically subject to variation within the
field of view due to such factors as pen tilt. To
overcone the effects of non-uniformillum nation,
dL#dMB dynam c range expansion is applied to the

| ow-resol ution i mages rather than the gl obal dynam c
range expansion described above. The | ocal dynamc
1r angé recrplithixi inkegiatedenirawgit ingludisg:descr i bed above. The 10
SalTe P fikor 81 rn{ﬂ?ﬁg'uméb%tuhfﬁﬁnénﬁﬁ“ the dynam c

range expansion ra 'of the
| ow elelsastione @najoigte digital Tieavastes for sbnvasiing andjogasignalsreangeponding to

'é‘%@éé‘%}mﬁﬁ o ,papin% chgte because of the greatly -

er of PIxe |nfhelovv-resolut|on|rmge

164 efizst fremestoreorsieringifeaes of Hecligitat iewoe idatanand

i ncl ydjeRg: a %th's'@%‘n;ﬁé‘d“%ﬁhe&@fe 8&@&5%& ne étd?@%bsampled image data
i nf or mat i on; | east one analog to digital

bﬁth%F'QF%JHmE%%FFW@ iR e f5gf famesire corr espondi ng

to the |rrage information into digital inage data; a

f|rs fra oring.frames of. the.di

2 mgh Pl R ated i SceBingdd SBim S e i vt fegptone output

pindiof seriglly dutputtdigodata frobisthephadlithivaigtegekdddi cirduits the qutput data being
e Ny d n the first franmestore.

bﬁ%%zaﬂ%‘t rﬁt(')a}"pt%ﬁ?r(':e@ egra%%%gtém rcuit according to

claim11, further including at |east one out put pi n

sfor ﬁ?ﬁdn@i e uﬂg%rﬂféhtc‘rﬂ.gt éi:%r@m%rtg maﬁ':hgel = Las éj@ut Pm is singular.

|ntegrate cir out put data
| east partially on the digital imge data. 15 3. A

4MONOk intdMofthicNhterafddeGhcGit H&4tdind Cé?élﬁil' Q%dil.f&inﬁ;' é‘bé@oﬁd framestore for

wherein the output pin is singu . nonol 1t
storrdraesef tee F"Bl‘iﬁ'ﬂm%&%iﬂ*%l |th1@m9@0h&m<aintﬁgmated pieaut QP'H@ C@Pf gured such
tlﬁ?ﬁl@ﬂiﬁst fah@@E&irﬂrf%nfé%foresSﬂé%écﬂﬁeﬁ étaféi‘t%e QfgithiNMagd dhthdssociated with
?ﬁqe dat a, nol i.th |C|né %Sate circuit being
aIE% ?B'E'F’E’Elofs'[]@ﬁe' aetieneensed BY e iMages&iisar f r amest or es
respect ively store the digital image data associat ed
by t/h g’aonﬁ@értg?rtgﬁé%ldfcgrgu %\ccHHng'nt?t%% rell ﬁ)trtga? lg{:n ﬁge gfc' Iéast a second
suhisampiet] feem&smie nynfigured & stode stibganipded |mageudaatagoaaed on the digital

iﬂa?@%%ta%t Sg&&ﬁmg %rer ranmestore configured to

ore su nage a based on the di gltal

6. A monalithic integrated circuit according to claim 1, 4 or 5, further including an image
processor, the image processor including:

at least one low-pass filter configured to filter the digital image data to generate filtered
image data; and

a subsampler configured to subsample the filtered image data to generate the
subsampled image data for storage in one of the subsampled framestores.

7. A monolithic intégrated circuit according to claim 1, further including at least one output
pin for serially outputting data from the monolithic integrated circuit in accordance with an
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i mage data stored in the second framestore. 25 6. A
nmonolithic integrated circuit according to claiml, 4
or 5, further including an i mage processor, the imge
processor including: at |east one | ow pass filter
configured to filter the digital inmage data to
generate filtered 1imge data; and 30 a subsanpl er
configured to subsanple the filtered inage data to
generate the subsanpled image data for storage in one
of the subsanpled franestores. 7. A nonolithic
axteiredl rsyheldordsing sighala tteo patpuigddta beingi raséd &t dedsheartially on the digital
j %’ng at | east one output pin for serially
ing data fromthe nonolithic integrated circuit
in accordance with an 165 0 external synchroni sing
i gnal . . a2 .bej .
%t Romshafg Bl TP SbagREIE Lefh 71 fith, i picbrang to o
sybteaurlack gigpal thtig based ondihersynchaghisiol sigwak at es accor di ng
to a 5 systemclock signal that is based on the
synchronising signal. 9. A nmonolithic integrated

i r cdi morglithig 'atesgmm@u&a@ﬁosﬂtnwW& whereinihe inagesgpsor is driven

ﬂysandr'hh% E8ensBYcIGek, tHERESgS SN cliédkPelhg delfed fFBﬁg@le%%iélﬁrclock signal
¢l ock being derived fromthe systemclock signal

10. A nonolithic integrated circuit according to cI a|m

18. WiaahendlitHidigtdgrRaecifan a6¢ordingl td Haim 6, MeRiPthesasgdsensor and the
erate aslynchr onous ach other. 11.

RERTIR e’ﬂ?@@f“&b')éﬂ°‘&°ﬁyr‘8'd1 Eeg%%"i&%ﬁ" 6 claim 1,

i ncluding: an image processor, the image processor

yncl r r

gl ARG ASERRS el draRtodard 4 bB8IRC. G2 o

12. AnrwAgs pldacessor, nthe dmage grocessouincludingos Bivapassdilted for fiftering the
age% &Héé Y-Sy to?%némﬁte@dqﬁgg‘?&éta the image processor
1-NC e expanS|

ing ara ircuit for range
expandi ng the d| gital inmage data. 20 13. A nonolithic

12Nt e@rARSRAlthd :ﬁt@ﬁu‘aﬁed‘%ﬁi‘%ﬁf SicBRlido Clafth 1 ihelu r ein the

i mge sensor ha plurality of photodetecting
circéap trgageetaewsgw th‘?émﬁ%t’réﬂ%ﬁs%'ﬂﬂlﬁﬂ%ﬁl" wetagpansmn circuit for range

eRPdNAighe Bigital imdg gidet ector for generating a signal in
response to incident |ight; a storage node having

first and second node termnals, the first node
1Ber nit\nﬁbndn&i:mgteg%ﬁed:armecakzeﬁdhg td bl%mhphﬁdetrﬂhé Grhagedsensor has a

uraﬁ% c}{‘%ﬁ%@ﬁe {:t%gacllrcm eac %he pmo{o%gte%{ ing cm:un sncotm?ansﬂg de

a photodetector for generating a signal in response fo incident light;

a storage node having first and second node terminals, the first node terminal being
connected to the photodetector to receive the signal such that charge stored in the node
changes during an integration period of the photodetecting circuit, and

an output circuit for generating an output signal during a read period of the
photodetecting circuit, the output signal being at least partially based on a voltage at the first
terminat;

the photodetecting circuit being configured to:

receive a reset signal;

integrate charge in the storage node during an mtegratlon period following receipt of

the reset signal; and
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changes during an integration period of the

phot odetecting circuit; and an output circuit for
generating an output signal during a read period of
the photodetecting circuit, the output signal being
at least partially based on a voltage at the first
termnal; 30 the photodetecting circuit being
configured to: receive a reset signal; integrate
charge in the storage node during an integration
period follow ng receipt of the reset signal; and 166

r@caimonmeasaimmgmmtitmebbtjm&lrmmhl df ktee Q@ﬁg@ Aodecst Maasbdiuring the
e

r e at least .during.the d .per.iqd,.
Bab<BohR Cafaeton flna FiEhald M o i BRI st e
ouitpubcircuié genanates thie dudpiut sigeal. out put circuit generates
the output signal. 5 14. A nonolithic integrated
circuit according to claiml1, further including: (a)

1 mi ﬁgﬂmditl:\igﬁinhegrateﬁircirgeiheccatdinggo claim N fageramduding: er nal

I m pg: e sensor being responsive to at
(%)eastﬂ[%o E’l?iqﬁﬁ@@nér nal timng signals to at |east
C @Hﬁéﬁ@ée Yeraaliiging smm therinpgeganser baind responsivisio apleest one of the
eiﬁt@ﬁél%lmﬁdsﬁ? t%'ﬁl’é%%t’comnén*éé s@ﬁsu{ge@ﬁﬁe iRfaGe XfaChRA!

pin for su he at |east one external timng
si gnal to&‘da B%Fﬂerﬁﬁ'é'“ﬁ%@ﬁﬂ'ﬂ%ral device. 15. A

. (Hi)DnOlaﬁ le&Ht ©né BkieEHaR iR dorGIubpliing tHRCA M4t Bk &@embiiniihd signal to at least

he Lnt‘%g rated circuit conprising an inage processor
OE%ﬁ?rfpélﬁ §°YE make each of a series of frames of inage
data available to a 15 host processor t he i mage '

187 o RIRGoUBEALo SRR flaliach S50 0 b AR Mo an
inpagecrrecassOrION guretq td makeyedalr Qfmsenae cbframes ot inage matpeavailable to a
hgﬁgﬁ”oo@ééo? thé fn: 9&%9&%‘%[:118 opfiftirea’ hroni sati on

nse nmessage, cau5|ng at
| eastecple @ ft§$t mﬁ@agﬁtfregr thedwsicproeesser indicativeesf theyhpgfprocessor not

ré?;@iﬁﬁ% fUPELaccB8EoAfe | inﬁhg‘é%%%?}%? tof é’sﬁ’bs%l?éﬁffrarne synchronisation signal;

synchr oni sati on si par
| nt efEIROASE 1o 1B fitst Messaase causing b irast Pastief the intsareted iscuit to enter

almv\pmodgoé}ﬁ; 16. A nmonolithic int egr_at ed circuit
accoy di to one, further including an inm

pr ocBLEPPNSE orRITIME BjchiaigaaNanel CRuserle B theintegratgd circuit in

tmp@mpmermm@te»swmmlmwmdéost processor, the 25
i mge processor being configured to:

16. A monolithic integrated circuit according to one, further including an image processor,
the integrated circuit being configured to operate in a system having a host processor, the

image processor being configured to:
receive, from the host processor, a request for access to a next available frame of

image data from a framestore;

in the event the frame of image data is available, sending a message to the host
processor indicative of the image data’s availability; and

in the event the frame of image data is not available, waiting until it is available and
then sending a message to the host processor indicative of the image data’s availability.

17. A mondlithic integrated circuit according to claim 1 for use in a system having a host

processor, the integrated circuit including:
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receive, fromthe host processor, a request for access
to a next available frane of 1inmage data froma
framestore; in the event the frane of inage data is
avai |l abl e, sending a nessage to the host processor
indicative of the image data's availability; and 30 in
the event the frane of inmge data is not avail abl e,
waiting until it is available and then sending a
nmessage to the host processor indicative of the inmage
data's availability. 17. A nonolithic integrated
Ci I Clat keastamelinbungintfer ra¢eing donfirasndidata frmmeslycsst pICessor,;
havi ng, a_host roce t.he inteqgragted ci

i G il

el ablcRg ShBcopt i 3 BE Ranenififo pficEcteRinoe s 8 e pogprocessor in
responsetd thkatemfeandrdathearidost processor; at | east one

Out P kg biceldsF A5G40 RNQERSAEDATRAE HALE dbA) by performing
5 mnmagmpnone@mgp‘ummee gormagaﬁat@mmlded by ge imeagetsensdie

processed i mage data by performng 5 an

i mage- processing function on i nage data captured by an

i mge sensor. 168 0
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