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wo DMBNEI6EIN The present

WD 2009/ 155635PCT/ AU2009/ 000695 1 ELECTRONI C PEN W TH
RETRACTABLE NI B AND FORCE SENSOR FI ELD OF THE

pens for interacting with interactive 5 paper. It has
been devel oped to provide an el ectronic pen having

i nproved interactive functionality, which can be

handl ed and used in the sanme way as conventi ona
BRECHRONICREN VHABKKIRTRAD TABLEHHB ANBYORTE $8NSOR
Appl i cant has devel oped the Net page system which is

di scussed bel ow and di scussed in detail in the
cross-referenced docunents identified herein. As the
FIRLONOF AHE ENYEXTIGN| arly wel | suited to this systen1

it mﬂ%» be descri.bed.in a hbtg ge cont ext

will ‘& Pé“ﬁﬁ?é&‘f%&‘%“ﬁﬁ?t OHAEGOHEIPA" Bl‘ i tSraCt%n%‘nﬂhg‘“eraC“Ve
oM Cetsas ame dbvepell foapgiing apRttGal p@Naving iFBAYed interactive
glfferent fields and the invention 1s not limted to

ptiopaliy . wrhighy 3nb] élaa%e%ld;}’é@dems‘%ﬁaé?ﬁ way as conyghgional ballpoint
Mgt page systeminvolves the interaction between a user
and a conputer network (or stand al one conputer) via a
pen and paper based interface. The 'pen' is an

BAERGROWSD O THE IWVEN18ONRT Ki ng or non-marking nib
and an optical sensor for reading a pattern of coded

dat a Tha Aphkcapiahye rdeydeped tthreNetpagefsatien.. whidOnedississedbelow and
(Bgclugg@ Ml Je%ﬁtulr'{hg%rog’g re?e@&c%?&o@ﬁg&tsoﬁghtff E%hérec‘in apxh Hetu%flveht‘?on 18
clic on interactive elenments on
IyamBMMMV@&mwmdﬂem@ammahﬂtwﬂhn(bsmb@hnba@amg¢ﬂms$adﬂmvﬁmf
el e ) 0. er | ink h_ a .
1&\?1%28&—1:6 aBérh%?lgtte% EX%ES%%‘nd—glielﬁp %}%%Ia ,?%n%{f% c%? \'ilg[/(% b%ah raﬂgmg
applietiact in nene l[ddfoemnt fields orddbe inventioh iischot dlmltledl to ﬂ'shlee within the
|caI sensor identifies the elenent via its unique
4@%@ "ocation ID while a force sensor regi sters a
pen T@l@VWbtpagQ Syganditdven thd éneriidiion rietivees apﬁﬁﬁ &ﬁ(ﬂ a computer

t th age. Registering ' a up'.
PO L S ARRE R b el o B B ST BEe. RN pR s an
d‘l@iﬂdﬂvﬁ istylud Ovitina Metkpaa® noRpuatkifd sibdsd aNoptidai sakdr fhiofesdng a
signals are als for. reproduci ng hand-drawn

pt
Rt I0E codRH i gﬁg%ﬁr#%P &-5EPSt ed wi dth and opacity.

For cen¥ar indblMRryGaurad Fohdetpse ferdis itPRRIItD%o {ch&’ on interactive
par anmet ers exam ned during signature verification,

dowe o fACRBEe Pale sINANEY RuRRES taflickynrssigen-Pasad feractive

fIGhG& (%%nl? pRGInRNGAd I IREL - IBENS N %uﬁ%%ﬂ&ﬁ@ﬁ& e u@é? smlply puts
reconci with the need for a s rob
thadibeagle misractivegleman inhedet|te c]gglfd)ntl‘r afgpwiieal sengor 1dent1ﬁes the
UL R SRS PES RO LA RIS o o
asdition Whengke gibirgiressedergrieditstroge. fRugistreiag tneh dgwiiabd “pen up” is
r ree r -
I8 G S BB SE DAL KR LSS SRS, gt
ﬁorts wignalblaee flor cagpatral for mg)r@hlding thamkdiawn\nslrdikea \xhﬂlgslarying force-
%g dt% CC acrl fyF%r% arla 1 n arnoa\%o dgl HUSS, tor}I (‘gthel arabné ters
&@mhﬁ@dan@ekmaumabhﬁmﬁmb for |nteract|ng mnth a

surf en conpris a slidably movabl e .
car t gy iSpRig SRR GRS rdEd SlRed sope A Gimesgine
peen&as fo%&econcﬂed with the need for a pen, which is robust and easy for users to
handle and transport.

i nvention rel ates to el RCT/ATR08/000695
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10 the cartridge being configurable in an extended
position, wherein the nib protrudes froma body of the

w@ee9/155885 a retracted position wherein the ni bP€BHAU2009/000695

retracted in the body; a retraction nmechani sm

conpri si ng: a barrel for receiving an
opposite second end of the cartridge, the barrel being
adapted for seating the cartridge in either the

ext emitedopo shigeamsog Itemfemamiﬁrcacécbuhdizs bmiset fron Anohe frebysee

I [ axi al force m.t h
5 228 Sy B i e i B St BB OB g drowever.
farvd sensitive resistors &avei abdtingy neahasisroizean Ripasngmehend are
car.t e towards the extend or retracted positions;
b st o MBSt GRS han, am ¢ he
actuator enabling a user to 20nove the cartridge
§etmeen t he extended 6nd retracted positions; a

W%@@oTHEJNHFMI Y the barrel, the force sensor

provi gi R a§RACIhERNs hRVIdBE a@éﬂe@ﬂonfcqfeﬁ @atih @B $Etabhse ntOfor
the barrel fromthe cartridge; and a processor

IBSTRETREUTER TeRcey BR BPEEOMRESASr ce data i ndicative of a

for ce ,dRiBEL A DY chltfich A5G SBHIOS firs?nliTS: REARIL AN Qf8ce,

a conveni ent nmeans for users to retract the n|b usi ng

b eartideribayy gpnfigiptilestn agtexiended ositig. a/hpnelgﬁhes@h $rotruggstipm a
[ or ces

ﬁo%& B?thgﬁ%%d a%ﬂr&'fb&én)@ﬁ v\ﬂ%ﬁe? eIhE Iﬁgﬁl fsegflﬁ‘&n&fl g{é g)hé?% o ded

p03|tammﬂwﬂonnwdwnam¢qmmath the pen further conprises

an i nmage 7 t

dat o patt opn S Dbl AR RS e barrel

Ipingceisptod forsseatogf thg waredigt efﬁl&g elwee;aemderg pwttoar @cth¢ oatracted

pd)g{tlgn vx’fl}e{eg}/ nQorlégPﬁllt(l)an AFip t%?c? %romD t%r aergrs@r}%? 1S tran mltt?c? % tgee garrel
mdmdﬁme&ﬂmnﬁnmusmhg t he force data, elther one of 3 a
pen- up sta e when %he ni.b |s nof i n_contact %
surf ace. 1as1ng n&g ‘fnésﬁhlf?r 1asln}ge r G otlow'rlrgq the exten ed or
e@attddgpusieshst o i ndicate a pen-down state only if the
force exceeds a predeterm ned threshold force.

Opt i oﬁ%ﬁ?twort%plﬁdr B SuRe8 e 1 s 15t o Prbling @ user to
h&& thdWafFid&ttetite B AxtOitlel al‘(kﬂ@ﬁao’{bd%oﬁﬁd;h'sdom state has
been determ ned ionally, the I mage sensaor
conf i gupredserrsepded torke lab dhed@fcﬁ S@rﬁpyprmgﬁg & reaction to the

REN AW it Eo MRS aREERNIEE 84Hd8EUnd
Optionally, the actuator conprises a manual|y-operable

but t oA PEsEsPenfigiredfor eneratingifpece ditsandicativelelnt Besidgigeted by
<@Qﬂm%%5% e of the button switches the cartridge

etween the 10retracted and extended positions.
Opt i offé¢ bsn Prbﬁéesmecmnwtﬁpr insas fer usen&i retyach theamlg eviemnene hand

ctn(l)}r Wﬁl?lgtmltelﬁgla%n%p% %h%%s?twlt? l}or?{ %etrl]llé]og e\ﬁng%rca% gigte?ﬁgg’%l%g%e%t nib
ﬂoncbi @, lﬂﬁngorwutlgbwhe:ﬁhcsmb isge tigiergndedtpuationon of
Optionally, the pen further comprises an image sensor for imaging at least some
of a coded data pattern disposed on the surface, wherein the processor is configured for
generating interaction data using one or more imaged portions of the coded data pattern.
Optionally, the processor is configured to determine, using the force data, either

one of:

a pen-down state when the nib is in contact with the surface; and
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the button; and 15a cartridge sensor cooperating wth
the cartridge, the cartridge sensor sensing whet her

W0 b@oasioss i dge i s extended or retracted, wher ePCI/ALZ009/000695

processor is adapted to configure a state of the pen

in response to one or nore iznput signals fromthe
sensi ng arrangenent. Optionally, the

button sensor conprises an electronic switch, the

SWi t ch pheumgat? Ghecthanmbdalolt in cactctabitheghdwprfpart of t he
button, .. tionall the barrel conprises. a

Pongt Loty ye SRehSER e el ed PlE ot BAREHRG SPSonty i the
fore oxdeddndralktetrhigedtretioldigeee. t he rat chet conprising a
pluraljt. f radial ratchet-teeth for |ongitudina

11 di BT BERReS S FrrOR bR reE oF GG Ghea pnly when
OFAWRE seRMadiedn Usterdtinddnner surface of the barrel.
250ptionally, the cartridge is replaceable and th

r at ch&PUIPRIIEJRE IS Senserol CrujeuEd Appspse Qe SPH Hdy when a

&ﬂ%@ﬂ'ﬂ st@fédla@lgeeﬁ bQeraadelir 1 dge. _ Opt i 0_na| ly, each
| ongi t udi nal %roove has a . cammed |ip configured such

that &Bteradihgihe igHgeneserses a nanpally-epaithie Ul sep daeehe
&ﬁuﬁﬁﬁwﬁé%ﬁﬁ@%%ﬁﬁﬁkﬁdRﬁ%&:&ﬂﬁ:&h@n%@%§§§m59&ﬁh&96m9%mlme
the ratchet. 300ptionall, the barrel conprises a first
ratastodend c¥endedipeitiony.r espondi ng to the ext ended

posi -

Dot P T b A o E K P Ao o
thnpens the dasing atrangemeid comhjisfnigr st or second abut nment
surface. jonal |y t ' . .

rat chet v%ﬁ&%gs 8%§€F@Qfﬁe g%ﬁﬁbg%bﬁ&%gﬁﬁgf%%%gggnwanOf
tbt butwmhjang of radi al plunger-teeth slidingly engaged in
the | ongitudi.nal grooves, . .eac | unger -t.oot h. havi ng a
second carpli B ol PV BRRF Bt PR LR SATBRIEC,

dehéndf wiicsiter thanaredigesdxsndctlacesaadd, t he rat chet -t eet h,

the .fi.rst and .second ca d end surfaces bein

YT BGPEEETE it FIRY QR BT 5ok HoPGidh ERRRAYE o one or more
ﬁ&ngggnaﬁ@yﬂﬁﬁaggguﬁﬁgfnkﬁ,biaseg toma{dz ? decoEpIed
pOSItlonI | t he utton-ls ecoupled 1ro t e .
pl ung&ptionally, the %eﬁ,m RN ISYMPHYGE 2 SIPEINIC HFEN B8sWiFh being

h&hegsal afhdbleRgRaedhwbhidont he force sensor, wherein a
| ongi tudinal axial force transm tted throu

h th
car t r ORGenaly robasiet ummsyesHens Bilias oWty ikt fohistaiging the

SOt @Rk YoartdtidlR, 1o EEhet B MsideSa FuRBRAR hdiM Gt &Rth for
sensor, the pin being engaged with a reéesilient noving
longipdinglfsliding cogasament Wik qomplegcsiaryslopgitudinal grooves defined in an

18 il L L¥ne b8 pen conprises a preload bias assenbly
@grsﬁﬁgskﬁgefﬁg barrel and thereby the pin towards

engagémsenallyithdcarthdeefiprepleeblesod the ratchet is Qptficored fdrygleasably
lleﬁi%i G s%&g‘drehégﬁg ca?:%ggbng for the barrel, wherein
the preload bi as assenbly conprises a preload spring
engageéegtibetlyeenh tiheithdoed | gngpvarcls taheanbsadr B configured such that
ionall h artridge s selected froman ne. of :
SR G Ropd S5 SRLop RN S FhT Lkt OB O T Yot
tafipl ofitgraichde. to the nib, wherein the nib is a marking
ni b %?)gonall, the barrel comprises a first abutment surface corresponding to the
extended position and a second abutment surface corresponding to the retracted position,
the ratchet being rotatable and slidable towards the first or second abutment surface.

Optionally, the button is coupled to the ratchet via a plunger, the plunger
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a stylus cartridge wherein the nib is a non-marking
nib. 20In a second aspect, there is provided an

web®@enswsd c pen for interacting with a surfacePCT/AB2(92000695

conprising: a cartridge having a nib for contacting

the surface; a capaciytive force sensor,
cooperating with the cartridge, for sensing a nib

force transmtted axially through the cartridge; and
Qbpripnge plastity of cailial gunged-tdeth sfidinegly ahggédingle ldigditadinal grooves,

indicative.of a force detected by the .ce _sensor, .

%ﬁ%?%‘il%%’r‘{ﬁ‘?@q’caéi‘ﬁééis%ﬁoi}%c?%?%de"“g‘éwﬁa&? ?06 8&‘%{‘?%%??@“‘6“ with the

farstsqaminied chdwirfigesaot thentaefstadet!s oedfitst dnd @edddd cargmel @ldenrfaces

the spring resiliently hiasing the noving plate

e B e P CR e P FEH 308 conducti ve f xed

pl at e opandila thd Bltee iy bigses epar@hiddguplde piitahnas which the button
ccaording to the second aspect advant ageously

The pen
165?53\9}‘1?:]%‘15r?%§‘t‘3p}“é‘§‘60nse times (e.g. 0.1-5nms or 0.5-2ns)

and, optigaIy, sl batel cb@ptisef @h Widkrdl GirZ BgagddeS RO IS Horce sensor,
times. These 5 fast response tines are necessar

> ese ) ! .NeC y when
wheptinp joagitudinabaia! fuerisensnited irarh diegrithdeciivdetegist bp ghe force
Randwh idtogn 1 nput on a page. The capacitive force
sensor defined in the second aspect may be

i ncor Potenady thafuccasppsostis ¢ Kepagitiex foresricesop s Pig dstgicpgaged
\pll@r{ a?feg}ﬂiedtﬁnolvﬁﬁgﬂﬁetdf ol @ ¥y WirdcaBlsg, for use in

el ectroni c pe aving retractable cartridges.

50pt i Opadtally, thhpensqomipriges iaprdoadpniassesmbly far biasieg thalbarrel and
l.ec t . | St of : stainless steel

ORI O GO R INSHE R | L Re i b for ce

nov es Ophenaftpthepenploatpesds aviengsg fdnehef haxreld whtrainghe preload bias
tionally, the . nib force S t noV.i N t e_away

BB R e e R 6 AR b sl ot

one olOpriodally Sy dangdgrinslstep fromtanngnd éfe novi ng 10pl at e.

Optionally,. the ope or nore spring ar extend . .

radially, hiiok &g éﬂ?"Préﬁl‘i‘%/a‘bB’L§Eﬁ%’FV8}rlr¥§r FPRHNE ik to the nib,

\nméimgleﬁbag Qniﬁﬂci@l’himldﬁ(ﬁfl annul a[j sapport.

Optionally, the noving plate_and the one or nore

spring arheYidt earEide whiesrn 108 nibHya pUY BREREE D osi ti on.

150pt ipRakédd akiet, MRYd ROpiliddEan Bt PReHP intéfMtRg with a
spri n% arns are formed froma single blank of
a

WEReSy tha Pen BYTIHA%I |y, the diel ectric conprises air and
a pol ¥RBridge having a nib for contacting the surface;

a capacitive force sensor, cooperating with the cartridge, for sensing a nib force
transmitted axially through the cartridge; and

a processor configured to generate force data indicative of a force detected by the
force sensor,
wherein the capacitive force sensor comprises:

a spring having an integral conductive moving plate, the spring resiliently biasing
the moving plate towards a reference position;

a conductive fixed plate; and

a dielectric separating the plates.

The pen according to the second aspect advantageously provides fast response

times (e.g. 0.1-5ms or 0.5-2ms) and, in particular, fast return-to-zero response times. These
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Optionally, the polyner is polyimde.
Optionally, the noving plate and the fixed plate are

waepansieetl by a rigid spacer. 200ptional |y, thBCTAD2G03/000695

retractable within a body of the pen.

Optionally, the cartridge i coupled to the force

sensor via a retraction nechani sm Optional ly,
the retraction nechani smconprises a user-operabl e
fasttréspomsé omey @t naxetsianygwlmn damu«tngmdjomtgmbirsestmmt) of @8itah ird during

t d | '
R B RGT by DG Fri BBy SIS BPr Fr S Bk fosf Lhepgepmay
L&t 1n6.)r1§drett6d innehy Quf dlea:ﬂbcﬁmﬁ@mris dessabaindredn dt is arftionledy suitable
or sens rcetransmtted axially

nsor %
éﬁ'r‘s&fbﬂe‘iﬂﬁgwegﬂsth? H%’é’trf“‘rt% a retraction
rTEChangﬁ@ﬁaQSNTﬂlﬁelh §rifg:is %@ﬁpﬂ@ﬂr? aLrﬂcfterfaiBCSglieMéderoghﬁle %roup
secon t rtrjdge, t arrel being adapte
Foatstee At Sﬁﬁl Fhe é‘fdﬁ?efy&{@i?’ F‘?Pp@i IRer an ext ended
POsi t iopRorllyand 86 FRELRS cPOS hlovRB platchew R helixdagiing

engaged with the force sensor; and a first biasi ng@d
means OpEenally 4k Hp fargrameyas the mgyiss plteaay fomghetired

or 6 plibday atk §eEk tbRfRes GRDrMePeGRRg amsasﬁbﬂwtlﬂgetﬁ@ﬁovmg

for biasing the barrel towards engagefrent wt
fl¥e-ce sensor. Advantageously, the use of two b| aS| ng

means ggﬂoﬁahf, BE D& _r&?kﬁllo\?ﬁ islfrg@\/ﬁﬁllk %P{en 'r'(Qhall c1rcumferent1ally or

5[‘ etr t1on ext ensi on stil extracti on
saprvel Ly fequn ﬁl@mmg pbltetbhlemdaramnul@r@epﬁortom t he pen wi t hout

danagldﬂgogaﬂf ﬁl&%ﬂ%@l %%Pd the onf 8ra é@%l @ﬂ‘%l Mg alIE Qg I%I]}]ll‘e in the

barrel " conpr’i ses alnln
sooodposiidn.of the cartridge. Optl onal ly, the
boot i-s..l on I nto et

ext en&)gdo g t%‘%'lr%lﬂ‘ﬂgg {) taﬂgghe otn? 8{: pgre SBH%% %rma areeformed from a
Sopdld bjmfkldfmatehh]le cartridge is extractable fromthe

R TR RS
Optionally, the polymer is polyimide.
Optionally, the moving plate and the fixed plate are separated by a rigid spacer.
Optionally, the nib is retractable within a body of the pen.
Optionally, the cartridge is coupled to the force sensor via a retraction
mechanism.
Optionally, the retraction mechanism comprises a user-operable button for
retracting and extending the nib.
In a third aspect, there is provided an electronic pen comprising;
a user-replaceable cartridge having a nib at a first end and an opposite second end;
a force sensor for sensing a nib force transmitted axially through the cartridge from
the nib;
a retraction mechanism comprising:
a barrel for receiving the second end of the cartridge, the barrel being
adapted for seating the cartridge in either an extended position or a retracted position, the
barrel being engaged with the force sensor; and

a first biasing means for biasing the cartridge towards the extended or
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Optionally, the first biasing neans conprises a spring
engaged between the barrel and the boot. 150ptionally,
w0 b@ohsteEl conpri ses an end-stop abut nent surPEaU2008/000695
the boot is configured to release the cartridge upon

engagenent with the end-stop abutnent surface.
Optionally, the second biasing neans is configured to
mai ntain the barrel in engagenent with the force
seasdpoyii@n; 4ddde boot is engaged with the end-stop

pgelp BTG E g %ﬁ%%ﬁ’ﬁ Bpity KRGRh hP R B Ree
efdr.of the cartri dge Optionally, the pen

further co S erabl e butt n coupl ed.
to theViERE q:sly,, ‘E’%{“ Jéli"‘g} en G@C%Vﬁglent nib

etldckibe Ext&RITR thsﬁsulaalmﬁg eﬁ@aé‘u@h afid@placditesl of thehef@dgd from
tghe second 25hi a g nmeans conprises a spring engaged
EPYREHOBHETBRRS BF AFRITRE housi ng. In a fourth

aspedptiokdN@! e bsrdPcOMpritela ot Fbieelehsablly GetMBMg IR second end of
interacting with a surface, the pen conprising: a

the¢atsideabl e cartridge having a nib; an
aut oRRtiballl &hd Rt is PshoMRGRAY kBRI Ao @i‘tﬁe@fﬁ@%kt@ﬁieh Yosition or
retracting the cartridge such 30 that the nib is

therctragiededsiiPr-hi n a body of the pen; and a first
pr OC ﬁ8£all§mﬁe &ﬁﬂhéqu&tg&aﬁl@ﬁoﬁ%e%‘al hitd &bt oyat?é féé'ﬁ by,

n
I'sm ereint Irst processor Is c uf
H@l@wh@mtldgﬁalgalystt@tbm@f th fiest biasing mekge i n response to

one
e ShiTRAE P LTS SRR I ety
mimhemozes damage to the pen by retracting the n| b

d d d
:Qaﬁ{g?p%,oﬁa?lg Ctlg beaf ﬁ%pt%}éogeléersnarq %nd 3 abu mva;]le%lrtg%e ang ﬁ bo%t I

donfigfrad tb ,relaa@cdths bajmmlge tqunteh@gaﬁdfht tw&lh deteadrmivp elalthyht surface.
retract. t i b before i [ er tomnlmz1
darrag)é’tlo 1t ety S RE™ ds &) rF odnaan g bagelen
dn@iemeHEATARSTof@keBaNSlicA thet a6t i BEsa@dd WIlN'tEe @@Rtop abutment
condi tions, the one or nore input sensors providing
YHaccsy thydprieel; nput signals to the first processor.

Opt i @pabiayty, th@lﬁ)opétﬁnﬁ%esmét@min@@h’éathsf@ﬂféﬁ[n%g&ﬁ@se@&id%ﬁ& Bkhe
fromthe group consisting of: a force sensor coupled

t@1idgse cartridge, the force sensor sensing a nib force

10t r %%Hﬁaﬁlgf &k I?C)fllf@lltﬂeyCJHM‘Q&QLHHJHHQI}’C@{&&BIG@QEOJ do@ped !Bffhe

nib switch coupled to the cartridge, the
rmr@tlgwm@nm@m ng actuated when a predeternined force

s e)éfp'ﬁBr?aﬂyHHe ﬁelﬂ%ulﬂlepconﬂﬁlges a housing for the barrel, wherein the second

biasing means comprises a spring engaged between the barrel and the housing.

In a fourth aspect, there is provided an electronic pen for interacting with a surface,
the pen comprising:

a retractable cartridge having a nib;

an automatic retraction mechanism for automatically retracting the cartridge such
that the nib is retracted within a body of the pen; and

a first processor for controlling the automatic retraction mechanism,
wherein the first processor is configured to automatically retract the cartridge in response

to one or more predetermined pen conditions.
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an i mage sensor for imaging at |east sone of a coded
data pattern di sposed on the surface, wherein the

wo poogtisBHCcessor and/ or a second processor i S PCT/AU2009/000695

configured 15for generating interaction data using one
or nore inmaged portions of the coded data pattern.
Optionally, the first processor is configured to
automatically retract the cartridge if the first

pr ocd&spen adeirdingr’td’thxsfoanly aspoe adfantagdoesin minimhoecdaniage to the

857 kfeid oo BUGER S TrRRab BEGEE bR abr SRR,
qudtrbinyte fimal derea odedthd atidis pefrdclNaddaidns tbelepen @

redeterm ned threshol.d; a.quality. of. the interaction
Bl e P R Rt s le TPzt el s bt oy
for sipabiang, thé'h@enhﬂﬁ@ﬂis@@bﬂe‘lﬁ nfded idput Serkdth Kor sensing the one or @

buffer for St%é g the jnteraction, data has avail abl
THYRBFRC it the OpoRAROTE AW SQIISQ@FRFO&%‘%%&“H%@B” input signals to
thOfiREReéSsor. the pen is noved relative to the

surface with a speed exceeding a predeterm ned o
t hr e SWEPRLY hgjone or more ipfps sgheqqs frg s¢leqtaddepnt e giopp eonpigting of:

the surfagg i sErﬁoﬁcoﬁl‘alE& toEiné?c%ﬁ%géch@ fRECIRLL LM iRESnib force
threshol d. 300pti ona he one or nore input Sensors

conpiiiagsayttegtaxjaiy §rough éhe§é1ﬁf$¢gﬁ frgm|taenied from t he group
consi sti ngmgf w1td"}1rbo g(?go%eo&[ﬁﬁ@'e' th@nlﬁo's@ﬁgh be actuate when a

environnental tenperature sensof, an environmenta
hum giedgtememsiderce & ehetetlen yhesmtatalms sensor and a

connectiv L

pr ocessorél Xlag | gBOrf ggag(lrg % %Q@ngt’a‘#?@%l ({Oix/edr%ep a{t th ? ﬁ%osed

c ar t on dgesuufice,t\wereﬁn ths ﬁrsppuocmsm ond/getsecaonl peasessmys @mnégured
not | on [ | e

an’ i WGBS i Tl B8 P Ot Rl i PR B U6
pr ed@htmhm ned threshol d; an enV| r onrrent al t errper at ur e
exce term ned. thr an e V|ron
mu aire L BE R ROt EH IR LHBURD et Te ifridge i
the first processor determines any one of:

the nib force is greater than a predetermined threshold force

the surface is not coded with the coded data pattern;

a quality of the coded data pattern falls below a predetermined threshold;

a quality of the interaction data falls below a predetermined threshold;

a buffer for storing the interaction data is full;

a buffer for storing the interaction data has available memory which is lower than a
predetermined threshold;

the pen is moved relative to the surface with a speed exceeding a predetermined
threshold; and

the pen is tilted relative to the surface with a tilt exceeding a predetermined
threshold.

Optionally, the one or more input sensors comprises at least one sensor selected
from the group consisting of: an accelerometer, a timer, an environmental temperature
sensor, an environmental humidity sensor, a battery status sensor and a connectivity

SE€Nsor.



a battery capacity is |lower than a predeterm ned

threshol d; a connection to a renote conputer system or
wmeionside3s s broken. 100ptionally, retracti on oPCT/AB2009/000695

cartridge configures the pen in a power-down state.

Optionally, a user-operablegswitch is coupled to the

automatic retracti on nechani smand/or the first

processor. Optionally, the pen conprises an

ext epiiomllppbdBnsi soacfsor is extiencid ngatdneticalytretrad gthe catidpe if

t&h t. the nigtgrotrudes fromthe body of the pen.
%%S{Ii)r%egﬁof CERIRAY V5 °0f the cartri dge confi gures

t he pempeh s iA fipaibmotign; St at e whereby the force sensor
IS responsive to detecting the nib force, the image
sens & A°8 SHSURSRINVEPES SO/ gi ng the coded data pattern
and/ @pefidiefMa0GeGIbcelse freRRONBEYArdkRLIgENer at i ng

i nteracti on data. Optional |y, tple

ext eA8 POMORBEH HEITAEC giceds P aerdrtrmited thieshsld: processor
det eGSR ALmAit) ectlsaPpddeiBithedBREHd. ON eXi st s.
Optionally, the extension nechanismis an autonmatic

ext eASPEHY FAPBHI AT SWFT BN aRedstramninghibreshdddt endi ng t he

cart Lic@GRetion to a remofdohPRR} dy¥temloP BetRBkQBbkd. et racti on
mechani sm conpri ses the automati c extensi on nechani sm

250pt CpHenally, retragaory eftthegartiidas/centicarss themerrBichmmics flevyisstate.
coupl : Seh- & SWM: re : :
CPYEL SRR Lo SRS Lo A! S e g in
mechenitre e torfirstgrecesered.  Optional Iy, the pen

oo AP R0 Bl SRSl I, ERSION A AP e o
qwetd thgensushrthaGOOpibipoalidsyjont the badytod rhetpee ret racti on
ettt S T e
wigdrdbgicthe dorcammakians sapanivprid slesctignbd aib Hawpthedmbge &nsor is
force sensor .assenbl wherei n ”&? force sensor .
TSPORYY) 9) {raague | ee(a)d¥do dﬁtﬁepa&tgrpt?q d)é et € rocessor 1s responsive to
&pérh@pahkmctidnhigtaaut omati c retracti on mechani sm
conprises an actuator configured for releasing a )
cartr ioﬁa@laﬁg’g@wtsﬁsw SNt EY i H}Sattlwﬁlf éherffratggggssor determines

BSOPliyabaRR dosdifich &R@. cartridge, wherein the
cartridge assenbly is biased towards a retracted

posi t OBANA|lR the exipasipngEpbarism i g} autpmatisy Giengiey mgghanism for
SBGEEMR ScRER GOBRIHIsiNg: 5a retractable cartridge

havi n% anib at a first end for contacting a surface,
t he ptionally, the automatic retraction mechanism comprises the automatic
extension mechanism.

Optionally, the retraction/extension mechanism is coupled to a user-operable
switch, and wherein the effect of the switch depends on whether the cartridge is extended
or retracted.

Optionally, the pen comprises a manual extension mechanism.

Optionally, the pen further comprises a manual retraction mechanism.

Optionally, the automatic retraction mechanism comprises a motor coupled to a
cartridge retraction mechanism.

Optionally, the automatic retraction mechanism comprises a motor coupled to a

force sensor assembly, wherein the force sensor assembly is coupled to the cartridge.
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cartridge being configurable in an extended position,
wherein the nib protrudes froma body of the pen, and

W@200et153m83 ed position wherein the nib is retraptBEAURII/000695

t he body; a retraction nmechani smfor extending and
retracting the cartridge; agbutton for actuating the
retraction mechani sm 10a sensing arrangenent for
sensing a configuration of the pen, the sensing

ar r an@ptiently cbaartérsdtia getraction mechanism comprises @ dotubtooepnfigured
tér: Eezﬁ%aiag %g@hﬁ?gega%s%{%%{ Erurtntag ?2{‘[%1::,] t&l% ab %%iaz%nasg’eem%ﬁf rcomprising the

artfiddet whage tieeasatece agomely at biaxgd wiwakls b haractad positidge, t he

cartridge l1l5sensor. sensj ether the cartridge is

ot b A br ot g s dn S0 el CSngRigel 09 |
cooperati :ﬂ%trwdtiﬂfb %ahﬁdgeeﬁd $in g ni@}raf anNgea b, cohﬁainfg a s%rface, the
pracessor bejng adapted to configure a state of the
Cﬁgﬂgge&e%g HEEL N g BHedRIPIEO: ﬁrg‘ﬁ‘telnstpﬁ?f PR Hiopte
SRS MO pd, ERNASHRM podifiéh WRRciRhe albdé ReadiQl ih AR thif;t h
aspect advant ageously saves battery power by 20

power i ng HGHACHOR@cplspisieiexfending afgeEctingithe Fatridgtie pen
i's not i N, kien fobRBAKGL IR PRASLHeARhhe cartridge
sensor work in conjunction to provide the requisite.
i nput si ghEngng yrankemast foe eonsing a configuratiqmfitherign. the sensieg
Qﬁﬂfgﬁﬁg%njﬁﬁﬁ?apted to configure the pen in either an
actTve state or a quiescent state in response to the
one or nore i nputtosicgyvataipferd dmht hetopeths buityn sensor sensing
andks AN9eNENLA: and Optionally, the button sensor
conprises an électronic switch, the switch being
mechani cal | y achuadgeseryyr qoaperating with ¢helvatttidea, the cartridge
tionall he cartridge. sensor conprises an optical
SRt S s AR e e G AR BB T 5% e T oned
for sensi ogroadssdr e@ptrap@y Wittothe tdneing artdngérakgy® .the processor being

30 ionally, the rtri.dge conprises first an econd
SR aieng R S teags SR ang o i Eais R i
Jef@igommn@@ichg di stingui shable by the optical sensor so
that sensing of the I_%{st regi on i ndi cates an extended
posi tNHRATEPreian B hy'iidt aspersadiapBsrauT e P HUPRYUTS a
PRIHAC IR tROSdntWIRA it3 detected thaf Bk @& hb)ia uRl TIRSuttONRn@f and

the first or second regions is marked so as to

B FAFIFER SeBYDE VEH IP gomiinchonsto pERYiAe de reqesite APt igngls to the
fotkppal Iy, the pen conprises an i mage sensor for

I magi ng at | east sone of a coded data pattern di sposed
on t KPugnptly gbeproghier siadaptildo pordigeis dhgrpep & Bpfangotiegtate or

alf ﬁ%egsgeg@ﬁé{t@id 180l i EBE B (i)rglgbég %gf?t sHALIOG AR QhsinPr €

portions of the co ta pattern.
@pngoral.- | y, the i mage sensor is configured to sense

dor er b SdS S RERL LM BBl tel bn (1080BE SREASAE SRR e
mechanically actuable by part of the button.

Optionally, the cartridge sensor comprises an optical sensor.

Optionally, the optical sensor is positioned for sensing at least part of the cartridge.

Optionally, the cartridge comprises first and second optically detectable regions,
the first and second regions being distinguishable by the optical sensor so that sensing of

the first region indicates an extended position and sensing of the second region indicates a

retracted position
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Optionally, the sensing arrangenent further conprises
a force sensor for sensing a nib force transmtted

w@x00a1153633 hr ough the cartridge fromthe ni b, WhEr/aUm09/000695

the processor is 10configured to generate force data

indi cative of the nib force;, Optionally, the processor

is configured to determ ne, u3| ng the force data,

ei ther one of: a pen-down state when the nib is in

cont &ptionslly frithdrens uf thafis] oracmndragens idmasked k@ asnh eontitakre
ntact with the surface. 150ptionally,

?1111182‘143'%@13@8%%& gt i gured to sense the coded data

pat t @pﬂoﬁhﬂlk,}ﬁhe ﬁentcbﬁpﬁﬂ’e@ GEBBQE sAES f@ketnegmg areéghstaome of a coded

rocesso
e G ord e sue P T A T O PR gy G Bpmersting
hRECSIORASSRE ohkas et RidgtORMitichs PEMe G610 d5ih pAtRm.

Opti gnal | he sensi ng arrangenent further conprises
ati r%ﬁlon%(ﬁa? RETRR ‘tsﬁ%“f?%uf?éé%éf‘élﬁe fhg ¢ @-‘Qﬂa@opaftan only if

GOPhEGIT Bad RRrPRA fhkk (Be HIb i8S AR Rktele@bSsitidn. t he timer
i ndi cates that a predeterm ned threshold period of

i nactapiPRaly HbsscpderreResrgElyrthaysempiat ¢ {precspisor for sensing a

ﬂl@fd}&QFahQHlttE@mg} 'tﬁ%@%@éﬁﬁ@& from the nib, wherein the Prd2&s b8l
for receiving a Second end the cartridge opposite

qoRBEYredt6 Rensrric fquqéla%afrdﬁC@IlVebﬁlth?glﬂh@mt ed for seating
the Cgpggﬂ ggethé ogésgd?qé' ccglhgurga({oe&@e‘?ﬂmg%gfg' 00 e (falfll? cither

retra posttion; Irasi ng
greofiani sm for bi asing the cartridge towards the

ext eng? ?(; I{s%tggﬁén%ge ﬁ)g‘?’s 1{1 %H?ctwﬂ the sur %)th nal | y

the b conprises a easa y ret ai ni ng
t he seponup eaidwbén thhieibaardt i cgect v80@t sudhal |y, the

gggo r(]%%gﬁ)aoly, tﬁsltnﬁléé % ! ?oltr E]s,l cggfégure?dqg Igenfs%\f: cocfﬁgfi:iﬂ agtteﬁlgo%ly if
thopocdssor ﬂlm@tetmﬂemabdnydosinlsd&bl e into either the

exte ded tlon or.the.retracte 11in.
ot RaRe b bR e Rt Serer RSl SR ity one
Iﬁr@cﬂfﬁsfotﬁdql’dlgterrﬂné’d&lﬂeﬁ@b@bkt@tecartfl dge having a nib at a
first end foEﬁ' contacting ﬁgﬁf ace, .the cartridge

bei nPERHHLY i seBYIRS ?f’f?n%n‘iﬁlleék ?iéamb%? 18 wher ei n
t he @ipRomMQLthdistesesdok RAYabtdIad YorFoule IR RE M a @Mlcdht state if the

tég%;ynad?ctateeg thg‘? as Il)r%(lie?err]m}/r\fgc? ‘[h?elsﬂolzl {)]eerlorc]llog“J 1n|a(:sthEtye/ %gsabggnegxccleerc]lectl he
Optionally, the retraction mechanism comprises:

a barrel for receiving a second end of the cartridge opposite the first end, the
barrel being adapted for seating the cartridge in either the extended position or the retracted
position; and

a biasing mechanism for biasing the cartridge towards the extended or
retracted positions.

Optionally, the barrel comprises a boot for releasably retaining the second end of
the cartridge.
Optionally, the boot comprises a retaining sheath for retaining the second end of the
cartridge.
Optionally, the boot is longitudinally slidable into either the extended position or

the retracted position.
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5a force-actuabl e device, the device being actuated by
a nib force transmtted axially through the cartridge

wWo et 54685 ni b; a retracti on mechanPGMAU2009/000695

conprising a barrel for receiving an opposite second
end of the cartridge, the barrel being adapted for
seating the cartridge in eltlher an extended position
or a retracted position, the barrel being engaged with
t he flioz sigthagicuathke ixiﬁwm@i,anb&atrdnﬁnmomommﬁsi@:t uat i ng

h
mechani sl FOTCBISET R AU §BPPahe HnbsevPisshedanairicn e

@n@@@&ﬁﬁgbonﬂghfablemearr @dternam po@lnomrmhﬁm themib pebtridis fiebya

r ce-actuabl e

d
10 ph B¢ B5T £ TSR PO Khstsin g gt ephigen heBSERT < N9

f or ce- act umbdeerc@entt 6&ideeth@deviceibeiRg SQIEAN by al 1fb force transmitted

advant ageousl y i rrpro d by biasing the actuation
By dHo ‘%agﬁ/é]ﬁa%ﬁlﬁ eP‘@t racti on mechani sm and

t hereby t D@trﬁ&%ﬁ ﬁreélﬁhidﬁﬁl%bﬁl Aavd @&n@ﬂgﬁﬂ:@éjvﬂi\g fhoppbB&te second
retracti on mechani sm tionally

Yok be seitridan| e taEel e iadapied) f@feﬂe@@gﬁfrecﬁ%mt% iyfifhgpen extended
(0213 i @GR poﬁu&p {1 SaP@BEAL cALRD Bt hOrtdBGANL IdAae

for sensing a nib force trandmtted axially through
the cartridgenforganating theirpracippimobanivpisndwi t ch coupl ed

to the cartifdag, Whenti S baRnbehItAGH UAkEhIheufed

predetermned forte 1s exerte '
dDgtgeonst| With, the leaqhien medapiringad thareby he éxgmcteblniltges ed

for gzrp&% ?Eﬂ &gorfdﬁ)lg & thg aka aqlg]eg][ %/u ac folf F‘]i ff(‘))lrcé: gct&a]%ﬂsa%glce

by th ce sens

(agt foadeisomonfis ddy enttgwbms@nmqmm/ptl (2} btaheg ﬂlﬂtattmandnd)uttheaway from
tg%{:e?)rg%lon %%chza?lgﬁe C}i %%#e%y H grlce(c]—.%%ttlila e]/lce er%gﬁ%ela d%t(}:l 6&& retracélon
rlmmhmm sm conpri ses a decoupling spring engaged

bet ween .t h on an a, support s tionall
RS R T e g A i A
via abertd icAgr e&@)&@@@ﬁﬁtaﬁddgbfoaséq‘lls1hgabib)f01’6@ttﬁi@hlﬁted axially

the plu sing through a grommet 30
£ @bﬁ?@ﬂ“ﬂ?ef B@ﬁ wherein the gromet defines
the supRQAikh swpfea@@the @‘ﬁridg@ Aelnyb swWildR bEiRE fRAfkddhen a
mechani sm conpri ses: a barrel conprising a

rpdetermued fopRsrit cxstisck icthe wiby respondi ng to the extended

posi ig ﬁﬂnaﬁsldch@pe%%ﬁﬁl%e@?i#ﬂo@&wr c&wgﬁéﬁ%r%@ﬁe&ﬁﬁg@&é’é &
to the retracted position;

12@)9@%5%@%%%20@9?0@@@@9@ 12 a ratchet slidably
rou nkj;qoﬁaﬁl uR3E \A}F@kon of {hefbﬁ&@,‘ Jd{ﬁ%lgs tfl@@.ltt%ﬁ? %Qﬁﬁ&ﬂloﬁf

thecrtrlége erein er uts wt
mechehsn ammblmﬂmmhmwwlml ease of the button

caus o3 SN hSUANGTRASAED) Bl Bk
between the button and a support surface.

Optionally, the button is couplable to the retraction mechanism via abutting
engagement with a slidably movable plunger, the plunger passing through a grommet
supported by the pen body, wherein the grommet defines the support surface.

Optionally, the retraction mechanism comprises:

a barrel comprising a first abutment surface corresponding to the extended

position and a second abutment surface corresponding to the retracted position; and
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5surf ace. Optionally, a first biasing neans
bi ases the ratchet towards the first or second

w@bwoiewsss sur f ace agai nst the decoupling bias PET/ALZ009/000695

decoupl i ng bi asi ng neans. Optionally, the

ratchet conprises a retainipg sheath for releasably

retaining the second end of the cartridge.

100ptionally, the cartridge is extractable fromthe

ret ai ni nga siwhat shidatdyn chot et mbke banel foe nctailiyg puelskéond etdef the
érldge agai nst the bias of the first biasing neans.

%ﬁf %nally conpri ses an end-stop abutnent surface and

Wieeein @teqilinigagatsisedith the Satclan fsﬁ(guh:&dlcﬁl@tldnednﬁasleasb fo€ the button

cartri pon .en enen t he e d- st.op abut
e B R PO AR b RO R PR R P Butment
&qewend bi asi ng neans for biasing the barrel 15towards
engagement. with the force sensor.
t he g@& vt S5 i@mﬁ% Ahrany Qascy flie gaiphey tqverfifaﬁ%ﬁ?laﬁt 9F prand
Damieat sukfﬁceﬂi@ﬁﬁﬂ%é&i@&ou}ﬁhﬁ%lishﬁ tlfteE&ﬁpﬁ%‘ b¥{ng means.

er conprises a housing for

Opt i onal | the pen furt
t he &Rﬁlﬁr@?{ly thmercgwﬁomﬁree%ee&lmn&ﬁhssh Y relesably r@@%}s thes

ReduehPadnSpktipg. engaged between the barrel and the
housi ng. 200ptionally, the pen conprises a sensin

ar r aftpaprelly. thogartsdgesh prgragtalle APmdha rateingyg sbeath, ped therpby the
n sensor

ISP A QUABIRO ST PR S, o

act uéptiomllpfcompasch e erglrstopaabdtment surface and the retaining sheath is

SR FBE0R b DRPRACh Dt Db R SFRLH e e
ext efypadnadly, thepandattedcompniseseai sacanth e1apng)mem dar blla:smg the barrel
a q@seg té%é%31ﬂnguf%:a state of the pen in response to
One “oF "B e &ﬁg?g fromthe sensing

ar r amypaomiit, the second biasin@pichdriatdnyigurth® ranitaie tedaserin
descri bed hﬁ Fln i n respect of the first, third,

PRI IR0 STSP t h aspects is a capacitive force

:s% 8 ns @gma@ugl ahd ﬁbﬁduﬂltlﬁr ér;glqjge&ta mﬁsmghuer He wmi vﬂ&ﬂﬁﬁﬂhe second
an any Optl onal € odl nent t here

T e R pfﬁ'é?ﬂﬁwspr&%rwqgaée otwped thﬁs@&ek 7d ﬁlefhePS%

ei t heyptigiuily ke Mrcbﬁlﬁﬁiﬂﬁa Qnsiflg SrtahléHien€ B bdnkidlg & corM3ulatidn of

cartridge has a marking nib at one end and contains an

theyReny g 830YIHE AITFIEPMAY BYUTRFISHE i nk to the marking nib. A

stylus caf biod9&sH@suled 8 Mc Bt B bRttdh Rhsol gbnﬁﬂ@ac%ﬁﬂon of
and does not contain an ink reséervoir, the stylus

tbabutiondyd being in enployed in poi nting instruments
rather t h?&rt% ééeﬁ@)r &%E&ﬁ{gﬁﬁﬁﬁhe Qrttrlﬁgé' th@é%m%g seerllsor

cartridge Is typica y an ongat e shaft havi
Jenieg whedicntik carkidge ardteadediobresiectshe end. The cartri dge
[ I r
\kfl?erégfg ﬁlr% l&éesggrgyé)dl'a t¥J1 | 3;%[11*1@24 d ste?%:] Bﬂg@ i? ¥ PI%HF]J t% OIat{lc?re
mmesgmﬂsﬁmndwmmmmgahmkmummtr|dges and stylus
cart r e n r chan r
in th é)%glfaﬁg’?{fl% fon s%né%r Ae{crfb&& eﬁ%]tq m rgsge(g th TR ézlglrda Eo&lith
fifer i Rixth-Bpe iva @pyditire fpreascaampy deﬁ“ nacgmaessécy bfihe second aspect
e converted into a marking pen
@%%%W ﬁﬂﬁP%%“Bﬁ%m@g¥¥? dge and vice versa.
As used herein, the term “cartridge” is used to refer to either an ink cartridge or a
stylus cartridge. An ink cartridge has a marking nib at one end and contains an ink

reservoir for supplying ink to the marking nib. A stylus cartridge has a non-marking nib at
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10 BRI EF DESCRI PTI ON OF THE DRAW NGS Enbodi ment s

of the invention will now be described by way of
wezaapss3dnly with reference to the acconpanyi PQI/AU2009/000695

drawi ngs in which: Figure 1 is a perspective view of a

Net page pen; Figure 2 is a rspective viewof a nib

end of the Netpage pen; 15Figure 3 is a schematic of a

the rel ationshi p between a sanple printed netpage and

areendnahd dees pagentésar inptrésenvpir, the styluFcgtridge eish omsndoyed in

embodi nent _of basjc netpa architecture w vari ou
bttt gL IR R R ot St B AR SR
Sdrguie tshgfehofingaa taagiuddAFagu el 6 nibhawse @nd)riod paafidgeVie hmally
data synbol s and four. targets; Figure 7 sho he .

T TR b brotioh s P ot SS g 68 MPh gf Gnit of the
Iﬁrﬂs@MVS intaniolﬁpaﬁci Bzg“tr?lfgesn’g&% gﬁg&t@ Pagides %@;tyﬁ&&% i@i[eﬂ:hangeably
shows the |ayout of a 2- registration synbol ;
iEPlaRRRC BOMS HERENS PERe & pPaes APBY d‘i@_ﬁ‘%ﬁé 3aﬁeﬁla¥lence @ stylus pen
QRPEVDE d sKilus2éakit gy ﬁé}l be SHOMBeRInTL MR b&AtSHbrising an ink
y-coordi nat e codeword Y, Figure 12 shows conmon
cotdskerdyicarery. € and D, with codeword A shown in bold
outline; Figure 13 shows an optional codeword E;

Figure 14 shows the | ayout of a conplete tag; 30Fi gure
HBE@WBEECRWI%@EHHE BARANESSol onon codewor d; Fi gure

16 | : Of i L0 Fi i :
or o L Dol RIE LR i bud AR 1Bl B BEEAALY SN Brahblc Gt
reRranse ta tipercepapenyivedreviogs whdwihng cradl e contacts on

the Iﬁl%upealgﬁ aBgljgﬁecti\;leAView of a Netpage pen;

Figure 2 is a perspective view of a nib end of the Netpage pen;

Figure 3 is a schematic of a the relationship between a sample printed netpage and
its online page description;

Figure 4 shows an embodiment of basic netpage architecture with various
alternatives for the relay device;

Figure 5 shows the structure of a tag;

Figure 6 shows a group of twelve data symbols and four targets;

Figure 7 shows the layout of a 2-6PPM and 3-6PPM data symbol;

Figure 8 shows the spacing of macrodot positions;

Figure 9 shows the layout of a 2-6PPM registration symbol;

Figure 10 shows a semi-replicated x-coordinate codeword X;

Figure 11 shows a semi-replicated y-coordinate codeword Y;

Figure 12 shows common codewords A, B, C and D, with codeword A shown in
bold outline;

Figure 13 shows an optional codeword E;

Figure 14 shows the layout of a complete tag;

Figure 15 shows the layout of a Reed-Solomon codeword;

Figure 16 is a flowchart of image processing;

Figure 17 is a cross-sectional front view of the Netpage pen;

Figure 18 is a perspective view showing cradle contacts on the Netpage pen;
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Figure 19 is a perspective view of the Netpage pen
docked in a Netpage cradle; Figures 20A-D show

wa@ehensieTal | y vari ous chargi ng and data conneRtT/am2009/000695

options for the Netpage pen and Netpage cradle; Figure
21 is an exploded view of the pen; SFigure 22 is a

| ongi tudi nal section of the pen; Figure 23 is an

expl oded view of an optical assenbly for the pen;

Fi guifézudldiisa aermettmtva'jewptﬁ tispéataigy penafockdden a)bTbtipml cradle;
asse IS .a ersp ective VI

Sener s DA NG SrbBaBERRES Yt P e huseBit fuigns
Mrewm@ﬁa@nkmamENagﬂﬁomdMJOFigure 27 shows a force
sensqr s %} kﬁﬂ£e 28 Ehoms schematically a PCB

st ack'& ) Ve PEle BYhsor: Figure 29 shows
schem@@hgahbykagR@Bms@aﬁm(ﬁﬂkpam al ternative inverted

force sensor Eﬁre 30 irs ectlve view of a
bal | p&UF230ei €8 ?4%}@%0 a@.O@B? asgqmbly fofthedieny oded vi ew

of a Fiduk: 2494 § aGdV R PeAPEANDINMS Gicdl B@eRB; 15Fi gure 32A
is a cutaway view of the barrel show ng ratchet and

pl ungégurs 1 iapPEseetigais g ¢iferoiensing asggnghly ©r S8 Rehows

the hantels i0n é:x'pg)%(?wg’vgéfé"fowa stdigr; pl unger renoved for
clarity; Figure 33 shows schematically a first

aut omegurec2 7y @W%%%K@ﬁﬂﬁ@@haﬁLsn1conprlS|ng a ratchet

mech %‘[%u?e@&% A &Hénﬁﬁmrt?%ssg%%\'}m&gﬁﬁé d&gazhé #ordd séﬁfﬁo nd

auto ICcC retraction ect coupl 1 ng to
a f ofcmres®ndors whaetiilly;a PCB stackFﬁq)rgmraber@:ng Inyerted force sensor;

SChe%ke%' Y p&selived ewgf%%gsﬂognﬁpﬁrécaﬁt 2%0” mechani sm

I ncorporating a manual  ext en Sm Figure 36
i s arfigurnt Hrie m@bﬂedﬁwag pHamib mtraammassamB’EBomfle pdne pen;

\2”52:/\2‘"”%1(98 7'10§ & rc]dta%gégvg{x_zeofﬁlgg Bl i go“gowgaﬁtcsh%{e [P glgn%?r in, an

eﬁa@mnmadMg contacts Ieadfrane insert for the pen;

For T ooy O B0 G S oGy Do B <o

S ect iFghg 33hhewgith@enicaptd @St automatic retractiofr n@Ulia@isthlcomPridng a
K trace for the pen optics al ongside the pen
%@ ¢ Mea@ismand 30Fi gure 42 is bl ock di agram of the pen

el eCtQR 85 shows schematically a second automatic retraction mechanism with
direct coupling to a force sensor assembly;

Figure 35 shows schematically a third automatic retraction mechanism
incorporating a manual extension mechanism;

Figure 36 is an interconnect diagram for a main PCB of the pen;

Figures 37A and 37B are upper and lower perspective views of the main PCB;

Figure 38 is a perspective view of a cradle contacts leadframe insert for the pen;

Figure 39 is a perspective view of a gesture flex PCB for the pen;

Figures 40A and 40B are longitudinal sections through pen optics;

Figure 41 is a ray trace for the pen optics alongside the pen cartridge; and

Figure 42 is block diagram of the pen electronics.
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wWas®pgseas s Net page system

15 DETAI LED DESCRI PTI ON As di scussed above, the
invention is well suited for incorporation in the

In light of this, PEEAU2009/000695
i nventi on has been described as a conponent of a b5
broader Netpage architecturgs However, it will be
readi |y appreciated that el ectronic pens have nuch
broader application in many different fields.
Accordingly, the present invention is not necessarily

BE TN B L RIBTIR "Pe: o7 T ed embodti ment - the

I NVemsidouss&l abovy, thg e altidnds well kuitadl tdt indooraeitpmghe Assignee’s

etwor ked ¢ ter syste a detail ed overyvi ew of
i SRR BF Y R B aaflot Bt e b de SR G co@ipapept of a

BrmtbﬁN%&ﬁatgﬁta}dhﬁecw:r%! Hﬂ\(@j&?ﬁ, §ti3w1iulbys é@ﬂbpt %pr@ialtedqga}t %léeti’onicdpens
nost o e specific details_and e nsi ons di scusse
e dWCPnbfP%ie‘éllthP%‘lf?a‘ti%l {th énaswi@er@vsﬁﬁé& HsRrdiggly, e present
18 YtioNms n§t RESGHilPRAridEY bolaNARSE confim! ete formto
reduce the need for external reference 15 when
attenpting to understand the context in which the

PI ef enNegshee BRAGh RBMikcRRE aspects of the present
I nvention operate. In brief summary, the

pr ef & peerfirtsd pmbpdimiqet, Hstipeegonsiy oeffaugadp oyesk ith the netpage
r&%k@d%nlgﬁt‘eﬁg Séﬁl,er 'dE‘tai'iJTaeovfn‘%[e'{Q Hwit BRREY nsxvi?lftf%% reciated
that 1s, physi cal surface which contalins references
the et weqny ofiplethentation freld eceeadarityadmiedy iah ca ceanpottext the specific
cera‘?’lg Pl .eI Ssigfl%pdi{cggsg({ BOG6®Sin %ti&nag) 91% b%g’lgrs&ﬁ%n.bﬁosg&er, the
appropriate sensing devi ce. pendi ng upon”’the
ypewiif described| ie nte micat cammplet¢ fremmapedue dreareck Hr ratgrnbereference
ncoded vi si bl r hnvisibl .and defined in.such
T8 0% Bt b BT i R ST Pt i ad g
afflehesgridnenticappe@feer ence both within the map and
anon i.f ferent ps.. The.co ter system can . contain
e R S T Sl R
igteerhcel inf 10 AR 6Ma GRPpplEsrtd, itexad 2phlrsiedr@f #Bigh contains
references supplied by a sensjng device used with the

TKFPET 18 artaRcd NoTHERGSRYRARE] Brf SHIPYICE SXSHTey 8¢ meR feferences
datkBe taeriddonin &f BHbp@RAS sahimEh davig. | Dépeh@h@dipdY thbespecific
conmputer system on behal f of the operator in response
implepeatatitie thet B3p Siarghees Bot posneaadnyitipla os ipvisitbe and defined in
JubRh WaPdhat 4 Bedl hSerP bThe WaBbdlsQfile iR R ehRAFGI0RY Db R¥erence
relies on the production of, and human 30 interaction
et Withine thsayars andrwewas ghiféerens geaps.ofhe ermputeyr Hiteme sang peitain
in ORGSR RbbN t&H: QoA kRS sﬁ&&%f andgHéh WAL bl tdfGeved
Interactive webpages. A surtace coding pattern is
prsddninedaponefeecacds sperdied b e nepsingklevibd whd iwsth shebrsapped svafabey The
Lavisibl : i eve. . .16 ]

Bl oy i A AN R TP B ePord MRy e compyeer
dyytermron bphalice] theyoneragiim gess@nsionde devitas iatdctmangniht twethce
%gu}he net page system In the present

ChY&hti on, the optically imging sensing device takes

t he f an i pfefedre &rmd 3O neipsgesspawn rélies Bn dgrpeodlictidneffeand ihngpan
to Fi.gure 2, the n 400 has a.retractable nib 406. 5
R MilghSPESY SIS, B5 RS Phipth AT id mages prined on
d}ﬁiaﬁryip’a?é’r,ablﬁdxz}g&ﬁ wotkniatel Kﬁférabﬁ?wé)b@ge‘spA sjukfhdém'oﬂﬁlgilp’zéﬁern is
t he surface codi ng pattern and an optics system
Hr@ﬁeda)ecfaﬁ} Page USRS | hgp sybyiantialfy iyasble %@ﬁ gnaydedhgpmpn eye.
The pen 400 will be described in nore detail in

Section 3 below. In one enbodi nent of the Netpage
system active buttons and hyperlinks on each 10 page
can be clicked with the pen 400 to request information
fromthe network or to signal preferences to a network
server. |In another enbodinent, text witten by hand on
a netpage is automatically recognized and converted to
conputer text in the netpage system allowing forns to
be filled in. In other enbodi nents, signatures

e

o L,
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W@ Roobhssepet page.

A correspondi ng page description 5 stored on the
net page network, describes the 30 individual elenents
In particular it describes theCT/Xp2009/000695
and spatial extent (zone) of each interactive el enent
(i.e. text field or button jn the exanple), to allow
the netpage systemto correctly interpret input via
t he net page. The submt button 6, for WO
E@O@k 155635 RGT AAWDY 018y QDG P5ttct, cex barpdnesd byas @tizdiyemdging
corres ondi(%otﬁhets atlgl extent of the
SSBSH‘}%%%%‘I SanaP BhicdhglePaze SYSM. aq | | ustrated in
Fi gur én ¢he presaetipagnsetn spﬂitgllyd enagmg,selsmcgm(eﬁ& take tixeform of a
400 descri bed usual |y wo in :
RBAp R oo T irea Relepigds Figis tloreastden & remisabhe it 406
a’:hﬂ an5m1aging rssxﬁém compesied [ﬁBVdefealf-lﬂfraIB@ eumifdtibh QEDAr 416 for
ﬁ pen 400 is wreless and % nmunj cat es
%fe{%w wugﬁqcet toding SRtfrayEdra8I oS ut/T R &1 B 1 a4guing an image of
BOQUkE 3BAL: hARHD Thk Pén 200 Wil 38 RIKBENRL ¥R detail in Section 3
enbodi nent, the netpage pen 400 utilises a wired
ection, such as a USB or other serial connection,
to the,pgl @%0@@1\/&9&“ tﬁ@ﬁetpa{g@ s?qtécny bR bubds %ﬁ([‘ﬁ}tp'eﬂi%ks on each
enbodi nent, the netpage pen may have an onboard
@eﬁmmt@rchelsﬁétve% thopen; 490 é¢ @ﬂ@sﬁ lﬁ@rmfﬁtoe st the Acteagkeor 1@signal
R b b o PR RS, KR 1t on g etpage
i eltapitivglly rtenmed idrroniatrtad troomppeagext sethy ecrtp@E@ Sysiehmi, ehowing
j t [ h N Fig ,
R TEPE sk OF o 4T LP Sl S0l 2R "R o LGl o
acnrtonwméhysmﬁbd mﬂnwmgafcoﬁﬁﬂfaqe Bametipage lprrisenmeky :ﬁﬂibbiz@ir In

?%r%b e{ng J;%%nts ?ex? 1(1) arl B% P &% g bg%ﬁ%ﬁg gra %elstg{?\eg‘?? n1t1ate a search based
o'lr'hl&yﬂ'eltdp aglkcafed ibptter useO fl[he n&paplpen hay dl&:lotp@ﬂl[e a gesture button to

ﬁ%rlo |call% or on de@? erso aI| ed n Ha

UG P BSUrE A YPDigE, W €% 3 ﬁ% 1 %658 ’ﬁf"ﬁc‘é are
@kdribpd innh&d dehil wzmnmlmms,a&: ¢dﬂteﬁfs REWhi¢R 1sr}etdﬂa@e@porated
Unl | ke a personal conputer, the netpage printer is an
]%ﬁﬁkﬁﬁﬁ%e whi ch can be, for exanple, wall-nounted

adj aceqtilit @Rl iRFeardM) er]_ﬁ'mteaonetﬂage MREN kP WSntective form
first consumed, such as in a user's kitchen, near a

Bhighkrashe (Ml e By theascr hethhalisirby. dots toinsinteds page, and

ARBASEAUNE, TR CohREni@ahn bhived] SOpGOINE ol n@tpﬁ&t%lyﬁﬁﬁ Prhe example
deskt o portable and m ni ature versions. Netpages
VN e & Reaiestd dpameniining apme pest pddress figldn QEthtSll‘@mlt button. The
R, TR 0P B L S e BADE e H1Fa TR LIRS Baren
P ombitimpaved witklthe, eraphes datst phgeireed eodingeritar 380mpriwy alpbiraity
<ﬁ9£ L3Pl A8 t%%ell i& Hl%tl/nq? i JRRYG! uBP? ot 3PB{h0u<§h it will be
aﬁoporc&s op conpu or arr r et |

appELicad det conpect egs ’El,odezﬁined"ﬂar thel collimppagtyrn 35 aleidemlyalla'd\/over
& Bq nte{ax device 601 is not a netpage printer 601b
whi'eh© ?Pﬁ?s net pages digitally and on demand, the

net pag@e:orréag()nbleg pidenteedption 3, s@ctidton @}reaietpagm]hmgorp rdeEtIribEEghe

sjin uch t echni ques as, of. se litho
BT RR SRy, RS TR AR QP Sy PR QA xen
(£8P Y a¢Hitera@tfe \WRhlen@@.c.yxtdicBi srabutth hrﬂthe l&garﬂﬂ@Sﬁﬁﬁl@w the
usi ng techni ques such as . drop-on-demand_i nkj et
NEHRET AU 19 ARTSHY “H?/‘Bre{ F%H%f”érthe ARB2gcad By S}H?I?lhtb}“mj‘ 6, for
18 As shown in Figure 4, the netpage sensing
device 400 interacts with a portion of the tag pattern
on a printed netpage 1, or other printed substrate
such as a | abel of a product item 251, and
conmuni cates, via a short-range radio link 9, the
interaction to the relay device 601. The relay 601
sends corresponding interaction data to the rel evant
net page 5 page server 10 for interpretation. Raw data
recelved fron1the senS|ng deV|ce 400 may be relayed

o, N a o o o A~ o - .. N T
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server 13. Digital, on-demand delivery of
net pages 1 may be perforned by the netpage printer

w@Qmb/153885 ch expl oits the growi ng avail abil it yP@f/AU2009/000695

br oadband I nternet access. Netpage publication servers

14 on the netpage network aj£ configured to deliver

print- 20 quality publications to netpage printers.

Peri odi cal publications are delivered automatically to

sainplesiab b nopervetipagempspondsan shevspaiapoitant efabd camgspnding graphic
I ticasting Internet protocols. Personalized

%Eblications are filtered and formatted according to

i ndi vidiuBbstrats@n Figo¢ 4 laadtpage sensing dviag tspehge tHegin AGYdeb@ibed

registered with a .netpage re stratlon server 11 and .
ko T Sl vorS i FeRREDAth EaE R eLe: ¢ HEh is an

I&l’teh%%ﬁo_nﬁedééﬂnmfc@ orPlayniee Rffiee tod nkdils ;?ﬁau TRk Yen 480 is wireless and

aut hori zed us e netp en. e net page

oag St %esvfellgéwthép %&Fﬁg@ $ries € Igittat thog-rRags ket In

etnrhﬂeﬂﬂ@ﬁv@%%ocﬁﬁi@nt%é RetPagP heVA0USiliYes b 8Gied t&inS&ion, such as a USB

gﬁature OMAH%»II to authenticate the user's

QrgEst sepipl ctoane&‘h%l% Frirtay s visepQle n 2 orthe pltgnyive eppedimenypthe

RR8e P& ADEHay IQaVE %ﬁ 'ofl%afdj@o'ﬂ{phfey systaABroY %{t&bl‘%ﬁng?fntetrﬂﬁon data

net page pen i'ncludes fingerprint” scanning, verif

withpuhicfegancepay reyote Netppgetspargfel O egi st rat i on server. 30

1. 2Net

whi ch @@%egt pcg:éflece g% 1t %ﬁog@tﬁl SéBQsEcefuLJ? fg?%pgﬁ% @&aﬁf&n datatoa

pap esviyale dvhipheinteipndte ticaioeraconpdds. i Ashedwinrif diigreg #othe relay

(%Qge %&t rgfrl)a,gcgrlr%eﬁnppﬁg rééf{'g glﬁeszrs ésl'fg ersgn% rcloﬁut%%g\g% a nntgage printer

@ﬂh or squr bthoerckeghne.gi pus@rbéompigg geohobid phone fneppnetss a

9 @n ogl i ne description 5 of the page. The online

age‘gg cription 5 is maintained persistently by the

net pagie pagegs griver A0b i hablepa.@eieli%c perpidically desar ide@snd,

the visible | ayout and cont th g i ncl.udin
teBppaliegl Bemneaers smadanesaqelet ) Pogres BRS G BEotHe an
priffdtat AlgdNRALES 0 AnttBQivEagageh n@hli-kélmlg:r%ﬁiltc@fh‘puter the netpage
hyperlinks, and inp uﬂﬁgkelds

| o
Hfglﬁz i FGSPRAes Whichca bs@ep&ewglgﬁwm %Jw%%a% yegghere

@éﬁ%hﬁ@@@ﬁ@$§ﬂmﬁ@ﬁhﬂ&ﬁdm@mésﬁ%ﬂ%@&ﬂﬁéh@ﬂn&ﬁ@bﬁﬁkﬁﬁgﬁﬂeor
pl e net pages (for exanple, those

rma'i ﬂsl? él@us‘sbolﬁﬁ al’lo% 05 F‘?Pﬁ’}ftilrﬁ gforp‘f}l%§§)é31) als, ROH iR dakigied. slavkeop,
RAGRc GRBGMtaREE AsioddOMENSEs prifRed@lnl d%l’ﬂahd"zﬂ Wit fRI@ Y8 nsumption
ot herwi se identical 10pages to be distinguished, each
wabpage aug-obascadfgiapsietitatharingliscsp apb interestivitt ofpn imgsgogive
ﬁ a@&,! D has sufficient precision to distinguish

etween a very | arge nunber of netpages. Each
r ef er extsmatieely, Hee pramec tédayadeivige POhmBY b a rpelp@dﬂ dutfog, such as a

d t netp

ARk b i o R BRGS L Tl cory i) bl REnon Spgionce
pageted o wktiack dlspla&,pspemsg Thanitthe reéayeloyicd 6diis Hmtalnytpage printer
@g?nt {h ]?r%’nts?: n(%?:%egaﬁqa%rq P%nn 8%%anflhh:igcn§ta%§eg may S printed by
t&llaioadt endlst ipeiatiof p‘.reh;eest agﬁlgam&hd eshiiqueedad nffv@r ethography,

are typicall nt e

{0 P g A a1, BIFTIRTBAE iy RSO o P b e printing
prakésattl feetfi@ed fuek as 8loponalsmaidinkial, YortiaR@K ,inkgdt, dyR transfer,
aéerared fluorescing ink. Near-infrared wavel engt hs

@SSPy e to the human eye but are easily sensed
by a solid-state i mage 20sensor with an appropriate
filter. A tag is sensed by a 2D area inmge
sensor in the netpage sensing device, and the tag data
is transmtted to the netpage systemvia the nearest
net page rel ay device 601. The pen 400 is wireless and
communi cates with the netpage relay device 601 via a
short-range radio link. It is inmportant that the pen
recogni ze the page ID and position on every
25|nteract|on mnth the page, S|nce the |nteract|on |s

.. o — o o o o,
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The net page page server 10 maintains a uni que page
i nstance for each unique printed netpage, allowing it

W@ eoopasIesai N a di stinct set of user-supplied vBETAB2000/000695

input fields in the page description 5 for each

printed netp age 1. 20 2NEJPAGE TAGS 2. 1Tag Data
Content Each tag 4 identifies an absolute | ocation of
that tag within a region of a 5substrate. Each

I nt er dotshown wi E1gura 4t papree shvink dedts4)Opntomets @ith a portion of

denti t th -
B BB bt BRES R arbi v ST €y bl Bpgoc
6ol DEl, ded covhmhinicites eﬂhlarshom@glge realivd ik e, the@t@ﬁtubﬁ)td the relay

SRS ASARoTSIS, AR LIE RS L ol LUG. D28 O e

[Fa@@ bvert10 M’iht‘éﬁ)re’iatioﬁngfvﬁlﬁﬁ SecEindtl 16 e saﬁhl@r@kdcé aoo/may be
subr egi on of a page or_other surface

relayed Biectsi adhapaghserse 1§ arigteget aranég?ra%tvﬁlvet%% rn&%tm data

thiy B tnEdlcE Astie foRE of BbinRMchda @mnd i RGdikad th %%gef ¥rveNB) via
|nteract|ve el enent described in th

BRI § Bethbrowses 0814 Eh%watpblpwaea@ bnigay( @enyrecqis %U%Qom fhe)page
steh)%r ‘i@gh@ﬁbcés‘g%n@véﬂp)fger@x alecheeRdRd. g s%ﬁl%ecﬁl‘élhlﬂstén@ese%lbage
ag 4 be déscribed in nore detail 15 bel ow,
Stehfér rl%gmadrmacmé rpplicgtiaragpripatce sefoerse rping g umaipageyappfication
#guous tags in such a way that every interaction

the substrate still identifies the region
i dent iTthy petpage melmf dezicph@l entbagorifiguredto suppqrmmumb@ opfensing
t
AN Gl L SRARERRLO Byl iy o ot e BTl Bt protered
1mpleatent\mom each Inetpwkssmsn@tcbwom()ﬂﬁas h umhm itlagifies Tpis |ah¢!)\eﬁeach

Qientati nabl es the rotation..
S AR REE 01 et P p PR TG LR P Rgen
@sterin ned A tag 4 may al so encode one or nor e
flags whi

| ate to the.region.as

i ndi vild&s T ‘f“a magg delivery, pf %etl?gﬂgﬁsg B]Pacyab %Or‘?‘%f{ by t e netpage

RH8APd0eb, ShghadxpRits RS igRvisleulGRbilie Pf ewamnﬂ ge@dac Kccess.
i ndi catLve of a function associated with the i nmedi ate

TaRAge GOl syt 4 AR IRE 1oESs BAY PG 8 S ERTA 4V iRy o armt-

c[u@flt? rpui)lii’:aﬁ'on‘éi @osﬂeﬁlia@& 1Mier@fpetibfcal ﬁ@dh@zﬁ}onfar@ ﬁél%ﬁ@ a@t@ﬁlatﬁlly
for exanple, lum nate an "active area" LED whe

ul:)ﬁ,‘él 1216 neEtRgLe @rﬁgﬁﬁeyqa wntcastmg and ﬂl@t&@stmgn@?r@g Spéotocols

%ﬁgﬁe@ WHiisHto A ars HRRaL éﬂlﬁ%tﬁfatt&l LRGN M indibiRt L Qger prh&8S.
encodi ng (partial) digital signatures are useful In

appl i fabdteass pPethamebd regiptere evefhuamémagedegzwalﬂply segver 11 and linked

BU0N R, AU LAGL ey SHRURRR SRR b sy
POOTIEQ108288; natprge pontlbanstpage rogitehon srive canpares the signature

RGPPSR TR0y BTSN, g o

ahutlmnmatﬁeheyusam releraxt)t foan ewoml’netoh serserb@therdii@netrics can also be used

ded :
tg Jgr%ry 13% 9/ {)%é s{er%l?n 03‘1 at%e tegoage g%ﬂ%%l@ S m%%qun? Fc%nrg: rg%h%%rlflleg n
Pamtliratay $¢ die nefpagchegisrbisi seatee. 21 It will, of

course, be appreciated that other types of infor mati on
(e.g. tag size etc) may al so be encoded into each tag
N2 a Negsaped ty of tags, as vviII be explained in rmre
det ai |_ bel ow. é % deneral g Structure
descr iNFEIEREER/BC fRNEBINA SR thish AictPRSCRI e isduilt Heey provide a
@?&rnﬁg@ WSihaERe EAfbRG Y BMGmalidnYang ANGhEL SsPficd. dense
anar tiling of tags. In the present invention, each
tag 4 is represented by a coding pattern which
contains two kinds of elenents. Referring to Figures 5
and 6, the first kind of elenent is a target el enent.
Target elenents in the formof target 10 dots 301
allow a tag 4 to be located in an i mage of a coded
surface, and allow the perspective distortion of the
tag to be |nferred The second k| nd of el errent IS a

. o oy I N TR NN PN o p— S
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15structure of the present invention encodes a data
val ue using nulti-pul se position nodulation, which is

waelewensdsasl in nore detail in Section 2.3. PCT/AH2009/000695

coding pattern 3 is represented on the surface in such

a way as to allowit to be agquired by an optica

i magi ng system and in particular by an optical system

wi th a naf fowband response in the near-infrared. The

pat t erAy Sows it Yijucas,| yngpagato@n&%bba tphiete@ @sger foameher surface
rar

SN BT LRI 5 QhpnBieleibigion fuof wEpEity By ontine

1@k nevetistiod0sl issineinmined persk@glyby shesgyage pﬁgreCkeﬁz@ml(al T page

i Xt een .t ar.get. el.e ose target ele
A RRET o RS IE MR PRt R e eI P eryphics
dn@timbges.ar aﬂsosd'éﬁfrﬁék 1Y inpel BBRAts oh AGPSHagd) thetl Rfrgmattéhi ehyperhnks
per.i me er of the tag. In contrast wth the Applic

aﬁlﬂému blig'dy égn%@g? @lﬂws RATENE TGHIC VI8 ARFAIET PO %ﬁrs(}:}%'t‘ce to be

Sh@Rausly 3btured ¥R #9845y the hasd é&biﬁ&ﬁs accurate

determ nation of a_ perspective stortion of the tag 4

when iNMulfigle ingigggsy (foy cratepls dhese rP@m@@\PD’ c@alpg printyig gresses) can

éhQ&E rtﬁé’ &smd B@ge%@&fpﬁ&y }‘P(fw etv@19 te %f'@vll nlﬂ)u@ 'ﬂf%ugﬂl &tﬁe’i@fs@ |1déntlcal

posi ti on determ nation. tag 4 consists of

Ragerate beatitinguigied niagle n@tma@onaygl?eo@ptgnesl%umwmﬁ l@n@mﬁsThls
"19 r.cat

AR PS8 AR Ll be e PRI il St

def i nefdclbyefdfrwns to dregeige dbssnplins) ISAﬁpateéhft enggdetion the netpage

SR AT, 10,90 U0 NG | AT e o g o
wloch citdapﬂ@:'sgamhgltere?ﬁ t{ndlirglgf1nlemmrf1es§Jl the @dgeacha:arr’g)sbmgsEach tag also
1%%@1@% itsp 9 B§SH§H§H tﬁez pagept CaHacéﬁelfs&%eof 6[%1 ags arg %%SC{IQ 1n gmore

Qﬂﬁmmb@an be dlstlngU|shed - the tags 4 thenselves are

i ndi s ui shabl e i.ewi.ng O the tar enen )
oo TR SRS st B P R e Ph AL e T v i
ipRdrtd-afflcétng, dek adionharyl Pgpet, a9 it infRirdesioanedg ik, AlchiOWfrared
al | e exceptlon of . an enbedded. dat a

dat a, th t

‘8”618}1%% arg é%@l@%& g umai ey butiag gaily dadRd et sqisiicainage
%ﬂﬁgwngaﬁmgh@ngﬁf%heM/substantlalIy the size of the

tag. This inplies that any data unique to the tag 4

nust dbPEATSCREAPY fi2RescaiimpER JntoR & he Betpagp sensing H%C% pnd the
4§§8ﬂaﬁqﬁﬁﬁﬁﬂ&i@&mﬂ&ﬂﬁg@&mwﬁﬂﬂa@@B@n&ﬂhﬂ&%eRQWQRGQEH@Pihe
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Tabl e 1 defines the mapping from 2- 6PPM synbol val ues
t o Reed- Sol onon 30synbol values. Table 1. 2-6PPMto

Reed- Sol onon synbol val ue (base 15) 000011 O 000101 1
000110 2 001001 3 001010 4 1100 5 010001 6 010010

2 NETPAGE TAGS
21 Tag Data Content

Fach tag 4 identifies an absolute location of that tag within a region of a
substrate.

Each interaction with a netpage should also provide a region identity together
with the tag location. In a preferred embodiment, the region to which a tag refers coincides
with an entire page, and the region ID is therefore synonymous with the page ID of the
page on which the tag appears. In other embodiments, the region to which a tag refers can
be an arbitrary subregion of a page or other surface. For example, it can coincide with the
zone of an interactive element, in which case the region ID can directly identify the
interactive element.

As described in the Applicant’s previous applications (e.g. US 6,832,717), the
region identity may be encoded discretely in each tag 4. As will be described in more detail
below, the region identity may be encoded by a plurality of contiguous tags in such a way
that every interaction with the substrate still identifies the region identity, even if a whole
tag is not in the field of view of the sensing device.

FEach tag 4 should preferably identify an orientation of the tag relative to the
substrate on which the tag is printed. Orientation data read from a tag enables the rotation
(yaw) of the pen 101 relative to the substrate to be determined

A tag 4 may also encode one or more flags which relate to the region as a whole
or to an individual tag. One or more flag bits may, for example, signal a sensing device to
provide feedback indicative of a function associated with the immediate area of the tag,
without the sensing device having to refer to a description of the region. A netpage pen
may, for example, illuminate an “active area” LED when in the zone of a hyperlink.

A tag 4 may also encode a digital signature or a fragment thereof. Tags encoding
(partial) digital signatures are useful in applications where it is required to verify a
product’s authenticity. Such applications are described in, for example, US Publication No.
2007/0108285, the contents of which is herein incorporated by reference. The digital
signature may be encoded in such a way that it can be retrieved from every interaction with
the substrate. Alternatively, the digital signature may be encoded in such a way that it can

be assembled from a random or partial scan of the substrate.

mappi ng 23 val ue (1) 5- 13P)T/AU2009/000695
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Unused synbol values can be treated as erasures. 5
Table 2. 3-6PPMto Reed- Sol gfron synbol mappi ng 3- 6PPM
synbol val ue (p.5-Po) Correspondi ng Reed- Sol onon
synbol val ue (base 16) 000111

It will, of course, be appreciated that other types of information (e.g. tag size etc)

may also be encoded into each tag or a plurality of tags, as will be explained in more detail

below.

22 General Tag Structure
As described above in connection with Figure 3, the netpage surface coding
generally consists of a dense planar tiling of tags. In the present invention, each tag 4 is
represented by a coding pattern which contains two kinds of elements. Referring to Figures
5 and 6, the first kind of element is a target element. Target elements in the form of target
dots 301 allow a tag 4 to be located in an image of a coded surface, and allow the
perspective distortion of the tag to be inferred. The second kind of element is a data
element in the form of a macrodot 302 (see Figure 8). The macrodots 302 encode data
values. As described in the Applicant’s earlier disclosures (e.g. US 6,832,717), the
presence or absence of a macrodot was be used to represent a binary bit. However, the tag
structure of the present invention encodes a data value using multi-pulse position
modulation, which is described in more detail in Section 2.3.
The coding pattern 3 is represented on the surface in such a way as to allow it to

be acquired by an optical imaging system, and in particular by an optical system with a
narrowband response in the near-infrared. The pattern 3 is typically printed onto the
surface using a narrowband near-infrared ink.

Figure 5 shows the structure of a complete tag 4 with target elements 301 shown.
The tag 4 is square and contains sixteen target elements. Those target elements 301 located
at the edges and corners of the tag (twelve in total) are shared by adjacent tags and define
the perimeter of the tag. In contrast with the Applicant’s previous tag designs, the high
number of target elements 301 advantageously facilitates accurate determination of a
perspective distortion of the tag 4 when it is imaged by the sensing device 101. This
improves the accuracy of tag sensing and, ultimately, position determination.

The tag 4 consists of a square array of nine symbol groups 303. Symbol groups 303
are demarcated by the target elements 301 so that each symbol group is contained within a
square defined by four target elements. Adjacent symbol groups 303 are contiguous and
share targets.

Since the target elements 301 are all identical, they do not demarcate one tag from

its adjacent tags. Viewed purely at the level of target elements, only symbol groups 303,
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which define cells of a target grid, can be distinguished — the tags 4 themselves are
indistinguishable by viewing only the target elements. Hence, tags 4 must be aligned with
the target grid as part of tag decoding.

The tag 4 is designed to allow all tag data, with the exception of an embedded data
object (see Section 2.9.3), to be recovered from an imaging field of view substantially the
size of the tag. This implies that any data unique to the tag 4 must appear four times within
the tag — i.e. once in each quadrant or quarter; any data unique to a column or row of tags
must appear twice within the tag — i.e. once in each horizontal half or vertical half of the

tag respectively; and any data common to a set of tags needs to appear once within the tag.

23 Symbol Groups

As shown in Figure 6, each of the nine symbol groups 303 comprises twelve data
symbols 304, each data symbol being part of a codeword. In addition, each symbol group
303 comprises a pair of registration symbols — a vertical registration symbol (‘VRS’) and a
horizontal registration symbol (‘HRS”). These allow the orientation and/or translation of
the tag in the field of view to be determined. Translation refers to the translation of tag(s)
relative to the symbol groups 303 in the field of view. In other words, the registration
symbols enable alignment of the ‘invisible’ tags with the target grid.

Each data symbol 304 is a multi-pulse position modulated (PPM) data symbol.
Typically, each PPM data symbol 304 encodes a single 4-bit Reed-Solomon symbol using
either 2 or 3 macrodots in any of 6 positions {py, pi, P2, p3, p+, ps}, i.e. using 2-6 or 3-6
pulse-position modulation (PPM). However, it will be appreciated that other forms of
multi-PPM encoding are equally possible.

3-6PPM has a range of 20 codes, or 4.3 bits, and is used for Reed-Solomon
redundancy symbols. 2-6PPM has a range of 15 codes, or 3.9 bits, and is used for Reed-
Solomon data symbols. 4-bit Reed-Solomon data symbols are converted to base 15 prior to
encoding to reduce the number of required codes per symbol to 15.

Figure 7 shows the layout for a 2-6PPM or 3-6PPM data symbol 304.

Table 1 defines the mapping from 2-6PPM symbol values to Reed-Solomon

symbol values.

Table 1. 2-6PPM to Reed-Solomon symbol mapping

2-6PPM symbol Corresponding

PCT/AU2009/000695
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011100 7 100011 8 100101 9 100110 a 101001 b 101010 c
101100 d 110001 e 110010 f 110100 unused 111000 unused
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value (ps-po) Reed-Solomon
symbol value (base
15)
000011 0
000101 1
000110 2
001001 3
001010 4
001100 5
010001 6
010010 7
010100 8
011000 9
100001 a
100010 b
100100 c
101000 d
110000 e
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Table 2 defines the mapping from 3-6PPM symbol values to Reed-Solomon

symbol values. Unused symbol values can be treated as erasures.

Table 2. 3-6PPM to Reed-Solomon symbol mapping
3-6PPM symbol Corresponding
value (ps-po) Reed-Solomon
symbol value (base
16)
000111 unused
001011 unused
001101 0
001110 1
010011 2
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Each symbol group 303 has a width of 10s. Therefore, each tag 4 has a width of 30s
and a length of 30s. However, it should be noted from Figure 5 that the tag 4 is configured
so that some data symbols 304A extend beyond the perimeter edge of the tag 4 by one

macrodot unit (1s), and interlock with complementary symbol groups 304B from adjacent
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Table 3. 2-6PPMregistration synbol values to flag

code, direction code and translati on code synbo

mappi ng WO 2009/ 155635PCT/ AU2009/ 000695
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2.5 Field of View

As mentioned above, the tag 4 is designed to allow all tag data to be recovered
from an imaging field of view roughly the size of the tag. Any data common to a set of
contiguous tags only needs to appear once within each tag, since fragments of the common
data can be recovered from adjacent tags. Any data common only to a column or row of
tags must appear twice within the tag — i.e. once in each horizontal half or vertical half of
the tag respectively. And any data unique to the tag must appear four times within the tag
— i.e. once in each quadrant.

Although data which is common to a set of tags, in one or both spatial
dimensions, may be decoded from fragments from adjacent tags, pulse-position modulated
values are best decoded from spatially-coherent samples, since this allows raw sample
values to be compared without first being normalised. This implies that the field of view
must be large enough to contain two complete copies of each such pulse-position
modulated value. The tag is designed so that the maximum extent of a pulse-position
modulated value is three macrodots. Making the field of view at least as large as the tag
plus three macrodot units guarantees that pulse-position modulated values can be
coherently sampled.

The only exceptions are the translation codes described in the next section, which
are four macrodot units long. However, these are highly redundant and the loss of up to

four symbols at the edge of the field of view is not a problem.

2.6 Encoded Codes and Codewords

In this following section (Section 2.6), each symbol in Figures 10 to 14 is shown
with a unique label. The label consists of an alphabetic prefix which identifies which
codeword the symbol is part of, and a numeric suffix which indicates the index of the
symbol within the codeword. For simplicity only data symbols 304 are shown, not
registration symbols.

Although some symbol labels are shown rotated to indicate the symmetry of the
layout of certain codewords, the layout of each symbol is determined by its position within
a symbol group and not by the rotation of the symbol label (as described in, for example,

the Applicant’s US Publication No. 2006/146069).

100,010 0 1 BAWAO2DI/000695
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2.6.1 Registration Symbols

Each registration symbol is encoded using 2-6PPM. Figure 9 shows the layout of
the registration symbol.

As shown in Figure 6, the horizontal and vertical registration symbols each appear
once within a symbol group. The registration symbols of an entire tag typically indicate the
vertical and horizontal translation of the tag by coding two orthogonal translation codes,
and the orientation of the tag by coding two orthogonal direction codes.

Each registration symbol also encodes a one-bit symbol of a flag code (see Section
2.6.2).

Table 3 defines the mapping from 2-6PPM registration symbol values to flag code,

direction code and translation code symbol values.

Table 3. 2-6PPM registration symbol values to flag code, direction code and

translation code symbol mapping
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Each row of symbol groups and each column of symbol groups encodes a three-
symbol 3-ary cyclic position code. (The Applicant’s cyclic position codes are described in
US 7,082,562, the contents of which is herein incorporated by reference). The code
consists of the codeword (0, 1, 2) and its cyclic shifts. The code has a minimum distance of
3, allowing a single symbol error to be corrected. The codes of an entire tag form a code
with a minimum distance of 9, allowing 4 symbol errors to be corrected. If additional
symbols are visible within the field of view then they can be used for additional
redundancy.

The translation code symbol in the middle of the codeword (i.e. 1) is mapped to a
set of 2-6PPM symbol values that are each other's reverse, while the two translation code
symbols at the ends of the codeword (i.e. 0 and 2) are each mapped to a set of 2-6PPM
symbol values that are the reverses of the 2-6PPM symbol values in the other set. Thus a 0

read upside-down (i.e. rotated 180 degrees) becomes a 2, and vice versa, while a 1 read

upside-down remains a 1. This allows translation to be determined independently of
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tmﬁce within the tag - in each vertical half ("east”
263 " Vastrdipateath i s constant within the row of tags
cont ai t he. tag uar ant ees t hat
the t a"[gl o CtOIeltralrr]lS égorg a(t)tg a%d’eYVSrde and . a all %oorda nate n(;g?g}ror&) Psea to
dnsode the x and y coordlnates of the tag respectively. The codewords are of a shortened
2*-ary (10, p) Reed-Solomon code, where p can vary from 2 to 5. The tag therefore
encodes between 8 and 20 bits of information for each coordinate. This reduces to 7.8 to
19.5 bits once base-15 conversion occurs.

Fach x coordinate codeword is replicated twice within the tag — in each
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5 guaranteed to contain a conplete instance of each
coordi nate codeword, irrespective of the alignnent of

wo b@iismge wWith the tag pattern. The instance PET/aiU2008000695
coordi nate codeword may consi st of fragnents from
different tags. It shpuld be noted that, in the
present invention, sone coordinate synbols are not
replicated and are placed on the dividing |ine between
lidnieorttalahalfi &invels’ amfl “tdueh”y, agd is Thnsgant A Bhia Ihea:nglﬁmmﬁ tags amemning

t h
DEBeBRTTone B cudlnie Gl iR LSIRS Mo g eeen
%ﬁﬁﬁﬂfam (Nabt® aaddeno’, dnd Brbmdtame ohithiA tige Hagf tagh a@ﬁamlhgthe tag.

,E of view i.s at%thést thr gmacro ot uni.ts lgtr )

s “"‘Pﬁ?e% that gnjmagh of ¢ '&%Batfeﬁ“ YN 20 ‘i%’}"‘mi‘ﬁ%np ¢ tag 1s

gaﬁﬂméemtcentsm AlomslcR!iRemde &'ba&lh@oﬂhﬂétdﬂoﬂ@wdrﬂ NRespbudivé Bthe
macrodot units) are sti red en the

%‘@P‘P%@ i RHh thﬁ\éﬁ%%atte@aghe Pﬁta%?ea%ﬁtﬁﬂ Sprdtpaterfadeword

BAARHsiS WF fragenittdnl difiSeRiaxdsdes the tag | ocation.
The Iayout of the x-coordinate codeword is _shown in

Fi gur dt shguld ppgotpdihatyin the Pressat Pvengen dPHaceerdiniewibgls jags not
&ﬂ&%d laRd BleOliRd Jeill thd Hlv&@% he I%?\%énttﬁ@jéwoxhﬁ\%@ rditatag This
nbol s X4, X5, X6, X8 and X9 are P aced in a
%@ngqnwmt BROPUHE sm@ pcet these tagegnet, twardogiled teplikaionshef cach x-
elvﬁ“{e;bgtl@!/ide 8{9 e%%l{g)lf E%g%d&@é@f&ﬂ&d%ﬁ&%@ "sl%lffo Sm%e the field of
W@N ared lovg thnee mpdradng dniisrargercthan thatagiowli®igedn Sehigont %@) the
c;})gru \tﬁ!ﬁ Rmﬁbl}( ]pﬂgé% otnqﬁe q].tgfdgn%qfn I(]Da?llng 1dﬁ1r%r£%c?&iot (i g} Zuh §till
@ptotadavhen dw Bif2ccaaamghd ienee, maﬂtﬂnteq;:nom{mdhthe ovded spdave still
to.a %%%gh QL 2s, where s is the macrodot spacing. 25
3o%°% Aoh f%ta The tag contains four
c odewdrhd $aybyt olBthe@ @odinatewhdatoren G heen mmﬁ@rd’ﬂﬂ 'Tl“hmlayout of the

co ntoas f co S in_a sur

X—g%ﬁate eﬂqgw%r éﬂ yyd éng g#l ?ta{:a% € %ﬁeg, th(atl)gcoogcf nate symbols X4,

JE@SQ’T 30! sz X9ske pladditintaagnttan es1€he B B fmﬁ@td@a WiRcH @vilidhe
its o t|on comon to a set of conti

Fgge ha Iﬂwf edieogErDial; LUCyhedhrser g SiRssY by S

60Ut §8 arP ¥ b‘ Bre GRATEDI aCOEIRMRIWASI 289 EhetRY, whth @Wlides the northern

throughout a tagged region. This guarantees that an

hatfod dcdae frampthe s¢)thsat 13k n | ar ge enough to contain a
CONPhBE EentrfiGolunnBHBLANERERH 1§03 CORERRN c @ WeRR! Wilidh

I nstance of each common codeword, irrespective of the

coreypandsHe 2 sidth gf2st Weerq siadhs mgcrodotshecintgag pattern. The

i nstance of each common codeword nay consi st of

fragnents fromdifferent tags. The | ayout of the
ZodnorCovodenBatds i s shown in Figure 12. The codewords

have t at

ook T‘(i;? ﬁagfﬁé\ﬂ@ %i%élocéh%{rﬂ) ‘R Ef%ﬁg@ FCAEES LR 1ﬁt§oh%{a%o£ Bmmon
topisetai adntiguas mgaimnssugacadgwn Tbe gdeWihilsare oﬁEZNEBIrﬂ( 16EY) Rbed—
é‘Jo% edq%cggcggﬁogag theregerg rgr?ctodelge éos ieégl}?t gllngo(r:ral%tlsog gmin IQ{I Eo ar se of
donn@eﬁst ta@NFhiR redueks annllo&m brico bas2-19 c3nveagpectury el y Th e
codeword is of .a 24-ar .15, 9) Reed- 10, Sol o

The ﬁ‘ﬁ@ UMt Cofiﬁ‘?éorgspacr? %/?Rg‘fa?eééla)SWP‘btra&agggd RGN ISngualralntees
trht@H i@agl 3f the (. pattcpR G @tenigY tSt@RAL Méo@indﬁ@tag @%uaranteed to
optlonaIIY contalhézah entire _secret-ke

QPGHA CPETeEIRTIRIGC EMOPCFRL eV Osth £ st ge? E%HIMgﬁm%Pt of
surface region. The signature consists of sixteen
24-ary synbol s
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(i.e. synbol E15 is also used). The tag therefore
optionally encodes up to 64 bits of secret- key
W@ @naswse data. The signature is replicated throOUgzen/000695
a tagged region. This guarantees that an inage of the
tag pattern |arge enough to; fontain a conplete tag is
guaranteed to contain a conplete instance of the
signature, irrespective of the alignnent of 20 the
thorbgee with Fhettdppattarg. Prtitsenoe of Bheh donstoarcdevwofd miyeconsist of
re nsi st of fragnments fromdifferent
@é%?nm%on“PE%ﬁﬁ? gnature if present, is encoded in
t he Ehehglewof tic dasasn alewords Seludwnan Fdufe. 13, THa gidvadrds have
é %laHures aae€$ cuss d.furtg)n in Section 2.9.4. 25
i i e SO Bl DA INEIE the | ayout of ihe
data of a conplete tag, wth each synbol group
copprising.ten data synbols. The vertical and
%6F|£B%PH% |strat|on synbols are not shown in

Fi gurm@c &g op@aldy IRRAH =304 NWRNE. @%%Q@H@@)rd may be used to encode a
2.7.1Ree %olonon Codes data i s encoded

WP Y alReEig.O5b FrasTemt %f&a@n@%%eﬁ é%aa o Tz discprgd further

i @@&IOH@@ ;) améeﬁa{ 2.9, @Mb&tloelpfmé RodelWBR ibMENSHAM 5 ko) Rbed-
he code is chosen to balance the error 32 correcting

%&mﬁﬁﬂp9eand data capacity of the code, which are (n -
k)12 1@apg &t%YﬁEJQ‘BhD nElec%ﬁ’eﬁrFotr%i‘é% n in Figyre 130€ code may be
d g red

punct ure by renovi ng undancy synbol s,
to obtain a code with reduced Iength and reduced error

r The code may 5 al so be
ﬁér?géﬂggﬂeﬁsgﬁ@ﬁ{%m ng hi gh-order data synbols with

zero§hemgopmﬂmﬂmummumdeeMMehmﬁﬁhquhgmlsgghheamMnmnmasm
GERMEEOR IR T SRRy TR P RSP E T ) SO

(harsunbedi e s is abloasdde.rihg @gl tBereﬁblefoﬁﬁdfrﬁﬂly ensbé@k @p po@isHile besecret-
since this avaqids. the ure decodi.n The
el e TOF Rigliitg MRt ey PERR faRETarE oY )
gua?ﬁﬁteds tKattin Imakbef ﬂa@ehg thl’t’éin fahe ch@lgh @don@iredaipiitdfg is

pol ynom nal .. 15n-k ? For a det al .ed
FaEpicrdioicaHaipp Cﬂ@%‘ate% PR thepipuature, iBlegectys nment of

the Baag@Weth VicKag phlerBNEHeGRYAce A% signR@RUnSRIRRT E;Qgiil%its from
fﬂd fTelr Apé i cations, | EEE Press, 1994.
1fferent tags

The signature, if present, is encoded in the E codeword described in Section 2.6.5.

Digital signatures are discussed further in Section 2.9.4.

2,6.7 Complete Tag
Figure 14 shows the layout of the data of a complete tag, with each symbol group
comprising ten data symbols. The vertical and horizontal registration symbols are not

shown in Figure 14.

2.7  Reed-Solomon Encoding
2.71  Reed-Solomon Codes
All data is encoded using a Reed-Solomon code defined over GF(2*). The code has

a natural length n of 15. The dimension k of the code is chosen to balance the error
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2.7.2Codeword Organi zation As shown in Figure
15, redundancy coordinates ri and data coordi nates di

wo@Roowhsseade are i ndexed fromleft to right aceordumy9/n00695

to the power of their correspondi ng 25 pol ynom al

terms. The synbols X, of a gpnplete codeword are

i ndexed fromright to left to match the bit order of
the data. The bit order within each synbol is the sane
@srettne copaitalahd Wath copadity of Zhe7coadCodidc ast @nec ép2 3T ablmbols
4 detfilnes the paraneters of the different codes used
P REY ag. Table 4. Codeword instances WO

2009/Thd %685 Ry /PAUR D@00 66 9amBdngn higk-otlles eddufdan@n symbols, to

{bg{;lﬁ%gpé%] 3&!8@%%%33%%&)5 %(;?d rgé}{cgci %rré:{?crorvgcqutnig rlgpa%%? a[%letc%de may
also be shortened, by replacing high-order data symbols with zeros, to obtain a code with
reduced length and reduced data capacity. Both puncturing and shortening can be used to
obtain a code with particular parameters. Shortening is preferred, where possible, since this
avoids the need for erasure decoding.

The code has the following primitive polynominal:
pr)=x'+x+1
The code has the following generator polynominal:

n-k

g =ITx+ )
i=1

For a detailed description of Reed-Solomon codes, refer to Wicker, S.B. and V.K.
Bhargava, eds., Reed-Solomon Codes and Their Applications, IEEE Press, 1994,

272  Codeword Organization

As shown in Figure 15, redundancy coordinates r; and data coordinates d; of the
code are indexed from left to right according to the power of their corresponding
polynomial terms. The symbols X; of a complete codeword are indexed from right to left to
match the bit order of the data. The bit order within each symbol is the same as the overall

bit order.

2.7.3  Code Instances
Table 4 defines the parameters of the different codes used in the tag.

Table 4. Codeword instances



coordi nate codewords (see Section 2.6.3) 10b 5 2 19.5
4 3 15.6 3 3 11.7 24 7.8

WO 2009/155635 PCT/AU2009/000695
33
name description length | dimension error- data
(n) k) correcting capacity”
capacity (bits)
(symbols)
X, Y coordinate 10° 5 2 19.5
codewords (see 4 3 15.6
Section 2.6.3) 3 3 11.7
2 4 7.8
A, B, C, | common 15 9 3 35
D codewords
(see Section 2.6.4)
E optional codeword 15 9 3 35
(see Section 2.6.5)
a. takes into account symbol-wise conversion to base 15 to allow 2-6PPM encoding

b. shortened

2.8 Tag Coordinate Space

The tag coordinate space has two orthogonal axes labeled x and y respectively.
When the positive x axis points to the right then the positive y axis points down.

The surface coding does not specify the location of the tag coordinate space origin
on a particular tagged surface, nor the orientation of the tag coordinate space with respect
to the surface. This information is application-specific. For example, if the tagged surface
is a sheet of paper, then the application which prints the tags onto the paper may record the
actual offset and orientation, and these can be used to normalise any digital ink
subsequently captured in conjunction with the surface.

The position encoded in a tag is defined in units of tags. By convention, the tag

position is taken to be the position of the top left target in each tag.
29 Tag Information Content
2.9.1  Field Definitions

Table 5 defines the information fields embedded in the surface coding.

Table 5. Field Definitions



A, B, C, D comon codewords (see Section 2.6.4) 15 9 3

35 E optional

W@2000ak®35 i nt o account synbol -w se conver si on POCI/BES®I/000695
15 to all ow 2-6PPM encoding b

codeword

(see Section 2.6.5) 15 9 3 35

shortened 2. 8Tag

Coordi nate Space 5The tag cgprdinate space has two

ort hogonal axes |abeled x and y respectively. Wen the
positive x axis points to the right then the positive
y axi s fieil nt s downwidth The surf acdesecdpliong does not
speci fy the |ocat|i &r}g?f the tag coordi nate space
origin on a partijc t agged surface, nor the
Wiqwtb@dgd on of the tag [coordi nate space with respect
tothe surface This informationis
%Hp areliazon- specilfi . Foi Taxafisnting yhethetibe drag) gappediately
surface surrounding a tag intersects an active area.
x coordinate 7.8- | The unsigned x coordinate of the tag".
19.5
y coordinate 7.8- | The unsigned y coordinate of the tag".
19.5

common to tagged
region
encoding format 4 The format of the encoding.

0: the present encoding. Other values are reserved
region flags 12 Flags controlling the interpretation of region data

(see Table 6).
coordinate precision 2 A value (p) indicating the precision of x and y

coordinates according to the formula § + 4p.
macrodot size ID 4 The ID of the macrodot size.
coordinate width ID 2 The ID of the width (w) of the x and y coordinates.

0: 7.8 bits

1: 11.7bits

2: 15.6 bits

3: 19.5 bits
region ID space ID 6 The ID of the region ID space.

0: Netpage

1: EPC

Other values are reserved for future use.
region ID 96 The ID of the region containing the tags.
secret-key signature 64 An optional secret-key signature of the region.
CRC (Cyclic Redundancy 16 A CRC® of common tag data.
Check)
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normal i se any digital ink subsequently captured in

conjunction with the surfac The position

encoded in atag is defined in units of tags. By

convention, the tag position is taken to be the
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coordi nate of the tagb. y coordinate

macrodots per tag)

C. CCITT CRC-16 [see ITU, Interface between Data Terminal Equipment (DTE) and

Data Circuit-terminating Equipment (DCE) for terminals operating in the packet mode

and connected to public data networks by dedicated circuit, ITTU-T X.25 (10/96)],

computed in bit order on raw codeword data (see Table 4).

An active area is an area within which any captured input should be immediately
forwarded to the corresponding Netpage server 10 for interpretation. This also allows the
Netpage server 10 to signal to the user that the input has had an immediate effect. Since the
server has access to precise region definitions, any active area indication in the surface

coding can be imprecise so long as it is inclusive.

Table 6. Region flags

bit meaning

0 Region is interactive, i.e. X and y-coordinates are present.

1 Region is active, i.e. the entire region is an active area. Otherwise active areas are

identified by individual tags’ active area flags.

Region ID is not serialized”.

Region has secret-key signature (see Section 2.9.4)

Region has embedded data.

Embedded data is a public-key signature (see Sections 2.9.3 and 2.9.4).

SN | K| W DN

Page description is associated with region is public. Otherwise page description is

private.

other | Reserved for future use. Must be zero.

a. For an EPC this means that the serial number is replaced by a layout number, to
allow the package design associated with a product to vary over time (see US

2007/0108285, the contents of which is herein incorporated by reference).
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comon to tagged region encodi ng format 4 The fornat

wo@toowhsseahcodi ng. 0: the present encodi ng. O hRCT/XER0ES00695

are reserved region flags 12 Flags controlling the
interpretation of region da§@.(see Tabl e 6).
coordinate precision 2 A value (p) indicating the
precision of x and y coordi nates according to the
formula 8 + 4p. macrodot size ID 4 The I D of the

rodot size...goordinate width ID 2 The ID of the
%/{n&gth Wpllb%&tFﬁég&tog;?gevorggordi nates. 0: 7.8 bits

Table 7 defines how the information ficlds map to codewords.

Table 7. Mapping of fields to codewords

codeword codeword bits field width field bits
X w-1:0 x coordinate w all
Y w-1:0 y coordinate w all
A 15:0 CRC* 16 all
34:16 region ID 19 18:0
B 3:0 encoding format 4 all
15:4 region flags 12 all
19:16 macrodot size ID 4 all
21:20 coordinate width ID 2 all
27:22 region ID space ID 6 all
34:28 region ID 7 25:19
C 34:0 region ID 35 60:26
D 34:0 region ID 35 95:61
E all data fragment 35 all
E all’ secret-key signature 64 all
a. the CRC is computed in bit order on the data portions of the A, B, C and D

codewords, in that order, excluding the CRC field itself

b. entire codeword is used for data i.e. there is no redundancy

As shown in Table 7, codeword E either contains a data fragment or a secret-key
signature. These are described in Section 2.9.3 and Section 2.9.4 respectively. The secret-
key signature is present in a particular tag if the “region has secret-key signature” flag in
the region flags is set, and the tag’s active area flag is set. The data fragment is present if
the “region contains embedded data” flag in the region flags is set and the tag’s active area

flag is not set.
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1: 11.7bits 2: 15.6 bits 3: 19.5 bits region |ID space
ID6 The ID of the region ID space. 0: Netpage 1: EPC

The I D of the region containing the tags. secret-key
signature 64 An optional segyet-key signature of the
regi on. CRC (Cyclic Redundancy Check) 16 A CRC of
common tag data. 35 a. the dianeter of the area,

cent oVled o redien flag, indsatnahdtraphryic@arScddew®d it hubsent then the

i,agonal siz h ag; this .is to ac

RUPOPI 8 Gl ol st il e pESFETURS ahieprie the
dodaged. Tthasgapplies o thalxl ¥\wad a codeioetisnat e val ue range of
857mm (| arge enough for an Al sheet) to 5 28. 9km for

nqmi nal s{,ze of 3.81nm (based on the nom nal
%Sro%bépﬁsgtﬁélgfftn&crodots per tag) c¢. COTT
CRC 16thk Se@idn Tédntal Rt @ik dfe@ dagt WReNn [t Rgibar M@ set then the
ui pmant (DTE) and Data Circuit-term nating Equi pnment

S(u Gl raiatnaneddyeryti Hy PROWHY! dye Kketcnerdae l%ﬁHlltlple
SRNNRE! AL Ufa PUBhis, chat g régﬁéa\ﬁ&lrﬂf thelirredbfiRd Rnany times as it

\Sllnrfcw t, ITUT X 25 (10/9

The embedded data is encoded in such a way that a random and partial scan of the
surface coding containing the embedded data can be sufficient to retrieve the entire data.
The scanning system reassembles the data from retrieved fragments, and reports to the user
when sufficient fragments have been retrieved without error.

As shown in Table 8, each block has a data capacity of 170-bits. The block data is
encoded in the data fragments of a contiguous group of six tags arranged in a 3x2
rectangle.

The block parameters are as defined in Table 8. The E codeword of each tag may

encode a fragment of the embedded data.

Table 8. Block parameters

parameter value description
w 3 The width of the block, in tags
h 2 The height of the block, in tags.
b 170 The data capacity of the block, in bits

If the E codeword of a particular tag does not contain a fragment of the embedded
data, then the pen 101 can discover this implicitly by the failure of the codeword to decode,
or explicitly from the tag’s active area flag.

Data of arbitrary size may be encoded into a superblock consisting of a contiguous
set of blocks, typically arranged in a rectangle. The size of the superblock may be encoded
in each block.

The superblock is replicated in the surface coding as many times as it will fit,

including partially along the edges of the surface coding.

r egPONAUZN09/600695
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10 conputed in bit order on raw codeword data (see
Tabl e 4). An active area is an area within which

w@eyoasiesiur ed i nput shoul d be i nmedi ately for weeTau2ad00/000695

t he correspondi ng Netpage server 10 for

interpretation. This also ald ows the Netpage server 10
to signal to the user that the i nput has had an

i medi ate effect. Since the 15server has access to

pr eciTae date gh@ded @f thesipeisk nalyyncalmdej foe ewmqﬂe inmokt p@tikotype

f
BB B Eb T B0 AN TGS oD el Rgegon endr
deegition dits. i nteractive, i.e. x and y-coordinates are
present. 1 Region is active, i.e. the entire region is

an active area. O herwi se active areas are identified
194i ndjig.kglsagnaﬁla@s' act ive area flags. 2 Region IDis
not ser| al zed 3 %I on has secret-key signature

(see “Sdexriyl 1B Sgctlﬂs% REEEIR NHE SOUHD A iy Staptre. 5

Enbedplﬁgl tod Ha§a%ed¥é{b<|ey ngﬁﬁ‘reﬁ NGO ME Qi ERagSRCIck AR the
3 and 9.4). Page description is associ at ed

r\ﬁﬁl%h%ségﬁe‘éfﬁt ey d}:&}b]l Signatiy, Remynliee pageneras e TRy signature
AhibY 3rfied Oh RELuRESER ME the kQion| 1B bY Guekif a MARE WRE kESFIIge of
the secret-key signature or the corresponding secret key.

If the region contains embedded data and the <embedded data is a public-key
signature> flag in the region flag is set, then the surface coding contains an embedded
public-key digital signature of the region ID.

In an online environment any number of signature fragments can be used, in
conjunction with the region ID and optionally the secret-key signature, to validate the
public-key signature by querying a server with knowledge of the full public-key signature
or the corresponding private key.

In an offline (or online) environment the entire public-key signature can be
recovered by reading multiple tags, and can then be verified using the corresponding public
signature key. The actual length and type of the signature are determined from the region
ID during signature validation i.e. typically from a previously-retrieved digital signature
associated with a sequence of region IDs.

Digital signature verification is discussed in the Applicant’s US Publication No.

2007/0108285, the contents of which are herein incorporated by reference.

2.10 Tag Imaging and Decoding

The minimum imaging field of view required to guarantee acquisition of data from
an entire tag has a diameter of 46.7s (i.e. (3 x 10) + 3)\2s), allowing for arbitrary rotation
and translation of the surface coding in the field of view. Notably, the imaging ficld of
view does not have to be large enough to guarantee capture of an entire tag — the
arrangement of the data symbols within each tag ensures that a any square portion of
length (/ + 35) captures the requisite information in full, irrespective of whether a whole tag

is actually visible in the field-of-view. As used herein, / is defined as the length of a tag.
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20a. For an EPC this nmeans that the serial nunber is
replaced by a |l ayout nunber, to allow the package

waele®pgsseassoci ated with a product to vary overPET/AB2009/000695

(see US 2007/0108285, the contents of which is herein

i ncor porated by reference)

2009/ 155635PCT/ AU2009/ 00069%9 36 2.9.2Mappi ng of Fields
to Codewords Table 7 defines how the information

fi el dis tamap of imapogethocoding patifal) ltle Hnaghigrfmildq@f \G'xefw fis ebddly a

X S T T
(I+ 3s)\2 and less than two tag diameters. Importantly, the field-of-view is not required to
be at least two tag diameters, in contrast with prior art tag designs, because it is not
essential in the present invention to capture an entire tag in the field of view.

The extra three macrodot units ensure that pulse-position modulated values can be
decoded from spatially coherent samples. Furthermore, the extra three macrodot units
ensure that all requisite data symbols can be read with each interaction. These include the
coordinate symbols from a central column or row of a tag (see Section 2.6.3) having a
width of 25, and data symbols 304A extending from the perimeter edges of each tag by one
macrodot unit (1s).

In the present context, a “tag diameter” is given to mean the length of a tag
diagonal.

Given a maximum macrodot spacing of 127 microns, this gives a required field of
view of 5.93mm.

Figure 16 shows a tag image processing and decoding process flow up to the stage
of sampling and decoding the data codewords. Firstly, a raw image 802 of the tag pattern is
acquired (at 800), for example via an image sensor such as a CCD image sensor, CMOS
image sensor, or a scanning laser and photodiode image sensor. The raw image 802 is then
typically enhanced (at 804) to produce an enhanced image 806 with improved contrast and
more uniform pixel intensities. Image enhancement may include global or local range
expansion, equalization, and the like. The enhanced image 806 is then typically filtered (at
808) to produce a filtered image 810. Image filtering may consist of low-pass filtering,
with the low-pass filter kernel size tuned to obscure macrodots 302 but to preserve targets
301. The filtering step 808 may include additional filtering (such as edge detection) to
enhance target features 301. Encoding of data codewords 304 using pulse position
modulation (PPM) provides a more uniform coding pattern 3 than simple binary dot
encoding (as described in, for example, US 6,832,717). Advantageously, this helps
separate targets 301 from data areas, thereby allowing more effective low-pass filtering of
the PPM-encoded data compared to binary-coded data.

Following low-pass filtering, the filtered image 810 is then processed (at 812) to
locate the targets 301. This may consist of a search for target features whose spatial inter-

relationship is consistent with the known geometry of the tag pattern. Candidate targets
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may be identified directly from maxima in the filtered image 810, or may be the subject of
further characterization and matching, such as via their (binary or grayscale) shape
moments (typically computed from pixels in the enhanced image 806 based on local
maxima in the filtered image §10), as described in US 7,055,739, the contents of which is
herein incorporated by reference.

The identified targets 301 are then assigned (at 816) to a target grid 818. Each cell
of the grid 818 contains a symbol group 303, and several symbol groups will of course be
visible in the image. At this stage, individual tags 4 will not be identifiable in the target
grid 818, since the targets 301 do not demarcate one tag from another.

To allow macrodot values to be sampled accurately, the perspective transform of
the captured image must be inferred. Four of the targets 301 are taken to be the
perspective-distorted corners of a square of known size in tag space, and the eight-degree-
of-freedom perspective transform 822 is inferred (at 820), based on solving the well-
understood equations relating the four tag-space and image-space point pairs. Calculation
of the 2D perspective transform is described in detail in, for example, Applicant’s US
6,832,717, the contents of which is herein incorporated by reference.

Since each image will typically contain at least 16 targets arranged in a square grid,
the accuracy of calculating the 2D perspective transform is improved compared to the
Applicant’s previous tag designs described in, for example, US 6,832,717. Hence, more
accurate position calculation can be achieved with the tag design of the present invention.

The inferred tag-space to image-space perspective transform 822 is used to project
each known macrodot position in tag space into image space. Since all bits in the tags are
represented by PPM-encoding, the presence or absence of each macrodot 302 can be
determined using a local intensity reference, rather than a separate intensity reference.
Thus, PPM-encoding provides improved data sampling compared with pure binary
encoding.

The next stage determines the translation and orientation of the tag(s), or portions
thereof, in the field of view relative to the target grid 818. Two or more orthogonal
registration symbols (‘VRS’ and ‘HRS’) are sampled (at 824), to allow decoding of the
orthogonal translation codewords and the orthogonal direction codewords.

Decoding of two or more orthogonal translation codewords (at 828) is used to
determine the translation 830 of tags(s) in the field of view relative to the target grid 818.
This enables alignment of the tags 4 with the target grid 818, thereby allowing individual

PCT/AU2009/000695
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tag(s), or portions thereof, to be distinguished in the coding pattern 3 in the field of view.
Since each symbol group 303 contains orthogonal registration symbols, multiple
translation codes can be decoded to provide robust translation determination. As described
in Section 2.6.1, the translation code is a cyclic position code. Since each row and each
column of a tag contains M symbol groups, the code has minimum distance M x M. This
allows very robust determination of the alignment of tags 4 with the target grid 818. The
alignment needs to be both robust and accurate since there are many possible alignments
when each tag 4 contains multiple symbol groups 303.

Likewise, at least two orthogonal direction codes are decoded (at 825) to provide
the orientation 826. As described in Section 2.6.1, since N vertical registration symbols in a
tag form a vertical direction code with minimum distance N, the vertical direction code is
capable of correcting (N-1)/2 errors. The horizontal direction code is similarly capable of
correcting (N-1)/2 errors using N horizontal registration symbols Hence, orientation
determination is very robust and capable of correcting errors, depending on the number of
registration symbols sampled.

Once initial imaging and decoding has yielded the 2D perspective transform, the
orientation, and the translation of tag(s) relative to the target grid, the data codewords 304
can then be sampled and decoded (at 836) to yield the requisite decoded codewords 838.

Decoding of the data codewords 304 typically proceeds as follows:

» sample common Reed-Solomon codewords

*» decode common Reed-Solomon codewords

» verify common tag data CRC

* on decode error flag bad region ID sample

* determine encoding type, and reject unknown encoding

* determine region flags

* determine region 1D

* determine x and y coordinate widths from coordinate width ID

» sample and decode x and y coordinate Reed-Solomon codewords

* determine tag x-y location from codewords

* determine nib x-y location from tag x-y location and perspective transform
taking into account macrodot size (from macrodot size ID)

» sample and decode four or more flag symbols to determine active area flag

PCT/AU2009/000695
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B, C and D codewords, in that order, excluding the CRC
field itself Db. entire codgmword is used for data i.e,
there i s no redundancy 10 As shown in Table 7,
codeword E either contains a data fragnent or a

secr et - keydsérgnetagtie. arddheses afi @b thestami wigddrefanenSe 6t actime arca
2.9.3 and Section 2.9.4 respectively. The secret-key

si gn Bre is present in a particular tag if the

"regi on hescsatgbn Kiyibsi-gnaitivheindfnlitag tivdarth@atiiseig idiital ink
fl agz“.its stet, a;r,}sl the tag's active area flag is set.

The daME2F4O4JAR8n% is present if 15the "r egi on contai ns
enbedded dt@'didithiagk bRed fieregiegian flags is set and the
tag's active area flag is not set.

The skilled person will appreciate that the decoding sequence described above
represents one embodiment of the present invention. It will, of course, be appreciated that
the interaction data sent from the pen 101 to the netpage system may include other data e.g.
digital signature (see Section 2.9.4), pen mode (see US 2007/125860), orientation data, pen
1D, nib ID etc.

An example of interpreting interaction data, received by the netpage system from
the netpage pen 101, is discussed briefly above. A more detailed discussion of how the
netpage system may interpret interaction data can be found in the Applicant’s previously-
filed applications (see, for example, US 2007/130117 and US 2007/108285, the contents of

which are herein incorporated by reference).

3. Netpage Pen
3.1 Introduction and Functional Overview

The Netpage pen 400 is a motion-sensing writing instrument which works in
conjunction with a tagged Netpage surface (see Section 2). The Netpage pen 400 typically
includes a conventional ballpoint pen cartridge for marking the surface, an image sensor
and processor for capturing the absolute path of the pen on the surface and identifying the
surface, a force sensor for simultancously measuring the force exerted on the nib, an
optional Gesture button for indicating that a Gesture is being captured, and a real-time
clock for simultaneously measuring the passage of time.

During normal operation, the Netpage pen 400 regularly samples the encoding of a
surface as it is traversed by the Netpage pen’s nib. The sampled surface encoding is
decoded by the Netpage pen to yield surface information comprising the identity of the
surface, the absolute position of the nib of the Netpage pen on the surface, and the pose of
the Netpage pen relative to the surface. The Netpage pen also incorporates a force sensor

that produces a signal representative of the force exerted by the nib on the surface.
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Réthdee surface codlng is Afer OMerditas Faldreeti®n dg@gh bl ock has a
dat a cagamt of 170-bits. The block data is 15encoded

in t RECIBAER Pruldmuely sragrmitied i ihe QRASS greip! G but pxil this is

S RGBSl A hANBEGoted vﬁth?lf(t%e NRGfa8H ?_‘l:nes 1nternal noﬁr D&adal Aeknory. Once
paranmeters are as defined in . The E codeword

rg¢cived Obi aﬂ@@)aﬁﬁvﬂ'@h ¢ diee Rigftaldprmay b%a’ub@qqéenélm@d@rédj in order to
e 0 TaLp Py BRI 1 ST g
Tengnitien. ghtategoryt ¢idibitad ¢k knopntanig Siesthre BRO eXive tibatepresents a set
&ac%ﬁl%aag ilﬁgra&[&%s Q&,it(ﬂcal( Sur%age. t%Mtﬁough the Netpage server 10 is typically
remote from the pen 400 as described herein, it will be appreciated that the pen may have
an onboard computer system for interpreting Digital Ink).

The pen 400 incorporates a Bluetooth radio transceiver for transmitting Digital Ink
to a Netpage server 10, usually via a relay device 601 (see Figure 4). When operating
offline from a Netpage server, the pen buffers captured Digital Ink in non-volatile memory.
When operating online to a Netpage server the pen transmits Digital Ink in real time as
soon as all previously buffered Digital Ink has been transmitted.

The Netpage pen is supplied with a charging cradle referred to as a Netpage pen
cradle 426 (see Figure 19). The Netpage pen cradle 426 contains a Bluetooth to USB relay
and connects via a USB cable to a computer which provides communications support for
local applications and access to Netpage services.

The Netpage pen is powered by a rechargeable battery. The battery is not accessible
to or replaceable by the user. Power to charge the Netpage pen is usually sourced from the
Netpage pen cradle, which in turn can source power either from a USB connection, or from
an external AC adapter.

The Netpage pen’s nib is user retractable, which serves the dual purpose of
protecting surfaces and clothing from inadvertent marking when the nib is retracted, and
signalling the Netpage pen to enter or leave a power-saving state when the nib is

correspondingly retracted or extended.



10

15

20

25

30

If the E codeword of a particular tag does not contain
a fragnent of the enbedded data, then the pen 101 can

waele@enswssthis inplicitly by the failure of theBCT/AU2009/000695

codeword to decode, or explicitly fromthe tag's
active area flag. 25Data of arbitrary size may be
encoded into a superbl ock consisting of a contiguous
set of blocks, typically arranged in a rectangle. The
Slzeﬂngomohncssmﬂémmmck may be encoded in each bl ock.

e e S R N R et

Ndigage @gﬁ&)O(ﬁll Whigin shevbaaie of:@)(ﬂwenﬂonal B&hdheld ertlﬂ'g'lﬁstdﬂﬁeﬁts.

nco Ln su erblock clude, for exanple, .
r o St b TR T P oy 65y i 4 e Stomically
donff@taBRt dhaye, toagiq) Wnethex\te'liﬁgé ¥én 800 Rrusee etk icoftedFeicBnal
correction data é P tal Signatures fs descri bed
Qrignigien ftarely @r%cﬂc shapg %ﬁC%HWéamgéh%mgma Qmpgpents.

SI gnat e typically wrileh wﬁtthéN@lﬁdtgérbeH ano at $8EHBAI-KRY of about 30
ghature> fl a is set, then the

er e 1 oNn S
@é@%fwmé&e @r@géw&rd Wael @1%11161% &Qﬁﬁ’(%%néle5 byt sgldom operates

e Ne%_ ¥iqt QRFEMRbn bRt $6 @égt%es %?Metﬁh@é"'ﬁﬂcﬁ r(ﬁwéafaf?orp%e hand).
verirtie In conj unction w he Tegi on , y

Hheerygerpd pichsanglee PvaRivtEhthoMF Bty @B s tﬁemwdh@patu@@yon the
y

R D AR P Shorf X e Nepag b s

wight @oriiegt oaieigesiniica key's Bingnat ure> flag in the region

flag n

enbe éjéle 8§ g%’k?l c%f&?la utsg' ?eﬁy{& i%;ﬁls 3%(2 { ue?lé&g%st ? 21 s&n(?gb) 111um1nate

dOBﬁSprﬂl@mdehtDlnﬁlném(S)' 4§2dmarthe apwr sufiadzesf tiod Nsp@e @bnu n(w The

1n%1afg%rnw1p% gag& Iie p8%{j (?qed t% I mam élc{gugfurﬁé \Syﬁ)esnl t}é%lg%lgargg pen X 400 is
hedd 1nda3t[ﬁcat hﬁtu{gm)bmcn key si gnat ure by querying a server

wi th _know edge o i c-key sjgnature or the
cor r SSBHHE I}?g" Br%l%‘ﬁf j7,kabballpgmt pen gafrIger ‘b(%flﬁth Ascd g an upper
[Vt R the@Nitpalc® pErRNioubing 4@ blatige RWbhsistenli e With r@pat 10 tBe user’s

can be recovered by readi [tip and can

$ReRd BEOviddE sop aseaglﬁlhglw e gecng f‘%@w@ﬁa %%%ﬁ g 4095 in use.

ﬂie%@etetye@wktﬁy ballpbRt p&t dsdtiddeesnatinurR %Ittwalaﬁfpdmog (which is
ghature are determned fromthe reg

ng.
%qlgt%{ndh%ce\l}ng pifhe Netrage nsn 49@)@1@: r |th Iqaft@’ph4é0 (Wthh is Situated in
RE B BBL Wefp%éé by ed sﬂbxgﬂ natigid Qr'tﬁé ?%erﬁﬁé%ﬁ@ﬁﬁ' Wi fidted
a sequence of "regi on S gnat ure
weptrysiveltbelop theni i(\glélur%@@r tp porpipe pAplﬁl | cant's US
Publ i 0
e hor B B A RSO kIR AR ER ol e
forra ginvg 4etAd Decodl ng The m ni rrum i magi ng f| el d

f t
on et rLERL GRS SO ARRRUACIH 9 by ROgRLe 2540 3 Wb
biacl%b)d‘llmﬁﬁbe baH{iohanmmglrthdge AP o pne‘aﬂnyccmﬁt:abdtmn arechib moldlng and
{ di t
4 BUIR RS Gh iSRS o b pidy” i Spase pons
dptiveed Poankden Iba&rcgeleﬂn@ﬂmgbn tlamipadsrahEPe 4 At lﬂﬁl&ltddfbehﬁ’ld a filter

entir nt of. ata s

b LG Fieg 2Rl RRESTRa S e SEbfs TEES Sdinsp et of
Vien @brekd thtouds )th1§ aphdeReand IR il@dinhisint EEDNAIOS Fadd Foulgh this
ful l |rrespect| e .of whether a whol e tag |s actu;l(y
windovs Tdieupe et iluspigptign LEPs 10 pasuigs agnifemgilymingtiqngield. The
defined as the length of a tag. 39 In terns of

i magi ng the coding pattern, the inmaging field-of-view
is typically a circle. Accordingly, the imaging
field-of-view should preferably have di aneter of at
least (/ + 3s)/2 and less than two tag di aneters.

I nportantly, the field-of-viewis not required to be

at least two tag dianeters, in contrast with prior art
tag designs, because it is not



10

15

20

25

30

5essential in the present invention to capture an
entire tag in the field of view The extra three

wOore@posiess units ensure that pul se-position nmodeCEHABEZD09/000695

val ues can be decoded from spatially coherent sanples.
Furthernore, the extra threg macrodot units ensure

that all requisite data synbols can be read with each
interaction. These include the coordinate synbols from
IaE2samat kb be obntrotiedoindividwaliyfso as tosdlofvskyeanBe atdiduncofGindgsirable

havi. 1 i dth of .2 d dat b 304A

SR, g et Ra R AaPmE S "SRRI AT PG vsgresne

nacrodot unit (1s). In the present context, a
§20 NPT Fedack gy o0 (e Tength of 2 tag

of mﬁe me@)agm&n 400 lrrﬁly GHosHSrade e ln’fo&d\ 1§uaehsér pitlicdBrs e that
of 5.93 %ure 16 shoaf
B¢ aﬁeéstglcw@veaﬁ%e BRECHIMNG HrSEeEd 1y Wﬂp“*tt‘%f Pﬂéles%aélaean%r

QbtufcA Bk Gatd) Gall LB @ditBI O NBuRRLS £ERINHpEISure b difitideY in the

a raw i mage 802 of the tag pattern is acquired (at
Tgeaee pebt NakinagPe —Vicashans J ﬁlﬁgaé’e‘%‘éﬁ%ﬁhffgi%ﬁ tgpically epgon that

doRRGBn &0 IR nat ML FREGHSE 'A%Oiddltlgﬁal BatrdrP §'t5'ﬂu§" Qldlcﬁt%? ﬁsed to
and phot odi ode i mage sensor. The raw i mage 802 is then

indicats eflagzing yateis ok pisthle faam BHOA9P-eE Oéﬂ@@if@@gwneﬂhlawh@ﬁpn is
' r d contrast and nore uniform
1B¥§gfmﬁg?gﬁ%%$/éﬂ%cﬁ%&ge enhancenent may i ncl ude

gl obain aptionapbateryr tatgendsqierigiicy cegpraks 2 etlianha gapadLERend

s L STIS0GF ok P ARRL 8 BB ERL s o oo

drnhrag etanhs intdesaion g'pmilﬂly congissta grfeeri biAb pasch ﬁrD‘I'lﬁtBrfBedgack on the

s\{\gte i)nne(\:);b)ﬂpcgusN?t%agBEerérg%rrecgde %1%0 %r8¥1gctasu§%(fl!>§ dunfqﬁ%iue%ooth
Iﬁhhgepmﬁ@nslep 808 may include additional filtering
(such as edge detection) to enhance target features

301. Encodi ng of data codewords 304 using pul se

i VapturdBidkak IndiealoPPM) provi des a nore uni for m

ggglcp Bg%apttﬁtlrgrbnopqut g%gar{%]l Cg%lp%§ks” nrgé%, ot epr}qu es error ?eedback

Wb anLiad aRWah e i bkedaihBE nRO PR L AhBbArAF &%ﬁlo&%dérrm&h the
data areas, thereby allow ng nore effective | ow pass

Y¢tpage P g0tk 1panablerfoppy gited) indka f1als dnsaRpRicerd capguring digital
iRk BAld¥qrRdpIHat a. Fol | ow ng | ow pass fllterlng,

t he fl?tered Il mage 810 is then processed (at 812

| ocatfer exsmpleathg@es 44Dmay p peableety cerswsi(adeqestte gualey ﬁtgnal ink
8 a VRIRRE beluT A N IGRMO RS Erad P! Bl pdeBhG L @Jrras;@émaeoaesthe
consistent wth t nown geonet 9 "he pattern.
iQapdi t@@paetemaﬂgemsy dc@umtarylettﬁelundtemﬂcbndetdmal r ect | y from
maxi h r.ed i mage 810, or nay be the
subjgﬁFSH?&:%“{h gharacterlzatlon and mat chi ng, such

as Vi ghetpae’s ficld ol nawys sdnghtgrrca)ﬁﬂtyajfét)le &fgapéthﬂmgg@dtssrface

05" b0 B LR e Blela by RS8R T REGE s B Foor
q@aligesiermdladn)i n US 7, 055, 739, the contents of which is
Sherei.n inc t ed ference.

dont H BTGl et togr D discc & fyeder (BEorgh g s
ﬁaﬁgahdgfmﬂyﬁ18 Each cell of the grid 818 contains a
synmbol group 303, and .several synbol grou will of

cour SdcHRe RAGHE SouTtArTgitec IrRg@EIns Ap mffﬂrdsd%@i@%namr@

i ndividual tags 4 will not be identifiable in the

target grid 818, since the targets 301 do not

demarcate one tag from another. 10To al | ow macr odot

val ues to be sanpled accurately, the perspective
transform of the captured i mage nust be inferred. Four
of the targets 301 are taken to be the
perspective-distorted corners of a square of known

size in tag space, and the eight-degreeof-freedom
perspectlve transforn1822 'S |nferred (at 820) based

o . o o,



10

15

20

25

30

30ort hogonal transl ati on codewords and the orthogonal
di recti on codewords. Decodi ng of two or nore

wo@edobosfesRl transl ati on codewords (at 828) is PGEAULI®MI/N00695

determ ne the translation 830 of tags(s) in the field

of viewrelative to the target grid 818. This enables

al ignnment of the tags 4 wwth the target grid 818,
thereby allow ng individual 41 tag(s), or portions

t her ed’fe,pen otibé dtstiva@ui e dxnestinegwoondiriegispatidnedefods blur
ailg/the ﬂ el.d .of, view. Since each synbol group 303

CERT BYRS ug}llgaﬁg onal registration synbols, nmultiple

t r anskietpeos sgodlBex@adivdige. dmﬁ@edcets@vemmoh@mr)“ obust

transl ation deternminatio ection

o o0 e Prdeh & R Bomedila TR e Bu T wHE e o
f&bﬂﬂﬂ@pﬁa@@tag@me@n&ge@ﬁﬁsﬁ coI um of a tag contai ns M
synmbol groups, m ni mrum di st ance M X

Thi s 1af Pmax}ﬁ@rwatﬂ%mgoﬁe %}@faé DR (BT At i Bﬁlllment
of tays FenWnk d1Re chadkdot db i GpRiS dightile il emIeNthumber of
needs to be both robust and accurate since there are
%WStﬁﬂfﬁ%l bl e alignnments when each tag 4 contains
mul i ple8heft YWRR koo PUREs RdRBatcd-bK@WHELs o@h 1ﬂté?§ﬁtrecbt‘ﬁoor by the
ort hogonal direction codes are decoded (at 825) t
PP6eVi de 10 the orientation 826. As described in
Sect i, %5% Bndt coih RGeS (N el }Vg@ regi stration synbol s
inatag forma vertica Irection code with m ninmm
di st atteecNhastaen blesked fram cefitwragt(¢.proncodmandiron frbbecrpf
cor r e ) h [ [, dir i

IS hé @9 mg I'%g%rl {ﬁa%cggﬁa ﬁ; au% @ggtg&ec( gﬁ(ﬁ\l-%hﬂ%g&ce%grass ¢
fﬁr@emgnﬂ\brmmrdwmm agnamgorqiassatord)n synbol s Hence,
orien hat| olr% rmna ?f? 31 ver robust and capabl e
of corlecti r? err*Ors P EQH the nunber of
15r egitltpeat |nﬂm:aﬁrydga®d Snsacl. déd pelm(aemtvaisﬁlipah ad deagibad)in US

GRB P rBpARd Rl e RS ORFET ot Hapay Fonno

rel atThy et @qam&sot @@t todiok o ciphge datial HRAeWodddtsts3ddinternal
t hen be sanp and dgogoded (at 836) to yield the

d
{SSTEO% Saﬁtaaa@&ﬂfe%@m eSO Decodi ng of the data

codewne Jxuad @pthé ildeRdd Md@&t&cmﬂaz@sy fally QRate?® HATR: Snat
comon Reed- Sol onpn codevvords decode conmmbn

il o raptnh Scierkabros dugde iopg ot BisrroRditieny desarikedmeove ohhis

iHecase b usd mhy @Qo %@QSGHQQ R ale R 1RAMR)tEre 98L& W@1bRRe blocked,
encodi ng type,” and ;gect unknown encodi n 5

2
seleh &y ¥handhg By pyierT deseding wéet dspnti sl wr agrespld. pr thgdtteqr ipasd of
dp
ﬁ%%gé’ogg g%%géctgd %&&sswe dmha; R ﬁ? QLA I‘gjf%% fétdhndﬁﬁuu.

e X an coo di nate Re
codevvords determine tag x-y location from codewords

33.§)éd%tlt%ﬁ{ytlg?llﬂil(g{(ﬁ'sy | ocation fromtag x-y location
an

erspective transform
Although a single capture-blocked indicator LED 420 is exemplified in the Netpage

pen 400 described herein, there are, of course, a number of ways to indicate to the user that
digital ink capture is blocked (or is close to being blocked), such as auditory and haptic
indications.

Visual indications may be characterized by their color, intensity, and spatial extent,
possibly with spatial and temporal modulation. They may be implemented using single or

multiple LEDs and 2D displays (e.g. LCDs) etc.
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werd e vibptingplertsia meplieRhoassoad silarlegicehow t he net page
Syst efaBh Ha&‘&r%&’cf Rhradtfl ‘ﬁfbaﬁl(e Egﬁcaﬁ%@ Rt RS nib WHRE itidBrects
the Applicant's previously- filed applications (see,
¥ eendé;@arﬁbmebloqhs cppoe/ B0 127 inghele il BB TOnGREBSY nfiesclected
t re herein incorporated by
é§§é§§§£SMﬂﬁpﬂggge Pen 3. 1l ntroduction and
Functhwnalhe [Onéry ket eTrdingatipig@epean bt ni eatension when it
d(;egetre]}s %nnc((:)ficl? g?}ﬂ %gt %{%kg ﬂ)gure gﬂhe%gg%gud%p%g%dé@or ls‘?ha't < detectable
Zhen nithextdNebpagecmpeed, dfh@sttsylpet@bdohgatwm@whi %btﬁfer full)
conv t| al_ba Qi nt n cartrld [ nma
o 1 20ien B8 b SaleBE L PR el 281 . T o Rt Us
¢.808,3abshd pﬂhealpﬁlhiblt efarkifewiparnit derects heosditidnaka bk capture. This

i den ng,the.surface, a forc sens

h st SR YRR T e B R R DR e obhe i b,
an 25optional Gesture button for indicating that a
Q?sture i s_being captured, and a real-tinme clock for
% nuP@§H§%B§1¢ ring the passage of tine.

Duri ng sRQGTRl Fi@RE 1 @tthONetpdcd Pedie tRAE QoM 4A0%i ¢ REMEREdnYath
sanpl es the encoding of a surface as it is traversed

tbg‘/ n¢sp §oNetOB abfespeaitasts A commprd vt pptedf cotipspaitdinge<Biaels Hthe
Aeearesibydtpen Netriag %@ﬁ@u&@ fof 'cﬁirg §ﬂh& ﬁ@%@ge pen 400.

|n ormation conprising the identity o

sur f &esare Phdogh eI Natragp i 400akeckstl i e Nty pen ¢iadle 426. The
NEvag3e Bafe b hSrpt PR H: BARGPIRERL b8 ¢ uciahcd
ks o Malkbiypbetatiessia oborcketwen sy Nethrge ppir #fLrndsheaNetpage pen

ve.,of the force exerted by the nib
§&ﬂ$ g\%39§ﬁ§8&5%§ o'fikc Each stroke is delimted by a
pen dbwrNegrage @elperadlep42t6vmmy Jhaas twaeviee edltdsymmhzeorﬁelaqmwer
oduced t he
TREnEH Qe e il RaFhOREF piieblify DELPRAR PRReFS e
Sétpapalpen éraxtle 2 (sik gmbqtedatnd ptoher sﬁip;sywe% hmtptsmdsam I[]@Bl port or an
user'

0% B o, G PREAR Trob R SRS b8 e e e

BRbEREd a connection to the Netpage pen cradle 426, and during Bluetooth pairing
operations.

There are two main functions that are required by the Netpage pen cradle 426:
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5 to performcorresponding interactions with
applications that have pre-defined associations wth
w@orowiisiesds of specific surfaces. (I n general, aPgI/AERE@/000695
resulting froman interaction with a Netpage surface
coding is referred to hereij as "interaction data").
Digital Ink is ultimately transmtted to the Netpage
server 10, but until this is possible it may be stored
W t hie Iprctvi‘cte al\bhmagéclptm chirrenttse rthaa kheMopago bat #00ecameevbarge its
(% e e| ved by a Netpage server 10, the D gital
Pk H%t ubsequently rendered in order to reproduce
user wdﬁuapho@n‘ catifniaaens Rgdo@ls waraleat @ildp@ntsfod theMddt@Se pen
to perfarm and |t|n recognit.io A cate of
8 SRS ol St Wt Phutriati b s v SRR Y
I epr gaeNkpHa@ e trak 420 navRNili-RiceflachichBsds\W & fin@e USB A-side
sur{ace. (Al t hough the Netpage server 10 is typically
M e fromthe pen 400 as described herein, it wll
&ﬁns’éﬁﬂg@%@f)ﬁ@arﬁh@s& the pen may have 15an onboard
nput er sgpstemfor interpreting ﬁlta| I nk

The éléﬁrd&o PRYE? ﬁQfﬁ‘é‘?@sCHHGIBI fe’efl‘%f@ta chaggng of %ﬁﬁ%@@@?n S

‘tfa@{Erle@QM&f)ég@ %erpblgdlIE a6 & W}Eﬁl&lﬁy BorELRADE rS& W@B\h Qr a port
usually via rel ay device 601 (see Figure

apepelf-porrerest hmh e S¢q0@¢rpathrseiomg>eﬂds@r Qlergmgrwéy pmﬁatlon of the

13@{%9 g%eér%gc?% %ﬁ%tﬁoﬁg&ﬂhe USK AL ﬁdcggﬁ]gst\é % gétﬁcjnﬁl A@%E%r

t r ang'rgutes 20h d thaiv thakain nhargag artdl mmeaeonmswrfouhe Hbtpage pen
Digital Ink has been transmtted.

%%M#\g?tg%g%ga%g%supgl ied with a charging cradle

r ef effigack 20A slpva d\HSBa:genepmn toradl st PSeeo Fhegﬂmlage pen

%ra&l%ggh’?heil\ﬁ?tga gerp E@n%%eta Sed o ‘%2 ?Ieﬁ)ontp%ln Efsagf% 4% nd aQ ﬁetpage
[0 rpidteemd whi ¥étpgae Qe desmedeanwireesiyoris Brisppthr Thef Ndstpage pen

IoaI I|c d access.to t page r.vice

ssfne T RPuGal boh ol Bo Rerearbye A eaBhdn B BaRRa from e

bsu lbesr YoweFnags baetsme rtife nSxif@n @SB @8 EMIESODMAOKUSt be available in
E Iaceabl e by e user Power to charge the Netpage

Ve ¢ a£%§61§1969a’s LPUBA *Fom t he Net page pen cradl e,

whi clriduft 208 thoe@nh S9BIGRcBReof ial ef (cfgl @) @ %E\Ietpage pen
connectl on, or froman external AC adapter. The
Tltf’en S nib is user retractable, which serves

gﬁﬁdéﬂ 4094H BRS£hdWhe 3QPIAL %&Edn‘ﬂﬁurﬁéﬁe‘c VAEFRs1R! Qﬂ Bluetooth. The
c othing frominadvertent mar ing when the nib is
Netpaga eeredfadladld ispeyreadd bvrike Y biaopage pen to enter or
| eav [
cor SRS Bt ARG Tl Gedlotd Sermpeg pn erdle 426
‘Hredbtimge pan 40Ads deatpd ut thT Netpageanea etadlpedi2 g land (sabepped &om gurrent

. 8mm x 18mm of the Netpage pen
@B@leﬁgﬁﬁ%\ﬂ%ﬂ%?gx? ét’lp?erunds of conventi onal handhel d
writ iFf@rd e rstorentls. N&pdger pein nig so. Fﬂ gusr easd, tha N@magdendn is

C%Hla unle’ltlr%g e%ow?eé & H’%ﬁe lﬁéfsp‘go o ﬁ p OBl%gto n’fl oénc% malyl%)g for

ﬁempleohtegmmdint@mabtopbt mmmtpﬂmm is also a practi cal

PR i S ?h&ﬁ'&@fﬁé%%?’ faHadts Blegore?

Mot Fadctifist &ha OSBatOBICt36h dRigEE @fd fpk@mdct ReconPldi@y embedded
toward t he hand when held (positive angle) but sel dom
HyePyt 8dutiBe Net page pen at nore than about 10 degrees
of negative pitch (away fromthe hand). 10 The range
of pitch angles over which the Netpage pen is able to
i mage the pattern on the paper has been optim zed for
this asymmetric usage. The shape of the Netpage pen
assists with correct orientation in a user's hand.

One or nore col ored user feedback LEDs 420 (see
Figures 1, 21 and 39) illum nate correspondi ng

i ndi cator wi ndow(s) 421 on the upper surface of the
hbtpage pen. 400 The 15|nd|cator mnndom(s) 421 are

e .
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held in a typical witing position. Referring
now to Figure 17, a ballpoint pen cartridge 402 is

whowsaessedsh an upper portion of the Netpage penPGI/AU2009/000695

housi ng 404, placing it consistently with respect to
the user's grip and providipg good user visibility of
the nib 406 whil st the Netpage pen 400 is in use. 20
The space bel ow the bal |l point pen cartridge 402 is
35 ed Mehariiéad Desigm PCB 408 (which is situated in the

t e of .page pen 400) and for the battery 410
%\?\E ﬁrtfgn ﬁ?sﬁgﬁg% in the base of the Netpage pen). As
s hO\NrRefei’rn@ tgUgnras, 21tdﬂ& 20 afje pENSO0Nighs bpdn desSighciZasar iegh volume

ced @trusu ve be owthe nib (with respect fo

X aé’ld i PRRHyaor su ssemblies: The bal | point pen cartridge
402 |aﬁoﬁt[c@mssdnmgd43ng to sinplify coupling to an
i nternal 25force s nsor AHE Still referrlng to Figure
2, t REOTRS 15N5HBT PGP w@%@r elONEf et pen 400 is swept

back abg r@mchb@as@@ﬁﬂlp%mwh@ﬁ nlcﬁlaéstgah@%e@&- oS i BYBMy;
contact between the nib nold and t he paper surf ace

when e AeaPanE0prhich @Cbé@rﬂaﬁt %}n BEBrRkpiRH Y ek, The
Net PaG&cRERMSIIQRL 8% Akl nAH patsRah be Rlenti@ANin iF f@le%s the
I I'lum nation LEDs 416 are S|tpuated behind a filter
R diastor 414 Vhe(@é ds [ pasesnpflyas Ipgisil e thedsenagivarchiaclsdgs £IQSﬂte as
é}lﬁ&@ﬁge pen's imaging field of view energes through

I'S window, and the illum nation LEDs al so shine
t hr odgh perhliising Ao whickhlefines ¢hedfody wothe pbnund vatprisad dfBDgir of

SheaFIssiBaaRMR BBhd) bliohEb MR Mlneh SlontlSegk 07 and «

rmsefcbneombldnhgm%llT\hle dorak hrpldslrg 4)$ inctudad drawr ai;omalmansparent windows
peh I@p%rg}f gf un ‘;’I%ba tal erues]é:rl \g %tglgf)ea%lmgﬁ ar&lll?ummatgcfa g€
papemlthaug'lil\kfh“rpﬁgﬁdll?&mall:ﬁekdb(a@kﬁsl mdi thiat velied ®Rhe 1.2mm) the
a en 400 i ncor porate one_or nore.vi sual
PR SR ey SoRs TReam Sransobd s dhat R aot o be
wtakHgceile sdub@EforeIhiCdastincbabdveny7 sdvats USingRRbthiRg screw 411
status and/or cap tiure bl ocked status. Each indicator

18 NPV Y-S PR REISEep AP T B e PG g T RePTa lphgicton
et dhag eheRDRA wﬂndmygm@gd BPdhe usel’ benshaRein@lset he aperture

or diffuser is typically an icon that corresponds to
the nature of the indication. An additional battery

$tat WpticAH s@hMY 48ped to 10i ndicate charging st ate IS
also visible fromthe top-rear of the Net
g@v@ @@.}gures 23 and

whi | dhe mair pappongnts pfsthe ersigalj apsepplyt 438 aneas g
o %‘El |t1 s PCB 43 f‘ﬂasogh 19{]%8 olﬂaé{gh Ghd a eﬁlﬁo}éébolrtﬂgl @@t Rr‘IH d%%ha

typic y conprises green L and prov '

ifregdivask 4dhis menmict om thelyiid Imrt}oncﬂéﬁ at the ppagy PCEVE gogether with
t opti onal online status indicator

at§1 %1&t{aﬁeﬁno‘f§1§%43§§2 a green LED whi ch provides

f eed kSmcktlmrcntmépds&smmlgeolaﬁnca 1m:t3mrpem:#00am bttocan thievpmgend the

i%l%éev Shsor %99 tl?e r101d B o 9?45 of thie op T #C]gi Y51 ng)ws the op%ggl%arrel to
be easily aligned to the image sensor. The optics barrel molding 438 has a molded-in
aperture 439 near the image sensor 432, which provides the location of a focusing lens
436. Since the effect of thermal expansion is very small on a molding of this size, it is not

necessary to use specialized materials.
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w@ewvilsiess error feedback 20 when Digital

pai ring operations. 3.3.1 Capture Bl ocked Indicat or
The capture bl ocked indicator conprises a red LED and

bl ocked. There may be a nunber of conditions under

which the Netpage pen 400 ig, incapable of capturing
digital ink, or is incapable of capturing digital ink

of adequate quality. For exanple, the pen 400
may Bée toebl pottion épodfitheortad BGB B Epﬂpumlbs 4 yonnelitign babveen the

e 1eRE i S e REnd T RARE i nde B AR F e Dl P, gty

pﬂhkﬁmnﬁgihwmdnﬂy?@GGMEnMﬂﬁﬁﬂmﬁxﬁﬁﬂ@ﬁ?mﬁ&gﬁg?ﬁtﬁgﬁﬂ&eﬂmi
e 1S Nno

o Tehyiin ey onRtfh seoubigoBe wie i et et ai

th AdRThpdlek @BNisi peddAQAr dsYFleRlonMhddl Gy, Gis itCil aott Rquired to move
i nti nqgerrors or.to the use of a poor-g[ua Ity%l nt

Hearorlse’ fRect a%}lfﬁa?ftl%mchsatmg’ée&w(éto he” gig RCE 408) to

Radtiehdcdreclimda’sObr SEBRICE dex QnndciR 481K {126 8n k1R main PCB (see
scratched or dirty) the tag pattern is counterfeit

[igure 36B) Diserateayprs® eanaqintrarq Bowediontel thaflgrmattion ey olathe optics

BB 4PERhS AL pdrtidnS38 %X &RRRIaYRind the Snailt PUS UDE 2BXGREN % 8he rigid
geonetric distortion, defocus blur and/or poor

nortiaarfthatthommage sensor.  the pen's speed is excessive
(1. eqyg @Ili‘lﬁélﬁgmg CRRR M? E%duﬁ{éd k3|1tldrtlle ri 11 gor‘uon 434 &h[ﬁe optics

tag pattern is scure specul ar ctron (i.e
H@%ﬁﬁh@é@@uﬁ@&mémmﬂiéoB)B@Bsmﬂ@whﬂhénpwdmpbdymggwwfhmﬂw

B e 3005 THEPPE R B JOBELE 7805 s
tm@aIQGanmyPamsah@WUebmuheﬂamalﬁmgﬁuheddlgmt@ﬂcmﬂkkm Four
rllajogl%ﬁat leaI St?hre rﬁeg Claré olu{rl]]{B Id%:eaéf}s dlreog/qeil 0 algg the P%]lﬂ1 %o BN optical
Baﬂ’é%ﬁﬂThefc@OCﬂi tarredn 38y theh @lubd feglace g provide a seal aroundttheimage
s%nsor |4:§2 [}gt gr?z%ﬂt?af:ﬁo%%oﬁal to?erance betwségr{ ‘Xle cz‘,ntre of the optical path and
the centre of the imaging arca on the image sensor die 432 is £50 microns. In order to fit in
the confined space at the front of the pen 400, the Himalia image sensor die 432 is
designed so that the pads required for connection in the Netpage pen 400 are placed down

opposite sides of the die.

3.5.3 Force Sensing Assembly 440 and Ballpoint Pen Cartridge 402

The force sensing assembly 440 is designed to accurately measure axial force
transmitted through the ballpoint pen cartridge 402 from the nib 406 during use, both for
tapping the surface of the paper and during writing. It is specified to sense between 0 and
500 gram force with enough fidelity to support handwriting recognition for Netpage
applications.

Whilst the force sensing assembly 440 is designed to be used in recording the
dynamic applied force for use in applications such as signature recognition and print
rendering, its most common usage is as a very sensitive nib switch to detect the slightest
contact of the nib 406 with the paper. Therefore, the force sensing assembly 440 implicitly

encompasses a ‘nib switch’. When used as a nib switch, the nominal threshold of

| Nk CRET/AD2000/800695
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t he pen has been bl ocked fromcapturing (e.g. on
command fromthe server) the pen's user has not been

wa@eaobasiestat ed (e.g. via a biometric such as aPCT/AU2009/000695

fingerprint or handwitten signature or password) 15

t he pen is stolen (i.e. as geported by the server)

the pen's ink cartridge is enpty (e.g. the penis a

uni versal pen as described in US 6, 808, 330
sielmmrilpm‘faheﬁrchaeseﬁiing bysemigdf ey encie abaw 1Dg,sanil ke resolution of the

onsunpti on i.t or ed
RO bhOR pp R B e PR ficharhE e L Bhaifigen, e
dyRtiarindekighairto wiiuvetiae ressluticiod Abaas 1ds. mal f unct i oni ng
force sens. 20The vi sual . capture ocked i ndi cat or
LED fﬁ(&‘eicyﬁ?dc}éﬂrq“ilh]?ﬁ%fcéé?“é?gta ¢ hlé 4%@ EPIRTREY @ F i SPRer 442,
Wiiikh eRptfuicton 8 BIngC keitbh Bwhig dpreddi@manre titshbli€actuation force.
condltlon@Bdescrlbed ahove. This indicator gED 420 may

Hevsgyen i Wil bejanpeeciaied thagin andlismat gineat, the fuge gegsor may Jbe
06 wWiHth AGKRBhniGLGH s\ifchWbRbIE Bea fodghPaloldebRe @aeg: (Toale

rate drops below a threshold, or the tilt or speed of

the RefrBecorigirePosbe complyiedeiss vensingrasspbly $40ecqmuises the
1%5)19(!65@13 bhIHo iR i Sfrtridge %ﬁ{%ﬁ erfrﬁje{rlhng 815n03r ﬁﬁari%lng) part of the nib

ternative Indicators Al a single
retgstion Bcglapiereigo vhephdepins th@mﬁm 482@161@@ teoceraiond foiriagl 4fhand the

el Qﬁo?&%@ns% ﬁ‘4249$ ﬂﬁ%“s‘éﬁs@?ﬁh 21? "c&ln@ete& QQﬁeem%%Bo 08 via a

cour a nu er of ways to indicate e user
@n@@@m@ﬁkn%4tapture i s blocked (or |s close to belng

bl i-ndi i .
) SR AL PO L 3 0 o
appbte, se¢ontl end ird:tyinechbl}d asrpia]llat eﬂl44 eéseb Gﬁllgu,re BOs Jhbliratchet g has a

) al._and te

ﬁaBrl{l%e ngta%nm& pait ?Io?]tgo ﬁlﬂl t Ea X46b (I:}d fDratchet part

cd)in@pkmg sat¢het geth L4@Els”)"heeste(30nd4e_r’1d of the caﬁtﬂdgd 41)2yls slidingly received
at haracterized by their

0 DDA ngehe) EPPohELETSe AR Ee O b 1 be reained

Jogell aetc@nn. They can be |nplenented usi ng buzzers and
di cations sti te the

speakers e ptic I
sens %Hat‘fh&h%‘ﬁ‘ iS ZlefY CﬁmPW@mp‘PfJe‘g%H?n SHIGREP e face senving
REHLE ABN aRE (1S hiBJreRabi8 £ MBecRaMhnY 1480, altO FafohetTRE Windid will be
characterised by their frequenig content an

i

Jisruespdingyore pesakhanvyingerneci @by be nifsdartianinaghanism. - A

Vi br fRbife2l ARSI Bt 30fan@ 388 bat@kOeddr i GLidBlOfecdivddtiRGde a
with an eccentric weight, as used for vibrating alerts

hareh it vdichHehesirdrauiicnt suafaceiédf edsa second abutmenf purfage 491
&%Hedqiﬂsan%e?% tl{e?e‘togqe:\lﬁ%'f 9 oM oﬁdhﬁ)u tﬁl‘?ﬂce 490 and 491 are

aut o-retract t e ni en it detects 10a con
hatl dpaockd cafgure.to Thdgde mo ismbleupkslt@hs f@udh cartrldge 402

c%%é?)ioﬁai8£§o Qgterjdg(f bnd ?eltrggtgde gib positions, respectively. The ratchet 444 is

urged towards either the first abutment surface 490 or the second abutment surface 491 by
means of a load spring 449. The load spring 449 is engaged between the ratchet 444 and a
spring retainer 450, which is fixed to the barrel. Hence, the load spring 449 ensures
engagement between the ratchet 444 and the first abutment surface 490 in the extended
position. The cartridge 402 slidingly travels through a central aperture in the spring retainer
450 and a longitudinal axial void in the load spring 449 to be securely retained by the
sheath part 446 of the ratchet 444.
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conditions (such as buffer full). When the pen
has an auto-extending nib the pen can inhibit nib

w@z2a0ensicdh when it detects a condition that blPCRAU2009/000695

capture. This can include all conditions that are
detectabl e when nib extensign is attenpted, or just

sel ected conditions (such as buffer full). 15 Wen

the pen controls the marking capacity of the nib, e.qg.
as déglenitimedrtiideeldB?2 65 BABRIIBH it he, the barcdd4$ ppehiérices an axial

r.ki ng. when .i.t ects.a.condition that blocks
AR "5 Pl A8 REfe 3 PRl SRR, PGSy ghapment
ﬁﬁh@me’gﬁs @mvg%ih iFggzge 12s Ubdhfors SiE:llsf)IfZBlQ is; ¢8b|ubl)36t11 tohdibdxet prgea a
Pen_Cr e 4 0 in. Fi gur ,, the age
eds S Sl A B30 F phrd e st s ot AE RET flsug on
&aNRrAeGvithTine &ﬁgﬁt@iﬂiaﬂ@dr@idé@ﬁ;iﬁ BRARCThe Yint431 araﬁ%’lﬁts ngia16forces
correspondi ng contacts in the Netpage pen crad|e
FpH! %@lé %?Iir% (43 SN dheagagridece s @ﬁkfal@%gﬁ%ﬁ éat‘ihﬁb44@tt‘b§“§ goree
REDr 40 enabling the For@UERAS dSHEAWSD fbRes WRhRRIRN REMis4DEke.
docked in the h%%ggg; pen cradle 426. The Net page pe

n
cr adlT8° 4§76 §8s0g iy frapRetieeoree sengeidieyigp @ fixed plate 467
A ARSI} plat@sh. HBS pid 9B isHLEAd 22iRABE nfoQing Hladbishid Yhe force
Data transfer occurs between the Netpage pen 400 and
eprer e brige npfefived Faid @048 plateasozs B peibdnige ltho fargeriensor
cli[ﬁig% DNt RGOS tR@E‘arEirdQ%% 2\2&1&%’%@& Eﬁ f ‘ééoa[n‘éhc?‘eld% él?éeathéjﬁarrel

cators-a power or, nl'i ng i ndicator.
i etaplotherebyi theipmatSd) agamsi the mwivimgtpdete feefebeforgetsensor 442. The

r [ t . .
ATRBrGRaPEn ERATE et BB PRIF RS e Dub M mopg pe
wWinkt dnliating aifinetl kg thprelonycbe shat eadd st inlemagendiring cartridge
rI\Iet )age pen 400 has established a connection to the
R age pen cradle 426, and during Bl uetooth pairing

oper atlihoup. thelpreload giriag b progides fodieatdcomstotritafor@s,ahe moving

required by the Netpa n cradle 426: .48 .
RO e bt eu e R GO G BB it haneppitgene
QeinAPRagdA fdrecih ategeret t@sihgtyefemal battery 410.

provi de host communi cations Bl uetooth wirel ess

endpoi nt for the Netpage pen 400 to connect to in

%88 Fol@ Séhdokmat el y communi cate with the Net page

server 10. 5The Netpage pen cradle 426 has a built-in
cabl &heuiPien seeis 445 OBSTYEN g dhaugsncapls jof emgspyiefthe capacitance

BeBIARE &hd Malte?m_@tgl ﬂlﬁ@st, (Nﬁ@ﬂhlté(}@s‘iliently spacedla ar® rSﬁid%E tHeQapacitance
provide sufficient current for normal charging of the

srgsadle platas sanbln measyred EFctricHly. Nist pely sengestior eadbecalaited.
AR S VeSO BB, oRINL Uy R b Sn i
ddrarrogl mgasoringntofehatdpantande dlles Net forrgepplend te rtledhib 49060 be
' conn - S| UGhnt [0
SRabRucTINER!, hRlSEABIE B0 ALRALLRh A6 25
raivcbne anfinee 1 00ctn 20(pmicoers. f or t he Net page pen 400 and

N PR AL 5 R0 SR SR B
454, a force sensing rigid/flex PCB 455 comprising the fixed plate 467 of the force sensor,
a locating ring 452, a spring 456 comprising the moving plate 457 of the force sensor, and
a cap moulding 458. The base and cap mouldings 454 and 458 are joined by four heat-
staking pins, and enclose the stackup of the force sensing rigid/flex PCB 455 and the

spring 456. The exterior housing has a conductive coating which is connected to ground.



10

15

20

25

30

15 cradl e 426. The Netpage pen 400 is seated in the
Net page pen cradle 426, and the Netpage pen cradl e and

w0 b@oNsteprige pen comuni cate wi rel essly via Bl BPEl/av2in9/ 000695

The Net page pen cradle 426 is powered by a USB bus
power and the Netpage pen 400 is charged fromthe USB
bus power. As a result, the maxi num USB power of 500mA
nmust be available in order to charge the pen at the
nor nmeferratgeto BEfke @lr ehe 2pings hows @EattdSBn clenmeid¢ ito profiide rpood
) h en cradl e 426
(Ng a&t ta ﬁeb]éﬁB ngg T]he ﬁ)ggg 42% 881{1]%36 ?,Ihaliltgr %alalbe%)port qgl three
Poampfineate 469 nel :EBlshyg plage Bl Wefi@atbly. anTﬂﬁEr {Nelt. (Thg @pridrarms
Aﬁsrgadl Z’ 4261| S thewﬁ B bus g h
P Ji e SHE SR OéF?fSé‘B‘t ‘Fcecléﬁl?PéIEil tofhg goving
plite 43 tipagel PRihe@Radd B 2 @llowihg I;hﬁ NetiRad of Bemode piak out
seat ?d i n the Netpage pen cradle 426, and is charged

‘Tfﬁl&‘rﬁ %PF%P“%WBFI?@&I’W Yhe optional AC adapter.

Fi gurr@e %QQg&ﬁ@Vi@ udulBy hﬁﬁ@ﬁﬁ@e@ﬁ&n'anm@@blaﬂknoft ﬂaéﬁen@ Aarial.
t he Net pen is communicating to a host (e.g. PO
Suitellp @8 rlgi/s wluﬁ@ mgfaly, High pystaplgs tiseland \hﬁwlélﬁmrﬁe?pp%éﬂow 5eCu

1§K%Hi9/'s§1table'%&€9£%hg‘é%tym0 a | aptop or nobile phone.
t page pen cradle 426 contains a CSR Bl ueCor e4

devi dlewillThseappregiated thas flepang efethe sipeed psing agms 459UsRHE ¢n a small
r@aﬂ@& mﬁgmm g gﬁue z%")dH llsﬂwgﬁehé n§ Qr%lrﬂ?stsﬁ)h%f ﬁg?’@%@ﬁjto the

uet oot I on. ani cal Design
Padi lsasanid dﬂs%Muee@the low fricRef erfacagf thopifi Quere de a1kl fonag is
egh ' v .
EPyn- S 0155, PR, IFRLANH,Th ) BT YR oion
shewe Iﬂ’bFl}guIzéSZG tharebp pm&dsgrusmaugalassﬁemlﬂir@tiodzpeint. rithe unmhvmg plate
{3R0F BaBEE oo e i BEGBCH AL CREE D 1 b e
Iﬁ&&%hlyvayfb%gnedhl ch includes the main PCB 408 and

par t STt A S G E IGHFR gt » RN b gid and

flex @l OPCBY, whith Rendd ISoth the TRe@Pla®MBl land@ shepRASHRI Br tHgaRllel-
acked as clqgsely as practical

parts are
rﬁ@ﬁcwaﬂgwfgfcaeﬂlsormﬁm “detvieshrirEcay i V&’FIO‘tSH@’eB&E thejfgree
LRI i S@He0fCR4gRi 1 of snap-fitting side nol di ngs 403,
a cover nol ding 405, an el astoner sl eeve 407 and

nosecoheMpihigk r‘@“hb@B Whecoppiiesd ol ik §RA dayer Al le?@%%d by a

&Bﬁ‘er%ﬁte{@ﬁe@d 464%}%@@55%ntgld%a@9ﬁ%e%éézl whi ch provide
vi sual feed to the user when the LEDs 420 are

i 11 ud Frat fé?eflble PCB 4658 benslag b therigid PR B 49divith@ud miggh @éhgsive
| ( { i nat.i

Bt oy A 3, BN AR 0P b T ol OB RRC R 199 a6,

wich previdesshgyfveed phatet 4(7doibtae Ersersesser, wind e db§ eiaemipolyimide layer

6%6*1“1% 144 I%yér%S%l Jfgrﬁ?e hi S%?r r%é) gtanccg\f%{u;re(fl]:f_)z gl{énguSiter force

retalnln scre event user
sehwstcmnmt Bilgemke 40y had 9od1pkec1mc desstanm \emlg(wmynionw temperature

CE:;/)«%} r];cre Cthﬂé% nbe}; Ogggorg{g Brr%:;\g]etr Elm(% pdlylml ﬂas a tl\%p(?le ectric
constant of 4, it also acts to increase the capacitance of the force sensor.

A thicker second flexible PCB 469, having an aperture 470 punched therethrough,
provides the air-gap of the force sensor. The second flexible PCB 469 comprises a 127
micron thick PI layer 471 (which serves as a primary rigid spacer for the capacitor) and a

copper layer 472, which provides a contact for the moving plate 457.
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3.5.2 Optical Assenbly 430 The maj or conponents
of the optical assenbly 430 are as shown in Figures 23

wW@nw92&63ANn optics PCB 431 has a rigid porti onPdBAU206/000695

a flexible portion 435. A "Hinmalia 25inmge sensor 432
is mounted on the rigid porg%on 434 of the optics PCB
431 together with an optics barrel nolding 438.

Since the critical positioning tolerance in the pen

400 iThe BEhywdil ishendeptad ths Phlagkrttheofi thafyst MMCBL%,, and the

th t 434 of. th t he
35t BPERTh br BateSits hOPGPRIRE ST rpita Frap Ber Bper
la@ng o of thheccopl flaiHIORCB @69 vimh gbldgodadd 4nasTha niwindgthtd 457 is

ure 439 near.the | € Senso 32, . whi .
BirelRble i ¥ BulE oinhe P S0S T Yo i p ey fgring ot
&bgn@fiﬁﬁhzgﬁ t her nal expansion is very small on a
nol ding of t i s not nec ry to
specildle z@h%aalhéf IS pifft% movigg plate, grouﬂﬁ@ﬁlﬁﬁéﬂ%@@npﬁ -Paghas a
4BR Ringthe firphitc PCBER 5431 %%Vbﬁﬁaes%s%ﬂﬂ%teﬂd?@ between the
bet ween the i mage sensor 432 and the main CB 408. The

P Rng gutput sicnaly é‘id ip S¥tginp vordictster by SepAuptngl lg«k I?EGYW“(E?‘%%OVGY

dhigks which allows sone nmani pul ati on during

manuf acture assenbly. The flex 435 is L-shaped in

or derThe gonstgniee of the pletsy with drirdd shceradil gBsures Mt thew ps able to
! [ XTé3 ci i

ARG ShffelE ferfec it Beind Wimade e i BRECLINER e

ey plats $8Triidythe leﬂzChIéatp @ isQypifafleg e the irangp loé E@hito 200 hierons,

BRPREC0 Ao 15T BB 05 B RS 5 EGAERL

layre 46&&0@6@@&1@&&1@5@6@@!&5 aB& B updor sappert aenﬂagma@BM 2.

capa itors are.no ont t
Che. dprRricBra ot Shmd B firanClfgboud aning uncdon
aﬂ]l‘o@llfgdhet eving@plate RCB1AD &, itsadech puisiciem Hdwavérhaich if@tokensors have

ortion 434 at the i rage sensor Th 1 lia
TREGY SBR RT3 zeb d ROt A SHRE. 1098 oF gTedegon iy Brtcgmor

b i he mmah :g@pean]z_@B 1;41%41#1:&3:@%@ aﬁiri]licﬂ g@wr k‘lﬂﬁ'ﬁ-@(l) éeﬁm}spdﬁgﬁime

proacn. n tni technaol o t he alr e IITHIaIITH
fopelﬁ%So any o gs AResterablyg pbauy gt dn tORIeT o DL t%eapﬂlé?jgefbﬁtmkes

dcb@atellyeTRY BppMchifls RARUBEhIORA QueRLDR re@AdS-2810 redpenR@hacs can
The wi re-bonds are then encapsul ated to prevent

@6 porshisked wguthe forep sepwer padesdibré oy e, having @ MoCBE RENG spring
458 ahdReidpStythide %ggersused to align the PCB to the
optlca% Earre 38. The optical barrel 438 is then
gl ued furthgyl adeantage op the\fpige seuseyeldP inthe lslri:éPCtrﬁéomﬁwgé of air 470
agig?)\l\g/ﬁer%lﬂ% ﬁ(ﬁe8 E@ﬁtﬂggﬁ% Qtrvﬁ? hl%p ?%% 1&[‘92&{# sggtﬁ'ﬁg Bhat is recgnred
twachheipigiimgrdarte anmmmewepalcm@g@m%nsmentcmerwmed by legj@ge
0 t

%E]tt Rg?rt]{ Ea(g;aﬁitgée 4<88) )}tlrhld!% % th!.{][qt 1%821 I'Tdédgg Qostén grgtu% co‘éﬁ"}g]fnt

therel0crdesngg the‘d the mendoatcanabuenpad@es rIE)q lﬂlr1fte\dlﬂf @mperature. Another

a%og]nrt]%%: S gt,t ggotlglgnci\lq épeg & Iprg{e]:ggrgp XF§ 8IOJ§a4%Z anci:j ensures that the
ﬁeﬁmﬂﬁﬂy4ﬁnﬂnﬂndoﬁmmﬂ@dkﬁhﬂﬂen Cartridge 402 The force
sensing assenbly 440 is designed to accurately neasure
axial force 25 transmtted through the ball point pen

RSB ThagRd40rcefSemart he ni b 406 during use, both for
tapplngﬁthe surface of the paper and dﬂrlng witin

It i <0 B5deict PRrn 2 devssRediatSielin B -2hdhsevigE Al bY qaoves
0lvhids BB eMathpIhth 6t Whah dnQxBHIRLNS trAdRKAN tot thdBoving plate from the
recogni tion for Netpage applications. Wil st t%e force
sensing assenbly 440 is designed to be used in
recording the 30 dynamic applied force for use in
appl i cations such as signature recognition and print
rendering, its nbst commobn usage iS as a very

sensitive nib switch to detect the slightest contact

of the nib 406 with the paper. Therefore, the force
sensing assenbly 440 inplicitly enconpasses a 'nib
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Referring to Figure 25, the conplete force sensing
assenbly 440 conprises the repl aceabl e ball poi nt pen

w@amvnsdge 402 (either marking or non-nmar ki ng) PCPAD2000000695

the nib 10 retracti on nechani sm 460 whi ch retains the
pen cartridge, the preload gpring 441 and the packaged
force sensor 442. The force sensor 442 is connected to
the main PCB 408 via a force sensor flex 443.

ﬁll'l)]éO(béi Wﬂldiempplmelatett drat rtilsjgmamlioshb]s tahwera&tinwrteld force sensor

FarBrEL Byl i Bedee 4B (BT PRRE R MR e Pt

idkdashi@stha dicl&trizagdpr mdigefm eppliddi adpl parct. Tlgs ardgeient had the

the formof a sheath 44 and a ratchet r . )
et GoRnERer e dt A mragry bk S el s s e, which
i@prdved t@l@@enéhﬁaty F tisd sysielﬂgd sfnanlelp@ieue&césn& de the sheath
446 and is or otherw se held so as

be r&tRFNELS q@&f& ar é‘PVfi“?%gp FG8} SRUSOT il geBgtrugion tpgheaﬂgee@lex

EOERARENE ddcribditibBeN Ac¥difdly, ORY Bhi®Sard RBe10NiGRarB AR FIdNE: 29.
20assenbly 440 and the nib retraction nechani sm 460.

Hewevei it st §angy of theciyssisd vpics sepsorgthsciigiddex PRBnbYSehas a hole

@ﬁ&lﬁh'thl%ﬁélpiﬂe c@ntﬁéomQtPC@nstaWkttQ allHe thd Eﬁ nf8f rt@%hga‘gs with the
mechani sm Referring to Figures 25,

mpang plete AEL Tmalditios, the diizap| tweéle:@i% WeHIng ﬂ?@ted@7 ancbféh? ﬁéffd plate
8s roftN 'E}é?'hfil%aﬁla% foedn thed

ﬁép%ﬁ%ﬁigg%nen%gg acgg4glﬂﬁﬁ%1%§&&?%f§n iﬁng%n%é(ﬁgnm

mmémemm@C@hemmmnsnwanwngepbﬂbbabuﬁhemnkmwr&éd®gm490

and 491 are 25 spaced apart and configured to provide

two stable positions for the cartridge 402

S:S)Biswppmdi]’@(fartrmgeéﬂﬁed and retracted nib positions,

respec |ve The t o444 owar ds eith

{her R FishEhad 3 Pbatids SRz sl b hifoiom

BMKﬁademﬂﬁmmDMnmqﬁmﬂiQﬂm@aﬁg&dmﬁﬂiWﬂ@b%d@mkﬂhﬁbh@ﬂdnsaho

spr ng, 449 is e ed be en. the ra t 444 and

bt fiigh st VSRES R FOR RS behea g st fopmbbdiment
éﬂﬂﬂ‘@@ng thé Ballpodd p&Peartiiged4R, aNsitiRsvSoneNGRAE BN cartridge in
betmeeq the ratchet 444 and the first abutnment surface
SGEIRA - B OER Y PBBLIE § ghcamrﬁ%es a3 15 gutrigy may be used
iflctcHAR@ANYy 1 @Y Q‘leﬁa %&b@ﬂm #dGBOplogtnt AREIHHNE nbtNichiRE to any
spring retai ner 450 and a |longitudinal axial void in
Refficulaplyae eiFPitHgEe449 to be securely retained by the
sheatffj, Qﬁﬁﬂouﬂ%m Qfartﬁ(lﬂg% &é@fgﬁ h?tsnﬁ‘lf]afl ‘in %gme resBectsV\ﬁﬁ thet tt‘i‘oss

cartridge 402 is extended and in use, arrel

ellpeint nsh eeyidgn bakthelongth i ditferent apd d it Wéd maft%lhb)@dm&mode The
n

BRI bF dleTbRth! B0 AARR RO i el RE igh W4 in pighuszee

®enaoenaligdsi s coupl ed to the barrel 448 via a pin 451,

whi ¢ [ I r

from I'Tthhﬁlb g’ %{ sPe %ny seflR eﬁj ?0 n¥1ﬂ: thggyl),tlt%?l] Jle[ealan@‘{] q‘h? ﬁglﬁqgo% is

ickeliptatedi trads c@dmtrn I(ﬁlgeTlexmk is Helngle ,qutlhlye bplilm)erEﬂk suitable for

I%P?E%Z tcfoc en?%gs%rg%: er{ e%g%&bb%w?lhthlsq K tl%be &ﬂ(%ﬂg t*ﬁbe is

deetceitba rfsltuWeAt-’ba)re\emtablk dlragb:tch ETHednlc B tGadpaent ih (Thedﬁhlelﬁfrared

Fetar s 0F Pyl oo Pindl oo gk dgyert pifed

mavingigh.a fixed plate 467 and a noving plate 457. The

pin 4 1 i S.enga gai nst the nDV|ng | ate 457 of the
f or cdhe Ladess m Si %tqé &rrm%@?%&nt%@fﬁe\ﬁw&t the

RlAle H0 @8 tRrrAYAbLH 16 a1FRLE 21 @ 5tah@ 3101 RiSABSOpuldl HloRGthe
renoval of the cartridge 402. A preload spring 441 is
arranged to urge the barrel 448 (and thereby the pin
451) agai nst the noving plate 457 of the force sensor
442. The preload spring 441 therefore ensures

engagenent between the pin and the noving plate,

whi |l st obviating a fixed |inkage therebet AAreen that
could result in danmage during cartridge 15renoval .
Although the preload sprlng 441 prOV|des sone. reaction
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Referring to Figure 27, the spring 456 is plated on
the inside to provide good contact to the PCB 455. The

WG RIvNgF6ddb6 conpri ses an outer annul ar suppor t PABAP2009/000695

three spiral spring arnms 459 and a noving pl ate 457
defined by an inner disk. The spring arnms 459 may be
cantilever and/or torsion springs. Wien an axial force
is applied to the noving 5plate 457, the spiral spring
EnA80 468 4nl exxracioh oo, nlgeré))yicainpm%nbmload)sﬁprimg d49mtil rhy ratchet

ut of the he out apnyl.ar s ort

B B orhe iR i 08 R ST R sl PR ebmephor
the Sitdherl 424 blitanile spfmg‘ Ie&inlet mtcamsat ﬁE tatridgSu02ttabt £leased from the
mat er | al stalnless st eel
FerhH aheesapEFraEe D haehre o s Sui e e B barel
441835 hreRioeNGy tfly)m tﬁ-@fo&ce\ébﬂsbr e b pPUteEit F B rdtdhat 44f4|vﬁ?h| thkpring

t he sglra sSpri armnms 459 resuhﬁs in %
rﬁatnat 1Oty sehdiohs Parﬁigiptstga‘t‘té casyes thid fehagre 4t4ﬁéer“e?‘“fs§n%?§ed
WHIRMS T8 b@Bor Qa2 tviH e Foﬁat 11 @BrebyP a\tchﬁn%)hﬂ} phachtidSdairtagd & the
depressed due to the ow-friction surface of the pI n.
forfeeesdfe axial force is renoved, the spiral spring

ar s A%ﬁla&e@ﬂeﬁf Qg PR De Qllls%tt&i iftd thd Senl Hygjlugﬂ-ﬂlgeﬁg B&Hridge

position shown in Figure 27, thereby provi

tagardy dic mishet-444| Wberatlt srrepiiehtby trneharthyi4dg Dplrlag ansgrggis 7the

éa r1&§ép40cﬁattalv¥ls 'ﬁﬁgtfghl 18&E tﬁﬂg%ﬁ t\]/ﬁlcfl {ags tﬁll: @glﬁfd%a%vpafrds the
e capacitor to en re t he p es are a

raIChfg riédl and preventsTthe chrtridge f@&nmtmfgrlmg githl perl elrcto@Bs. 456 plastic

t\‘t;i\ﬁ 3 a;‘f)srgze‘{/e?tg % grggﬂg%%%%ltcg % ]glregtSQQagJ}Illl 0 (y}h%(%] gof gﬁﬁ) '406 of

meehmmgeﬂﬁ for the parallel- plate capacitive force
sensor. Figure 28 shows schematically the various
| ayers of the force 20sensing rigid/flex PCB 455.
k A m&haionmisgdndalfm 462, conprised of arigid FR4
| aye backed by a copper ter shield 46
o1 oy THESCoRY e TR g O apoOt G eovs hE nibdtp p b reracd
1ﬁil@é(ﬂhbb@1y%@&e4@§)agépéﬂ%d eskthbiat ¥lenot ingd At nth@i2c1vhing wen
eigtcron adhe i ve Iayer@énot shown). The first
lﬂs Y’B‘Ft%m@@éacﬁ B dBFpYROSES an 18 nicron copper | ayer
466, Reg&etinbitehnip r@@'a@@%r@d"&s fanX8sht Rb AcCeldBrbnitOthat MBows the
force sensor, and 12.5 mcron polyimde | ayer 468.
Neeagp| Pqna g} tqé@ pttom deBOVtH esaping hstHaryhear the edb sie aigiected.
(‘f& %%Jn@ﬁgl?}’e)&éﬂﬁlng R Iﬁ@ﬁ%f R5G&es SQNBA to YeTcfdirdnics that causes the
al so has a dielectric constant wwth very | ow
m%ﬁ®@t@mhﬁ@mﬂéﬁéﬁﬂ@ﬁ@@DQWNﬂmSt bei ng tough. Moreover,
S' ”C%Q ﬁib%bﬁﬂcﬁ&l Lasady i) c%hélétﬁo@e% HE LEHERR ?rf ﬂgﬁre %fl the
so acts to I ncrease the ca |tance 0
lﬁ@ome ewsior ha@0drepdy bkar dsetohdn fcbmwptmnewmwﬁ@ce sensing
r. £
PR 16 (BRSO BHORCAT St O TR R P B
iRGBcHG Fecdoiras el aa teXTeath d4cofor tdnamkg Pl chratyc@e 447.IThe ratchet
erves r ry rigid
4&4\2,81 s[ﬁflaicb)j moH%an Wét(t)lglpjte n’q?agrgclleto ar.?ﬁlﬁg V\% S)htendle%\/ain(g ergtragted nib
mmbm: Refboihg thEgiro v 2mag SBﬂltﬂtOﬁlOﬂ@lﬂldllﬁlﬁlgrooves 493Td’e:ﬁné%| in the inner

IS o1 o Rl D o P e B e R

s34 e grodfest he PCB stack 455 connected to an upper

copper .l ayer 472 qof the second flexible PCB 469 v
gol d Reifttigdp Figpsss Inid WhvPng® Prageed st Stldaacgﬁeawe\@la Ut the

BB Banld hadPMBoc eth 4B ewRich s BRI dfbagfl RPROORS B9% Reguide the
fixed plg?e %67 by erX|ng of éﬁ%%ggplra?bsprlngs %%9

Three signals (fixed plate, noving plate,

ground/ shiel d) are taken off-board as a cabl e using
the first flex PCB 465. The cabl e provi des essentia
shi el ding between the i nput and output signals and is
externally shielded by conducting ink | ayers screened
over coverlays. 10The construction of the plates with
the|r Pl ~spacer 471 ensures that they are. able to

1 . oy o Y - Y 1
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wabiog/1pwwevi des a very high electrical

A further advantage of the force sensor 442 is the
dielectric conprised of air 470 and pol yi m de 468.

resistance that is required 25 between the plates in

order to mnimze capacitange neasurement errors

caused by | eakage current. A further advantage of

polyimde is that it has al nbost no tenperature

daekf foonenthe ritbier ébly Ten ﬁ]lung'en g74 may bd mevesldms\(ards and backwards
t anc oes .not dri e u her

b RRb DB SRR kb el TR Bl MRy, Ine

plinged 4l ateagaégec’i vmhdhe Rsdheesdat hatcomﬂsﬂemématy ngutph@tanmd&l’/end-

t t t | te 2 1
SRR LA ol 5 e e TR 425 T §om BBe Ghéaagen of

théke 3&&‘-§dr%esam'§ar% alrotatubﬁal TEvd ROth kaadhet AR Ts o roeM Qe Itafmarrdtates
the fjxed plate an axjial force |stransnk S
ase the

wheniihis nyghed rli’ﬁyoﬁflé‘tlé’ 2 ﬁp@ﬁées@ nPreAtisbutiop 47 iy re

BRPEREL 219 hul g tihd fatchst AAUALE YowReESThB @l & SRY & haRupon the
inverted force sensor arrarlﬁemsnt whereby the noving

Pratcd cadyurasved’ BREYCIRrEe e apyiedh fﬂ”&lﬁf‘é lipg of the grooves to
idpGit %ﬁﬁlbﬂ%tahﬁ?todth@ FaRGLH | AGCOg(ﬁﬁ%#fl RAST orR r}e&ﬁwah\?%jac@&h@ﬂ of the
force. This arrangenent has the advanta

Rutpm 76 dieaaiches 44t is gotptad from m ik eef of H@Oa?ﬁdl% &o pngagamengwith
AN Cen‘f"@éc%ﬁ‘d %‘t Ppgrgéf\%§ Ttllla%rs? %ﬁsdf %%0\&% u es {hla St bR ds
smal | applie Tce 53 shows an

therfiest plewdmed sgdacs €98 ovhes ithei hugton i4ﬁ6 corbBsedcvhipnthe secombset of

c e C :

#rbc‘%}egé)lalr\xt%éhear T ??ttcggllﬁ 305)23{(%“% ge %1%1?&%) %}étuspre@%gﬁﬁdfﬂgq{réé and
delowd sets of igrvovdyelod asaealtefnatehedafmcbarbmnﬂ thormper siefacovt, thd barel

i, Qi erx rough.t he
LTt o Re 2P P BHREAET st e AN b e
atuatiort aed rdéseyofitgbyploatddc. 4this arkamgaﬁkdllt fid Ginjlarttbeha@e itypically

ap, .bet t he pl ate 457 and the fixed plate
1%%‘% 1P§ta’\i‘l\@ Sg%ftaﬁ’i}qiah%‘g "YPR®- capaci tance at ni ni mum
appl ixgthdnB1e abdve thebitdu and g@oq?a@l tg ﬂqe!pmngaﬁrmm airitgictub©on,
capamtance maxi num a orce in the

RIS P@&%@% P@ﬁger 3% ngagfssaﬁlfeptg? Prrrehats apdrhepgeqganually

et AbRatcalis-idigcttPofhiBekBnd3@ cohfitRrddishd ﬁ@ kMRt peR @00, In order to
cartridge 402 is a _conventional nedi um ball
Rrevest e B Palepsritiee pahforaer(cyes verysmatifprgess ot fasg sensor

2tvlih thé 9&9&1 haxKiheRYY aftd MBg hiB Kot Smls$emPASSI @c@uphn% spring 479
Al t hou he t page pen 400 has been describ erern
higpethe Wm&m@h@y &pplcoyiling crgsactpeat b ithetplyaer 4r Ay shagye in

|

e A2 e e fin TP LU B podPoci Bl 0308 i i
faredlysmeungesl todhe péndbasingetp4, b@duh@butmm el bharngeabHys i a

T

bal | gbe harrqbém8 rsdtom'eddlge bekeg ihgusirigs47§j whitkars itself supperted within

t%% gqe 0&131{1% 9101 h|31 ﬁprl%%llpl? egéaggcﬁ ge \%t%:rnttfle 1 4?&? gnd the
tfahehhoulsm@dlmg) aod enaq Theebankel, bed tiitebpthetpheddiakdwaalsnhe peving

e 5km simlar to that used in high-usage
égﬁ%ﬁ %%1? f8’%‘f8|senﬁ‘?:}fn The nib style has been

selected to optim ze the optical clearance. The rigid
tu i.s. nickel plated brass 3.05mm OD. The ink is a
1388 N ERiebyoBP SRIPR DGR 1 ¢ abl e for 180 15757- 2
docunent ary usage and conpatible with this type of
tube and nib. The tube is closed with a follower to
prevent ink drawback. The ink is transparent in the
near-infrared 30spectrum all ow ng the imagi ng system
to see the Netpage surface-coding pattern printed
under neat h. The cartridge 402 is designed to be
user-repl aceable. In order to extract the cartridge
402 (and referring nowto Figures 22, 25 and 31), the
n|b 406 |s puIIed fron1the 56 pen 400 u3|ng an .

. N

barri er PCT/AU2009/000695
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WA 2®9/15mdkver ,

5 448 is urged away fromthe force sensor 442 by
abutnment of the ratchet 444 with the spring retainer

barrel 448 renmai ns engaged with the force sensor 442
via the pin 451, thereby avgding any potential damage
to the force sensor. A replacenent cartridge 402 may
be inserted into the pen by pushing the cartridge 10

t owarltis Netpegerpab dbledceds4d  knatvethe extbnsicn or eftractive dtateyof thee
sheat h 6. During insertion artrr ge 402

G i oMb D pirB R £ b s B2 e § e g e
alkchi intige alqoivdetiSort fuaver-abvell atate’bdd than Conpérey et & pfohfer

cartridge fromi.nterfe e Ie ni.cs.

S SR RS bt DRl ST ahL B e sppor i

dERivetdd vaat e tdrditigd Rkdtratttd dddeor excpasedoris bordigGre@hottibre

cartridge 492 15 3.5.4 Nib Retraction Assenbly 460
@fatﬂ&%lb@ PEAS PRI Y! iMagPact i on assembly 460 al | ows

the midilAHQ6ifthe Bgeder@tsrm H@fc’aﬂtﬁ’tﬁgb dheextc@ddod YheQbred f@isor 442

Net page pen 400 so that it will not |nadvertently mar k
hap artmeﬁ@tew@rrcr with asurfpgg oy grredgtreminesh petod @ fime. dhqidig peg can
RRE K GhicsceRat ﬁica'dth'ﬂgn LhGatlth R 4O @ut?dn&@6 RlaP¥E (LS tPARitiate

Input to the el ectronics that allows the Netpage pen
‘pO0Certy’ BRhayot in a power saving state when the nib is

retr qgé‘f@rqn gq’rl ? fp P o t]ﬁ:gj é? pe@&b@ﬂg' it Flllr']@%rUth &80 ECB

provides a sig ectronics that causes t
48nwhioh is enaneedle acteadyb}fmlrt of gyetbutten 46 Wiy ihe littdnrik pusiidse

h@ r&s%ty ﬁeﬁfsgraggc%grﬁl?é‘f? agtuég)g o‘rf}gljre]g\k/ﬁ{hswg O\?\ﬁd%?ﬂ‘l ﬁ@ftts%n'ﬁ?o

‘mémeaﬂynb@bmddamgMMbédmemMGﬁmdmmg@mmmmdhnememhopce

ASse ra chet ke nent
SR PSPy SR LRy Mo Byl e PR
mﬁﬁmmetheﬁ&hmﬂéﬁwaﬁaWBhér@ﬁsﬁhe sheath 446 for

retaini t he .c trrd he rat chet

o1 bt ibvaeRan o F e TPt S aAaEn (g ahein PCB
MRLERIEH rIvek tﬁ@ﬁﬂaﬂiﬁﬁt@ @k:xrunhbdpﬁ sdtifatted)of thBeh@idgt ACR ByOsensing a
Fi gure 32B, a ser | ongi t udi nal grooves 493

s patrdparniedion ghe; Cﬁrﬁréffgeﬁ@mth%réwa‘fseftsalé AP1o8Y th@ri%k Bis e e

pro®@sdorsnBdeividdn RyutSighslifen BOGALR R HYS thithIR cartridge is
ratchet-teeth 445 in the grooves. Referring to

Eicgtgde Shorgastig ubg A3 @wphavaa BindAy e alleyath @p@rh SEeBT 59 sense the
W&*@Jh%aiﬂkefd%h%etct&&n@%rzrb?' and has plunger-teeth 475,
whi'ch slrdrn% y engage in the grooves 493 to guide the
57 plThapers rdviareddock iy 543 bhwsed wagmbmpgongyithtbeywviglr 496 and
r t
PR A TolP S e Hn Ml Y By O P2 Rl A Epen
minebeslonfgyeqd. to Tmteatqrmmgérwmmﬂy afer epgégerdnmdtphrlqdh?é time has

AR BRI TR NZ ) 45 ana 1 he

pl unger-teeth 475. The camm ng engagenent of 5 these
urface rts a rotational force to the ratchet
i%gz%uqqéhéwhiﬁﬁggln rotates when it is pushed
beyond aa alltbl}iiat@fe tb i@ igraddivies toj #2. médelenib harabtidint @echdnién 460
S re he | oad pr ng 449 ushes the rat chet
ﬁ%lbﬁﬂil Ve g‘%&ﬁ%@% Re 9 Wélgoﬂ’%t Prraresapon°{ %réctbogﬁrr&ae
Iend Sﬂl:l?rfe arﬁeﬁﬁtu@tﬁonb Reeredt rsrhaban&@fe@da tﬁ‘ﬂ&raé‘tbrﬁé nif dfh N@ﬁ&%@ Ghen
i ps .of the grooves to. inpart further rotation to the_ .
quigmatically, sueh, %Weﬁ&re}pen kyipapableof CF@H“&%@S? iniﬁ,gor when the nib is
iAQhiiRE 6fMRiInQllahd}@d 10 button 476, the ratchet 444 is
rotated froma first set of grooves 493 into
engagenment with an adj acent second set of grooves. The
first set of grooves guides the ratchet 444 towards
the first abutnment surface 490 when the button 476 is
rel eased, while the second set of grooves allows the
ratchet to slide towards the second abutnment surface
491. The first and second sets of grooves 494 are
alternately def i ned around t he |nner surface of t he

AN T T " T

the preload spring 441 ensures PEEAULG0€/000695
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30pl ate 457 of the force sensor 442. 3.5.4.1 N b
Ext ensi on/ Retraction Detection 58 The Net page

WEenoAsB3heeds to ' know the extension or retrBCI/ATZN09/000695

state of the cartridge 402 for a nunmber of purposes.
For exanple, if the cartridge is retracted, then the
pen can initiate a quiescent or 'power-down' state and
t hus conserve battery power, optionally after
pr ed@her nireiednypdrer of sobatibhsrehbrasthe lpapse dhcapapfei @alimyninently
1 he ti)ﬁgage iensgr .ti S k5deg§t i vated when the cartridge is
IP%aP?é % GNP }gl?ﬁlé’bl}‘cu &$sor is confi gured not to
Qe tlatsarfidedd ioabodethk usi ng captured i nages.
Simlarly, if the pe tects that t cartridge is
Silaiistios spoibe gfEb TeBReir A s aianot  det aot eq
Cothagtcapiuich diitsluil @eRty Al balopraadeiietimshed period of

n enter 3 qui escent state. In

tinme, then t en ¢

e e e Bl B foreRes Bdlan 476 mhy bo. used to

Jd chitgtr8mdiRing ONREy dpacith@nawi or . Referring to Figure

22, the Netpage pen 400 has a switch 496 on the main
POBNATE 1s WA HERMINS CREKEEN (9 2 HePagaseBcby part of the

but t aicd 4R MAGRHCE BESIRBEIOWhER (RUSIHRh B@fn‘f‘eﬁlreg 306 BYint d8ger of

user. Accordingly, actuation of the switc
being\dadtegedainclpdipgit si gnal to the processor 500
J\{z‘lﬁh?l?etﬂeﬂgsiﬁ i e button 476 is being actuated for
extension or retraction of the cartridge. Typically,
awlten dltei pon exferienges avinpehsiOl i s used to wake the pen up
f ' S ' t ' -up' state.

R RO UM peF bR & ReeBNRRT %22, “an

opt i datre sensoatiohd whem it ikhedvaniapeddCB AO8mpgvalys guit tiovn the pen
391 tt]”l(?ecr:tf th?e—fi r%alel Sfttfaat te thé%l tteng eednt re reertéo%gtng(g\)ertor{t thl% it
CartTY dg& adP By Y Serfst A8 Hat R pai"h ey bR prsme it
iaanding:dge. \When the optical sensor 497 senses the dark
_pagtch,. t he. 20pr ocessor 5&)0 recei ves an input signal

A S R TEERYBOU FUTCH TG e HA Y ¥ he cartridge is

<X iRMpEShce th&tphmasiviGnihea c4altidimytehigyfurd, Mbidgwett.p

all ow the optical sensor to sense the dark -gat,ch

pai ntl8ere GFF YiHaioas qudtglé agdypatageous to requpé%ﬁetﬁ do inform the user
dbead thd dpaRLi6APEHitNBMhSeR, RGudged in conbination with

the switch 496 and optical sensor 497 to provide a
YRPHET SIeRpgleties tgagpdedsuifase processor. For exanpl e,

I REcsROLLIZRIRY: BG HQhgMed to initiate power-down

only after a predeterm ned period of tinme has el apsed,
as dédaalyritheepentyy mapal e gntomatie N egdnsHI gnecBamgsny i inoperable
@g}pa{mtic Nib Retraction As an alternative to (or in

addi ti on to) the manual nib retracti on mechani sm 460
Bodsgdendnecbnditiow eqntinks tNetispage pen 400 may i ncor por at e

an ayf %@@eﬁ'a{l,c alm)rgatfceﬁiﬁ qgt‘i‘a{cﬁ&l fise%eﬂrtg'disable and/or protect the nib.
Alternative means for disabling and/or protecting the nib include automatic capping
mechanisms (such as an auto-extending hood), or automatic disablement of the marking
function of the nib. For example, US Patent No. 7,015,901, incorporated herein by
reference, describes a pen whereby the marking function of the nib may be disabled.

The pen’s automatic retraction mechanism may be triggered by the user via a

button coupled to a switch, or the pen may retain a manual retraction mechanism for this

purpose.
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There are situations where it is advantageous to
retract the nib of a Netpage pen automatically, such

W@300hee33 he pen is incapabl e of capturing di ge€EHAUROR000695

or when the nib is in danger of being danmaged. 59

There are a nunber of situagjons where the pen is

i ncapable (or immnently incapable) of capturing

digital ink, including: when the surface is not coded

when It kihes gaskatie retﬂldii(b‘rgtygiaailyi tlyo ﬁigmaﬂsthb@bmm ent@er toai-power

t hresh capt ured dl 1,nk al it .

HE S B gl e BRPSRRG) & \hBin RS gy o

toudckien alB(Styf_)lUilly q(g@ﬁls ﬂie(psletoteﬁtef mldw)powbhﬁﬁtet he renai n| ng
attii%’ paci tg | ow when there s 0 é $ b
conn F ORY {1591 rﬂ@f 61é§1ét0g1étﬂcvggen510n mec anlsm %calésFelt g the

ALIRRIChDisnSast tuatdt@aﬁgnmﬁ:ﬁngxﬁ)ethem thecuaa ﬂa@ dxithe tlicedlb v the

be in danger of 10 bei ng. damaged, when t he
3 bpton 'cﬁ%%@? 91 etrachthg r’i”t% b ishsiay ,518?25%% BE WrPnichp RRYCr-

§hask whehen it RepdiaKe Qo pengan HierbdBBn PR WRASIMEST &Bital ink
excessi ve force here are situations where it

GaptuEe RS0 Bfder then-gp el é‘ﬁfﬁ“lo’(%e‘ley theriile cxfepipn: o ésnthe pen’s
JIpandot herefore pre-enptively retract the nib to

prevent the user frominadvertently using it,

i ncl T8¢ sytomatig nibr refpetion aeachamisny may rhsoiplenepted g gerupeber of

(Bﬁértzlﬁrvy %ﬁr of tids dplt 'ﬂ@ alRd ﬁ?@ﬂg orfin, SXnkiBH rrln g dneral theeauto atic

enw I'Oﬂ conditions n‘per ature, tc.
N eeteactamemedhenisin icomsrissh @rmgotpit o @hawanmagélmhgs Qupled to the

Jaﬁh{l%c Br aF Bt {y gmsl{egth ?&@E@h% Iggrtrﬂi%g ralng g/%l%ﬂ %t coullglled bPI soeftware

operationa pen, Thc excess
lsmﬁaﬂmr@waﬁﬂmqmnSpamewdedﬂswoﬂmmemrammsssnwsgmﬂdﬁmnsmmom
ive to a

n %he LPgP sgf(h aguatn 8&% erom%?r for Tee gﬁlgﬁet?%tlﬁ% gﬁ]gfﬁl){ asmts owpn 1nternal state
mmm@mwmbhﬁamnmlst a 25n|b dlsablenent condi ti on

cont IS?nlélg aletcartrl&(ge or boot is coupled to a nib switch or force sensor, the automatic
retraction mechanism must not interfere with this coupling.

Referring to Figure 33, there is shown schematically a first automatic retraction
mechanism 600, which utilizes the same design as the manual retraction mechanism 460
described in Section 3.5.4. In the first automatic retraction mechanism 600, a motor 602 is
coupled to the plunger 474 via a suitable coupling, such as a worm gear or rack-and-pinion
coupling. The pen cartridge 402 (which may alternatively be a stylus cartridge as discussed
herein) is retained by the ratchet 444, which itself engages with the barrel 448.
Accordingly, movement of the plunger 474 results in nib retraction or extension.

Essentially, the motor 602 (and its coupling to the plunger 474) takes the place of
the manual retraction button 476. However, the first automatic retraction mechanism 600
may additionally include the manual retraction button 476, providing users with the option
of either manual nib retraction/extension or automated nib retraction/extension. When
manual retraction/extension is required the motor 602 may be decoupled from the plunger
474,

Still referring to Figure 33, the processor 500 is coupled to the motor 602 and

receives input signals to determine whether the nib should be extended or retracted. The
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In general, automatic nib retraction is used to

di sabl e and/or protect the nib. Alternative neans for
waele@ahsicsyy and/ or protecting the nib include aptDAHRGI08/000695

cappi ng nmechani sns (such as an aut o- ext endi ng hood),

or automatic disablenent of.the marking function of

the nib. For exanple, US Patent No. 7,015, 901,

i ncorporated herein by 30 reference, describes a pen

e rsedoyl mie berdioki mginfpln ot/dBrywitth HOE oniub acoelerdoester 606, which

SRR oy na v BTdr 8RB TR Gl R GREN P psegiprometer

eoudsed siimble Sgdal ehtheOgrodeks@r 360 dardythé @t@bsdorinitard alitomatic
retractign.gech nisnw%gr this purpose. 60 In
TSRt OTBSHY ViRt PUPTRCt i on typically al so signals the
pen Refeeiiteal Fasuteosar ﬂ@mg smtseheniaﬁ&;llgtaf@@cdﬂﬂ Butomatic retraction
retraction putton is pen's.'o ut ton.

?ffhaﬂ%w ﬁl:ﬂawﬁ ¢ the impgs r68%i lsrﬁowq?deﬁlfeaféx fosrforgF sEseryAsicERIM §) 2 to
St lefisibRrREI0n bOthe Bdr@Id g@4020VhdIRWR kerSbrakRmblyf 610 REMPRBSs a
i ncorporates an automati c extensi on mechanism(e.g

hpuping sentaining & bppichl4pwhighas prelordediagsny @ foree serspr 5&% Fatidge

meah ?éf'aln%@by thb8obt e sviaar ac%}'ed%v%ﬁgnttd? @heni*oﬁ:e\ébn'%mt fembly
same button aSthey use to retract the nib. N b

@RthyriBe otosiofh arusest tisaqhien cxtensiontad theacagedesr 4q2p Agtedyantage of
P& n

HABEE, e ghotyf BRPAREIYRo 1 RACY AR i RIREL R BRRS rhihe
m@mmdﬂmhrdame¢tion, i.e. the nib extension button is

t he u T t retr [ -
rechaniny o B3 S ut AR e PSR il B bR cRping
maylse geMEdyo mf:reashesrqueafemakdsudsraversabtoe pogtiominmy be detected by

xte sion, | tgqlngglm%pe automatic nib retraction

Sm@ﬁ oS ()Sﬁﬁ FORIE"NSTSr or other actuator which is

coup |R£eﬂ3r1‘ﬁr[g b égueas, rthedg &, shotn acl’@ﬁratlcaﬁlg aghird bueamdn)c retraction

e car r|d .and h IS ntrol
@%Fb’?‘?/\%{‘? 85‘51 dHFEe 6?%@“%? “i!aﬁléa ﬁéﬁn%oq%ﬂ%c@gg W&h%*ﬁﬁle‘”hﬂ“
BQf hvapBating ah QEPRAG Gadtdn cgtalss. ThoBarsRIPS mzsls 1&hifed by a
t he uch as an_accel eroneter for free-fa

Bost @ Waﬁﬁ is;Rart pf|the forcejsersopqysembly 612, dpe &reg sgnstob assembly 612

thiyl :GREheQl fhrwafls | @febtidbxtension of t@é e 9031 DRak@Ny-bpeHIQ Qkension
boot is coupled to a nib switch or force sensor, the

RltesheRi EnG 19fCe AR PINSSHIPBHERI i hsIdrilstlach ot thisrispdedrnesiip by a

HRing GRNBbA NehichRfuRM Wit eh bttt YhRac33r 1ip 526 nithe RRAWRNsor
schenatlcall a first automatic retraction 20

e tbhini T9m 8o 62ﬂz\mrqyrdew|rpqcz@s tot the bipsine feregiofa leas spHag 628
L o ShECH P TEIET ARSPREGLL R Sl S
830 senaommetemblyg 2 aftg cxlouyndy atsprieh@0pl unger 474 via a
SUIt

k%z?lllrtl gna‘ﬁg 981131&”(91 ds g#&cﬂed%?ulaﬁ a%étnnll %g‘[ﬁ[ﬂsﬁ%egtgrci d&nszamls%nﬁbly
myofﬁ It}teecratchtdzmed:agambg the btqcl stenssoc agstmblgl gmd dsnadi the ndsedspring

baﬁk% i‘s) 1nJ[0 t%l%] ??tt%(étgcg t}/ n. Eﬁ ac hentlagr arhle%tlr%% \%‘E’e ?ar:nllﬂtorlzed
@fn d3nas st cuwmg @ i1 g3 5 @Beu;brb&:ssm 500, lwhrcetnﬁaacrédeo/a iifpfut signals from
ext Essentially t he tor 602

BTG 4 soier B aRG iR 00p o BCh HE st BF e piForzed
daB933| thérey R rd 1R Anta@o nh foiractigivever, the first
automatic retraction nmechani sm 600 nmay additionally

i nclude the manual retraction button 476, providing
318,81 Math WRsehdby 490t i on of either manual nib

retraction/ extension or automated nib

retraction/ extensi on. Wien 30 manua
retraction/extension is required the notor 602 may be
decoupl ed fromthe plunger 474. 61 input signal may be
froma sinple on/foff switch 604 or an accel er onet er

606, which detects when the penis in freefall. If a
freefall condition is detected, the accel eroneter
prOV|des a SU|tabIe S|gnal to the processor 500 and

g, o "
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15standard notor | oad detection nmechani sns.
Referring to Figure 35, there is shown schematically a

W koopdsssss onati c retracti on nechani sm 620, wheP@T/AL2009/000695

pen retains a manual extension/retracti on nechani sm
whi | st al so incorporating agp, automatic retraction
mechani sm The cartridge 402 is retained by a boot

614, which is part of the force sensor assenbly 612.

The ﬂhmeemshﬁsB@Bam&bﬂhh%O@lmnﬁﬁnﬁﬁﬁ46&tmuqhedPCB43Landa

for%ﬁﬁﬁécg 5 &%@P%§ﬁ' fs onl%%ﬁgﬁiﬁggg The force

SenSOmﬂﬁﬁﬁﬁmmHﬁmﬁﬁﬁlﬂ&dﬁﬁﬁk@ﬂﬂphﬁnﬁmkﬂnbhwﬁdeﬂkgﬁﬂﬁﬁfbx

B benerdlicPuid BRERER Got b whitios Retd Bindhety 3o, i of

\ﬂlﬁ&ﬁﬂb kohnectiero ¢t hdin 6CH 4p8. Q)/ﬂcdﬁ§e helopAGIICBUIIANY RBce sensor
aS|ng force of a Ioad

acting on the forc

%48%%? soa%@gi:ﬂquyto theymaig,p @(]SO utrﬂ?qgm §%rpp%121§s pIe (P scuﬂsec{ above
dpagpgaged fromthe 25force sensor assenbly 612 after
extensi on by a spring 630. Aut omatic retraction

i s efffeEs ¥ds By infgicoqpect diegpmshayying the mpin ¢pangcyprsdosiap gyious
EADEHAIoRRZCOind AneRBGS 624, causing the for ce

sensor assenbly and hence the nib to spring backwards
into the retracted position. The actuator nay be

3@&3@9?@%4’@ a notorized cam 632 as shown in Figure

processor 500, which may receive input signals
f r omReGammed6 Figowh 8 &h aiB3WBathd hsin RERE4CEGE e bénonER &l 0OB@6hick
tv&i l 1§11ntlrlaf g %&15‘[8 ﬁfse{)'ﬂﬁlo c%)fo fdozl%i%r %3%6 ification is
ereby con iconib retract |on Y
(}\Mnnm Ambesih:l n 48(306121 pad The Toegx @C8r 408t hreeeecte@Bdari watdheith
I SIll $mnx in PCB 408, the optics PCB 431, and a
% SBR ? 481 (which also | ocates the indicator
LEDs TA2@hgin processorsl (lupitties(5raas @mhel diRMUS80)ar, soldeeed@aihe main

BRI ot B Rt ool R LA R B g hipissa bniskfip b

416 gmnele tahefiRadoh@ichorsdisB, sorlkded @hto 2haMahia IPCB MHIC ANRQ G Etkctor
n PCB 408. O course, the op H%%@ PCB 431 and

483/#\5%?%3?%@11%2%3&% ICSPNSRELY AEPH B TPhie sl oprigst load-

AR infrtagd BEPR mmm@ emlﬁd &Sn%ec%r&%gl@ $60r P8 Bire flex PCB 481,
separ at eI é ﬁ%ee is an_interconnect diagram
]

% FoliR ﬁ@nnpcﬁ@r 488Pnis E:ttqea(n%wf i fiffhecanngetqs 483E is for the force

e @l@)@ @1135 C%QE Nk {0nt Bﬁdl@%’oﬂa&) B4l 1&Qrt348§ &e %attery
Mai n Referring to Figures 37A and B,

4lﬁ@n¢rﬁlp mnf%B LAEs 416 arg thg-ankyyweiredrbfestindierie pAnci0. PCB with
m ni t:
peci T e Al RER WO B POBIOTIL Aot HAh,Bhbr Ry e o
aredshbIPCRB tHO Bndagside pédteapﬁgulhmugb@ar@enﬁlg Hargd em@ugbrtsladnst a
&ﬁgggax 14mm The mai n processors (Jupiter 505

d ARM/ 500) are soldered to the nain PCB 408,
together with a real-tinme clock (RTC), CSR Bl uetooth

There are five
%gggég?%FggﬂgﬁgI@%%F?n%hgﬁ 8%he main PCB 408. A first
conn&efentingd8 Ihgurs 3§,ahe trhde opiticnsledABBm Idsert 83 d@rond set of 4

connector 483B i rt radl e cont e

e PSRN VST TRC e 16058 OF e e g OHn i pen 400
#hd Feovides faQet @ﬂwieylﬁgereﬁdgrzas4ffble&)ni?@ﬁoﬁ&itheanaﬁroBcBruos The 8-way
connect or 483D |§1L 1i b tteré 10, and fifth

BRRTEE 515 ltsgRtcs 80 P 8% pihe sredie cantackyigadfipgp fnsert
el HRISES 18:Qs 4daeo Cth@fiiBred QED@Q% diaed fltRd M sddaneady. 482,

t he battery 410 and the infrared LEDs 416 are the only
wi red cabl es inside the pen 400. Al so sol dered onto

the main PCB 408 is a reset switch (not shown). This

I's 25accessi ble at the underside of the pen through an
openi ng | arge enough to admt a paperclip.
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3.5.5.2 Cradle Contacts Leadframe Insert 482 Referring
to Figure 38, the cradle contacts |l eadfrane insert 482

wo eopss@m3set of 4 30 contacts correspondi ng t oPQIBBU2009/000695

signals that are exposed on the underside of the pen
400, and provides a set of fJying |eads 484 for
connection to the main PCB 408. The 8-way connector
483B integrates both the flying | eads 484 for the
cr adlTée dodfrant snsbredd? rcamprisen sler txtekBa, coatads 1424, wigich esdsold
84 . for . the infrared LEDs. 4 si t uat in the nosecone,
ol oy SRS shrPighe T ob PR Fund oo dR TR gen
lexitieg n@d such riaacdisbld 2éhtactisi radile de®vegrothd cphtadtethdt Ocdieciseding

t he. possibili of corrgsion.. The contacts, 424 are. .
B CS?%‘H%‘& t{‘en‘&%/ © B%Ihc%dq%%?s“(}}‘?a ﬂl? AL A ‘Wﬁt‘s it gfogthe
&, act is nade between the contacts and a

correspondi ng set of contacts in the Netpage pen

cradl e 426 when the Netpage pen 400 is inserted into

3.5837E@e Plex BCB-4813 CGesture Flex PCB 481
Referring to Figure 39, the gesture flex PCB 481 is a

f | ex ReEBTgnrdigs éh the gessw der BEBaSEds pfles DSk pyn Whgh, are
RANE QR QHureHR:6h MECindfREIPRAGK ubFRBRRK 2808 cs(L0 % g one
one 10for each of fhe batt eiryi/ status, online status,
fanerck abyheibastery] spguseenling sfpton eyt eppture blocked MHisatgisst ur e

flex ' r to it ]
o BRI R And o YRAPROBOUAS gy g
lfoueirg PEB TA8 bulk of it gratuedilanPGhd8 t ppitsated arcthe ¢fp sumigce of the

200 wi £ hi n ) ) '
PRGREEE, RODLAR, ShO PR bR BORHE WSttty L2y R 0% hOioncd
wderr tegpondspogdiapererturce sind alhioviad matwignd thrdidstug: ofton HEd with a
Cé(lersst ure butt onmofld§n5 iﬁ"ithtel?:as% 15correspondi ng button
“hoFé’Pnﬂg% HHPR Q! " The flex 481 is a 2-|ayer

pol yimht flex FIBs andagen pdlliynidSP OB, aoommlly MH ekcronkheciPTBe iPSB is
specified as.flex on install on]ly, as jt is pot

B 57 oo ESuP s i S8 ol BimR sl of the pen 400,
Sitffchérein @racddsurdbiate Gestidesuttbh 88 3a6d bIKE adili tOihed85(to @R0nain
al so at the connector (to the main PCB) to ke it the

or (

It re ctake Hitkacoase thighncrsiar e digx compges B C4ssioniSe sapn’CB
Aoge main PCB 20408. 3.60ptical Design The pen
i ncorporates a fixed-focus narrovvrband infrared
i magi ng system It utilises a camera with a short
BEPOBiRalldIBn SMel | aperture, and bright synchroni sed
iIIlumnation 25to capture sharp images unaffected by
def odlie P& ingorparatefon fixsd-ferup parropdndeinGarcyh imagglg system. It utilises

Lfi . f1cati ) IV
?S%%%h 6‘% %ﬁg% El%]?rt]se_l)ggﬂ?sg{% tﬁ}eé géﬁl?ibﬁg?rﬁ?a‘}lﬁ b’r:lgfftaslynéh%ﬁgste@ 1191§n1nat10n
to capture sharp images unaffected by defocus blur or motion blur.

Table 9 Optical Specifications

Magnification [0.248
Focal length of lens | 6.069 mm
Total track length 41.0 mm

Aperture diameter 0.7 mm
Depth of field /7 5.0mm”

Exposure time 100 us
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W@ 2ne055633 ze 256 x 256 pi xel s Pi xel

41 0 mm Aperture dianeter O 7 mm Depth of field .75
Onma Exposure tine 100 us 64 Wavel ength 810 nnb | mage

range' 22.5 to 45 deg Roll range 45 to 45 deg Yaw
range 0 to 360 deg M ninmumganpling rate 2.0 pixels
per macrodot

Wavelength 810 nm"

Image sensor size 256 x 256 pixels
Pixel size & um

Pitch range® [ 22.5 tq 45 deg
Roll range [ 45 t0 45 deg
Yaw range 0 to 360 deg
Minimum sampling | 2.0 pixels per
rate macrodot
Maximum pen 0.5 m/s

velocity

*Allowing 63.5um blur radius
*[llumination and filter
“Pitch, roll and yaw are relative to the axis of the pen.

3.6.1 Pen Optics Design Overview

Cross sections showing the pen optics are provided in Figures 40A and 40B. An
image of the Netpage tags 4 printed on the surface 1 adjacent to the nib 406 is focused by a
lens 436 onto the active region of the image sensor 432. The small aperture 439 ensures the
available depth of field accommodates the required pitch and roll ranges of the pen.

A pair of LEDs 416 brightly illuminate the surface within the field of view. The
spectral emission peak of the LEDs 416 is matched to the spectral absorption peak of the
infrared ink used to print Netpage tags 4 so as to maximise contrast in captured images of
tags. The brightness of the LEDs 416 is matched to the small aperture size and short
exposure time required to minimise defocus and motion blur.

A longpass filter window 417 suppresses the response of the image sensor 432 to
any colored graphics or text spatially coincident with imaged tags 4 and any ambient
illumination below the cut-off wavelength of the filter. The transmission of the filter 417 is
matched to the spectral absorption peak of the infrared ink in order to maximise contrast in
captured images of tags 4. The filter 417 also acts as a robust physical window, preventing

contaminants from entering the optical assembly 412.

3.6.2 Imaging System
A ray trace of Netpage pen’s optic path is shown in Figure 41.
The image sensor 432 is a CMOS image sensor with an active region of 256 pixels

squared. Each pixel is 8um squared, with a fill factor of 50%.

si ze 8 um RUT/al2009/000695
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w@e@onsi6ai i ve to the axis of the pen.

Maxi mum pen velocity 0.5 m's aAllow ng 63. 5um bl ur
radius blllumnation and filter "Pitch, roll and yaw

Optics Design Overview Cross sections show ng

the pen optics are providedgyn Figures 40A and 40B. An

i mge of the Netpage tags 4 printed on the surface 1
adjacent to the nib 406 is focused by a | ens 436 onto

t he &bt bWweommdgbah langthtlérs 43ﬁagu=seet enganfod 3R, imdgefremahd object

t
A AL D TR e PSS A PA S (bl shulling repyggey
tp&ncces’lsﬂlll&\ dpﬁdde a?&mhﬁﬁ@@ve‘ilﬁe petifhd Ichhj tollumndl Rrat eartgbke The lens
thLn e (0]
BLBRER D el ot Mot e bt svatenn ST g f imase sensor

@peCAtsrcaécu@b@Qm Bettn paakth@fmlhlhﬁlm nthdgatge delil ¢ \Hé‘xﬁdeduﬂed to
print Netpage tags 4 rrlgx nm se contras

%‘é’fﬁ‘?‘ﬁ? ellivHeged B ef%laeg@g 4ﬂl?é of YRENeS - by allOWéngL%b@rbltrary
afh:éﬁmérﬁ bBREEN@E strtict BRIl thcARed bivi8y SHigdh ARECrsddb@Eacing, s,
Eosure time required to mnimse defocus and notion

qtfll fum, tigneivesigpadisd figld obyiewioh8#W @17 suppresses t he
r espais GeQfired rlﬁra'xﬂﬁ%g&%@aﬁféﬁ &3%etdi5t1@d1ysy§t@ﬁlofse&%ﬁned by the
graphics or text spatially coincident wth inmged tags
DingpEm myaléﬁ@p@mfrqqumwﬁ P iperals pen wegredeot fog the-falh specified tilt
a
PR, UL M At AT PA, AE AR R cmplovs
mlfaXtalh elagrnﬁcraamedf 13K8,ithe wridef tht dianmeixi ofi theingotet! imsde (1.A7mm)
t. I
AR PO flng a8t o2 it wBR St s flde. B an
ihragars cgsir @f nmgmmlnézéa ptaé @lxehs”ﬁlmibiage Shr 432 Bovﬂevbmlag'b'ﬁng 256
pssl%e nrr%)rﬁerlr__téa t0¥n%lc %ate marl}lllei%&? Oﬁ}: I aﬁlogvgtélg %@éum (32
;ﬁxe@\/@aﬂﬂﬂg@cummoﬁe pldnt h>fa1n: aeh V@sm gf ﬁii\saﬁ)inn%ﬁﬁbetween the
i xel s. 25squar ed. Each. p| IS 8um
R P an e Bh pumor i viliou loSwER DB oTIhr 1 BRgEH of
viems 436 is used to transfer the i rrage fromthe object
pl ane (paper 1) to the image plape (imge sensor 432)
wi t h Thé&nE 814 8 opads i Ry ihene l% <‘%(5Méé§§?lﬁﬁﬂwsed for

idreRmemaldedi Qﬁ%oﬁ&}i&{enﬁs hevsRed dchedh RiibteN, addolak adBfactive
yaw ranges. he |l ens 436 i s biconvex, Wi th the nost

leﬂﬁxmd Uit 8@ ansaessios i & Fnen. Jhel ransetissign dniacresag & 98% by
a%eﬂﬁptreﬂecﬁoﬁl%gatmé‘sapghe%lcfés&ﬁﬁj obfcaPeEHFION ThislBlso td¥oves surface

m ni mum i magi ng field of view required to guarantee
rgBestipsi whigpleaglto atrfﬁYémM fogragefipn of ﬂilaé“md igpgeraenieast. dhe legs 439 is
lﬂéd gggg{agaﬁ%a (?u'i(?ﬁgt #3%&%‘1?@%/1}%5@% & Moult su‘ri’él% SYrdAEH mate
tlap@cs wigh the optekl eRTlassembhi s gi ves a required field of

Vi ew 0 T i raxial iCatl

t he op@ 7%16111? §1gﬁlgttere %rtﬁrg g%‘# I[sﬁlgcgptg )]??cﬁ;]c% theg%%ﬁl Jf f%ﬁi re(ﬁﬂeglents
(ﬁ‘plwtdeagnsanpl i ng frequency of 2.0 pixels per macr odot

or t i fied il f e e
”fhe saeécde eél ntgorra &5 CREI%F en. 1§( 6215 SS ttor%%rtg’ 1011e \Ylﬁla gll%ﬁ dan e E éfr%n) to
Jensm Oyidting maq)axﬂﬁgbuglmgmpémfmit narm mbves Ghe’M&;d dstimt phhd: Op to

t he dianmeter. of the ver
?o e 9B} PE SoPhrans 5 fpé’F‘ 18 aﬁeﬁt&‘%ftﬁ“gﬁllﬁ SV %‘We“pondmg
c(eﬁth%'f figlddof 8% .0tmewah hrﬁzi‘cte[ﬁ)db@d'lﬂur 18dus2d tHe MRAGE: sS@BS&TISO’hm. To
m ni rr(g({n 2%4 X 224 |'s. The i qe sensor 432 ver
jogomyBlaie %SYH&%@% Bk gangenthe fegal plens o dbo RS St aced 1.8mm
manuf acturing tol erances. This allows up to 256um (32
pi xels in each direction in the plane of the inmge
sensor) of msalignnent between the optical axis and
the i mage sensor axis without |osing any of the
information in the field of view The lens 436 is nade
from Pol y- nmet hyl - net hacryl ate (PMVR), typically used
for

5 3. 6. 1 ReTAU2009/000695
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20 injection noul ded optical conmponents. PMVA is
scratch resistant, and has a refractive i ndex of 1.49,

WORAh/189036 t r ansni ssi on at 810nm The transm SSPONAD2009/000695

increased to 98% by an anti-reflection coating applied
to both optical surfaces. This also removes surface
reflections which lead to stray |ight degradation of

the final imge contrast. The lens 436 is biconvex to
@Assst ®tthemzo ithehin iigy mpepeclisi noreapdlyf cesttaliz@sheoptiomnt foouy within the
rsur gﬁg L O f%%crm sely mate 25the lens with the optical
SArF p&%% A0 7 mndianeter aperture 439

i s ugad opttrapmos/isdﬁratléteo depiib adf. Witetd nileepli pepedicslanfo the

155 6 BiPinottvtst DERCes ATl BeId Sirerr Qrge tihe e i he nib

ak{lsﬁtsaflsﬁimsmlg the pen thr ough its specified range
noves_the til obj.ect , pl ane_up t 30 5. 0mm away )
f r om PR&TERER ﬂ“ﬁl Ands Madreolddedd £l eﬁt‘%’gt Higreongirfsti heavily
R§iQMIt AL Soraidhtt SRR Aeh deRktn@Betdusd 6F Bse PRPORE, the filter
Wi th an acceptable blur radius at the |rm%e sensor of

418 FQrieTVio a5t VRN dAkellidids hspmibicki withp tefrctivgngdex afHe50.

]frﬁ@ ﬁJe lﬁtsaﬁ %as% n@)rﬁﬁalotpatnsrﬁﬁsrbrﬁ'otpé()@@ adich 1§3fﬁ@?eas@@ t&b®I&¥ith the
pen than the paper. This more near|

%péhqatlan plansi-refiestiopedatingn e Sethopigal Fices. Erch ﬂ*l@qéﬂr @y be casily
o optical axis is parallel
&?{%Iﬂ a%giéh%(t?lgm %/\f?hlatsﬂgnﬁrb axi s perpendicular to
the paper, the distance between the edge of the field
the nib axis and the nib 5axis
%sellﬁl%%%gab%gt&lp The | ongpass filter 417 is
made Tot tagRedBQrface I i |1g Hlumagzldtbyt herinos SsmmpdiasetterCLEmaMia The

Cauéa%t 8t1 ﬁrhm raéhafcio s 1etr ng1vgrger{0ﬁea?l¥ 1n|tetn%1r%/ Ha?éa [:e otfg?f degrees

1aear 3 &8n a;eeoaalv\fomio@NWHMg dach tweth 4 poderSofirafphoxihdatelvd 45mMVA per

f actlve i ndex of 1.50. Like the lens, it has a
transm ssion of 90% which is increased to 98%

vv|th the 10application of anti-reflection coatings to

both OPtI cal faces. Each filter 417 may be easily cut

't omSaltrarediesigleet using a C2 | aser cutter. 3.6.3

371 UNehjet Pén SHEBIREOTBRIdwAgged surface 1 is

illumnated by a pair of 3mmdi aneter LEDs 416. The

15 LEbe NetragcehpntsoBY oA SRRty fwRicH RN IRE QremEgagpEsessors in

half intensity, half angle of 15 degrees in a 35nm

spectral band (FWHM), each with a power of

I&ﬁmg@remﬁm@pg/pwmmqo@ﬁ steradi an. 3.7Software Design

20 3.rfe ke{[}ﬁ%‘p?&eﬂﬁﬁ %@Js ew?ﬁrﬁbep‘o?rnﬁerg og_és?orsN%s REGFedPine

sof twar e I ses t software runn on

$ﬂ0n¢103p$ ddedsteg: fen 40h @fﬂ\d@tqoa@edep eoft“muamdg pethe dtad IARM7
I(heIJAﬁerj%lgl%ag& Po?t‘il«&?%%nrf 12% naljhp %rl]\ﬁ off WR %ﬁueCore Bluetooth

oprocessors
rnodule (hereafter pen BlueCore). Both of these processors has an associated flash memory

which stores the processor specific software, together with settings and other persistent
data. The pen BlueCore also runs firmware supplied by the module manufacturer, and this
firmware is not considered a part of the Netpage pen software.

The Netpage pen cradle 426 contains a CSR BlueCore Bluetooth module (hereafter
cradle BlueCore). The Netpage pen software also includes software running in the VM on

the cradle BlueCore.
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25 Section 3.8. The Net page pen 400 software includes
software running on the Atnel ARMF CPU (hereafter

wERp/ 155l software running in the VM on the QOBRI/AU2009/000695

Bl ueCore Bl uetooth nodul e (hereafter pen Bl ueCore).

Both of these processors hag; an associated flash

menory which stores the processor specific software,

together with settings and ot her persistent data. The

pen Blsuﬁéldﬁ@pa:gb Sp@n r@ﬁstr@bmemarléetmgpghg’ge«ﬂ sbgfadehla mniealne of

ctu 30fir r.e no

c&gp]l{gegfpoilﬁ%l emél Brg& éarﬁéﬁs g&pfo\%gc% ThlS stream.l.lis1 ée tg &é Iflgltal

Inen cradle 426 contains a CSR BIuerre Bluetooth

nmodul ereafter cradle Blue t page pen .

sof t Fﬁ%ﬁ’%& RRcUYRS ‘§o“F%RRB§@ f)ﬁ‘h leﬁﬁl I}ﬁ‘ FFg“r?/Maénlmage

pro@sseigastided B g CaR €onjurtfon with theARipitdieoNeddeage sqpeihd4idithalia

traverses a t page tagged surface 1, a stream of

10385 EPser 8P f8%Fti on and force sanples are produced.

shhbR ShERAM (i1 doBfubktiof GyiIP (RS Juplt&H é@ﬁroée@%r) stora and ThRad

Net page pen software is responsjble for |ta

BHPEURSL hoslg commprcaispoaws §mwtlaﬁduﬁéé%?db4?g mfwvare upgrade

ISAB UWhGletndN ald BRicloD@ bR iRt CRIRIRLE %Sr@il 1ROoRANg system

Hi malia | mage sensor 432y, force sanple processing (in
@IRSurmed irgpvapt hardwpre divpist &y additipns dc pwsdey asnunufagariaggnd

[
DR, BT R R UERAIARS A0 fipenoys
char dihagradrridludlogeV Motditwatnagepemnible fot ccvmrollmsel@ Tdetpage pen

({g%ﬁ% \%\%JFQE &?}15‘} V;gr%ttel)p ?lﬁ&%{l gg %{ﬁ}le}oo@ﬂ%%ﬁ %{égaélm% gX(fl%mmumcatmg

wigniht dost G g USBd Anmaédra tdetadailcdesaripten didthe s@tvdor mbdudes, is given
br%nflguratlon or detailed (non-field) fault diagnosis.

e cradle BlueCore VM software is responsible for
cont Imak Nleﬁpggetﬂ’eﬁ sMNet4pag dicllapgadadtt, @its thelekseption of the initial boot

r ia handl i ng Bl.uet oot h pairin oper tions,
EREF B ee Serng i A Rat Rueed Bed P ot e, a
etvadelpgrade sey lb@bé@dfrm@d ol BlsRfoivaNfer BEa Ireeavd:dSaI@ vaBdted,
%5be|OMI Net page pen software is field

PEPatPABIRE, lma@etlhu%eﬁ &N B OEH PP 81 NHaSi Rt i al  boot
| oader. When then Netpage pen 400 is in placed into

y@gn@@q@ £ Sysi@nlOviviey user, a software upgrade nay be
performed over Bluetooth. After being received and

val i dae SEtragh ecth sftvent isnwdgsigngdrityeparae ifs 91 istion &/ith ea farger
Q%ﬁrec’sfyst&ﬁeAN%tg%gepeRec?adlez@Zég oz 3%d ?gﬁﬁ@gﬁw@ﬁﬁsia@ﬂﬂer) rece:)ves

overvi ew Net page pen softwdre is desi
Bigdsldulefrpm tw?tmg@m%ﬁowm A Béuqt@ﬂg@rrelwfc@mct@nwé radgyss this
I

G RENETNE BERr G0 Fu B! RiacRaRR0 br Rotlp BRlcr oyt

axp@mpla, Blguret4o.olt hs msméleetlm tboNapege erveand wik Ibaycs -r¢shdegt R5the
10 by way of an attached desktop

attgcqe%?sm%%%@oﬁ%I}{[‘fué%e for exanple, Figure 4). It is

possiTht eNdiprgt setver NBt pages SBgitaerinkl ewhdnkntlye and provides both

CO-T S|dent sktop or |laptop.. .
DTS i tees' B DRl oG B s B EPrting rygagpion
dnd lforﬂﬁct’oli’@lfwlﬁ) ynd damtlasp raneticlasitylfoi ﬁbrmﬂeﬂdl Digadlila(such as search,
service gigltal I nk based applications (such as
TREHSERMAD ?ﬁ@”?’ ogni ti on 30and form conpl etion), and

dat abase functionality for persisted Digital Ink (such
333 S @ifefildl Design

The Netpage pen software is divided into a number of major modules:
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retrieval and reprinting). 3.7.3 Internal Design The
Net page pen software is divided into a nunber of major

worp@ahes3s 68 | nmage Processing Digital |nk sPOr/agznod/o00695

and of fl oad managenent Host Communi cations User
Feedback 5 Power Management.q Real Time Operating
System Hardware Drivers l\)gnuf acturing and

Mai nt enance node (including Software Upgrade) Force
Sensoeimgpedeessingg 10 Net page pen Bl ueCore VM sof tware

Net Smart Cradl | ueCore VM soft Th
reng?%g%?{%% S‘ioﬁaigga%dgogﬁ?agﬁn%é‘%meate2oa \g?{ :f oSer vi ew of

t hese Hogj@mmaoictase nodul es. 3.7.3.1 | mage Processing
15The positjion information in the Digital Ink stream
is pr a%r?&&d‘%%ﬂ%n t he Net page pen 400 traverses a

sur f apewdr iSRGt W th the Net page surface encoding
schene. | mages of the surface are captured by the

Jupi £ 8ralddnpPBedEeoysteRd Hi nal i a | mage sensor 432

whi ch rRfRandliyweed to extract the required position

i nfornmation. . The I'mage Processing nodule is

r es pSi&npleguring-ang yaigfena mqéﬁg«églu@%mﬁ“@ae Yperade)

20JURIFhRE sedsiefbdefieng and decoding tags 4, estimating
the pose of the pen 400, and conbining this

i nf or MEtrrgaPen Blusberi M pofsiare on sanpl es.
* Netpage Smart Cradle BlueCore VM software

The remainder of this section provides a brief overview of these major software modules.

3.7.3.1 Image Processing

The position information in the Digital Ink stream is produced when the Netpage
pen 400 traverses a surface 1 encoded with the Netpage surface encoding scheme. Images
of the surface are captured by the Jupiter co-processor and Himalia image sensor 432
which are analysed to extract the required position information.

The Image Processing module is responsible for analysing images captured by
Jupiter, identifying and decoding tags 4, estimating the pose of the pen 400, and combining

this information to obtain position samples.

3.7.3.2 Digital Ink Storage and Offload Management

Any Digital Ink which corresponds to physical marking of an encoded surface 1
must be reliably and transactionally recorded by the Netpage system to allow for accurate
reproduction of the surface, including captured Digital Ink, when it is subsequently
displayed or reprinted. Ensuring that Digital Ink is reliably recorded is the responsibility of
the Digital Ink storage and offload management software.

Digital Ink is persisted into non-volatile flash memory on the Netpage pen, and
arranged for offload to a Netpage server. This offload process is transactional - the
Netpage pen software maintains its record of Digital Ink until it can guarantee that the

Digital Ink has been received and persisted by the Netpage server 10.
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3.7.3.2 Digital Ink Storage and O fl oad Managenent Any
Digital Ink which corresponds to physical marking of

waeoenswaed surface 1 25 nust be reliably andPCT/AU2009/000695

transactionally recorded by the Netpage systemto

all ow for accurate reproduc@' on of the surface,

i ncluding captured Digital I'nk, when it is

subsequent |y di splayed or reprinted. Ensuring that

Di gi tDagital k nay atse bk afdayned ectbe Negagessetvirel Ora st cepitdved in toyter

X the Digital Ink storage and offload nmanagenent

%Efdlu Ware. Di gital Ink is persisted into non-volatile

lhlessh imakiD rche ohe DigitaNanlk pagealqoetie, telapm‘arllﬁ @to&fdr\alﬂ@ledlefl‘ﬁil’[page
oad t e.server,. This roces

R ariSaee Srae’ SPRd. Rt RGeS Ea T el 5 g Nefgee

depprd of Digital Ink until it can guarantee that the

Digital Ink has been received and persisted by the

Net page server 10. 69 Digital Ink may al so be

3188 HBACSAmubRatdk page server 10 as it is captured in
order to reduce latency - in this case, the ?ltal

Ink Ry Nefage PR SoBWpSrearmupicaten Ml th NetpagespaeNKt pagay of
Wedless BINEBSRonShREAG6. UBL&SSh | donh&iPikye € 'ﬁP(Wldé@l ¥ the pen
recei ved and persisted by the Netpage 5server. 3.7.3. f?
BlyetorComruni cat i ons The Net page pen softvvare
CO"“%ECé‘gﬁﬁm‘%M& 4 Nkt %ﬁgﬁeséfcfﬂ‘{\%f ]IQ @%o}we Ofor reliably
Wi rel ess uet oot h conmuni cat 1 on uet 0o

toopmigor Digitat Liks frpmdld B@daltiyk stosgpend ¢BiBhLm@mgement module to

I | . C .
FESSHRETRSF 7 iy PRI piiacblih FRUCKURNE, {5 o v o
reéred M‘(};b Natpagadervst wrthzgmlchmlmb oétpdgopeh Aniagemmy assodakbd and
%u%ﬁmtl(iaté% ae cergﬁtgnl% cgrsnm&alcat% f nqpr%orla{ergleggure%ao [n%iélmcatlon 18
dNet pa@ems@mﬁrthwmiﬂedmmi@omh@vmet pRgecP Bhucddh bryption and
aglﬁl?rent % aﬁsoc iated, and 15, authenticating and

Pyt fget %%?ﬁcﬁrﬁf}}eﬁ%%onﬁlﬁ‘ﬁfc%%sat ely. Bluetooth
communi cation is only perforned with the paired
Bl u tooth devi ce, and uses Bl uetooth encryption and
JleAdfser kestbask facilities to secure these
Co nm?[‘ﬁb Siph@pen pRviliesthfbe WS feckiRRK RafktoRATN 8o sP @ d8mber of
lgen rovi des three user feedback indicators that
05 Bhequspifrpibpclofoftivepgmonply. is Tesponyblerfor eapye g signals from
SR SYRTSe MDA Enth sdk @IPRBS b Ené ROViIBQIWERLiRE Signal s
fromother software nodul es into user feedback using
t he provided nmechanisns 3.7.3.5 Power Managenent 25The
g@gg, %f‘heﬂt limted power budget, and its design
roayham ¢ power saving in a nunber of ways.
For éfiaaﬁiﬁtpege pdnehaCRUinuted paivsabildgetpend iphdasigh sllowefor dheanic

P |
A%l SN AT i 8 BED BRI e
tba' qtromtriedlsdmmava/\pmvertdné tlpaemnllﬁuaﬁbt‘e @erbk placedigtohd ddeersleep

C 0 the o S-on_conponents a

A The B, hOHeED e PRl dodl MR 18 R S0 Py s her
ﬂthtlIBﬁR) rlmieed/\h]necdsnly: alvapewecongiondntearCtld anmlla@mﬁmcdhmtmmng
ext.ernal s' li. .. The Powe nagenment nod i.S
LRSS EMFprembiFy R 18 e O e od] s
opt i Mhe Po@ert MgnaPaHERE mé&Ag S oYpoBMbIE EdtiaRgyaid the laumeg@ﬂstate

peri pheral s and ot her conponent s required. That is
i PUyEng hg RPN Vsé%ﬁhg’l”ys‘?‘r‘&h‘&% ¢ wpweqlid inefipheads and Siher

QhfpBi@€ abYequired. That is, this module intelligently manages the facilities offered by
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WD 2009/ 155635PCT/ AU2009/ 000695 70 t he Net page pen
hardware to provi de opti nal power usage given the

w0 e@ailswes Net page pen functionality. 3.7.3.6 SET/AWHRW®I/000695

Upgrade 5The Net page pen software is field upgradable,
obt ai ni ng new software imaggs via its Bluetooth
connection. The Software Upgrade nodule is responsible
for managi ng the downl oad of conplete inages via the
ﬁbhmma@qanhmﬂWmﬁmﬁmbédemahﬁﬂmhhmgy@thEnﬂnmgpkmhgapnsmm1
ﬁlg gd checksuns, and arranging for the Netpage pen
"Bt f rom a reV|sed i mge when it has been
valldated 10The Sof tware Upgrade process is only

ﬁi?ﬁi h he Net page pen is placed into

P LA '%5 by a user. Any outstanding Digital

| nk rm?/ ng@aga‘ Iﬁdnlqtaﬁ@ﬂe Ebefn@? ng,ﬁzilt%hblg o&mmggnﬂi gorehe: i'tnslges via

initiate or. alterpative esire gi tal

ifsnRlugHagsh Genngetioge g %q}marespﬁgwiefm%@ %ﬁ%@@w&fﬁ B Opfrapgging the

doWnﬁfaH‘ Ak chhflbtt ahnadel kiaf @E mhﬁmnféhﬁdﬁw‘nﬁﬁuﬁe hemuitghBese images
upgr aded as necessaﬁy in new software | oads. An

agingt nelpded chpokpgnsa dpd ASHGHIEAPT B NGtRARe Ao B heof Higper revised
@ﬁ%y@ﬁmﬁkagﬁﬁXQ@ﬁkﬁd to survive a software upgrade,
g under sone C|rcunstances it may be necessary
to r dpedpftuarpdipeiadgpiopess &t ¢nbnhpermitted whe theraipage aps b Msed
t S t
iR Hnt%lbag& ﬁlﬂ@ébﬂ)y % ‘:L'l & Sa oﬁtgﬁnd[}% Iﬂig??g I@? Hla% ?Eagwgyra@ed before

suc asi ¢ boot og| , are n
any eslbvgranpgsadofis inhiated of eivamatively af ddsmédrthic Dagith! tnkgiry|by erased.
rol.l.ed T g
SR RIS Al Pl RO o R TR U B o
mgendert asngecSysy amMmdRIdDSjard loadseAf iegistingt panrmgaagé resntiatgm with a
esour Thi |10 handl.i ng.. of

SRR Ty et Bt Q0P O MRy SRR CHBlih gunder some

djlfcflﬂnﬁaﬁ:efdleﬁlﬁy benet:lsseary at epat eibdingwpbedh. i n i mage

25capt I ul ation, conmmuni C tlon

r esoEtrsg«%@d aé Otg(? ‘? AT ‘S%g’gtpage pen s “é"‘“&lé‘(‘%]aaﬁé’am
wehlogkf BASRGEfiI @pera@slchAnQVRig @rthy &ffSvafcodre alihimal and tightly
perlﬁgerals (both internal to the CPU and external to
qopirolicdqui red for operation of the Netpage pen. This 30
|ncludes USRT, UART and LSS drivers for external bus
communi cation, as well as higher level drivers for

HoAd ReAg e OPPLHINSSYS®W. pr ocessor and Himal i a i mage

sens
1t gt 0, B s, a0l eyl S8 7o o

@@t managenpie ofNéPpagsoyes. iy aewpgptimalt kenglingpel pepcurrent
lgigpé’lf Aktd lluﬂbg gteﬂ&' 3 @%%%?Idﬁﬁ tth MathR&s O olved in image

I brati etalfe non- fallure anal ysis.
CFh@renﬂaShtr@n@nbeomldbconmnaicg@mus@drcmo provi de
in-the-field firmvare upgrade functionality with the
assi stance of a desktop 5conputer based user
3. h8.8 Hamdeare Drivers

The Netpage pen software includes hardware drivers for all peripherals (both
internal to the CPU and external to it) required for operation of the Netpage pen. This
includes USRT, UART and LSS drivers for external bus communication, as well as higher
level drivers for managing the Jupiter co-processor and Himalia image sensor 432, the pen

BlueCore, and other internal systems.
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3.7.3.10 Force Sensor Processing Software The
force sensor 442 in the Netpage pen 400 interfaces to
W0 b@9od88883 er co- processor 505, the output of WAWTAUR®IA00695
stream of force sanpl es produced at the nom nal force
10 sanpling rate. The force,sensor processing software
is tasked with filtering and resanpling the force data
obtai ned fromthe Jupiter co-processor to produce a
331 BBMmmfactmngemﬂquu’h&nartce Mbatlei ncl uded into the

5 9 R Nt SR L B0 SRCk bt Pt BESRaRRBinss e

mEfactOf}aﬂhEratﬂ&ﬁor(d@tﬁﬂeﬂll 08- fﬂld@ﬁRrBhMﬂé@Qr ‘heBhaigtt@atdmode is also

lfrgg(ij ﬁ%ltpgo'vw 15—?&%{? ?JS V\lllﬁgeﬁg)%{ ‘g‘g%ﬁ’ﬁl\@?’ ?tg esr}stgnoc]; to%AaIa 5e%ktop
@anufcPbdsé@etih@rigdeadl €' s user feedback LEDs to

i ndi cate power and online status, and nmanagi ng the USB
communi cation |ink between the cradle BlueCore and the

313410 Férce 8B oM PRRENsIAG SBItWa¥eOOt h pairing operations.
The Bl ueCore provides 20 a conpl etely enbedded stack

nmodelThe &ircq ssasopireindia Netpgzeormr igterfaceh gnibie Jupitpieconpsggessor
5%@ R Mt BHWHRS i@ af &le@hiorabite s!lr%]&s"‘ﬁﬂo@&ted lﬁ!ﬁﬁ‘ledl{dnﬂl%ﬁ force

8El ectroni cs Design %ure is a
aama@mgarmeo?hetfh@e pREFOTIEes g P itvsare TFhwsked wigh flgwing gncb@wg)hng

tilﬁ foréer@ta%%&g%ﬁ 'fl%mbtﬂé ﬁ%&%:;c% ::F?&’:eg sV ?&llu& & %%(%ﬁl QR fﬁ{lce ¢ samples

ese are: e main Cropr ocessor
9 bpinchylecintoghoRiggd dnk HEBM andcdHledelyitbe Netpage psensor 432.
The Bl uet ooth conmmuni cati ons nodul e 510. The rea

B AR oo O T

Fce Sensor subsystem 8.1 ARMZ M croprocessor
Thd Netpen pens elﬁdlam2@\tmmblns§\'ﬁmmwﬂﬁ Bluetooth module. The

LB BRSSP B SRR VB ATOA e i
dﬁ)htéflhﬁg thw:rﬁdéd: h tuse?gﬂel\)ﬁjlgéciODE]bsﬂA ;EIEI ?ﬁh’mi Ia)tmela{rl]dgtg?lhrfersg?gsﬁand
%aﬁé&/ﬁh %%ﬁ“& gy link BBy t §ra§glE§He i "Bldé S%ch and

M@abin® Bile®b® psaﬁylop@@hoamb BfucObreprdvaenal flash nremory
in a stack chip p S m croErocessor 500 fo

g q?glpg%ql)éergtredfiwesta}sg ﬁlodqqtf%r t]éﬁjélluggotp REFCQYEM stack; hence, the hoqt PC

only requires a relatively lightweight USB driver.

3.8  Electronics Design

Figure 42 is a block diagram of the pen electronics. The electronics design for the
pen is based around five main sections. These are:

* The main ARM7 microprocessor 500.

* The Jupiter co-processor 505 and Himalia image sensor 432.

* The Bluetooth communications module 510.

* The real time clock 515.

* Power supply regulation 520.

* The force sensor subsystem 442,

3.8.1 ARMT7 Microprocessor
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Configuration of the Jupiter co-processor 505 and
Hi mal i a i nage sensor 432. Decodi ng i mages of

wa@ obasess encoded with the Netpage surface enchdi/Ag2009/000695

wi th assistance fromthe i mage processing features of

the Jupiter co-processor 509 10 Post-processing of

force sensor sanples received fromthe Jupiter

co- processor 505. Conpr essi on, encryption and

t r dihs persweoan Attne DAGP HFRKO 162K ntigo@oddetop 8essektinel, AT RV

t he B uet |cat| ons nodul e 510. 15The

%@%ﬁ%@?%’&oéer@sgﬁﬁggw €&tes with the Jupiter

e/ prvoc RS/ &l csigdtagts atnmdirhty efi 408 b2 Sifnahfio tySMHz. The
R ransmtter RT) with a 37 5MHz cl ock,. and .

Bk o bRl Bkl Tk S L eyt e Bl S

Mymh D§Bates bf &M ﬂasﬁméemmy' matstaR shipidRadehe ;

H malia i.mage sensor 432 and RTC 515 u a._Low Spee

Ser i diMsBrRISTOpEESjor SYbipHes RARRATC i BF BBr Bralisoinclsgn | s

pr ovi. dgigirdtion BOME hREQL-3QE{WRI08 8 Hithaialifddelsalsby432.

responsi ve to downl oading firmware over the UART )
i nt er RscdingingET el YRaCeCheadeb tviHh Hbralipteags 1:9rfpeg encoding with

KOARRE i8A- thd a@é"ﬁ%@esﬁﬁ@ﬁ&t@@bﬂﬁe RAbitdRe- pﬁBM%oﬂ 595.

performed by way of the Bluetooth nodule after the

Bl uet dostiprepseingeofHarse paeer pmplyt acered from3hglupitgngernregessor
- Processor 505 The Jupiter co-processor 505

provides two main functions within the Netpage pen's

ar chistteopresson, enaymioy andgemivaibh ef Digitakbinl tpr dewegd weyyer 10

@ﬂga orce sensor interfacing and sanpl e buffering.
uprter controls the illum nation of a surface by

cd‘ehe&métmﬂmgomrhmi@tiombhngledﬂotvvo 30 infrared LEDs 416

duri t nt eqrati on e
Sonsate 360 BRGS0 s0d T it i RS adhit- TR cessop g0s
using@eU s edtsb SyrtBidn pusRedccies Tharsaltice (USREBdatht a ©f SNIHe clock, and

sensor arra of the. i e sens interface
Srgnes ol 0 Wl Sh uifnd, SBP SRS DR Hirbdat bavons
Oymsluidatieds vaithcthS Hidfiadia indd gl RérRorad32 laid RTO &1 5 usctded§feed Serial
for | ater processing operations and retrieval by the

i croprocessor 500. The force sensor 442

connggt eRM® midRpFREssbrS 5 & hilohided aﬂthast%ﬂ@@l@pls@f@wm and is
Jupiter such that synchroni sati on poi nts exi st

W t
%@b@é@smr@lvarw donliine Armpvaigge et dist HABTo e faes 19 éV§lch the

ﬂiﬁ]@co&? kR8ulS S PR cotRIPY. ERmdaf pibdridufifhe LPth 'ARM\‘I r‘%‘k&%rmed by
FI FO for readout and further processing by t

wigyerf disrRedesiymoddpafteg thg B@@B{O&@Wb@erhaebwrﬂgc%ﬁm@ns
Modul e 510 The pen uses a CSR

Bl ueCor e5- Mul ti nedi a- Fl ash device as the Bluetooth 10
532 dupitdr &o-ProcessartS0& ont ai ns an i nternal 8MWiit flash

Teroirke ABKLEEARCUB Shal SR /AT AT SR AN ATROSLAlE P

ar@lliﬁctm}ﬂecndmed:}atmagn baffd“}gmmlpdmssﬁghambbcbel}ansar Radrﬁcing and
S(amel)bugl unet ooth conmmuni cations at a signalling rate of
iy MBS A 2.45GHz neander-|i ne antenna

i s 1 dgokpesnbBdhd lumitalien bt patec pe cdMinihg nthet du@bing of two
infrared LEDs 416 during the integration time of the Himalia image sensor 432. Once the
integration time has elapsed, the image sensor 432 provides parallel readout of the sensor

array by way of the image sensor interface (ISI) — as pixels are received, they are filtered
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15Bl uet oot h commruni cati ons. The Bl ueCore5
provi des a USB devi ce peripheral and the required

walpdobaswei i al signaling pads. This peripheral PGI/ABE29/000695

to all ow enuneration of the Netpage pen as a USB

device so that charge curre may be negoti ated when
connected to a variant of the cradle 426 (i.e. a

cradl e that does not incorporate a Bl uetooth

l@om[meni apdtsiooriswitlae iah iidtyrhal 2Okheffdiedphge ppeessisg ropsetfions and

ntrolled by.the Bl ueCore5, which takes
lqu%&ﬂ] M‘égllwﬁ?péocresesgr Dswi tch as an input.

The Bﬂlué@w &Ssdrmem fcpmicett@so Ruphat it @reyfilehalr gersainpletvdiy hipiter
e lit h| YITer, battery 410 i s connected. The
i ysy 87 (0N Bt F ST Ao PREFTG Y MU RAIETHY éﬁla%aa@tuw
@ﬂdiu@sr ONd @BeS sbisbCdehPles BRVGIHRE to HORGERNETFOWST Ridouedhd further
constant vol tﬁge nodes. Char ge current is sourced 25

BPesRRRERY RT ARME miefRPacsst 0% he Bl ueCore5 is al so abl e
to provide a measure of the current battery voltage
which is used to both provide a user indication of

}%ﬁalwwtﬁgéﬂm“@‘%ﬁ?‘tsé\‘lwa?51@ and to al so prevent

use whendhhgebat t&RYy B'hﬁfC%feg Rird i &R FMQHj'd@\QE@ragecHe Bluetooth
The Bl ueCore5 requires firmavare programmn

apairpller H: & cnetdinBpywtessd BMBE Hash ragprX/Nevags e g@léﬂtﬁ piggram code
Jllla%sofcﬁ{emmr %zﬁlﬂfan& eTWﬁﬁ@@?e? %g?%ﬁﬁbt@&h v2.0 sgemﬁcatlon
envi ronnent is perforned as part of
anérmfvabs Enhangsdﬂ?m%@@ (TIYRBlagtoc@PEommunagafignset ¢ Bﬂanallurg rate of
@x‘ , as pads on the PCB - once the Bl ueCore5 has

een p ogr amred, the ARM/ microprocessor 500 is
subs e“qméi‘ﬁrﬂlympandgrlamm‘(dnms ngopanred SR therNegragapa M dor the
%1 oo%‘com' ntlgartlconnect 74 3.8.4 Real Tinme dock (RTC)

1g Rt page pen uses an Intersil 1SL1208

real The I’B&uaﬂoﬁzﬁ kprORdds)a DEB ddvat petipigradfahd tilie reqaitddedifferential

410.in qrder ta vi de. t he Net page. pen 4 wWth a

e e G BRI N S bfiahs RETRIBT 41 Yot B o USB

de@ir%l: s¢ thakchetgo @Krrd’n@ ﬁhuy bEBegdtiddd WhEkKIdAnce el 34 @lar@gt & the cradle
timng saource. 5 Power Supply Regul ation

The
Netifagerape ﬁhaaéw v%nﬁsmoraﬁm Bluplaph SeRBHNIEHgR et} r om
t he ¢ @Jreﬁb% e pentshbddiuRed on e to@tEEBY thé BhieCHRF NChiPIOWRES the
supply re ation conponents generate the foll ow ng
‘Ssérp?é?eci%l@e%l?ttsa’(}j@’sas anypPy from an LDO for the ARMZ and
Bl ueGqt gficdGey QJCBI@QI%tes a batte c}ﬁrg@y‘w WIRER Bt AR Igd-i’}'frmér M&ttery
Jupiter and H malia TGO, é? H malia pixel reset
418114 epgeected. The batterg, cwgefrromfﬁtas witdpigely postisndedrmadaeand provides

th 15 Qﬁﬁgﬁé_ E:Qnds(#{n't YGrrehP L&aﬂ%ﬁstar%%gg% mo?igsf) ﬁ?}lﬂa%é R t_tlé']&)urced

Bl uet oo and re vo suppl i es
fram thetveadIugonnagtor. Clehe PloCerss ay alseablt topeoviRNM/Mmenswe of the current

‘tpaqt?% Ivgﬁa%e wlfst REE B bfo{ Oﬂp)\}lﬁ]ee 1% Hg(ﬁlgaQItOH OPBQMIJTu%lg%seable battery
1Bk, ued eotldo pravelotusg whetmeheﬁlmrﬁryamigﬂﬂﬁqaet@odlaﬁargéﬂ vol t age,

d 1,8 t bl
a5 eE s P 8 e s PR Giao sThy Y Brucon
ARNMENG VI gplicdtionsahatdoiapaeofhd Ketpdpe phlebjpdg@g pevitoament. This
t ti . Jupiter’ T | i
LB B LB Glaring FEe® Bt SBl FEHRII . Qe o
add orbﬁhe w@m&lc@ the@luddre SARP 86 PGk raméd) Ehe KERM B nfidibir6ddbsor

0 Oper a node.
500 1s su sequently programmed using same SPI interface and the UART interconnect.
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The indicator LEDs 420 in the Netpage pen 400 are
powered fromthe JO vol tage supply, and are driven
wepdobassesh PVWM node for those connected to theP@RMI2009/000695

500, or by a 25current sink for those connected to the

Bl uet oot h nodul e 510. 2pMen the Netpage pen's nib

is retracted, the Netpage pen is in its | owest power
state - the Jupiter co-processor's supplies are turned
38.4, RehETiARNIbk (RT€BK13 s di sabl ed and the Bl uetooth

E&%g;ﬁe N%tpggeml%%%%%%%fl?t%fgll k%thl 6@% geaﬁt!gﬁg %IE)% (ﬂ}lﬁ%égw %lat runs off

texbewraed]0 of otdae ke piosidanhdRNetpigekgendoal ali M logah@imesource for
30B| uet o thaﬂfﬂ(ﬂul e receives a power on signal, turns
YReSRME et LDOs and boots the ARM/ mi croprocessor
by emabldangnd dlsckGbqels 253 BRkhayaapph tigsghamee.
stabilised. 3.8.6 Force Sensor System 75 The
force sensor subsystem conprises a custom capacitive
jg)scepos,@lnwplﬁﬂ uladtfod front end filtering and

he custom capacitive force sensor 442
| s sérﬂ?ﬁ)%l?é?aé? PR geriver sHuBep! Pewsi seanlicy fiopo ths dintefal Jithium
ndhdesicppi@d to a rate of around 1.5kHz by the
Jupiter co-processor 505. 5 Subsequent processing by
t he A”mowr@mbfrr@@é@@e coBgrments eenaisi thaigllowing pappigtervoltages:
deci 784 & Aflad MO RIS, Lkl Ghy Bm@%&asw fdiage, 10 bi t

e sanple

forc r Inclusion in Ink stream

The 3upi dromcan pPOC s shy 1§ prdollindis I@ ghhglimalpopingl reset

Jo"ﬁ%% Qry calibration of the force sensor 442, and

i‘nctudes a confi gurabl e threshol ds for perform ng pen

down * &3y fpena clprge:b@md diorelot 1nﬁatre<bIaElé drlvmvditagec e sensor

I npu Ate er.atu or resent i.n

supt Far A uBRRE .U PraBEn ol B MG e B RCE RS aniat Mgy o

the Meteaicoparcehe@e aoke feeARNIT fre [fr@mdbel sensgpung frolmaihe Kludieoth
C{E{[)eraturg ﬁ(3nsor is al so used for managenent of

YR ?Ié hg) The present invention has

been AlgsGet Bedr Weskhof Bk eBleassah tnﬂ)dalepﬂ@fﬁRMGChnd BlueCore5 10
errbodl nt and nunber of specific alternati

¥ copqopiiggsyare pyailgple. |ThBeBl‘aH‘fﬁ‘ﬁﬂ‘%&OQ‘fléé1%90111119553@3“6

ahd d$s|éﬂ)1|3 |0ﬁﬂle IARMITE clogtt BVRBSrddnc&WalB tHeNddtpade BéH’@&Irreﬁﬂ‘ operatmg
ot her enbodinents, differing fromthose specifica

l'y
HedSc fUPERICH, covg 3uf! LQIserpliewmare hlﬁﬁ“tlﬁ Gentrelled S %@lbfftoq%@odule and

cﬁﬁ 88 fhled 0N VEOYF 1R diAE SO AR Mirredt lopMhdide fgle Under st ood
that the invention is not intended to be linmited to

t he dpeéidiceier ERBdARarthe Nefeagerichd@0 i powerc fremehg 10 voltage
s%p[ﬁg afnh Q%tcfri%h eifh@rcih %%Mgnoqg Pt on'ngff&lrtg (Me?&lt@ﬂé QUO, orbya

s-reference as appropriate. e scope o
qurrggryink dor these oeringetéd titledtudtgotit medwde § 1Qc hed 20cl ai ns.

76 %em Illetg%éi p%lé%qutll{ Erpgt‘fascgeﬁnthe %’e’tﬂag @en 1§t11§ ﬂ‘s: 'io%st power

nib for inter
TOOP thes{um'tgr ccslaroesdssiodabﬂlpplim@ttuhed offrthe Aﬁg@ shamkngmwbw fand

st ont u ai d
B pleiub T iy NP st P ok a 5osi ¢ on
wher éVlen Sid Netmga fen @trlﬁhjdezsteﬁdtedm)r there is an RTC wake-up alarm, the
Bluetooth module receives a power on signal, turns on its internal LDOs and boots the

ARM7 microprocessor by enabling its clock after the supplies have stabilised.

3.8.6 Force Sensor System
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wkn

20

a body of said pen, and a retracted position wherein
said nib is retracted in said body; a retraction

wore@basicdin conpri sing: a barrel for receiving BEI/AU2009/000695

opposite second end of said cartridge, said barrel 10
bei ng adapted for seating s@d cartridge in either

sai d extended position or said retracted position,
whereby a | ongitudinal axial force fromsaid cartridge

i s tTangercd fcasbrtsabsgaeml chaprised a icnst@aicghaeixt e fokedsensor 442, and
%qiiHL R an% , a bi asi ng mechani sm for

7 g?j@ gg%ﬂlégwagdge towards sai d extended or

r et r att ekt Shitac NS forddans@cidpat eamptaiupl legh fraqusddyd typically

o 5L oA FE T G et kA et Bt Bt procswor s

SLﬁbEan&It @ebc@sgﬁag tbb/ QmeSARM7 mlcrop@cés@dsrc&e)o SERF@IFedCto UptiRE déc@mate

sai arrel, force sor rOV|d|n a reaction to
@ lﬁwé’ﬁ?saf ik g éestﬂfl%éi)nbtt {9° SBMBISY PrHAT A fr O Q) Ik
Gashridge; and a processor configured for

generating force data indicative of a force detected

by 20%alwWittigoguocssasls. provades FRiagls paiat Retaiycalilaptioprof the force

Lhal ml and chfu'ﬂ@sra %@@ﬁﬂa@b RFes@BIdl FRPErfSERIOFenf @n and pen up

i mgi ng at | east some of a coded data pattern di sposed

dstecel Rhsedigrf Becs seithe eitn Adainpergprg @e@gw ajsg pEeSPift iy the dupiter
C rat i t n r

A6, AS0E 04 00,1 R SSHRALA 8 KoL 00 o

sshei chaini(be paperfurcicaionis2so werfei mansgingtnpefde e s orargisg).

confi I '

one T%Q [Dl%gen ﬁv%?%l? MP b%?ﬂ de¥ eb%(g \SV“f:a’tiﬁllr qer‘f—:r% ¢Fa ﬁ%ﬁfeggc}] ?Igl%:otla%ent

am'dmhmbal odI spmtﬁ‘c alhernata/n de@damprem Howestrait anl\]/\breappseaiacbd iy [those

sksllg@?rt% (t)hnel rg aentlt] ?’%@ V\dratéla mnugllber " ?ti; ace%lbgglalentﬁ o(!gﬁ‘%rmgrfr?m those

spedifidatiy ﬂ&drlﬂieﬁi ‘gﬂelmroaﬁlewslan theistdpe padiE |pm§1end alentionl A/ccwddengly,

o T % D P ST HLSSL RO MRSl £
G lingdts Qi@sch@edslﬁriﬁeﬁpr%@hﬁsp@@ﬂ@ﬁoﬂ aﬁ(ﬂucﬁl{@ Jocui@its Rcorporated by
pen- domn state has been determ ned ghe
SPECEFTERCES FRNORSTA AP HioRS Ol HEMEFHi8d) anlza fifgd By the attached
aanpri ses a manual | y-operabl e button coupled to said
cartridge, wherein depression and rel ease of said
button 10swi tches said cartridge between said

retracted and extended positions. 8. The electronic
pen of claim7, wherein said pen conprises a sensing
arrangenent for sensing a configuration of said pen,
sai d sensing arrangenment conprising: a button sensor
coupled to said button, said button sensor sensing
actuati on
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150f said button; and a cartridge sensor

cooperating with said cartridge, said cartridge sensor
W@ engiltsg3shet her said cartridge i s extended orPCT/AU2009/000695

retracted, wherein said processor is adapted to

configure a state of the per in response to one or

nore i nput signals fromthe sensing arrangenent. 20

9. The electronic pen of claim@8, wherein said button

GEBABIS conprises an electronic switch, said switch

bei ng mechanically actuable by part of said button.

10. The electronic pen of claim1, wherein said barre

conpr iAsegccaodiOp@i Hauvid Aatthaytabld dibstot Gadadcang witle hedirfac@rsaid pen

retai.ning the second end of said cartridge, said

PAPEHBE conprising a plurality of radial ratchet-teeth

If or | @@mab@dhmble %hl’trdjga ga\e@ad 1S ﬁﬁﬂﬁrst/\érfdffommfabtﬁigﬁli% Gukfice,

onglt i na roov defined in an inner. sur

gt Bfi%ﬂ ging cOnfiemble han itended Biseen pEBFEER sty B profrudes from

ARG BF DidSRth thng @rdtab @@ Bositfon meﬂe%@ﬁblhtels addcts@indaid body;

30ratchet is configured for releasably retaining said

second 'eRetigmeshnsTenFipigge. WO

2009/ 1556 3BRteT /fo%\U&QQ%{g%%?ésn@eéoﬁ@&m SR c%ﬁh&*gcl b barrel

causes rotation of said chet . The el ectronic
beeng agppted B eating giie c8iridee & dthcrawdewt@d?ﬁppqsg@@, og s#ifl regpacted
&r@ilt‘i()ﬁ' Fv&htereﬁﬁ h ﬁdﬁ%ﬁud‘ﬁﬂ[ b ﬁ@&@gfrm s4i@ clafe ﬁ)ﬁta%gﬁéél to said barrel
position and a second abutment surfacé 5correspondi ng
ingaid aitehdedposgwneahdposi ti on, said ratchet being

rot at abl e I [ 3

abut mont - SnagaeEh PSSR $58 sihotdek bl 3RELHEYsd o
mﬁanﬂnmme@md button is coupled to said ratchet via a

ra d:oalléln g(ﬁl[lja’ljt]od eCIQuIﬁeedg tf) ﬁalg Irﬁ:trél tgogql'lpngeclsla gsglb 8%}8 aﬁuaﬁ%r eathng a user to
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said button is decoupled from said plunger. 16. The
el ectronic pen of claim1l, wherein said barre

£0NDr ri€8le@fonicPek gf AhinPi rful@fégé’(gﬁglswlﬁtaﬂ ifaederfsOf ©imaging at
sensor, wherein a |ongitudinal axial force transmtte
ledst mo%mc@ﬁeﬂ(ﬂ@@r pattprgglisposed ot said welfapsy vahigiedn fagh processor is
EAERL N Frr bt Blchctor duo [ e SERORIE TR 1 Do
&emoen. said pin being engaged with a resilient noving
pl ate of said capacitive force sensor. 2518. The

el ectronic pen of claim 16 conprising a preload bias
Assentihy cltaronisipas oHigaim 2, wherein said processor is configured to determine,

using said force data, either one of:
a pen-down state when said nib is in contact with said surface; and

a pen-up state when said nib is not in contact with said surface.

4. The electronic pen of claim 3, wherein said processor is configured to indicate a

pen-down state only if said force exceeds a predetermined threshold force.



said barrel and thereby said pin towards engagenent
wWth said force sensor. 19. The el ectronic pen of
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wherein said preload bias assenbly conprises a prel oad
spring engaged between sai d;,30housi ng and said barrel .
20. The electronic pen of claim1l1, wherein said
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darinteAttkonrigtainly. when a pen-down state has been determined

6. The electronic pen of claim 3, wherein said image sensor is configured to sense

said coded data only when a pen-down state has been determined.

7. The electronic pen of claim 1, wherein said actuator comprises a manually-
operable button coupled to said cartridge, wherein depression and release of said button

switches said cartridge between said retracted and extended positions.

8. The electronic pen of claim 7, wherein said pen comprises a sensing arrangement
for sensing a configuration of said pen, said sensing arrangement comprising:

a button sensor coupled to said button, said button sensor sensing actuation
of said button; and

a cartridge sensor cooperating with said cartridge, said cartridge sensor
sensing whether said cartridge is extended or retracted,
wherein said processor is adapted to configure a state of the pen in response to one or more

input signals from the sensing arrangement.

9. The electronic pen of claim &, wherein said button sensor comprises an electronic

switch, said switch being mechanically actuable by part of said button.

10. The electronic pen of claim 1, wherein said barrel comprises a longitudinally
slidable ratchet for retaining the second end of said cartridge, said ratchet comprising a
plurality of radial ratchet-teeth for longitudinal sliding engagement with complementary

longitudinal grooves defined in an inner surface of said barrel.

11. The electronic pen of claim 1, wherein said cartridge is replaceable and said

ratchet is configured for releasably retaining said second end of said cartridge.

12. The electronic pen of claim 10, wherein each longitudinal groove has a cammed

lip configured such that abutting engagement of a first cammed end-surface of said ratchet-
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teeth onto said lip causes rotation of said ratchet.

13. The electronic pen of claim 1, wherein said barrel comprises a first abutment
surface corresponding to said extended position and a second abutment surface
corresponding to said retracted position, said ratchet being rotatable and slidable towards

said first or second abutment surface.

14. The electronic pen of claim 13, wherein said button is coupled to said ratchet via a
plunger, said plunger comprising a plurality of radial plunger-teeth slidingly engaged in
said longitudinal grooves, each plunger-tooth having a second cammed end-surface for
abutting engagement with said first cammed end-surfaces of said ratchet-teeth, said first

and second cammed end surfaces being configured to impart rotation to said ratchet.

15. The electronic pen of claim 14, wherein said button is biased towards a decoupled

position in which said button is decoupled from said plunger.

16. The electronic pen of claim 1, wherein said barrel comprises an integral pin
engaged with said force sensor, wherein a longitudinal axial force transmitted through said

cartridge is detected by said force sensor via said pin.

17. The electronic pen of claim 16, wherein said force sensor is a capacitive force

sensor, said pin being engaged with a resilient moving plate of said capacitive force sensor.

18. The electronic pen of claim 16 comprising a preload bias assembly for biasing

said barrel and thereby said pin towards engagement with said force sensor.

19. The electronic pen of claim 18 further comprising a housing for said barrel,
wherein said preload bias assembly comprises a preload spring engaged between said

housing and said barrel.

20. The electronic pen of claim 1, wherein said cartridge is selected from any one of:

an ink cartridge comprising an ink reservoir for supplying ink to said nib,
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wherein said nib is a marking nib; and

a stylus cartridge wherein said nib is a non-marking nib.



