| | DENTI TY- CODED SURFACE W TH REFERENCE PO NTS AND CODED MARKS FI ELD OF

| NVENTI ON The present invention relates generally to a nethod of defining a
region in relation to a surface, and to a region so defined. The invention
has been devel oped primarily to provide the basis for a surface-based
interface which allows a user to input and interact with information via a
network, and to obtain interactive printed matter on demand vi a hi gh-speed
net wor ked col or printers. Although the invention. will |argely be described
herein with reference to this use, it Wil be appreciated that the
invention is not limted to use in this field. CO PEND NG APPLI CATI ONS
Various nethods, systens and apparatus relating to the present invention
are disclosed in the follow ng co-pending applications filed by the

appl i cant or RENTHYSEOBED SHRFACEWETH REFERENGEPOINTE ANIDICOREIMARKSI t h t he
present application: PCT/AU00/ 00518, PCT/ AUO00/ 00519, PCT/ AUOCO 00520,

PCT/ AUCO 0052 1, PCT/ AUOO 00523, PCT/ AU00/ 00524, PCT/ AUOO 00525,

PCT/ AUOQI 00526,  PCT/ AU00/ 00527 FIES@RRINYENG®D S PCT/ AUDO/ 00529,

PCT/ AUO0O/ 00530, TRCGTEseIGDABDE Blates RGENIOR BR5B3 3 1dPGTS AMRRA 405RRn to a

PCT/ AUCO' 09534, 35, PCT/ AUOO 00536, PCT/ A 00537,
PCT/ AUCO 00538’,3'nd E%ﬁ%eg%g?:& PCT/ AUOCO 00540, PCT/ AUCO 00541,

PCT/ AUOO/ 00542, ThCinrentimcihes GPsn3devib@ii AiREL005ptdvide RTThadlBR) O 0biéd&, based

PCT/ AU00/ O@fdate whRETHAWRRQQS 46ut REThAION00R 4o PGT %%%8%@2% bbtain
PCT/ AUCOY 00557 PCT/ AUOO/ 8%%5 a PG/ AUCQY 00559, pCT/ A 50,
PCT/ AUCOY 0BEBFIe Pistet RIS 67 frnsadia gkyseoedmetrorbesieslor mintrys shldoyab @B Gayention

PCT/ AUOO/ 005 68gely HRGRtAISDRY Q0 56 refeRETE/ MO O 5B aRsdd:aNIGH 0956 tion is

PCT/AUOO’qgﬁmtedeugéj%% 00571, PCT/ AU0O/ 00572, PCT/ AUOQ 00573,
PCT/ AUO0/ 00574,  PCT/ AUO0/ 00575, PCT/ AU00/ 00576, PCT/ AU00100577,

PCT/ AUCO' 00578, PCT/ AUO0O/ 00579, PCT/ AUCO 00581, PCT/ AUOO/ 00580,

PCT/ AUCO/ 00582,  PCT/ AUOQ 00 bpERSiNG XM id0RSRs PCT/ AUCT 00589,
PCT/ AUCOY 00583, PCT/ AUDO/ 00593, PCT/ AUOO/ 00590, PCT/ AUOO/ 00591,
PCT/ AUOO/ 00592, " *"BEF YoePasGAd anpRsgtrselekne trobomesend i yntienyny Gwbed in the

PCT/ AU0O/ C0i97hg cl@ﬁ@%@&iﬁeﬂﬂ@mﬂm&ﬁ&i GssigafdoPed /pARD ARSI -
NPT010- SG sgnultaneously with the present application:

PCT/AU00/00518, PCT/AU00/00519, PCT/AU00/00520, PCT/AU0G0/00521,
PCT/AUG0/00523, PCT/AU00/00524, PCT/AUD0/00525, PCT/AU00/00526,
PCT/AU00/00527, PCT/AU00/00528, PCT/AU00/00529, PCT/AUC0/00530,
PCT/AU00/00531, PCT/AU00/00532, PCT/AU00/00533, PCT/AU00/00534,
PCT/AU00/00535, PCT/AT00/00536, PCT/AU00/00537, PCT/AU00/00538,
PCT/AU00/00539, PCT/AU00/00540, PCT/AU00/00541, PCT/AU00/00542,
PCT/AU00/00543, PCT/AU00/00544, PCT/AU00/00545, PCT/AU00/00547,
PCT/AU00/00546, PCT/AU00/00554, PCT/AUQ0/00556, PCT/AUG0/00557,
PCT/AUQ0/00558, PCT/AU00/00559, PCT/AU00/00560, PCT/AU00/00561,
PCT/AU00/00562, PCT/AU00/00563, PCT/AU00/00564, PCT/AU00/00566,
PCT/AU00/00567, PCT/AU00/00568, PCT/AU00/00569, PCT/AU00/00570,
PCT/AU00/00571, PCT/AU00/00572, PCT/AU00/00573, PCT/AU00/00574,
PCT/AU00/00575, PCT/AU00/00576, PCT/AU00/00577, PCT/AU00/00578,
PCT/AU00/00579, PCT/AU00/00581, PCT/AU00/00580, PCT/AU00/00582,
PCT/AU00/00587, PCT/AU00/00588, PCT/AU00/00589, PCT/AU00/00583,
PCT/AU00/00593, PCT/AU00/00590, PCT/AU00/00591, PCT/AU00/00592,
PCT/AU00/00594, PCT/AU00/00595, PCT/AU00/00596, PCT/AU00/00597,
PCT/AU00/00598, PCT/AU00/00516, and PCT/AU00/00517.
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The di scl osures of these co-pending applications are incorporated herein by
cross reference. BACKGROUND Presently, the majority of forns for accepting
input froma user are either printed on paper or displayed on a conputer
screen. Wth a paper-based form the user wites information on the form
by hand, usually in spaces or boxes provided adjacent printed questions or
instructions. The information is |ater keyed into a conputer system for
online storage processing and storage. Wth a screen-based form the user
enters information into the formvia a €onputer keyboard. Both of these
approaches have di sadvantages. The screen-based approach is convenient to
the formrecipient, but requires that the user have access to a conputer
system By contrast, the paper-based approach only requires the user to
apply pen to papére distlesuice gl itheres coreadifien prplivations pire corp@atedahdreid by craRUA
delivery ofeferdhfte form and performdata entry of its content. OBJECT It is
an object of the present invention to conbi ne advantages of paper-based
forms and immediate online information capture. SUMVARY OF | NVENTI ON
According to a first aspect of th®ASKEROUND nvention, there is provided a
regi on defined i ' . surfac coded data being di sposed wthin
thg regi on, mhergﬁﬁ%ﬁ%g£%% g%gggFg ?é“i%H?EQ%%W%a“%?”%“ﬁggPﬁﬁigﬁﬁﬁ¥ity
associ at ed®WisPlavet AR a pesgpiiersereemn With o paperdraseldifary, tbf usproiritds dnfosingtioh on thi @t egi oN.
Accor di Ng by0hAd SR tn 35RECEH Bxed HBvIRHICHRBN: bRYEN Qs %mﬁ%tﬁctlotﬁs. RV f'ed a
e first aspect.

surface, t%gnméurf?gg |q£1udin a reglon according to t :

Accor di ng PE™EUh 4T KoRLRle asPmpyies spiemdarnling Nosmst poressingad gorpss. Withei ded a
met hod of scpsrrolehsrdiforg, e sywr dngoenfhranmiiongnta the @G 13,2 chlig@aRdybad. Baebigisag t he
steps of (RhroflGls A NG54 ! d. dat a being.indicative of,

regi on idéﬁ%?tysassocfateﬁgaﬁ?%g?ﬁ%ag%gﬁﬁﬁ?hgﬁﬁmgmptﬁ?% I 5P eHoht s

Wi thin t heFg B the ey hayp ag5e5s foripompeer srtat Bl amttasiitie pirer-basedegpromh ondy t he

sur fac e. Rﬁ@lfr&‘r taddsyt,to PRy peOR Qabef] aﬁt&eduﬁéélﬂiéd&_ﬁn r&ﬁpié_n%%rait Q)pﬁaﬁugigleli\_@@_%p tag
bei ng i ndigative , of %Qg re n NPTO10-SG 3 identity and the position of the

[
tag within fhe Fegrsn ng%W%?Engly, each of the tags includes first
identity data defining a relative position of that tag, and second identity
data identifying the surface. OBJECT

It is an object of the present invention to combine advantages of paper-based forms and

immediate online information capture,

SUMMARY OF INVENTION

According to a first aspect of the present invention, there is provided a region defined in
relation to a surface, coded data being disposed within the region, wherein the coded data is indicative
of:

a region identity associated with the region; and

a plurality of points within the region.

According to a second aspect of the present invention, there is provided a surface, the
surface including a region according to the first aspect.

According to a third aspect of the present invention, there is provided a method of
producing a surface having a region, the method including the steps of:

(@)  defining coded data, the coded data being indicative of:

a region identity associated with the region; and

a plurality of points within the region;

(b)  disposing the coded data within a region on the surface.

Preferably, the coded data includes at least one tag, each tag being indicative of the region
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In a particularly preferred form the tags are printed onto a surface in
the formof a piece of paper, and are configured to be read by a sensing
device in the formof an optical sensing stylus. The tags are preferably
printed using an ink that absorbs near infrared |light but is substantially
invisible to a human viewer under normal |ighting conditions. Wien a user
brings a sensing end of the stylus close to the surface, one or nore of
the tags are imaged, interpreted and decoded to provide an indication of
the identity of the region fromwhich the tag was i maged, and a position of
the read tag wthin the region. This information can be used in a nunber
of useful ways, including controlling a conputer via interactive el enents
or providing input to a conmputer for storage, manipulation or display.
Furt her as &g fheppsisiop afibnies wittimihp regior dmeprefpplly, aarh of tho ey isddbnfstt he

foll ow ng detiai daﬁdefmﬂ@ﬁ%ldﬁ%ﬂoﬁlﬂon@f thEtrt%f &4 E&th@&%@&m&enﬁfmg% fs of the
Preferred od| ment s of

i nvention. BRI EFIDESCRI @L O%l £ t\é\v

the invention wi It W BY Heeryifgeyt B?“W%Wmﬁﬁ°ﬁ6ﬁ““@?ﬂ???ﬁﬁméﬁaﬁﬁﬁe only,
wi t h ref er efiteesrtapd trh eonfigwsing baseadigy wkmamg d€jdoe in Me Bh 6fun oplic@le@ing siyfBs. @
schematic ot t. | e t net nd its
onl i ne pag 2&5 e;%fm%?%@%pﬁ&&hh gqglﬁgﬁgigﬁ egg fg?vﬁg d?“‘$$ﬁ%ﬂ?§%t|on
bet ween a HEHPE e B V‘%l"eﬁé‘flis agrealdichtivg egnditipns \Whan g gyeer pringea semsegvrof thand a

net page apgjliscakd © ralesafav& Brie o ingidloBthStajd aké&ﬁltlgeatlﬁ&ﬁ@e&ﬁid|d€c%&éd%‘pr9‘f1de%ﬁt page
servers ang printers,i P onnected via a netwo ure 4 i's a schematic
view of a highol eval c PRI EH it té%“'?‘?é’?ﬁé% é“daﬁflfPS‘F‘T“s"fH’ﬁ reeth88 page
descri pt i ovithiFheteeien. ghlssmffampioamamheewdsmomunﬂxgr & vsdfvl asUin€udify cantRBibpage t ag;
Figure 6 i ompul \ﬁﬂmYeka%Weseﬂ%éﬁtpgr ov1$11ga lcy)l.? 50 BnRE VS ER 3e, Sn?atm LQILHOtIIhO? tags
shown in F|g re 5 and a field Vi ew a netpage sensing gevice’in the
formof a % ¥age pen; Figure 7 is a flowhart of a tag |nage processi ng
and decodi ng al gBuritiduspect-bhk iveftion Svilbbep@iepRednl ¥dn Ml 1RffoIRwiE WRARE Pen and

its associ ing fieldsof-view cone: Figure 9 is a perspective
expl oded v‘f%gec\%ﬂho%%glf{%ﬁﬁ% cpomeren%’ﬁduél 1 fﬁ“’ﬁ“’?‘ ‘Yre 8. Figure 10 is a
schemati c bl ock di agram of BB'ﬁfé?E&QRiIPTl@NIQﬁDWNG& net page pen shown in

Figures 8 and OprefkdWhorld chodfh 9@6@9@&% Wil & ! pted netpage
printer; Fi ure 1reé is a 0ectel on ehr ough t Mﬁl engX\‘hQJc%eé‘cn !r)?(tﬁag]éo printer

of Fi gure "TFeEpEe ke rﬁ?@jﬁ?'@*ﬁ?%?”ﬁ“@“&?ﬂ‘&?ﬁ“&&g’éﬂh@ortl on of Figure 12
showi ng a Eﬁm 1 Bn sotfembitiveot @ Uil re@Esh beBileereN GinPR Sridé@Onetpage and its online page

description;

Figure 2 is a schematic view of a interaction between a netpage pen, a netpage printer, a netpage page
server, and a netpage application server;

Figure 3 illustrates a collection of netpage servers and printers interconnected via a network;

Figure 4 is a schematic view of a high-level structure of a printed netpage and its online page
description;

Figure 5 is a plan view showing a structure of a netpage tag;

Figure 6 is a plan view showing a relationship between a set of the tags shown in Figure 5 and a field
of view of a netpage sensing device in the form of a netpage pen;

Figure 7 is a flowchart of a tag image processing and decoding algorithm;

Figure 8 is a perspective view of a netpage pen and its associated tag-sensing field-of-view cone;
Figure 9 is a perspective exploded view of the netpage pen shown in Figure 8;

Figure 10 is a schematic block diagram of a pen controller for the netpage pen shown in Figures 8 and
9;

Figure 11 is a perspective view of a wall-mounted netpage printer;

Figure 12 is a section through the lengih of the netpage printer of Figure 11;
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gl ue wheel assenbly; Figure 13 is a detailed view of the ink cartridge,

ink, air and glue paths, and print engines of the netpage printer of
Figures 11 and 12; Figure 14 is a schematic bl ock diagramof a printer
controller for the netpage printer shown in Figures 11 and 12; Figure 15
is a schematic bl ock diagram of dupl exed print engine controllers and
Menj et TM print heads associated with the printer controller shown in Figure
14; Figure 16 is a schematic block dlagran1of the print engine controller
shown in Figures 14 and 15; Figure 17 fs a perspective view of a single
Menjet TM printing el enent, as used in, for exanple, the netpage printer of
Figures 10 to 12; Figure 18 is a perspective view of a snmall part of an
array of MenjetTMprinting elenents; Figure 19 is a series of perspective
views i || uSgtadaigen misreshearian of ficey 31 ghohs b Ivestiovirjiletdulesed brivt brpipes @l enent
shown i n FiigliiRel 3embfy;gur e 20 is a perspective view of a short segnent of a

pagew dt h t hea Figure 21 is a schematic view of a user

cl ass di aglfwe 1{:1”&@11%2‘"?‘”& % gﬁ’r‘?ﬂgﬁecm{?i 3G glug pass; #d PFintpgiass ofibagr am
Fi gure 23 m@@a@mﬂmeﬁﬁigmcsl\llamzof a pen class diagram Figure 24 is a
schemati ¢ wmLgw4Qf &genﬁg(pgl& gq ure Schematic
view of a dl%%urren% and page esc;?f’;;‘pp%:1 %?10%3 agrgfnll enet??nfM%ﬁ"—;ShoﬂPgl BFs a
schemati ¢ 4®@h!%f a document and page ownership class diagram Figure 27

i S a schemagirc15vé @Wh&fatl@bl&&'ﬂf&t@mﬁlof cﬁlbl@féﬁBﬁnt%@%'cgﬁu{)mlah@ﬁerﬁ]e@s&nmea%?r am
Figure 28 js tic vie a static element specialization class

che
di agr am °°mFCZ pé'mﬁ”’é’ﬂtﬁ’ ﬁtéE“i’“El“\‘/f%‘W % a hyperlink el ement class
di agram Flflgmfr 16 i80schematic tdeh dingadni af thei peiv eagmeaoﬁny)p@rsﬁdwa i FRduRBBNdnd 15
speci al i zagl 0mcl [ |s a emati c.view o
hyper| i nkedg’ru{l:;rloulp@%?r gés‘@%.‘“g"émr"fa?n %UMGTJ e%thaé “‘gl“ﬁ f%%}?lﬁf e, form
cl ass di agre@pge pripprfiFigurgd O josizy schematl c VI ew of a digital ink class
di agram FFI@HI% 1%61‘3&0@%%@%%& M&%Qﬁay@fhﬁlénﬁ%t‘d‘ nm?ﬂg% peCI al i zation
class diagram_  Figure 35 is a schenatic view o ché Ik ox field class
di agram Figth B 186 Siries of nepprstieet icers Wugitpting theonemsing dvile pithe Mamist™d pringinga
Fi gure 37 demest skoheimgur£13yi ew of a signature field class diagram Figure
38 is a fI rocessing al gorithm_ NPTO O SG Figure 38a
is a detai Il%lff@?fsavgcﬁ%ef@ve&eg ’sz’eé?‘%’fﬁﬁm‘ﬁ'f gﬁ%geﬂd@\mq’}’éf‘r‘ T retthepdigur e 38;

Figure 21 is a schematic view of a user class diagram;

Figure 22 is a schematic view of a printer class diagram;

Figure 23 is a schematic view of a pen class diagram;

Figure 24 is a schematic view of an application class diagram;

Figure 25 is a schematic view of a document and page desctiption class diagram;
Figure 26 is a schematic view of a document and page ownership class diagram,;
Figure 27 is a schematic view of a terminal element specialization class diagramy;
Figure 28 is a schematic view of a static element specialization class diagram;
Figure 29 is a schematic view of a hyperlink element class diagram,

Figure 30 is a schematic view of a hyperlink element specialization class diagram;
Figure 31 is a schematic view of a hyperlinked group class diagram;

Figure 32 is a schematic view of a form class diagram;

Figure 33 is a schematic view of a digital ink class diagram;

Figure 34 is a schematic view of a field element specialization class diagram;
Figure 35 is a schematic view of a checkbox field class diagram;

Figure 36 is a schematic view of a text field class diagram;

Figure 37 is a schematic view of a signature field class diagram;

Figure 38 is a flowchart of an input processing algorithm;
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Figure 39 is a schematic view of a page server command el enent cl ass
diagram Figure 40 is a schematic view of a resource description class
diagram Figure 41 is a schematic view of a favorites list class diagram
Figure 42 is a schematic view of a history list class diagram Figure 43
is a schematic view of a subscription delivery protocol; Figure 44 is a
schematic view of a hyperlink request class diagram Figure 45 is a
schematic view of a hyperlink activation protocol; Figure 46 is a
schematic view of a form subm ssion protocol; Figure 47 is a schematic
view of a conmm ssion paynent protocol; Figure 48 is a schematic view of a
set of radial wedges nmaking up a synbol; Figure 49 is a schenmatic view of
a ring A and B synbol allocation schene;, Figure 50 is a schematic view of
a first riRgresSai doraiyifipwthanlcacspiobthe Botebmef Fighedftire 51 is a schematic

view of a B@ﬁ*@ﬂds£écH@na&Wof@p%%Lc&dﬂa@@@&de&@la%% oE; Figure 52 is a
schematic yiewof a triangular ta%ﬁgsackl ng: Figure 53 is a perspective view

of
of an i cosaREHTon? CRITGlT desY 2 pesoure desrntian ey HagAmw of an i cosahedr al
geodesi ¢ Wighe 4Iriegsebmeyic Bgw ofifgonite ll&&labs&ha@raﬁpherratl c view of a mninumtag

SPACENG: PGB Dbrchd: AGNBTRLLG IR Al T UM L2 SPACI N whi ch

avoi ds over lgure 57 1s a enatl ¢ View of a first tag insertion
case; Fi gu?‘é‘“%@ lf%Scae”?%‘émfﬁé“bﬂﬂewndﬂwmﬂ@@eﬂﬂd tag insertion case; Figure

59 is a schgmtculs-;asch@wme“aofampemnﬁ@@ema@afaw case; Figure 60 is a
nsertion case; Figure 61 is a schematic

v::g\(/avrrg]EI ; %I%&%osﬁ%%% " Ourtewoéf’glfpewatcﬁvaﬁo%?‘fcﬁlce Figure 62 is a schematic
vi ew of a eme {9t Tithegwtrmtv of p fofh gbmesi@dprétecon schemati ¢ view of a pen roll
geonetry; fg@mﬁs@g&mn@lmﬁgmggmxbg%g woBefen coordinate space show ng

physi cal and O%él ca axes of a pen is a schematic view of a
curved ni bMEEOHEL 4t e‘@i“qWé’fBW?fﬁda’lg’%%@rmiﬂ%uMWb%f an interaction

bet ween sampirmgsé@wmnwoandngt@@dfsrsgﬁwmymnﬂmre 67 is a table

cont ai ni ngg, nunbered 1 to Fiqure 68 i§ a table containing
equati ons n erlseadsnl%Ta'fcmévd) aﬁ'i?’mﬁrcén%@ y“g)gla?ﬁ?c tﬂﬂ“éshéIBﬁt ai ni ng equations
nunber ed Z?Egufftﬁlzfﬁﬁ,scheﬁﬂwe@0?®Sep®dang©mdé>éwmmlallomnngscmat| ons nunbered 27
to 34; NPTE&E: 3G Hichematic view of a triangular tag packing;

Figure 53 is a perspective view of an icosahedron;

Figure 54 is a perspective view of an icosahedral geodesic with frequency 3;

Figure 55is a schematic view of a minimum tag spacing;

Figure 56 is a schematic view of a minimum tag spacing which avoids overlap;

Figure 57 is a schematic view of a first tag insertion case;

Figure 58 is a schematic view of a second tag insertion case;

Figure 59 is a schematic view of a third tag insertion case;

Figure 60 is a schematic view of a fourth tag insertion case;

Figure 61 is a schematic view of a pen orientation relative to a surface;

Figure 62 is a schematic view of a pen pitch geometry;

Figure 63 is a schematic view of a pen roil geometry;

Figure 64 is a schematic view of a pen coordinate space showing physical and optical axes of a pen;
Figure 65 is a schematic view of a curved nib geometry;

Figure 66 is a schematic view of an interaction between sampling frequency and tag frequency;
Figure 67 is a table containing equations numbered 1 to 10;
Figure 68 is a table containing equations numbered 11 to 20;
Figure 69 is a table containing equations numbered 21 to 26;

Figure 70 is a table containing equations numbered 27 to 34;
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Figure 71 is a table containing equations nunbered 35 to 41; Figure 72 is
a tabl e containing equations nunbered 42 to 44; Figure 73 is a table
cont ai ni ng equations nunbered 45 to 47; Figure 74 is a table containing
equations nunbered 48 to 51; Figure 75 is a table containing equations
nunbered 52 to 54; Figure 76 is a table containing equations nunbered 55
to 57; Figure 77 is a table containing equations nunbered 58 to 59;
Figure 78 is a table containing equations nunbered 60 to 63; Figure 79 is
a tabl e containing equations nunmbered 6% to 74; Figure 80 is a table
cont ai ni ng equations nunbered 75 to 86; Figure 81 is a table containing
equations nunbered 87 to 99; Figure 82 is a table containing equations
nunbered 100 to 111; Figure 83 is a table containing equations nunbered
112 to 120Figur]ijys wbiggoniaiing equatsinenuenberedd i #lg equat i ons numbered 121 to 129:

Fi gure 85 F@ura'/:tlablasledehxﬂig@dlu@ﬂm@nlﬁ%&e@izt@'@ﬂener ate forms of equations 64
to 71; Fi oyl art of a table containing conditions and

[ st
speci al hanl |23gls?8 leioélﬁlf'mﬁl@ﬁtt‘?nﬁ?’rﬂ]bi‘é‘fﬁm’f‘oll and Figure 87 is a the
second par Figa$ 74 ihetablabyineingl equntpus @uBéred 43kd 74, LED DESCRI PTI ON OF PREFERRED
AND OTHER ENBOR MENTS onh a trade mark of Silverbrook
Resear ch yﬁLtd Aus??a%&gem%ﬁﬁlﬁ$kg}e er%%d enbodi nent, the invention is
conflguredF$%e%BkaWWﬁﬁmPH@e%@%ﬁaﬁﬁﬁﬂﬁkﬁMmiked conputer system a detail ed
overV|em1OFngwxﬁhﬁwu&&mwmgE&thi&mb&mﬁnﬁéﬁﬁlated that not every

i npl ement at.i on necessari | or even nost of the specific
details aﬁIE ex?%%%%%ﬁ%mmﬂngﬁg éﬁmﬁg?%Vﬁt%6relatlon to the basic system

However , tFieursifgs enble endismg equids numbértdssdanast conplete formto reduce the
need for exles HA 2 LA ELEAGE JRRR iihg. to understand the context in
whi ch the &ﬁe er?e enbod ?nentssgﬁﬁggggecgg of the present invention

oper at e. I}ﬁg"ﬁ?fflé? %ﬂ?ﬁ?ﬁ‘iﬂ‘?‘“gf‘i‘}@loﬁ%@ﬁé?f?dé&tq%m of the netpage system enpl oys
a CoeruterFlglmetHrlfﬂﬁlﬂecohtamhﬁl&luitﬁﬁmu&f)er@lmﬁﬂﬁj surface, that is, a physical
surface h. &ant alhs ref erences the surface maintained in a
conputerm@bélre M Th e()mmm%?g?enéggg% qug g eried by an appropriate
sensi ng d &@#“4ﬁﬁﬂén@mwgmmpmmxm$®mbw@dﬁfmd29nplenentation t he map

referenceSFlgﬁafssbseat@a&&Qﬁﬂmgyée%ffa!ag%ne%efoﬁﬁM'o?é FJ ¥ns B0 d€f i ned in such a way
that a Io%% mapped surface 3s an uhanbi guous nap

r ef er ence BEFH O %ﬁ?ﬁmﬁﬁg ﬁﬂﬁ“&ﬁ&mgﬂmﬂfW%¥@ﬁ?@ﬁ?ﬂﬁﬂ%@fWWémdUw¢BFEr system

can cont ach andhf or mati on about features on the mapped surface, and such
i nformati Of@gu?eafﬁ 1paethJ s@éo% l?ayt%flthgﬁl;li(e) g‘Hﬁgure 86.
DETAILED DESCRIPTION OF PREFERRED AND OTHER EMBODIMENTS
Note: Memjet™ is a trade mark of Silverbrook Research Pty Ltd, Australia.

In the preferred embodiment, the invention is configured to work with the netpage
networked computer system, a detailed overview of which follows. It will be appreciated that not
every implementation will necessarily embody all or even most of the specific details and extensions
discussed below in relation to the basic system. However, the system is described in its most complete
form to reduce the need for external reference when attempting to understand the context in which the
preferred embodiments and aspects of the present invention operate.

In brief summary, the preferred form of the netpage system employs a computer interface
in the form of a mapped surface, that is, a physical surface which contains references o a map of the
surface maintained in a computer system. The map references can be queried by an appropriate
sensing device. Depending upon the specific implementation, the map references may be encoded
visibly or invisibly, and defined in such a way that a local query on the mapped surface vields an
unambiguous map reference both within the map and among different maps. The computer system can

contain information about features on the mapped surface, and such information can be retrieved

NPT010-SG




7 based on map references supplied by a sensing device used with the mapped
surface. The information thus retrieved can take the formof actions which
are initiated by the conputer systemon behalf of the operator in response
to the operator's interaction with the surface features. In its preferred
form the netpage systemrelies on the production of, and human

interaction with, netpages. These are pages of text, graphics and inages
printed on ordinary paper, but which work like interactive web pages.
Information is encoded on each page usihg ink which is substantially
invisible to the unaided human eye. The ink, however, and thereby the coded
data, can be sensed by an optically imging pen and transmtted to the

net page system In the preferred form active buttons and hyperlinks on
each page Bt Wanap refeeduesd supplicd by hesnsippatevitepisedadth g mappedl orfawt Themtfrmatint he

net wor k or hidre®iga an tiRE B BER BEEGon Phich REHLWALIOy FR Yfifuter dyRef B hﬁiﬁg%‘é' ment,
text witten Q%.hand on _a netpagF is automatically recognlze§ and converted

to conput ePPTHERIEPIRSG A& ARSTTE § lers i the Pyl B ™or ms to be filled in. In
ot her enbodi nent &y itsipgpfakdifes, tecepaedsystan réieh @h PRg frodicfonabll @i iningal | Y
verified, i - e ions to,be securely authorized. As

i |lustrat e%l?i}agtwlg%’%&ﬁ%%ﬁe%r?%a%g%ﬁg)%tﬁgaagics LImReT BETed On Rrdmary P?{’F‘eﬁ‘gcti ve

f or m whi ch™eighworl dikq jnferasiye; web (pyees. Hefornstian i grchdegppshaataby usingrink Wechpis | nt ed
page, and suBRGAIK Vista th Yhe undvde@ hGRNRWNTEALY, Q&evé?%u\@ﬁ@b); tﬂ@go@ﬁﬂia@,ngnt he

net page sygtser%dehe x%]gn%ﬁ% shows a "Re uequt " form cont’ai ni ng nanme and
address fie1°ds - and" € BT EEhrensPHEsd s pasesE¥fd st s of graphic data 2
printed using vi & ¢ prefemdd, formamdvectmoiad alictyperlikpsn daghaegeasn Be diolell @k ihon of
tags 4 usi b AVLSH ks T ondin descri.ption 5, stored
on the net%gg%%ﬁtfﬂmﬁﬁoﬁ?ah%gﬁ Plt@)élgt%rhgﬂ)on%%@% ?Jfga)r%g% QRS SF¥hE et page.
In parti cOIPRfmeR. tepbwiitten Brhand e neippes isprigmatisellyirespeniend wd ponfartsth to)comifutee ac h

i nteracti vexted deBdidagd dyst@n, all@idy thin® kbeGilled R UL LOR chBodiRBsEXANREE corde® al | OW
the netpagg system.t rrectl terpret input via the netpa The

C [ . e.
submit button 6.5 for ‘9%?%%1?’ goritl %%‘@31“%8'%@“%&&%"“8’86? l«?§ﬁ°8ﬁl¥§“‘g‘6’zf%e spati al
extent of the cés fledpohdiligyregh aptitel Bpagdd dad feprstentatiseadin: fingulieh g t he
netpage pei fhidia v aRGRL Bl Asilaly, B B pitfiaGlicd 3:aS0OMLlly ik Al iofNd © and

described in nore detail below, works in-conjunction wth a page printer
601, an |%EPHEt e srhbereges iR Ty et thavice Restesthigrpcongining aavegnd nobi | e
use. The peitreissicMt dndlaasignictton. TRTRIpAicBisRS oS @aphiceladd 2 Wik dshe vRBl.Rage
printer vi -f adio Link 9. The netpag inter 601, a
preferred a%g%%égggt\%ﬁi c gl&asag ‘slﬁgl\&/)%minno ey drele H‘S@ge ’%%p[r&ﬁ(ﬁomﬂ’é’g 98U in nore
det ai | beld5¥rirtog Sapipred prothd adthage netwosls rdessdbes dicl igdigdualovengatrafitlc nees dnal | zed

newspaper SartkdBgazdeRtBbos e hROPatial&REN LSS BRE ik B HGakl 308 o al |
Unl 1 ke a persona

printed at Eiqﬂgguall} a i nteractive netpages. Unlike
conput er, PHE pHge %r"? B 18P2gs SIS 9 SOTEEIHETRR! 1Rt vip Be n9tRaee. Thsanpl e,
wal | - nountselghnia djtae entfort example,aiiea whe rrewlitte cdii@Epohdd Go NBWSpaiid ckiektSdf wONSUNMEd,
such as i rboﬁespdﬁﬁiﬁéér?pb%ié chen, near a breakfast table, or near the

0

househol d' s poI nt T eé)ar ture for the day. It also
As illustrated in Figure 2, the netpage pen 101, a preferred form of which is shown in

Figures 8 and 9 and described in more detail below, works in conjunction with a netpage printer 601,
an Internet-connected printing appliance for home, office or mobile use. The pen is wireless and
comimunicates securely with the netpage printer via a short-range radio link 9.

' The netpage printer 601, a preferred form of which is shown in Figures 11 to 13 and
described in more detail below, is able to deliver, periodically or on demand, personalized
newspapers, magazines, catalogs, brochures and other publications, all printed at high quality as
interactive netpages. Unlike a personal computer, the netpage printer is an appliance which can be, for
example, wall-mounted adjacent to an area where the morning news is first consumed, such as in a

user’s kitchen, near a breakfast table, or near the household’s point of departure for the day. It also
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NPTO10- SG 8 cones in tabl etop, desktop, portable and m ni ature versions.

Net pages printed at their point of consunption conbine the ease-of-use of
paper with the tineliness and interactivity of an interactive nmedium As
shown in Figure 2, the netpage pen 101 interacts with the coded data on a
printed netpage 1 and conmunicates, via a short-range radio link 9, the
interaction to a netpage printer. The printer 601 sends the interaction to
t he rel evant netpage page server 10 for interpretation. In appropriate

ci rcumst ances, the page server sends a torrespondi ng message to application
conput er sof t war e runni ng on a netpage application server 13. The
application server may in turn send a response which is printed on the
originating printer. The netpage systemis made considerably nore
convenlent“PﬁsPﬁ@hﬁme$%¢meﬁm@hwwﬁwmewﬁmewmbelng used in conjunction wth
hi gh- speed mi cr O@Jegsgtemm&alaﬁml%tm 065 AsEp ol EMBIne RRSGH oL K LBl er(JF‘]{f?mhet [err])

printers. ,! ! referredfformof this technol ogy, relative speed
and hi gh- qUai m?s§/ b"rte\“f‘fﬁ“i’iﬁ ITREEYE PAEIE- af f or dabl e to consumers. In its
preferred form asnetpag@icpull] ihe atthage phaamd! tii@actsphitiShealedchar act @hicdt i cs of
a tradi tional, MW RARAING, v1§ﬁ§[@rtg§1%9ra%0un dsI ﬂle%&tt %onst' & fetth '05 eé&l%ga“ on

printed in full color on bot 't og et
and conf or T S0h agHe oA goterTaiien frothe Aejerans ietpeger P%erm t1§ fpmgtegarmmgn

avai | abi | Iip)ﬁroﬁﬁatebd‘u_@uﬁﬁi;&ﬁd'ég the Yafd RBLr AES %Sﬁrres&% mes§e%£ W fﬁ,ﬁllc'at%n%grﬁﬁulte@bl eto
95% of hous e nodem service offering

ﬁ{}ol ds in the Unlte St at es, ?ﬂﬁ

br oadband T'nter nel 5L aLgrieg a ‘glﬁ?jﬁer‘éﬁ’/é |2BP1R10B SO faY b WE! sekhd net page
printer camspatssvhidpeprited on e biigimtigweinteconnect i ons, but with | onger delivery
times and | over ifBaGlolid ¥ maboGlefsy 1 BERAGS i i Y RERMS BRaBE 20 o

usi ng exi sting consunmer inkjet an ser printers, e SYst em wi I
operate o @E BifA {1 Rgnelip Y"ﬂ’c gy speed F@f?féctr@g’@ha%i?ﬁé @B@alﬁMﬁMﬁ} weaddnkigonsumer ' s

poi nt of vmuuetmnprmtehern the@id3QALH B2 oS this iddBroREY, meelﬁh@i@@edlaﬁd Rhgsdugsly on a

private infrane r_enbodi nent stem1s hosted
on a si nglée @ngrr%)m e more aéor@ﬁe P’ er S BnabI R Yey ffffeggomsﬁﬁﬁl?a esg‘ih“ﬁ'l)‘/ nPEste  Net page
publ i cati d?hy%@rﬁéﬂ@lﬂ%ﬂniwsmqamombtep@geazme,tsw@mka st o lattordize glasse pagbsprieied | ver

print - qua,hnmxeolpwalbbtﬁeiaesoaa&dtt&em&tfmwnmgagbm%ﬁdscomf’%ﬂl&%eﬁ% publ i cati ons
are delivered au]rorratl cal | subscrii b g}anetgb rintefs via
L0

poi nt casting and me?’i’%‘?&ﬂ‘?rﬁépl?lﬁt&?r%‘t‘“gﬁﬁ B qﬂbﬂﬂé &yraict yeqgs- Cable
publ i cat i oasicaiseviilable er €t aftdukimidai the dnaccd)] eﬂng cﬁlﬂ)e m&ﬂm\éhrdidabffdﬁﬁgr

profiles N PLLAL L San b go ohauned Lo support any number
pens, and%%%%‘pg%ﬁl %Leﬁ ?511%‘% Fb[ i é’?olflo lf 5t8 B?m?ﬁt%“?/aésc’o?‘?ia“i he

pr ef er r ed YifySlogrreamsgtiopmbut éfélehnwe@qbaegsemge nndia\ser aragniglite Indeelo Mt ndtpage . A

househol d sggym Jﬂlﬁ\be eﬁablé@ Iuén%Cins% Rbsues! %QQH@ﬁgepﬂﬂﬁerP%ﬂﬁmghOLﬂ@esﬂtéﬁw ed to
each nenber ows each user to maintain di stinct

o oo e ety b wlaneied o B e D Cratps Rt s Bt

server. embodiments, the netpage system is hosted on a private intranet. In still other embodiments, the

netpage system is hosted on a single computer or computer-enabled device, such as a printer.

Netpage publication servers 14 on the netpage network are configured to deliver print-
quality publications to netpage printers. Periodical publications are delivered automatically to
subscribing netpage printers via pointcasting and multicasting Internet protocols. Personalized
publications are filtered and formatted according to individual user profiles.

A netpage printer can be configured to support any number of pens, and a pen can work
with any number of netpage printers. In the preferred implementation, each netpage pen has a unique
identifier. A household may have a collection of colored netpage pens, one assigned to each member
of the family. This allows each user to maintain a distinct profile with respect to a netpage publication

“server or application server,

A netpage pen can also be registered with a netpage registration server 11 and linked to
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A net page pen can also be registered with a netpage registration server 11
and linked to NPTO O SG 9 one or nore paynent card accounts. This all ows
e-comer ce paynents to be securely authorized using the netpage pen. The
net page regi stration server conpares the signature captured by the netpage
pen with a previously registered signature, allowing it to authenticate the
user's identity to an e- commerce server. O her bionetrics can al so be used
to verify identity. A version of the netpage pen includes fingerprint
scanning, verified in a simlar way by the netpage registration server.

Al t hough a netpage printer may deliver periodicals such as the norning
newspaper w thout user intervention, it can be configured never to deliver
unsolicited junk mail. In its preferred form it only delivers periodicals
f r om subscetelvethosrraprdrbsanl areounist Thor dllpede-gouncre saymients tohiesequadypatibrized he

net page  Pisind R hethae V\ﬁaﬂ"fh%ﬁetﬁ’agé ﬁgqsm&naw@ Qfipafis {ﬁ@slguafam%ﬂéd bweﬁapdgé visible
to any junk ma E’ﬂ)#‘l er knows the telephone nunbe emal | "address. 1

NETPAGE SY&HERN AT RN ES8REh flé‘&‘fngrfbt?eﬂ“ﬂlmcact%@e 875t PRatitstodescr i bed
usi ng a Undofnimegle Moae Oithagbibeengsl ageris bbvhspd toGlers ﬁeﬂ{itﬁgr\amon b 16d @§8gePeRgr am

consi sts o t S ct.ed re a |onsh| ps, and two
lI'l 11?de§ Jmt ch%n% ve?i%e%?n s%mpa? % Ehe ne %e registration server.

ki nds of fatio | ps ar I nteres P B 4nd
general i zatl ons. ANF?“@B%E’F@P%W m@@%emoélcalwﬁwwmz nevepagerivathahi p

bet ween objs@Giit&ventionit c@%%@ﬂi@m&dﬁt@%ﬁw@ﬁm&icﬁeﬁ?ﬁﬁmaﬁ‘ ﬂﬁ%&@&%ﬁ' #n

rel ates %@ﬁc asgsl be unders%ood in the followng way: if a
class is t S §aﬁ5‘5n ?BT"” ongtherwisniberzed gpreqsfa fhistpspect the Jofepse | ass A
is a generlaintezvamm&n a ik neblagsor Bmall hkemunBwhich is visiplk Yo @y fudb fiiter @ﬁo iowslthe UM

does not 4E1E@Gﬁe|ﬁm§ey&%ﬂfmﬁadﬁ%§s0nd order nodelling - i.e. classes of classes.
Each class i's drawn as _a rectangle labelled with the name of the class. It

contains allist NETPABRBYSIEN ARGIFEEEREf t he cl ass, separated fromthe nanme by

a horizontal |ingsch aﬁjslst aodel ﬁa&heQ?st&ﬂ”h@dé@@ﬁEcﬁﬁsh@l@nﬁ%d MB&ﬁng%aﬁg%ﬁge (ERppr at ed
fromthe atltrélbute a hor ﬁont% ine. Int eclgﬁes di agrans whi ch

follow, however:™ opea?S ‘%ar%f’i‘scmgf’s@ LUEY OBt SPPRgomagrd e & F“&?‘Pso?'l‘ i drawn as
a |ine | oikndnef relapneiva s efipteoptheransiotiytiohcdné bdnerdlizafione iAh A sciaBniteprbstdts  t he

mul tipli cig¥e gha &ﬁ}gatgﬁsm%@&én%ﬁct;r he b%g%%s&nazw)ﬁciapskg Gl g%%rahéauam%latee

asterlsk(gllndlcates multiplicit Pf/) Each
associ ati GfivH<lagsy ptrar P‘i/“qd%fﬁf%qdl%ﬂle\ﬁﬁl Ping pvay: Ffaaneéass i fhguahs of ag hs getopell onal | y
| abel | ed aibjeas bh&& cles@,(?hn\l\ﬁclhdﬁ A Be gilakzatidn dflaless@&laesmaﬂﬂmsuﬁdem. TR open

di anond 'Iﬁﬁ'f agar ati.on, ass |at|o i art of ' and i s drawn
at the aggr eg8 tor en 5?1% ﬁg Coné‘soédglérfl%d? Oh 1 E S?&déé?%r al'i zati on
rel ationshi p ("i Bacltlyssisgirapmasmregiengke lénolllqddwthﬂnewpmfmemlgsstmﬂtainashﬂsf with an

arrow (in tﬁé'b@mlfnﬁkrs @Ttﬁé cIRA8 sQRERA kdch AR gdnﬁ)by FhorlbRal Wﬂdqlllkt% {/?E&g of V\hen a
class di i elass O B UR kel 1Tt 4 Bt BT AT 2NY, shich foll
dupl i cat e g class, separa st by 2 ss agramsw ch foltow,
however, operations are never modelled.
An association is drawn as a line joining two classes, optionally labelled at either end with
the multiplicity of the association. The default multiplicity is one. An asterisk (*) indicates a
multiplicity of “many”, i.e. zero or more. Each association is optionally labelled with its name, and is
also optionally labelled at either end with the role of the corresponding class. An open diamond
indicates an aggregation association (“is-part-of”), and is drawn at the aggregator end of the
association line.
A generalization relationship (“is-a”) is drawn as a solid line joining two classes, with an
arrow (in the form of an open triangle) at the generalization end.
When a class diagram is broken up into multiple diagrams, any class which is duplicated is
shown with a dashed outline in all but the main diagram which defines it. It is shown with attributes

only where it is defined.
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shown with a dashed outline in all but the main diagram which defines it.
It is shown with attributes only where it is defined. NPTO10-SG 10 7.1
NETPAGES Net pages are the foundation on which a netpage network is built.
They provide a paper- based user interface to published informtion and
interactive services. A netpage consists of a printed page (or other
surface region) invisibly tagged with references to an online description
of the page. The online page description is maintained persistently by a
net page page server. The page descriptitn describes the visible |ayout and
content of the page, including text, graphics and imges. It also

descri bes the input elenents on the page, including buttons, hyperlinks,
and input fields. A netpage allows markings made with a netpage pen on its
surface tolbe si MaTRAgFEeously captured and processed by the netpage system
Mil tipl e net pageesaBs SOAE SubdforS AR A% pAE3GH:RE Rk Tﬂég)ﬁﬁvag a pho -al I ow

i nput through otherw se identical pgges 0 be distinguls ed, en net page
i s assi gned™sq uhinkteee frayRlisheddipfermpon pnd mtprpctive Siviges | D has suffi ci ent

preci sion to di S iguieStondddi WL Prided iREY (o BHGEsulbiFefiond finviRBlyPAGES widcach
reference he, page. descripti.on is.encoded in a printed.tag. The tag
dent 11 osrieecif AR Al ERERhO AR P T SisSions & alty ibtsd By

i dent i f i esbnawstppegpesedierserr Thstrpgsriesciiition fexgribed thovisiblel byruf 4ud @entdnt o timvpmageposi ti on
on the paggeudRaeackehics pﬂdcaaéeﬁ. it B hAbeAhE G GLnRE dn iR JIBL SncflBhai |

bel ow. Tags are prjinted in infrared-absorptive ink on any substrate which
is infrare ﬁ?@f?%ﬁb%@é?d“@ﬂéﬁmﬁsﬁﬁgﬂﬁﬁﬁvaﬁﬁﬁﬁg§mﬂ@dﬁ¢ﬁh¥$@$@ﬁ“ﬂﬁ#§lengths
ar e i nvi sidoiae tobe sieltdnenn@ycapyed dtproatsed Basi hopagonsad by a solid-state

i mage sensor wt ' [.OPI. filter. A tag is sensed.by.an. ar i mage
sensor in the.nepﬁggg%gﬁﬁg“gﬁgﬁgﬁgs a%“ﬁ%??“Pg’ ?gﬁgﬁi?fg) P FWET het page
syst em vi aCtherserideaticaknageydq pratiptingyishadt eash netphgs ipasyigted a wiique pass deutifigr. This

communi catfge W tadbutidd@nt pRELIGAS BistilhiSH tRfiwedhi adverd 1803 Qlichibet SMGBagkadi 0 1 nk. Tags

are sufficiently_small and densely arranged that th pen can reliably

i mge at | east oﬁ?g?“ﬁﬁené?/t@ﬁged’ﬁgea %‘*Pﬂ@“és %F?dsimd‘ﬁmf“ﬁ‘g%ggé?ag ieentifis $epor t ant
that the pemue pageognhichet ph@rspageheteby mdictcfhoigintiiie the@ageaivetiption.Mheaaks oOn W t h
the page, 8RG8 it maoaﬁo%roﬁﬁ,le b8, Chifracihtt @h&éﬁﬁs Ia&aa,%& £ nfdhe Bl B9 ot abl y

encoded to nake them parti al erant to s ace danage. et page page
server mai ntai ns s @wirgeed Pdeferadnbemiteanl o aux sebhirsy Vithdy infreredrglestive. al | owi ng
it to mai nduei & olinty SipeNéar-S@kre@faviiSiiis 8 PRELR G HAlub@SeyE Bt ale BRI sehsk®! dS i N
t he page egg&h&%&g&agor e%gh rinIF phet page. The rel ati onshi p between
the page des&ription e iRe” page FHEEAREE™ and the printed netpage is shown
in Figure 4. TheApadescisabhyanee: inngassocin de oepagk pdn. dodthh tag dea metpaged pri nt er

whi ch pring ed néthage 3MEn via finc KBLPM hetph RS rRE! PRGEN HS8L1e DR LHEAHESEET i he

netpage printer via a short-range radio link. Tags are sufficiently small and densely arranged that the

pen can reliably image at least one tag even on a single click on the page. It is important that the pen
recognize the page ID and position on every interaction with the page, since the interaction is
stateless. Tags are error-correctably encoded to make them partially tolerant to surface damage,

The netpage page server maintains a unique page instance for each printed netpage,
allowing it to maintain a distinct set of user-supplied values for input fields in the page description for
each printed netpage.,

The relationship between the page description, the page instance, and the printed netpage
is shown in Figure 4. The page instance is associated with both the netpage printer which printed it
and, if known, the netpage user who requested it.

1.2 NETPAGE TAGS
1.2.1 Tag Data Content

In a preferred form, each tag identifies the region in which it appears, and the location of
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1.2 NETPAGE TAGS 1.2.1 Tag Data Content In a preferred form each tag
identifies the region in which it appears, and the | ocation of NPT010-SG 11
that tag within the region. Atag may al so contain flags which relate to
the region as a whole or to the tag. One or nore flag bits may, for
exanpl e, signal a tag sensing device to provide feedback indicative of a
function associated with the imediate area of the tag, w thout the sensing
device having to refer to a description of the region. A netpage pen may,
for exanple, illunmnate an "active ared" LED when in the zone of a
hyperlink. As will be nore clearly explained below, in a preferred

enbodi nent, each tag contains an easily recognized invariant structure
which aids initial detection, and which assists in mnimzing the effect
of any war patitsgdtibmdhelysgicnhd tag mef deeogrin Bags which sletasd thgregivos @ sdole dhete ags

pref er abl Yiah. iR drhfore ﬁsé bifs mé}aﬂ)? ’exﬁfﬂg; kGl 2 Lt!zfgf §e§s'm§ rﬁeluye &) J)\J1deaf@‘gibﬂﬁn56| y

arranged that the pen can rel iably i magé at |east one even on a single
click on tREFxHefa ’T“’E‘“‘P%asﬁ‘f?ﬁfﬁiif‘%hﬁhetlﬁ’é‘ﬁd‘%t%@eap‘éfﬁherfé%d‘g‘h‘?“i ctpenpayEe| D and

posi tion Olihvm@\b&éfy’r tb BUSE@RGibd Mhotkdidh. A ROpdRa @, may) BICRarbge iluifn@E ACHLERD 1S

statel ess. LB, a,Rkef, e{hggoglegﬂ%gcglment the region to which a tag refers

coincides wt frigan en e pag and the region I D encoded in the tag is
t heref ore synonydewdl lwntf)he qqu@ palgiecd tBlowf in b hefepedyambodimenh ieeh tagtchaitsag

appears. I&sx@r&%émz%moﬂiaﬁf%ﬁcﬁue @ afd@gﬁtfapde;egm\ﬁ{fyn&: Bnigh 489 15%1@1{1&111&@19 be an
arbitrary f%‘é ?%\g of a page or other surface. For e(ﬁf?% It can

coi nci de” wf warpinducsf by fhe puripes on ot e Asnsive aioggst: The thgs p b tiegieenitpe 1 egi on
| D can di reet by drdefficielityy stilbard AbR¢Elpatanye dal @aptcan INBTEQLQagSﬁ a2 b e 1. Tag
data Field S i Jag | D16 F al 120 Each tag
cont ai ns l%l?%ll tgén%{c%f‘:ﬁ& %‘ %?%% lmlfog 1 ‘ﬁ% al | ocat e pags% AR Tabl e 1.
Assumi ng ae"ﬁlwﬁtwh?ﬂt"a@ﬂtﬁe%iStﬂyefé?\‘m@wtp’erssgalwre inch, a 16- b|t tag | D

supports a regi Oﬂlasﬂré’tareaiamwam{eﬁt tha-%lénﬁ%ﬁ%tdg@&&?&nncid@srvgﬁran&ﬁlw@% can be
rrapped contl uousl %ﬁ i ncreasing the D precision si g&sg
usi ng abut ﬁﬁ “’rgéoa & hrape's t“?ﬁ&"ﬁ%’@’“ﬁ?‘t“s g’l%‘bﬁh%i’f‘g?@%flﬂ}"d’\?&ﬁ % (.1030
or a m | |®hong toppdrd. Ixxmhet ¢ntotlimems, thel irdafoe reewitichrag gyl refs cdntbe B arbifrhrg) bibleygion

identifi edof 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.
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1.2.2 Tag Data Encoding The 120 bits of tag data are redundantly encoded
using a (15, 5) Reed-Sol onon code. This vyields 360 encoded bits consisting
of 6 codewords of 15 4-bit synbols each. The (15, 5) code allows up to 5
synbol errors to be corrected per codeword, i.e. it is tolerant of a synbo
error rate of up to 33% per codeword. Each 4-bit synbol is represented in
a spatially coherent way in the tag, and the synbols of the six codewords
are interleaved spatially within the tag. This ensures that a burst error
(an error affecting nultiple spatially?adjacent bits) damages a mi ni num
nunber of synbols overall and a m ni num nunber of synbols in any one
codeword, thus maxim sing the likelihood that the burst error can be fully
corrected. 1.2.3 Physical Tag Structure The physical representation of the
tag, shownTiahle FiTgzaga 5, i ncl udes fixed target structures 15, 16, 17 and
variable d ] IBFEgaﬁgfﬁﬁgd“target structures allow a sensing device
such as th net pagel pen to éet ctl the tag and infer its three-dinensional
orlentatloﬁeW@1%&|ve1@b t he sensorl. The data areas contain representations

of the i ndiryd@ual & of the encqded tag data. To achi eve proper tag
reproducti i at a resolution of 256x256 dots. Wen
printed at f@bo dots/"per inch thig yields a tag with a dianeter of about 4

mm At thigotiesol utijpzp the tag 13 designed to be surrounded by a "quiet
area" of rlagtus—16—dets—Si-rece—the quiet area is also contributed by

adj acent tags, it only adds 16 dots to the effective dianeter of the tag.
The tag i ncl udes Egdhxtag asngpéls 18¢ bisC blinfesmatian, dgticalty bloatdd zﬁgshéh&, inaMubRRri.ent at i on
axis targe

dotect i on 10 a T o chS BG AEREhITsBu b Ml SRS 1o 4
The ring i &2 agsry ipdeydagert re%@@mée imepred cw@m@vshowahquymprmmgmmag dxd

because a ﬁhd’@ﬂn&u@ﬂyﬁye@ihg Qjﬂmﬁé reg{b& aaéﬁ%t THeabd-Bit refiSATRY ARwAP S~ @F of he
effects ofmﬁ ctlve tion axis 16 allows the

L lg on rleng _
sensi ng deV|ce ] IT% “%ﬁ%‘%%ﬁ?%&? 8‘%Ianar orientation of the tag
due to the1?am10ﬂégﬁem§@m9¢ng The orientation axis is skewed to yield a
.uni que orientatigg 1289 offagﬁmpggémmy&céd@m&gﬁ(1%75)%4(1%\640&19 £o0dS T 9

device to infer an accurate two-di nmensional perspective transt orm of

tag and heYiees 35f enogded bisspusisting b & cofeWRHIT dhébit pyebels fash ThthS & padntlient o n of

the tag rekpab i5antoDerdtohao Sefsedted pAl doddwdtddBd. it S bluGht UF £§mBblIRrbaabBtaNns | y | arge
to inproveybt %}&)enqﬁnlty to noise. The overall tag shape is circular. This
supports, anon er things, optimal tag packing on an irregular

tri angul ar grld Epch 4cbi wivibabis fepmasewid in asirdallyicoheshiaray dehbeged, dnthersymiglshB, thi s
mekes a  ChE Gl bRkwREs ANARARNG BltiaflAh il 8 Wishinfeds A8 1 B8t QRLI (@ Blrror TO

maxi mse its size, each data bit i's
ecting multiple spatially adjacent bits) damages a minimum number of symbols overall and a

minimum number of symbols in any one codeword, thus maximising the likelihood that the burst error
can be fully corrected.
1.2.3 Physical Tag Structure

The physical representation of the tag, shown in Figure 5, includes fixed target structures
15, 16, 17 and variable data arcas 18. The fixed target structures allow a sensing device such as the
netpage pen to detect the tag and infer its three-dimensional orientation relative to the sensor. The
data areas contain representations of the individual bits of the encoded tag data.

To achieve proper tag reproduction, the tag is rendered at a resolution of 256x256 dots.
‘When printed at 1600 dots per inch this vields a tag with a diameter of about 4 mm. At this resolution
the tag is designed to be surrounded by a “quiet area” of radius 16 dots. Since the quiet area is also
contributed by adjacent tags, it only adds 16 dots to the effective diameter of the tag.

The tag includes six target structures: a detection ring 15; an orientation axis target 16; and

four perspective targets 17.
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represented by a radial wedge 510 in the formof an area bounded by two
radial lines 512, a radially inner are 514 and a radially outer arc 516.
Each wedge 510 has a m ni mum di nension of 8 dots at 1600 dpi and is
designed so that its base (i.e. its inner are 514), is at |least equal to
this mninmum dinmension. The radial height of the wedge 510 is al ways equal
to the m ni mum di mension. Each 4-bit data synbol is represented by an
array 518 of 2x2 wedges 510, as best shown in Figure 48. The 15 4-bit data
symbol s of each of the six codewords ar¥ allocated to the four concentric
synbol rings 18a to 18d, shown in Figure 5, in interleaved fashion as shown
in Figures 49 to 51. Synbols of first to sixth codewords 520-525 are

all ocated alternately in circular progression around the tag. The
interleaving is désdqgmed ring aliawritesetshe devce tagialgpirtettahe teﬁd;tlaﬂc@ et ween
any two saag}a@ldéte&fbecta&@ it SEIR A Nt ax‘ldrbe&rlgedrsuﬁp% &HRH&L& its %Aé,Qog L@ cl 1 ck”

interaction Wth a tagged region via a sensing device nsing device
must be abT®BoY%} mgﬁé’fé&e Eiffécéﬁs? RSFReClYRt difiastiona fhe rieptptign pri ¢ alisws Fleeapsing mat t er
wher e in tdice foalictineGlie a@bromab platiak efdn@lidnQIT tHettagl die RQEd falv@N@E senddnernk equi r ed
di aneter of. field of view.,of the s ce is. ther re.a
function of %‘tﬁémsm% 5 kel \(,:Yldn L ?rﬁmatfonngﬂe % ﬁqeﬁtb’e éar%fsrliﬁﬁ B B ag
shape, t hesendingidavien fdllléwtl eqccw@fe Whémglemfé rperﬁneeivei trggfsforni efithd g amibtemiened when

the tags agcturkd th]f‘egdiﬁx@nsﬁnﬁg&hioﬁgxﬁroﬁéntatuﬁﬂ @%Wg%laﬂgé fothe s@Srshown in Figure 6.
1.2.4 Tag I mage Processing and Decoding The ta%g' mage processing and

decodi ng perfornﬁ‘&taﬁ%?t%f“%ﬁé"ferfaduﬂ‘&%ydgg%t&%r‘é’g RETREDHAREE pen is shown in

Figure 7. V\hl | e a‘he{:@zﬂhm,lt’agﬁlmpeﬁﬁ@&ulhﬁThﬂuﬂ@rtﬁ@ﬂbﬂgﬁt@ﬂieﬁtﬁ@ﬁ) ofp{%ﬁ‘al kABGRIngENSOr ,
the dyna riﬁ'n&?ar%an%: m%ombmaget\%{th Q%dcu$a1a%et2g ent r, of the
range ist len chosen & e binary tthr eshol“d % i mge
i s then thEgHoiraessmem @ é@gh@nv@w aties eptimple e cdxipisx éb SlFﬂegM;rﬂata U4HET010- SG

14 (i.e. si@Rescdd3)a chdd wed slﬁb@@e&mw@ma%@d&m t@mhlhl 1&& sﬁ@rarrm@pt tag
t ar get structurgi ar.e d@cartde The si zes%nd centroid each shape is
al so compufBG° BlhEAy ayally gutrFHetf stes wees &H@%aﬁ]ﬁﬁﬁm‘gﬂe"f‘a‘f °f284‘3°t3f36r each
shape, andléﬂmelsemprscdvmgied fohat ith bse §i.ef msrmlﬁuhseqa)em‘atl Iyastl eq@Atd thig ofirfidget
St I UCt UT eSyimiRBY, ra&mgaTt GPELS, A% Bt Q1 o ABRHE S oNALSA0s 4 8]
position, and can be easi made | nvari ant o al e, aspect at1 o and
rotation. drﬁémhowgmpfa?egfeibwmwﬁ&&@%%wwsesﬁhfé aﬂ‘rlreﬁtghowe;ﬂb@ud"@cat ed (at 26).
‘A ring has the aquealrauaﬂqa@Eymba@bﬂ}gch\éeﬁlys&\%héwoba% BRYEHRMNE Bhe four concentiie
per spective-di st orted. ]agya chl n roceeds ect-normali zin

e

_ b

r ot at i on- ISPARIAS; g 8‘?%115‘ rensoﬁbﬂfegea¥fﬁfés op pshewn B fdevess g%?" Honent s
ar e nor nmal Syméds difestrtd sigh cddswad20-525 areeﬂbganaﬂ 2leneneBrin tifculbh@ogiRdi@peaihd Ve

di stortiory, significant. The ring's original aspect and rotation 27

toget her provide a useful approximation of the perspective transform
The interleaving is designed to maximise the average spatial distance between any two

symbols of the same codeword.

In order to support “single-click™ interaction with a tapged region via a sensing device, the
sensing device must be able to see at least one eatire tag in its field of view no matter where in the
region or at what orientation it is positioned. The required diameter of the field of view of the sensing
device is therefore a function of the size and spacing of the tags.

Assuming a circular tag shape, the minimum diameter of the sensor field of view is
obtained when the tags are tiled on a equilateral triangular grid, as shown in Figure 6.

1.24 Tag Image Processing and Decoding

The tag image processing and decoding performed by a sensing device such as the netpage
pen is shown in Figure 7. While a captured image is being acquired from the image sensor, the
dynamic range of the image is determined (at 20). The center of the range is then chosen as the binary

threshold for the image 21. The image is then thresholded and segmented into connected pixel regions
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The axis target structure 16 is the next to be located (at 28). Matching
proceeds by applying the ring's normalizations to each shape's nonents,

and rotation nornmalizing the resulting nonments. Once its second-order
nonents are nornmalized the axis target is easily recognized. Note that one
third order noment is required to di sanbiguate the two possible
orientations of the axis. The shape is deliberately skewed to one side to
make this possible. Note also that it is only possible to
rotation-normalize the axis target afte it has had the ring's
normal i zati ons applied, since the perspective distortion can hide the axis
target's axis. The axis target's original rotation provides a useful
approxi mation of the tag's rotation due to pen yaw 29. The four perspective
t arget st raetshapes?3] Gt 33)eShaee whigls tre to sipall logeradsend tag strgeB@hcturGonedigsidedat es  of

their posi{1.Q8:mdt&u6 RSP RIRAABudtd1ei 1 known spatial relationships to
the ring and axis targets, the aspect and rotation of the ring, and the

rotation of the H¥p¥ Sh%?@?ﬁnﬁﬁs i %%%@“twa‘e?ﬂbfowaﬁgshfﬁﬁeﬁmd fhpss grogide the
nor mal i zat basinfor mseqmﬂy 168§ ArGet BEUTRLRE. @ent@’lﬁ@etntbﬁieﬁts SE6PNEr RReShvaARRENt S are

nor mal i zed e ectl ets are.e to recogni ze, and the
target cl oostlgehof‘ 0" eac ecaml?’ ag‘{)m‘@n o%flsfl o%p ecaauot“?(’é%%%s a match. The

ori gi nal centr oi dke iz tarépe stfugiume 1@e6rthq)f’e@tt¢ beelotagerd o £6. Arieg bda g athaltage of 0 be t he

per spect i Vigidived, Weli @6hate Wﬂ@{ 1§ers§éct1%tdls@or§(g %Ecﬂmggrogéa&m} %:'e@t%or'rdah}l@gmé pace,
and an ei ght -degree-of - freedom perspective transform is inferred (at

32) based BRICFPTHH  RE RPET NIRRT SPGAY Ssepdrdenmiments arederlized e ring ur
t ag- space iagdy tormgmpmef tp@pelmqaecﬂad digﬁomo'ﬁhﬁs bigfifeadt €lhe tiags GR@GEset and

| mge- s PaCK RS Po%&ﬁ eT Fr w&e a%séhl%rpnrpxl atlgns o e a;%ct{% \Aﬁansfmg-r?t 36) each known

data bit position~in he real -val ued
position is usedT]Ee()aXISbtiﬂqgﬁtrﬁé'BﬂﬂFﬁyl‘i Fﬁt@‘? p‘m alt@ foentod I@) 28). Mdatdhipa rpracedde bant

adj acent  pipXighs thk Rind’H BorinfRbtiond BBEA shapb'e mPGY. HdShiNion GORIME dnd AR
threshold 21 |sdys§d to threshold the result to produce_the fi nal %It val ue

37, Once AMTRBRRIS BT S IRS S SRR S 408 A FFY {efpuizdalitic of t he
si X 60- bi tthRemsdhirdSodconmnencis cquind dslisasbigerageto fatibl38jknhidnydfeledxiz Thelecoded

bits 39, %apl:gsode l?e? éﬁ?&e tt§ oﬂegldg % I%Lke ﬂ%pﬁo %IME %Is§%at1§1sto tpostmlgﬁl codewor d

symbol s are sanp I'n co eword order, so t ewor ds ar Ci tly de-
interl eavéﬂm%ﬂﬂr“imf‘?@l“teh@e Ldimrachgfispripbsshed trnaners ﬁgm%hﬁ?’ﬂg@t applpd; §m@n¢1§/ sought
in a subar;eapdaﬁvetctm)rﬁdi’f&gemMﬁé exid ﬁnlgatslaﬂilashieram& QurdeEorigMRIdS i@ YRR £€s t hat
the ring, |f oud ete tag. If a conplete tag is not

found and “EeR% a“f“f yf%ﬁéaéédmﬂmfchﬁgﬁgpeﬁéavb h position is recorded for the
current frane. thﬁefmnadaxquat ergetpirotesd’l ag tpdwer balkditad de a0)l Good enipmatesri ni mal

field of vaf%%g&%ons%& bk xﬁaﬁl&é&@@mm TARIMES 1o BE &Jgaﬂcgaxﬂ@a?ge er tag in

the current |mag t ai ned data i ndi cates the entity of the
regi on corf&he ‘ﬁ‘dt"ﬁ@“’? a@th%ﬁ@ ﬂ’ﬁ‘éhe BRI B 25t Marding argesistiopplriteethy egi on.
An accur atringp @&inhliAatndd cah skabes Rafeni dihce et REonA-BFPEQRmeRS ardRdrnalREd the

circular perspective targets are easy to recognize, and the target closest to each estimated position is
taken as a match. The original centroids of the four perspective targets are then taken to be the
perspective-distorted corners 31 of a square of known size in tag space, and an eight-degree-of-
freedom perspective transform 33 is inferred (at 32) based on solving the well-understood equations
relating the four tag-space and image-space point pairs.

The inferred tag-space to image-space perspective transform is used to project (at 36) each
known data bit position in tag space into image space where the real-valued position is used to
bilinearly interpolate (at 36) the four relevant adjacent pixels in the input image. The previously
computed image threshold 21 is used to threshold the result to produce the final bit value 37.

Once all 360 data bits 37 have been obtained in this way, each of the six 60-bit Reed-
Solomon codewords is decoded (at 38) to yield 20 decoded bits 39, or 120 decoded bits in total. Note
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the overall orientation 35 of the pen, is then inferred (at 34) fromthe
perspective transform 33 observed on the tag and the known spati al

rel ati onshi p between the pen's physical axis and the pen's optical axis.
1.2.5 Tag Map Decoding a tag results in a region ID, a tag ID, and a
tag-rel ative pen transform Before the tag ID and the tag-rel ative pen

| ocation can be translated into an absolute location within the tagged
region, the location of the tag within the region nmust be known. This is
given by a tag map, a function which ndps each tag IDin a tagged region
to a corresponding |location. The tag map class diagramis shown in Figure
22, as part of the netpage printer class diagram A tag map reflects the
schenme used to tile the surface region with tags, and this can vary

accor di ng thyg teuskiereel syyabels andvempletiih tebdeiverd toadyg ed tiregidonsdssinamglidifhedes ame
tiling schﬁggea%qug@%egmgﬁr@gssnunber| ng schenme, they can also share the
same tag map. The tag maP or a region nust be retrievable via the region
| D. Thus, given aerré’é""’{ﬂ’? 1905 ony sopehif™ p By RARPTde FBAge thousmisirirmhip P HiE a8y map can
be retri EV@ﬂr,antEeb%at a@ ring) it flind) @& ﬁali'taﬂSﬂ ke ity aa&n@iaaaiglm Qot @@ m@cat Ihon
within the re , heta relati ogati on to the
tag | ocati %‘ﬁceghﬁy dew g a%é’ BB (ggegt i:mbﬁlevm % Yeggﬁq%%ate 1.2.6
Taggi ng Schiesssse 'Pmerchm@tldeﬁlyta swnﬁlamel ﬁqhﬂpﬁlgﬂs d?ﬁermsltweveoih'atem mrédet, both

of which usggm;gtggoﬂgegggﬁttgeg&;gd{ﬁagedescrl bed earlier in th| s section. The
preferred coding_schene uses "|ocation-indicating" tags as already

di scussed. An al t&F PRiined deecdit djeates thendentiyed thspie@en ccI11 dhs g adhgs. A

| ocat i on- i pediti@adfitRGagtvalinCiRTtgidn An Scciritg pdsiBombt Ffihe pédﬂﬂﬂ it theadgb bsagbiitar ough
the tag oci t he .t [ Lds a uni t

| ocat | On”\%ﬂt{ ﬁ@é?]aﬁ (121 lﬁ;tlggfiwo% Hlffﬁ)en, is %aglélgzrr (Fg Qﬁﬁl oca erspecftlv% %%ﬁs added
to this tagpsirdar theﬁig%l tbq mpin el tebe@@hlmwtwﬁn ﬂlheenb@hyswmltam mdtﬂtrvanen egi on.
This in tepkikui® used to determne the |ocation of the pen relative to a
user int er,L ? lr ”ﬁ in the page NPT010-S G 16 description associ ated
with the r % fOY"Bnly is the user interface element itself identified,
but a | ocati on Pedodihg v eg tedults xea tesien 10, ratt@rlf)azme a@dgaemmivt pdnSrahsiemt Bdisred.
Locati on- Iiﬂéjlag%la&gth«g ?a%%el&ﬂb@ée%flggaﬁa‘ontc% gé @énsl){ted g%pagoaiago{uieq cagoa thinne of an
absol ute pen path in ticu errent An
obj ect - i ndPasat Tegier. thadpogionpihnige al%@e waowmilsebp @P%E@nggrv@ewwﬁare@ a user

interface m@ieadh ddds &ahl@ta@ﬁg& AEHEd fefibd BN c@ﬁe%ﬁﬁﬂlﬁé RehiW. trhe by @@L on. Al
user . _interface nt identify the user

the tags ip the 29 t21

i nt erface €PFETERt W‘H&%gﬁrﬁ f AR QT P R PR Es 5Pt er ef or e

i ndi sti ngui shabl stag(ﬂmjpedtests thel babentdl usgyl t &g Shedhorfanotegion high @fsome thisaappayt t he
capture Ofa(:@opdu?gbé erﬂgeetyﬂ%eﬂ'hengﬁ}ltﬁﬂe Jéégcy reggus HOWRY g ﬁ%ﬂ%&%ﬁl& e Gapture of

a relative pen path | ong as the position sanp
tag numbering scheme they can also share the same tag map.

The tag map for a region must be retrievable via the region 1D, Thus, given a region ID, a
tag 1D and a pen transform, the tag map can be retrieved, the tag ID can be translated into an absolute
tag location within the region, and the tag-relative pen location can be added to the tag location to
yield an absolute pen location within the region.

1.2.6 Tagging Schemes ,

Two distinct surface coding schemes are of interest, both of which use the {ag structure
described earlier in this section. The preferred coding scheme uses “location-indicating” tags as
already discussed. An alternative coding scheme uses object-indicating tags.

A location-indicating tag contains a tag IID which, when translated through the tag map
associated with the tagged region, yields a unique tag location within the region, The tag-relative
location of the pen is added to this tag location to yield the location of the pen within the region. This

in turn is used to determine the location of the pen relative to a user interface element in the page
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frequency exceeds twi ce the encountered tag frequency, the displacenent
fromone sanpled pen position to the next wthin a stroke can be

unanbi guously determi ned. Assune' a sanpling wavel ength of [err]s and a tag
wavel ength of 2T, with a relationship as defined in EQ 38. For two

adj acent position sanples Pl and Plerr], one of EQ 39 and EQ 40 wi Il hol d.
Assum ng both equations hold | eads to the relationship defined in EQ 41.
Since EQ 41 contradicts EQ 38, the assunption that both EQ 39 and EQ 40
hol d nmust be incorrect, and the choice'is therefore unanbi guous, as
stated. The illustration in Figure 60 shows four tags 500 and a

one-di nensi onal stroke of six sanple positions 582 which satisfy EQ 38.
Possi bl e aliases 584 of the sanple positions are also shown. From

i nspect i ondesdriptidnivesoditst withce fogiomNonenlsiapluger psfatel etament dsdifigentified] but 8 Xs,
then the di,shigeRivets st AR aelmﬁf fdaﬁﬁﬁ% FOCL&L i catﬂg 7@.%5 mérﬁsre@gasﬁi sanpl e

position exceeds Xs. t he tag wavel engt err nm as tussed in
earlier, tﬂé??r‘tt‘r?éalg‘ﬁﬁﬁlaP?'}ﬁOIWéﬂeé‘lpé‘h&t‘W zongs0f prppgticu svre@%fafew&ﬁleg. 35 mm If the

t enpor al sanpl |h ngnfdbgqmghgl th 1QHhirkizy a§ lnnaqﬁulr&éctrggaenm@w@&eimemg?wi 8 ng
recognition, the ess tha 5, s to_satisfy E

S Wit h ohema e e BB ok Wil B Ao B e cBhBs oT BR ik«
associ at edinigifag slemen| @wefxt e oRr tmefarﬁeblpaﬁge reeding Slem plhtdentizalt and ghepdf@rent s i n
that a Useﬁdﬁﬁé\néhgﬁke b@ﬁ&t—]ﬂ&lcta&hgt%@ db rnbtnthglgfoféa%porpﬁé %tu?enofaaﬂ RELR C? }i%}n e

sensing device in order for tag data to be read by the sensing device and

for an apiifiophey p-doperen snast @%Gab%fedéﬁ’é"l"a‘f"‘é’dﬂ path- tsﬁ@n%@tﬂﬁfa@énwg%m 1.3
DOCUNVENT M@aﬁéﬁﬁc@&ﬁ@lﬂieﬁﬂ'& ENSInrep taf i, artioghapat ffh acdogaeh and
page descr ] ass..diagram is shown in, Figures 25 and 26. In the
net page sy%otgté“r)ﬁot?a oeé{ﬁrre Slggke %nsbgr“fl%lecfm"flyfiﬁ?né% “evel s. At the nost
abstract |evel thumelocunvbng wB86nsthod Aaadiagrgawa ity of 4+ with b usleiowhip e

term nal eaeﬁﬁeara;@?%90%@3@&%3@5&%&@?&9namﬁa@b Eﬁtﬁz £%0n gaEh as text

obj ects, text st 9\}Jects |mal]gg1 e docunent is
printed on a pri ﬁf‘sé‘i“m Fiheayatigasrhp éﬁ&@sd?thﬁ)@&éo%hllz@ﬁmﬂd’%&br ding to a

particul ar user' smsecxaiﬂd‘oﬁtﬁaﬁi%]ﬂdﬂ@@é&m&ﬁuﬁdk?b&r@ésﬁﬁﬂmgmthbl@nﬂawﬁem i's
pagi nat ed andg) V\nsef tted., . Formatted termnal elenments 835 will in
S0

sone cases be § hpisy crte BRSO B s which are different from
t hose associ at edTini filpstretoeiin Figere16f elepo fiahr tngs §09ranil n dhe-dneniomd strokpaf ¢ix cul arl y

where the s‘iﬁﬂg %%tlogsbﬁg%ﬁchaoﬁt%fysﬁ% |3§ l{ogsllb%t ﬁlgses E@épgf tQJ %a.FxLl@qyosn’iog§ Lr@gﬁg of a

docunent and page is al so described separately, to allow’input captured
t hrough a shyyar Frogyinsasetiona i dbhej ditepesriom @8 B‘mpb PRion &ty Bt %aeﬁ‘a'r e dibtgncé r om

i nput  capt #tnerkainpIE fdibn PiHIGEas b RRGES I ositid¥RSBAE Page description.

If the tag wavelength Aris 4.7 mun, as discussed in earlier, then the sampling wavelength
As must be less than 2.35 mm. If the temporal sampling frequency is 100 Hz as required for accurate
handwriting recognition, then the pen speed must be less than 235 mmys to satisfy EQ 38.

With either tagging scheme, the tags function in cooperation with associated visual
elements on the netpage as user interactive elements in that a user can interact with the printed page
using an appropriate sensing device in order for tag data to be read by the sensing device and for an
appropriate response to be generated in the netpage system.

1.3 DOCUMENT AND PAGE DESCRIPTIONS

A preferred embodiment of a document and page description class diagram is shown in
Figures 25 and 26. _

In the netpage system a document is described at three levels. At the most abstract level
the document 836 has a hierarchical structure whose terminal elements 839 are associated with
content objects 840 such as text objects, text style objects, image objects, etc. Once the document is

printed on a printer with a particular page size and according to a particular user’s scale factor
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The presence of the nost abstract docunent description on the page server

allows a user to request a copy of a docunent w thout being forced to

accept the source docunent's specific format. The user nay be requesting a

copy through a printer with a different page size, for exanple.

Conversely, the presence of the formatted document description on the page

server allows the page server to efficiently interpret user actions on a

particular printed page. A formatted docunent 834 consists of a set of

formatted page descriptions 5, each of !"hich consists of a set of

formatted term nal elenments 835. Each formatted el ement has a spati al

extent or zone 58 on the page. This defines the active area of i nput

el enents such as hyperlinks and input fields. A docunment instance 831

cor r espondgettronce, theaivmmmichtechagiogtdrmedbthdBide fodniatt@lONehstdtemfinabelGehts 8F5 wipage

| nstances 30 GaCh: Aloolill Gl SALLEHEANIRALE ArPAORIRSS LRIAAT R ual Ne

formatted docunent page I nst'ance escribes a si ng e un| que

printed netopagending tegppige! plementscrarticHar s the Pt abjects pre stylpreslapd isch phintsd g e

i nstance i Jst4d0d ofPA8dcuBdnt aldomg@mnb dbddided RGRralelly, totauaﬁmrp@csc%ﬂ{n%d altnﬁgfyt of a |
set of termna

page requested in .iso ein nce consi sts of
M A e AN R S N R R
i nst ance- sqbe&amépazedantlmtl on. Thus, a hyperlink instance exists for a

hyperlink el em@ﬁeﬁggﬁy% thostsB aqécuaer&ae@&@a&tom L0 Rl Rl SPECT T €

to the page instance i nstance exlsts fof a
because i t™fEEaCeRy of A peprmepeittions keing dorech éo 5ergithe W&f‘f@é‘mﬂﬂhspeql@rf@mﬂt

i nst ance dDﬁ&lsﬂQﬁayeBél lsz;uesuhgaww thrdugl a Shidbd witteh AARRLSpBLGEE, a& ddid | ows. A
t erm nal eJ:enm;nE%”%l fal t| ctt gl enent 843. a t%{)erl I nk Egl nt 844, a
field el enBnt 84 rfseléceﬁag 58 Mo E A R PE et PBA T R HBUWEF n Fi gur e
27. A st atdererad effidemtly Brbdreat sar dgeonaonaatapticdar@h@mw 847 with an associ ated

style object 8544 fanﬁa@eatJoLMn@éﬁmxm%é% swotflporaghe@af?gg%s@ap%qm ssteych%@' t ext
obj ect 855, an inage el enent th an associated 1 mage el enent 856, a

gr aphi ¢ el‘ﬁqﬁ’ﬁ‘nﬁom‘%ﬁ avﬁF‘t‘ﬁf%fﬁ‘a“aegé%’@P%}teéeﬂmﬂ? Spnitechdpmatted clmont has 350 cl i p

el ement  85cktew dr bona 38 as he pigal ik defiidete 6dtiviarcaOljirpiteloBdiBs sulas Ai@RAksGnd P

el ement 852 wtf an associated audio clip object 859, or a script element
853 with a assom ated script object 860, as shown in Figure 28. A page

i nstance has a bé@kg’m@ﬂmﬁtaﬂqeéﬁ]dcog%or\@hif)@ﬁormsﬂed§@dm@tt9834ehmnéista¢fySetlogl tal ink

-NPT010- 5G ;Ja§e 2aRLIe6l QR of BRIk aSRsphks 62 %@gesﬂ%oﬂppﬂ e FofnaBeSRBGEEI C 1 nput
el enent . the efe%redformo the invention, a tag map 811 is

associ at e A% ogC 0 JeorRet sipglegniareriged pRpagely @ stothibe mey® Pofbe
t r ansl at ecdneipageoA paye abtinen & noirpatt htr joagent idstadce T MNEHRAGR N T W ghddted
preferred gahgdiment, a netpage network consists of a distributed set of
net page page

A page instance consists of a set of terminal element instances 832. An element instance

only exists if it records instance-specific information. Thus, a hyperlink instance exists for a hyperlink
element because it records a transaction ID 55 which is specific to the page instance, and a field
instance exists for a field element because it records input specific to the page instance. An element
instance does not exist, however, for static elements such as textflows.

A terminal element can be a static element 843, a hyperlink element 844, a field element
845 or a page server command element 846, as shown in Figure 27. A static element 843 can be a
style element 847 with an associated style object 854, a textflow element 848 with an associated
styled text object 855, an image element 849 with an associated image element 856, a graphic element
850 with an associated graphic object 857, a video clip element 851 with an associated video clip
object 858, an audio clip element 852 with an associated andio clip object 859, or a script element
853 with an associated script object 860, as shown in Figure 28.

A page instance has a background field 833 which is used to record any digital ink
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servers 10, netpage registration servers 11, netpage |ID servers 12, netpage
application servers 13, netpage publication servers 14, and net page
printers 601 connected via a network 19 such as the Internet, as shown in
Figure 3. The netpage registration server I 1 is a server which records
rel ati onshi ps between users, pens, printers, applications and
publications, and thereby authorizes various network activities. It

aut henti cates users and acts as a signing proxy on behalf of authenticated
users in application transactions. It ¥ so provides handwiting
recognition services. As described above, a netpage page server 10

mai nt ai ns persi stent informati on about page descriptions and page

i nstances. The netpage network includes any nunber of page servers, each
handl i ng acaptufed et thofagpelge: dosssibapdes.a sBkificapaclage server al so mai ntains
user input val ues, o34 rm%gﬁewei&&nmgm@élmta&oa&ae%mﬂ%acnséggﬁ%cpr' nters
send netpage i nput ai rect he appropri ate page server e page
server |nt@l%‘?“é‘f‘@OaPF?P@EE?WeFﬁEB‘Fdm?"é‘?“é.‘toiﬂwﬂfe(?%ehe description of the
correspondi.ng pages NérPAGE Mag@rk D server 12 allocates docunent I1Ds 51 on
demand, and provides anci n e ser its ID allocation
schene. A net pagti, fl?‘ﬂg ggréemt hE gﬁngtp?vﬁggorﬁstgf ﬁ%ﬁf]’l"&'ﬂ‘?ﬁhﬁé@%"‘)ﬁg{’a@ﬁ] (DNS) ,
or siml arservem 18 efstphgﬂeeglsﬁatmtspeﬁgsel pagmed [ ShveisriRonetphge applicwn kerekdilpss of
the net pa%@gﬁgﬁbmoﬁew&@mﬂ'awgetgagleeprﬁl&ﬁsrmQ gat Gyia £ABFork W6 LRARGEme A

net page application server IS a server whic osts I nteractive netpage
applicati ?me‘A@SS]i‘PéPﬁih%@m‘p%bl ication server 14 is an application server

whi ch publishes mri @ﬁg@ regmuﬁmra&sert1olsrh&erpagmch @ercbrast @raﬁonsﬂﬂa%ytwaamsﬂ@scrl bed
in detail in Sectlo on a arlety

tpage. server
network sefVer Prat 11“"“‘mf ? orﬁ%lcaltlo Cf%‘i‘?% a“g“’% ) a§‘°‘fSE¥’N’)IW°ﬁeV\P%?e€ I15ac kar d,
and Sun. Mylﬂlmtp*té lﬁe‘s pagectss@welglsng:anxyr enbabgh eluputtentichied upn ia applingioe host ,

and a si NOkBsashy 8 a6 Froviss Ighwmé);e&@tl&vs%&lc@s A BRGoe PfboOR hiSipago g OF al
of the functiognality provided net page servers, and in partl cul"ar the

funct i onal {8%F Yrents demiient h%‘”!“ﬁ“mé‘éc}“ RAES IERGIIPEQRS 238 BwANcRSy Lhe @gipnza| so be
provi ded dnemﬂhhgxudbmanmﬁimpﬁ@egeaapdm ek andiing B sxaasetaf;ﬁ@t;ﬁa&g&s Spicé NpRE, 1N a

conput er stat on.a..loca networ NETPAGE PRI NTER The
net page p\r/\]gr‘{?' eaﬁ %é%%pdm Har mgut Vfd}mgncreea‘:h *h |a§mef (éllﬁ?t% u&r BT nli‘t?{seseﬁ‘gt page
system andlempgpompuod%m@ e ﬂm@nwepmgervmﬁhmem servgh ingbepmainahy sk ippud

subscri pt|@Qtiveﬁa@&de%bﬁ&%fm@@§e@0ﬂd&gg&@ printer 1D 62, and is connected to
t he net page network via a netméﬁqsuch as the |l nternet |deallé via a

br oadband connettiGRE° Rp%'f‘fer 11 BPRerEre PP Rt M s fimepd; sadproyvifgdogdn
non- vol at i Yalndieervbpage setvas viadt Pnadiecapon soiee.

A netpage printer uses the Internet Distributed Name System (DNS), or similar, to resolve
a netpage page ID 50 into the network address of the netpage page server handling the corresponding
page instance.

A netpage application server 13 is a server which hosts interactive netpage applications. A
netpage publication server 14 is an application server which publishes netpage documents to netpage
printers. They are described in detail in Section 2.

Netpage servers can be hosted on a variety of network server platforms from
manufacturers such as IBM, Hewlett-Packard, and Sun, Multiple netpage servers can run concurrently
on a single host, and a single server can be distributed over a number of hosts. Some or all of the
functionality provided by netpage servers, and in particular the functionality provided by the ID
server and the page server, can also be I;rovided directly in a netpage appliance such as a netpage
printer, in a computer workstation, or on a local network.

1.5 THE NETPAGE PRINTER

The netpage printer 601 is an appliance which is registered with the netpage system and
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contains no persistent storage. As far as a user is concerned, "the network
is the conmputer”. Netpages function interactively across space and tine
with the help of the distributed netpage page servers 10, independently of
particul ar netpage printers. The netpage printer receives subscribed

net page docunents from netpage publication servers 14. Each docunent is
distributed in two parts: the page |ayouts, and the actual text and inmage
obj ects which popul ate the pages. Because of personalization, page |ayouts
are typically specific to a particul art?subscriber and so are pointcast to
the subscriber's printer via the appropriate page server. Text and inage
obj ects, on the other hand, are typically shared with other subscribers,
and so are nulticast to all subscribers' printers and the appropriate page
servers. Timatsmetpagecupuit dnokinkdrnd eir wrcripiphi Picz péiter he asegneminat 11062, of
document  cQRtERnekdH B mRRHI: GESR vﬂrlqlemdllkts{léﬁa‘é b mmednlet, Sleally S \% BfbA36hnl NE

poi ntcast of a docunent's page |ayouts, the printer knows ch

mul ti cast sS°M§€fti%8ny  to |isten to. Once the printer has received the

conpl et e page | ay@zut ﬁozﬁﬁ&nmiajaﬁmesm&ttmgseﬁidaﬁ-v&m méﬂ&ﬂﬂlﬂd’lﬁetﬂagb %}Q(tep:ji nted,
it can print rinter raster r|nts and even
pages. | il PAREGSROBOBE h° B R pran€ e SeRE ulinrkic: Wiafixeq
print engi fu&cucﬂomcxa@ﬂvtﬂe Agosy é‘r@cmél tipe witkt thelrip crfels distribitedzictpggeiviegy) setre ;|

print headsmggégld;ngg,ogﬁgh,&lépggr%%ﬁmm];he printing process consists of two
decoupl ed stages; rasterization of 1%Eg’descrl ptions and expansi on and
¥

printing of page P BUREEe PYE TFOREPS SN actpee dRUBEHS frimn PyIPASE RERIERtEN of one
or nore sicabtdad. daddIBméR Ts distibiied G twmpqaamlph@hayoﬁhendiu@camﬁt@ﬂhlﬁuge engi ne
controller ust om. processor d print
page i magegnjl n %@% OP?M te e p%%?maﬁr oni Z8d onaﬁ%aﬁhﬂ’ R&° 6 %?Sa 9 maﬁ P wtﬁq

print headspaﬁwultu‘rﬁebsmhen@deﬂgp ReinfcastPp Mﬁ@s@bw@tpnetm @@anb@pndt@asfr ferved ng have

the opti onrdPadlidille obRES oh! e Behed Rn@RRAY Al Shatlh @ﬁllfothér@lfbscrﬁlar% haweat hi s
restricts t"ﬂgs t 0 ot her wi se e%qareas of the age Al t hough such pages

have nore o SPRITTOET SREFY HERCRIEE BIEF P8 pages, they are still

cl assed as net panSnetp@\gmmbmhommagﬁumes e esegn@htativh Sof iBtupag eSnta imheet s of
paper. Mor gcl.al n r N special i sed
Cor aces, SR Rl AR i SP BBl Bl ol SRR 0T PVE
and suppor*F@WFa‘t’Ithéla‘éqcaS@nléWéghﬁt‘qnltq ng scheme, and hence tag nap, for each

surface type. Thencet B piiR 1Bsldectihil Gt @Bl RES1alB d@0bikdd hRTIcBANBEE
actual ly used ttot F |n% a docunﬁ%# becones N PT010- SG 20 associ ated with
that docunSP8d° PHAF PR HIRUAEIE S ags can be correctly interpreted.
Figure 2 shows t fk: matepageizprand s clasbevel pmgesamultamedusie ot bavgsides of the
printer-r eihgett elg clmniu(j-)sr E[Bkkeqnprmmgn}eaéogt?o%elp Y168 ahf glluﬁtelixﬁﬁés %hz?:?gr M%]Egetl“l on the

net page net
printheads 350 for this purpose.

The printing process consists of two decoupled stages: rasterization of page descriptions,
and expansion and printing of page images. The raster image processor (RIP) consists of one or more
standard DSPs 757 running in parallel. The duplexed print engine controllers consist of custom
processors which expand, dither and print page images in real time, synchronized with the operation of
the printheads in the print engines.

Printers not enabled for IR printing have the option to print tags using IR-absorptive black
ink, although this restricts tags to otherwise empty areas of the page. Although such pages have more
limnited functionality than IR-printed pages, they are still classed as netpages.

A normal netpage printer prints netpages on sheets of paper. More specialised netpage
printers may print onto more specialised surfaces, such as globes. Each printer supports at least one
surface type, and supports at least one tag tiling scheme, and hence tag map, for each surface type. The

tag map 811 which describes the tag tiling scheme actually used to print a document becomes
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A preferred enbodi nent of the netpage printer is described in greater
detail in Section 6 below, with reference to Figures 11 to 16. 1.5.1
Menjet[err] Printheads The netpage system can operate using printers made
with a wide range of digital printing technologies, including thernal

i nkj et, piezoelectric inkjet, |aser electrophotographic, and others.
However, for w de consuner acceptance, it is desirable that a netpage
printer have the following characteristics: photographic quality col or
printing + high quality text printing 2high reliability |ow printer cost
| ow i nk cost |ow paper cost sinple operation nearly silent printing

hi gh printing speed simnultaneous double sided printing conpact form
factor | ow power consunption No comrercially avail able printing technol ogy
has al | of astohietsdwitihbat detuednt Sithache dobone@riethds eantbe c@reatjiunérproad.of printers with
t hese characteri , 1.C h i nt
e o acr et | Pt Sztsg&ggh%{ﬁagyﬁrm@% st %ﬁw#{f{rﬁ%kﬁ%eﬁ Gt

dr op- on- de‘ﬁﬁﬁﬂmdlbhkfeé‘ﬁ“af‘@’éﬁﬂﬁllé@?th??F&Iagqf’lﬁi‘é"ﬁlfkporat es pagewi dth printheads
fabricated usi ngA%&é&@Eﬁ&ﬁﬁ&Hﬁﬁhﬁ&htﬁ@E prisfidfSd @EBibdINEMBR et RGN B 0@Y 6 Fi gure

17 shows in e r| n nt 300 of a MenmetTM printhead. The
net page wa F e?cﬁiol:n%bersifgg 168960 printing el ements 300 to forma

1600 dpi bagevm MemjedBrinthgadsnt er. This printer simultaneously prints
cyan, nmagenta,
Lo oy s i et Wik LRSS Pt ASpBRRRI 11

condltloner and i nk

m crons | ofgniseiesinglpdigehamyj ipfdet, pi ‘FZP‘?W%‘C‘ jet.t Ik é‘ecﬁPEhﬁPEfPlé“"eP‘@nﬁﬁss are
formed on Roviidr ©ORiE WhBinieR h@epdle, A esirdbEOh ArRbaS pEMESikhOgt Collotliat a
transfer, C;hl m rlljgﬁcsand drive circuits (not shown). NPT010-SG 21 Mj or

el enent s it printing element 300 are the nozzle 302, the nozzle rim
303, the <mozzl erhohgmiberqu@®olot pratifid ui di ¢ seal 305, the ink channel rim

306, the lever afm R84 lbsuRgti ve

. high reliability

. low printer cost

. low ink cost

. low paper cost

. simple operation

. nearly silent printing

. high printing speed

. simultaneous double sided printing
. compact form factor

. low power consumption

No commercially availabie printing technology has all of these characteristics.

To enable to production of printers with these characteristics, the present applicant has
invented a new print technology, referred to as Memjet™ technology. Memjet™ is a drop-on-demand
inkjet technology that incorporates pagewidth printheads fabricated using microelectromechanical
systems (MEMS) technology. Figure 17 shows a single printing element 300 of a Memjet™
printhead. The netpage wallprinter incorporates 168960 printing elements 300 to form a 1600 dpi
pagewidth duplex printer. This printer simultaneously prints cyan, magenta, vellow, black, and
infrared inks as well as paper conditioner and ink fixative.

The printing element 300 is approximately 110 microns long by 32 microns wide. Arrays
of these printing elements are formed on a silicon substrate 301 that incorporates CMOS logic, data

transfer, timing, and drive circuits (not shown).
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actuat or beam pair 308, the passive actuator beam pair 309, the active
actuator anchor 310, the passive actuator anchor 311, and the ink inlet
312. The active actuator beam pair 308 is nmechanically joined to the

passi ve actuator beampair 309 at the join 319. Both beans pairs are
anchored at their respective anchor points 310 and 311. The conbination of
el ements 308, 309, 310, 311, and 319 forma cantilevered el ectrothernal
bend actuator 320. Figure 18 shows a small part of an array of printing

el ements 300, including a cross sectioH 315 of a printing el enent 300. The
cross section 315 is shown without ink, to clearly show the ink inlet 312
t hat passes through the silicon wafer 301. Figures 19(a), 19(b) and 19(c)
show t he operating cycle of a Menjet[err] printing el enent 300. Figure
19(a) shows the dlajcesieents qfdsiptintag et RED dre ke memle SO SheIibGrlein 803, the
printing aﬁhz&lé‘ Bhamgér%ﬁl Ghe ﬂdld?é%ehﬁsog %é‘hﬂ?% ﬁ(nh@s NRZ flde a&gg@b . aflYe SUr face

tension at the meni scus ui di ¢ seal orned between
t he nozzl eacélﬁta‘f’rhf‘éin 230 20% e EaPFe"elaﬁtRat‘éfI"P&ﬁhéF“ P9t etive \Apibate agshoh3ionde t he
printhead £ aghdid: Wichdrs1 G hdiliie ixubias 12lat a from the print engine controller
to the correct prjinting ele tche data and buffers the data to
drive the el ectr(t)r%e%uve%‘itgatoé W@“é IFW%G aé]é"’f‘ ?%?dt%%‘ﬁ?ﬁs%‘glafmﬁ%gemfﬁ?s causes
an el ect ri ¥Alat thajrmné K. Botb bgnars gaits e anrldred 4 heibmamestivp aichor B@iBs $10rmndiiduthe one

m cr 0seconghyph@RH o iefifhedi3080 985 s 1L AH ]| NP4 3@“?0&%%51@%}4& %1e&&%ﬁé£{%§§enﬁesu' ting
from Joul e heating causes the beam pair 308 to expand e passive
actuat or b¥EAPPRPr 309 is not heated, it does not expand, resulting in a
stress di fference;,;beﬂmwtamlanw bemaior§nnuI@ieismeﬁsrmesmchdiui‘gfaecrr&lace i's
partially reso ca vere f th t her mal bend

et uat or 0o g e b S aonp B oS oA s oo R B e B
transmts mhmbtﬁéﬂeMPsthrelngESIh@zmr@hanber 304. The nozzle chanber 304
noves about two PFighkOid%) 100h AR DR kbl AR ogé}awg ol &Iamt&%ﬁ%g elbRb
increases the ink pressure, forcing ink 321 out of the nozz 302, and
causi ng t % nk meni scus 316 to bul ge. The nozzle rim 303 prevents the ink
meni scus 316 fromg&pna{a)d;im@ﬂ&cqnegentbdsmmﬁumﬁeaﬁiem@ismhes privoBdpHing Bpiaber 304.
foor e !t eTRERANNE & rflinch DR A BRkbS o7 QB ANGhs30R ERAALLASS 118 BB LRE AL OF

320 returns to'Its orlge of t he
i nk dr opl eflvidicispal$pfaimen “WWkthBMﬂPFhaﬁﬂP@3W%lhemkemwben306as shown in Figure

19(c). The nozzl m@@ﬁhag the prfifebd bﬁfd)sbamﬁl@ﬁd@ﬁtmaruaefﬁ&mm%tf fct ension

at the meniscus 316. ure 20 sh a s a printhead 3 In a
et page pr IR © PR GoeR R Soh  s R G B R airor O° BHEeg | w d h
of the papH8of thyputlecadctuytorzbbﬁ\nmmsnTmMuseh anetiricih cibidt.to fdsethsegmetearshown 1 S

pair 308 for about one microsecond, resulting in Joule heating. The temperature increase resulting

from Joule heating causes the beam pair 308 to expand. As the passive actuator beam pair 309 is not
heated, it does not expand, resulting in a stress difference between the two beam pairs. This stress
difference is partially resolved by the cantilevered end of the electrothermal bend actuator 320
bending towards the substrate 301. The lever arm 307 transmits this movement to the nozzle chamber
304, The nozzle chamber 304 moves about two microns to the position shown in Figure 19(b). This
increases the ink pressure, forcing ink 321 out of the nozzle 302, and causing the ink meniscus 316 to
bulge. The nozzle rim 303 prevents the ink meniscus 316 from spreading across the surface of the
nozzle chamber 304.

As the temperature of the beam pairs 308 and 309 equalizes, the actuator 320 returns to its
original position. This aids in the break-off of the ink droplet 317 from the ink 321 in the nozzle
chamber, as shown in Figure 19(c). The nozzle chamber is refilled by the action of the surface tension
at the meniscus 316.

Figure 20 shows a segment of a printhead 350. In a netpage printer, the length of the
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0.4 mmlong (about 0.2% of a conplete printhead). Wen printing, the paper
is nmoved past the fixed printhead in the direction 352. The printhead has
6 rows of interdigitated printing elements 300, printing the six colors or
types of ink supplied by the ink inlets 312. To protect the fragile surface
of the printhead during operation, a nozzle guard wafer 330 is attached to
the printhead substrate 301. For each nozzle 302 there is a correspondi ng
nozzl e guard hole 331 through which the ink droplets are fired. To prevent
the nozzl e guard holes 331 from beconi#g bl ocked by paper fibers or other
debris, filtered air is punped through the air inlets 332 and out of the
nozzl e guard holes during printing. To prevent ink 321 fromdrying, the
nozzle guard is sealed while the printer is idle. 1.6 The Netpage Pen The
acti ve senminthgaddetie b wikh dfkhe papet (pagdly2yGhmnin its dtrgcp@uﬁal |Tte gpanshd@iis whi ch,
using its 0. ?%qgr%‘?%o&%%/ & la'c&ﬁplgtégﬁmﬂll:a%) %‘Q’Jer?pﬁngngc ﬁ:ﬁg 8 ﬁ%dg Ftﬂéjﬁmli A

position tags froma page via an |rracg sensor. I mage sensor Is a

sol i d- st at%"nﬂ’éz\‘ijl ’ééhep‘?’l’@?ﬂoﬂéaz viihe Rrindeadh s oo a&@telfdrgrt%f@rprwgpwmnﬁ 3%%nsi ng

at only n%%rmgﬁéﬂ@@rs\wwseﬂgﬁdﬂﬁphe&@tﬁ%ﬂﬂ@ﬂb{b@ﬂ in nore det ai | bel ow, thg
systemis able tq sens contact with ce, an
the pen is able p‘%? g‘éffﬂég “rgafe‘gr&éeﬁf‘?tﬁeéﬁkg g?pﬁ’ia%ont%noz% tu’h{?ﬁéf

handwri t i ngtaghed ®. theprin2@@! sdipirate 801G Feradedr nozated3 02 QlgpreHz a@orreﬁmsdméozzld pidr mat i on
captured bige $91€nf wbl:ﬁched}&{n)é%c%ﬁtsa:ﬂgﬁ%% r’ﬁ)' Ifr@vglltythé LAAS Fhad fillest B1 i Printer

(or base statlon printer or base ninterpreting the data with

respect t oPFeRng ‘?f %’E’}’Pi‘i’é@@e@t"?%ﬁfd‘?"és f*Fﬁ?—fl ﬁgrlﬁlfugwdetbro'&#ﬂsairﬁé%ﬁ33%rndt he

net page pesut opRE adzeis ghed hold Suingpoinia] ToREVhiigk 320 kKropeRyingd e nasleaua® - mar ki ng
styl us. Ths%alngawhll ng mﬁé?m&le however, is not necessary for using the netpage
system as br'o B such as when it is used as an Internet

interface. 1Each ﬁb@]ﬂa@eg@w is registered with the netpage system and has

a uni que pen | D Gl ackididhstho 43iRROWR ntihge RREA 1&@9 GRS, wiftihAghind
reflecting pen-related informtion malntalned a registration server 11

on the net PFGeed fafrollst k34 WARIA RepRE A higsede dR iP?F“’c?B mgfa%?m HPIEH V4 A dPe8age, the
pen det er ndemses Thd ﬁaamsnstm iOMsotithetate évice ploitiédomithrak hyfptdpii@e fil@r toh;empta;gemg The nib

|5 attacheg 4 A LOLGR ARIRH. AS0L 0P ALCSANCuR LIS, abDLELRL St o

relative to Thdi ca own". This
allows a Whﬂlé%eaﬁétlﬁvecoela@n@htﬂle@wchhéncb@geemba%feto serisd @etn swlw wiedPng with

the pen niQpude muzﬁindﬁﬁdwhﬂngr (EHYEHD dpx%ag%eater LAl 106 PR L Qer) fxﬂiﬂlﬁmﬁl@%mﬁﬁ Iy
Fur t her nor t he forc |s C Sﬁyure as a conti nuous value to

ay,
the full dYnBE ‘&%“"8?"3 r Yo (8 PPt bai%séa“ﬁ’@n B BN 3@% t he
position asnaﬂnommteemlmth@dmtaoﬁthlrdslsacmthe(knownm@agﬂammge by imaging, in the

infrared spectrum,. a8k . . ViGiBlLy. of | b It
decodes the nearghstﬁga%dgﬁg&%%ﬁggﬂﬁ %th%gg& dpBrated ounds Gl Bl mfHind A€}

and as a non-marking stylus. The marking aspect, however, is not necessary for using the netpage
system as a browsing system, such as when it is used as an Internet interface. Each netpage pen is
registered with the netpage system and has a unique pen ID 61. Figure 23 shows the netpage pen class
diagram, reflecting pen-related information maintained by a registration server 11 on the netpage
network.

When either nib is in contact with a netpage, the pen determines its position and
orientation relative to the page. The nib is attached to a force sensor, and the force on the nib is
interpreted relative to a threshold to indicate whether the pen is “up™ or “down”. This allows a
interactive element on the page to be ‘clicked’ by pressing with the pen nib, in order to request, say,
information from a network. Furthermore, the force is captured as a continuous value to allow, say,
the full dynamics of a signature to be verified.

The pen determines the position and orientation of its nib on the netpage by imaging, in

the infrared spectrum, an area 193 of the page in the vicinity of the nib. It decodes the nearest tag and
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conputes the position of the nib relative to the tag fromthe observed
perspective distortion on the imged tag and the known geonetry of the pen
optics. Although the position resolution of the tag may be |ow, because
the tag density on the page is inversely proportional to the tag size, the
adjusted position resolution is quite high, exceeding the m ni num
resolution required for accurate handwiting recognition. Pen actions
relative to a netpage are captured as a series of strokes. A stroke

consi sts of a sequence of time-stanped®pen positions on the page,

initiated by a pen-down event and conpleted by the subsequent pen-up
event. A stroke is also tagged with the page I D 50 of the netpage whenever
the page |ID changes, which, under normal circunstances, is at the
comencenenmpoés they@sigénr gide. nithgklivene the g dropahe $hagved poseetantistegbest hon 826
associ at edy iy bolike ma&hmeeget&%@myfeﬁ opt Athcfﬁ%ﬁ fL msﬁa%oﬁ,n& R LE mpper al i ons
etc. The selection is tinesta | ow the systemto discar after
a defined &€ilp® jserieche taarﬁ@memnrwag%@|H€6{S?lbﬁr°h°é%oe?l ty ehg tag SrZé»gtheoﬁlJWFd a page

i nstance. gdobitiGBSIuGdnSs Qfite hilh) €xcbas the QfBAim fiditibadeqiibkfobict @M Enadpiidg ed

t hrough t he gmg relative to the background area of the page. It is
|nterprete3 i Ah application-specific manner once it is submtted to an
appl i cation via Hengeleetelate to hyraed drndeptand paactios of strblas i yyeke domstsat zur rent

ni b 824. Ts@ﬁu%nc'e of &Igbes by ﬂe@-ﬁ&smeﬁ):;tohftﬂe%%) mﬁu&taﬁayg%gh dom bREE Y &)‘hﬁ[&fzd l) the

case of the default n en descr bove, either the narkln bl ack
ink nib or ‘H‘}Bse%ﬁ-pﬁ"a‘i‘%" A Sér?lSFI‘iPés"r‘ﬁgEed Vgth(‘:':ﬁrp?géll’i[? 30 gt thepetpren whnesT tIhl%ls a
current nlﬂhgcsm)}bh&g&Z\ancthhﬁtﬁ' nbrﬁlaﬁch&ni@ﬂajbzessisyﬂtﬁbdoﬁﬁléncaﬁdiﬁﬁ'ltiﬁtstﬁﬁe with the pen
by an applicatio esponse to.the user. ctl oIor froma
pal ette. The def Bach ietge it E“"Sﬁe"“f‘%’l e fos sty ‘at“"'g‘é’@“ocu Aoulle {8 15 (9,6
current nifsrorgxqoppkand P@&p’t’@w@eﬁ otch Flesisefbetion lpémesairﬂeedttag@efdhe sititanhto disearditir r ent

nib styl e iWeRakdd@ms béRl Che MrRnSHRIGERbdsY réofR LPE bHEE Astared) @008 of
reproduced in the le with which the%%{are tag%ed Whenever the pen

ni

is within PEAGESHT dé?“f;‘r"i’l‘r‘?\é@?e CRBMEY] TRPHER e PR e B peydarca pie paen sl owl y

fl ashes i tisis'imomprétakin aﬂ.ﬁﬂ.tcat\ﬁhep’ectﬁhﬂlalpﬁfbnﬁea'tlbslbmﬂtedi‘emd@h(atus:tvﬁmwtl&d ative to

t he page, %,Eerlmm }Ogrl |y activates |ts "error" LED. When the pen succeeds
n

i n decodi a stroke relative to the ge, it monmentarily activates its
"ok" LED. A sequE#begengps wafqamba%sif@w@snibéastrvéﬁféefibb@ew@tca e itei-tinthe | nk.

Digital i rﬂﬁsefo@mgaeﬁdmetp@s b& deQfibedbhtRe, Aitigh thana@ie RaMGsk Y or HeaWh-RAGRiIn@Nd
handwritin ecoa?sﬁl tion of ha onlin

ting.
Verit cat s i P tieh B AR RS o P e T PRARRISSRPRR a1 nk
to the netphgl pen byrnepplivition, &g Shosonse arigaseradicong al colokfroniyelette. Ahrsiefatlt ed
digital inl, ke 8 MPLAD asdRbaeR Wil ﬂa@¥ur?eﬂﬂu§ %ﬁ&i{ﬁé bR S RBE K Bl £EGp b LT

efficient transm ssion, but is always on a gqyn up event to ensure
timely hantifthpuspt pihatvls rWPPé‘F S“%%ﬁﬁe %@%@W TPREOQY el ¢ PRI ingthgyr i nt er
it buff er siklit@d wid whichhey &e tapde@r nal nmenmory, whi ch NPT010- SG

Whenever the pen is within range of a printer with which it can communicate, the pen
slowly flashes its “online” LED. When the pen fails to decode a stroke relative to the page, it
momentarily activates its “error” LED. When the pen succeeds in decoding a stroke relative to the
page, it momentarily activates its “ok™ LED.

A sequence of captured strokes is referred to as digital ink, Digital ink forms the basis for
the digital exchange of drawings and handwriting, for online recognition of handwriting, and for
online verification of signatures.

The pen is wireless and transmits digital ink to the netpage printer via a short-range radio
link. The transmitted digital ink is encrypted for privacy and security and packetized for efficient
transmission, but is always flushed on a pen-up event to ensure timely handling in the printer.

‘When the pen is out-of-range of a printer it buffers digital ink in internal memory, which
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24 has a capacity of over ten m nutes of continuous handwiting. Wen the
pen is once again within range of a printer, it transfers any buffered
digital ink. A pen can be registered with any nunber of printers, but
because all state data resides in netpages both on paper and on the
network, it is largely immterial which printer a pen is communicating
with at any particular tinme. A preferred enbodi nent of the pen is described
in greater detail in Section 6 below, with reference to Figures 8 to 10.
1.7 NETPAGE | NTERACTI ON The net page pri¥ter 601 receives data relating to a
stroke fromthe pen 101 when the pen is wused to interact with a netpage 1.
The coded data 3 of the tags 4 is read by the pen when it is used to
execute a novenent, such as a stroke. The data allows the identity of the
parti cul arhapagepacitychf o&s s@oniattad cbf contidwesCiahdrgitied. ¥emthe tpen bendeipes witied and an
i ndicatio apﬁ@ f the pen relative to the page to
be obt ai ngréﬁge i@%ﬁl%&ﬁéﬁg F%Efds?ér{a%élgsm tted to the printer, where it
resol ves, via tAQCIDNS be foaielsd yih 1 ngpben pf RoRierssiuf brkasd asiterdaia rsidesdpr k

addr ess of nephgs rbealp@gpapaagﬁ Gty QBrwdR, itWRilGRLMRaikeAbINShidth Bkl REpONdi Ng
page i nstance 83 t hen tr nsmts the stroke to the page server. |If the
page was re@glﬁ’flfvn%‘ﬁ WPW "&h earlier stroke, then the printer may

al ready have t heAgtdred smbodinettivéthe pdngydestribpidiy ercg@riuealf iniSpetibd §bdarclvéh  Each

net page CoRRlsl% Miuwd sePf¥Pact page |ayout maintained persistently by a
net page pa e server (see below). The page | ayout refers to objects such as

i mages, ht s aNE™PAFRWERRAGTION oxt | typical |y stored el sewhere on the

net page net\f/}\m K. TWI@@aéeBﬁnt&%gBre&&Eé/ﬁfarﬂﬁﬁ@iﬁ\é@ﬁoléhﬁm&{%b&klﬁl &ﬁeametg&gs pen, it
retrieves t escription to e stro and det er ni nes
whi ch el engh m%? paanﬁg’ggies@}ec ‘Fd\é\hta estf“”tsolisereai 114 grgg et Eﬁltm“fedt% t hen

able to i mxsmprzemo‘tehlent,stuph)ksea istrpke. h@ed@mtaéms ¢ ideiity piyhe paﬁclrlaheageealn@vant

el ement . Aassoahte@iﬁmetﬁm amﬁénhgls@démﬁ,g& ahd'& bl SEARE Be @ndvetpbﬁ%nﬂ LG, t he pen
down position and su seeguent pen up position are both Iess t han sone

smal | maxi WaRE ke Ei’ﬁf @é‘f“ okipired nl e dndigpting G%H ’éHmEE»‘méd to dhejppintery erd'a‘F%‘)Veﬁ’ equi res
a click tovibée BOB] Mabazel ID an6f BE QokdindGhe/netvadrll MAGERIof &k hafPe pagesgroned. The

failure %hl(% HE G m%‘ elchirr]ésl?o g%%ag‘es m? ances éﬁpl!?}fwn trqnsmlk the st?okﬁ%%ll st ee SeII'VGl'

i ndi cat ed romthe pen Rere are two
ki nds of |Iﬁ@epagehﬂewwm§/ ideptifiedrieapragier q@algetha@b%mnm memalreahiyp@p Itieidsesand f or m

fields. |nge IEIWM%& s@rvef.r% m &bl ]gaclgﬁéﬁ)agé c.%%lstsrdf d g&ﬁpa&t@@ge%ﬁt‘ﬁ?&tﬂt&%d of an
associ at ed ehyg t[¥d’|[ nk. I—%fﬁ? t‘Fﬂf’ % é%r’ I’LI nk is a m rrea s of gendl ng a
nessage t "B yé‘“ﬁ‘BﬁFPEgSts? Py F B4 YOI P SOIE B BT esponse
i n the netfpagadpist efimxt Aypleylfyatobdd lkevérbre netht ncd4d redletst | f i es t he application
71 which handl es W%QJ t!hé/ Ea"gé &R/elq%cekpsethe stroke from the pen, it retrieves the page description to
which the stroke applies, and determines which element of the page description the stroke intersects.
It is then able to interpret the stroke in the context of the type of the relevant element.
A “click” is a stroke where the distance and time between the pen down position and the
subsequent pen up position are both less than some small maximum. An object which is activated by a
click typically requires a click to be activated, and accordingly, a longer stroke is ignored. The failure
of a pen action, such as a “sloppy” click, to register is indicated by the lack of response from the pen’s
“ok™ LED.
There are two kinds of input elements in a netpage page description: hyperlinks and form
fields. Input through a form field can also trigger the activation of an associated hyperlink.
1.71 Hyperlinks
A hyperlink is a means of sending a message to a remote application, and typically elicits a
printed response in the netpage system. ‘

A hyperlink element 844 identifies the application 71 which handles activation of the
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NPT010- SG 25 hyperlink, a link 1D 54 which identifies the hyperlink to the
application, an "alias required" flag which asks the systemto include the
user's application alias ID 65 in the hyperlink activation, and a
description which is used when the hyperlink is recorded as a favorite or
appears in the user's history. The hyperlink elenment class diagramis
shown in Figure 29. Wen a hyperlink is activated, the page server sends a
request to an application sonmewhere on the network. The application is
identified by an application ID 64, and’the application IDis resolved in
the normal way via the DNS. There are three types of hyperlinks: general
hyperlinks 863, form hyperlinks 865, and sel ection hyperlinks 864, as
shown in Figure 30. A general hyperlink can inplenent a request for a

| i nked dochypelik, a lok Irdd/wig¢hrigsnjfies ihe) lnabrliek tp the rpticwioe art “Blisa rega@red’eflag whichk or m
hyper|ink bl treh§ &Rl 83RRAY1 PSicfiBh Mids Aot d36in ARPLLGAT Qlvandy, S/ £CLI ON

hyperlink submts the current selection to the application. If the current
sel ecti on LePiAnich sgpedghen higprerikduecoipd ps@yfpvoritp @rapée%’éﬁﬁ%“ser sthfeory.
applicati omewﬂmeaemdat@asﬂlmhﬂsm\gemﬂwmnt gi vi ng the word's neani ng

wi thin the conte>\<~th| b ’t | ﬁ or atrgl atlpnlnto tlJdlfferent
| anguage. Each hyperl i Nk yp 15 aiCS ¢ ar%é’fl S DRI BY 2 AREE (h DS c"? Sh is
submi tt ed sowewtve oasinkiarki Un aplitrdortie idew@ipblycio ragnhlcgmplem ¢4ninditwsprdinatien 862
records a ﬁi PRI tnQRe dofhaPway Wi tﬁJbI@@'Thé?@are BREGhds bfnybQiidid GeRADRLLARE aNCE on

whi ch the perlink instance appears he transaction _ID can identify

user - speci %%cfoaﬂaltyaef{n&s ??‘fea“&ﬁﬁ}F‘it‘E“allyPﬁWks oSy aseshopmn Bisure 3¢ Kogsperl dyredink » of
pendi ng pudat hitRBntraigadseioneithkediipcrneftsr @@ inplg sigppd prefatico aavaetptd of the
user. The system.in des the pen's,current ection .8 i sel ection
hyper | i nk a%?". Syl e °°ﬁ%sé’°“£“§ TS herRe a“"“t%g"‘l“"é%"r‘\‘thg’e h“‘%?“b‘i“hse‘g“'a%“s‘%"g. at ed
form i nst aﬁ%@los%hq afn'plspaﬁﬁoerlﬁﬂlhytp@ntlsvipﬁma@pww finghy, wordghi¢ch olUigpt fhrfexaniple,

hyper i nk @@gpiidalon B8k 2 dBkit8a ea&&l&enbgwﬁg 88 trord@thdnih Wikin &é BERxtie | ast
form subm ssion is i nclainged The % m i ncl ugg‘s an effective rggurn pat h
in all hyp¥PfhiPPee: PAaTTSHEn R WE‘ P PHREEF- 618 (P88 OP%™ S BH5 &Y enent
838 whi ch dviasinannaa@ss)mbmitteﬁtohypmlbawd( as shown in Figure 31. Wen input
occurs through a i r t I 4

associated with ?ﬁezdn%% dﬁlg églinlkv%fa{el egég ldes aﬂﬁinﬁgg]?o%nﬁé%n e used to
associ at e WgHEre }hﬁRage B’étﬁ}&\f/P‘b‘f’hl‘WlﬂEeHWBPflfﬂi‘mS‘aﬂcs ﬁﬁ’ﬁafsagh%‘faé%‘é?@k sen ideptifg an al so
be used, uraercapdaifu ra&& toQfk apblichtioh 16 exBhiMM tshapfihd ert” oRfehdidglicBas@fmathtalrod M
hyper | i nk,b OVI e1 conti E%‘ lgs i nput to an applicati on It can therefore
be used to aé’uﬁ aS’fl%apgma%qna?E 3L B %t er acti on model, i.e. where input is
captured and t heflef systen ghilgdee thegsn’s oprnigslectipd 825cig tarsslectuln mpﬂlhﬂmcmﬁtm form

defines a "PhQ'a;st?eﬁltlthJheQﬁm £o%le§tto?§m o QP Mcaf e ﬂs‘éan&l:%%‘é'&aofoﬁ@%éﬁlﬁ( AridaféAl ed set
of inputs rougﬁhmdrl nted netpage. A formallows a user to submt one or

nore par anaétflcéllg]% la]bbqs Ft& a'?tllrnali,.fie * attribute set, only input since the last form submission
is included. The system includes an effective return path in alt hyperlink activations.

A hyperlinked group 866 is a group element 838 which has an associated hyperlink, as
shown in Figure 31. When input occurs through any field element in the group, the hyperlink 844
associated with the group is activated. A hyperlinked group can be used to associate hyperlink
behavior with a field such as a checkbox. It can also be used, in conjunction with the “submit delta™
attribute of a form hyperlink, to provide continuous input to an application. It can therefore be used to
support a “blackboard” interaction model, 1.e. where input is captured and therefore shared as soon as
it occurs,
1.7.2 Forms

A form defines a collection of related input fields used to capture a related set of inputs
through a printed netpage. A form allows a user to submit one or more parameters to an application

software program running on a server.
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software programrunning on a server. NPTO O SG 26 A form 867 is a group
el enrent 838 in the docunent hierarchy. It ultinmately contains a set of
termnal field elements 839. A forminstance 868 represents a printed
instance of a form It consists of a set of field instances 870 which
correspond to the field elenents 845 of the form Each field instance has
an associ ated val ue 871, whose type depends on the type of the
corresponding field elenent. Each field value records input through a
particular printed forminstance, i.e. #hrough one or nore printed

net pages. The formclass diagramis shown in Figure 32. Each forminstance
has a status 872 which indicates whether the formis active, frozen,
submtted, void or expired. Aformis active when first printed. A form
beconmes frozen ondem 87 isx gr@bglamdu 834 it OF fachesonBscisUb nitimtted canteaene of its

subm ssi on f@%ﬁﬁ&'ﬁ%ﬂ‘é%m&%%?%eﬁ Or ngla% rebbils gggnéedbd}lgnchﬁ%llnl BRodd@S ILS

"subm t de(l)ta attribute se nmes v e user |nvokes a

voi d  f or mef arselseftfickd dnsipnesp Smrrmhcfatr@pqnéﬁmﬂlaéglé elemenvettd of ke fomnkaek ftld es when

wel ti {rﬁ tl?.ﬁmﬁ@ﬁ@ah@éioé?&éﬂmalu@-@’hi Vvﬁoste)éﬁ@@q:i‘éxllcfs he éﬁeoclhmo‘f RRBE&dshdndide hélil et [ ITE
ile the form e, forminput is allowed.

whi ch is ndtge ?"Eg %%Q{?eﬁ%“f’%‘éﬂ‘p‘ﬁ g %Bar‘fcf’nla‘[%w%%‘ﬁﬁf‘?)‘ﬁﬁdefﬂ?‘%‘i%g °‘§'§3 of t he
rel evant p-acgepnntadsetaagexeThe\ﬂrmmlassfd&gﬁamnmdavm imBiturwd.or frozen, form subm ssion
i's allowed. Any %%Jh%%t' difeeSHAD t%m?snfv%!icm G Jibfhed B Fhch § DRE, %%&Lve or
frozen is rejecte |nstea elicit ormstatus report. Each form

i nst ance |%‘b131§%d®(‘f‘i’léf”éﬂ‘1’{“51t Adoym ifpgtNe HFF}‘ fir% PHiftedn &t famclesons frpvwmﬁ fofn i t

thus provigeda fami/lﬁbfzcﬁile@ albmtﬁa ricY oneldTiits s@hﬂsﬁmygéduﬂ(bhus béda@ctlvabd Sllesy €r s ion

of a form rt| eexc rom.a sear G Al |
Croat o el BR e R B P B RS, 4 ki PR Su AR DL BT RoRE LG

ti mest arrpeﬁrns resg{@m ogrilmllga@ magemamf Avibrcdapicee whenghegtingfthegforgretias bfen st yI ed
strokes 873vFachstd QK]?S &Q&t?éd%ife’im@fwﬁlestﬁ‘et foldf i is aEtvaWQ all&lta %t i ons

876, each of which also includes pen orientation and nib force. di gi tal
i nk cl ass Giougadorm vdick (RIS itnsiad @prgrsd ingherbpekprqund figld 835 of g selevaphrage
checkbox fin@inek. 7héy tha fdrﬁ)ﬁi ackilVebrdroBehB fornd subfnavibig afldvel.dAny ABempbfo @bmiGh gnat ur e
field 880..The fi.el.d el enment class. di n Fl re.34. Any
digital in cg%? He £°ém|‘sr?°t L% #“ﬁ'm i pjecied, A “i"sgéad}rsﬁ%‘?ma“ torn ysh Rt ) g A
checkbox fi el d h&sshdermpigsiages Jatassdm%@dhte-‘éhwv’ameﬁ%msmag dstredriromrit. fiugur e 35.
Any mar k ;(r@vx&u!lg(%kversﬁn G0 SThisPhlISHs M6 theRatbst Lersichi 82 Bt il partidulir AR r8E 1N @
checkbox field's ne causes a true value to be assigned to the field's
val ue. A t'8 ?exFli“%qd °Nas*®Eh associ ated text val ue 882, as shown in Figure
36. Any digital Mkuputﬁﬁ@b&lll’eéﬁk digitaldnk. Digital fiikell7tcodsigoife sétsf tirheb et bteké | y
conver { ed JQuel €% <t B 9l DEAABINLI &0 LREAMHE AN ADANG A LEE 1S

ue W

assigned to efle S va I'I ' ne |t|ng recognition Is
wel | - undertg@e@tgﬂpe(l gusipositions 876, each of which also includes pen orientation and nib force. The digital

ink class diagram is shown in Figure 33.

A field element 845 can be a checkbox field 877, a text field 878, a drawing field 879, or a
signature field 880. The field element class diagram is shown in Figure 34. Any digital ink captured in
a field’s zone 58 is assigned fo the field.

A checkbox field has an associated boolean value 881, as shown in Figure 35. Any mark
{a tick, a cross, a stroke, a fill zigzag, etc.) captured in a checkbox field’s zone causes a true value to
be assigned to the field’s value.

A text field has an associated text value 882, as shown in Figure 36. Any digital ink
captured in a text field’s zone is automatically converted to text via online handwriting recognition,
and the text is assigned to the field’s value. Online handwriting recognition is well-understood (see
for example Tappert, C., C.Y. Suen and T. Wakahara, “The State of the Art in On-Line Handwriting
Recognition”, IEEE Transactions on Pattern Analysis and Machine Intelligence, Vol.12, No.8,
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for exanple Tappert, C., CY. Suen and T. Wakahara, "The State of the Art
in On-Line Handwiting Recognition", |EEE Transactions on Pattern Analysis
and Machine Intelligence, Vol.12, No.8, N PT010-5G 27 August 1990). A
signature field has an associated digital signature value 883, as shown in
Figure 37. Any digital ink captured in a signature field s zone is
automatically verified with respect to the identity of the owner of the
pen, and a digital signature of the content of the formof which the field
is part is generated and assigned to tHe field' s value. The digital
signature is generated using the pen user's private signature key specific
to the application which owns the form Online signature verification is
wel | -under st ood (see for exanple Planondon, R and G Lorette, "Autonmatic
Si gnat ur e Mems$tfi$®ation and Witer ldentification - The State of the Art",

Pattern Recogniti - onbhs | |, LHB0 in! [ if its
"hi dden" attri buﬁg%r%t&{gg?@%&%scﬁlgﬁ %ﬁ%?s&g ??%k%%%sgsgs not biﬁg\%g%gg i nput
zone on a Peilgbinkprgtoprd dse siggptug figld’s gorp fpematicplly vatified i regpset Ao ity fi el d

¥a| :Jg whi cin% b®ner biNed ped,aﬂdaﬂigttéleigﬁaaﬁmfdﬁtoantwﬁenhé foem Bitlzxﬁrﬁfdh&ﬁkl’ﬁh em‘hia wgét he

ie is submtted. "Editing'..co S,. C. s strike-thro s indicating
Horeni on. B £ spiselst s TS FIRE 192 nieha Fiufi S biged e PR S e

recogni t i oprivatk giemhte ey wesifisto the ppplietidn Yhicheownwihe fora Cpbesighaure freificaiymiam cs  of

the pen noy&INEALkeod (AL BS bxadBR Plan®idoh 1 H1Gnd I Loftte, WhlibnAiE SERRurO@Micit@a @ bi t map
of pen markings it can_recognize run-on discret ellpé-wrl tten characters

with rel at g &Yreridepiificatiop o MagSpete Rfithe MEiPttesp Rgepepipn. Yelr@ idreh 9%t ai ni ng phase.
A writer-dependemnt fiealentiQf hithdzh e Fiddag) dtEbudlit edirey higdh fisld clgedaedat &8 over
time, howeyver, .and can be generated up-frant |f necessa i gi t.al. i nk, as
al roudy ot et L EF 0 e BB AT Rl Wi b BTREELI OB O £
in a partinduledin tel fermpit whentisrferm contapprthelet it obmitet el enent' s digital ink
stream ready fokgdifizeldtihdlsh@ns stril@Wforzhd i@l RRRENARDe FLogdRedR] ECt " S

digital ink streamis appended to the background field' s digital ink
stream Di G419 nk captured in the background field is interpreted as a
sel ection gest ur @ecausl theCluidBiting teb@hitiaf algmighnOworkDTc@lirgh j(ieC vBh h@esg@nte al | y

| nterpret eg'n%csaois(ﬁé ﬁe‘ﬁ.tdm%hxe%[), L& tﬁénr‘%ﬁﬁi%?rﬂeb% a.%Fsls %gﬂv S0 2 BehfIOHYR, t he
actual interpretation is application-specific. Table 2 summarises these
vari ous pemarkipgsk igatEeoardzarin 4n disorniely paigen charppisrsavith relaiyelyrhiglyacgfracpayithout
i nteracti ONSuritd-tidpertiem SfaRAGEpHR] OC blitP@BEent HVIEIAGT ha@dwriting is antomatically
Hyperl i nkGeneraH Cli .Ck%ubm t %Ctl on to ggﬂrl cgtl on FornClickSubmt formto
appl i cat i ofsnerated over time, however, and can be generated tip-tront 1f necessary,
Digital ink, as already stated, consists of a sequence of strokes. Any stroke which starts in
a particular element’s zone is appended to that element’s digital ink stream, ready for interpretation.
Any stroke not appended to an object’s digital ink stream is appended to the background field’s
digital ink stream.
Digital ink captured in the background field is interpreted as a selection gesture.
Circumscription of one or more objects is generally interpreted as a selection of the circumscribed
objects, although the actual interpretation is application-specific.

Table 2 summarises these various pen interactions with a netpage.

Table 2. Summary of pen interactions with a netpage

Object Type Pen input Action
Hyperlink  |[General Click Submit action to application
Form Click Submit form to application
Selection Click Submit selection to application
Form field |Checkbox |Any mark Assign frue to field
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Fi gure 38 [shows a
to a netpage. The

pen; identifyinnga@méﬁﬁamﬁ&maqum%daﬂﬁhamaﬁhﬁﬁOﬂwhmmwhk&hmhh@mpagmeII) 50
in the strok re |eV| desc | tion 5;
i dentifying (at étg’%' ° ec‘)jrnrlnat ﬁk(g ecﬁgeg% %ﬁ@elgﬁoslé FBRG 58 P ABHY oke

|ntersectsmmﬁ@memﬁWHWH@m@hbdﬁﬁe) whet her the

formatted elenent corresponds
to a field el ememts a@hgdid finkSBp@RPRRA ﬁek( Blretf@don R Gehd
the digital ink of the field value 8 i nterpretin

.g sgaggxegvéwd%e to
accunul at eWUgrely Fagmifiqdivitydhe fppm daja yhen th%lf’?ﬂn lsc?%ht“lé‘i‘%t% picgtiong 4y aAllgfdt her t he
field is paedppliitica thippetdaicicesy driatipk 86ad arapdct ths@ighaltcomaision Guch at th895) t he
associ at ed I I t

formatted elq‘)é%g)%to k&%%ﬁglgsg%n SJ%AJ(?; f%(lr egﬂ ?ef @%%@%tg&%ﬁ%da% onlcaé% i vating
(at 895) tlhe! oforesshish &ﬂwgﬂahwﬁwtioprkpwﬁwmﬁmex hockh. yhs an exteptien taBisethe e of an

i nput fi el GiQhadiyeidl ddakor 2 RRERE b@aes{gaated&%)drgm feRC ehy/RicatidnQke tk® t he
digital |qf gf t he bac¥%round f%g ]%ES QQE ﬁx%nﬁ &?tf8912 themrecelved
stroke to eﬁ 81&”11{; 8??1[5 O e presence o 1g1ta mk outside the explicit Hields e form. fo route the

form to a human operator, on the assumption that the user may have indicated amendments to the
filled-in fields outside of those fields.

Figure 38 shows a flowchart of the process of handling pen input relative to a netpage. The
process consists of receiving (at 384) a stroke from the pen; identifying (at §85) the page instance 830
to which the page ID 50 in the stroke refers; retrieving (at 886) the page description 5; identifying (at
887) a formatted element 839 whose zone 58 the stroke intersects; determining (at 888) whether the
formatted element corresponds to a field element, and if so appending (at 892) the received stroke to
the digital ink of the field value 871, interpreting (at 893) the accumulated digital ink of the field, and
determining (at 894) whether the field is part of a hyperlinked group 866 and if so activating (at 895)
the associated hyperlink; alternatively determining (at 889) whether the formatted element
corresponds to a hyperlink element and if so activating (at 895) the corresponding hyperlink;
alternatively, in the absence of an input field or hyperlink, appending {(at 890) the received stroke to
the digital ink of the background field 833; and copying (at 891) the received stroke to the current
selection 826 of the current pen, as maintained by the registration server,

Figure 38a shows a detailed flowchart of step 893 in the process shown in Figure 38,
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sel ection 826 of the current pen, as maintained by the registration server.
Figure 38a shows a detailed flowhart of step 893 in the process shown in
Figure 38, NPTO010-SG 29 where the accunmulated digital ink of a field is
interpreted according to the type of the field. The process consists of
determning (at 896) whether the field is a checkbox and (at 897) whet her
the digital ink represents a checkmark, and if so assigning (at 898) a
true value to the field val ue; alternatlvely determ ning (at 899) whet her
the field is a text field and if so corierting (at 900) the digital ink to
conputer text, with the help of the appropriate registration server, and
assigning (at 901) the converted conputer text to the field val ue;
alternatively determ ning (at 902) whether the field is a signature field
and if so wiere thy pagguulated @) ink bien fhldjistiatbreietek a@erdinh @ ¢ gpatiuhefidd Thhe pen' s
owner, W th,40€0nsR8IP dQmldE (RARPE)ARELER KRS I LhRLHQ AP Gl 8@@}” whe‘r?l{eleﬁé' ng (at
904) a di grtal sr gnature of the contents of the correspondin orm also
with the hdgil fiprréenee?gf%flrnarkr & iE &t esé‘ﬁm’éﬁndt B8 Agre rrél“eperrhf‘owﬂ%ra & private
signature ekrematrvey dbtbrMghing Pattshe vﬂﬂ:hé’r&lﬁeﬂﬁmdk lgaxamni maﬂsoemveﬂ@(aaW) gei ng (at
20223‘92 h g er c‘\}%!a{ 1161‘1( to %éﬂ%}a%g tlé£temhl%e helﬁ af %z%g%)pma?e rf;ﬁdstrat} 551 ﬁYat? %] A 98 ggg nds
server. |tthe @p@rtat@slprmrrteet:tplﬂyﬁelﬂ vihest slfernpiivejs dﬁmmdlem?ﬁélhwhqthqsthaﬁﬁd}bsa A page
Server Congja e%glza&ﬁfkoh@nf%m%@lﬂ)ﬂtﬁéﬂ%lﬁm%s%gﬁure@%!‘.&;{?Hme\w{tpﬁzén command

909, a reset form conmand a get formstatus comand 911, a duplicate
page co m"ra'r?EP of ths appgopriptg %{stra&a*g ?“"é’e ARNe (a99%4) a ng‘&e flg"p%l&e)f te é‘f‘lfé‘ts ef)'itr?‘ran d 914,
a dupl i cat @rmrehpaidiig firmCaaraEhdhedtE, of dhe régesﬁratond@@ummsmg:mﬂmmn&l@nvﬂé a get

docunent Sstl tHr% kﬁ;qrigr%ﬁ(?o Oco’.rres%?\rxs ?ng \Mﬁcaltx%l grlx ggat ?G% HlQ dlgltafl 91 }u%qmm nd

voi ds the corres rm |ca voi ds the
cor r espondbfigld e | nst ance and t hen produces an active print ed copy of the

current fofps i NphgS@véiddinhafidsd val ues preserved The copy contains the
same hyperlink transaction |Ds as the ori gr nal

i ndi sti ngui shabl & PFOFIEREBRIGF Agrmpad grich fpbarded o‘c‘i‘Hy bYAt"F 8L T%r command
voi ds t heopers dsplyrdfong, phggrand doastcaricsenand t hen produces an active printed

f the f t at
copy © e rorm, :;Q%tsr?r@&@ dﬂkﬁzielg%og clnﬁlcq ﬁkoﬂﬁ%ongﬁaﬁf?édsﬁ]&phﬁe%%cgn% status

command produces rinte e status of corres(pon ing form
i nstance, 1%ctawt fogn emerapd i asrré@rqlﬁtamwewaadtﬂ%esdudwrfﬁ?@a conprggpnd fofn it was

printed, a@g: daecdndiaia 5132k 4s pade sl chidhdiu lgnetaaapﬁate DicHES aan{neﬁm Byperlink

i nstance contains a tr%@?gﬁti on%i D, tthetLl g on hhas ﬁ? i nvol ved in
produci ng & eHER I8y & S LR SR %““ gasﬁc"f‘i’é gB"re instance is
therefore typi calvoil formgbreman veids tescomeshondiog fonmmstarﬂz_a auiopliceta foem pagendt omand
produces a,pf 'tH%tc%jes;S‘o‘BMg Rfm hiencC RS B%ﬁ&'esn& aPRY Brike dSHAN G ®he current form

instance with field values preserved. The copy contains the same hyperlink transaction IDs as the

original, and so is indistinguishable from the original to an application. A reset form command voids
the corresponding form instance and then produces an active printed copy of the form instance with
field values discarded. A get form status command produces a printed report on the status of the
corresponding form instance, including who published it, when it was printed, for whom it was
printed, and the form sfatus of the form instance.

Since a form hyperlink instance contains a iransaction ID, the application has to be
involved in producing a new form instance. A button requesting a new form instance is therefore
typically implemented as a hyperlink,

A duplicate page command produces a printed copy of the corresponding page instance
with the background field value preserved. If the page contains a form or is part of a form, then the
duplicate page command is interpreted as a duplicate form command. A reset page command

produces a printed copy of the corresponding page instance with the background field value
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wi th the background field value preserved. If the page contains a formor
is part of a form then the duplicate page conmand is interpreted as a
duplicate form command. A reset page command produces a printed copy of

t he correspondi ng page instance with the background field value N PTO |
0-SG 30 discarded. If the page contains a formor is part of a form then
the reset page conmand is interpreted as a reset formcommand. A get page
status command produces a printed report on the status of the

correspondi ng page instance, including3ho published it, when it was
printed, for whomit was printed, and the status of any forns it contains
or is part of. The netpage | ogo which appears on every netpage is usually
associated with a duplicate page elenent. Wien a page instance is

dupl i cat eddissertidd. T the bake vankaing 8 fqpn esie pared p fdrnghed theadserpsgearenpd isnttgpretedy  t hei r
native forp, résetefomacomgfakﬁg&lﬁa@maﬁ@s%maﬁd &ocﬁ&émg At CRFCHTRY en@bARDT €, and
t ext appears as ypeset teéxt r aw gnatures appear in their
ori gi nal fOPePoRdig Reg iatagitatrgpéngy H‘ﬁ’&?’i‘F‘éH wisg th%Stpa%érfar B vEs

i ndi cat i NQpriakE, GRHES stus ST HP Rt iCcoM@ihd driskak bon. A dupl | cat e docurrent commnd

produces a pri nt g correspondin nce W t '
rokor ound 1 el i AFTEE 1 bl ol £y BERae e M Suria it AP s, ¢ hen
t he dupl ieateerdggcument command duplicates the forns in the sane way a

duplicate form couEBN.dR88Rce is Aupli&RA it AOY DERRE pERRBR R PRACME f5ud 7 | Nt ed
copy of the correspondl ng docunent instance vm% packground field val ues

di scar ded. ™9 natiieforh dfrrfetieckEaiiteaReAs aawtﬂlrdaﬁdrféechpﬁ%ﬁme% a?"e?’é‘tapliféré dfent
conmand rets;ﬁmteitrmmg‘v @tiBys il sﬁdﬁﬂurSﬁiﬁﬁbaM}heﬁoﬁgﬁﬁﬂbnﬁ ofthn SRR adotResd A get
docunent tatt‘;in angamgmg Sumsslsu_1 Vm_lqslé‘,mroeport on the status of the
cor respondi g HECEEAT MHRLPERESSY Who published it, when it was
printed, for V\/nomdpmhc%aéocmqnmog@amhmddume pst{itat WBYy @i‘fﬂleamyeSf’@Flm d¢cpmenbnt ai ns.
I'f the pagR:s&S YRl viRIRI ¢l vaRB HELSEL @pl e AbdufbA WbRaihsSan§ Gbrms, ! H&Nmd he
command operates on the ‘?1‘%6 identified by the pen's current se|ection

rather t ha"ﬁlpl&ﬁ‘ef*?i’émﬁ’é upligien e forres %&%ﬁ%‘ﬁd"”a‘i“t‘ﬁ igate fprmyREmand ey of page
server cormmdsloctuﬁaeﬂm eorfihdnt pexduced 4 prirdid chiar elte pageondioge Swruthent Dith@e Wil page
Server %JTPOefluei Qlscaldd 1162 'd%%%&%&ﬁ&% an ‘%&%ﬂ? rﬂleﬁ%g%&gdocgrg p the
commnd | s 1 gnore il 'cat | on can provi de I'’cati on-specl

handl i ng bymendedts ity iOH@ méheé@awaspagféﬂ loray sppm %ﬁarli‘dgeéld@’r?@mt S'la‘ﬁs

hyperli nkedam&w%dua;mpm&ep%ﬂrom{e sl bf\t@etceﬁesbckham@u&&ﬁénm&mﬁ@%m@g ed wth

t he hyperli.nke rou rat her. xecutin v command. A page
Sorver  cortRtPIEEA foen STt Ao Fpon § Bos e ar S ins Tt Grisd SBRE A hi Baor
comand el ement Wdegageotvdnawanaads fanpeltcted davebonis set,piag éic anthnad opamnot  be

activated (fli bf gQI:dL ;ﬁ%iébyathe PRl gx;re#ug sefeftn rﬂﬂé\‘"ﬁ]}{z%% thpﬁ g@@&dta&’xﬁlg% bnfdafd, PAGE

server conman ed in a ferent page server conmand
has its " ofusedewsaagn obpage eNeftcangads to be prin ed. If the target page oesn t contain a page

server command element for the designated page server command, then the command is ignored.

An application can provide application-specific handling by embedding the relevant page
server command element in a hyperlinked group. The page server activates the hyperlink associated
with the hyperlinked group rather than executing the page server command.

A page server command element is hidden if its “hidden™ attribute is set. A hidden
command element does not have an input zone on a page and so cannot be activated directly by a
user. It can, however, be activated via a page server command embedded in a different page, if that
page server command has its “on selected” attribute set.

1.8 STANDARD FEATURES OF NETPAGES

In the preferred form, each netpage is printed with the netpage logo at the bottom to

indicate that it is a netpage and therefore has interactive properties. The logo also acts as a copy

button. In most cases pressing the logo produces a copy of the page. In the case of a form, the button
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1.8 STANDARD FEATURES OF NETPAGES In the preferred form each netpage is
printed with the netpage |logo at the bottomto indicate that it is a

net page and therefore has interactive properties. The logo also acts as a
copy button. In nost cases pressing the |ogo produces a copy of the page.
In the case of a form the button NPT010-SG 31 produces a copy of the
entire form And in the case of a secure docunent, such as a ticket or
coupon, the button elicits an explanatory note or advertising page. The
defaul t singl e-page copy function is halldl ed directly by the rel evant

net page page server. Special copy functions are handl ed by |inking the

| ogo button to an application. 1.9 USER HELP SYSTEM In a preferred

enbodi ment, the netpage printer has a single button | abelled "Hel p". Wen
pressed i tpredupsiatepyal &f ergledonpaged ipfheicrst of amadureaioguniemtcduchchs a gcket g tapus  of

printer C%@ﬁﬁ&&é’ﬁ@imaﬁgﬁiagaﬁorpﬁot@&iamlﬁgmé:ﬁgéUITB.b| es top-level help nmenu
docunent function nenu top-level netpage network directory The hel p nenu

provi des a hi er afBnhisaylt siglprbage ooy frstiene i hapdled diFrsthhit e frevay, a¢agg PaeThe
docunent faRet Seealieyduncivh e RGdIE Lhiahd By RGufidaiein apfiBation.pr i Nt a copy of a
docunent rint I y of a form print the status of a docunent A
docunent fhgcti OHg%Rngﬁ'E{%F%%p[ed by sinply pressing the button and then
t ouchi ng any pagé a wéferted emblggnente tht netpilxeprgtenbay g siofle uttdolehettatiticphdeat es who
publi shed jtsARdiMe8 Bneld RedIURdnbioasuaglg! | vered, and to whom and when it
was subsequently subni%teé as_a form The netpage network directory all ows
the user to navi tAPEfRRET (P8P chy of publications and services on the
-network. As an addnghgintey@nsulnhigesuser can call the net page network "900"
nunber "ypllom1gqgg§£daﬁguspeak to a human operator. The operator can
| ocate the desired docunent and route it to the user's printer. Depending
on the docunent dopyeent fpgonoeehi sher or the user pays the small  "yel | ow

pages" serwyice fﬁ?kmghéb%¥%&%d§%w%mh§ obvi ously unavailable if the printer
is unable to print. In this case the "error” light is |lit and the user can

request renote dit KB ROvETes ¢ HerarriitalinioRal onhasiteseiiA PEDASTFYBEISL | CATI ON MODEL

The document function menu includes the following functions:

* print a copy of a document
. print a clean copy of a form
. print the status of a document

A document fanction is initiated by simply pressing the button and then touching any page
of the document. The status of a document indicates who published it and when, to whom it was
delivered, and to whom and when it was subsequently submitted as a form.

The netpage network directory allows the user to navigate the hierarchy of publications
and services on the network. As an alternative, the user can call the netpage network “900” number
“yellow pages” and speak to a human operator. The operator can locate the desired document and
route it to the user’s printer. Depending on the document type, the publisher or the user pays the smail
“vellow pages” service fee.

The help page is obviously unavailable if the printer is unable to print. In this case the
“error” light is lit and the user can request remote diagnosis over the network.

2 PERSONALIZED PUBLICATION MODEL

In the following description, news is used as a canonical publication example to illustrate
personalization mechanisms in the netpage system. Although news is often used in the limited sense
of newspaper and newsmagazine news, the intended scope in the present context is wider.

In the netpage system, the editorial content and the advertising content of a news

publication are personalized using different mechanisms. The editorial content is personalized
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In the follow ng description, news is used as a canoni cal publication
exanple to illustrate personalization nmechanisns in the netpage system

Al t hough news is often used in the limted sense of newspaper and
newsnmagazi ne news, the intended scope in the present context is wider. In

t he netpage system the editorial content and the advertising content of a
news publication are personalized using different nechani sns. The
editorial content is personalized NPT010-SG 32 according to the reader's
explicitly stated and inplicitly captur®d interest profile. The adverti sing
content is personalized according to the reader's locality and denographic.
2.1 ED TORI AL PERSONALI ZATI ON A subscri ber can draw on two ki nds of news
sources: those that deliver news publications, and those that deliver news
streans. Witdrdéngews: padot’s e@liditynsetedragd agijridy edpmckd dndlese phiofile dThe yndtehiging
pub"sher,cﬂf@mmp%ﬁsngmac@m&g%@eq@e&@g flylalPlealfflicneVs publ i sher or by a
speci al i zed tor: News pu f tions 't p| cally correspond to
traditi ona?%evvsﬁ&'iﬁ‘é’?'@- NIRRTy azi nes, while news streanms can be nmany

and varied: a "r @Vyubs&ﬁ)\%&:aﬁ @&dm{ mmnas Jfam s&ﬁ:{eb‘iﬁﬁ)%m@-d&@&h%@u@fcidoﬁg a

freel ance WI(’il er' Sn? g@ﬁ {Blttln boar d 4 th%tre r's own
e-mai | . ThERPH 4GS ‘(J%I“F%Safttﬁe%‘ﬁ %“r""sspﬁ SRS A°F ReEptR f“lf’affi‘%f‘n “edited
news publ i pétishonsevgssstreans| drc agerdshied aiggr ygaticos paflisiefot | bplaapmdsdeweans By
handl i ng t LARRRANHERE & O&BﬁBﬁa Aok EWSesiiEA0Es, sel ect ed
directly bi}%e%% &gtp atﬁe g@r vgrorlreg)%g%{o § 'acéﬁgé{;ertles%}% on”’ pages
over whi ch¥hile neystssany e bpmanygel wHsd ‘t‘)rfi“élne't‘f%ﬁ%ftdrf@lnaWe‘é’lﬁb@éﬁOB‘b?mP@m | ds a
da:]I ly neWSEs%I&ﬁHeuﬂ}ér’ﬁ&ﬂtﬁﬁﬂldﬁﬂad@@ﬂleﬁﬁbdﬁ?(&ﬂﬁ:%ﬁd’rﬁbﬂﬁ é-ﬁgl news publ [ cgtl ons,

an creatlngap sonal on of e The r tin editions
are printed and oliac: %*% SFiEy Scﬁ"?—\‘t%ppé{ftssg%a‘l‘bh"a“%“ °fee%§ed e H‘g’? aﬁ%/nsous
menbers of wdl {wobs @tmﬁgdwtlw@lnméipleynew press Byhbbndling dhef fagregatibn pmkt bnests and
tastes by ﬁm!la%g bmwgimei&r@@aeddﬁuﬂy bpﬁx@|réa@@tthé)§a§exquylettb$ﬂcc%§chgﬁ% %hng them
For each publication, the reader_optionally selects specific sections. Sone
sections afEwAYer Waish It gtheryips hapnogdiipsipkeontithear weekl y. The daily sections

avai I able from The: MNewribéd IbklldIlaniﬁﬂy ﬁmspa@& byf garecung»aermﬂ Agre ichidditudeg neRage One

Pl us", "Nat Y lnt.ernatiQ : €8S ons are Ak Living",
"Technol og%lbp“?"ns B S aﬁzed" § %?\?iéofrlﬁaf?f’“‘“”é gi‘:‘?u il e p‘%’%ee“{cu 4ic to a

publ i cat i obpundyegeihsr e sttele aafopapers Tssietions MefeberoA e bruscbeld DekE TEPreohBeida) | y

newspaper B ﬁ@?ekt@&d%é@l@%l&ﬁﬁédd@e@eﬁt dBPEBLARSS Q{dm tomRlhy 304 nunber  of
news streans. Custom sections m reat ed d friends'

announcenent s (" PEraEFLplcytion, fhe rf’ag?r °ﬁ%‘1‘i‘?1§’ Flfﬁ‘f@pﬁg’\ﬁéecf‘%‘é §m? ?fF“"é‘i)@B?aF ic
topi cs (" Adaily,tehile @lers aprfchd vaipkln 8¢ Jaily $ectioneavailuble dod iToeiNevt ek Tieadetineofpt | onal | y

specifies éx;uﬁplé iin%ﬁde ‘%!aée%g Plgé’lfijl\liaﬁo@lgli’,v‘ﬁlle}ﬁa&o%alg, "‘0?1&91{”',[ ““‘Business”, “Arts/Living”,
“Technology™, and “Sports™. The set of available sections is specific to a publication, as is the default
subset.

The reader can extend the daily newspaper by creating custom sections, each one drawing
on any number of news streams. Custom sections might be created for e-mail and friends’
announcements (“Personal”), or for monitoring news feeds for specific topics (“Alerts” or
“Clippings™).

For each section, the reader optionally specifies its size, either gualitatively (e.g. short,
medium, or long), or numerically (i.e. as a limit on its number of pages), and the desired proportion of
advertising, either qualitatively (e.g. high, normal, low, none), or numerically (i.e. as a percentage).

The reader also optionally expresses a preference for a large number of shorter articles or
a small number of longer articles. Each article is ideally written {(or edited) in both short and long
forms to support this preference.

An article may also be written (or edited) in different versions to match the expected
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medium or long), or nunerically (i.e. as alimt on its nunber of pages),
and the desired proportion of advertising, either qualitatively (e.qg.

hi gh, normal, |low, none), or nunerically (i.e. as a percentage). The reader
al so optionally expresses a preference for a | arge nunber of shorter
articles or a small nunmber of longer articles. Each article is ideally
witten (or edited) in both short and long forms to support this
preference. An article may also be witten (or edited) in different
versions to match the expected NPT010-S& 33 sophi stication of the reader,
for exanple to provide children's and adults' versions. The appropriate
version is selected according to the reader's age. The reader can specify a
"readi ng age" which takes precedence over their biological age. The

ar ti cl es wepledticatterkef thprewerc for sewple onpravids chibratstaadladaltnd versisneriht pppegiidy t he
editors, %Féfimn ?sasglbctéd%céﬁiﬂgg(pﬁgregdep§§g£ ul*hf: Le’a&eﬂ:dn@ﬁ‘eclfﬁy “rgﬁlixgége wﬁlghetyke@r €
dellvered to all rel evant 'subscribers, in priority order, subject to space
const r ai ntREePdngegEer Spickgisbaee editions. I n sections where it is
appropriate, t heT:iee@ﬂm whBY maketup @il sbyiore e blieeted aldl paib@ized byvige dditbrb,@hd Ng.

This is then tlche ich hay Aeasu{1 difetine.
Each articl 1\SNE ! ause gy ﬁef"]‘iﬂ ol'l Aot at f“%/tga NS aélf?uhsﬁx?egs 16 I nrftyed wth

rating but@@mSNmFHPh@ﬂ%n@W@mSmH@Sdﬁv%@F@mhﬁhe buttons can provide an easy
choice (e.g. "lik@agtio ﬁ%mms%b}:)rkﬁgm)me BRKIRY o ;Ettonampgﬁmk bdfgloYaild Wkerifgeader s

wi |l bother to rate artic Articles w riorities and short
lifetimes Sy ihw@% foertistes whith hpwq 4 uifigipdly dpog E@tlmeeégce ﬁ‘FlFlaWthlb‘ﬁ‘ﬂ‘ffﬁfgf"by t he
editors amdlle&)bletnd&iltbnb@ liselinted wiDGtingrbelicay stniie eI arthRl The bilthtas ¢ acheide
optionally, a..serend t e r Lit.ativel g. do or
don't Surn%Bg%&mm?§g Péﬁdﬁgrég%%%ym g%"n e%%pg%%%%f lﬁjﬁFrm¥Téﬁ%rs t he

t hreshol d %@%ﬁ for matching during coIIaboratlve fllterlng A high factor

makgs it more |iKekis titRthich RioR@Rk 288 BRRitSEnes Qfd iheBroM difectR€ly fobdslagés to the
reader's speci

ac dj fferent serendi factor can be
speci fi ed %Wmh?cygiﬁif %@§§m€¥:£L ?dﬁﬁﬁﬁ“e?ﬁgswpﬁ%é? al so optionally
specifies topi csTmreqﬂapon@ulﬂmemﬁct esesitlipiy fatibmeitherspaitdtioniy (eandb drhdos't

modi fi es tHS RNk hing ? ﬂ;f% @%%Qe&é&ﬁ@mﬁg& V\ﬁt e R ﬁ&‘?&%&%né&gn eader’ s

| nternet connection af ma i vered.
The readercotiprrdisditnps gplish @?t@gnahes ﬁr“@F%‘?‘é‘ﬁ dhat thﬁorr?se‘wgmg septing adll ksrfillsdp| | er

i mages or tbefe Readdrk spetif@l daphOREA d@fereBi s&@ndity | Eaﬂiﬁgﬁﬁ bd $edifRll fdr aflicRWaysbhen

i mages may, Eellvered at lower quality (i.e, at |ower resolution or with
greater coﬁbre55|on) At a global level, the reader specifies how
gquantities, date$he readeredso aptgnaiiy mplﬁﬁswomaloﬁ%ncahemteﬂe@@amz@@uon‘,l'mdshm nvol ves

specifyingmmﬂg;@gﬁmgﬂggégﬁﬁ%yh@gﬁ&gal or netric, a local timezone and tine

The speed of the reader’s Internet connection affects the quality at which images can be

delivered. The reader optionaily specifies a preference for fewer images or smaller images or both. If
the number or size of images is not reduced, then images may be delivered at lower quality (i.e. at
lower resolution or with greater compression).

At a global level, the reader specifies how quantities, dates, times and monetary values are
localized. This involves specifying whether units are imperial or metric, a local timezone and time
format, and a local currency, and whether the localization consist of in situ translation or annotation,
These preferences are derived from the reader’s locality by default.

To reduce reading difficulties caused by poor eyesight, the reader optionally specifies a
global preference for a larger presentation. Both text and images are scaled accordingly, and less
information is accommodated on each page.

The language in which a news publication is published, and its corresponding text

encoding, is a property of the publication and not a preference expressed by the user. However, the
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format, and a | ocal currency, and whether the localization consist of in
situ translation or annotation. These preferences are derived fromthe
reader's locality by default. To reduce reading difficulties caused by poor
eyesight, the reader optionally specifies a global preference for a |arger
presentation. Both text and i nages are scaled accordingly, and |ess
information is acconmopdat ed on each page. The | anguage in which a news
publication is published, and its corresponding text encoding, is a
property of the publication and not a p¥eference expressed by the user.
However, the NPTO10-SG 34 net page system can be configured to provide
aut omati c translation services in various guises. 2.2 ADVERTI SI NG
LOCALI ZATI ON AND TARGETI NG The personalization of the editorial content
directly afefregtssstertvan lmdvdiztuedio pyvidontwnti; tranfldionsss@enidvaiotsigeisesg i s typically
pl aced to £xpl oi hm;g&g,s,ﬁgLB@A[,_lngﬂo,p%tngTm'gr avel ads, for exanple, are nore .
likely to appear in a travel section than el sewhere. The val ue of the
editorial contenthy persepelizatigy of t‘]%es%‘fmf(ahﬁ%f“@c“héﬁ“éfhbla@ectsothft REverEig FU¥BY ) |ies
:j nits alﬁl Bebduye atdf%naatng fisa@ﬁx((::?llﬁﬁlg@d BLeXpIGH the @flitoriglachaexs Trdvéihdd, e e?ah;:pgharf g
enogr aphi cs. ective advertisin S) ocalty an
dorogr aphi 63° LR PRI Gt i Rt Ot SePhey IRl SehoS 3
retail ers advagtiser (anldhep'éqﬂe uoa;twlpelfrhsller)thesrless @)ﬂlartdattr@nbep mambera ofeaibavidtithed t h t he
| ocal commui dho@ilicenvi ronnent. Denographi cs deternine general interests
and preoccupations as well as likely spendi ng; patterns. A news publisher's
most profitable Bﬁ@at?cdefrgS%\%é}lﬁ%Plhghe"‘?ﬁaeé ocality aa) fsmogrephisis FSAY  entity
det er m neddeRymihdd Grainityi tﬁqfahﬁnarssegeasg lredillBs CoteG; M@ IpafjQilar tiltGrestl @ @hicetnb S
reader shi pdssolclt t%d %atgeelr Sapco%mum n hl %1?[ D?n%drathms dng r%me agngm n?tvrgsltsl a(li) le for
adverti sing et page s saP S ﬁgpe Trcarion server conput es
t he appromrm*tue&tmﬁaﬁwellféillh@rﬁsrlﬁmapaﬁsm&_e of a pubI [ catl on s sal eabl e

advertising spac Rfs fubhersSest bl & AUlcRSing AbRe”, 3GEANTherkbR
publication's gteogrﬁ?%h a‘]‘%{[)vera ge, the section's readership, the size of

each readefti¥ d icafpp’s sehgetphic saygege: éheé’d?/%frlfslr%afi?ﬁﬁ“ppi‘%‘ﬁ%]ﬁs}?%n and
each r eadetcmsgraidivngtidtiHage arda Avaiighilpfaradgaiiogd t h ot her nedi a, the net page

system al | ows theg, rﬁQ}{é?JaFé sijstQQ tﬁegﬁe?p%%elt %b@c%ﬂondsgvaérr!:%gptltég &Lagg%gﬁatg% i1, and

allows snaller pieces of It separately realovvs it
to be sol dmesios] gigerl ¢ @ubilqagont% Heabjapdyertisifeoiacs earpteesccindagakinadver t i si ng

“slot" canacaﬁmst@é ﬁlbhau&asr gébélﬂahﬁrc@ﬂﬂfgé | RN SctloR sS&H@é’hﬁ})l the JY Bf EabiS Rhder's W t h
i ndi vi dual read @119&?1 ndom recei v gﬁ dvert senent of one
vert | St SR g B e S AP ot s pace ool d Lo

each adverti ser . lnfivepaetrpeigeotsy stdmtal dcpugs saa:bnezrltow«s the gdveisilgesphderti del
directly t&ﬂﬁ%@%ﬁé‘r&a?eg d&aﬁl?zglu gﬁows smaller pieces of it to be sold separately. It therefore atlows it to

be sold at closer to its true value.

For example, the same advertising “slot” can be sold in varying proportions to several
advertisers, with individual readers’ pages randomly receiving the advertisement of one advertiser or
another, overall preserving the proportion of space sold to each advertiser.

The netpage system allows advertising to be linked directly to detailed product
information and online purchasing. It therefore raises the intrinsic value of the advertising space.

Because personalization and localization are handled automaticaily by netpage publication
servers, an advertising agpregator can provide arbitrarily broad coverage of both geography and
demographics. The subsequent disaggregation is efficient because it is automatic. This makes it more
cost-effective for publishers to deal with advertising aggregators than to directly capture advertising.
Even though the advertising aggregator is taking a proportion of advertising revenue, publishers may
find the change profit-neutral because of the greater efficiency of aggregation. The advertising

aggregator acts as an intermediary between advertisers and publishers, and may place the same
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information and online purchasing. It therefore raises the intrinsic value
of the advertising space. Because personalization and |ocalization are
handl ed automatically by netpage publication servers, an advertising
aggregator can provide arbitrarily broad coverage of both geography and
denogr aphi cs. The subsequent di saggregation is efficient because it is
automatic. This nmakes it nore cost-effective for publishers to deal with
advertising aggregators than to directly capture advertising. Even though
the advertising aggregator is taking a %roportion of advertising revenue,
publishers may find the change profit-neutral because of the greater
efficiency of aggregation. The advertising aggregator acts as an

i nternedi ary between advertisers and publishers, and nay place the sane
NPT010- SG ®Bertisgyent injmyibsirie peblicatiossul ti pl e publications. It is worth noting

that ad placement id br@l nbtl RAGR pREA:hGRS ARz GRRicRBn BRMLE meRTHk R dhan ad
placement in the publication's traditional counterpart, because the

publ i cat i dtfeemlpdhe puekicatpns sadtorpleounigmag: Regatss thsubhptiong AGHERE fRgctihe ful |
cogpleE:Fiﬁ@eaﬁm?ﬁgwmkaghﬁmggb$nwmqm?mdmﬁhmgﬂs%ﬁmwaﬁuﬁﬁhﬁﬂ&mg¢mag@@egators
and publishers the rred for n VAIN: rovi des._sone
aut omat ed aggru%bor t %f%p%%%ésﬂlée I?1efgoe'?1i tg.l:[ml (Ejﬂr:tge %%?gﬁfeﬁgp rgsvﬁdp%)gor © ?ugoﬁn §*§§t omat ed
auct i ons ofrreevier thiessi prgotistns etncludingt sypmert B aptemasdy aupions af hdvertieing pratst e f or
the pl acenBiémaabn adyallibfeaRibt Ve HASRSH ot fiveliRnbnts AR BdnSra@fsmhiMCONE,
such as .smal |l or_ highl Ioch|§%& gpvertlsenents. Once pl acenent has been
negotiated?mﬁﬁ%ﬁéﬁﬂg%ﬂé?ﬁﬁm BlishE 4Ry WU e PHe adverti sement and
records it on a Qedepigencachasbey gigotiacorthegpogth tgluys addndityrteddvatisenent ecor ds
the ad pl on. t I 1 I t he
ﬁ? {’E%&hs iPdh 4 rgﬁage & %e?%@‘ @Brrégx?otgg{g%f lt,lﬂsg gghéh%ﬁ%éo?dg tt&%? fﬁg%eﬁlenp uzg ?

net page p I cation server lays out S persona cation,
it picks tHsvapionepenPeblepiel sorsenthmsthy pepact MePlipsio sgect dars Bt ¢asl vsegds 3 USER

PROFI LES Zpeorkiied beblibaaibu, @ Bicks thelr8Evat@dvERLerRErs SONRL hedfkd ARer@k. NeWs and ot her
publicatiqp; relbes R can. assortment of user-specific profile information,
i ncludi ng:™ publ|3§iﬁ§ﬁ“§hstonizations col l aborative filtering vectors
contact de2.dill s Inforewmtion Biltedmg pr ef er ences The custom zation of a

publication is typi p%@)rlaﬂza@cﬁ{%k%eﬁ\ggﬂdg)@{elsﬁgﬁéaﬁcingreﬁéBgansagiom&t oGS LRz at | on

information is malntal ned rel evant netpage publication server.
col | abor athrefe inforpatien. gfudigget or consi sts of the user's ratings of a number
of news itens. |fublidaSonés@shidatongorrel ate different users' interests for the

pur poses of ”akHQHﬁLS&£QH§Qg%éL§PS- Al t hough

. contact details
. presentation preferences

The customization of a publication is typically publication-specific, and so the
customization information is maintained by the relevant netpage publication server.

A collaborative filtering vector consists of the user’s ratings of a number of news items. It
is used to correlate different users’ interests for the purposes of making recommendations. Although
there are benefits to maintaining a single collaborative filtering vector independently of any particular
publication, there are two reasons why it is more practical to maintain a separate vector for each
publication: there is likely to be more overlap between the vectors of subscribers to the same
publication than between those of subscribers to different publications; and a publication is likely to
want to present its users’ collaborative filtering vectors as part of the value of its brand, not to be
found elsewhere. Collaborative filtering vectors are therefore also maintained by the relevant netpage
publication server.

Contact details, including name, street address, ZIP Code, state, country, telephone

numbers, are global by nature, and are maintained by a netpage registration server.
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there are benefits to maintaining a single collaborative filtering vector
i ndependently of any particular publication, there are two reasons why it
is nore practical to maintain a separate vector for each publication
there is likely to be nore overlap between the vectors of subscribers to
the sane publication than between those of subscribers to different
publications; and a publication is likely to want to present its users
col | aborative filtering vectors as part of the value of its brand, not to
be found el sewhere. Collaborative filt¥ring vectors are therefore al so
mai nt ai ned by the rel evant netpage publication server. Contact details,

i ncl udi ng nane, street address, ZIP Code, state, country, telephone
nunbers, are global by nature, and are mmi ntai ned by a netpage registration
server. NPT010- SGe3btaRmegeftrtmts, onluping thesectoc gsntities) clatad rdgintel, ose likepise

quantities, gﬁmﬁggmghg§§qugﬁ | i kewi se gl obal and naintained in the
sane way. %%e l'ocal i zati on of advertising relies on the Iocallé¥ i ndi cat ed

in the user's cofbaletligpdenaf pdvertisipgelics op the lopalifygjdiqated inghe ugers spntactderdtis:- r el i es
ONn per sonahileMeQirgoithd AAdEHEHE ﬁﬁes@ﬁb@soﬁ:ﬁl ilddrinhtldn s@E AR of BN, igéndér, m@i=At US,

| ncore, pr %f esﬁéo%g 10 g%cnagducatlbn or u&ll%e%ve ti?nvatl%% ggl‘l Vealt I \éesd SCUI(I:lh a:?x'se age range
and i ncone™ P angE T EET b LA eh P 00SE 6 Pevearee fErSShali*™°nf or mat i on
for advertising ﬁuﬂpusegm\ﬂhemmﬁnb@WﬁémﬂsmﬂHQEHBMMﬁauﬂedmbgpth%réhevant

net page r eﬂfoﬁﬁ&@ﬁ Hsoﬂaﬁtgiﬁéﬁeﬁ thL, r}elt:m &Qﬁ&nﬁgsﬁtzmﬁ %?J&r Ih Qﬁeogﬂg@lt:é 9 such
advert|5|ng can be targete basis o denogr aphi c_associated with

the user' Oﬂaboeﬁdwwcae&aefge%e%ﬂlaéers °f P& demgrapie eﬁwa&spﬂﬂb thatupenR

provi der anmoapw+4c@&|on is aSS|gned its owmn unique identifier, and the
net page reglstra%l nséerger At: ha ns EQ&xE&f?t&EQ%Qésm bggmeen then1 as
shown in Figures 25 3 n%’ﬁ% i PRI on pﬁ}poses élpubllsher
is a specndﬁm@wn@ddﬁnap@$ﬂeamm@n%ﬂpremn%mﬁmcQﬂﬂ@W@ﬂp@@Wﬁ@d@mOW5hymanspeC|aI
kind of apghi&atii .23 Backy, tﬁgﬁfeglﬁﬁﬁon%okee b iRE i€ € oekil SIS raPMiciber of
printers 802, and. each pri nter l.ow any nunber of users to use it.
Each user W&4 der; an gyplis2 éfsaﬁf?etc‘a’d?'{dﬁ’tf@%p i@li%™ 66), to which periodical

publ i cations areEdmhmyemeﬂwbymﬂeﬁaﬁMhmemhmmﬁ&x@ageemsmimﬁedm@ﬂmﬂeﬁand are
del i vered [ i e he server
coeps 1 ackpArREy b B Bt LD Mbe R e g y3bFL ikl o

user's def enligatiqnp @Wt ‘feresi\bpdffmltsw@lst preerinisd 01? é@@lﬁ‘blar? HélVPrBP @fﬂt@amter
particul a [) thfbﬁghgi}ﬁh éhglgg& is mt@&ti%?merses& k&gsgt%aemwh& ngﬁdﬁer%] § uskrShad ﬁ&yﬁzre@d. When
a user subscr.l e u C 1.oN I sher Al.e.
appl i cat | off Bhgg 25 > sl oRA 4 SRl e Pty o Kot B4 e er o
the user’' singefl ssdites e Mtien it iskquged. aut hori zation can be revoked at any tine
by the user. EaCRUsendiRybsLBYe 0%%}!%&%[)11(;9@09530‘3% plﬂﬂéhelﬁ?o‘aed‘e abplicARECI ficC to

aS|ngIe user. |If auser IS aut orized to use a partic prlnter t hen
t hat pr| ntg?wder 803) is authorized to print to a specified printer or the user’s default printer. This

authorization can be revoked at any time by the user. Each user may have several pens 801, but a pen
is specific to a single user. I a user is authorized to use a particular printer, then that printer
recognizes any of the user’s pens,

The pen ID is used to locate the comresponding user profile maintained by a particular
netpage registration server, via the DNS in the usual way.

A Web terminal 809 can be authorized to print on a particular netpage printer, allowing
Web pages and netpage documents encountered during Web browsing to be conveniently printed on
the nearest netpage printer.

The netpage system can collect, on behalf of a printer provider, fees and commissions on
income earned through publications printed on the provider’s printers, Such income can include
advertising fees, click-through fees, e-commerce commissions, and transaction fees. If the printer is

owned by the user, then the user is the printer provider.
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recogni zes any of the user's pens. The pen IDis used to | ocate the
correspondi ng user profile maintained by a particular netpage registration
server, via the DNS in the usual way. A Wb term nal 809 can be authorized
to print on a particular netpage printer, allowing Wb pages and net page
docunents encountered during Wb browsing to be conveniently printed on

the nearest netpage printer. The netpage systemcan collect, on behalf of a
printer provider, fees and conm ssions on incone earned through
publications printed on the provider's ¥rinters. Such incone can include
advertising fees, click-through fees, e-comerce conm ssions, and
transaction fees. If the printer is owned by the user, then the user is
the printer provider. NPT010-SG 37 Each user al so has a netpage account 820
whi ch i s used toEsbosamababae ampipaze agtednt §29 vl is wedeidiatcgmilgtel girraadebitshod e

descri bed i,Dy} &Goh%%@&'&e@&lb%%r;ﬁ&@&mg &a&f%ﬁ}ﬁtcoﬂtﬁé QbthiR s@éﬁncrddmg Lyl ng name,
address and tel ephone nunbers; glo al preferences i ncl udlng privacy,

delivery atdrergeatelnn wRberss elopal pelerencen § 16, i dRe Ri’f"a% %Hemné lopaliggiels 817,
cont ai Ni NGseting; WHE iinbe BE Did@Elris r@orad BIE c&itﬂnmg ﬁiengerspdrnbdabd Sifdned 818, a
handmritin l,.819 a tlcaII a ET
paynment car& cgglljﬁtetg gafg ﬁmvxﬁ oI 8h “tom‘"ﬁmﬂly mamYame %ht S S’c‘ﬁgﬁnr;g be‘{]rgr%ge 2.3.2
Favorites Mwm@ﬂ¢mh@@p@g§”u@EWmdamﬂmawwememaﬂhn@mmﬂﬂz of "favorites"”

links to ugghbul gasdii@ntist etc. on the net page network. The list is

mai nt ai ned by the systemon the user's behalf. It is organized as a

hi erarchy of f ol Ag¥®aggdser cap painking Jigt Q2 of nH¥AisTeninky ‘W@géﬂ"‘i”%“‘%%%\% in the
cl ass di agmamtpa@e debv@hld EEhe 145‘.115 nﬂun&m’ﬁd bjr &t- Qfsyﬁmlohﬂie uIehre baystlemo@ﬁmﬁai; NS a
history | Ihslér %1 of?o[l]ders & Sd emgo ent of Sith & bW lthlerc]: R d&ao EUITEI’I'[ s etc.
accessed by user t fie ne page sy /st em I's org nlzed'as a
date-orderdd list, a preferred enbodi nent of which is shown in the class
dlagran1|nggagurgwﬁayL%t4 | NTELLI GENT PAGE LAYQUT The net page publication
server automatically |ays out the es_of each user ersonal i zed
publ i cation on aTEegrredeVmeetﬁre %%3?%°H§F%d§“ﬁﬂ§Pﬂ%6 Frres Rt s are in
t he form odocunpa® ek.crastd wdhaea tlangh Hs netfaleystal. & ipdranid 0 A dithedpaigst, bef or e
e e L o1 d B Siabcn 0GB B BlodGal b il SECLT 01 caN e achi eved
with wildly vary vertirsing ratios on I ndi ?1 pages within the
section, affl the"ﬁﬁlﬁﬁyﬂﬁﬁEéhgaﬁlthnrexplorts thIS The algorithmis

confi gured to at tr@erm& tpde® ;ﬁgmhmase@eplae&ﬁdnyauylﬁﬁ a1 hOph@l Rndapdwesti sing

cont ent, such cin
persona ed %ub?icatlolg on a Sectlon by-section basis. Since most advertisements are in the form of

pre-formatted rectangles, they are placed on the page before the editorial content.

The advértising ratio for a section can be achieved with wildly varying advertising ratios
on individual pages within the section, and the ad layout algorithm exploits this. The algorithm is
configured to attempt to co-locate closely tied editorial and advertising content, such as placing ads
for roofing material specifically within the publication because of a special feature on do-it-yourself
roofing repairs.

The editorial content selected for the user, including text and associated images and
graphics, is then laid out according to various aesthetic mles.

The entire process, including the selection of ads and the selection of editorial content,
must be iterated once the layout has converged, to attempt to more closely achieve the user’s stated
section size preference. The section size preference can, however, be matched or average over time,
allowing significant day-to-day variations.

2.5 DOCUMENT FORMAT
Once the document is laid out, it is encoded for efficient distribution and persistent storage

on the netpage network,
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for roofing material specifically within the publication because of a
special feature on do-it-yourself roofing repairs. The editorial content
sel ected for the user, including text and associ ated i nages and graphics,
is then laid out according to various aesthetic rules. The entire process,
including the selection of ads and the selection of editorial content,

must be iterated once the | ayout has converged, to attenpt to nore closely
achieve the user's stated section size preference. The section size
preference can, however, be matched on 8verage over tine, allow ng
significant day-to-day variations. 2.5 DOCUMENT FORMAT Once the docunent is
laid out, it is encoded for efficient distribution and persistent storage
on the netpage network. NPT010-SG 38 The primary efficiency nechanismis
the separation ofthd pienndlidiarn sgdaishi i th eeparagimngligormagarspsifede t isiogle and

i nfor mati qpeShafes ml;he&,momazea %Lt%eédsxﬁﬁtﬁﬂe Qﬂstéd%ﬁs Ti@ %eéﬁ@ﬁk&ﬁ&m
information consists o | ayout he shared rmati1on consists
of the objeeiss o &emedwovsth@eﬁgﬁgeg nllfgz%*eﬂﬂ COIrS@F &f ke OI?J??B‘It‘ElHP‘PFg‘hF g bgout

graphi cs, R, iihRAGE smapés, drepkios, axﬂpheeé@toflehj ect contains fully-formatted text
enresent ed | n {0, P Eah bR a SR L B D Pt D1 ©
f or mat t i ngXMidepentie rliveﬂlel}mb@f Strlbﬁéeer bgicore (Xf1lo X mhvideh eretigxtonird obwitexy set
whi ch in tiﬁf’nﬁttﬁ@%@ep'eﬁelgﬁlo@ the r%ﬁog\{ﬁtg %ﬁilclpMe tegleis k)éygoécl{ w}:uI]bﬁ tL.l?(X;JSG Qtyeﬁgt

cont ai ns enbedded | angua e codes to enable automatic transl ation, and
enbedded w&%ﬂ&v.ﬂ&nﬁw%t e feyl objegt ehPteRs prabeddH dpmuaes Fofst fo sraple ﬂﬁoni‘%ge

obj ect enaﬁdﬂﬁmﬁ,randmgﬂedmpﬁehﬁodlﬁﬁﬁozﬁaﬁhwagﬁpﬁfmmd conpressed i nage
format. A graphig_obje ncodes a 20 n lable Vector Graphl CS
(SVG fornmat. Thgm adﬁou GC? 'Se mc]cl)nr?eiléltsajg bgogoe‘?avqat éc{imémssﬁ i'ige and
gr aphi ¢ objpewt § eraphip Rt @@)@Pﬁfalmrapblb]néeil@letwfel@hphwh[%)f@xqt obj ects fl ow,

hyper | i nks and |1ﬁ£bll£yof1t| i8S A8 3Gk Q‘%ﬁcé&bﬁé@% amfﬁggmc\aeggﬁ IRk &K kG ONS.
These Iayo% ?‘%FS are sunmarized in_Tab out uses a conpact

format suiPH B et eiectyifeyy P’E‘Eff”i‘kérf‘“gﬁ‘a’ms?ﬂ%aﬁe esepibgg) gboxe apght page
| ayout obj mm-mark&;gmm TAdst laydul toBjEay fra bunadariodj ie dbllé AKBd 19bjtasds o wagePosi ti on-

| mage obj %ﬂnal sgatﬁg’ f&gﬁigient distribution and storage.

Table 3. Netpage layout objects

Layout Attribute Format of
object linked object
Image Position -
Image object ID JPEG 2000
Graphic Position -
Graphic object ID SVG
Textflow Textflow ID -
Zone -

Optional text object ID XML/XSL
Hyperlink Type -

Zone -

Application ID, etc. -

Field Type -

Meaning -

Zone -

\Watermark  iZone -
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G aphi cPosition Graphic object |IDSVG Textfl owextnow | D Zone Optional text
obj ect I DMLI XSL HyperlinkType- Zone Application ID, etc.- FieldType Meaning
Zone Wat er mar kone NPT010- SG 39 2.6 DOCUMENT DI STRI BUTI ON As descri bed
above, for purposes of efficient distribution and persistent storage on the
net page network, a user-specific page |layout is separated fromthe shared
objects to which it refers. Wen a subscribed publication is ready to be
distributed, the netpage publication server allocates, with the help of the
netpage | D server 12, a unique ID for edch page, page instance, docunent,
and docunent |nstance The server conputes a set of optimzed subsets of
the shared content and creates a nulticast channel for each subset, and
then tags each user-specific layout with the nanes of the nmulticast
channels which will carry the shared content used by that |ayout. The

server theggpoi nbg@‘meﬁTngg@bﬁer' s layouts to that user's printer via the
appropri ate page server, and when the pointeasting is npl ete, multicasts

the shared cont efif ﬁﬁﬂ?ﬁémﬁﬁéﬁﬂPW@ﬁSE%ﬁﬁﬁ@fQMN%P?b?mﬁE%%?Wﬁﬁﬁ%??% ¢
poi nt cast, ne@ag}.metwmgﬁs&elsedﬁe paaB Gydaf i Rip@htedSktasid shh—edsobjeas toh&lcﬁu kdfdrcast

channel s speC| fi scn e%afyg 1cat10%{ch)sl'lrtf:z}sgri?/J toqijerdmn utte %he e ag[e Cbl%gtx% se?vaéCh page
server and pI’I nt er ex rac rom ['ticas rea 0ose 0Dj ec

ref erred tadlocalyy vithsthq balpe off thy oepage I hevepdgen wuvé%‘orgmhsmas% engel iystaawem ve the
recei ved pReggnch@dadbemaifssiared content. Once a printer has received al
the objects to whjch its page | ayquts refer, the printer re- creates the
ful ly-popul at ed FBR/STET SHEY %éﬁ“ﬁﬁ§?@???é§“ﬁﬁ&fHPﬁﬁ?giFPmeﬁﬁéFmﬁb?wm
C|rcunstanﬁﬂﬁmakhmmﬂmwnﬁGWwpﬁiamsm@m@a%ﬁmmﬁmgmmhaﬂmmhamtﬂﬁﬂmbﬁoﬁﬁélvered.

Assum ng %llﬂtltllc?f{ El%gmeg h%ﬁ‘%ﬂ]ougﬁgge .Lﬂ%re& o nEmt.lt%ge Vﬁ%&h@t lia rggtg ’sertreh ﬁ'le u%gcg page

has a size o €ess rinter Can t rerore I n excess of
100 such. wé@geqsrllaypqt&sto ithat useris a)pntgzﬂvghq]@pﬁgpr!ﬁte page server, and when the pomtcastmg is

complete, multicasts the shared content on the specified channels, After receiving its pointcast, each
page server and printer subscribes to the multicast channels specified in the page layouts. During the
muliticasts, each page server and printer extracts from the muliicast streams those objects referred to
by its page layouts. The page servers persistently archive the received page lavouts and shared
content.

Once a printer has received all the objects to which its page layouts refer, the printer re-
creates the fully-populated layout and then rasterizes and prints it.

Under normal circumstances, the printer prints pages faster than they can be delivered.
Assuming a quarter of each page is covered with images, the average page has a size of less than
400KB. The printer can therefore hold in excess of 100 such pages in its internal 64MB memory,
allowing for temporary buffers etc. The printer prints at a rate of one page per second. This is
equivalent to 400KB or about 3Mbit of page data per second, which is similar to the highest expected
rate of page data delivery over a broadband network.

Even under abnormal circumstances, such as when the printer runs out of paper, it is likely
that the user wilt be able to replenish the paper supply before the printer’s 100-page internal storage
capacity is exhausted,

However, if the printer’s internal memory does fill up, then the printer will be unable to
make use of a multicast when it first occurs. The netpage publication server therefore allows printers
to submit requests for re-multicasts. When a critical number of requests is received or a timeout
occurs, the server re-multicasts the corresponding shared objects,

Once a document is printed, a printer can produce an exact duplicate at any time by

retrieving its page layouts and contents from the relevant page server.
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allowing for tenporary buffers etc. The printer prints at a rate of one
page per second. This is equivalent to 400KB or about 3Miit of page data
per second, which is simlar to the highest expected rate of page data
delivery over a broadband network. Even under abnormal circunstances, such
as when the printer runs out of paper, it is likely that the user will be
able to replenish the paper supply before the printer's 100-page internal
storage capacity is exhausted. However, if the printer's internal nenory
does fill up, then the printer wll be4ﬂnable to nmake use of a multicast
when it first occurs. The netpage publication server therefore allows
printers to submt requests for re-nmulticasts. Wien a critical nunber of
requests is received or a timeout occurs, the server re-nulticasts the
correspondd-hg shanbdgmsh ReAUMENTSNCce a docunent is printed, a printer can

produce an exact wglipl ﬂefh@gte%oc%hexﬁlﬂxeqhés[éﬁomemaﬁcﬁ& Edn%%é?&ndh&éﬁ aQ@lg:ﬁvelre%XIPUt s and
contents fromthe rel evant page server,

DOCUMENTS "R (e SRt ipatye? RfBE‘H‘ﬁ"b Rlowpgr, rs’é‘?fu‘é"sr? édm(fharﬂ*emtﬁfa d@i"fe%larwas%
per sonal i andctmuihaeniubsﬁegﬁmerﬁlthomﬂcehsetdiemmadae way as a peri odi cal . However,

st nce t.her e1s anhSha{l %gle%gg[e]tdgc%;nént 1ser cllu\f/:s% d’o Id%mn% ? 110 personaLXedt Od ttl}e
requesting printer w of Uit cast.” et page

docunent idliverdrast daemied detpan rmiting]servey mme eqf@mpta it|az edetmm elocmlem A
del i vered n\éipﬁ’ge@orﬂﬁﬁdgg&%r@sq sp&tap%cgd?ﬁ Bfabd ROLEEI NG er vm fdhapabbiRE S 1t as

a net page docynent. e formatting server_ is a special_instance of a
net page pUT At ]i"’Bﬁle%gérO\;é"?m EmpepEge Praptdpdydg Ad%t@P\FQFabﬂfd%OCWW edge of
vari ous | reositan DFY acdispaitext anmmgmmHannga helabeor s1TRNL it abl ikEae ufrent

Format (P nd. el n tecfhnted] e it
can make t%e)em%h?r gow&h Eh% ;mt'la\% | Ont%?%%?t%eg I\I/l!_l)lt COE o’%at%ﬁlpr%osent Vb
pages i n &fpartept-Teeh W&P@ﬂm@ude\ml b azepsedirealy h@wed t?dli‘?tl‘éﬁﬁsé?d pige. g pser

aut omat i c%ﬁﬁndtﬁgbdu%raiahm\éﬁgn&ages di rectly | i nked to the requested page.
The user can tune thi ségehaw or vi referenc The ‘QE‘{“? e formatting

server makes st ahfdFHasTdPHAYRe HEHRT ?S o efeRER G VipTe i tFV““‘”é’hd
per si st enced pasigdntea bradabixnonaany Intandee davabent OC tnawn tvhat (it ongid Mrfomﬂaalt hides ori gi n

and for mat owlrigdgp Bpoﬁé nk&l}gm&gﬂ&agfﬁ‘ogﬂ bfoﬁa%e%@&aagg g&g&%ﬁ thé I%quge g 'él'ggp both the

net page printer an fie net page page server, hi des Kno of the
net page sy&f kifss %‘ﬁﬁdwﬁ%e‘?%wﬂe@ ERichreTvers. 3. 1 CRYPTOGRAPHY Crypt ogr aphy
is used ta protesicuggnsitive information, both in storage and in transit,
and to L% enticate rtles to a transaction. There are two cl asses of
crypt ograp{; d’@% E'éd use: secret-

Cryptography is used to protect sensitive information, both in storage and in transit, and to
authenticate parties to a transaction. There are two classes of cryptography in widespread use: secret-
key cryptography and public-key cryptography. The netpage network uses both classes of
cryptography.

Secret-key cryptography, also referred to as symmetric cryptography, uses the same key to
encrypt and decrypt a message. Two parties wishing to exchange miessages must first arrange to
securely exchange the secret key,

Public-key cryptography, also referred to as asymmetric cryptography, uses two
encryption keys. The two keys are mathematicaily related in such a way that any message encrypted
using one key can only be decrypted using the other key. One of these keys is then published, while
the other is kept private. The public key is used to encrypt any message intended for the holder of the
private key. Once encrypted using the public key, a message can only be decrypted using the private
key. Thus two parties can securely exchange messages without first having to exchange a secret key.
To ensure that the private key is secure, it is normal for the holder of the private key to generate the

key pair.
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key cryptography and public-key cryptography. The net page network uses both
cl asses of cryptography. Secret-key cryptography, also referred to as
symmetric cryptography, uses the sanme key to encrypt and decrypt a
message. Two parties w shing to exchange nessages nust first arrange to
securely exchange the secret key. Public-key cryptography, also referred to
as asymmetric cryptography, uses two encryption keys. The two keys are

mat hematically related in such a way that any nessage encrypted using one
key can only be decrypted using the ot hdr key. One of these keys is then
publ i shed, while the other is kept private. The public key is used to
encrypt any nessage intended for the holder of the private key. Once
encrypted using the public key, a nessage can only be decrypted using the
private key. Thifsblipwey patogimy cendn uid expreetey digiad igmtyes- Fedsldgebthewivitout first
havi ng t o0 RYCHARGR BnSACKE of B ssage QA BBS K tttm&slﬁd@ﬁg e 'pﬁ@a&e%e;‘% dn$ Secure,
it is normal for %pe hol der f t he iyate nerg%e t he tﬁ pair.
NPT010- SG %1 ety c‘h%@?e”élf’% bﬂﬁg“e& e " Baatir i e ol & epriatykey vty

si gnat ur e. refphe tchibdt gaticuldf mésknge wdewaimg mkayrylmhhasirusag the publiaioapandhasiiingf a
nmessage anﬁle L{%E an%&cnﬁeyrgéssg&{: tﬁat‘:ﬁ%': %Fénge% tﬁ Eﬂe\ft%gsg% kﬁgn théb‘f&/l? Mt of &ﬁn t hen

verify that the encr constit ol der of
t he prlvat@“%@?“WWT¢W“¥@§%@EP“@@GﬁﬁﬁwmﬁaﬁﬂﬂéﬁWﬁﬁmﬁéﬁsﬁﬁé“HVmﬂEcrypt|ng t he
encrypted hash ugbhagkd ;kmna@kw@&w;, a&qi, ﬂ-i@é hzfs){d» BQa wﬁ)hle dR@shte gehak RSL t he
message. |f Hpe sighat ure. |5H$ g ﬁld %ﬂ gen t recj pi ent of
the rmessafE iR VerPR  BEP N Y HLEoPHE WE&@&E%’ mﬁ PR ﬁﬁ? t has
not been afettificagavitharity isanigisted thifd parkedich alghantcalceie comyptiogrespdna mwblidkkey t her e
has to be Qld‘é@rb{eoﬁéi’s @i TR UL Brdkl %h&t;kx%}éﬁes ﬂ‘é@e&& SUE DY %dnﬂ%%rl&aﬂ?t I on.

This is nornal done using certificates and certi |cate authorities. A
certificat @G*aﬂ&ﬁl el then gregtes and sigay asieiphfeptificasconginigihthe persgny ideniity deaiisesd t he

con Eect i OnpubRd ?geamy@e pUp kst ﬂleebymﬁaf&dutamm @se Shel pillia tckyt i (tjhe Thenceemidii cate
authority yerifle [§QN. s, identit ng i tit ocument s,
and thenycrg1 88 4 amtylq%sﬁa digr ?@f’yjcé)r{ i qvgré@;ﬂa{;%en g‘fiﬁa?enrhé‘sin%egd Pl son' s
identity d%@%dbﬁﬂmaw@ﬂwpuwhwmmk@vemﬁhw@mevmhbmwmusts the certificate
authority can usg ﬁ&eu&gmildn%nmxmén& mﬁc@rcgrb@raﬁ;@s amytdaedato i@ egr ee of

certainty that it is genU|ne just have to verify t t he certlflcate
has i ndeed BawR i GHAEFHRFhepEs 5?95%/ T‘?ﬁqnéﬁ’ﬁege&’ﬁ‘tkﬁb?rmt‘ig’apmb‘é%d Bl et key i s
wel | - knownpurdoges.nDst transactlon envi ronnents, publlc key cryptography is
only used to cregtg, CPE o] dlsc§ss&!‘%ﬁ£ SoterBfad d’% &Y SXENA0gs, secr et
sessi on keys. Secr et tograp 'S used for a ?ﬁe purposes. In
the foll ovm?gnaa@nsl@n@m wtpamh@ntelr@fleﬁ@meﬂhﬁ@cwlcxémmsvmatﬁwmter oble@ns M ssi on

of i nf or n@d iepr PREMBRN adhcARLRADSItHIERRLE Fo RNWriBicaaBhuMSiity, ui ae pisit ¥al | Y

happens is that th ri nter obtains
PP exchange key % tl[m)e cert}ﬁcate to exchange a secret session key with the server, and then uses the

secret session key to encrypt the message data. A session key, by definition, can have an arbitrarily
short lifetime.
3.2 NETPAGE PRINTER SECURITY

Each netpage printer is assigned a pair of unique identifiers at time of manufacture which
are stored in read-only memory in the printer and in the netpage registration server database, The first
ID 62 is public and uniquely identifies the printer on the netpage network. The second ID is secret
and is used when the printer is first registered on the network.

When the printer connects to the netpage network for the first time after installation, it
creates a signature public/private key pair. It transmits the secret ID and the public key securely to the
netpage regisiration server. The server compares the secret ID against the printer’s secret ID recorded
in its database, and accepts the registration if the IDs match. It then creates and signs a certificate

containing the printer’s public ID and public signature key, and stores the certificate in the
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the server's certificate, authenticates it with reference to the
certificate authority, uses the public key- exchange key in the certificate
to exchange a secret session key with the server, and then uses the secret
session key to encrypt the nmessage data. A session key, by definition, can
have an arbitrarily short lifetinme. 3.2 NETPAGE PRI NTER SECURI TY Each

net page printer is assigned a pair of unique identifiers at time of

manuf acture which are stored in read-only nenory in the printer and in the
net page regi stration server database. THe first D 62 is public and
uniquely identifies the printer on the netpage network. The second IDis
secret and is used when the printer is first registered on the network.
When the printer connects to the netpage network for the first tine after

i nst al | at i westratign dagbagsat es a si gnature public/private key pair. It transnmts

the secret ID angnd &%a&%@zéﬁ‘&uéﬁ%{v& GGGl YrifiQte Llifori YoF REAE: Jriftls Shdo@h 1 ON

server. The server ares the secret ID against the printer's secret ID
recor ded }i‘aﬁa‘ic?sét"d%‘feé “o‘éﬂ’dw’ééﬁe’p‘iﬁ’é‘fyi’%ﬁ‘rd@@ﬂ%tratr on if the IDs nmatch.

It then creates aﬂﬁhsmgﬂﬁm&nﬁﬁmihbMﬁﬁﬁﬁla&&ﬁﬁﬁbBMﬂﬁlhhﬁrﬁ@ﬁﬁﬁﬁﬁtam@Ub|IC | D
and public sig ure nd .st.or S,k tific in 01 0-SG 42
ogi ot rat | S PRH: SuffRne BRRANRL B8, BEflaon B L BT
certificat @ecaiiﬁimemrrt @Nefyoiocwre@tpaﬂg@ aqumm 6 spags fenncieis pddresigd o aa@@ed@: ugep secr et

i nformati ofqga siggé@bg%eb&bhguer Yk b ¥ubm§ﬂe1mst1§ﬁlaté GE e resr TRRER sl SEfhesSHPSCT i bes
to a publication, rtagcor is created in the netp P]Hé%grstratron server

dat abase t rrér‘ra?%gf #e it e ipeiisher $sghprizei mtdﬁlérefp% o8 thegPeeHigd user

def aul t prisat @he page @erved patfiet ithe dighsnire et thEyaliyhetlO publie Réy, sEilhedt onathpr i Nt er
via a pag j.cular user and is signed by the
publ i sher %u?r?sliﬁég/r%t f{héca g‘?regﬁﬁmsés%?tr%\l}g%%%sr gnhature key. The page server
verifies, via tRk F@&Bes{egla'ﬁ“@hsmt adsepterequetinito dd erriptils| qudhpréizptiqos toathe hor i zed
to deliverdabge @Mﬁhé &%E&Ehu&s@ ﬁehﬁtlﬁda%iafpiarﬁgglst&%é the fﬂﬁl%r.page server verifies

the signatyre us blisher's public key, obtained fromthe
publ i sher’ %J’gcert NF%@EFE “E%’F&Pﬁa". n the registration database. The netpage

regi stration ser ¥eh neipgepinds ss@gués tisqub dletiick 4 fimndfimaguigutaidiiaddrais to the

dat abase, sg. Amm%%\&ﬁe% hPAIE SRS aﬁrnr lALEH M TR p‘%ﬁﬂaéle&!lqﬁlé}?r ed to

the printer. PEN net page pen 1I's assigned a uni que
i dent i fi eridepifigsitiewens hedptes eyl whi ch is stored in read-only menory in
the pen and ln t RenepeieiRE Qan’ egdvs’tamﬁﬂberbfsletf)ageﬁmﬂa; &b@-&@nnta;hﬁn ﬂ&WlD 61

uni quel y i %fr e thengoen tF gjag Jnet 1 g pen can
"know' a nil %rr" B At hEq 5““”?& t"% ap‘m hd“ & pr ﬁ“ercyegrr w ) tli%nrber of
pens. A pemnge@fithaprigtet @scewr meh apd pmtmtaerregmt@sdathc}adgldaﬂ& reedieren eeysum lgpal
whenever i WhdnSvelMnt QEﬂ‘ltransnﬁts digital ink to the printer, the digital ink is always encrypted using the

appropriate session key. Digital ink is never transmitted in the clear.

A pen stores a session key for every printer it knows, indexed by printer ID, and a printer
stores a session key for every pen it knows, indexed by pen ID. Both have a large but finite storage
capacity for session keys, and will forget a session key on a least-recently-used basis if necessary.

When a pen comes within range of a printer, the pen and printer discover whether they
know each other. If they don’t know each other, then the printer determines whether it is supposed to
know the pen. This might be, for example, because the pen belongs to a user who is registered to use
the printer, If the printer is meant to know the pen but doesn’t, then it initiates the automatic pen
registration procedure. If the printer isn’t meant to know the pen, then it agrees with the pen to ignore
it until the pen is placed in a charging cup, at which time it initiates the registration procedure.

In addition to its public ID, the pen contains a secret key-exchange key. The key-exchange
key is also recorded in the netpage registration server database at time of manufacture. During

registration, the pen transmits its pen ID to the prinfer, and the printer transmits the pen ID to the
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range of the printer. Once a pen and printer are registered, they regularly
exchange session keys. \Wenever the pen transmts digital ink to the
printer, the digital ink is always encrypted using the appropriate session
key. Digital ink is never transmtted in the clear. A pen stores a session
key for every printer it knows, indexed by printer ID, and a printer
stores a session key for every pen it knows, indexed by pen ID. Both have a
| arge but finite storage capacity for session keys, and will forget a
session key on a | east-recently-used balis if necessary. \Wen a pen cones
within range of a printer, the pen and printer discover whether they know
each other. If they don't know each other, then the printer determ nes
whether it is supposed to know the pen. This m ght be, for exanple,
because t WePpETCHEPERGIVIoThE SUSBECRHIGS psospiegkaytierhalrringr eleren thse.prd nter . | f
the print edecudly maqﬂ{s tHe QesHBOMYy T 1B RRTRr. Bibiso BABSM o copyl TAR sdsbiod IRY bdcAPRS T he
procedure. |f the printe n't nmeant_to know

automatic str t|o

t he pen, t‘E‘g’r?‘ﬁi Ren’ bﬁyéé tﬁ@"ﬁ%‘ﬁ“’f‘%“’? Fivore Wm@{,h 'i“?e"?dﬁé( Us@F P pl aced
in a char g%inrhgansmps, theadncrmwcshssmmm the pani The @tresords e sessign Iy Ingdmati indexed edur e.

In addit| % .%EpUbl ic ID, the pen contains a secret key-exchange key.
The key- excha ey is also recorded in the netpage registration server
dat abase at ti m%ouﬁmfaﬁamw EOPCTERPRte A gon ik BgPesreiiritionprolosnd oplEATekPshS i t S
its pen IQaﬁabciybﬁhd%gsfeﬁ&@m@medmenfnhmer transmts the pen ID to t he
NPT010- SG 43 net e tration server., The rver. ner a ssion
key for the pri ntagl Hgoﬁgﬁmfr??‘s gpelhlﬁgmrg%%ﬁ?dzg)lff"ﬁ sr‘r‘ﬁ‘g&ﬂt hé si on key
to the pr i tnaper. 4 teglabrsd)bttt Fearrsied” perais odp yllopkd tolbe ugé gsicgnst ke\filenoetyqgt ed with
the pen's ey gxs ?e@ﬂga%omﬁm B REisRY | s Bler BAICE e biPhch RIBDARicdG Yl PT AN 1Y,

i ndexed by the pen’ID, transmts the encrypted session key to the pen.
The pen st‘BF@s“F‘ﬁée“s“éW’(%‘H’gPé?y internally, indexed by the printer ID.

Al t hough a fake m&n p&iA Rsck NPRELSON adtler ahaﬁeﬂlbhﬂkéyh&c@ﬁ[bnr&gdu&t bammamar@rot ocol ,
only a real en . Cé qragn%cr%(‘ pt the session key transmtted by the printer.
When a preRn ous younregistered pen is first regi stered it isof limted
use until 34 is PFGUREBOCYNENZS user. A regi stered but "un-owned" pen is only

allowed to be useg L&abLYNERtsugddfs tre! detidey aee;ea@g@ocuﬁiéﬁ‘sr @ s R8Bts and
regl stration forms to regl ster a new user to which the new pen is

aut omat i cal°MRPny Fh‘k‘é"&’aged%mte’t igelufigrye BeilRe b‘@’ﬁ""f‘t&‘méﬁlfs & et Pﬂ{f} d‘h%"e‘?” *APEe pen

uses secr efonk@ylishat Rierard @bdlypuildrzed. KBypublisher yrdichieyits RAE@ISE paft whskEikar e

per f or manc. ra ECURE DOCUMENTS The net page system
supports t'ﬁ &%Rﬁlga\}eé}y&%h @%ﬁﬁe dtgglbt%énﬁcag such as tickets and coupons. The
net page printer il“hf‘crwﬂ@@arlsi’ forirting | prgcetsouspt iamt altppatisy rddtha smatiyy tin wpdelficgpnl y do

SO 0N I eqU&StermafiF %@oﬂé@kﬂe%&@m%@a&( RS YbntaDhiro kbR QfateZBbk reib} whidP! | sher
indicates its. aughorl tX 1tho d%l nt water

FUSpS
comcide when printe er matrices use ﬁ and even pages’ watermark regions are

designed to produce an interference effect when the regions are viewed together, achieved by looking
through the printed sheet.

The effect is similar to a watermark in that it is not visible when looking at only one side
of the page, and is lost when the page is copied by normal means.

Pages of secure documents cannot be copied using the built-in netpage copy mechanism
described in Section 1.9 above. This extends to copying netpages on netpage-aware photocopiers.

Secure documents are typically generated as part of e-commerce transactions. They can
therefore include the user’s photograph which was captured when the user registered biometric
information with the netpage registration server, as described in Section 2.

When presented with a secure netpage document, the recipient can verify its authenticity
by requesting its status in the usual way. The unique ID of a secure document is only valid for the

lifetime of the document, and secure document IDs are allocated non-contiguously to prevent their
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inits certificate, which the printer is able to authenticate. The

"wat ermar k" printing process uses an alternative dither matrix in specified

"wat er mar k" regions of the page. Back-to-back pages contain mrror-imge

wat er mar k regi ons which coincide when printed. The dither matrices used in

odd and even pages' watermark regions are designed to produce an

interference effect when the regions are viewed together, achieved by

| ooking through the printed sheet. The effect is simlar to a waternmark in

that it is not visible when | ooking at %hly one side of the page, and is

| ost when the page is copied by normal nmeans. Pages of secure docunents

cannot be copied using the built-in netpage copy nmechanism described in

Section 1.9 above. This extends to copyi ng netpages on net page-aware

phot ocopi epredictionSscappertupigiicfprest £ sequee dogientyprifisatipn prorcan eeegsdopprhwith tyflt-

€- COMTET Cein ke VbR Sion RRRY, 1£@PpoktR8Y B8 pefd bl Qoduhént USiBkaiiSn. POt Ogr aph

whi ch was capturﬁf ﬁpen tgg user rqglstered bi onetric lnfornatlog with the
B , r fy

net page registra weithep e, walgEmaglh B e e S o RD) AhseRe (R fRIeeR e At ed wit h
a secure netspafey doplymenide atsheificapColphdnto manl fogery.fOnlind docandhhenficagol y by
requesting_i .8t I re.docunent
is only v%%ﬁ?@iﬁ%ﬁiﬁn faglgﬁe?fépﬁde%éddégg gerlrgfryf&”gn Qggzsﬁgegg(gg%ﬁs%ﬂt | Ds
are al | ocatobeptifslyrimeenste §ienissl y to prevent their NPTO010-SG 44 prediction by
opportuni s§5C f ONgRIREPUDAATIRCUr € docunent verification pen can be devel oped
with built- in feedback on verification failure, to. s ort e

BOi Nt - of - pr esent 1 PORFRIECHTIER R PFIEAPY B o RPry S AEP™ MES er mar k
nor the usad'ag pEheteatyr agived pe ngmge page istrvess. Oriy pee@reaimpassible S@ edpientihey si npl y
provide a gignifigapt obstacle to casual forgery. Online document
verification, particularly using a verification pen, provides an added

| evel of securit Fo(iR8fe payments drgpeh fhp syptem.sasi deseribadgp SeqiieR Aoty astmune to
f orgeri es. imgosHibINENHRERLDL AFbdiN. | N t he net page system fornms submtted by
users are gelivered reliabl fornms handlers and are persistently

ar chi ved dﬂ netp%ﬁ%nggéegg%W%ggpg?T is therefore inpossible for recipients
to repudiéle deBEGUREFIERONMGTRMNSACTIANBENt s made t hrough the system as
described in SectjORydse %&&n e Rhe sEJmoﬁ&hE}ieeTlfa&EcﬁB{'ﬁg@%@lfy‘?&nfa%r{ee‘o@‘i{g' ate. 4
ELECTRONI C COVWERCE MDE 4.1 SECURE ELECTRONI C_ TRANSACTI ON ( SET) The

net page syR&¥BH EEes e haying hrea dplepad by Matter§erd prd Fés inteqnisetprovad R B as one
of its payn®.nhd st efiected SEthe tdhaMoloy. BeeRerOgMe loohe dystym iMasdpatitakbiihand Vi sa,

s or gani zgd 1. QuNd R EN!

In SET, cardholders and merchants register with a certificate authority and are issued with
certificates containing their public signature keys. The certificate authority verifies a cardholder’s
registration details with the card issuer as appropriate, and verifies a merchant’s registration details
with the acquirer as appropriate. Cardholders and merchants store their respective private signature
keys securely on their computers. During the payment process, these certificates are used to mutually
authenticate a merchant and cardholder, and to authenticate them both to the payment gateway.

SET has not yet been adopted widely, partly because cardholder maintenance of keys and
certificates is considered burdensome. Interim solutions which maintain cardholder keys and
certificates on a server and give the cardholder access via & password have met with some success.

4.2 SET PAYMENTS

In the netpage system the netpage registration server acts as a proxy for the netpage user
(i.e. the cardholder) in SET payment transactions.

The netpage system uses biometrics to authenticate the user and authorize SET payments.
Because the system is pen-based, the biometric used is the user’s on-line signature, consisting of time-

varying pen position and pressure. A fingerprint biometric can also be used by designing a fingerprint
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cards, and this is reflected in the term nol ogy. However, nuch of the
systemis independent of the type of accounts being used. In SET,
cardhol ders and nerchants register with a certificate authority and are
issued with certificates containing their public signature keys. The
certificate authority verifies a cardholder's registration details with
the card issuer as appropriate, and verifies a nerchant's registration
details wth the acquirer as appropriate. Cardhol ders and nerchants store
their respective private signature key®8 securely on their conputers.
During the paynent process, these certificates are used to nutually
aut henticate a nerchant and cardhol der, and to authenticate themboth to
t he paynent gateway. SET has not yet been adopted wi dely, partly because
car dhol dersemei into alraac eltiehghkae y Biglan chst. Tl thpefof biahesc ised abnskadehedphbuodensone.
I nteri m sol il Qns MEQ&&EH%aQ&@s&c&%&Q%&%r keys and certificates on a

ol der

server and give the car . access Via a password have nmet with sone
success. 4.2 SEThRyNENPSeinsatitfe make Fdgermsys isdoiegier thraspadiomesyvdh r at i on
server act e @fpag I%i%ﬂonﬁ,a‘%r.tm i$1@dnP 3G ohtEBEd en(ri}onﬂent,tfblebxﬁlﬂﬂeﬁmﬁhﬂﬁzhe)rei n SET
paynent transactions. T et page system uses bhionetrics o authenticate

t he user atﬁ%ﬁlﬁlﬂ? AR C@E‘feqpaé@ﬁgﬁtfms.%m ”égd&ealﬁeéres ! eﬁ‘%tyéi/‘éef’ﬁ?ﬁ & ° W4t ed, the
bi ometri c wstewd g stolvd intsertigratne-daiabree, Silgh@ttherues:’s comdi B brgs gbtobiaphss  var yi ng
pen posi tigy @Rthafl SHaCmd %61‘(&8%9%0;35&&. e QR &&mﬁé%ﬁéﬁtﬁbgl t%cg%qﬂ by

designing a fingerprint NPTO10-SG 45 sensor into the pen, at a
hi gher costmPlES apd fe resrltipg yival et kay 4k Fsptificptr @t siorgdtie teBtebise T8¢ t he
bi omet ri c,useGt papient @bt NibfbinBdn BreldSPRE] Sivek thd)GeySsS te@ifiratidh) Serber lefdugist €p t 0

bei ng abl &40, fIaKE o P AV TERL Pin S, 60 ph M GhSL N USer' s bi ometric with
t he netpage registration sefver. Fhis”i’s done in a controlled environment,

for exanpl e a bafhen thhescecvertipdly bipplive the bipmeisin toremplaip & pmemintafor edamplshye tine

as the usefignighdGptel bMerlfSmVBY printePourePRanthiQ MR ok definfofnatiGABE P&QE Ae St Or ed
in the reqgistration database, linked to the user's record, The user's
phot ogr aphP'§etricp & ByReiPaRFAPEiFation ST dd° SR YR & ogrerin &ith gesetde therhe SET
car dhol deruséreidensfisd iyl thnpep DL &8 FroimSthenCangols @k @@, us@R @roxién soaplalidgl RgSPri vat e
Si gnatureadggtxeng?agsagt%rﬁti ficate are stored in the database. The wuser's
paynent card information is also stored, giving the netpage registration
server enck$h | MIGPTAMEBASt 0 act as the user's proxy in any SET payment

transaction. Wiehd RfattSlien MBI alnlc¥haSibthd Rl infiSo-bd)Gedd @Bk itk 4@ (S0Pl ete a
paynent, for e,xe\gp a netpage order form_the printer securely

| e by_ signi
Pransmi s PRETGPHCTER GF RERPBAT £ yen “ItSDO’égff“ﬁ“ﬁé’nd BroTBYHE EoRflEhh to the
net page r elpcwdentstand possisly ulss to alle tgaseres ba/emibius@Siot dxgenlys Gaemtadiic pivtih r espect

to the usgl. 'sﬁlg%ie&h.%ﬁie B¥er b} End0 Elind Rrel &%aﬁ{ A RENia, #EhRy S the user’s
proxy in conplefing the SET “paynent transaction.
When the user registers for e-commerce, a network account is established which

aggregates micro-payments. The user receives a statement on a regular basis, and can seitle any
outstanding debit balance using the standard payment mechanism,

The network account can be extended to aggregate subscription fees for periodicals, which
would also otherwise be presented to the user in the form of individual statements.
4.4 TRANSACTIONS

When a user requests a netpage in a particular application context, the application is able
to embed a user-specific transaction ID 55 in the page. Subsequent input through the page is tagged
with the transaction ID, and the application is thereby able to establish an appropriate context for the
user’s input.

When input occurs through a page which is not user-specific, however, the application
must use the user’s unique identity to establish a context. A typical example involves adding items

from a pre-printed catalog page to the user’s virtual “shopping cart”. To protect the user’s privacy,
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4.3 M CRO PAYMENTS The net page system i ncl udes a mechani smfor :

m cr o- paynents, to allow the user to be conveniently charged for printing
| ow- cost docunents on denand and for copyi ng copyright docunents, and
possibly also to allow the user to be reinbursed for expenses incurred in
printing advertising material. The |latter depends on the |evel of subsidy
al ready provided to the user. When the user registers for e-conmmerce, a
network account is established which aggregates m cro-paynments. The user
receives a statenment on a regul ar basis% and can settle any outstanding
debit bal ance using the standard paynent nmechani sm The network account can
be extended to aggregate subscription fees for periodicals, which would

al so otherwi se be presented to the user in the form of individual

st at enment showdved FERANBACT HDNSmWWren tha neipee syktes| s@stdsulgedte bptgeons.Thia isaar t i cul ar
applicatio . I I } . - pfic
transacti oé;}m}lé%r?i }%lktnap% ll}ugtmggg)gd&%u nggaah ecr?tgg%ltﬁl lljn%l%'te ﬁd?%ﬁgﬁc%ﬂ%g{%’g%%?&g t agged
with the t##nsaction I D, and the application is thereby able to establish
an appropriate Com faged Qfistali@ se&Efisteid biRldis anBRmoROhtiAG S bebrekd1 OUGh a
page which is ‘?ot yser - s, ecific, E‘ﬁg\gaveé, t.h?. aggﬁ{' at i 09'8 nust. use the
user’' s uni Gl FSRRIcEn v 2 2ugug afias I 0% agovndg figur '!‘/‘ﬁ'ﬁ%ﬁr ¥ahisieP dvol ves
addi ng i t elpperlifkrigpgrdowifhrie-‘preistte&thttabita the getpag et eriehmksiseripaze vigistratiah

) S_hOppI ng &%}ttg trarl@te%e%gsgﬁfl'tedtagﬁic%ﬁﬁ]l} 34, Qgglat}{é?%th th'élﬁél;l%gﬂ,ﬁﬁloﬁgﬂgﬁ\?%e r, the
uni que user D 60 known to the netpage systemis not divulged to

appl i cat i ofs aliaplp & theg subpyittedhio dhgdprerliphk’s srak@H™- appl i cati on providers from
easily correlati mg i@n&ﬂﬁﬂg@wswta&gﬂuﬂﬁ@tmxéaalgauiswiﬂnd_isdaﬂeﬂcp &:E\@e net page
registration server instea i ntain a us rel ationship between a
User and aReapBiEap e o kg iades H b B GRS d a1 Fi gur e 24.
Whenever the useithagtténydtoaerinains ay pdepbridmi cirdfgete endwrrivdte ddneurt kedprstdioéd”
attribute,, Lbes HBERAGE DR B &S Y& apBR%on AR ABAPAARNACH 1Rl LBl ourp €T VEr to
transl ate the associ ated application ID 64, together with the pen 1D 61,
into an al PREYoprspesific ifgrEationi a5 | D js then submitted to the hyperlink's
appl i cati on. The Tapgktit@aystdiin Faiiftpaddas bs bak CURQ) Fapahdld enmiviindexedstby al | as
D and | 5,.aPL& Ol ShILENEn HSELERREG S LS ShALS L ALORAR T On Wi hout

know edge of the g obal “raent y o the user. The system al so nmai ntai ns an
i ndependent cert Efcheprlicationi apspdiaredt withgin gprdipatipepiReder.fand the sekmafaintaips g er ' s
appl i cat i oRsunddd beHlalrQeatl appoadinGRoviDld MY i@ ertdARS @bk OPvR hehal f of the
user using.only application-specific information. To assist the systemin
routing prtB’(?Eﬁ],ltfeeB%fE code (UPC) "hyperlink" activations, the system

An application provider can be a publisher of periodical subscribed content. The system
records the user’s willingness to receive the subscribed publication, as well as the expected frequency
of publication.

4.5 RESOQURCE DESCRIPTIONS AND COPYRIGHT

A preferred embodiment of a resource description class diagram is shown in Figure 40.

Each document and content object may be described by one or more resource descriptions
842, Resource descriptions use the Dublin Core metadata element set, which is designed to facilitate
discovery of electronic resources. Dublin Core metadata conforms to the World Wide Web
Consortium (W3C) Resource Description Framework (RDF).

A resource description may identify rights holders 920. The netpage system automatically
transfers copyright fees from users to rights holders when users print copyright content.

5 COMMUNICATIONS PROTOCOLS

A communications protocol defines an ordered exchange of messages between entities. In

the netpage system, entities such as pens, printers and servers utilise a set of defined protocols to

cooperatively handle user interaction with the netpage system.
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records a favorite application on behalf of the user for any nunber of
product types. Each application is associated with an application provider,
and the system mai ntains an account on behal f of each application
provider, to allowit to credit and debit the provider for click- through
fees etc. An application provider can be a publisher of periodical

subscri bed content. The system records the user's wllingness to receive

t he subscri bed publication, as well as the expected frequency of
publication. 4.5 RESOURCE DESCRI PTI ONS “AND COPYRI GHT A preferred enbodi ment
of a resource description class diagramis shown in Figure 40. Each
docunent and content object nay be described by one or nore resource
descriptions 842. Resource descriptions use the Dublin Core netadata

el ement set, whi Ebrhijmotebekisgifestiated by avay bof 8 at@encelidivgromen ywhish thd baizentahi ¢
resour ces. gifbHbh B Q6 1PREANALS0E BB HdBe {ichiNBmMAE H WWade rdpfelen: flNSOrti um

(WBC) Resaource Description Framework (RDF). A resource description nmay
identify riagheuibhisrPEPted Py 2 reeels snHye %ﬂyf&ff@ﬁf Seeybatddareryal cekepst er s
copyri ght kgesnting aaliiherostht etityl Diting thh Ghdarestinhen, HSkERe Brhdih acOfyted ght

content. 5, I .PROT. A ni_cati . t ocal defines an
or der ed ei%%gﬁg%@%%%%%%§§5%§;c%the%%ég%%ff?e§ggﬁﬂgg§ﬁ£%%ggggggﬂg§gfem
entities siwevierd hye Agnot priiheraledron pfties lifelispssirg gepdrally gut ghostens sqoh aghafentite d
protocol s fefes 6 pRRGIRNA ¥Rbtcoandl e user interaction with the netpage
system Ng;&ﬁo-sg 47 Each %aoto ol is illustrated by way of a sequence
di agr am i n®>Whi ch°PFRERIBIPY DEERY PRYFOFBNsi on is used to represent message

fl ow and t he ver tipaddredlénthedisie® bf 4 sgbstripioh deliverygpst@sBnhodn imFigure BACh entity i s
represented by a,r e I 0g.- . of . [ nd.a vertica
col um 1 epr esenﬁlﬁfg‘; AR IR A M 18 o RO b Tl e Y 0L £
exi sts, thaaytefad puh diffprentiy hyhypanygsess’ erhitionewill sharqgemmby pqnfeps spqhes textipbicath entity
i's active, anfl h@agei dbRbth. N isSbs& PO AR pdRLD | Rrdrdrd) BelivBe Qi ment stk Q8 ocol s

consi dered_here do not creatFV8&%%§§%%Q¥Benthties, | ifelines are generally

cut short BEVEBHHNEE viaRoaiseh NPT BIEn a protocol . 5.1
SUBSCRI PTI ON DEL M'vivicRROTEGDblisher pliretfobineddogwizodiDme ritr cath dacugiedd omiapt | on

delivery piyatQ6ab. i SenSRRAMCH fhohdiiibonds mcr(@%ikgiﬁs%cuﬂluaergxls %Illdg)fﬁgel{l%nsggﬁgﬁe@%/ 2 d out

subscribe to a periodical publication. 'Each user's |
di f f erent |9, Phbiee vy 1sepensivigor g rfecumiens i dlogdsintBn Icetitdents 8Wth as
t ext obj eCdpplica@BdDiAPEE suBRHBET Slias Tih 65, Sd BE kdlgdinit @ oflAb1tidsQIcYanRd] @b Ot
t herefore deljvers document structyres to i ndi vidual printers via
. 51%5 e ﬁes[sage using 1its private algna € e}rr_.' . . .
poi nt cast, Du el'rvers shared-cont éfit objects via multicast.

The page server uses the application ID and alias ID to obtain from the registration server
the corresponding user ID 60, the user’s selected printer ID 62 (which may be explicitly selected for
the application, or may be the user’s default printer), and the application’s certificate.

The application’s certificate allows the page server to verify the message signature, The
page server’s request to the registration server fails if the application ID and alias ID don’t together
identify a subscription 808.

The page server then allocates document and page instance IDs and forwards the page
descriptions, including page IDs 50, to the printer. It includes the relevant set of multicast channel
names for the printer to listen to.

It then returns the newly allocated page IDs to the application for future reference,

Once the application has distributed all of the document structures to the subscribers’
selected printers via the relevant page servers, it multicasts the various subsets of the shared objects
on the previously selected multicast channels. Both page servers and printers monitor the appropriate

multicast channels and receive their required content objects. They are then able to populate the

previously pointcast document structures, This allows the page servers to add complete documents to
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The application (i.e. publisher) first obtains a docunment |ID 51 for each
docunent froman |ID server 12. It then sends each document structure,
including its docunent |ID and page descriptions, to the page server 10
responsi ble for the docunent's newy allocated ID. It includes its own
application ID 64, the subscriber's alias ID 65, and the rel evant set of
mul ticast channel nanmes. It signs the nessage using its private signature
key. The page server uses the application ID and alias IDto obtain from
the registration server the correspondt®nhg user 1D 60, the user's selected
printer 1D 62 (which may be explicitly selected for the application, or
may be the user's default printer), and the application's certificate. The
application's certificate allows the page server to verify the nessage

si gnat ur e. thiihdatabasesgand i @flopes the primagjig euat tiedoquinents: egi st rati on server fails if
t he applicgbi on Hebeifk abhdsiohPrEfdtol T 0get her identify a subscription
808. The page server then all ocates docunment and ge instance |1 Ds and

forwards the pagépr%@€FW%FW§fal}yﬂftflluﬁd?tﬁ@%a@@cql% Bn nfigt e printer. It
i ncludes the rel exhani ussetick®bn mkptageo;aﬁta A RA| the fea B@EnuhDiestiReligrd méer to
listen to. |t en retur |l ocat e e | to t Ilcation
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the previo sI sel ect ed mul t'-ilcant chann%érnslts %5} Dt page servers and printers

monitor th %PWP%W%%‘PeS - e mey A &ecélfe\r/aasme}tweéﬁﬁ red
cont ent obyigObessamd puey Tae @intehiben fadingds hopap Pt abeprinkelD 431 bapageldl aid gliok Nt cast
docunent s { al l ows the page servers to add conpl ete docunents
to NPTO10- lg‘%‘:{‘gﬁg}j‘t[hggageIda??abases and it allows the printers to print the
documents. 5.2 MPERE FRKT IREH| Re/ppECisEROMGOOG.: ntifiedshyethepagetd adlsdioent of a

hyper | i nk wiGi i@k uefﬁenpg %@G@hf!ﬂ:@ SO ticdlinFAGkthiBy S reldMie fhpdk disfRhe iChi CKs on

a net page a netp pen en .communicates the click to _the
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address of the page Server the partic e ID.50 The
addr ess nefeigriagyehE, pi 'ilftﬂsalle%hé giOP %tywelqwsle@erhr&fsrewe% é‘gégm Prildt act ed
with t hehSI@ﬁﬁluﬂta@ﬁest-ﬁm ThE hﬁ'&lﬂﬁk teher cia@'d‘i@idﬂﬁmkﬁlﬁmﬂﬁﬂ:gﬁr@#tﬂlths hgzpmmpri nt er

I D 62, the l.ocatio page e server
| oads the g greﬁoeré%ct%n% f’%)dril ° EUEHA anée]%m%?a’f jgen p'aéthe }é‘% AP ede hes

whi ch i npu&62e'lhenmqsereer themsends 85 ovirf seyenyl> 58, h@hmerlclk reqpegid Dj amd ﬂlAQ@Uﬁltmget he

rel evant i ppubidal ement is a
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The application produces a response document according to application-specific logic, and
obtains a document ID 51 from an ID server 12, It then sends the document to the page server 10b
responsible for the document’s newly allocated ID, together with the requesting page server’s ID and
the hyperlink request ID.

The second page server sends the hyperlink request ID and application ID to the first page
server to obtain the corresponding user ID and printer ID 62. The first page server rejects the request
if the hyperlink request has expired or is for a different application,

The second page server allocates document instance and page IDs 50, returns the newly
allocated page 1Ds to the application, adds the complete document to its own database, and finally
sends the page descriptions to the requesting printer.

The hyperlink instance may include a meaningful transaction ID 55, in which case the first
page server includes the fransaction ID in the message sent to the application. This allows the

application to establish a transaction-specific context for the hyperlink activation.
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hyperlink el ement 844, the page server then obtains the associ ated
application ID 64 and link 1D 54, and determ nes, via the DNS, the network
address of the application server hosting the application 71. The page
server uses the pen ID 61 to obtain the corresponding user ID 60 fromthe
regi stration server 11, and then allocates a globally unique hyperlink
request 1D 52 and builds a hyperlink request 934. The hyperlink request
class diagramis shown in Figure 44. The hyperlink request records the |IDs
of the requesting user and printer, and”identifies the clicked hyperlink

i nstance 862. The page server then sends its own server ID 53, the
hyperlink request ID, and the link IDto the application. The application
produces a response docunent according to application-specific |ogic, and
obt ai ns a docunehfithd IPpatinkfreqyites aresdr @iasseaevier‘ alhp reqyired’t 4eibptesie prtjhen the fid cumrent

to the paggss@i¥elend Bbh e $SPONiRd Be ﬁy%érl %9&16@%4%&[&%!@%&!11%&&% ed 1D,
together wth the req[uest%rrrllg page server' Ip t he % erlink request

ID. The setdhiPPagiiusidrarsy I ergdondys ‘%@?J%?F‘In? Pt bt abias D) 5p) CHFFEPORERA Y cat i on
IDtot he nhe a@hcaﬁagm andl @lfeVigd¢r IDOLt Gioluées Mhetali® D1 ﬂee:psm@l sarg tuthe epplidatiannd

print er \%in% gch 1l~aE1§n t0 Qs%gﬁshig%}/§y]pc1ﬁceéoﬁgxtt Por h ?&%‘%&éfﬁe'f the hyperlink

r equest has ex erent ap t1on second page
server all®gat estW!ﬁMﬁRﬁ%N'a‘ﬁEBR%Tmobage IDs 50 returns the newy

al l ocated page | Bet ngehea@spaoslubgea&ﬂamatpagadﬁﬁ anbiFacC PP E b HRfbHIRRS tht O T tS

own dat abase d finall sen escriptions to the requesting
printer. éf‘erﬁ/’g’éfl"'fafem{‘etf’%gi’ l%i H@ﬁ%ﬁﬂl iPAY f”&{h “P¥8&nsaction I D 55,

i n which case thé&hdprinst formaigems.arm iispeh wdes I Kz tepagrIAGE bdntrdkDpath t he

message seft L.k Rl.caki Qo This allows the application to establish
a transacttzaor?%sgﬁe%?efr?@ cont ext gf or the hyperlink activation. NPT010-SG 49

| f the hyperl i nk Therpgs peasr lpadidle pagg feguiptiqn Spidenlified byhg ppge Poepdideteminegt t r i but e
is set, thegciiRt fibicis zoRABLIf $B1 M EirobLiiESecROA BurlihperndreRvahnfil claing: it he

hyperllnk S Lication ID 64 to, the registratjqn server 11 to obtain not
jUSt the SHTURB% B DS SERETRGOTE RS PR BoB0CS4 85 the alias 1D 65
correspondi ng t o Afttrtwepeagpipif inpetivitoin tlieDoxa:mﬂthemtﬁbsk’etheb&e sdrter pondd theddes I? he al i as

IDin the JRSARAGEEEMoklOw! e re@JQcPanrP AP forBhleQMaNGh. e re%gtpelnblg% pn to
establish a user-specific context for the hyperlink activation.

HANDWRI T1 NERERSENSCT Corgsopeneciode P e uses s aiper'g P%V@ulaéedéwdw@lgdwdé 8ﬁ%t page
W th a netpageppan: sublte afIeidvweiReik (mat Eﬁastchlﬁreﬂeﬁﬁﬂe@k@ceilﬁ wdxb) e RRRGABE Net page

printer. The strok ntifies the nd a atho t he Teprlnter
f or war ds t%r"e”‘“"“m?% Jé%%’ &‘?‘cq“eﬁ‘“g i ?*ﬁ T BEIER thetﬁxﬁggg%’“ "8t r oke
path to tﬁ@ep%&g@ekterver 10 in the usual way. The page server | oads the

page descripti onskwkARBVEGHEShdWPrORaRage | D and det er mi nes

Assuming the input element whose zone the stroke intersects is a signature field 880, the
page server 10 appends the stroke to the signature field’s digital ink.

After a period of inactivity in the zone of the signature field, the page server sends the pen
ID 61 and the pending strokes to the registration server 11 for verification. It also sends the
application 1D 64 associated with the form of which the signature field is part, as well as the form ID
56 and the current data content of the form. The registration server identifies the user corresponding
to the pen, and uses the user’s dynamic signature biometric 818 to verify the strokes as the user’s
signature. Once it has verified the signature, the registeation server uses the application ID 64 and user
I 60 to identify the user’s application-specific private signature key. It then uses the key to generate
a digital signature of the form data, and returns the digital signature to the requesting page server. The
page server assigns the digital signature to the signature field and sets the associated form’s status o
frozen,

The digital signature includes the alias ID 65 of the corresponding user. This allows a
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whi ch input elenent's zone 58, if any, the stroke intersects. Assum ng the
rel evant input elenent is a text field 878, the page server appends the
stroke to the text field s digital ink. After a period of inactivity in the
zone of the text field, the page server sends the pen ID and the pending
strokes to the registration server 11 for interpretation. The registration
server identifies the user corresponding to the pen, and uses the user's
accurul ated handwriting nodel 822 to interpret the strokes as handwitten
text. Once it has converted the strokes’®to text, the registration server
returns the text to the requesting page server. The page server appends the
text to the text value of the text field. 5.4 SIGNATURE VERI FI CATI ON
PROTOCOL Assuning the input el enent whose zone the stroke intersects is a
si gnat ur e dirgelfgm88apuicheliphage’ sgaves. 10 appends the stroke to the
signature §ield er a period of inactivity in the zone of
t he S|gnature flg?%Pﬁﬂ%ﬁﬁswggEDgg%%er sends the pen |ID 61 and the pending
strokes to the ré@ﬁ@ﬁ?%ﬂﬁ@ﬁmgéPV@?m¢%m$®PHV@WPﬂﬁéﬁﬂméﬂﬁﬁmvmalso sends the
applt ication ID 6#?%53%?&5%6&&% $if) atthéh ]iy@érfﬂkoicu%l?brg |1‘tt ﬁlﬁlefoﬁc{ugnl?etbf?tﬁioy e:c dis
par as e for e curren ata content o e form
The regi s}tﬂgg'ﬂﬁdbt’r'lgegté’fl\%rw‘fhd%etﬁo‘iﬂlS@%"‘%’l‘i‘g&ﬁ’%r corresponding to the pen, and
uses the user's UyhasmcofsifgmatperakshoiypirinkaciBa®nesse@rsert Yy hhpags tarekes as
the user’s, t§H18@% %\Lﬁn 7105 Qodtdins W Forks 5%'&91:&&9&&18@905%&%1‘% %ﬁnﬁ{?ﬂé stration

server uses t rcation I'D 64 and user ent | user's
appl i cati ofﬁ“%‘ij’éw foy sigiapuiedfields. shep fhy prpligatiprenprifigscach Rpa by gatessting fhe ak@éP 129
generate asotibgd tvilll thé t@RPoAR dtitellsRBanlrO ¥ B tnie tRNEERLUA G tiRR g t al
signature to tqr ﬁélng page server. The page server assigns the

di gital 5|%e%?3?§mf%‘? signature field and sets the associated fornis
status to 56r ozefomiisgon PayMENT PROTQERI ure i ncl udes the alias I D 65 of the
correspondi ng usgr refeye& énb%&]]n%f aaco&l%gggn%%%@n@potﬁoﬂgéhgwﬁ ﬂli?‘mltte gy capture

mul tipl e users’ gnatures 5.5 A preferred
enbodi ment of a ¥D§Pﬁ1°gfﬂfﬂﬁﬁe§g‘iﬂaﬁm‘m GeoEs PomEssOpTTY bF Prypicfinmenapplicatig m
subm ssi onpre&RLG anuBhsiherf 61{ lamdlmﬁﬁrghsl, ﬂﬂéns&ﬁlbllsVﬁiil aRs. ¢dmriBisss boldepwad t he
pr ot ocol def'nksg]len%o}lg rn%ﬁ smns a ozbc A H{S ub%rhrg:}% eC}of Ide?o éﬂl “[ ons. In the
case of a Tormnyperlink Iﬁ% B e PR A S PUNOR RS Eag 8 SR By t he page
server 10 to t h@hﬂalpymrhréta@qu@nmm ahsd tttmntp alfwsvrtcmﬁsmmw@ﬂ%ﬂlamget he
current dagpﬁhcgtﬂﬁtp%kerof()a e*'ge mfn@liaﬂ?) toI the folie a;;pﬁcraﬁan%&g(ﬁf % (iaéqi{ubﬁéhg@ ahy!r e

fields, then the appllcatlon verifies each one by extracting the alias ID
65 associ HEEe RcHPPiratiesrvide JBh it g STV 74i gnat ure and obt ai ni ng t he
correspondi ng cerhd thigg agplicatisromteived e Hypglitkirégatst INfradethy/@ige skiver 10 when the

hyperlink is first activated, as described in Section 5.2. When the target application needs to credit the

source application provider, it sends the application provider credit to the original page server
together with the hyperlink request ID. The page server uses the hyperlink request ID to identify the
source application, and sends the credit on io the relevant registration server 11 together with the
source application ID 64, its own server ID 53, and the hyperlink request ID. The registration server
credits the corresponding application provider’s account 827. It also notifies the application provider.

If the application provider needs to credit the printer provider, it sends the printer provider
credit to the original page server together with the hyperlink request ID. The page server uses the
hyperlink request ID to identify the printer, and sends the credit on to the relevant registration server
together with the printer ID. The registration server credits the corresponding printer provider account
814.

The source application provider is optionally notified of the identity of the target

application provider, and the printer provider of the identity of the source application provider.
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5.6 COW SSI ON PAYMENT PROTOCOL A preferred enbodi nent of a conmm ssion
paynment protocol is shown in Figure 47. In an e-comerce environnent, fees
and comm ssions nay be payable froman application provider to a publisher
on click-throughs, transactions and sal es. Comm ssions on fees and
conmmi ssi ons on comm ssions nmay al so be payable fromthe publisher to the
provider of the printer. The hyperlink request ID 52 is used to route a fee
or conm ssion credit fromthe target gsplication provi der 70a (e.gqg.
merchant) to the source application provider 70b (i.e. publisher), and
fromthe source application provider 70b to the printer provider 72. The
target application receives the hyperlink request ID fromthe page server
10 when the hyperlink is first activated, as described in Section 5.2.
When the t@rget MNBTPASEBRENRESCRIBBOS to credit the source application
provider, g4 sengsyibB&isfleR! i cation provider credit to the original page
server together with the hyperlink request ID. The page server uses the
hyper | i nk requesRefFng & Figsats 7§ Ot the rens geirRly dpigtared &Y rdrcncaiesbitls t he
credit on ﬁ;ﬂudehﬁhdﬁﬁﬂlgemaﬂltthd’ﬁ@i &Talinﬁiticﬂlﬂov.ﬁ(ﬁﬁg\l@%ng]ﬂalli ng ek aMnteodspRe Sour ce
appl i cat i Oﬂ)4 Ifor mou:t’ltmg Ehs glvm So%r \{s li“he en ?o ’IOSEJL oo eratlon%(RzgabkyI nl?olfmtef aqUESt ID. The
registration Serverc credi te the Correspon I'cation provi 2 s
account 82RM<fﬁdegu%ﬂ@£u%S@@H@hﬂmapﬁWﬁd@ﬂubwmwﬁde@emmmmfmﬁHQSab@blcatlon

provi der 09, T6E E‘&Hertto’ﬁ H@Is@&ﬂnﬂ:ﬁﬁéé PR T HEE forhdd RGNS ttatgearaﬁ hn@th‘?ii
provi der cre It to the original page server together with yperli nk

th
request D“'Fﬁ’etoﬁ%’éﬂ?é‘ﬁ@r“"tﬁ’s%%“it‘ti@ they LR popyngpd “’i‘t@att]’éé‘t’“s’lnélqzoﬂi‘ecf@wfl fy the
printer, ardistdds ﬂ‘lzhﬁpaﬁ‘lf E)dlvtﬂucﬁ Bubktantiblesufr@ingy/Batndriey bsSthe a:tummg"llaa&ﬁd/er
together with the h trati to Ghedi L
corres pond‘fr%)fmm% PR erl% r OVI re(Is bk ggt' %egﬁ&.pg?ﬁgge%n\égi%sc\gﬁ% ﬁoges ?nﬁm
provi der isotdpt foomed]in )shen'@tli HBed ﬂ‘ethQSh’e lpzie’ntaﬂwntematlt?elsmwg@tbehl&bﬂwl cation
provi der, ﬁ&@bu&@ﬁ‘orﬁ&lllﬂé %ﬂnﬁ&lﬁ\hblﬂﬁé 10f sérbemieatRnis Moﬁfimé Bap &ewﬁ@A on
appl i Catl I‘OVI 2 NPTOlO SG 51 NE TPAﬁE PE(M&DE CRI PTI ON 1 PEN
MECHANI CS #& éfF‘r | AoEsdgRy F“’é%"eé‘ Ty ol P Ll Apinpluding SAEGRfige T tb‘ﬁf’:ff' ed by
reference hﬂﬁﬁeabm&ﬂdmmmunbhmﬂm@mhuhmﬂenﬂgmmm@emﬂmmhenforntof a plastics
moul di ng havi ng Vt%l) Ln%unle‘&%ﬂﬁfa%%%gxﬁﬂsé&tc%fol MusTRBCG 6 o%%’f}exl%ﬁs 11? E' ng the

pen conponents ion rotat mount e at one
end 106 oﬁ‘ntetnr?e“%@éspﬁ?gmmzntmﬂgeﬁ%ﬂt7ag@;fétﬂeﬁﬁ96é%tn°&feeﬁat%wsﬁe@ﬁthed to the
opposite e@mdﬂ&gasdgm@)unMggm@g 102. The cover 107 is also of noul ded

plastics, and is orne em-tr re erlal in order to enable
Phe user to vi ewTPHER S b0 i F haDRAsRO Thee W Bt i eSS Ay 0% The
cover 107pen n@hdgbel% anthmtb A19pad & sty09120twith lstylgeiins tiarmﬂ mdunipd sdrycidn@ghit he end

108 of t heyhRighd 82 EdRer 80 GuRartcREQLILAL bPde RMsHiAB1 1 Be WHiE ToRbQuRGLE Pack
fromthe main part 109 and fits wthin a correspondi ng
open end 122 of the metal end piece 114, by rotation of the pen top 105. Respective slider blocks 123

and 124 are mounted to the ink cartridge 118 and stylns 120, respectively. A rotatable cam barrel 125
is secured to the pen top 105 in operation and arranged to rotate therewith. The cam barrel 125
includes a cam 126 in the form of a slot within the walls 181 of the cam barrel. Cam followers 127
and 128 projecting from slider blocks 123 and 124 fit within the cam slot 126. On rotation of the cam
barrel 125, the slider blocks 123 or 124 move relative to each other fo project either the pen nib 119
or stylus nib 121 out through the hole 122 in the metal end piece 114, The pen 101 has three states of
operation. By turning the top 105 through 90° steps, the three states are:

. Stylus 120 nib 121 out;
. Ink cartridge 118 nib 119 out; and
. Neither ink cartridge 118 nib 119 out nor stylus 120 nib 121 out.

A second flex PCB 129, is mounted on an electronics chassis 130 which sits within the
housing 102. The second flex PCB 129 mounts an infrared LED 131 for providing infrared radiation

NPT010-SG



slot 111 fornmed in the walls 103 of the housing 102. A radio antenna 112 is
nmount ed behind the projecting portion 110, within the housing 102. Screw
threads 113 surrounding an aperture 113A on the cover 107 are arranged to
receive a nmetal end piece 114, including corresponding screw threads 115.
The netal end piece 114 is renovable to enable ink cartridge replacenent.

Al so nounted within the cover 107 is a tri-color status LED 116 on a flex
PCB 117. The antenna 112 is also nounted on the flex PCB 117. The status
LED 116 is nounted at the top of the p¥n 101 for good all-around
visibility. The pen can operate both as a nornmal marking ink pen and as a
non- marki ng stylus. An ink pen cartridge 118 with nib 119 and a stylus 120
with stylus nib 121 are nounted side by side within the housing 102.

Ei t her t hefor prkicg@ar brtp thg @urfard A 118age senson @325is providednndpnte® dn barecind flox BOB ht
forward t hf2@ lf%gecellgﬂg F&ﬂ&:&q réld?aaorpfioﬂ @@suﬁcte ai'he @&gndmeﬁ F@B :1'2;94atls0 mém{té)at 1@&1& on of

the pen top 105. ective slider blocks are nounted to the
ink cartri g‘@ée“iﬂ@lpaﬁ vehic)) [ingludep am RF P@wétefﬁn%}‘ yewrer raa‘% %ﬁ%cr"ér tRPbBFrel 125
is secur edcoh@)mdgap@ajan bDipe ﬂeﬁﬁm mnca.pm 8lotlons @fﬁdaea[rbﬁlﬁg@ldedtcﬂbafﬂisﬁdsﬁsns
therewith. The cam blebgre or m of

€ € m{ T eés %gma tgﬁaf ace ang Tec! una 8,0 @ Sl ot
within the™ vva ?hs P11 ot h@cam rre &a ower's Tﬁef 2d nfﬁ
proj ect i ngimpgeoymmsel 13dcfowpd soprks Wit 33 G@ewdnet e dofmpongits bri the tehaad BlanP & B 1426, On

rotation ofauleoreREM PRtk hémtcd Wifn Sl cg@sarm OBKR ténaéalq@s df Ay Ger el ative

to each other to project either the pen nib 119 or él us nib 121 out
t hr ough th@“%F‘éltai‘Q 7japd tﬂlﬁ@%frﬂln%ﬁdmfﬁvéﬁé“lﬂ?&mﬁ%@% A siEgvithig e oty e
states of baapERAin Oact Bith thel bt Gortilee. Aojpdubiila chgintigh 180is sioaps, abdubtie t hr ee

states are; u | nk ririd 18 i and
Nei t her i nﬁfcocg%l%(ré%g %lega bch IBC%TE ggf Ebﬁ%erry %? vletlJnsd u%%b]r o g?exjf%tB OHA second
fl ex PCB 129 mduns mafrm@dE@rﬂ%mdemf@@@rpwwe wafsr546§ctm8@smAﬁpwtls|the§aw thin
the 20u3| wag?maeméem@agsﬁsgﬁﬁk b m@:ﬁ&a;@&errfsh@t@d %m?{grﬁeﬁ@ttbgﬁ&;’»l f]g)r
providing infrare o or pro ctiaon onto the surface.
An i mage s@ﬁ%‘f‘mﬂ’é?&? tl" a;ﬁ’dﬁ"t 5?5“8%” thp gend (‘,?r e p3s The 2y £ or
recei vi ng phefotied:t iad dqstadn@hufmm the BHHEDhE3 sianéroes (n’éhﬁowsremmﬂledfdnehe sREB 129

al so mount§, @ {:3di04f requency chip 133, which includes an RF transmtter
and RF recel ver c?{ a controller chip 134 for controlling operation of
the pen 101. An BbltbFrc@Pma@cllél I pesryEied fopanide Frie @8 of @agouﬁ%w ®s) sits

wi thin theasﬁawpm;% pamh RfidbE s alsdiclhdef § Aipash PeAppifthdpeh I supdree and
recei ves i fRges BE ﬁ el imge sensor 132. Power supply wires 136 connect
t he conponénts on Y et §8%5ﬁd flex PCB 129 to battery contacts 137 which
are nount ed w t hilhe deln&01Gaamatggd roalkterk@ the foditen of inalb (38 nihold h eGtiscatidige he

battery copj @Ip;? gmgng e RBrafe@ RN, %L m%zéf m&wéeqf?m\é%}m%spﬁ%be@b' e

battery 139 s he cam barrel 125 in contact wt attery

contacts. s d?fe*roa fate etk P prgregtdicption g, 494 isapengedee caybistherditnce of the

nib 121 or 119 from the location tab utilising optics 135 and controller chip 134. The controller chip
134 calculates the orientation of the pen and the nib-to-tag distance from the perspective distortion
observed on the imaged tag.

Utilising the RF chip 133 and antenna 112 the pen 11 can transmit the digital ink data
(which is encrypted for security and packaged for efficient transmission) to the computing system.

When the pen is in range of a receiver, the digital ink data is transmitted as it is formed.
When the pen 101 moves out of range, digital ink data is buffered within the pen 101 (the pen 101
circuitry includes a buffer arranged to store digital ink data for approximately 12 minutes of the pen
motion on the surface) and can be transmitted later.

The controller chip 134 is mounted on the second flex PCB 129 in the pen 101. Figure 10
is a block diagram illustrating in more detail the architecture of the controller chip 134. Figure 10 also
shows representations of the RF chip 133, the image sensor 132, the tri-color status LED 116, the IR
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second flex PCB 129 to enable recharging of the battery 139 via induction.
The second flex PCB 129 also nounts an infrared LED 143 and infrared

phot odi ode 144 for detecting displacenent in the cam barrel 125 when
either the stylus 120 or the ink cartridge 118 is used for witing, in
order to enable a determnation of the force being applied to the surface
by the pen nib 119 or stylus nib 121. The IR photodi ode 144 detects |ight
fromthe IR LED 143 via reflectors (not shown) nounted on the slider

bl ocks 123 and 124. Rubber grip pads 14% and 142 are provided towards the
end 108 of the housing 102 to assist gripping the pen 101, and top 105
also includes a clip 142 for clipping the pen 101 to a pocket. 6.2 PEN
CONTROLLER The pen 101 is arranged to determ ne the position of its nib
(stylus ni#udigdiooLER hid, balRtfpiccigesor IFiD143.199 thbipree eagpr pigiodiode e i nfrar ed

spectrum an ar e@hep{)en cgﬁ:roﬁéf L.@CI§4 in@lu&egg chn‘Bthé Lr}ﬂcegst)r izﬂeBl@ 1Q6 eﬁa%les ﬁl@cor ds
the location data fromthe nearest |ocation t ? I's arranged t
T

cal cul at e TR & (AhbEvEt cqpanenty phihg optrefler %@913 Fé%ﬂl f“FFé"rY St aed éﬁl%%%
utilising DRAMASS 43 3ls@ dudanid Hhlbgto- &éftalpoﬂx@ﬁer 14hie aG@Bddrte kdnedrt @danalog 134
cal cul ates_t tation,of .t n.an pnlbtotag di stance fromthe

e
perspecti veR eﬁrc'fnoret |r8?1sem°1bpsllgtP{\1}%J1q4P f'ﬁlé“a o eéd tag. Uilising the RF chip

133 and ant enna 3f2mpdeesepien intefficecldn llafﬁé%n@mlth i émagde génsal 132.ndk tdaseaver (whi ch

i's encrypt ggidier 153 %ﬁcut;agé %n@agmpmka@aﬁg lﬁcwdeoettfuh&ta%thttﬁ@&smpsgb Qknto the
conputing system en is in range of a receiver, the digital ink

data is trafuss W&H&gt 1?? anﬁé‘ef‘?ﬁ?’m@ﬁ anw‘@ﬁwﬁsﬁéﬁ sopATciaddq hepReEs et of range,
digital ink dat aThscdnu$1ﬁ@r;ﬁﬁbeMrt 1:1] maﬁnha 2@ decht 1¢chivg qaerﬁoﬂa(}igs fenind eli try

i ncl udes as ce Vl?irthea}mr %nglgor IEP 1%\ lgég lmé ;ir)jhgigdigl%t 1%4 cgntroﬁ% It%pe el y 12

m nut es of e SUI‘ ace : ) can € transm "at er.
The cont r013llé¥1d éﬁ pﬂdlmdlﬁ%shwbﬁmee'dd"bﬁontﬂmw@ecmdhef fadix 'PEBIVED 53} K it e pen
101. Fi gurﬁedll&peﬁ&nﬁnobmmlﬂnglg&ﬁraamdsémtmwsﬁg in nore detail the

architecture of e controller. c . Figure 10 al so

represent ations Egp PIREKE 1 g‘Tgi?Q“S‘Eeﬁ"«Sr ?Fﬂ’g&enge §‘E§Fe“’f’3§°nﬁf’]ﬁeé P iadol or
st at us LEDradebnd cirhat 158, NRE@S@@SOS@teﬁaaeI Ibfrfastatdnery 147 [Bnd SIPKBtIMAN RS 0¢ ce
sensor LE%@% iﬁggmélpg‘onﬁg{ gléemeg@g&ﬁp%@ﬁ@ ke 15T G fﬁﬁgo&%%@' I er

chip 134 inc s a contr i ng proces 145, Bus 146 enables t
exchange ofduigesdsHeterpaifcdipipenert BE 6Pt he control ler chip 134. Flash
menory 147 and aTﬁelaaag’eBsedndaRAM ﬁ%ﬁzmrp&elﬁd:@:o(suac& st @ is p%uuaelanyQ@art]&:a?t@Il gital
converter i.s_ arr ed t.o convert the 0 a the force
censor  phobeun SRR GaGRPET s bitsh &' RO 0 ROBinet P PR £ T2
i nt er f ac esNagayobhi.tahéM Gralye”As s Gk- PlJ@EIT &n InagnsSﬁeaov@r Mingagmgt @f@ietaéyst@ﬁ’:% and

base band ﬁEE%ac&oﬁs‘%@E@cuﬁJﬁﬁe\h&Q |V69Q§' rhefbdr 1 BRdaBCR0MN tsoiRbralll P 133

which includes an RF circuit 15 RF resonators and i nductors 156
connect ed teEpityEefmce ik an Rflter.

The controller ASIC 134 enters a quiescent state after a period of inactivity when the pen
101 is not in contact with a surface. It incorporates a dedicated circuit 150 which monitors the force
sensor photodiode 144 and wakes up the controller 134 via the power manager 151 on a pen-down
event.

The radio transceiver communicates in the unlicensed 900MHz band normally used by
cordless telephones, or alternatively in the unlicensed 2.4GHz industrial, scientific and medical (ISM)
band, and uses frequency hopping and collision detection to provide interference-free communication.

In an alternative embodiment, the pen incorporates an Infrared Data Association (IrDA)
interface for short-range communication with a base station or netpage printer.

In a forther embodiment, the pen 101 includes a pair of orthogonal accelerometers
mounted in the normal plane of the pen 101 axis. The accelerometers 190 are shown in Figures 9 and

10 in ghost outline.
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The controlling processor 145 captures and decodes | ocation data fromtags
fromthe surface via the imge sensor 132, nonitors the force sensor
phot odi ode 144, controls the LEDs 116, 131 and 143, and handl es
short-range radi o conmuni cation via the radio transceiver 153. It is a
medi um per f ormance (~40MHz) general - purpose RI SC processor. The processor
145, digital transceiver conponents (transceiver controller 153 and
baseband circuit 154), image sensor interface 152, flash nmenory 147 and
512KB DRAM 148 are integrated in a sinfle controller ASI C. Anal og RF
conponents (RF circuit 155 and RF resonators and inductors 156) are
provided in the separate RF chip. The inmage sensor is a 215x215 pi xel CCD
(such a sensor is produced by Matsushita Electronic Corporation, and is
described in a pdpeproysion ¢ighaurceslerdmeersNabhls alia emidd@entsed iyeapen RO1 Nasgay oshi |
and M Ozakjyotion AitidiMeRlce Tl Afhce lobatdolrBed, TRUE: BRMRHon kB8 1ok Eh!m%k&' L& 1&%’? a

System', | EEE Transactions on_El ectronic vi ces, Volt , ,
January 2081; Eaghiogtion @ [Thizp fsnidepibem obiest &f ipesy et ‘E?“é‘ﬁﬁ‘%‘)“m\/ﬁ“fbﬁ sqfoq R
filter. Thmemﬁ;regfﬂledsmeesk £ustIdkerOind iefubelandiUe. @&Q&ﬂﬁlanﬂ'bﬁtoﬁ) médtﬁertagappﬁrl od of

I nactivi tyeac T on{}agcvagn e]éxoe%o m%sae Cagltc concglrect ﬁ’l tg ]H'FOI' A5k It

i ncorporatés a Jredrr et iC C€ sensor
phot odi ode 144 afdte waiesioymetshred bp ititeragdelepomett@4n vach of Hve xpoderdindioeger 151 on

a_pen- doWnine @Y tith rdd&t o BAL @ phddARIE Blokhe OO £@8bKRIA N the unlicensed
900MHz band normally used by cord| ess tel ephones, or alternatively in the

unl i censed 2. 4G—|§mF"n@ﬁ§tE"F?ga1P°S“‘%‘b? it Pk IS ATToRE faly| elpeRpsioBR AR Ang uses
frequency mbq)aragal@m&dcmkhbughlpomcdeﬁtegeﬁtﬂom BectfulfdsGvrbd @n the kasddek@Reded, I ee

comuni cat Icgelero eters 153.'!1;' E ?{gbﬁc%ol&?)ﬁ,?agé Eg.(?]}enb {Lrgt‘ieon o(i% sérokg vg)rq;vh%ﬁ:%§ rg' n

Infrared Data socration or short -rafn e communi cation
wi th a bas&cupigts phosr net page printer. In a further enbodl ment, the pen
101 includgs a pﬂgprggpgnfEIamgmﬁT.@ccel eroneters nounted in the nor mal

pl ane of th pen_101 axis. The accel eroneters 190 are shown in Figures 9
and 10 i n"dhost PBITER MREHANESTOl O- SG 54 The provi sion of the accel erometers
enabl es this enmbatd fﬁﬁhkllyﬁﬁouﬁtélhlemegt vihOdrinteo 608 enshewn fth ds@imblad tolFigute INelk er ence

to surfacel [L,ON. Ags..to.be.sa dat a
| ower rate. Sfﬁ@ﬁeﬁ oca /M Sl%edm%lbgsméﬁuﬁl e‘f’l@f ye)rrﬁ'eittf %mﬁ engu[gs %Oét@rg) gl nt er est
rat her thathoen pdddures dh aresiantl Heussaﬁr fteaight papeFpath @it thp Ipeper 0 P@#ﬂleg tijugicthe i s a

user inter§3feedpARtWheiRl QITRA 606 Sn@h préht SRTTRG el @k tancbRBNn Ef@oibAga | D of
each | ocati gn ‘L'%%PWI thin the area of the input elenent can directly

identify t Y el enent. The accel erati on neasured by the accel eroneters
in each of the XAalidegy! tindi@Cdsicahls 6DBapplicataagipat glde sibdzlons elgpeitdack @inted M2 t 0

produce ansh%fﬁl Sah%gal{l% MReretS lth%%'re%usasﬂgt PR3 IpPeEsgcpagamst it. This creates a final bound
document 618 which can range in thickness from one sheet to several hundred sheets.

The replaceable ink cartridge 627, shown in Figure 13 coupled with the duplexed print
engines, has bladders or chambers for storing fixative, adhesive, and c¢yan, magenta, yellow, black and
infrared inks. The cartridge also contains a micro air filter in a base molding. The micro air filter
interfaces with an air pump 638 inside the printer via a hose 639. This provides filtered air to the
printhea;ds to prevent ingress of micro particles into the Memjet™ printheads 350 which might
otherwise clog the printhead nozzles. By incorporating the air filter within the cartridge, the
operational life of the filter is effectively linked to the life of the cartridge. The ink cartridge is a fully
recyclable product with a capacity for printing and gluing 3000 pages (1500 sheets).

Referring to Figure 12, the motorized media pick-up roller asserbly 626 pushes the top
sheet directly from the media tray past a paper sensor on the first print engine 602 into the duplexed
Memjet™ printhead assembly. The two Memjet™ print engines 602 and 603 are mounted in an
opposing in-line sequential configuration along the straight paper path. The paper 604 is drawn into
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Since the starting position of the stroke is not known, only relative
positions within a stroke are cal culated. Although position integration
accurul ates errors in the sensed accel eration, acceleroneters typically
have high resolution, and the tinme duration of a stroke, over which errors
accunul ate, is short. 7. NETPAGE PRI NTER DESCRI PTION 7.1 PRI NTER MECHANI CS
The vertically-nmounted netpage wallprinter 601 is shown fully assenbled in
Figure 11. It prints netpages on Letter/A4 sized nedia using dupl exed

8 /2" Menjet TM print engines 602 and 63, as shown in Figures 12 and 12a.
It uses a straight paper path with the paper. 604 passing through the

dupl exed print engines 602 and 603 which print both sides of a sheet

" simultaneously, in full color and wth full bleed. An integral binding
assenbl y 6obtirstpphticemnest0s by infsgrdf pogkmaépiel-wgllecrtds.dtigeositpn @d el @itiemptred  sheet
al | owi ng idog ﬁs%elﬁgd“ﬁﬁ Quifttdech Pty &th{éhb%s FhARE G0 BLAASRE AT Rl - Thi S
creates a final bound docunenE 8 which can range in thickness fronlone
sheet to SBIBPEFPASIHELEE sheets. The repl aceabl e ink cartridge 627, shown

iR Eiogur ef 13 COUIDileQﬁpf}Meilﬁ tﬁehestqlugiﬂ]aax@dmreﬁmbgsoz GRGIIN & Sot oNASverod aftld;p]k& glr ’
chanbers r staring fixative, adhe and cyan, ent el | o ac
and t i r e (At ons, B et wE TaPs STIh ATARTE: B hIETS Bl Feeclk o o
base nol diwigels FnectnlicCre’ minted furfhde@nd contirine toffeed d® skt 404 AR thd secopdMpmi638 | nsi de
t he prlntq{ Vdo@ndsoB0se 639. This provides filtered air to the printheads
to prevent Ingress of mcro particles into the NE ) et TM pri nt heads 350

whi ch m ght ot hBefsiriasto Eiewes ised Bm%méﬁm%ﬁggx e@yrls poeiaesiohy the air
filter wi tdisodtihe ﬂﬁagﬁmrlagéa@my ﬁdSQThe@ﬂ&E@ﬁag@ﬁﬁJe bekveln pﬁowtﬂ!a@sﬂmelv&heai atl®

effectivel dtothe i t he artr kcartrldelsa
Ful Ty v ecRrir Bt Surutrolt o 1otk B 9 BT R ARG 3000
pages ( 150Muestiedt e, mReflerdd/ghg assombly Gk & mbdnted hhe mavd &tpp@*eb.tacrkachua itp$ ck- up
rol | er assﬁ%ﬂiﬁkr&’ed@&@ma% BeSalnNBm! APpowRE el 4hd ﬁg%clza}[s fyf aQ{HutJ?% JEgL@ A ray past
a paper sensor on the first print engine 602 he dupl exed MenjetTM
print head Sﬁ%aéaéﬁri’ﬂﬂtﬂipo‘ﬂqﬁsémﬁwl?@@m et TM print engi nes 602 and 603 are nount ed
in an opposi ng IMhe khé @h&E Bikiblyl 6713 ceﬂmslcgurpafum@nhoamlage Bhewisua:ltaghg paper

pat h Thea(ioa fo?&dfa{ue su%él?f\ﬁmse 64*t h‘lPT ég ’} s[ . I IJ’?& ec!cs to a elngl ne 602

by integr ower 6 ets position ant Pt he
paper  604wtied, wledsédorm@ﬂhﬁu’blbytvhiew pntlpinﬂmgh MM% mouﬁe&émusme 6B% printed

si mul t aneaysdMasti@ g%le@;h&”’éi WnHQn 6p@nmgt4@ﬁ‘1e xare) rﬁx%%g si?i@ ﬁéﬁd%sean& &pﬁﬁg ouk}Qodi@per
exits the first I\/Eg?ﬁéwerr pri nt engﬁlne 602 t hrough a of powered exit

spi ke  whedt dtaghgg o %P%ﬁ@t P Bnge bRy ﬁ’&"ﬁ’él’e rﬁséf”?ﬁ‘e as%ﬂ'ib]é’ I‘?73a’é fi%hai nst a
rubber i z edotsatdl "Elﬁs aclitteposashk gue wikkaahrsugh @atf@ad of ifea@noldag housipg 632t Bahsisir f ace

and conti nslplgngg ¢ ose %glss;[:mq)?y a%Q ef?c%tlvgg%apl e g?uetwrﬁgel §u%%§ Fegloé\@)%a‘ec \-fII

As the sheet 604 passes into the glue wheel assembly 673, adhesive is applied to one

vertical edge on the front side (apart from the first sheet of a document) as it is transported down into
the binding assembly 603.
7.2 PRINTER CONTROLLER ARGHITECTURE

The netpage printer controller consists of a controlling processor 750, a factory-installed
or field-installed network interface module 625, a radio transceiver (transceiver controller 753,
baseband circuit 754, RF circuit 755, and RF resonators and inductors 756), dual raster image
processor (RIP) DSPs 757, duplexed print engine controllers 760a and 760b, flash memory 658, and
64MB of DRAM 657, as illustrated in Figure 14.

The controlling processor handles communication with the network 19 and with local
wircless netpage pens 101, senses the help button 617, controls the user interface LEDs 613-616, and
feeds and synchronizes the RIP DSPs 757 and print engine controllers 760. It consists of a medium-

performance general-purpose microprocessor. The controlling processor 750 communicates with the
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print engine 603. Referring to Figures 12 and 12a, the paper 604 passes
fromthe duplexed print engines 602 and 603 into the binder assenbly 605.
The printed page passes between a powered spi ke wheel axle 670 with a
fibrous support roller and another novable axle with spi ke wheels and a
nmonentary action glue wheel. The novabl e axl e/ glue assenbly 673 is nounted
to a netal support bracket and it is transported forward to interface with
the powered axle 670 via gears by action of a canshaft. A separate notor
powers this canshaft. The gl ue wheel as®enbly 673 consists of a partially
hol | ow axl e 679 with a rotating coupling for the glue supply hose 641 from
the ink cartridge 627. This axle 679 connects to a glue wheel, which
absor bs adhesive by capillary action through radial holes. A nolded housing
682 sur r oprimtisginfiengdlias 7g0haeed highwbdeth seginl bop@sAi ng at the front. Pivoting si de

nol di ngs and spr t r a and
hi nge gut Si de\afa%ﬂg\ﬁg o gggé%t t%f &tnﬁ}egs g%ggﬁcgpt%gsetmte%?g Jﬁ]?%)rvxfard
Thi s act i ofPr@sefieseage foraat. gﬁa%pr%h@éwe thideytrraie dlme@mld Bts P ﬂmﬂeﬁ'édts housi ng
682. Tensi QfhciaP®MeRRB p.knam 506 ras &LIOBRE Yt ABB0ShJepd ihflel TRAR, ﬂte,!a@}amt ue. wheel

during periods of jnacti t he sheet 604 passes into t ue wheel
assenbl y 6971§’"“e‘é?ﬂi‘ﬁ‘é@’is\?’ém?’%‘hﬂ%ﬂﬁf’faegﬁeef%m‘ﬁtﬁ’&"“s{?’ert| cal edge on the front si de
(apart fromthe frhe sibstes pegtengife @nichdieUToOn tontrals thetpapes trhdspumsSmo micditbrdian 1 Nt o

t he bi ndi ng gﬁN! ﬁ§g§|T URE The net page
printer cont&?‘%@%%ng‘g?lst%esmaoflp@&I&%o 1n el processor
fact ory-i nst al | edhe pyintef pesirejler’nash mpwety ﬁ%ﬁtiwbiﬁ Hiels?ﬁ“éﬁfﬁcf@ﬂlrﬁﬁimcéssﬁﬂéo a radio

transcei vesnd e mRPSBe) N Sbl £ QR4 HoR Hata! 5ﬁs 1s @l Qhﬁdﬁdn&ﬂobcdéﬂ bt béS4ime.RF Circuit
755, and RF resopators an% }%& gﬁp 1 dyal raster mege %1 essor
(RIP) DSPs 757, QOGREXEE 1P P‘H‘edlgé Blﬁ{aPSBT‘Yeé PRPIRSES CSEARIEIYEE GRRTOF s
nmenory 658753antbasdb4nBiraft 7&?&!&1@1edm sinigle yottrolet d81C 636.FAnglog RE dofnponkhie
control | i ngrREQ6ESS$ Aa K1ARGLES: SATIMALS 346 9;'3 pMEH 08 RBIMET HiptBo ad Wi th

| ocal wireless netpage pens 101, senses’'the | p button 617, controls the
user i nt er ¥Rtk Pietiee godleiPs is sspigpte, P@éé}%tpa&?lﬁ"WHWSﬁlﬂ?&rkP%ewmBSPs 757
and print QAgBIcEe b fidpl kBt FIRA mehbryGoNMU e 2xHhMBit (RMBYDRAREST Q.ERNCE

general - purpqse cro rocess he co ollin ocessor 750 conmmuni cates
Brth ¢ e RETO SheEn R RO D AE P FPEPEABED vi & a hi ghe speed ser i a
bus 659. The RI PADBEsty rofistterrk Zgerfund modiirpre@$ srepagéled esdr prptidians ntipast he

net page prﬁemoaz inRrfack %pgn%%ﬁmal@aagﬁcai Onlfiler orﬁ.@markqﬁtg&te %agm%gg 9&&&-9' ler

expands dithers and printsS page | nages assocl at ed
print head Bi5eees lwelfaé%ﬂmoluflﬁ%OY %‘em%ﬁylesxﬂéfbesﬁoais%@ Cﬁ’é”rm%f’%{sé’}‘l moﬁﬁes dupl exed
print engpsiemedeik, saibllie irdns@iveRf cukékt hhdSied@snenfiorteeBillg @llephdnitthds@neQUssd v .

wireless local loop (WLL) transceivers. Local interfaces include IEEE 1284 (parallel port), 10Base-T
and 100Base-T Ethemnet, USB and USB 2.0, IEEE 1394 (Firewire), .and various emerging home
networking interfaces. If an Internet connection is available on the local network, then the local
network interface can be used as the netpage network interface,

The radio transceiver 753 communicates in the unlicensed 900MHz band normally used
by cordless telephones, or alternatively in the unlicensed 2.4GHz industrial, scientific and medical
(ISM) band, and uses frequency hopping and collision detection to provide interference-free
communication.

The printer controller optionally incorporates an Infrared Data Association (IrDA)
interface for receiving data “squirted” from devices such as netpage cameras. In an alternative
embodiment, the printer uses the DA interface for short-range communication with suitably
configured netpage pens.

7.21 RASTERIZATION AND PRINTING

Once the main processor 750 has received and verified the document’s page layouts and
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The master print engine controller 760a controls the paper transport and
nmonitors ink wusage in conjunction with the master QA chip 665 and the ink
cartridge QA chip 761. The printer controller's flash nenory 658 hol ds the
software for both the processor 750 and the DSPs 757, as well as
“configuration data. This is copied to main nmenory 657 at boot tine. The
processor 750, DSPs 757, and digital transceiver conponents (transceiver
controller 753 and baseband circuit 754) are integrated in a single
controller ASIC 656. Anal og RF conponent’s (RF circuit 755 and RF
resonators and inductors 756) are provided in a separate RF chip 762. The
network interface nodule 625 is separate, since netpage printers allowthe
network connection to be factory-selected or field-selected. Flash nenory
658 and t hegQobREENMyints tHeBANR)ia DRV BHTc dngheddSBo7570f f - chi p.  The print engine
control | ers 760 Lg%} Atk Bk GRA! R ioddPals: mﬁe%%e kb0 paBEINEY K

i nterface nodul es 625 are provide each prOV| net page network

i nterface TASMmABPEPCEspRr F%waplwoalpqe%%ﬂaged@ﬁgﬁ&t féffmoaf T tRvay forleadbalanse 752

Net page ne:hmm@sﬂsrﬁtenaﬂe&ch DB £tér6 @ Sephrd®e bagderhgﬁﬁﬁs da‘@ﬁiaags be kémiuls)dsulée ber - Coax

(HFC) cabl e nsc
Cur rent - arit TS0 Rk PRpT RACRF: ceain e e ¢ Pk aFp PR BRI ol ess

| ocal IoopOPMhUNWGpaﬂ§€@Mv@ng“mﬁucﬂﬁmmmﬂ@mﬂ%mnﬁmm ncl ude IEEE 1284 (parallel
port), 10Base-T “%F@:qna}lpxgg@ﬁ% t-.Ee E‘Igg qgs&ﬁkwn y§§st@rﬁgd Hgaogongares!)lﬁgﬁ b;]-I%Qe‘fl

(Firewre), and various energi networ ki ng i nterfaces.

| nt er net c%ﬁﬁ%&’%l?fblﬁl%%“%fawfaﬁ?déo B‘ﬁl‘%‘ﬂ%s‘?"ﬁ&‘h‘f’h‘ﬂ‘é?%?ﬁ{‘ of fhﬁé‘ﬁ'lpﬂﬁséd P"é& al

net wor k i nimagef ace can be used as the netpage network |nterface The radio
transceiver 753 ¢ ni i censed 9 and nornal | y used
by cordless tel ep cr?r%asfﬂp@iﬁaﬁe{ (gfr&ﬁ | \%}’glpyge At Re coge%:\ﬂé% %(S:I 5 e 1 of

i ndust ri al abowsixevatt infhi Eachtag endeddsclel pagg 1IDSKE IBeamd contrplchits) sudsthé Aegesaineyf hoppi ng

and col | Séa&ﬂa%iﬁge%grﬁtb@dﬁnﬁé)ra@r@éﬁ’ogﬁld'StG;e@fnftﬁercglﬂﬁ@ssédrp% imgg@Muni cation. The
printer contro Ier 0 tlonall¥ i ncor orate an 'nfrghﬁag ta Assocj ation

(1rDA) i nterfaceld B PREET! T WPt Yok Ogaikregimess FEPrL RN
net page cameirdisss 760 Hach pirt efigh@tdomellereTs) Gobrarahet qompla@edDpagt) irtage isidSlotahe | r DA

|nterface N et page
one. | 7° 5 hlnR R0l AR SRR b p e RloH s AL bR P

r ecei ved a‘-ﬁéﬁusﬁews pipeagtiopHestere enatig i 1 49 iz deyvel| (A G ragp BRasPTESI0USG 57 page

obj ects, ita2punsphReERdl CoNrthaller RI P software on the DSPs 757. The DSPs 757

rasterize each page descriptiqgn . and conpress the raster age inage.

The i i pr ocos ot BECHE R PO PESSRS! HREE FHEGCTH AP phe

si npl est  Wagh speed [IB¥H L 356 s@inlCieterfavel 639, p btandDBPBEG gecodsr V@t « gadird OBRprdat eri ze a
separate P SSder ]I_Elf? P%Es%onp %ﬁﬁ&le%%ﬁosﬁ& Elﬁtp t76§,3u§¥,us§3'mn Qa% encoder 766, a line

loader/formatter unit 767, and a custom interface 768 to the Memjet™ printhead 350.

The print engine controller 360 operates in a double buffered manner. While one page is
loaded into DRAM 769 via the high speed serial interface 659, the previously loaded page is read
from DRAM 769 and passed through the print engine controller pipeline. Once the page has finished
printing, the page just loaded is printed while another page is loaded.

The first stage of the pipeline expands (at 763) the JPEG-compressed contone CMYK
layer, expands (at 764) the Group 4 Fax-compressed bi-level black layer, and renders (at 766) the bi-
level netpage tag layer according to the tag format defined in section 1.2, all in parallel. The second
stage dithers (at 765) the contone CMYK layer and composites (at 765) the bi-level black layer over
the resulting bi-level CMYK layer. The resultant bi-level CMYK+IR dot data is buffered and
formatted (at 767) for printing on the Memjet™ printhead 350 via a set of line buffers. Most of these
line buffers are stored in the off-chip DRAM. The final stage prints the six channels of bi-level dot
data {including fixative) to the Memjet™ printhead 350 via the printhead interface 768.

NPTO010-5G



an arbitrary nunber of rasterized pages can, in general, be stored in
menory. This strategy only |leads to potentially poor DSP utilization when
rasteri zing short docunents. Watermark regions in the page description are
rasterized to a contone-resolution bi-level bitmap which is |osslessly
conpressed to negligible size and which forns part of the conpressed page
image. The infrared (IR) layer of the printed page contains coded netpage
tags at -a density of about six per inch. Each tag encodes the page ID, tag
ID, and control bits, and the data cont®nt of each tag i's generated during
rasterization and stored in the conpressed page i nage. The main processor
750 passes back-to-back page inmages to the dupl exed print engine
~controllers 760. Each print engine controller 760 stores the conpressed
page i mage in it hoeatbral pridmerging conwelllegd 20t Se tdaé inpapen, ex¢haasSie @niuplead pri nt i ng
pi pel i ne. ' printi | ' ] gyﬁgl' |

i npracti Caﬁﬂ%ﬁm@%ﬂﬁ@?%ﬁ@gﬁ%ﬁ}%ﬁ%&\%ﬂﬁ lﬁeg{rfgﬁi’g g_irl()&?%age |E ld%%?or’] menory.
7.2.2 PRI NFlepninE aonrRaserRvarie 1 atyacreshetias ore sigay 7?)‘?9%‘11%9”?51 lise| i ne of
the p][i nt gggi nem@ﬁ{ngalg%@gogéﬁga ‘ﬂi@@%ﬂt&ﬁﬁs% égi-spaed pbdcggbrsgﬂeephyhcﬁ%%z%g&é Zeri gl
interface a standard JP ecader . ndar, oup. ecoder
760. & custBREAFPE SHPCBRRBTRT St o B LIRS e ahibus o6, o

i ne | oadewkémopliied thesteppan imbtoiZ675, 68nd a custom interface 768 to the MenjetTM
printhead 350. T i [ Jier - : ' '
buf f ered manner. mgvﬁ?:éé gﬁg&ggpgwﬁg%f gﬂéﬁéeg’dth%%tgqp?ﬁD@RgAn_ %%Séh\%rgtsgﬁ%e?gh speed
serial i ntegfsacemEYoalopzbe lop et of thootered 1 padng aling gt $8kdinabieA 769 and
]passeﬁ fj hr ghigh et he’ @fsﬁ%of%@k@&e@ﬂ?&rhgé i&xerpriﬁtiea@heis Bﬁh p@m_l Ite{%@pagag@h rhas

i ni she rintin page just |oaded is printe nother page is

| onded - ThEmY plebts SE BPRbE Bt praf PSS ebvle Rlne S e YR, FlER b

JPEG conpr &s selll within tlignepe@ingieqbeasyest, the Moaiads palicad/ Gvbjch tith ¢he Grupanp dedign

Fax- conpregsegd. Ryl evel black layer, and renders (at 766) the bi- |evel

net page tag layer according to the tag format defined in section 1.2, all
in paral | e¥. TheN§BABREASSSt age dithers (at 765) the contone CWK | ayer and
conpositesgfat 7R3 Thie bi-level black |ayer over the resulting bi-Ievel
CWK | ayer Ihg sul$a t ﬁ.i lll|_ vel CMYK+lI R dot data is buffered and
formatted (AT 7671RG ""'Bﬁpf 84 ﬁngn t he Menj et TM printhead 350 via a set of
i ne buffers. Mo$tordd totshygpee “sitglerplickd) infekagtion with @ tagged regidin ivin a sdngngofeficcthe p DRAM

The final SIa08QRl ke G toSbat %Qs@g&%g%e Bk 4 124[ ﬁstQM%k vi?\ﬁho xalﬂé% hefel ML Udi Ng

fixative) to the Menm et TM pri nt hea via the printhead interface 768.
NPT010- SG Bgongieh»haberisptation s Resiticupdy Thrare@gpmt diaererrishedisld ohyiew efdkedensiae uni son,
such as i Ndedicélis pheRBAM furbuafol GelfiatahOPacideRete g, synchroni zed via a shared
0 oy o190l g I 805 B AL SR 1SRt eh st i ot e
| i ne. minimum diameter m of the sensor field of view is obtained when the tags 500, of diameter £, are tiled
on an equilateral triangular grid, as shown in Figure 52 and defined in EQ 1. This is achieved when
the center-to-center tag spacing is the same as the tag diameter k.
With a tag diameter k of 256 dots (~4 mm at 1600 dpi), m is therefore 552 dots (~8.8 mm).
With a quiet area of 16 dots, i.e. an effective tag diameter & of 272 dots (~4.3 mm), m increases to 587_
dots (~9.3 mm).
When the tags 4 are moved a distance s apart, where s is at least as large as £, then the
minimum field of view is given by EQ 2.
‘When no overlap is desired in the horizontal direction between successive lines of tags
500, for example to make tag rendering easier, the tags must be moved apart by a minimum amount
given by EQ 3. For a 256-dot diameter tag, « is therefore 40 dots (~0.6 mm at 1600 dpi}. Since this
exceeds the quiet area required for the tag, the quiet area can be ignored if tag lines are rendered to

not overlap.
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The print engine controller 760 contains a | ow speed processor 772 for
synchroni zi ng the page expansi on and rendering pipeline, configuring the
printhead 350 via a | owspeed serial bus 773, and controlling the stepper
notors 675, 676. In the 8 /2" versions of the netpage printer, the two
print engines each prints 30 Letter pages per mnute along the | ong

di nensi on of the page (11"), giving a line rate of 8.8 kHz at 1600 dpi. In
the 12" versions of the netpage printer, the two print engines each prints
45 Letter pages per ninute along the sfort di nension of the page (8V2"),
giving a line rate of 10.2 kHz. These line rates are well within the
operating frequency of the Menjet[err] printhead, which in the current
design exceeds 30 kHz. 8 NETPAGE TAGS 8.1 TAG TILING 8.1.1 Planar Surface
Tag Tiling | n or defingtsc- ISuppaiQ 2 gisés gl 4 Fal 4 Bk-dotidnineteated, k Brhewifird1298 dbiagged

region vi i [GE: S Isng device nmust be able to see at
agﬁlﬁ'm %@g d&f)ﬁld%ts g&s][lil%tg { 3:%0 )

| east one entire A47In i e view no matter where in the region
or at what8&2i enrbe¢risal $yrfacs Tpg dilingoned. The required di aneter of the field

of V!EM/O; Eﬂe f%ﬂ&&%ﬂmfﬁﬁgﬁﬁﬁoﬁ%u&ﬂ%ﬁﬁ@Q%ﬁﬁﬁg&ﬂ@ﬁ%h@ﬂm@im@ﬂﬁuﬁhﬁﬁwand "

spacing of the_tags 4. In e case ere the tag shape is circul ar, such as

Che. prof or B8 Of AGPHAre A JEEMIEh BEFBeaPR| U = FRSSHediith o R B S Tat 8 FOTROA o ho

sensor fi etwentpéquelisevd ¢qsilagpd siamgtir fuee 328 shaing sigsy DGO 53M4nd dhvadirettices K32, ar e

tiled on aguid, §£§hﬁ&%%%qaﬂhﬁkﬂgQ&ﬂmsﬁé‘Shomn in Figure 52 and defined
I n the

in EQ1. This is achleve en center-to-center tag spacing is the

sanme as the tag dpashisvehe geauidiiiling thedepsilipdipret?8ris jusqipedin g tagst sphere.sandm at

1600 dpi ), eaBh hignglel3eY &1RARs:DERNB § sulbdiBid i hn equaltifnibeof iR Bl 16
effective ta of 27 ncr eases

dots, i.e. g%a ter dot (-4.? ?Q m.
to 587 " aorEiyt Gara o uilh B eSS 08 AT AL LB L wher e
S i s at | easshhedon isalivijled ag kequdl Ingvatshdefining aienefm-f paddidalof each edyel aad gicven by EQ
2. Wien no,que Q)r%gooh(ﬁngd;%ﬁlltsragt%g Ia#]r &v@%gl(jﬁh%t' Al Es%in%' By&Ciknk ?L}al Pl ither
successive lines of tags 500, for exanple to 'nmake tag fendering easier,
the tags nisaed plachivdes. Hpdipes Byfravmrintprrosuish Bimpslises ofghe dairgycaptsized by a
256- dot  di @yl sibdiglisionkribiles, RAHIGILN B 4Qat AL (it piiadbulal @05 REhe Si Nce
this exceeds Bhe U|§bfa%§ﬂ te%ﬁbfgd for t@g %a , tggbggéet rea can be
 gnor ed | TETRIPE FdsoraPS Bkt dhof B e Qe PaRtiecebroTERetls Ko e (i ng 5 =
K + u i n E®e&h i tregelfdriginal Ferticen of2eGecdaibdreh Afmbddix tiagylarfacksmdehethetolie 296
dots (-4. (Yf tﬁm}eﬁlgmﬁg Qg-ﬁggll)he t\geﬁg JHg]n?l é%esdﬁé Salréa‘dfr %e %n rlﬂg')sphere, while the

remaining vertices lie inside the sphere. Each created vertex is therefore centrally projected onto the

sphere, giving the desired tiling.

A sphere approximated by a regular polyhedron in this way is referred to as a geodesic,
and the parameter v is referred to as the frequency of the geodesic. Figure 54 shows an icosahedral
geodesic 534 with v=3, i.e. with 180 faces 528.
The closer a subdivision triangle is to the center of a face of the icosahedron 526, the

further it is from the surface of the sphere, and hence the larger it is when projected onto the sphere.

To minimige variation in the size of projected subdivision triangles, subdivison vertices can

systematically be displaced prior to projection (Tegmark, M., “An Icosahedron-Based Method for

Pixelizing the Celestial Sphere™, ApJ Letters, 470, L81, October 14, 1996). If v = 1 then no vertices

are created and the angle subtended by a triangular face at a vertex remains 60°. As v increases,

however, the surface defined by the five triangular faces surrounding each original vertex becomes

increasingly flat, and the vertex angle of each triangular face converges on 72° (i.e. 360° / 5). This

defines the worst case for a tag tiling of a sphere. In a 72° isosceles triangle the base length is 1.18

times the length of the two sides. The maximum tag spacing s for the purposes of calculating the

sensor field of view is therefore close to 1.18%. With a tag diameter of 256 dots and a quiet area of 16
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8.1.2 Spherical Surface Tag Tiling A regular icosahedron is often used as
the basis for generating an al nost regular triangular tiling of a sphere.
A regul ar icosahedron, such as icosahedron 526 in Figure 53, is conposed of
twenty equal -si zed equilateral triangular faces 528 sharing thirty edges
530 and twelve vertices 532, wth five of the edges 530 neeting at each of
the vertices 532. To achieve the required tiling, the icosahedron 526 is
inscribed in a target sphere, and each triangle 528 of the icosahedron 526
i s subdivided into an equal nunber of efual -sized equilateral subdivi'sion
triangles to yield the desired total nunmber of triangles. If each edge 530
of the icosahedron is divided into v equal intervals, defining a set of
v-1 points al ong each edge, and each pair of correspondi ng points al ong
any two adfosCbntan effges theSdijoiken @df D2 dots| (N2 mpdralisl iBdrefbr® 64hdwts0¢-ET mm$ har ed
adj acent edgxmnthﬁ l,ines so drawn intersect at the vertices of the desired
equal - si zed a SU|IateraI subdivision triangles, resulting in the
creation of v2 t Thepangle eubtepded by edch ndpalobim ifegehedren@ thyfcenidreof the clocymbraitiingn 526,

or 20v2 trépngkeSenithrald . O the resulting 10v2 + 2 vertices, five
triangul ar faces neet at each of the twelve original vertices of the

i cosahedron 526, F¥fdrkereet tﬁdt“%th@& frg fength, pfrach rentrallyproieqied edafcihr- Biven hias

remai ni ng diictek 6/KSin thEREn UARY a¥ € tiRmbnGhen &l tagy € Fdqhife S w2 tha bphradeivkd 1§ K t he
sphere, le the remaining vertices lie inside the sphere. Each created
vert ex |s ‘herefore centrally projected onto the sphere, giving the
desired tiling. Pergpivererapmichdiy®e®d by a regul ar pol yhedron in this way

is referred to ag,g ﬂﬁe@%szlfcm auamtetée%faoﬁst@trtrgtmrmﬂtoat tlstg%tttitf;ttrtg@on@s t he
frequency of the geodesic. gure 4 shows an icosah ea geodesi c 534

With v-3, tPogyerth Phere and &1 E@é‘ apsd-3 mngs apvadher ~ i lainde A Qi‘"ﬂ’h triangle is to
the center of a ﬁa@&akﬁlobélieakdﬂm&hﬁmmﬁmw@?c@:cteﬂ h}elengﬂmsft-mﬂrmm fits h BevedipMm t he
surf ace of ol e SRR GaiaBRTUARAT SaifSslRE S5 bk 146, WAGR BT Of ect ed onto the

sphere. rla fon I'n proje subdi vi si on
triangl es,8-b8bdi frhileary Gerved Susfagsag Bling enat | cal |y be displaced prior to

projection (Teg Wﬁrtkangl%)esh ‘B appfoRBRR AAHRR: ﬁ@@c@&:}'\@ﬁd%ﬁﬂ: ylaBd to d?&g’[&sh&&i ng E Ee
vV = en

Cel esti al Sphere" )J Letter 470, 181, Ccto

no verti ce‘§t|?° diging dispouiipinies or ey ttélesaw@‘tth %ﬁbtce‘ﬁa’gtf‘beﬁh%"mﬁﬂt‘“é 6139(‘5?1°‘Faéce at a
vertex renarnasre6Othe fgface aidrareadesy. Ashm\ierexistiteofsiudngle sestiédria p@deuby t he
five tria Blan LRASER ﬁﬁ‘{]gﬁv%ﬂﬁmta ?c%.{;'bé)ﬂ’r cﬂ!}eqz?{%]lo}{gezfsreﬁ:ﬁ &%%F(g&espet

increasingly flat, ertex each tr1an ce converges
on 72 (i. eamlae@m/ve@)c angiyind a mpgnirese lme vGlngtis oasidsrefl gifectiverwat reshertithg) of a
sphere. | Npagicifig serﬁ@gaeetce&mte mlaagh& drie éaaﬁgeaeheaggdammsedlo h&udetul 1880t he
| ength of the two si Q%H ntta cing s for the purposes of

cal cul ati ndmf’]ﬁtetag?eaﬁ%%orsm?ri Se&*fm%/ “BW s t*W&fefore close to 1.18k. Wth a
tag di aneter of 2Zb&Gilugpwcedwe smmlp@bmaa@aamachlﬁneﬂmlr@wS@ 6O milotgy i . e. an
((af f igt 'ZV%T%dQeglex%'ﬂﬁQﬁtE Sdmecks BE t2€ AAmUQUSTe ifly Fodlike priBeld bh RELEEQLE L43 dots

midpeint of any edge whose length exceeds a maximum tag separation s. As illustrated in Figure 9,

the maximum tag spacing s is calculated so that if two adjacent tags 4a and 4b are a distance 5 + ¢
apart, then there is room for another tag 4¢c between them, i.e. EQ 8.

However, if the vertex angle between two edges of length s + ¢ is less than 60°, then the
inserted tags will overlap.

To prevent inserted tags from overlapping, a minimum tag separation ¢ is introduced,
where ¢ > k. The minimum vertex angle o then becomes a function of & and ¢, as shown in EQ 9,

Clearly, when t = &, B is constrained to be 60° ie. the mesh is constrained to be
equilateral. But as illustrated in Figure 56, when ¢ > &, B can be less than 60° without inserted tags
overlapping.

The maximum tag separation s must be based on the new minimum tag separation £, in
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according to EQ 2. The angl e subtended by each edge of an icosahedron at
the center of the circunscribing sphere is given by EQ5 For a sphere of
radius r the arc length of each centrally projected edge is r0. Gven a tag
dianeter of Kin the sane units as r, the nunber of tags n required to
cover the sphere is given by EQ 6. For a givenn, r is limted by EQ 7. If
nislimted to 216, to allow the use of a 16-bit tag ID w thout requiring
multiple regions to cover the sphere, and Kis taken to be 4.3 nm as
above, thenr is limted to -3 10 nm Altypical globe has a radius of 160
mm |Its projected are length of ~177 mmfits 41 evenly spaced tags with
negl i gi bl e additional spacing. Such a gl obe uses 16812 tags in total. 8.1.3
Arbitrary Curved Surface Tag Tiling A triangle nmesh can approxi nate a
surface of aceardrintervethEQWpogr aphy and t opol ogy wi t hout introducing

discontinui ti s QoPtoAGWbld fobiEStar ol dlackCndrOf Slon L1 lddllf RS, PET NG
dictated by the local curvature of the surfacga and an error pound:
Assumi ng t Peasgiriingttesh e misfmun yeripxeanglp & npriestibangP® Go- palf efi6@ iegen besthevretbee, an
ef fective PRBevkCOMLBRrishdld had @t st §rd B8 IRN hBEOrREAHIHGES tefsh [IRNEmASnAR6N Mesh
triangle res%ects a mnimmvertex angle and a m ni rum edge | ength. A

tiling is t8riaredess b it lparagics fhe palpwrEeregnge s Bartlly eUrat*Ssensi ng devi ce
if the field of W ewfief sdehidio g Y ndUges Of & Hiafdlasankeeds ilcigh kdithe at

| east one _conplete t t_an sition of the sensing device on the
surface. 'Ijﬁ%guigiokﬁ?\%a%%g%%ﬁﬁd?éymﬁeg&fts by placing a tag at each vertex of the
mesh, so the m nimtesecand grendrie (jeue $33 ondrpdeasHfef aiangtee5SP axyeeds aimdingth. X. The
tiling pr %ﬁ%ﬁ%&qe@@l@dpm btBESdEd 938 ool AL talddf of KL HRQIY50.0f any edge
whose | ength exceeds a maxinmumtag separation s, As-illustrated in Figure
9, the maxi mum thh'ge %%@F"r‘iﬂg&‘ 5%%1'1‘”86 g5t & ¥ of hipneled5¢ Rsesddinersht t ags 4a
and 4b ar eTas déls 5énee inserted 8t thap@pdint of heh of e e lose ¢da@msh,ai56 amohi@tayt ag 4cC
between th e e ol vert dges of
angt b, ol ot g e RS, e Bt Gl RAR 0 280 YGAL: L€ 07
prevent i nEerveers SélyS64 efdhn Hoerdsa pRi vighe sl iiianglm’iSligrs e prezid Brvitker | s

i Nt r oducedgiagodd f e traptzdid exbéb@s MinNedPde] H@X ta@B3Y B iferidd AN thE RGBS the
function of k Clearly, whent =k, (3 is

%nd b A%, sho.vvnefi n l%%ng.
const r ai nedPEBBLogBl e keeip ol hel@felt s constrained to be equilateral . But
as illustrated i inth Quithecs@io Wigen 6) att these cOges 317 dbe trlamgdsS78 arredG Qe aagthout
inserted tags,.qQueksaPR NGk IR rﬁﬁﬁ%‘iM@a&haeggesﬁggﬁdatﬂé @R S Mikes394 Rgsed on

the new mininumtag separation t, in NPTO10-SG 61
joined by edges 576. The tagging procedure is then recursively applied to each of the four resultant

triangles 577, 578, 579 and 580. Note that the new triangles respect the minimum vertex angle
because they have the same shape as the original triangle 573.
The tag tiling variables are summarized in Table 4.

Table 4. Tag tiling variables

variable Meaning
B minimum vertex angle
k tag diameter
m minimum diameter of sensor field of view on surface
s maximum center-to-center tag spacing
t minimum center-to-center tag spacing

8.2 TAG SENSING
8.2.1 Pen Orientation

To allow a pen-like sensing device to be used as a comfortable writing instrument, a range
NPT010-SG



accordance wth EQ 10. Wen considering a particular nmesh triangle, there
are four distinct tag insertion scenarios. By assumng that the m ni num
vertex angle is no less than 30 (i.e. half of 600), it can be shown that
whenever a nesh triangle has at | east one edge |l ess than or equal to s in
| ength, the remaining two edges are less than 2s in length. In practice
the mninmumvertex angle is typically at least 45. In the first scenario
(Figure 57) no edges of a triangle 546 exceed s in length, so the tagging
of the triangle is already conplete. |Ir?the second scenario (Figure 58) one
edge 548 of a triangle 550 exceeds s in length. A tag 552 is inserted at
the m dpoint of the edge 548 to conplete the tagging of the triangle 550.
In the third scenario (Figure 59) two edges 554, 556 of a triangle 558
exceed s idf e hifhiations g De SaPorted 6Ana@ ke pel bl it chstgdined Rebenih d@micﬂtvitloﬂle each of

the two Iqg acg% o%eég%n ?tﬁ?e}.})efil@gl bte Qﬁﬁacmg b)f 892 Lag[%gotatu@ﬁ,i)tlt@l'g r ogjfan& he

triangle two inserte er wth the
two verticel (seﬁ?ﬁos)eef & peheas sHehittede gl gl oWhJﬂeh@e OB it rilsl Pﬁtnrlim&hgﬁ e 558

form a traped@tathed,lifis @dsbRBE to cdﬁs@zg@t!ﬂ@intcﬁ)ﬁndtr@?ofﬂ{ewQialﬂasﬁfé%?e@ﬂl&i_lt%fih@ I engt h
then a final Hg %7 I S |nsert a%} & center of the trapezoid to
conpl et e tHYB™Y %ﬁiﬁ@ﬂﬁﬁDWﬂ?WWQQﬁ%I n the fourth scenario (Figure 60)

all three edges %2 isofonantionil@ragplied 573 pache @eld that, fon ekagnly! in.the cdsetdggenl vert ex
574 i s 'ns&c&ee@wgﬁd &egﬁ pagawhhgﬁyssﬁ%ﬁs ﬁﬂgﬁﬁ%\u@cﬂ&&ﬁ% slRESFmD G, Ver ti ces

574 are joined rocedure I's then recursively
appl i ed t e &itha marktnh élbf WPversélsemﬂfaﬁﬁ?nsorﬂSr%}ﬁtgcl & thg g7 ofhegpen gridhepgys 580.

Not e that #dag seRink ibiliAREd Rbce fit@ﬁﬂ&@rﬁm& hlﬁmmmemfm YRkt ARG 1R peBEAdISE t hey

have the sane sha as..t he tri 73. The t _ti i vari abl es
R sty st ey, B gy Sea el DY s B i, B8t b B i ot e
J 3m ni mum ruege toehe sppenifjdbylcttays de ammatigive mtiesinfaonwidie ammwltch)inds@mmanﬁi el d of

view on surface ?i%ﬁ%&@dﬂ‘a&%&%{uoﬁaﬂ Eié?iﬂéd% Taﬁgxx%%&lk Whpdefell AL hey are
center-to-center tag spacing Ty F .1 Pen Crlentatlon To

al low a petieiees SUASPinY BBl ot e deins Siriroret BUE XPTintigy

I NSt r umentsystén bR ukR-ts 8ds ©the [ﬂﬁfﬂ‘a]ﬂbﬂg&:ﬁtﬁxﬁl Ax@NSd el Staxib & theUpRel t ed.

Since the lgtgrgl ar)](isbwhleé wgwoe tyraaﬁlseg'qg a ngh (iecrll BB %Qgrgigatie %‘(Iistgrxl’l], 1';[)1{11% conventionally
defined as positive when anticlockwise, while pitch and yaw are conventionally defined as positive
when clockwise. Here all rotations are defined as positive when anticlockwise.

The pen’s overall tilt (8) is related to its pitch (¢) and the rolt (v} in accordance with EQ
11.

The pen’s tilt affects the scale at which surface features are imaged at different points in
the field of view, and therefore affects the resolution of the image sensor. Since it is impractical to
sense the area directly under the pen nib, the pen’s tilt also affects the distance from the nib to the
center of the imaged area. This distance must be known to allow a precise nib position to be derived
from the position determined from the tag.

8.2.2 Image Sensing
The field of view can be modeled as a cone defined by a solid half-angle o (giving an
- angular field of view of 2a), and an apex height of D above the surface when the optical axis is
vertical. Although the image sensor is typically rectangular, only the largest elliptical subarea of the
image sensor is relevant to guaranteeing that a sufficiently large part of the surface is imaged, as
quantified earlier.

The intersection of the field of view cone with the surface defines an elliptical window on

the surface. This window is circular when the optical axis is vertical.

Figure 62 illustrates the geometric relationship, for a given pitch-related tilt 6 of the pen’s

NPTHO0-3G



surface, the orientation of the pen can be characterized by the yaw (z
rotation), pitch (x rotation) and roll (y rotation) of the pen, as
illustrated in Figure 61. Wiile the yaw of the pen nust be unconstrained,
it is reasonable to constrain the pitch and roll of the pen as well as the
overall tilt of the pen resulting fromthe conbination of pitch and roll
Yaw i s conventionally applied after pitch, such that, for exanple, in the
case of a pen device it would define a tw st about the physical axis
rather than a direction in the surface §lane. In a pen with a marking nib,
however, the image sensor is nounted off the axis of the pen and the pen's
i mage sensing ability (and hence its yaw sensing ability) is therefore
constrai ned unless the pen is held alnost vertically, as discussed bel ow.
Yaw i s t heomifadrgs, dpiphdnette prafsomte (ppint 81 thegieh’@wptivgl axiiefCEN bid gaaﬁeld péwge to be
specified [ - f itch
and ol I ouSolebILD de aeuid 5y ik pulh e (el g EEME B
rot at i ons, Plesipalyiq ket ppsitivggpdacgigitiltar e defi ned as x and y rotations,

respecti vely, be%ﬂeﬁe‘ﬂ%oﬁﬂt@d dﬁw@ﬂdlmh&éa(lree&mqtsgtv@nwm&y coor di nat e
system of the surface, where axis s the natural Iongltunga}I axi s

and the x axis i VHaUsgm B “h‘ida efistrosimsthap i Pprhda "HPORUGsB) 1 n a
right- handﬁd,tﬁdaﬂ(é(ﬂﬁfaﬁheﬂ'&lbﬁﬂ&)ﬁ&ttem ce@t dftHeSnrﬂ&ﬂ(denkA(ﬁmﬁhﬁrbhbydﬂlSﬂed as
positive when an kmnse tch aw are conve t|o defi ned
DS post £ive. wnoiet Beid Bated Bt b uf wiiags AP gk P SR en dogo bl ve
when antlchmmﬂmmSEmmﬁhHoﬁem bﬂd%gﬁanbﬂnia (8) is related to |ts pitch (4))
and the roll ([e N ACCO pen's tilt affects the
scal e at which St[JrH‘)zéllgﬁe1 e%‘?’lﬁroes a%M)lsmengveﬁlbyaa erent points in the
field of view, aﬁUmﬂheneﬁdnemaﬁfscmgzmhﬂbm@@@HMM1cﬂtEﬁm&ﬁ@ﬂwm@gmt$ensor.
Since i & T SipboR @Chdek e feuired ik fipet e (A RELE Ln Y940/, bR SR B, the
pen's til so affects the distance fromthe ni center of the

i maged ar e%f theppipa ipppediares Beivepln EQ LS. Khivtier 4it5s BRII®w a precise nib position to
be derived from&epa&sauemategﬁﬁearmﬂ@g stﬁs@xnaeéohﬁoﬂ ﬁﬂst bS8 ctdsed sb MRYMe SeNsi ng
The field of V|eM/c3 ? ed as a cone defi l.i d Eﬁlf angl e a
(gi vi ng an™&H§uF 5w ydsa’if}? r%wathe ) B 316 eq& is FF&P%H?‘ BHYEbove t he
surface mhemothﬂwoptlcal axis is vertical. A though the inmage sensor is
Lypical ly rect anglfin Ol LAE o HeOithoe elrlehls G iDL GRl Afiein | MBI
sensor is relevant to guaranteeing t i Cl ent e part of the
surface i sVigrpagetnd Y48 ncFasse ipdlingign é%artlvq @rthe FYEng Ay @roélefeqt% vematigEnf j el d of
Vi ew cone ettt pdag stpt)ﬁm t1ﬂ@£d ;ﬂ)ﬁﬁH&& xegalzwepm L bt ¥ fRAOW tRwindoRQurtibl f ace.
Thi s wi ndo cir Xi.S LS vertical i gure 62

T st ar obet e i dlor s Brars 0GR ok difolf iR bedil S ¢ o o
t he pen's MNEFEL0- SG 63

The distance of point F from the viewpoint (i.e. | EF l ) is given by EQ 17.

Scaling due to the inclination of the surface relative to the viewing ray through F (EF) is
given by EQ 18.

If the surface feature frequency is £, then the angular surface feature frequency o at F (i.e.
with respect to the field of view) due to both factors is given by EQ 19.

When there is no object plane tilt (i.e. 8 = 0}, this reduces to EQ 20.

The image sensor is, by definition, required to image at least the entire angular field of
view. Since the pixel density of the image sensor is uniform, it must image the entire field of view at
maximumn frequency. Given an angular field of view in image space of 20, an image sensor tilt (i.e.
image plane tilt) with respect to the optical axis of &, and a sampling rate of n (where n > 2 according
to Nyquist’s theorem), the minimum image sensor resolution ¢ is given by EQ 21 and EQ 22.

The cos-squared term in the numerator in EQ 22 results from the same reasoning as the

cos-squared term in the denominator in EQ 19.
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optical axis, between the pen's nib (point A, the pen's optical axis (CE),
and the field of view wi ndow (FH). The tilt is defined to be cl ockw se
positive fromthe vertical. The equations which follow apply to both
positive and negative tilt. When the pen is not tilted, the w ndow di aneter
(i.e. | BDI) is given by EQ 12. If, when the pen is not tilted, the

di stance fromthe nib to edge of the window (i.e. | ABis T, then the
distance S fromthe nib to the center of the window (i.e. I ACI) is given
by EQ 13. Wien the pen is tilted by 0,%t he distance fromthe viewpoint to
the surface along the optical axis is reduced to d (i.e. I GE | ), given by
EQ 14. The wdth of the window (i.e. | FH 1) is then given by EQ'15. D and
a nust be chosen so that an adequately large area is i maged throughout the
supported tilt r &mgetherthend BEpH plad ti (Nd. mumogjiaadr&.be{ﬁagms@f:e iddebttepack S gi ven

by EQ 4, while t eWIdth t he_ gi ven by EQ 15. This
then gi ves™ &5 g %‘ﬂ?gaﬁe%%g(l%“arg) %“ eélP?nnﬁqu)dz ‘gie sensor resol ution
nmust be chosen swhtnlmatreisheobjecn;a@edltab@&ﬁ)&xsadiaqmamadry:mzﬁpl ed, i.e. that

t he maxi num f eat e j t i.S I, gher
When i maged, the%;hga{h %?)B#e {ﬁ%;eé t%tua?(fgggbjcfegl%a{%teage e\lﬁn%? le| ncr g‘%?% réstance
fromthe sphewplibistt seacelangildrtiiciineviergiengpal (he ol nalt FQA2 redicat® Q260 the vi ewi ng

ray. Both factor gQay, §m@fmgyy1me i o A lobale pRAI Al mbrebR, eﬁ@%‘s&éﬂéﬁm&ﬁde& and
point H for negative e. at the point in the window furthest from

t he vi ewpofige SCRiSE &z¢ Fag Wb@f &7 épage senpes t#i $rixehe o PEWIRNHE SEBSEMeN appl y
to H when difigtidn fton theScaptie@dapo/ ¥ariabid @nddé Shandeis,dbwed Nislafivelylcom dphien il ewpoi nt
(i.e. | EF ) 7 cal.ing due to the inclination of the
surface r r%?fevgldafe°€eﬁ'x"e§ﬁ%a\%&r %eﬁgfg{if“?hr ough F (EF) is given by EQ 18. If

t he surface feat tigere 3 dlgsieine e pmptrit nbtionskip farrgaivea roligelatédtded ffaketnin’e
frequency é}ﬁca@tmf btwed the fﬁéntshntf GSRES], theGeh’ D%ptfcbl%{é ©k), YA rdiGe %E\v bOt h

factors is glven ¥ (R there i1s no object plane tilt (i = 0),
this reducB8ipgFEDIby ITP'Fémldﬁ%‘ét"é’éﬁ@?h”‘“SF gositiye Irgpa the Vﬁrbf%wlth Fhéq{FFl?“@EI to
i mage at |&asiiz meplemlhg &m&ﬂ@iﬁpﬁlﬁr e(iuhlﬁﬁ td rcmfmduwdﬁw FoSSiollafude &lt i digthneelensi ty

of the i m.ggon?% escetlf%g'lo ewmd w(1 n}f ,) S Zg ratget]%anear;tdla mgdlgl g of view at
maxi rmmfrequency Veh- &n angtl’a d* BF° VoW R THage space of 2a', an

i mage sensor til For( pltch}mduqemg,ethplnalg@tuda bt 9he wiltt fange 65 peEitistO by biwoomt & cal axi s
of 0", andy@in3aTehR0) tidhea Rkt YRRES i m%v@ﬁ&%gmﬂge seﬁsgn Uheat ' S

theorerr) t he mninmum i mge sensor resolution g is given by E 21 and EQ
22. The co¥t€cfgapishindesed i the; sigac ifarediznt fon ngeaive Silt thag far pesitive §lnof e sane
reasoni ng @me bgituds b GEAaMSds 4 @alkrinhglili® (BlaMeMmaRiRinar Fd FliEtduda 1l MY 010- SG

have the same magnitude.

As described above, the smallest features of the tag 4 are the structures which encode the
data bits, and these have a minimum diameter of 8 dots. This gives a maximum feature frequency f of
about 7.9 per mm at 1600 dpi.

As calculated according to EQ 4 above, an equilateral triangular tiling of 256-dot diameter
tags with no overlap between successive lines of tags requires a minimum field of view window
diameter on the surface of 598 dots, or about 9.5 mm at 1600 dpi.

Most people hold a pen at about +30° pitch and 0° roll, The inking ball of a ball-point nib
loses effective contact with the surface beyond about +50° pitch (i.e. 40° from the horizontal). A
reasonable target pitch range is therefore —10° to +50°, and a reasonable roll range —30° to +30°,
bearing in mind greater limitations on combined pitch and roll as given by EQ 11.

The highly compact (1.5 mm?) Matsushita CCD image sensor (Matsushita Electronic
Corporation, and is described in a paper by Itakura, K T Nobusada, N Okusenya, R Nagayoshi, and M
Ozaki, “A 1mm 50k-Pixel IT CCD Image Sensor for Miniature Camera System”, IEEE Transactions

on Electronic Devices, Voit 47, number 1, January 2000) is suitable for use in a compact device such
NPT010-8G



64 Wen there is no imge plane tilt (i.e. 0° = 0), and the inmge space and
obj ect space angular fields of view are equal (i.e. (x' = a), this reduces
to EQ 23 and EQ 24. When there is no object plane tilt (i.e. 0 =0) this
reduces further to EQ 25. Wen the inmage plane tilt and the object plane
tilt are equal (i.e. 0 = 0), and the inage space and object space angul ar
fields of view are equal (i.e. (x' = a), EQ 22 reduces to EQ 26. Matching
the image plane tilt to the object plane tilt therefore yields a smaller
requi red i nage sensor size than when tH& i mage sensor tilt is fixed at
zero, and elim nates perspective distortion fromthe captured inmage.

Vari abl e image sensor tilt is, however, a relatively cotly option in
practice, and also requires greater depth of field. Figure 63 illustrates

t he geometasiaget. &l lat hDasiblp resbiotionaf Qi WEYS pixels] Asweliay @ohl tirhdgt add dbfectlshiee pen’ s
opti cal Ween e t S op .cal axis (CE),
and the fldél?'ﬁ Qi?ltdw ewv}l\}]ﬁ““g%\svbla?‘f:% Qmﬂ'ﬁ%t&i Agorvsésgig (ﬁfﬁﬁ&é %

cl ockwi se gsoatiryiveiez EQ dprpadiiQ Yetotaphdeyp the Gsirgd Hlthbaﬂéxdbfpt!&eaﬁ’fﬁted@fw@@ﬂﬂsa t he

preceding d;ﬁgyaﬁgegﬁslsamwo @Ak laYolltrglgE o bz AL ey lidnta WEQ% dlthAcL pigpduced
tilt the distance fromthe nib to the center of the win e. I ACI)

i s zero ratdtp andipa Angglar frkkqf misy oblB-SE€y 1 34°)FBr apilebianitrvaeee é%cﬂcleYr21'°ttﬁe
magni t ude Ofe, bkyanit s Lﬁapﬂ&aia%sa 18 thB BXird¥IrSR by PR ARSH G Ais a5 WD S At i ve)

e - o ST H) b bt ey TR A SR8 B st

for negat iiwggetplahé. t han for positive tilt of the sanme magnitude, the

m ni mrum has a s tude Far ed tilt
they have the ggfﬁ?eo‘%‘%gvﬁ&% ,&Es)‘t}%gdsttg%? Blgﬁ%gg?)%/pew ho{% aJOQ?TA&FIIQQ#%‘gatur es of
the tag 4 mmleplﬂheudstfpmeglem@hﬂ@mlhd@ethe data bits, and these have a
m ni mum di arret erTﬁﬁ;m?Qe@Q&%vaﬁhﬂém@k&ﬁﬁ&néed%bl%m feature frequency f of
about 7.9 mm at 1600 As cal cul ated according to EQ 4 above, an
equi | at eraabf"ﬁ é’ﬁ@ﬁﬂsff‘s'f‘lﬂl"? tapless 256-dot diameter tags with no overlap
bet ween successive |ines of tags reqw res a mni rrum field of view w ndow
di anet er ot altiéhb'i’e st-Face—of—598 uulea ing abott—9-—5—+mat 1600 dpi. Most
peopl e hd| d®apen at about +30 pit H gnd O roll. The inking ball of a

bal | - poi nt nidb o@lésctema‘ceéeiﬁvb/ieyomfmgfewth the surface beyond about +50
pitch (i.e—40—f Y - reasonabte—tafget pitch range is
thereforeg -10 to U‘Efgbé% ggélc?g?zyseg‘}n% Iag\g]roll range -30{to +30, bearing in
mnd greater o imtRaniyews on conbi ned pltch and roll as given by EQ 11. The
hi ghly conpact—(3 vt €Cb—+nage—sensor (Matsushita

El ectronijfc &r rg?J?Hf Ehéﬁn&u.é.% glg%grn;t ed in a paper by ltakura, KT
Nobusada,| N G(userimgeﬂamﬁ@ayoshl and M Ozaki, "A 1pm 50k-Pixel I T CCD

| mge Sensor ¢fUI '\fbélll' tpre—CameraSystent EEE_ Tramsactions on Electronic
Devi ces, Vol t’ 47, er 1, January 2000) is suitablejfor use in a conpact
devi ce such w Pen roll

© Angular frequency in field of view

D Normal viewing distance

d Tilted viewing distance

f Surface feature frequency

n Sampling rate

q Image sensor resolution

s Distance from nib to center of field of view on surface

{when 0 =0}
. Distance from nib to edge of field of view on

surface (when 0 =0)
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NPT010- SG 65 as a pen. It has an avail able resolution of 215x215 pi xel s.
Assum ng equal image and object space angular fields of view no inmage
plane tilt, and a nib-to-w ndow distance T of 4 mm optim zing the
geonetry using EQ 16 and EQ 24 to achieve the desired pitch and roll ranges
stated above yields a pitch range of -16 to +48 (64) and a roll range of
-28 to +28 (56) with a viewing distance D of 30 mmand an angular field of
view of 18.8 (a = 4.4). The available pitch range is actually -21 to +43,
and this is napped to close to the desi%ed range by pitching the optical
axis at -5 relative to the physical axis. Note that the tilt range can be
expanded slightly by optimzing a non-zero tilt of the 1inmage plane. The
overall pen tilt is thus confined to an elliptical cone whose mgjor angle
is 64 in the pitch plane and whose mnor angle is 56 in the roll plane.
The i mage ggnsing, vgriahl.-es are summarized in Table 5. Table 5. |mage
sensi ng vari abl es vari a Penmeani ng aCbj ect space field of view half-angle

al mge spa&difi elap fageiPeqeensing antheeodin yaw 0Obj ect plane tilt (i.e.
overal | pen tilty,d; L&%ss&%ﬁ%%esﬁﬁﬂea _eeE@eP inpSGEtE)H 1)5_."4.':)@5\.1115&;&5115@%@&3@(3%'?

frequency in field of view rmal view ng distance dTilted view ng
di stance’ flagdltpeEpechudrpiamep g et el s firgfrirg @ 4#%2 gl mage sensor resol ution
SDi st ance §.3.2m ninerting therRedITradsféel d of vi ew on surface (when 0 = 0)

-II\-IETSELS?gg; ggom nbgcet fe %ngeersopgctizfei galmgfm%I isvi)b%avlvneg nwh?c‘ﬂrafcgc)%nets c\>,1\'lh &0 peorspgctIsz
distortion of the tag in the captured image, as described earlier, the corresponding discrete 3D tag
transform with respect to the pen’s optical axis can be inferred, as described below in Section 8.4.

Once the discrete 3D tag transform is known, the corresponding 3D pen transform can be
inferred, i.e. the transform of the pen’s physical axis with respect to the surface. The pen’s physical
axis is the axis which is embodied in the pen’s shape and which is experienced by the pen’s user. It
passes through the nib. The relationship between the physical axis and the optical axis is illustrated in
Figure 64.

It is convenient to define three coordinate spaces. In sensor space the optical axis
coincides with the z axis and the the viewpoint is at the origin. In pen space the physical axis
coincides with the z axis and the nib is at the origin. In tag space the tag 4 lies in the x-y plane with its
center at the origin. The tag transform transforms the tag 4 from tag space to sensor space,

Sensor space is illustrated in Figure 64. The labelling of points in Figure 64 is consistent
with the labelling in Figure 62. The viewpoint is at E, the sensed point is at G, and the nib is at A. The
intersection point G between the optical axis and the surface is referred to as the sensed point. In
contrast with the geometry iflustrated in Figure 62 where the nib is considered as a point, here the nib
is considered as a small sphere. If the nib is curved, then the tilt of the physical axis affects the offset
between the sensed point and the contact point between the nib and the surface. The center point K of
the spherical nib, about which the physical axis pivots, is referred to as the pivot point.

The nib makes nominal contact with the surface at point A when the optical axis is
vertical. KA is defined to be paraliel to the optical axis. When the pen is tilted, however, contact is at
point L, as shown in Figure 65. Given the radius R of the nib, the distance of the pivot point K from
the surface, e.g. at A or L, is always R.

The discrete tag transform includes the translation of the tag center from the sensed point,
the 3D tag rotation, and the translation of the sensed point from the viewpoint.

Given the franslation d of the sensed point from the viewpoint in the discrete tag

transform, and according to EQ 14, the sensed point is given by EQ 27.
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8.3 TAG DECODI NG 8.3.1 Tag | mage Processing and Decodi ng Tag i mage
processing is described earlier in Section 1.2.4. It culmnates in

know edge of the 2D perspective transformon the tag, as well as the
decoded tag data. 8.3.2 Inferring the Pen Transform Once the 2D perspective
transformis obtained which accounts for the perspective distortion of the
tag in the captured inmage, as described earlier, the corresponding discrete
3Dtag transformwith respect to the pen's optlcal axis can be inferred,

as described below in Section 8.4. Once’’the discrete 3D tag transformis
known, the corresponding 3D pen transformcan be inferred, i.e. the
transformof the pen's physical axis with respect to the surface. The pen's
physical axis is the axis which is enbodied in the pen's shape and which

i s experienced byintdthe phesicabaxisoply diffets fropassptcat dxisdugly taimbution dnd x Thgion

rel atlonsh I [ 1 strated
in Figure Eﬁﬁﬁvﬁ?@hy%%ﬁs’gﬂ?%r@% S 08k KRR b o itee [l

sensor spawé!EGle= Giustanin Fguresh2), #ai shet Batdn sensohspadsdhepositidnst tiagivetipeint lhe

vi ewpoi nt Ligqab ghhe origin. In pen space t he physical axis coincides with
the z axis and " the nib is at the origin, In ta ace the tag 4 lies in the
x-y plane with i t8e vepighffoaythesensedpoingip] Pﬁ?tp?ﬁesg%@fp YA I % r ansf orns t he
tag 4 fromtag spraa:&cmﬂfr&emseﬁzo@pace theSem&opompe&;eieﬁﬁndnlals\ﬂatcé adr@él ofn Fi gure
64. The | a eII in . Figure 64 i iste the Labelling
0 i gure B0 fnfl EloRldls by ol Sppfle SR 1P (S T soact bl Dyt PP D
is at A Tlhvenahmnz@?@etlitanéwamlbnﬁ a@@mw@é}ﬁﬂtan«eli@éh cal axis and the surface
is referred to agudBoSERSEsRd E&mt td e comRARLEASE i ddhidel B LRRARE F¥ih
illustrated in Figure 62 where the nib is considered as a point, here the
nib is cof@PHered as a smal| sphere. If the nib is curved, then the tilt
of the physical a?hi'ssuaxfsfoemetdentctﬂaesmcfefbsaiplyu@eie\ﬂEmdfhetag&msﬁdnmiomiorand t he
contact po i ! f the
cpher cal il BEMEED dE b Al Ot RHEC R poll o SATLE PO UEE T ' he
pi vot poi ngenter]tp e pnfgctpaiRs t2g ERapanics: o ERSE: W\ﬁcﬁqiida!lﬁé"“éﬁﬂff‘éce at point A when

the optical axisThsis merytdd@ealm thKhgis ShsdRe 1Rt 8 iBRieP 8y A helD, iDyidid@e opt i cal
axis. Wen t i howeyer. O%ﬁit is at point L, as shown in

i
Fi gure 65. m'G“&éﬁ%ﬁwgﬁpgﬁftﬁg"ﬁ‘e&ggfﬂég‘%T?e di stance of the pivot point K
from the surfac@&he fnalptepadsto Afenrhe ben’s 3D @iemetips frbn the krg’s ADSdengitien. Thegpet’s ansf or m

i ncludes tje dd %ﬁé&nﬁ%%ﬂnpﬂf thl ﬁ@er&e@gf &1@ %‘E (aiskde@ Tdildfs, %vﬁﬁ‘ﬁl%%expﬁb&h also L € 3D

tag rotation, transl ation sensed poi nt fromthe viewpoint.
G ven t he mnpliding|thereffeny offhetitch (s eﬁée@tlffb@wmwemcvhéwwm@ apgelipgd ip he
di screte tpgass pussh@tgszand according to EQ 14, the sensed point is given

by EQ 27. é\IPTO 10 ’N%E%(R?JG THE TAG TRANSFORM

The image of the tag 4 captured by the image sensor containg perspective distortion due to
the position and orientation of the image sensor with respect to the tag. Once the perspective targets
of the tag are found in image space, an eight-degree-of-freedom perspective transform is inferred
based on solving the well-understood equations relating the four tag-space and image-space point
pairs. The discrete transform steps which give rise to the image of the tag are concatenated
symbolically, and a set of simultaneous non-linear equations is obtained by equating corresponding
terms in the concatenated transform and the perspective transform. Solving these equations yields the
discrete transform steps, which include the desired tag offset from the nib, 3D tag rotation, and
viewpoint offset from the surface.

8.41 Modeling the Tag Transform

The transform of the tag 4 from tag space to image space can be modeled as a
concatenation of the following transform steps:

. x-y translate (by tag-to-viewpoint offset)
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Si nce the

translation and x rotation
Wth reference to Figure 64, where |
in sensor space the position of the

pl ane.

physi cal

as in Figure 62),

pi vot poi nt
pi vot poi nt

is

t he contact point
constructed by applying the 3D tag rotation Mto a tag space surface

nor nal

axis only differs fromthe optical

it is c

normal i zing the result,
31. The vector fromthe sensed point to the contact point

(i.e. pitch),

| ear that

t he physi cal
AC |

S

of

axis by avy
axis lies in the y-z

and | EC |

|l ength R

D (just

gi ven by EQ 28. The vector fromthe sensed point to the
is therefore given by EQ 29. The vector fromthe pivot point to
is by definition a surface nornmal

It is

and scaling by R, as shown in EQ 30 and EQ
is then obtained

in accordance with EQ 32. This is transforned into tag space by applying

t he i nverse of thetatedy ttgyamsf orm 3D rotati on,
vector fromthe fag. CaNt&kf)0 the sensed point, to yield the vector from
center to the contact point

the tag

in tag space, i

. e.

on the surface,

and is then added to the

in

accordance® wi t h FoaB$by 3Py js finally added to the tag's absol ute

| ocation, as i Np}i@dladipy tabSo-tidgobldsido yiel d the
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8. 4 | NFERRNE: trusforma &bl mmenr tindiscrotpetasiosm verighles ueql im the e wipeyictivys: t he
i mage sens@geteOwithdhdingpeeaqdeadabe di stortion due to

perspective targets

an

t he position and
orientation of the inmage sensor with respect to the tag. Once the
of the tag are found in inage space,

ei ght - degr BabloT.-Hiswetd trangferns paridbleseand theicfaogen i s i nferred based on sol ving
t he wel | -understood equations relating the four tag-space and i nage-space

poi nt  pai
the tag ar
non- | i near
concat enat
equati ons
tag of fset

surface.

tag space
fol |l owi ng
NPT010- SG

rs. The discrete transformsteps which give rise to the i nage of
eVariablea &RRIYd | symbolMe@Bingy, and |a sMpftof [si mRangReous
equati pns i s ¢btai ned by equati ngl e¢ahrséfeapgnding terng in the
ad trancform amd tha narcnactiva thancfarm! CSalvina th se
b.\J T 1T UATTPT \.II—III tAII\J CIrre HUI%}%U\ILI v Cih AT T \.I: LILIL} .\J\.II v Ilgnh T\ i
yi efds fhe " discrete tr¥05form steps, WhicH i n@Ftdé™t hd desired
frgmthe nib, |3D tag rmickti on, and voewpd ntyoifseb flromthe
4 1 Madelina - fho-Taog-Teancform T trancfadrm nf t+hao f"g 4 from
« . o TVOECT l_llu LA IMH II@II\JI A\~ ) L) LI} T LK™ ) T LELIL) \.?4I LII\J4L\4
to MYmage space|can be mdleled as a co cat enaton’ 64t he
trapnsfofm sA eps$: tay+topvitwmns k atfset (by tag-t o-|vi ewpoi nt of|f set)
fy B tag-to-viewpoint y offset 0] -
cosy c cosine of yaw 1 -1<C<1
siny D sine of yaw 0 -1<D<1
cosd E cosine of pitch 1 0<E<1
sing F sine of pitch 0 -1<F<1
cosy G cosine of roll 1 0<G<1
siny H sine of roll 0 =1 <H<1
t, ! tag-to-viewpoint z offset - <0
(/s J inverse focal length - J>0
S - viewport scale - S>>0

Transiate in x-y plane by ¢, and ¢, according to EQ 42 (where A=t, and B=¢,).

Rotate about z by y according to EQ 43 (where C=cos(y) and D=sin(y)), giving EQ 44.

Rotate about x by ¢ according to EQ 45 (where E=cos(¢) and F=sin(9)), giving EQ 46.
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68 z rotate (by tag yaw) x rotate (by tag pitch) y rotate (by tag
roll) =z translate (by tag-to-viewpoint offset) perspective project (with
speci fied focal |ength) Xx-y scale (to viewport size) These are

concat enated synbolically to produce a single transformmatrix which
effects the tag transform Table 7 sunmmarizes the discrete transform

vari ables used in the followi ng sections, together with the range of each
variable. Table 7. Discrete transformvariables and their ranges

Vari abl eAbbr ev. Meani ngunit Range transf@rmy yawo0< 7< 27c -pitch0-i/2 < ~
<it/2 wroilO-it/4 <yr <it/4 tXAtag-to-viewoint x offsetO-
tyBtag-to-viewoint y offset0- cosyCcosine of yawl-1 < C < 1 singDsi ne of
yaw0-1 < D:5 1 coseEcosine of pitchl0O< E<- 1 sineFsine of pitch0O-1 <F<1
cosyr Gcosi ne of Rofate d6huky I3y dccwiing/to HE) 4Tdwiste G-abd(Q) dbd F=kik(\y ], giving EQ 48,

tZ!'t ag-to-Mﬁegg)p%tharezdeﬂjegm 49<a91d%g%0‘]' nverse focal |ength-J> O S-viewport

scale-S> 0 Translate 1 n x- I ane t[err] and t[err] according to EQ 42
(where A=t[err] JWHSI@PZPW-RG‘?@P@O @cﬁ!t(WIffeb'yt)wl‘a'%gcﬁQ%ﬁ ng to EQ 43 (where

C=cos(y) and D=s Ipaéﬁéat)ve plje¥i vt el dben A AL éﬁéj&mﬁﬂ%&& az=0YccBraE &PEQIsHg to EQ
45 (where E—cos( and F=sin(e)), giving EQ 46. NPTO010-SG 69 Rotate about y

by [err] a@é‘ﬁFd“ﬁ@gE"d)“g@@%7 (where G=cos([err]) and H=sin([err])), giving
EQ 48, Scale to viewport by .S according to EQ 55, giving EQ 56.

Transform a point in the x-y plane (z=0) according to EQ 57, giving EQ 58.

Finally, expand X and L, giving EQ 59.
8.4.2 2D Perspective Transform

Given an inferred eight-degree-of-freedom 2D perspective transform matrix as defined in
EQ 60, multiply by an unknown i to obtain the general nine-degree-of-freedom form of the matrix, as
shown in EQ 61.

Transform a 2D point according to EQ 62, giving EQ 63.
8.4.3 Inferring the Tag Transform
8.4.31 Equating Coefficients

~ Equating the coefficients in EQ 59 with the coefficients in EQ 63 results in EQ 64 to EQ

72, being nine non-linear equations in 11 unknowns.

These equations are augmented as required by the trigonometric identity relating the sine
and cosine of an angle (i.e. the sine and cosine of any one of yaw, pitch and roil), as shown in EQ 73.

Given the sine and cosine of an angle, the corresponding angle is obtained using a two-

argument arctan as shown in EQ 74.

8.43.2 Solving for X-Y Offset

EQ 66 can be simplified using EQ 64 and EQ 65 to give EQ 75 and then EQ 76.

EQ 69 can be simplified using EQ 67 and EQ 68 to give EQ 77 and then EQ 78.

EQ 72 can be simplified using EQ 70 and EQ 71 to givé EQ 79 and then EQ 80.

EQ 76 can be re-written as EQ 81, and EQ 78 can be re-written as EQ 82.
Equating EQ 81 and EQ 82 and solving for B yields EQ 83 through EQ 85 and finally EQ 88,
which defines B.
Substituting the value for B into EQ 82 and simplifying yields EQ 87 through EQ 90 and
finally EQ 91, which defines A.

This therefore gives the x-y offset of the tag 4 from the viewpoint, since A=, and B=,.
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where K and L are defined by EQ 49 and EQ 50. Translate in z by t;
according to EQ 51 (where I=t[err]), giving EQ 52. Perspective project with
focal length X and projection plane at z=0 according to EQ 53 (where J=I/?
), giving EQ 54. Scale to viewport by S according to EQ 55, giving EQ 56.
Transforma point in the x-y plane (z=0) according to EQ 57, giving EQ 58.
Finally, expand K and L, giving EQ59. 8.4.2 2D Perspective Transform G ven
an inferred eight-degree-of-freedom 2D perspective transformmatrix as
defined in EQ 60, nultiply by an unknoin i to obtain the general

ni ne-degree-of -freedomformof the matrix, as shown in EQ 61. Transform a
2D point according to EQ 62, giving EQ63. 8.4.3 Inferring the Tag
Transform 8. 4. 3.1 Equating Coefficients Equating the coefficients in EQ 59
wi th the cbH®8Bi cBelning forPite 63 results in EQ 64 to EQ 72, being nine

non-linear equat;Qpsiddk é(%gy%rggmed_These equations are augnented as
required by the tr}qg‘:onofre ric identity relating the sine and cosine of an

angle (i.e. the ErpdQtdEQE3tanke gfaingthy one of yaw, pitch and roll), as
shown in EQ 73. Ficinumyssl hE 95T QI0EQ 06dan6: i@ angl e, the corresponding

angle is obtained usjin - ar afctan as shown in EQ 74. 8.4.3.2
Solving for X-Y %@P?&%E%Iéﬁoa%gﬁl%gﬁ@%ﬁ#w E‘Ble%si ng EQ 64 and EQ 65 to
give EQ 75 and t Frem ERJ07BQ 92 &QEQP3CEMD 9b@n i obplned.i ed usi ng EQ 67 and EQ 68

to give EQ 77 ang, &g\f{yl §8and P93/ Fo 60 BELakap! | fied using EQ 70 and EQ
71 to give EQ 79 an hg%ﬁEQm%.%g E%?G can be re-witten as EQ 81, and EQ

78 can be re-w i FreefQy, EyO8en beptainedng EQ 81 and EQ 82 and solving for B
yi el ds EQ 83 t hr odgleES®, B8O 9owdd vé dudlehy EQ 86, which defines B.
Substituting the_val ue f into,EQ 82 and sinplifying yields EQ 87

t hrough EQ 90 anf™™® h?a?r‘??l (Sa'é}f(’b%ﬁf h defines A This therefore gives the
x-y offset of thEon&® %, EQ bk obiamwdooi nt, since A=t. and B=t,. NPTO010- SG

70 8.4. 3.3 Sol vi ﬁgmfpﬂgsggg g@ 9§w@0§gdqgn Engy&ngg&tﬁgd_obt ai ned.

From EQ 100 and EQ 161, EQ 104 and then EQ 105 can be obtained.

From EQ 163 and EQ 105, EQ 106 and then EQ 107 can be obtained.

EQ 107 only has a valid basis if G and H are both non-zero. Since |y| < /2, the cosine ()
of the roll is always positive and hence non-zero. The sine of the roll (A} is only non-zero if the roll is
nen-zero, Specific handling for zero pitch and roll is described in Section 6.7.3.10.

This therefore gives the magnitude of the sine of the pitch, since F=sin(¢), and hence the
cosine (£} of the pitch by EQ 73, according to EQ 108.

Since |p| < =/2, the cosine (E) of the pitch is always positive, so there is no ambiguity when
taking the square root. The sign of the sine (F), however, must be determined by other means, as
described in Section 6.7.3.9.

Given E and F, the pitch is then obtained, according to EQ 109.
8.4.3.4 Solving for Roll

From EQ 103, EQ 110 can be obtained.

From EQ 73, EQ 111 and then EQ 112 can be obtained.

This therefore gives the magnitude of the sine of the roll, since H=sin{y), and hence the
cosine {G) of the roll by EQ 73, according to EQ 113,

Since |y| < /4, the cosine (G) of the roll is always positive, so there is no ambiguity when
taking the square root. The sign of the sine (H), however, must be determined by other means, as
described in Section 6.7.3.9.

Given G and H, the roll is then obtained according to EQ 114.
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From EQ 67, EQ 93 can be obtained. From EQ 64, EQ 92 and EQ 93, EQ 94 can
be obtained. From EQ 65, EQ 92 and EQ 93, EQ 95 can be obtained. From EQ
70, EQ 92 and EQ 93, EQ 96 can be obtained. FromEQ 71, EQ 92 and EQ 93,
EQ 97 can be obtained. From EQ 94, EQ 98 can be obtained. From EQ 95, EQ
99 can be obtained. From EQ 96, EQ 100 can be obtained. FromEQ 97, EQ
101 can be obtained. From EQ 98 and EQ 99, EQ 102 and then EQ 103 can be
obtained. From EQ 100 and EQ 101, EQ 104 and then EQ 105 can be obt ai ned.
From EQ 103 and EQ 105, EQ 106 and t hen”’EQ 107 can be obtai ned. EQ 107 only
has a valid basis if Gand H are both non-zero. Since I[err]l < [err]/2,
the cosine (G of the roll is always positive and hence non-zero. The sine
of the roll (H) is only non-zero if the roll is non-zero. Specific

handl i ng f&#.35er §olyinadhr¥awl roll is described in Section 6.7.3.10. This

therefore gives ﬁfrbglmwhb@%ﬁqéshﬁqaksna%daﬁnﬁ@%e@hﬁmmﬁwce F=sin.(), and

hence the cosine (Eq)g of E) EQ 73, according to EQ 108. Since Ifi
< 7r12, the cosi FEYES Y%pd ERd %PPGH”?’@“&P@B%S%B‘?WW“ so there is no
anbi guity when Faki n@9et4hie EQQUEES 1194d thel RO 130 @AbOfbtide Sine (F), however,

nmust be determn t her n r|be nSectl 9. Gven
E and F, the pi tng&sh{ X e%"![iz% ﬁg ds%%ggﬁr f"‘fé“? elf@j‘aied§°tls cgteﬂm%‘%}fysm vi ng
for Roll PFhosmEQ, m@hcaEQ):@lﬁﬁnimmotnéﬂQ)@twumﬁnlﬁrom EQ 73, EQ 111 and then
EQ 112 can be Othﬁll:ine 1s-|;1Q% ﬁvet bgl ﬁflé)ﬁogmgé \AI%SIJ'[J'Q (mg%ée%:"%?), tﬁ{?% h?ﬁ]ﬁ ine of

the roll, since Hsin err hehce the cosine by EQ
73, accor v to EQ 113. Since |[err]| < m 4, the cosine (G of the roll is

al vays posi tive, G@n CBRIS tleSxnR 1@ABGIE korhBe® EG 2K N the Square root. The

sign of th i.ne wever st be determ ned by other means, as
descri bed §ﬂ§§e0§gg¥ﬁgé°gv'§w5°da:n%j%n Gand H the roll is then obtained

according to EQ ThedcosiRTDA@-sBE ) bf Be dan3uSbySefinition geveodmutfanwolsiyasmn BRc? 3, EQ 92
and EQ 93, thgcgsﬂ);@)%@qletpﬂ&nis E&Qe;z'leﬁy, GRb ﬂs 69 th ﬁb_%@q{m therefore always be used to
determine the viewport scale (S).
If D is non-zero, then from EQ 67, EQ 124 can be obtained.
Otherwise, if C is non-zero, then from EQ 68, EQ 125 can be obtained.
8.43.7 Solving for Focal Length

Similarly, since the cosine (G) of the roll is never zero, either EQ 70 or EQ 71 can be
used to determine the inverse focal length {J), so long as either the pitch or roll is non-zero. However,
the signs of the sines (F and H) of the pitch and roll may not be known. However, the sign of the
product (FH) of the sines of the pitch and roll is given by EQ 103, as shown in EQ 126.

The sign can be assigﬁed arbitrarily to F, since the sign of J is known a priori. If gi is non-
zero, then from EQ 70, EQ 127 can be obtained.

If ki is non-zero, then from EQ 71, EQ 128 can be obtained.

In practice, the choice between using EQ 127 and EQ 128 is based on which of gi and Ai
has the larger magnitude. The inverse focal length is unknown if gi and Ai are both zero, i.e. if the
pitch and roll are both zero.
8.4.3.8 Solving for Z Offset

Once the inverse focal Iength (J) is known, the z offset (J) is obtained from EQ 80,
according to EQ 129,

Again, the z offset (f} is unknown if the inverse focal length (J) is unknown, ie. if the
pitch and roll are both zero.
8.4.3.9 Determining Direction of Pitch and Roll

The sign of the product (FH) of the sines of the pitch and roll is given by EQ 126. Since
NPT010-SG



From EQ 92 and EQ 116, EQ 117 and then EQ 118 can be obtai ned. From EQ 92
and EQ 116, EQ 119 and then EQ 120 can be obtained. In EQ 116, and hence EQ
118 and EQ 120, the sign of the square root is determ ned by the sign of
i, which can be determned fromEQ 80, giving EQ 121. Since |I (t[err]) is
negative, J (1/X) is positive, and IJ < -1 (because Ot) > A), then EQ 122
holds. Gven C and D, the yaw is then obtai ned according to EQ 123.

8.4.3.6 Solving for Viewport Scale The cosine (C) and sine (D) of the yaw
are by definition never sinultaneously Zero. Since the cosine (E) of the
pitch is never zero, either EQ 67 or EQ 68 can therefore always be used to
determ ne the viewport scale (5). If Dis non-zero, then fromEQ 67, EQ 124
can be obtained. OQherwise, if Cis non zero, then fromEQ 68, EQ 125 can
be obt ai netiv4 <§. 4n/3. a7roBeljvitngyt dforr/d-@c &t inkredugidno Shsatie|ti@r bl js dwagcgstike cosi ne

(D) of L hewdildimbfiiafifd °‘&FESF‘§“$§%’E%§ E%O(Y)qulj%ﬁnggs b efﬂﬁ% \%gthhoor roll

determ ne the inverse foca , ong as elt Itc
i S non- zer B0 FBGEYLF) of thepichaloghs of the sines (F and B) of the pitch and
roll may not be KAOW adit@MEYiE introdubed of FollBwsO Thel ViBporD§c@d U LinveRsEJocRiendthe Si nes

of the pit and roll is given FQ 103, .as shown in EOQ 126. The_sign can
be assi gned” &t ??i%sgtrdl)l ° ?lgml‘f‘?m%‘f%cd S‘gf‘l?‘?g é?éﬁf oy n?agm%gﬁ%e%%"ﬁ‘r 9. 1 gi
i s non zermrsptchentrdnsfom B@ 17 Ohhe EQed@ 7of genvibreon btadd, deal. ledgth prbjedtion aahz zer o,

then from Ln P0G I Aed 4 ARG N elale] et ween
usi ng EQ 1‘%%%}@% p%g‘gt i@z%@gggaé,g& %2& {E/\}hgelduc !r'o o ?%gjh%ﬁﬁggﬁag&?ﬁgglp%r ger

magni t ude. MY R Fyaedl Y ToBHYPpigxs Thedrlh aiigh and vagjaregpmpud agdescribest h zer o,
i.e. if th@nceRhd R i@-@Sbitva,l the BikcB RSB HEkoR- hﬁwﬂ-ﬁe&/ﬁ%’llvzidﬁgmgﬂris éaﬁ}f set

Once the inyerse focal | engt J) is known, the z offset (1) is obtained
fromEQ 80§“bﬁa§t§‘§%?“a§'ﬁﬁ’ﬂfoc§“%@°f%§%“ﬂgai n, the z offset (1) is unknown if the

i nverse focal | ef@kdthé D)l ahdpiteh b dvin zerd,. i, fodaf lefigteand pioffeharatigh dukhdwnas € bot h
zero. 8.4. &%sc%b%ea%ﬁfe.r@.[mepeg, %Is%ﬁste ith%% i 1%0 r&:& Sgd'ﬁspﬁlle ES(ﬂlslnceT & 1%11 %%r%g IE he.
product (FH) of the sines of the pitc andt ro I'S glven %y . Since
NPT010- SG arpadykem4 < kV < n/4, a roll adjustment of +7r/4 can be
i nt r oduceds.A.8.1@NHuhatindLers Plekh hisd ROINAYS posi ti ve,
When either the pitch or roll is zero, the general solution based on EQ 107 becomes
invalid. The table of Figure 85 shows the 12 degenerate forms of EQ 64 through EQ 71 which result
when the yaw is variously zero (or ®), /2 (or 3%/2}, and non-zero, and the pitch and roll are variously
zero and non-zero. The table of Figures 86 and 87 sets out the required logic for detecting and
handling cases where the pitch and/or roll are zero, with each case motivated by zeros appearing in
the table of Figure 85. The cases in the table of Figure 85 are labelled with the case numbers from the
table of Figures 86 and 87.
CONGLUSION
The present invention has been described with reference to a preferred embodiment and
number of specific alternative embodiments. However, it will be appreciated by those skilled in the
relevant fields that a number of other embodiments, differing from those specifically described, will
also fall within the spirit and scope of the present invention. Accordingly, it will be understood that
the invention is not intended to be limited to the specific embodiments described in the present
specification, including documents incorporated by cross-reference as appropriate. The scope of the

invention is only limited by the attached claims.
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wi t hout invalidating any other assunptions. Once the roll adjustnment is

i ntroduced, EQ 126 gives the sign of the sine (F) of the pitch alone. The
roll adjustnent is introduced as follows. The viewport scale (S), inverse
focal length (J), and z offset (1) are all conputed as described. A 3D

transformmatrix is created fromthe 2D perspective transformmatrix. The
i nverses of the viewport scale, focal length projection and z translation
are applied to the 3D matrix in reverse order. The roll adjustnment is then
applied by pre- multiplying the matrix By a [err]/4 y rotation matrix. The

roll, pitch and yaw are conputed as described. Since the roll is positive,
the pitch direction is now known. The n/4 roll adjustnent is finally
subtracted fromthe roll to give the actual roll. Wen the roll and pitch

are both zero, the focal |ength andCLAMSet are both unknown as descri bed
above. However, in this case there is no need to adjust the roll since the
pitch and roll are already known. 8.4.3.10 Handling Zero Pitch and Rol
When either the pitch or roll is zero, the general solution based on EQ 107
becones invalid. The table of Figure 85 shows the 12 degenerate forns of
EQ 64 through EQ 71 which result when the yaw is variously zero (or 7c),
7r12 (or 3%42), AdeFgglsined iprelationtoranurisprefrdaiig beipg fisngped wilhinitausgion. zer o
and non- ze#@reinl e cb@Bl data Comprislli @Riralf ANGosBifiial R bSdifidntididaCmirRApHs*i&Rd | 09I C
for detectjpg and  han Ihﬁgtpaseg ere.thedpLth.an_/or roll are zero,
with each Cas8 bl) VAT By 78PEe Kpear h ™ PHE °Fabl e of Figure 85. The
cases in the t abQ%giQJidﬂiQ%s%ci%?%@%%‘ d, with the case nunbers from

the table of Figufes 86 an The present invention has been

described with r@1@&ﬁp&ﬁ&&@m@mﬂﬁghﬁmm%%é&@OdinEnt and nunber of specific
alternative enbodi nents. However, it will be appreciated by those skilled

inthe relevant fields that a nunber of other enbodi nents, differing from
those specifically described, will also fall within the spirit and scope
of the prexent iAverbizcadindeccdsidilngheysin ¢ath mark keplpeents Rokesf Stphadint diatded t he

i nvention Jg.not intended to be limted to the specific enbodi nents
described in the present specification, including docunents i ncorporated
by cross-reference as appropriate. The scope of the invention is only
limted by the attached clains. NPT010-SG 73 CLAIMS 1. A region defined in
relation t® a sust@peaccodigth daha, bieldaghdica@oare repietehiedbt Hark @G RAkt

wherein t ri.se l.ural.ity .of substantiall
undiffereH%ﬁ%@g%%ﬁ%%%gwpégﬁﬁbgﬁ%é%1@% g?#vgxﬁgsgcﬁgv&% p%@%%?%#%?%ed
nom nal meR8sitions and is indicative of,

4, A region according to claim 1 wherein the predetermined nominal mark positions are

arranged relative to a plurality of nominal lines.

3. A region according to claim 4 wherein at least one pair of the lines are spaced apart from

one another by a distance of less than 100 millimeters.

6. A region according to claim 1, wherein the marks have centers and wherein the relative

spacing of the centers of at least one pair of adjacent marks is less than 12 millimeters.

7. A region according to claim 1, wherein each mark has a minimum radius and a maximum

radius and wherein the length of a mark’s minimum radius is greater than 40% of the length of that

NPT010-SG



a region identity associated with the region; and a plurality of reference
points within the region. 2. A region according to claim1l, wherein each
mark represents one of a plurality of coded values. 3. A region according
to claim2, wherein the coded val ue represented by a mark is at |east
partially determ ned by the position of the mark relative to the set of
predeterm ned nom nal mark positions. 4. A region according to claim!|l
wherein the predeterm ned nom nal mark positions are arranged relative to

a plurality of nomnal lines. 5 A regi according to claim4 wherein at
| east one pair of the |lines are spaced apart from one another by a
di stance of less than 100 mllimeters. 6. A region according to claiml1,

wherein the marks have centers and wherein the relative spacing of the
cent ers of mek’s megimem wrivs. pai r of adj acent marks is less than 12 millineters.
7. Aregion according to claim1, wherein each mark has a m ni mum radi us
and a maxi nrum radius and wherein the length of a mark's mninumradius is
greater than 40%of the | ength of that NPT010-SG 74 mark's maxi mum radi us.
8. A regio acco@&ﬁﬁ@andﬁgg?ﬁ?ﬁ}”ﬁﬁ@?éﬁhméﬂwmfﬂ“WPFPT%%W%W“ﬁ#ﬁﬁﬁ?&r

subr egi on wfludechenfficegcoded dataio lidestFsthstefiba. ci ent coded data to identify the
region. 9. Aregion according to claiml1, wherein any 10 mllineter

di anet er subregion of the region includes sufficient information to
identify at |east one reference point of the region. 10. A surface,

i ncl udi ng & regi 6rFeieéwPdinaly dagn gn‘ghers!ﬁé%w miljwetpdisansi§t sepesionedf fhs regipn . A

met hod of peeEuGEmGnantsthhioaCEiddaaraligsfont RGaAk, polnh@ sRizRied i ncl uding the
steps of (a) defining coded data as a plurality of substantially

undi fferentiated marks positioned relative to a set of predeterm ned

nom nal mark positions, the coded data being indicative of a region
identity a¥soci afedfaes inpluditge regiagiaesarding trckngonslofitheprecedingyflaimef er ence poi nt's
within the region; and (b) disposing the coded data within a region on the
surface. 12. A nethod according to claim 11, wherein each mark represents

one of a plurali f.coded. values. 13. A nethod according to claim12,
wherein t hLl' code%x\?tg?if’ .pl;pgtg}nggg ‘é%a‘ﬂ\?g “d°5Hr ¥ e?‘gthogt‘mﬁ'g’ﬁ%?‘e g‘ﬂ’éf’fﬁi ally
det er mi ned, py Ito DEARS Lo Varf s LGk ' | EhBl Pl el i Sharl RS ©F M EC

nom nal mark positi .
relative to a set of predetermined nominal mark positions, the coded data being indicative of:

a region identity associated with the region; and

a pluratity of reference points within the region; and

(b) disposing the coded data within a region on the surface.

12. A method according to claim 11, véherein each mark represents one of a plurality of coded
values,

13. A method according to claim 12, wherein the coded value represented by a mark is at least

partially determined by the position of the mark relative to the set of predetermined nominal mark

positions.

14, A method according to claim 11 wherein the predetermined nominal mark positions are

arranged relative to a plurality of nominal lines.
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14. A method according to claim11l wherein the predeterm ned nom nal mark
positions are arranged relative to a plurality of nomnal |ines. NPTO10-SG
75 15. A nethod according to claim 14 wherein at | east one pair of the

| ines are spaced apart from one another by a distance of |ess than 100
mllimeters. 16. A method according to claim 11, wherein the marks have
centers and wherein the relative spacing of the centers of at |east one
pair of adjacent marks is less than 12 mllineters. 17. A nethod according
to claim 11, wherein each mark has a m#Minumradi us and a nexi mum radi us
and wherein the length of a mark's mninumradius is greater than 40% of
the length of that mark's maxi numradius. 18. A nethod according to claim
11, wherein any 10 mllineter dianeter subregion of the region includes
suf fi ci ent1scodeda dathal dc@rdigganitlaifnyl 4 tvh@eiti @ddag e phid of the et dioglacatpa florng t 0
claim11, M@?&ﬁm %Q%m%:opﬁ$hhﬂﬁ%%£u L.apeter subregion of the region

i ncl udes sufficren ormation to entify at |east one reference point of
t he regi on. NPTO010- SG

16. A method according to claim 11, wherein the marks have centers and wherein the relative

spacing of the centers of at least one pair of adjacent marks is ess than 12 millimeters.

17. A method according to claim 11, wherein each mark has a minimum radius and a
maximum radius and wherein the length of a mark’s minimum radius is greater than 40% of the length

of that mark’s maximum radius.

18. A method according to claim 11, wherein any 10 millimeter diameter subregion of the

region includes sufficient coded data to identify the region.

19. A method according to claim 11, wherein any 10 millimeter diameter subregion of the

region includes sufficient information to identify at least one reference point of the region.
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