20 MAY 2005 NPS027 -1 SENSING DEVI CE FIELD OF I NVENTI ON The present

invention relates to a sensing device for capturing informati g@ﬁ@g%ﬁ%
freehand apgepsyticularly, but not exclusively, to a sensing I“ch
can capture grawi ng or 5 witing information applied freehand by a user to

a surface. The invention has been devel Qqed"prq marily to allow a | arge
nunber of distributed users to interact with networked information and
applications via printed matter and hand-hel d optical sensors, thereby to
obtain interactive printed matter , d..via hi gh-speed networked col or
printers. Al though the invention w%rﬁ"%?‘g&&éﬁ‘ﬂc%e described herein with
reference to this use, it wll 10 be appreciated that the invention is not
thereby Ii FELEHOF BY/IFRKISNG APPLI CATI ONS Vari ous met hods, systens and

apparatus rel ati Mye tpeestieinpsneis Mlate WL AlsbRMeAdRicd | 1BF LARGHg! iRforhdiSn {4 g].lieﬂ""i ng
i ghee

co-pendi ng.appljcations/{granted patents filed by the applicant or a

of the pr ‘é‘%"iﬁ‘!d ?ﬁ\PéH{%‘(ﬁ‘ﬁY&Ft RELeeivelpso axgating deyice gylichicag 9&pturg 9rawie, 894,
09/ 722, 574writifOinBedatR9@ppIRa/fréditind 882 uldPlo baerfd46. 09/ 721,861, 6,741, 871,
09/ 722,171, 09/721,858, 09/722, 142, 09/ 722,087, 09/722,141, 09/722, 175,

091722, 147, 20 094 AerkibR haO ek AdichiBa: p it B8 0 10090y BPRserBu PR3O
6,631, 897,, .The disclosures of these co-ipen_dl ng applications are
i ncor por at @dREFEYiR Bsfverked énformatien andoappliaiongavia prigtedrantirdsd handsteRinaptiend
appar at us #ealond, itiigebly Go BB RS £ Ye | -' r i P 529584 ] he, {0l | owi ng
co- pendi ng appl'i catblsro%s/ gr ant ed _Q%Flgarﬁdg&?ﬁ}eog {%ilnq_%cﬁglagu Stp%egrﬂe%‘mﬂ{egscé’ BYnee
of the priE&&ns Althowgh the Mverioootid bugel2: d2@00d ho@in6eith #ikbencd®/thio A5 & il
09/ 6931880y L8P hadRe ; . , 647, 30 09/ 693, 690,
09/ 693, 593,eag?%714, 8t88, %?g%fgg%%r%@@?r?gﬁ{,ugg%, 09/ 696, 514, 6, 454, 482,
09/ 693, 704, 6,527,365, 6,474,773, 6,550,997

CO-PENDING APPLICATIONS

Various methods, systems and apparatus relating to the present invention are disclosed in

the following co-pending applications/granted patents filed by the applicant or assignee of the

present invention on November 25, 2000:

15 09/721,895, 09/721,894, 09/722,174,
09/721,896, 09/722,148, 09/722,146,
09/721,861, 6,741,871, 09/722,171,
09/721,858, 09/722,142, 09/722,087,
09/722,141, 09/722,175, 09/722,147,

20 09/722,172, 09/721,893, 09/722,088,

-09/721,862, 6,530,339, 6,631,897,

The disclosures of these co-pending applications are incorporated herein by cross-

reference.

25 Various methods, systems and apparatus relating to the present invention are disclosed in
the following co-pending applications/granted patents filed by the applicant or assignee of the

present invention on October 20, 2000:

09/693,415, 09/693,219, 09/693,280,
09/693,515, 09/693,705, 09/693,647,
30 09/693,690, 09/693,593, 6,474,888,
6,627,870, 6,724,374, 09/696,514,
6,454,482, 09/693,704, 6,527,365,
6,474,773, 6,550,997
35 The disclosures of these co-pending applications are incorporated herein by cross-

reference.




35 The di scl osures of these co-pending applications are incorporated herein
by cross- reference. 20 MAY 2005 NPS027 -2- 0 Various net _hod§9 MASt and
appar at us rl\gj H ng to the present invention are disclosed in he fol'l'ow ng
co- pendi ng 5’“@ cations/granted patents filed by the applicant or assignee
of the present invention on Septenber 1 2600: 6,679,420, 09/669, 599,
09/.663, 701, 6,720,985 5 The di scl osures "df "t hese co-pendi ng applications
are incorporated herein by cross- reference. Various nethods, systems and
appar at us rel at i n{fT1oBs PFA0Gs, siems a’i“rﬂ?@ﬁt‘@%flﬂgﬁ%todhesmﬁsesfed‘{mhon rhdisdlobd owi ng
co- pendi ng tRPRIbSRAE BHSAGH idatRal/&aked bhk®d s t lgnee
of ltohe p?elggﬁ{l_i n%_en?i%on %Eﬁ%’une ?f , Zogé(l)t: 10%9%2%%%@5%8‘8/%%%%}1%

6, 678, 499, PESéaegiop on Geigebrr 658000:6, 766, 942, 09/ 609, 303, 09/ 6/10, 09\;,,33
09/ 609, 596 7,8 60 09/ 8, 09/609, 553, 09/609, :
09/ 609, 149:6’698%%08, gg/g,sg,% 60?,9@%51?016, 4%?5%%8 , 09/608, 920, 09/607, 985,
6,398, 332, 6, 394, Briscisers of Ales¢ FoPhediny spiliogtione sreofnctipased derdhe helicRgs-
applicati opg.f& i ncorporated herein by cross- reference. Various nethods,
systens and apparatus relating to the presenéI i nventi O]Ic’l_ ?rg gl s;:l osed in
the followng c i i i 0N ranted patents filed. by e )
appl i cant or gasgagﬁggh%%d?’ﬁsgét&%f%%dgaﬁﬁ Ar?%’?/faetrl]a‘[%fl%go %ﬁ PSRy hB§re C[Z]?flose‘i n
09/ 575, 197 theQloli®¥iBg £0PenddQ &pbedlbas/sra@éd Flert3Rled AS Zplik a3 or AMEESD o 3,

Sy Srs Lt Wanifogbillin s I8 TS P e

09/ 575,109209/689, 585, 181, ®B6MBI76,75, 193,67836875, 1839/607,&85, 168/60085675, 150,
09/ 575, 1696,766.844, 642, 60BER,3614, 6, GRR10995, 6, 66898855966, 54/33843,

09/ 575, 18709/607;08, 996, ®/@BL7884, 6,09899,38%, 6, 766 6dlB3, 9/ TbR503 9%

6, 290, 349, 0B(URAB2155, 6, BB@73L6, 09/ /57884, 30 08¢/60k02b63, /66348091,
09/ 575, 1546,3893875, 129, 6,394,573, 6,622,923 -

15 The disclosures of these co-pending applications are incorporated herein by cross-

reference.

Various methods, systems and apparatus relating to the present invention are disclosed in
the following co-pending applications/granted patents filed by the applicant or assignee of the
present invention on 23 May 2000:

20 09/575,197, 09/575,195, 09/575,159, 09/575,132,
09/575,123, 09/575,148, 09/575,130, 09/575,165,
09/575,153, 09/575,118, 09/575,131, 09/575,118,
09/575,144, 09/575,139, 09/575,186, 6,681,045,
6,728,000, 09/575,145, 09/575,192, 09/575,181,

25 09/575,193, 09/575,183, 09/575,160, 09/575,150,
09/575,169, 6,644,642, 6,502,614, 6,622,999
6,669,385, 6,549,935, 09/575,187, 6,727,996,
6,591,884, 6,439,706, 6,760,119, 9/575,198,
6,290,349, 6,428,155, 6,785,016, 09/575,174,

30 09/575,163, 6,737,591, 09/575,154, 09/575,129,
09/575,124, 09/575,188 09/575,189, 09/575,162,
09/575,172, 09/575,170, 09/575,171, 09/575,161,
6,428,133, 6,526,658, 6,315,399, 6,338,548,
6,540,319, 6,328,431, 6,328,425, 09/575,127,

35 6,383,833, 6,464,332, 6,390,591, 09/575,152,
6,328,417, 6,409,323, 6,281,912, 6,604,810,
6,318,920, 6,488,422, 09/575,108, 09/575,109,
09/575,110

40 The disclosures of these co-pending applications are incorporated herein by cross-

reference.




09/ 575, 124, 09/575,188 09/ 575, 189, 09/575,162, 09/575,172, 09/575, 170,

09/ 575,171, 09/575,161, 6,428,133, 6,526,658, 6,315, 399, 6, 3%@)}%@ 005

6, 540, 319,NF550828, 431, 6, 328, 425, 09/575,127, 35 6, 383,833, 6, , 22

6, 390, 591, 09/575, 152, 6, 328,417, 6, 409, 323, 6,281,912, 6, 604, 810,

6, 318, 920, 6, 488,422, 09/575,108, 09/575109, 09/575,110 40 The

di scl osures of these co-pending applications are incorporated herein by
cross- reference. 20 MAY 2005 NPS027 -3- BACKGROUND Presently, a user of a
comput er WatREROUNEl |y interacts with the systen1using a nonitor for
di spl ayi ng i nfor ard. _and/.or, nouse inpyttin .

"t or mat 1 on. i 1ot a9 oPa SHERE s P RHLaRETFS Wb oI wif apgnise vy
and non- pdoit cﬁhilf@/mgl infoanariah iafda Bé}lbﬁztr&dmﬂﬁr pape for dgftthhe ifoeasive rwhitt m&&dn and
nor e portab than i nformati.o noni tor. Howev

| ayed on opput er.
inl ke a ARGk ar ot b Cs rgsh i S 5er Polrbr T RE s bR S et o
interadd whdidt tﬁﬁﬁimiuﬁl’ mors Qlottiiee ﬁla;l Gidfrhatioh tdlslp&yémo@ bjceﬁabutaf mbhifr JTHESEBHE,
i nvention t ne advant ages of pen on e nd, . 10 conputer systens.
SUMVARY O*—*“ E%bﬁi‘(ﬁ Thepices &t °F Hﬁ’éﬁ%‘?"&ﬁﬁi‘ gﬁ‘i[ﬁ% %ﬁ apility fod ptaiapt withy elmRuer £ or
sensi ng regfwitel dentity data and generating novenent data when the sensing
device is noved relative to a region of a surface, the region identity

data being indicative of an identity of the region, the novenent data being
15 i ndi catoBSE®T the novenent of the sensing device relative to the region,

the surface havigpg, g %Bgﬁe& thé’?;?e@edt xmfei?&'c%dtod@oﬁqﬂn gnﬂfv&ﬁ&gey%f @En gh éaaf??saﬁldone

regi on associ at ed W th the surface he sensing device ~ I nctudin

i dent itQ) sempitenpysterans configured to sense the region identity data using
at | east sone of the coded data; 20 notion sensing neans configured to
generate the novenent data; and conmuni cati ons nmeans configured to
comuni catUMMARYQF WVENBH@N ty data and the novenent data to a conputer

system The present invention relates to a sensing device for sensing region identity data and
generating movement data when the sensing device is moved relative to a region of a surface, the

region identity data being indicative of an identity of the region, the movement data being

15  indicative of the movement of the sensing device relative to the region, the surface having disposed

upon it coded data indicative of at least one region associated with the surface, the sensing device

including:
region identity sensing means configured to sense the region identity data using at least
some of the coded data;

20 motion sensing means configured to generate the movement data; and

communications means configured to communicate the region identity data and the

movement data to a computer system.

Preferably, the motion sensing means is configured to generate the movement data using

at Yeast some of the coded data.

25 More preferably, the coded data is also indicative of a plurality of reference points of the
region, the motion sensing means being configured to generate the movement data on the basis of

the sensing device’s movement relative to at least one of the reference points.

In an alternative embodiment, the coded data includes periodic elements, the motion
30  sensing means being configured to generate the movement data on the basis of the sensing device’s

movement relative to at feast one of the periodic elements.



Preferably, the notion sensing neans is configured to generate the novenent
data using at |east sonme of the coded data. 25 More preferabby.maledgded
data i s alnegopndi cative of a plurality of reference points of the region,
the notion sensing neans being configured to generate the novenent data on
the basis of the sensing device's novenkent relative to at | east one of the
reference points. In an alternative enbodi nent, the coded data includes
periodic el ements.a iR BRbdddient 3e HENHADsHBANSRE iR BIEOR idaSWn€ dedeRration
generate the novenment data on the basis of the sensing device's novenent
rel ative SESHE TERst the feceliatioResepdny B ingneonfiguredpsenpe 2gceigmoriop ogsthe - 4
In a furtRefingriagEl TRts moli ARYEIRhe SERRE @é@i&ﬁ?ﬁ{éﬁnéﬁ&w%ﬁsi@ mé5@8LinP"e
accel eration "sensing neans, the accel eration sensing nmeans be€i ng

conf i gur egonfigursd fe gengratedhemereinght dgfa by periodieat]y sameplide the @ecelpsation. | s noved
relative to the surface region, the novenent sensing neans being

configfred to gdifaueseandhedvamssaspeait thaatr@ﬁe@iyinﬁ@ﬁioodwﬁlab@yms appiremigfrerh ethe
accel erati - : £ i,n ' i
become ap§§9?ﬁﬁggggﬁ %ﬁgf%?%P@gﬁﬁﬁgﬁgggtgfﬁ% %ﬁg%' éﬁ%%%iﬁ@ﬁ%?ggﬁer%dz? by
way of exasqempanyingydrawingsh ref erence to the acconpanying draw ngs. 20 MNAY
2005 NPS027 -5- BRI EF DESCRI PTI ON OF DRAW NGS Preferred and ot her

enbodi ments of the invention will now be described, by way of non- limting
exanple only, with reference to the acconpanyi ng drawi ngs, in which:.Figure
1 is a schematic of a the relationship between a sanple printed netpage and
its online page 5 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 10 description; Figure 5 a is a plan view showing a structure
of a netpage tag; Figure 5b is a plan view showing a rel ationship between a
set of the tags shown in Figure 5a and a field of view of a netpage
sensing device in the formof a netpage pen; Figure 6a is a plan view
showi ng an alternative structure of a netpage tag; 15 Figure 6b is a plan
vi ew showing a rel ationship between a set of the tags shown in Figure 6a
and a




field of view of a netpage sensing device in the formof a net page pen;
Figure 6¢c is a plan view showi ng an arrangenent of nine of theg ﬁ%bgwn
in FigurenNggophere targets are shared between adj acent tags; EI gure

a plan view showing the interleaving and rotation of the synbols of the
four codewords 20 of the tag shown in Fygure 6a; Figure 7 is a flowhart
of a tag i nmage processing and decoding algorithm Figure 8 is a perspective
view of a netpage pen and its associ ated tag-sensing fiel d-of-view cone;
Figure 9 im!EmePﬂ'idﬂmnﬂﬂﬂGsi ew of the netpage pen shown in Figure
8; Figure 10 is o k diagram of ntroller for the

net page pen shov}‘ﬁ |nr2!Fﬂng l[h bO% l[s thy. Inf< tl(l).lnl’e ]1"fw|0bs %505%’?%8@&&?’\9 " ew
of a wall -Immrgeadmplebplag\elt}pxrefm to tEl zg;uasmpaﬁﬁng Srawingedi which:t hr ough t he

| ength of the netpage printer of Figure 11; Figure 12a is an enl arged
portion offigurglises &Bershiowil Agheareheatshiprbedfeet i eanthipprin@iheprapnindangintisspand

gl ue \M]§e assenbly; 20 MAY 2005 NPS027 -6- Figure 13 is a detailed view
of the™ Ig%cgp fag: dge |nk air and glue paths, and print engines of the
net page pr. nte res 11 ar}]? % E ure 14 is a schematic blo

di agram o %“"’p Snft %" Fft"r‘%"Y PL FEHTPREC 8?“p3a5 P PHE S PRAR T 2 ﬁ%ﬂﬁFes
11 and 12pafe deivgt)aid dietpage spplichienedva; bl ock di agram of dupl exed print

engi ne controllers and MenjetTM printheads associated with the printer
cont r ol | erFigkomwnlutintdsiaguletidaiof neipggll rvéB ahd prant&€ hed@inhetdalvacknetv@lr am of
the print engine controller shown in Figures 14 and 15; Figure 17 is a
per spect i \Feguvd evs afsclienfitingle dfrhighToveipdtiutluiendf £beiteNhctpaks atié @l ohline HRe
exanpl the . netpage printer of Figures 10 to 12; 10 Figure 18 is a

per spect i VECGPERE: of a small part of an array of MenjetTM printing el enents;
Fi gure 19r]Fst a serl ersgrgctive views illustrating the operating cycle

of the Me %‘fel'%‘?llf)?i’ "ﬁ&s S BZRFTUCERD qeﬁ’aﬁ-‘itﬁ%re 13; Figure 20 is a
perspecti e VI w of a short segment o ew dt j nt head;
Figure 21% ‘s ReloTeY YouipEdrreAtership Bepagta 1 Jé%w@i Wﬁiﬂgﬁwafe apda g
schematic fMldewv@fw of aREipAde@EnstigaAR Sicdlinaly AR of Fefdiepedd 1S a schematic view
of a pen class diagram Figure 24 is a schematic view of an application

cl ass di aggrg 6afk @plae vidh showiag SCARMRLIVLsvEEW oBh napsleeagrent and page
description class di agram
15 Figure 6b is a plan view showing a relationship between a set of the tags shown in Figure 6a and a

field of view of a netpage sensing device in the form of a netpage pen;

Figure 6¢ is a plan view showing an arrangement of nine of the tags shown in Figure 6a where

targets are shared between adjacent fags;

Figure 6d is a plan view showing the interleaving and rotation of the symbols of the four codewords

20  of the tag shown in Figure 6a;
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
25 and9;

Figure 11 is a perspective view of a wall-mounted netpage printer;
Figure 12 is a section through the length of the netpage printer of Figure 11;

Figure 12a is an enlarged portion of Figure 12 showing a section of the duplexed print engines and

glue wheel assembly;



Figure 26 is a schematic view of a docunent and page ownership cl ass
diagram 20 Figure 27 is a schematic view of a term nal el err? BtMAY 005
speci al i za{pgpp7 cl ass diagram Figure 28 is a schematic view o sta

el enment specialization class diagram Figure 29 is a schematic view of a
hyperlink elenment class diagram Figure@0 is a schematic view of a
hyper i nk eI enent specialization class diagram Figure 31 is a schematic

vi ew of a Fypend is%@é#mg&%mr @tﬁéﬁk%ﬁwganhk% drld Pilehadi, dn§ p%nfsmgﬁfz%mew ew
of aform ass diagram Figure 33 is schematic view of ‘a digital ink

class di agﬁe@ﬁsﬂ‘ fringgy peFigurey Kl ardd3hemat i ¢ VI ew of a field el ement

speci al i zation class diagram Figure 35 is a schematic view of a checkbox
field cl addgur dfistrschppatgiododissranpsoryintey coptiodigr for 38 nofpage pEmenEors Wi ew
of a text Ffléu?gsqlcdh@%s diagram Figure 37 is a schematic view of a
signature field class diagram Figure 38 is a flowhart of an input

processy nq"l?:lr qgllg g@ngw ﬁlogigﬁlag%m oidﬁlglﬁé){lggxat : C &a%n Tlerg)naﬁd %&Re@'f‘ the

flowchart o i gure ure is a sc I ew of a page server
comand engnénads@*S&@&etﬂwa@ﬁammteﬂogml@rdlﬁawnsn diggechidmati ¢ vi ew of a resource
description class diagram Figure 41 is a schematic view of a favorites

| i st cl asdiglralfTiaapchempiipleckdiagian of tecirevrangire conteMlcoshown Im Bigwey14 dndtl5cl ass
diagram Figure 43 is a schematic view of a subscription delivery

prot ocol ; Figrd]lisngerdeciise dew ohesngle detij@W pintiag biypen] dsnkedriefuestmpleads

di agram qur e, 45 ematic view of a hyperlink activation protocol;
Fi gure 46 nl‘e{? %?p&? ﬂgfg'ges\/@q\?vqg’f a form subni ssi on protocol; Figure 47 is

a scheymti w of a conm.ssi pr ot oco T| ur e 48 is a

2 chenall ¢ 195t S et L R ifsanﬁrrgw IS RSN of a
stroke capture algorithm and Figure 50 is a schematic view of a raw
digital i fKevEs ks ach%“dr%ﬁ?fs%*“ﬂﬂ&?e"?o‘HBS“aN%‘@?‘?Per@“glﬁﬁﬁf’f_‘ébw LR OF

PREFERRED oA {@RbERInENBEPIVENTS  Note: MenmjetTMis a trade nark of
Si | ver brook Research Pty Ltd, Australia. In the preferred enbodi nent, the

i NVent i ON Figr AT b G5 R HeQidhP5Ka Wbk behrft SPEHRRURI Mermjer™ printhead:

Figure 21 is a schematic view of a user class diagram,
15  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 description class diagram;
Figure 26 is a schematic view of a document and page ownership class diagram;
20  Figure 27 is a schematic view of a terminal element specialization class diagram;
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;
25  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;



net wor ked conputer system a detailed overview of which follows. It will be
appreciated that not 5 every inplementation will necessarilysgihad2ods of
even nost nggophe specific details and extensions di scussed beFow in
relation to the basic system However, the systemis described in its nopst
conplete formto reduce the need for extgrnal reference when attenpting to
understand the context in which the preferred enbodi nents and aspects of

the presemodWeioh saRmAREFAL 65 a ekt fRId Biss GHPARI Y, the preferred formof the
net page syé%enlenploys a conputer interface 10 in the formof a mapped

surface, tH\ake 375is 2 &cHRAYR GAl oSINifARS A1l ORs QPRI NS references to a map of
the surface” maintained in a conputer system The map references can be
queried byak m@%@l%bﬁ%h%fa§§19§t'pﬁ9:e§1ﬁ1\é'aﬁg%rith%pend' ng upon the specific

i npl enentation, the map references nmay be encoded visibly or invisibly,

and def i neghidn@UChadailtaYiohéidh of ot ddfdlof A GIoWclRft JrityuPBdgped surface yi el ds
an unanbi guous map reference both within the map and anong different maps.

The comutpgh,SYEit & RibmaG@lew OFY Bl sdrith O5iRIddQRnRRCss figabMr €S on the mapped
surface, and such information can be retrieved based on map references

suppli ed Iy R SROSEMIMBRWIGR oS hue bk cFibfon RRPGEL 81 f ace. The information
thus retrieved can take the formof actions which are initiated by the

conput er %yg%&eemisgﬁchl@ﬁtwJievpafat#aeor%gqm?gadiag#aﬁ@sponse to the operator's

interaction with the surface features. In its preferred form the netpage

system re'Fﬁ_i%%eMSE%eBEW%B%iﬁgw1MSPB@Q&n; 20 interaction with,
net pages. ese are pages of text, "graphics and i mages printed on ordinary

paper,  bufig Wil 2 WGkkatid K& b SERE Jidﬁei:le](}?éﬂ( gges; | nformation is encoded
on each page using ink which is substantially invisible to the unaided

human gy e piglesd 9K scHIRWRMREw oY pbilfE RRYest 85 8AGGH, data, can be sensed by
an optically imaging pen and transmtted to the netpage system Substrates

ot her t hakjgRAPet  TB¥mBE HSEOF 2 IS 1RPSRdR M pRiQBt i on in the preferred
enbodi ment 1s an infrared absorptive 25 ink and so an infrared sensitive

opti cal sqm%.equemexs&%mmewbﬁaﬁﬁﬁwbﬁﬁssfahﬁsf‘d’m\&ﬁvel engths may be used or
sensi ng techni ques other than optical sensing; one alternative is to use

magneti ¢ ipfkse ANda sHERA Few bih doRniRIA eI h&dpl Rk, active buttons and
hyper|inks on each page can be clicked with Fhe pen to request information

from the nelworsis QbchbMarkd GORb PR hpli@NsRs to a network server. In one 30
enbodi nent, text witten by hand oh a netpage is automatically recogni zed

and coralerﬁglﬁsﬂectgqss%wu{aﬁrofa@tmkeubt&rb@xg&%Mm system allowing forms to be
filled in. Tn other enbodi nents, signatures recorded on a netpage are

aut omat i cahduye 36 h bdneMlaricidw ¥t NAwRiHINAREES dlagAfsactions to be securely

aut hori zed.” 20 MAY 2005 NPS027 -9 " As illustrated in Figure 1, a printed
net page 1 can represent a interactive formwhich can be filled in by the
user both physically, on the printed page, and "electronically", via




comuni cati on between the pen and the netpage system The exanple shows a
"Request” form containing nane and address fields and a S“b”EQHMWW§UE The
net page cqpgiosis of graphic data 2 5 printed using visible ink, and coded
data 3 printed as a collection of tags 4 using invisible ink. The
correspondi ng page description 5, storedgon the netpage network, describes
the individual elenments of the netpage. In particular it describes the
type and spatial extent (zone) of each interactive elenent (i.e. text

[ or pr et D R O BT P has 4
[ i nput.. Vi . . :

zone 7 which cortSEPOHYS: 1?65 attFiage mf% DSSQY?T{’EPO%QTSS?{‘E By thc{‘lz\“ B¥P-espondi ng
graphic 8. As illustrated .in Figur .t he. net pa en 101, a preferred
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quality as 20 interactive netpages. Unli ke a personal conputer, the netpage

pages . . .
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versi ons. JNefipagssisilyl MEkaatd el o 9«95( ffat £ focAQRSH MR ORaRI BB {BRs an
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i nt er act i weamigioysMmapseterprogmothitinglhe anap and praongedifferet nppn The tomputes spgems
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short-range radio link 9 e Interaction t0 a netpage printer.
printer o60drieveddased he mapraderaeces smwplicd tylesensiisedesioe used tpthdle panped sefaoeThd 0
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correspondi ng nessage to application conputer SO nning o

net page appbeledtdf 8w opentpem rdPonst etha pperateey inracsa@r widr themyfacqfeaturen. send a
response which is printed on the originating printer. The netpage systemis
made consi der ablly itopefermd\iem, cthe netpageheysppmefaies @d thertpodivrtint of, layd heinay

used i4p conj kL i high- speed. m-croel ect ronechani ¢cal ,system (IVEMS)
pased 2onky Bp i Medgdes e ARGREG (6 TPibL AHERIRE Ao oY G ALY
t echnol ogyyt wigtlatvorkdiky irtrgitive pele pagan dinfhingkioNRS0Dde@n 48l pRBDSing inkGvhighatb | t y
printing 'sgtfs%geﬁly%%s‘?bl‘é“ié 5 93048 hhSaC GUSHIRER howdleh, bR RESLPAE ESheh Qi cald
net page publ i caton
be sensed by an optically imaging pen and transmitted to the netpage system. Substrates other than
paper may be used. The encoded information in the preferred embodiment is an infrared absorptive
25 ink and so an infrared sensitive optical sensor may be used. If desired other wavelengths may be
used or sensing techniques other than optical sensing; one alternative is to use magnetic inks and

S¢NsOrs.

In the preferred form, active buttons and hyperlinks on each page can be clicked with the

pen to request information from the network or to signal preferences to a network server. In one

30 embodiment, text written by hand on a netpage is automatically recognized and converted to
computer text in the netpage system, allowing forms to be filled in. In other embodiments,
signatures recorded on a netpage are antomatically verified, allowing e-commerce transactions to

be securely authorized.



has the physical characteristics of a traditional newsnmagazine, such as a
set of letter-size glossy pages printed in full color on bothggis§Saoground
t oget her fypggeasy navi gati on and confortable handling. 5 The netpage
printer exploits the growing availability of broadband |Internet access.
Cable service is available to 95% of hauseholds in the United States, and
cabl e nodem service offering broadband Internet access is already
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print- 15 gual i li catjons,to.ne e printers.. Periodical publications
are deli vé)?(lteh Iéetﬁ%g%aqulip@g}cf’%r s %%’J}}I%I eng"dn%’t'ﬂ A ARt fzﬁ?egrog e@?tgm?em%ve
poi nt cast iekRgeatr(ile.next tfiekdas buthg ih mieetxaaple)p tcodlloethSnetfgs syieal tozedectly interpret

ublications are filter and format accordjng to indi.vi dual user
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pens, 1nd spatipesxteast tidddkrespohdibg gaphiqsinber of netpage printers. In the
preferred inplenentation, each netpage pen has a 20 unique identifier. A
houi eh0|rrg mayf hawhﬁu?stmﬂdliﬁ@lg'umz,a?ei fedpaQe @ehh DEL ppgderpdfBrm m@hiasad goed id o
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profile wHigisdpdct el e JFAR PFIGN 1S SerpLI Wbt fetedep GRIer
server, asslyninngeinbiedonhdifed PBisii@PARA fdrho@B)| HffitkS@Undhile e ThE BEPRGHYSs
famly manbfr. However , a? exEI ai ned bel ow, .ot her neans _m%y be used to

i dentify &MY CRIURUNICHES ASGHERL AR el ReghPHe o b shatiaasseindd ik oh desieadghge
regi st1sat e nf@béedonhecledBthd isPfed uliRzind Ve br @ﬁﬁa@@yﬂaﬂhi&arﬂm&%%ﬂﬂ{ S.
This all ows e-comerce paynents to be securely authorized using the

net page pélematiyes et pehitt egi strati on server conpares the signature

captured by the netpage pen with a previously registered signature
allowing it to aipeHewegcRners§od. ¢ srsforied fforanel Which & shawn én Eigriver s do daudr |

Qt her  bi ORBcFib&aS inC ABredliA] BEloWS & ab1e o &felifey, b&ﬁ)ﬁfchﬂgy or AnVERIAh® beondi2ed 30
net page pen includes fingerprint scanning, verified in a simlar way by the

net page r BEVPEPAY MPRAZIREr GPEHOBS AP HYIRG N Othet prikeations all riniedpt bigh javelity as

per i ogioe alifergdieh ndfadef UnTRE A b ebnICWRPERE the Mph O intdd 3640 dpPhAEY kA Ok bel ©

can be configured never to deliver unsolicited junk mail. In its preferred
form it d&wlopamle.wablrmousgadiadigpenttosant areskehide ok ewsdt fist winswneduisbps zed

sources. kh, hfl-$ kitGeMN¥ar2OukiNRRAE Gr near the household’s point of departure for the day. It

also comes in tabletop, desktop, portable and miniature versions.

Netpages printed at their point of consumption combine the ease-of-use of paper with the

25  timeliness and interactivity of an interactive medium.

As shown in Figure 2, the netpage pen 101 interacts with the coded data on a printed
netpage ! and communicates, via a short-range radio link 9, the interaction to a netpage printer. The
printer 601 sends the inferaction to the relevant netpage page server 10 for interpretation. In
appropriate circumstances, the page server sends a corresponding message to application computer

30  software running on a netpage application server 13. The application server may in turn send a

response which is printed on the originating printer.

The netpage system is made considerably more convenient in the preferred embodiment
by being used in conjunction with high-speed microelectromechanical system (MEMS) based inkjet

(Memjet™) printers. In the preferred form of this technology, relatively high-speed and high-



-11- respect, the netpage printer is unlike a fax machine or e-mail account
which is visible to any junk nailer who knows the tel ephone Qgr]@g{{ﬁ%
emai | addresp27 Alternatively the entire systemmay be nmade visible to
out si de users or each user may be provided with the ability to expose their
printer(s) to outside users. This may bd0by way of selecting outside users
allowed too send junk 5 mail. 1. NETPAGE SYSTEM ARCHI TECTURE Each obj ect
nodel in tfgit§ pEh@IR ik Madlo 6k iaedabls td@namidd. i R -Med&d foRf, LRRARaABIIcd:)
class diagram A class diagram consjsts of a set of object classes

connect ed By thedihyticad shHpgisticspf 2 FagdioplsysHrcaziap.atrlb ashpp o tier-gre glaser est
here: assqphALAHRA ANGIIBRER! doRALAN %purrﬁnto%él%? GbabdsP RavhSatioR RhE S6RERBIO T

ki nd of relationship between objects, i.e. between instances of classes. A
gener al i zdendiger el at es actual classes, and can be understood in the
followng way: if a class is thought of as the set of all objects of that
cl ass, and cl assTh& netpage pyisvs cxaplipissdhs gawing axailibdiomf brasdpang liternetgeepy. (able
subset of : §<8 I ' - Of
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cl ass, se f . tEq . [ i Jine. | cl ass
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mut 11 pl§ orityteh ek AFuudilih Pt oft) b, BRPRE el el Br FLBMiKle om o
"many", i .censumeropant afwice. Inkeleh eabsibodéned, thometpsgecpitern isdioktyd brabpdivaet indrdolat. | t S

name, and;iS..al.so opti.onally |abeled at. either end with fhe role of
correspon Pﬁté‘?%‘ﬁ%rs%@ Oifnme%f)’etgne %F?Paa%% Raem 155?5&% e Sél}iglea‘ﬁ)ﬁlrp«g%é?ﬁ cé)Wpﬁtgg%n&}’ggi on
("1 s-part -deficy, suchnda psntdr awn at the aggregator end of the association
line. A generalization relationship ("is-a") is drawn as a solid line
joining two cl asN@pagewublivation sePlersard @wthé inatpigeencivarnknefcoaficoplen deliveanghie) at
the g ral izatipn end. Wen a class_diagram..s broken into nul.tiple
A L R T e U S T
al | but t hebsorbing cbpageaprindis ¢hr plafittaasg hiid multichSing Heramempiotocolat PdridabliRs
only where jt j.s defined. 1 NETPAGES 30 .Net.pages are the foundation on
ohi 2n 5 naehlalitn R R aed pEmiied s RIBRE e aRRRc pascd user
interface to published information an%l}i nteractive services. A netpage

consi sts of a priMERHEPLYET F8rPePREFUSS fp SURPAI RY PYRSET PHRARE A1 § PEMEPTi ¢ h
20 MAY 20Giath MySGidhwber of netpage printers. In the preferred implementation, each netpage pen has a

20 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, assuming that the assigned pen is only used by the
respective family member. However, as explained below, other means may be used to identify a

USEr.

25 A netpage pen can also be registered with a netpage registration server 11 and linked to
one or more payment card accounts. This allows e-commerce payments to be securely authorized
using the netpage pen. The netpage registration server compares 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. Other biometrics can also be used to verify identity. A version of the

30 netpage pen includes fingerprint scanning, verified in a similar way by the netpage registration

SCrver,

Although a netpage printer may deliver periodicals such as the morning newspaper
without user intervention, it can be configured never to deliver unsolicited junk mail. In its

preferred form, it only delivers periodicals from subscribed or otherwise authorized sources. In this



-12- references to an online description of the page. The tags may be
printed on or into the surface of the page, may be in or on go4RY! @8 Of
t he page oipsoRy be ot herw se incorporated into the page. The online page
description is maintai ned persistently by a netpage page server. The page
description describes the visible |ayodtl -and content of the page,

i ncluding text, graphics and images. It also 5 describes the input elenents
on the paggpeding _usl?e{gg pRktet BRIk W RR Makhiks or ARG hatBt: Wil idlSisibkhs aRARRK
descriptions of different netpages may share conponents, such as an 1nage,
al t hough télenwhgkupss the igleghanp eumber o ewpib addsepg e lrauptively thesntite syytem glagibp| y

di fferent malB8 0% JGREE RES R LaT u&RGihy &L PRGRed WM hdGbitewr SlpsLLMERS Lo
t hese common conponents. A netpage allows markings nade with a netpage pen
on its sumhiaedskie dsidsivsers-t Bricwas by by apy of edectinglopside essseadlopyd tdeesenrbiuplige
systemg 1Q.Mul ti pl e netpages can share the same page description. However
to allow input through otherw se identical pages to be distinguished, each
net page i s assigned a unique page identifier. This page ID has sufficient

precisionqto di siiAEsYsPal ARSIITAfuRBEL Pages envisaged to be used in the
envi ronnent of e f the environnent, i s, small en the. precision ne not
o/t Carent o6 vREh abe gl e vt dei pal B b Redn oDt P i MR o
page descrelapd ai@%thA&mpdiegam RoBsigy a‘afru ﬁ’d of ggec_t Iida_@ei acgllnéﬁ;el&ﬁyi I’El:afﬁgﬁlshibﬁ, H'md

uni que page on ich it appears, and thereby jndirect identifies the page
descript | 3o g oh g atwﬁﬁ’rr@r%&f SRR ESoT Hiont BT Ermetslizaient A S04 own

posi t i1 @Eprésbs HOEHE . kikd JF a6h@dshibi Kebwh sH&ts, tiag ettt UREAEDSDSUcTaResTOL €
detail below Tags are printed in infrared-absorptive ink on any substrate

whi ch is iSRiSaPaIEn Elfs dpfupleclassesp and, e besunsiergiond iy Hsalolewingiay: ifr slassds

wavel engt lisoughtafihk St 811 biYediher i TREs, BYEIRYR iRk BerRASikdtdin oBARS 8 tiRY B3s
solid-state I nmage sensor with an appropriate filter. A sensor sensitive to

the rel at iSG®ly eibestehfit h or wavel engt hs may be used, in which case no
filters are required. Qther wavel engths nay be used, with appropriate
substrates and sEtBsles is drapggs p secoaiie helsd wih thermame philg slage Hspptainha tigfef

net pagrs Pekb atkiBGRASdnaagks! Jagarg@a fom 4R BRRSYGhoRYontd find, 3k 4 ﬁsttome%géraﬁo%g to
t he net page system preferably via the nearest netpage printer. he pen is

wirel ess @hdhecdpmuispeaieddrof this attbutp dispbiye herizantadlingla tke elasrdiagramsgwhieldi o

l'i nk. Tagquﬁ{goﬁggﬂgﬁﬁgﬂ%gMeggthogﬂg”densely arranged that the pen can
reliably imge at | east one tag even on a single click on the page. It is

i nmpor t ant that the a@@cﬁatfoﬁqggﬁ%_eastahﬁetjaﬂi@r}@oec_)fefsge@;%ptit)ﬁﬁlngtgfedIa_lp eﬁi%j end
position on every interaction with the page, since the ihteraction iIs

st at el ess withabgmyltiglidlradthe Becwger dbe defyit enttiotidty is onordivastetigni*padicitas # y

F ol er gy ltﬁiﬁlfcftﬁgp‘lﬁ%?‘%gg ze;l;)hc?r el B3 aRG@Hior & opabnal Ileﬂ)%l%h O3th s With g Whq Page
I nst ance _or eac_ printe ne_t page, all ow ng | t o naintain a distirict set
of user - supPsd epdiopalydelsicdat eithepeand Witlethdgole of thhsopsesgendiwsdass. pin epen diapronéach

printed n%d‘?&ﬂa@'anz%gwg‘%iogog%ciation (“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

25 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.

1.1 NETPAGES
30 Netpages are the foundation on which a netpage network is built. They provide a paper-

based user interface to published information and interactive services.

A netpage consists of a printed page (or other surface region) invisibly tagged with



NPS027 -13- The rel ati onship between the page description, the page
instance, and the printed netpage is shown in Figure 4. In tbgmA9 fRjgsed
enbodi mentNHsbgy page i nstance is associated with both the netpage printer
which printed it and, if known, the netpage user who requested it. It is
not essential to the working of the indgntion in its basic formthat the
page i nstance be associated with either the 5 netpage printer which printed
the correspeRflled® ﬁ%ﬁh&&har@ﬁ@ﬁoﬁhe%‘ @mtt 8 H@?ﬁmé’m Jr@Ab 83 k&hck bf tho'
for whom the page was printed (% 1 Tag Data Content In
a pref er r #32% Bakpe Bgieniagybayernfiag rage fnhleasf eptharwisp lweﬁtefitmtamseuses Thand
the |ocat 'ogﬂneogage a&cﬁﬁ% it #inMire i pRrsksREY G;%ﬂ&pag% ptagfgsemy e %%%GC&Q&

flags which relate to the region as a whole or to
fl ag bits dasyibesfthe V@sbém\s}'célt ang eavgdnt af the pagee insiudingdet g@pm@ qndowgte It eb@l back

i ndi catg ve.fina twﬁ&%few ggé%ﬁ%@ﬁ gg lm;&ch?gt @%oﬁs”ﬂ“ﬁ%hﬂﬁ(? afld ﬁ;g fl&sth %é ;?aggi on

w t hout the sensi ng aving to refer t escri pti
A net page dpsriptiay of fiifereakzatyakes, miy shanvicpapeneats, suthagt dnvimage; elgtouglEDe whigages n

the zone ?gndqhéws@gcr]z{téch}gage éac%w\ﬁ%}rﬁm p glbgodfﬂ%ergllt J}é & é&% %)tloﬁ gor e%ch nétp ! n a

preferred enbodi nen alns” an easi 1zed i nvari Ba

st ruct ur e malyi istudsi werdnpdst to dhesel @orembn compamgs. vwmnetlpa@szﬂ]o% snarkingsnmavienwith mg
e A A R RS AR S A S Rt BB R R 51
denseldp & andeul it netgggg%’%ﬂ&. 3 0 e RS Rl D DS BT 0"
page | D amthepusi tdemmabpagesverl;e distingeistetl) ekh mtpkgetlhessmgdaa usiqne pageheentlﬁer
interacti referred rrbodl nto |cha
g r of er dMisgrRe Bt e, e R IS isEn BERER FEPtngpe B BBt he
tag is thekeahorensynanigeriite wivirbnhdne ispags theDtefprécdionp@etndd be asdrbat Bs Whge t ag
appears. |n other {T‘b%dl ments, the region to which a tag refers can be an
ar bi t r ary BEETHMES B'%t a page or other surface. For exarrpl e it can

coinC| witht e of an interacti.ve,. [ egi on
| D can d| rectl yn?eaaéﬁ#‘frflﬁfef%@ °PAg% C[eé%‘tpfl%ls %ci’?g%{n a@ﬁ’éff‘il tf‘% he fﬁﬁl &eéllt'%s the

cont ai ns 1@ighé 'pﬁgeodn Tszhgh liDappadrs, |e@d&her9ﬁr llauf&es:ﬂpflddhﬁgésoﬂne IpBke @ddekiptionumbme  of
flag bits. ?s ng..a ﬁTrrumta? si.ty of per square_inch, a 16-bit
tag | D suppoFtesd ooty Mgty alsofdegiics dis f&YEA"’%lH%?’éﬂF etfe Shapdteristes Pl ons
can be na@@edre@emlbwguﬁjwdemﬂtﬂam 30 increasing the tag I D precision
sinply by using abutting regions and maps. The distinction between a

region I D and a taggardeBrined WP Hiraitd QBRRive GRANIHEMY SNk ate FAChND fifraRdrfRS8%, t he
concat.genat i Qn of the two can be con5| dered as .a globally unique tag | D.
Conversel yuehias qrgdifjary pagsrieargiipesd; wivelepgghs i‘rﬁt“i“’é%!‘ﬂ%éo e hyman ey PHe ¢458Y t ag

I D, for exaiy@l By h Qolddtdtd BndgB @cisoRfh Yn 6RR6HaRAIRS. Afsedsbesch@five B tDrelative
wavelength or wavelengths may be used, in which case no filters are required. Other wavelengths

may be used, with appropriate substrates and sensors.

A tag is sensed by an arca image sensor in the netpage pen, decoded and the data

25 encoded by the tag is transmitted to the netpage system, preferably via the nearest netpage printer.
The pen is wireless and communicates with the 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 tag and extract the page ID and
position on every interaction with the page, since the interaction is stateless. Tags are error-

30  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 vser-supplied values for input fields in the page description

for each printed netpage.




20 MAY 2005 NPS027 -14- bit region ID allows 29 (_1027 or a thousand
trillion trillion) different regions to be uniquely identifiegmMAST0o%RY
al so cont ajpgopype i nformation, and a region may be tagged with a m xture of
tag types. For exanple, a region may be tagged with one set of tags

encodi ng x coordi nates and another setj3i-nterleaved with the first,
encoding y coordinates. It will be appreciated the region ID5 and tag ID
preci sion may berqmEgHkhip %a%eémgpal%u%mscqﬁ%[ {hg?ggzeqﬁd&%@é'aﬁ@thgﬂriﬁtl?@nqtpage
environnent in which the systemwl!I1 be used. 1.2.2 Tag Data Encoding In
one enbodinéherndadiguad; Iadhs prefsged smbasiment de page sirags is gssodipied b befly the of

tag data r I L - i's
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the tag, antrwhemdhaysgt was pintddhe si x codewords are interleaved spatially
within the tag. This ensures that a burst error (an error affecting

mul tiple spatially adjacent bits) damages a m ni nrum nunber of synbols
overal | arfdk 15 NEFPABEUAGRuUNber of synbols in any one codeword, thus

maxi m zing the likelihood that the burst error can be fully corrected. Any
sui t abl e d@r2.9r - crag PataiCehtéode code can be used in place of a (15, 5)

Reed- Sol onobn ¢ , %2 : . i I
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the tag and infer its three-di nensional orientation relative to the sensor.
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recognize” the pa; and position on every mteraction with the page, since the interaction is

stateless.

In a preferred embodiment, the region to which a tag refers coincides with an entire page,
and the region 1D encoded in the tag is therefore synonymous with the page ID of the page on
which the tag appears. In other embodiments, the region to which a tag refers can be an arbitrary

25  subregion of a page or other surface. For eﬁample, it can coincide with the zone of an interactive

element, in which case the region ID can directly identify the interactive element.

Each tag typically contains 16 bits of tag ID, at least 90 bits of region ID, and a number

of flag bits. Assuming a maximum tag density of 64 per square inch, a 16-bit tag ID supports a
region size of up to 1024 square inches. Larger regions can be mapped continuously without

30 increasing the tag ID precision simply by using abutting regions and maps. The distinction between
a region ID and a tag ID is mostly one of convenience. For most purposes the concatenation of the

two can be considered as a globally unique tag ID. Conversely, it may also be convenient to

introduce structure into the tag ID, for example to define the x and y coordinates of the tag. A 90-




20 MAY 2005 NPS027 -15- initially detect the tag. The ring is easy to
detect because it is rotationally invariant and because a siBplig@ay 2005
correctiompghoi ts aspect ratio renoves nost of the effects of perspective
distortion. An orientation axis 16 allows the sensing device to determ ne
t he approxi mate planar orientation of thg- tag due to the yaw of the
sensor. The orientation axis is skewed to yield a unique orientation. Four
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the circular detection ring 15, this makes a circul ar arrangenent of data
bits within the tag optimal. As shown in Figure 48, to maxim ze its size,
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20 The 15 4-bit data synbols of each of the six codewords are allocated to
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si xth codewords 520-525 are allocated alternate in circular progression
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physi cal Fkagan bofullykerrecteds or the shape and/ or arrangenent of data symbol s

within each tag are nor essential to the working of the invention. It is

mer el y necessar yptraitabdagterragection ewld sodarfaf be bedtin plagcorfirell f.07 Reed-Selpreon

i ntended usR. folhe REed &HURG t its
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Commumcatlon and Storage, Prentice-Hall 1995, the contents of which a herein incorporated by

cross-reference).

1.2.3  Physical Tag Structure
The physical representation of the tag, shown in Figure 5, includes fixed target structures

25 15,16, 17 and variable data areas 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 yields a tag with a diameter of about 4 mm. At this
30  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 defection ring 15 allows the sensing device to




contents of each of which are incor porated herein by reference. 20 MAY 2005
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The interleaving is designed to maximize the average spatial distance between any two
25 symbols of the same codeword. Other arrangements of the codewords or their data symbols may be

utilized.

The physical layout of the tags or the shape and/or arrangement of data symbols within
each tag are nor essential to the working of the invention. It is merely necessary that each tag
encode sufficient information for the intended use. The use of redundancy in the tag is preferred

30 but, at its basic level, not truly essential to the working of the invention. As such other tag
arrangements may be utilized. Examples of other tag structures are described in US Patents
5,625,412, 5,661,506, 5,477,012 and 5,852,434, and PCT application PCT/US98/20597, the

contents of each of which are incorporated herein by reference.



targets, the aspect and rotation of the ring, and the rotation of the axis.
Mat chi ng proceeds by applying the ring's nornalizations to egQQWﬁ??ﬂﬁE§
nonents. Q@i heir second-order nonents are 20 MAY 2005 NPS

normal i zed the circul ar perspective targets are easy to recogni ze, and the
target closest to each estimated positiign is taken as a match. The
original centroids of the four perspective targets are then taken to be
the perspective-gigiephd ﬁ%p&@“ﬁﬁgﬁe-&i‘ck’@im&m’%ﬁh‘%ﬁ a%géé&'? nsshZQ sélﬁmk%gvéeoace
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tag and the system used for redundantly encoding the data. The ring target
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ideally a non-minimal field of view 193, an alternative strategy involves

25 seeking anot hff, r I&fgqargé} shfd@u Y5 LSRL fil MROAR: loc;[a*t'b‘ﬁ (Qt%?léﬁpﬁﬁig AR AR Fhtage of

i ndi cat es theldentmﬁ/ he regi on contal ning and the p05|t|on
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. f d
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pen’s opt Iagg%kt A48 kotation 27 together provide a useful approximation of the perspective transform.

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 moments, and rotation-normalizing the resulting
moments. Once its second-order moments are normalized the axis target is easily recognized. Note

25  that one third order moment is required to disambiguate 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 after it has had the ring’s normalizations applied, since the
perspective distortion can hide the axis target’s axis. The axis target’s original rotation provides a

useful approximation of the tag’s rotation due to pen yaw 29.

30 The four perspective target structures 17 are the last to be located (at 30). Good estimates
of their positions are computed based on their known spatial relationships to the ring and axis
targets, the aspect and rotation of the ring, and the rotation of the axis. Matching proceeds by

applying the ring’s normalizations to each shape’s moments. Once their second-order moments are



1.2.5 Alternative Tag Structures The tag structure just described is
designed to allow both regular tilings of planar surfaces anggigiA9pHod
tilings ofypsopr pl anar surfaces. Regular tilings are not, in general,
possi bl e on 20 MAY 2005 NPS027 -18- non-pl anar surfaces In the nore usual
case of planar surfaces where regular tnfFi-ngs of tags are possible, i.e.
surfaces such as sheets of paper and the like, nore efficient tag
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codeword placed at that orientation, as shown in Figure 6d, where each
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position of the s

|n the codeword (A- ecodi ng then
consi sts dtVeRROHY ngwbﬁlefse FERRBIEeRts O gaeﬁ f%%l?leh%eaw@ﬁt W%altewnéif&ea%ﬁat tBen
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advant e T“Flcméeégt hetpgeand g easyﬁt@ﬂf‘%tford?d‘wﬁ?‘?yﬁﬁ‘é’ ingd¥sidr d i s required,

t hen at m)st two_codewords need to be decoded to obtain the desired data.
he ring target 15 is only sought in a subarea of the image whose relationship to the

image guarantees that the ring, if found, is part of a complete tag. If a complete tag is not found and
successfully decoded, then no pen position is recorded for the current frame. Given adequate
processing power and ideally a non-minimal field of view 193, an alternative strategy involves

25  secking another tag in the current image.

The obtained tag data indicates the identity of the region containing the tag and the
position of the tag within the region. An accurate position 35 of the pen nib in the region, as well as
the overall orientation 35 of the pen, is then inferred (at 34) from the perspective transform 33
observed on the tag and the known spatial relationship between the pen’s physical axis and the

30  pen’s optical axis.

1.2.5  Alternative Tag Structures
The tag structure just described is designed to allow both regular tilings of planar

surfaces and irreguiar tilings of non-planar surfaces. Regular tilings are not, in general, possible on
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be 11 ansl ated | il i SRS & ¢ g gt festenil PIchoYREP HEingigbagh 0 ik
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Although the tag may contain an orientation feature to allow disambiguation of the four

possible orientations of the tag relative to the sensor, it is also possible to embed orientation data in
the tag data. For example, the four codewords can be arranged so that each tag orientation contains
one codeword placed at that orientation, as shown in Figure 6d, where each symbol is labelled with
25  the number of its codeword (1-4) and the position of the symbol within the codeword (A-O). Tag
decoding then consists of decoding one codeword at cach orientation. Each codeword can either
contain a single bit indicating whether it is the first codeword, or two bits indicating which
codeword it is. The latter approach has the advantage that if, say, the data content of only one
codeword is required, then at most two codewords need to be decoded to obtain the desired data.
30  This may be the case if the region ID is not expected to change within a stroke and is thus only
decoded at the start of a stroke. Within a stroke only the codeword containing the tag ID is then
desired. Furthermore, since the rotation of the sensing device changes slowly and predictably

within a stroke, only one codeword typically needs to be decoded per frame.

It is possible to dispense with perspective targets altogether and instead rely on the data



associated wth the tagged region, yields a unique tag Iocation wi thin the
region. The tag-relative Iocatlon of the pen is added to thiggtyayl 53t on
to yield tNpgobocati on of the pen within the region. 30 This |n turn I's used
to determine the |location of the pen relative to a user interface el enent
in the page description associated w thgthe region. Not only is the user
interface element itself identified, but a location relative to the user
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AND PAGE DESCRI Piscesis %\talgrr%ws% erreginh 8o ngd{D.omd a éﬁﬁwenéﬁasfﬂag@efore

descripti @R (&4 85 SndHhd UAlhtive SRAVRMbD canltR Fn@IHEEhid an AGIRS0caiBn WiginNEL Page
system a docunent is described at three |evels. At the nost abstract |evel
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factor 20 preference, the docunent is paql nated and otherw se fornmatted.
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correspondi ng termnal “el ements, ‘partrcular eret ontent objects are
styl e-rel @tgé@mbe%ﬁl%mtm)e@nlahsﬁ@m@eEﬁneetagjmmment and page is al so

descri bed separately, to allow input captured through a particular page

i nstance 830 t o The tagaeaprfoairegiop musithe Irsiri¢vabimviariperegion - (ihesl givian o tagfondPher

25 in pan gp%S]DO;ndt :r' gens ﬁ'ﬂgfoplﬂgt%e q%slt('?l?]ﬂe 9&1‘1‘ Qéqretrlebgd ngee‘%g 5% fbe tnlﬂﬁslﬂpds Fnto an

abstract cunment tHescription o page serveér ows a
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.

1.2.7 Tagging Schemes
Two distinct surface coding schemes are of interest, both of which use the tag structure

25  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 ID 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.

- 30 This in turn is used to determine the location of the pen relative to a user interface clement in the
page description associated with the region. Not only is the user interface element itself identified,
but a location relative to the user interface element is identified. Location-indicating tags therefore

trivially support the capture of an absolute pen path in the zone of a particular user interface




to request a copy of a docunment wi thout being forced to accept the source
docunent's specific format. The user may be requesting a copygtpfAQUshsd
printer wnNHsoay di fferent page size, for exanple. Conversely, the presence
of the formatted docunent description on the page server allows the page
30 server to efficiently interpret user28ctions on a particular printed
page. A formatted docunent 834 consists of a set of fornatted page
descripti Qrsiehs. €ach of which consists of a set of formatted term nal

el ements 835. Each formatted el enent has a spatial extent or zone 58 on
the page. This defi 'oB}%@t ihd1€atiag tthe! Borfdiffa Mg I RMcheiREBN IRnSHS M 8% heell i nks
and NPS027 20 NMAY 20 -21- input fields. A docunent instance 831
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field el enen e server

27. A statapprolaiafeamsnonﬁztabemeﬂmdmthshytbgeejzsean’ent 847 with an associ at ed
style object 854, a textflow elenent 848 with an associated 15 styled text
obj ect 855, an inmge elenment 849 with an associ ated i mage el enment 856, a
graphic dienentD@BMENTANDIMGERESCRETIONSYr aphi ¢ obj ect 857, a video clip

el ement 851 witha pRf@edRaibadifent ofiadRurkdnt aldqﬁg@aéscgé%n cPis @qugihlﬁ i€ fHoRm in
el enment_ 852 with an associ ated audio clip object script el enent

853 with dipursddanditd scri pt object 860, as shown in Flgure 28. A page
i nstance may have a background field 833 which is used to record an
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net page 5 page servers 10, netpage reglstratlon servers 11, netpage
serverd) 12refgrencpaife degupienicia ppgimatedeand athprwis@ formeited abempis) temindl slemsats \$é$ s
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with their corresponding terminal elements, particularly where the content objects are style-related.
Each printed instance of a document and page is also described separately, to allow input captured
through a particular page instance 830 to be recorded separately from input captured through other

25  instances of the same page description.

The presence of the most abstract document description on the page server allows a user
to request a copy of a document without being forced to accept the source document’s specific
format. The user may be requesting a copy through a printer with a different page size, for example.
Conversely, the presence of the formatted document description on the page server allows the page

30  server to efficiently interpret user actions on a particular printed page.

A formatted document 834 consists of a set of formatted page descriptions 5, each of
which consists of a set of formatted terminal elements 835. Each formatted element has a spatial

extent or zone 58 on the page. This defines the active area of input elements such as hyperlinks and



Internet, as shown in Figure 3. The netpage registration server 11 is a
server which records relationships between users, pens, prinbg I?AY 005
appl i cati eyrsoand publ i cations, and thereby aut hori zes vari ous ne i
activities. It 30 authenticates users and acts as a signing proxy on
behal f of authenticated users in applie&tli-on transactions. It also provides
handwiting recognition services if desired. As described above, a netpage
page servehpulfeldRi ntai ns persistent information about page descriptions and
page instances. The netpage network includes any nunber of page servers,
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In the preferred form of the invention, a tag map 811 is associated with each page

instance to allow tags on the page to be translated into locations on the page.

1.4 THE NETPAGE NETWORK
In a preferred embodiment, a netpage network consists of a distributed set of netpage

25  page servers 10, netpage registration servers 11, netpage ID servers 12, netpage application servers
13, netpage publication servers 14, and netpage printers 601 connected via a network 19 such as the

Internet, as shown in Figure 3.

The netpage registration server 11 is a server which records relationships between users,

pens, printers, applications and publications, and thereby authorizes various network activities. It

30  authenticates users and acts as a signing proxy on behalf of authenticated users in application
transactions. It also provides handwriting recognition services if desired. As described above, a
netpage page server 10 maintains persistent information about page descriptions and page

instances. The netpage network includes any number of page servers, each handling a subset of



The netpage printer receives subscribed netpage docunents from net page
publication servers 14. Each docunent is distributed in two 2{;@@;
page | ayowrsozand the actual text and inmage objects which popul ate

pages. Because of personalization, page |ayouts are typically 30 specific
to a particular subscriber and so are p@@2ntcast to the subscriber's printer
via the appropriate page server. Text and inage objects, on the other
hand, are ghyPinadcky SHoah §abeWehbr iBAinEMDa&F htgemtuesed?@a&q)agé ﬁstﬁa&;tdlﬁ%t to
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decoupl ed stages rasterization of page description expansi on and
printing cPrgsaguligmagewstamae raster i mage processor (RIP) consists of one
or nore standard DSPs 757 running in parallel. The dupl exed print engine
control | ers conshogtpege apeﬁf@ti@memeoébﬁms/emhiehth@kstiatqdwtivﬁ rtetpage falpdcqﬁpimt
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can be colfFBECRMCT A} LFRIR eéé]mﬂ% jolk & S aRE net page printer class

di agram reflectlng printer-related information 25 maintained by a

regi st ratl seryer et page network. A preferred enbodi nent of
t he net pagccegqprl nt erN%Aggs?‘é@ﬁEgd in greater detail in Section 6
The netpage printer 601 is an appliance which is registered with the netpage system and

20  prints netpage documents on demand and via subscription. Each printer has a unique printer ID 62,
and is connected to the netpage network via a network such as the Internet, ideally via a broadband

connection.

Apart from identity and security settings in non-volatile memory, the netpage printer
need not contain any persistent storage. As far as a user is concerned, “the network is the
25 computer”, Netpages function interactively across space and time with the help of the distributed

netpage page servers 10, independently of particular netpage printers.

The netpage printer receives subscribed netpage documents from netpage publication
servers 14. Each document is distributed in two parts: the page layouts, and the actual text and
image objects which populate the pages. Because of personalization, page layouts are typically

30 specific to a particular subscriber and so are pointcast to the subscriber’s printer via the appropriate
page server. Text and image objects, on the other hand, are typically shared with other subscribers,

and so are multicast to all subscribers’ printers and the appropriate page servers.




bel ow, with reference to Figures 11 to 16. 1.5.1 MenjetTM Printheads The
net page system can operate using printers made with a w de rapgaggly shed t al
printing n¥obechnol ogi es, including thermal inkjet, piezoelectric inkjet,

| aser el ectrophotographic, and others. However, for wi de consuner
acceptance, it is desi rabI e that a netpgge pri nt er have the follow ng
characteristics: NPS027 20 MAY 2005 -24 photographic quality col or
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5 lowink cost |ow paper cost sinple operation nearly silent printing

hi gh pri ntfeiéraspeedimybicastsmifienrrediviag thsusingast efécdaskments rpgge layaytsp thetprintsr m

factor | q{\%\ppwﬁghﬁgﬁgwggpffla%ntmtéﬁ%rent |y comrercially available printing
technol ogy has all of theéese ¢haracteristics. To enabl e production of

printers with th@ﬁ»& tﬁ@@ﬁﬁ’t@xt B I%Lél% thb %ﬂ@@ﬁﬁ% 1@9.& f}@@%}.eag/ghat Jgnt ed

a new print technology, referred to as MemetT Is a
dr op- orP deiﬁﬂmﬁntWlheetm@dsetrmob@gfyhetd@ammmhcor por ates pagewi dth pri nt heads
fabricated using mcroel ectronechanical systenms (MEMS) technol ogy. Figure
17 shows a si ngl Ehemrinter rastgriedsané ptints 8@Dandfeven Mger Séinmmnmlmtohé)adi sidBh ef the

net page waj Lpryj &51?5135 ’&ﬁ@e&‘arpa}n? engnqel_% G roRErk Msb N4 i eh mes u‘i"i’zmg%e Qi &

1600 dpi pagew ter printer si‘nmu eoutt rirat's cyan,

magent a, pﬁiﬁthyalsBE)&\forﬂhmkposand |nfrared |nks as vveII as paper conditioner

and ink fixative. The printing elenent 300 is approximately 110 m crons

| ong by 32 m cr oiis printeg préﬁesﬁt;(msist@bfmfme:&eoupl‘eﬁ mta'geagraahlezaiﬁm sf ppeddsaipivgs, on a

silic S trate 301 t or po ransfer, timng
and ar 1o 40 Phfiher oot S Rh e RS Diediam et Piprresds TR G Eh sk r 300
are the nazzé @taﬁ([h?d DiShe 76 2atinéng! innpasili3l. Thb elupl2fedn@# lofgind asfinellers @dnsist e

fluidic seal 305, t chann 306, the |lever arm 307, the active
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actuat or apebisn c3HR, printheads pahe pu@ eagihesat or anchor 311, and the ink inlet
312.

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

nefpages.

A normal netpage printer prints netpages on sheets of paper. More specialized netpage

printers may print onto more specialized surfaces, such as globes or sheets of plastics. Each printer

20  supports at least one surface type, and supports at least one tag tiling scheme, and hence tag map,
for cach surface type. The tag map 811 which describes the tag tiling scheme actually used to print a
document becomes associated with that document so that the document’s tags can be correctly

interpreted.

Figure 2 shows the netpage printer class diagram, reflecting printer-related information

25 maintained by a registration server 11 on the netpage network.

A preferred embodiment of the netpage printer is described in greater detail in Section 6

below, with reference to Figures 11 to 16.

1.51 Memjet™ Printheads
The netpage system can operate using printers made with a wide range of digital printing

30  technologies, including thermal inkjet, piezoelectric inkjet, laser electrophotographic, and others.
However, for wide consumer acceptance, it is desirable that a netpage printer have the following

characteristics:




The active actuator beampair 308 is nechanically joined to the passive
actuator beam pair 309 at the join 319. Both beans pairs arezgqﬁ?qrr?ﬁb{)at
their respggbpve anchor points 310 and 30 311. The conbi nati on of elenents
308, 309, 310, 311, and 319 forma cantilevered el ectrothernmal 20 MAY 2005
NPS027 -25- bend actuator 320. Figure 184shows a small part of an array of
printing elenments 300, including a cross section 315 of a printing el enent
300. The cross sect iQoddphid ua Q@Brpﬁﬁﬁgut ink, to clearly show the ink
inlet 312 that passes through the silicon wafer 301. 5 Figures 19(a), 19(b)
and 19(c) show the @pgr@hiifPexCpmtigz Of @ Menmjet TM printing el ement  300.
Figure 19(a) shows the quiescent position of the ink nmeniscus 316 prior to
printing an ink ., drepheliapfigk i s retained in the nozzle chamber by surface
tension at the ink neniscus 316 and at the fluidic seal 305 forned between
the nozzl e chanmher 3Q4,aRpd bHhe i nk channel rim 306. 10 Wiile printing, the
print head CMOS circuit?y distributes data fromthe print engine controller
to thegorrect pringihg.elgment, latches the data, and buffers the data to
drive the electrodes 318 of the active actuator beam pair 308. This causes
an el ectri cal currem;vhﬁmg%§§ t hrough the beam pair 308 for about one

m crosecond, resulting rn Joule heating. The tenperature increase
resulting from Joul e: i auses the beam pair 308 to expand. As the
passi ve actuat or 15§g§§%%%%?9?309 is not heated, it does not expand,
resulting in a stre i between the two beampairs. This stress
difference is partigﬁrgspéggﬁﬁﬁ% by the cantil evered end of the

el ect r ot her mal ,ben(ﬂig?@;i gosgjee%ZO bendi ng towards the substrate 301. The

| ever arm 307 transm I"s"nmovenent to the nozzle chanber 304. The

nozzl hanber 304 0 1crons to the position shown in Figure
19(b)ad%his inc?easgg%@Iggﬁﬁﬁ%gégggﬁbg?mgorcing ink 321 out of the nozzle
302, and 20 causing i iscus 316 to bulge. The nozzle rim 303
prevents the ink neﬁ%ﬂ%ﬁgﬁgﬂgﬁ f om spreadi ng across the surface of the

nozzl e chanber 304.,As the teqﬁﬁrature of the beam pairs 308 and 309

11SE 1on

equal i zes, the act uat of  326° FEtUiNs to its original position. This aids in
t he break-off ofythe ink dropl 317 fromthe. ink 321 in.the nozzle.
chanber - as. shod ety v tpl R ErhNndr b & bOF P& Bges, ne
action of the sugfac 25 . tension.at th ni scus 316. Figure 20.sh a
segnent of a pr :Jlgot “£§‘8 %g%’.c t ?nnogprﬁng?rspzﬁvdtg tp?sie nter %ertlst%'ui?as’ Iﬂéen t en%?ppthﬁig]?%s

pri nt Héad irventehe rewl prinitathimlady, tdfi@redapens Menyipi™ adchiyol&yO MengjetT™ st &1 érop-on-

direction 351.. Th e nt shq is 0.4 mm]long.,(abo ag.ZZ aof .a conplete
print head)d?mWenmglgtisn%fnﬁﬁ)?Og?' hetw%aﬁg?owogﬁ%vga&eﬁ%& Pﬂlﬁ}’e T x %’r’fﬁt?dntﬂ in
t he di r ectiigtel@hBmecHasicqirsyniére@AEME ) teChnotnyg. Kifure NV elichsg §iadle grigiinigndldnitgt
el ement s 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,

20  yellow, 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).

Major elements of the printing element 300 arc the nozzle 302, the nozzle rim 303, the
25 nozzle chamber 304, the fluidic seal 305, the ink channel rim 306, the lever arm 307, the active
actuator 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 mechanically joined to the passive actuator beam
pair 309 at the join 319. Both beams pairs are anchored at their respective anchor points 310 and

30 311. The combination of elements 308, 309, 310, 311, and 319 form a cantilevered electrothermal




30 300, printing the six colors or types of ink supplied by the ink inlets
312. To protect the fragile surface of the printhead during ogggﬁﬁﬁmg905a
nozzl e gurowafer 330 is attached to the printhead substrate 1. For
each nozzle 302 there is a correspondi ng nozzle guard hole 331 through
which the ink droplets are fired. To prt@Bent the nozzle guard holes 331 20
MAY 2005 N PS027 -26- from becom ng bl ocked by paper fibers or other
debris, fipkietBRicrBSo 1S punped through the air inlets 332 and out of the
nozzl e guard holes during printing. To prevent ink 321 fromdrying, the
nozzl e guard ispiggali@dn¥i h 8mhiNSa®lok BE Gfray SF pi§Hifg elenfntEPoNBLRAHE aREELs O
The active sensing device of the netpage systemis typically a pen 101,

whi ch, usiseR§iop 885 olehpiniae glemer 30| Thecropgepctions3 1zHs ghowg vathputuple tadlearliebore | R

posi tion tagay @M AnPadGeYinfndi ik WS waspel - The image sensor is a
solid-state device provided with an appropriate filter to permt sensing

at onl y5 near - i nfyghedi oy el eNBliNSec) SpwIBS 6prPRE cldle TS Frefftliodd drinfifd Qlnerd NE

systemis able to sense when the nib is in contact wth the surface, and
the pen i $08ble to sense tags at a sufficient 10 rate to capture hunman
handwiting (i.e. at 200 dpi or greater and 100 Hz or faster). Information
captured by the Ipewe i Yabshowy e auieseael paitier efdky ipk merippyad t& prtpr tooprintiag prr inkt er
(or base j : rq 00 | i ith
Fospoct t arl TRk is shaficd B Bhc ChariB06, Shilhe BRI HeBHERLIGL Bt HBPul {1
t he i nf or dhidiowak 395 dormed pageenshy nazrle Flpmbenidrapd dieanki channelits 3p6.ef er r ed

enbodi nent of the netpage pen operates both as a marking ink pen and as 15
a non-tr ki ng st Whiks prifiting, fher kintipad $PERS cirhioine distributes dawt frove dless pantyenizine
using the NGLRROS, S Athulle WML MR IHE Do SHEMARNE Yl ] 50SRE 28
an Internet 1 nterface. Each nefpage pen 1S regi'stered w e net page
syst em andlehasdea 3lhiofjule prive laBufdr bdamgprie 3083 Wiovmsdshre detpabeurpanto pdsass

di agram refl ecti en-J.glat ed infornmation naintaine a reqgistration
Server 11 Bt BRalEI I B, Sl A SRR RN ARTES Boce B MR,
net page, tilvecapervsdetgefrom dade hdating osikdsitienbeamcpairG0B enéphnd Asnis @issiveeactuator he
page. 1T§'|e nib is tach

d. to.a force sensor..and the force on the ni is
P ot L g o8, b Feeden i okl e T tio o PP Betyern e dwd ° o
"down". Tlbesm pditsOWis atress differeaetis petidlyeaehid bnthehentpagedend dghe dbduothednal by
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e toor ik e st B0 o0 adieccpare i€ Suthfeh SH e et 1o e P oG | v
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user conpared _to that provided by a non-noving nib.
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

25 tension at the meniscus 316.

Figure 20 shows a segment of a printhead 350. In a netpage printer, the length of the
printhead is the full width of the paper (typically 210 mm) in the direction 351. The segment shown
is 0.4 mm long (about 0.2% of a complete printhead). When printing, the paper is moved past the
fixed printhead in the direction 352. The printhead has 6 rows of interdigitated printing elements

30 300, 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 corresponding nozzle

guard hole 331 through which the ink droplets are fired. To prevent the nozzle guard holes 331



The pen determ nes the position and orientation of its nib on the netpage
by imaging, in 30 the infrared spectrum an area 193 of the pgggay™ddse
vicinity ofpsope nib. It decodes the nearest tag and conputes the position
of the nib relative to the tag fromthe observed perspective distortion on
the i maged tag and the known geonetry of6t-he pen optics. Although the
position resolution of the tag may be |ow, because the tag density on the

page is i rt%ﬁfb%‘é‘&rﬁmgb%ﬁdtdy%ﬁér fib6s St tralbS, Afered Bifis ApEhRMAPRS! Iatrlugas
resolution is quite high, exceeding the mininumresolution required for

accurat e 382 prdow ebthe nRzatisgmr hojes dupag piitingi Fypreeabikide] §am doang. dhanosds

rel ative 40,8 i\elIRPIRIANEpGARTMIIRD as a series of strokes. A stroke
consists of a sequence of "t me- st anped pen positions on the page,
initiatedy a pgiydopagepent and conpleted by the subsequent pen-up
event. A stroke is also tagged with the page I D 50 of the netpage 5
whenevér the pageelaptivegngdessdevighiof te ngtpage systom infypishlbcapant Whcwkich, jusingdts t he
comencenent,. oifq tifronst 1858 abIERC BapllRd RRGR AR B8 Gl b p3gd i bl ih,526
associ atg‘é Wi th |E ° ?Iovm n"d the user to . %{gﬂmlco ¥ &g %Ite oper 4ti ons
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case of the def uIt net pa e the the
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nib styl eeﬂa%dlm&h; tsansrsltﬂtrlgehmmhmsﬁtwneohaapagasmlfatlmdlpwtsttihnt he pen by an
application, e.g. in response to the user selecting a color froma palette.
The defaul t ni betppdfarddsentbbdinrhtofsheylegpags pamcipatared buth tafa tdagkigink eemtanﬂiab

Strok capture are ed Wth the current nib st

Che st ok B AR e it B HEp dete anclf Bk R PR R b
style withs whlbrehmhgtewaarr autinggedien 20is\Whedhay ai Iﬁtb@euo@mﬂaee Wathhéetpigange iof a
printer with whj can conmuni 83 t.he qlgﬁi shes its "online"
LED. V\henrtgflﬁéerifle?f‘ﬂi’ thenetrpge YEEBAEd Bast pyRy peaiBidly lgt‘ 2t3r‘f OVl netpgse pen
nmonent ar i lejasagibird@l edletting pedfél@ed itfohatih aRintdiedM8Na sdpeaa@HSseritr deGAthay a
stroke relative to the page, it nonentarily activates its "ok"™ LED. A
sequence OFPRESPHENYBH strokes is referred to as digital ink. Digital ink
forns e basis for 25 the. digital hange of draw ngs and handwrltlng,
for rﬁtqhne r ecogi{eh Blft*ebfm%eannﬁ%gm%a%&e%%e thspsin %e%vemef itfs ROPHAL gpd

Si gnat ur e%rientation relative to the page. The nib is attached to a force sensor, and the force on the nib is

nib

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,
25  the full dynamics of a signature to be verified. The nib may be movable when subject to a specified
force which is greater than that normally applied when writing. To “click” the user applies a force
sufficient to move the nib. This may provide more desirable feedback to the user compared to that

provided by a non-moving nib.

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

30 the infrared spectrum, an area 193 of the page in the vicinity of the nib. It decodes the nearest tag
and computes the position of the nib relative to the tag from the observed perspective distortion on

the imaged tag and the known geometry of the pen optics. Although the position resolution of the

tag may be low, because the tag density on the page is inversely proportional to the tag size, the

adjusted position resolution is quite high, exceeding the minimum resolution required for accurate



The pen is wireless and transmts digital ink to the netpage printer via a
short-range radio link. The transmtted digital ink is encryppaa¥cigos
privacy amgssgrurity and packetized for efficient transm ssion, but iIs

al ways flushed on a pen-up event to ensure tinely handling in t he printer.
30 When the pen is out of range of a prpRAter it buffers digital ink in
internal nmenory, which has a capacity of over ten mnutes of continuous
handwri ti mgndva?rgcb ghifk@0 1S once again within range of a printer, it
transfers any buffered digital ink. The buffer may provide nore or |ess

buf fer capaci t ypen28idMCIARO R a ANpaRLdre cAfBure usRERNEVT sBkel. Q0IRKEESGistiot D any
nunber of printers, but because all state data resides in netpages both on
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pen is desCribed in greater detail in Section 6 below, Wth 5 reference to
Fi gur e 8 vhgnerer the page N Timees, MRIFEERAAST nonnaf iscumstapeggeis ptrtilmcemmmqmqnée%the/es
data rel aty; 5]% to a stroke fromthe pen 101 when the pen is used to
interact wth a netpage 1. The coded data 3 of the tags 4 is read by the
pen when it is tro

allows the i den;i?afgg net#)g%eﬁ%gg%% ﬁ%ﬁ@r%ﬁ%& 85?335‘9456%%338@% %t% " H}g? gge%?t\)/e
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[Tg' [‘La' ns 5 elt%)rnEe%?er%? %%pﬁﬁc%?ol “Ze&flgg%m?e?%nce dEe is subm mltte @%ﬁg‘@lﬁmﬁqﬁ‘ﬁgﬁ% roke
stroke, the}mtbhhyprlmlrtaeuwatray al ready 15 have the addr ess of the rel evant
page server in its cache. Each netpage consists of a conpact page | ayout
mai nt ai ned per siktkptd hashyeuaemeatpige Tiiagahssib et ndtEee bp éleqal to hbeyspagdn

| ayout refers t ts. suc P, St of . t ext
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recei Viés tsiyenssﬁtnelcmrém dincli b qd@rhas b turfaat mbemsmhﬁhlpa;gae a8 sl 1pd heocibted
whi ch t he s alg)p i es,. and det.er m nes ich elenent o tfhe $a¥e
descripti 8”6 KEaPPHERUOR B JLEPRONSE {O ﬁhg U SRegBed BT it prate: fhe
stroke in dbibelt ﬁmmf}&xiks tiafnit figle byspeated with ﬁlercﬁﬂrﬁii amt Sedleieptureddhroakh £fen 4ré
typically a s rol]<1e wher e thg di stg&ce and i me between

he
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maxi mum  AspréfdpRich theit #fle with abich it aek dvge@ click typically requires a
click to be activated, and accordingly, a longer stroke is ignored. The

failurz® of a pel"WHéifeV@ﬂhe sdnah w&tﬁm&ang‘é'cﬂﬂﬁh‘mteﬁ kalltﬁKNhﬂth E80doRin@hich®, hB@kcat ed
by the 25 J@ response” from Wi‘ n's 'ok" D. However, where a
net page i M &s it bipe LBy Whge the pen fa1Is to deco € a stroke relative to the page, it

momentarlly 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
25  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.

30 When the pen is out of range of a printer it buffers digital ink in internal memory, which
has a capacity of over ten minutes of continuous handwriting. When the pen is once again within

range of a printer, it transfers any buffered digital ink. The buffer may provide more or less buffer

capacity.




can be regi stered when both the pen down and pen up positions are both
wWthin the area of the button. There are two kinds of input ehapRYtFos" a
net page paggogescription: hyperlinks and form fields. Input through a form
field can also trigger the activation of an associated hyperlink. 30 1.7.1
Hyperlinks A hyperlink is a nmeans of sepdi-ng a nessage to a renote
application, and typically elicits a printed response in the netpage
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application 71 which handles activation o hyperlink, a
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A “click” is typically 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
25 lack of response from the pen’s “ok” LED. However, where a netpage includes a button a “click”
can be registered when both the pen down and pen up positions are both within the area of the

button.

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.

30 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.




associated wth the group is activated. A hyperlinked group can be used to
associ ate hyperlink behavior with a field such as a checkboxaglfayanes so
be used, inmspgnjunction with the "submt delta” attribute of a form
hyperlink, to provide continuous input to an application. It can therefore
be used to support a "blackboard" intepfetion nodel, i.e. where input is
captured and therefore shared as 30 soon as it occurs. 1.7.2 Forns A form
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878, a dr awk Bgtchi Bt10de8 AR cofent of the associated form instance 868 in a form hyperlink activation,
although if the hyperlink has its “submit delta” attribute set, only input since the last form

submission is included. The system includes an effective return path in all hyperlink activations.

A hyperlinked group 866 is a group element 838 which has an associated hyperlink, as

25  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, i.e. where input is captured and therefore shared as

30 soon as it oceurs.

1.7.2 Forms
A form defines a collection of related input fields used to capture a related set of inputs

through one or more printed netpages. A form allows a user to submit one or more parameters to




a signature field 880. The field elenment class diagramis shown in Figure
34. Any digital ink captured in a field s zone 58 is assignegotaty™Rios
field. A olrokbox field has an associ ated Bool ean val ue 881, as shown in
Figure 35. Any mark (a tick, a cross, a stroke, a fill zigzag, etc.)
captured in a checkbox fiel d's zone cau%s a true value 30 to be assigned
to the field s value. A text field has an associ ated text value 882, as

shown in Bhgpmﬁataﬁsoﬁ@%g@}g@-ahﬁlunmﬂé(on@@ﬂkured in atext field' s zone is
automatically converted to text via online handwiting recognition, and
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The digital ink class diagram is shown in Figure 33.

25 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 to 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

30 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,



25 interpretation. Any stroke not appended to an object's digital ink
streamis appended to the background field' s digital ink stregigal+hosl

i nk capt umnedopn the background field is interpreted as a sel ection gesture.
Circunscription of one or nore objects is generally interpreted as a
selection of the circunscribed objects31although the actual interpretation
is application-specific. 30 Table 2 sumrari zes these various pen
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of the process QIEdel%rg]’d(l:clmr}ganBse, guéhnegbsl}t:rik[a— lrg{%g%\s/ %dgcgtiﬁ"‘g (E:?egigr?;%gﬁ also be recognized

in form fields.

Because the handwriting recognition algorithm works “online™ (i.e. with access to the

dynamics of the pen movement), rather than “offline” (i.e. with access only to a bitmap of pen

20 markings), it can recognize run-on discretely-written characters with relatively high accuracy,
without a writer-dependent training phase. A writer-dependent model of handwriting is

automatically generated over time, however, and can be generated up-front if 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

25 interpretation. Any stroke not appended to an object’s digital ink strcam 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.

30 Table 2 summarizes these various pen interactions with a netpage.

Table 2 - Summary of pen interactions with a netpage
| Object | Type | Peninput | Action




15 The process consists of receiving (at 884) a stroke fromthe pen
identifying (at 885) the page instance 830 to which the page LM

stroke refMpsmpp7retrieving (at 886) the page description 5; I Tyl ng (at
887) a formatted el ement 839 whose zone 58 the stroke int ersects
determning (at 888) whether the formaBRed el enent corresponds to a field
elenment, and if so appending (at 892) the received stroke to the digital
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so converting (at 900) the digital 'ink to conputer text, with the help of
the appr opmeattéoeegtemd&tqbtﬂbebeWer and assigning (at 901) the converted
conputer text to the field value; alternatively determning (at 902)
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Figure 38 shows a flowchart of the process of handling pen input relative to a netpage.

ﬂ

15 The process consists of receiving (at 884) a stroke from the pen; identifying (at 885) 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

20  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

25  received stroke to the current selection 826 of the current pen, as maintained by the registration

SCrver.

Figure 38a shows a detailed flowchart of step 893 in the process shown in Figure 38,

i



20 A void form comuand voi ds the corresponding forminstance. A duplicate
form command voids the corresponding forminstance and then ppagpgesoed)
active priNAsed7 copy of the current forminstance with field val ues
preserved. The copy contains the same hyperlink transaction |Ds as the
original, and so is indistinguishable £t88mthe original to an application.
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command voids the corresponding form instance and then produces an active printed copy of the

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
25 form instance with field values discarded. The copy contains the same hyperlink transaction IDs as
the original. 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 status of the form instance.

Since a form hyperlink instance contains a transaction ID, the application has to be
30 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




docunment command resets the fornms in the sane way a reset form command
does. A get docunment 20 status conmmand produces a printed repegt F" éﬁq?

st at us of Npmezzorrespondi ng docunent instance, including who publis it
when it was printed, for whomit was printed, and the status of any forns
it contains. If the page server command3g-"on selected" attribute is set,
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does. A reset document command produces a printed copy of the corresponding document instance
with background field values discarded. If the document contains any forms, then the reset
document command resets the forms in the same way a reset form command does. A get document
20  status command produces a printed report on the status of the corresponding document instance,

including who published it, when it was printed, for whom it was printed, and the status of any

forms it contains.

If the page server command’s “on selected” atiribute is set, then the command operates

on the page identified by the pen’s current selection rather than on the page containing the

25 command. This allows a menu of page server commands to be printed. If the target page doesn’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

30  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




The hel p nmenu provides a hierarchical manual on how to use the netpage
system The document function nenu includes the follow ng fubgtigiySso
print a copgogf a docunent print a clean copy of a form print the status
of a docunment A docunent function is initiated by sinply pressing the
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publications typically correspond to traditional newspapers and
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publication server supports the publication of edited news publications as
. document function menu

. top-level netpage network directory
The help menu provides a hierarchical manual on how to use the netpage system.

The document function menu inctudes the following functions:

20 »  print a copy of a document
. print a clean copy of a form
. print the status of a document

A document function 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

25  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

30  small “yellow pages” service fee.
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The netpage publication server supports the publication of edited news publications as
20  well as the aggregation of multiple news streams. By handling the aggregation and hence the
formatting of news streams selected directly by the reader, the server is able to place advertising on

pages over which it otherwise has no editorial control.

The subscriber builds a daily newspaper by selecting one or more contributing news

publications, and creating a personalized version of each. The resulting daily editions are printed

25  and bound together into a single newspaper. The various members of a household typically express
their different interests and tastes by selecting different daily publications and then customizing

them.

For each publication, the reader optionally selects specific sections. Some sections

appear daily, while others appear weekly. The daily sections available from The New York Times

30 online, for example, include “Page One Plus”, “National”, “International”, “Opinion”, “Business”,
“Arts/Living”, “Technology”, and “Sports”. The set of available sections is specific to a

publication, as is the default subset.
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qualifies for collaborative filtering is printed with rating buttons at the end of the article. The
buttons can provide an easy choice (e.g. “liked” and “disliked’), making it more likely that readers

will bother to rate the article.

Articles with high priorities and short lifetimes are therefore effectively considered

25  essential reading by the editors and are delivered to most relevant subscribers.

The reader optionally specifies a serendipity factor, either qualitatively (e.g. do or don’t
surprise me), or numerically. A high serendipity factor lowers the threshold used for matching
during collaborative filtering. A high factor makes it more likely that the corresponding section will
be filled to the reader’s specified capacity. A different serendipity factor can be specified for

30 different days of the week.

The reader also optionally specifies topics of particular interest within a section, and this

modifies the priorities assigned by the editors.
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Effective advertising is placed on the basis of locality and demographics. Locality
determines proximity to particular services, retailers etc., and particular interests and concerns
associated with the local community and environment. Demographics determine general interests

25  and preoccupations as well as likely spending patierns.

A news publisher’s most profitable product is advertising “space”, a multi-dimensional
entity determined by the publication’s geographic coverage, the size of its readership, its readership

demographics, and the page area available for advertising.

In the netpage system, the netpage publication server computes the approximate multi-
30 dimensional size of a publication’s saleable advertising space on a per-section basis, taking into
account the publication’s geographic coverage, the section’s readership, the size of each reader’s

section edition, each reader’s advertising proportion, and each reader’s demographic.
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ad placement in the publication’s fraditional counterpart, because the publication’s advertising
space is more complex. While ignoring the full complexities of negotiations between advertisers,
20 advertising aggregators and publishers, the preferred form of the netpage system provides some
automated support for these negotiations, including support for automated auctions of advertising
space. Automation is particularly desirable for the placement of advertisements which generate

small amounts of income, such as small or highly localized advertisements.

Once placement has been negotiated, the aggregator captures and edits the advertisement
25 and records it on a netpage ad server. Correspondingly, the publisher records the ad placement on
the relevant netpage publication server. When the netpage publication server lays out each user’s

personalized publication, it picks the relevant advertisements from the netpage ad server.

2.3 USER PROFILES

2.31 Information Filtering
30 The personalization of news and other publications relies on an assortment of user-

specific profile information, including:

. publication customizations
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net page registration server maintains the relationships between them as
shown in Figuregs 2 ﬁﬁgngggmgggmg4 For registration purposes, a publisher
is a special kind of application 30 provider, and a publication is a
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printer i globaMineehaliyaidcdden ths @sme wden the user is the printer provider. Each
user also has a netpage account 820 which is used to accumul ate

m cro-debits andThe localization of advertising relies on the locality indicated in the user’s contact
20  details, while the targeting of advertising relies on personal information such as date of birth,
gender, marital status, income, profession, education, or qualitative derivatives such as age range

and income range.

For those users who choose to reveal personal information for advertising purposes, the

information is maintained by the relevant netpage registration server. In the absence of such

25 information, advertising can be targeted on the basis of the demographic associated with the user’s
ZIP or Z1P+4 Code.

Each user, pen, printer, application provider and application is assigned its own unique
identifier, and the netpage registration server maintains the relationships between them, as shown in
Figures 21, 22, 23 and 24. For registration purposes, a publisher is a special kind of application

30  provider, and a publication is a special kind of application.

Each user 800 may be authorized to use any number of printers 802, and each printer

may allow any number of vsers to use it. Each user has a single default printer (at 66), to which
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owned by the user, then the user is the printer provider.

Each user also has a netpage account 820 which is used to accumulate micro-debits and

20  credits (such as those described in the preceding paragraph); contact details 815, including name,
address and telephone numbers; global preferences 816, including privacy, delivery and
localization seftings; any number of biometric records 817, containing the user’s encoded signature

8§18, fingerprint 819 etc; a handwriting model 819 automatically maintained by the system; and

SET payment card accounts 821 with which e-commerce payments can be made.

25 23.2 Favorites List
A netpage user can maintain a list 922 of “favorites™ - links to useful documents etc. on

the netpage network. The list is maintained by the system on the user’s behalf. It is organized as a

hierarchy of folders 924, a preferred embodiment of which is shown in the class diagram in Figure
41.

30 23.3 History List
The system preferably maintains a history list 929 on each vser’s behalf, containing links

to documents etc. accessed by the user through the netpage system. It is organized as a date-ordered
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Meani ng one The editorial content selected for the user, including text and associated images an

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 layout has converged, to attempt to more closely achieve the user’s stated
15  section size preference. The section size preference can, however, be matched on 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.

20 The primary efficiency mechanism is the separation of information specific to a single
user’s edition and information shared between multiple wsers’ editions. The specific information
consists of the page layout. The shared information consists of the objects to which the page layout

refers, including images, graphics, and pieces of text.

A text object contains fully-formatted text, preferably represented in the Extensible

25 Markup Language (XML) using the Extensible Stylesheet Language (XSL). XSL provides precise
control over text formatting independently of the region into which the text is being set, which in

this case is being provided by the layout. The text object contains embedded language codes to

enable automatic translation, and embedded hyphenation hints to aid with paragraph formatting.

An image object encodes an image, preferably in the JPEG 2000 wavelet-based
30 compressed image format. A graphic object encodes a 2D graphic, preferably in Scalable Vector
Graphics (SVG) format. Other formats may be used for text, images and graphics.

The layout itself consists of a series of placed image and graphic objects, linked textflow
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When a subscribed publication is ready to be distributed, the netpage publication server

allocates, with the help of the netpage ID server 12, a unique ID for each page, page instance,

document, and document instance.

The server computes a set of optimized subsets of the shared content and creates a

multicast channel for each subset, and then tags each user-specific layout with the names of the

multicast channels which will carry the shared content used by that layout. The server then

pointcasts each user’s layouts to that user’s printer via the appropriate page server, and when the

pointcasting 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 multicasts, each page server and printer extracts from the multicast streams

those objects referred to by its page layouts. The page servers persistently archive the received page

layouts and shared content. Other techniques for distributing the data may be used.

Once a printer has received all the objects to which its page layouts refer, the printer re-
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encrypted using the public key, a nessage can only be 15 decrypted using
t he privaReg key.ON-DemauDOpBMENTES can securely exchange messages w t hout

first When a netpage document is requested on demand, it can be personalized and delivered
in much the same way as a periodical. However, since there is no shared content, delivery is made

20  directly to the requesting printer without the use of multicast.

When a non-netpage document is requested on demand, it is not personalized, and it is

delivered via a designated netpage formatting server which reformats it as a netpage document. A
netpage formatting server is a special instance of 2 netpage publication server. The netpage
formatiing server has knowledge of various Internet document formats, including Adobe’s Portable

25 Document Format (PDF), and Hypertext Markup Language (HTML). In the case of HTML, it can
make use of the higher resolution of the printed page to present Web pages in a multi-column
format, with a table of contents. It can automatically include all Web pages directly linked to the

requested page. The user can tune this behavior via a preference.

The netpage formatting server makes standard netpage behavior, including interactivity
30 and persistence, available on any Internet document, no maiter what its origin and format. It hides
knowledge of different document formats from both the netpage printer and the netpage page

server, and hides knowledge of the netpage system from Web servers.
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installat Ip(r)igéte Ikgy with respect to that particular message by decrypting the encrypted hash using the
public key and verifying the hash against the message. If the signature is appended to the message,
then the recipient of the message can verify both that the message is genuine and that it has not

been altered in transit.

25. To make public-key cryptography work, there has to be a way to distribute public keys
which prevents impersonation. This is normally done using certificates and certificate authorities.
A certificate authority is a trusted third party which authenticates the connection between a public
key and someone’s identity. The certificate authority verifies the person’s identity by examining
identity documents, and then creates and signs a digital certificate containing the person’s identity
30 details and public key. Anyone who trusts the certificate authority can use the public key in the
certificate with a high degree of certainty that it is genuine. They just have to verify that the

certificate has indeed been signed by the certificate authority, whose public key is weil-known.

In most transaction environments, public-key cryptography is only vsed to create digital
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When a user subscribes to a publication, a record is created in the netpage registration

server database authorizing the publisher to print the publication to the user’s default printer or a
specified printer. Every document sent to a printer via a page server is addressed to a particular user

25 and is signed by the publisher using the publisher’s private signature key. The page server verifies,
via the registration database, that the publisher is authorized to deliver the publication to the
specified user. The page server verifies the signature using the publisher’s public key, obtained

from the publisher’s certificate stored in the registration database.

The netpage registration server accepts requests to add printing authorizations to the

30 database, so long as those requests are initiated via a pen registered to the printer.

3.3 NETPAGE PEN SECURITY
Each netpage pen is assigned a unique identifier at time of manufacture which is stored



15 pen registration procedure. If the printer isn't neant to know the pen,
then it agrees with the pen to ignore it until the pen is pl apgdaYR0D5
chargi ng quugo2at which tine 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

dat abase at tine of manufacture. 20 During registration, the pen transmts
its pen | B tQdlif READ & thedfefl shiden BeiddipRle fefbRATh sevin@ReR TRt %& e

net page regi strafion server. The server génerates a session key for the
printer andiqpedhideptifips e pepapths aetprssingtvorlansmit s the session key to the
printer. It also transmts a copy of the session key encrypted with the
pen' s key- exchanyectpage. pemtran pkiayt’ ey nuhsr o8 nqtpage Paigisisopndce printp eannnow’” a
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When & pr oo n AR R Bl B BPRRNOH, el EOORTMRER oA L OEORIGILE
use until thetappeptiatnkesglon kay. Rigiislérk is Acveegirsmisted ¢h theitledrun- owned" pen is only
allowed to be used to request and fill in netpage 30 user and pen

regi strati on forfrpen figres egpsgireley domesevy perter it bnopts iofexed by printergBPnands: printer

automatically i or.to_ad new, pen, t o i sting. user.. The pen
ses secr dlortay Ry Pt pAET PR REYOBET R BrD, Bish Balei0f Bl il B
per f ortfncepacitnr saasion keys.rand wél foegat a REsiddR¢y 200 beasthiRSORZused Basis3f decSECYIRE

DOCUMENTS The net page system supports the delivery of secure docunments such

as tickets and Woepops cofitee withinpagge o mipniner, thengdnude pristef diedolertwhether they nt
wat er mar k but .wil | ly.do, so on.reguest .fro | i shers whg .are

ool by oW S et ey afi 8w aRer G hin bt PRI RRBRR YRS P Prosed
wat er mar kso kivwt ths pee This hiiglabe  fovdxiaple t Haeaups thapar belgatdl aqisérovimus Reghteredad €.
The "wat er mar k" .printjing .process uses an alternative dither. matrix in.
spoci 1 ea U Tk PeRish ke PuBieCR St ko Dsthen Bl @ermst ditn it Biglee Hegitoanc

m rr orts mpge ragBir@tioNgitdccd@giIDIME privt it Beinh ol Igiew\ilReen thémit Bdees Tk the pdhas

matrices used in odd and even pages' watermark regi ons .are designed to
bR g ke R e M B RS s (e A
achi eved Ryocedfde.l 0Oki ng through the printed sheet. The effect is simlar to
a watermark in that it is not visible when | ooking at only one side of the

page, and is |osh afdRon tthetspagEe IS, heQied ColidindQr fblet KBRAShandades. THe RECUr €
docunents cannot be copi ed usj ng the built-in net page copy. mechani sm
exchange key 1s also recorded in the netpage registration server database at’time of manufacture.
20  During registration, the pen transmits its pen ID to the printer, and the printer transmits the pen ID
to the netpage registration server. The server generates a session key for the printer and pen to use,
and securely transmits the session key to the printer. It also transmits a copy of the session key
encrypted with the pen’s key-exchange key. The printer stores the session key internally, indexed
by the pen 1D, and transmits the encrypted session key to the pen. The pen stores the session key

25 intemally, indexed by the printer ID.

Although a fake pen can impersonate a pen in the pen registration protocol, only a real

pen can decrypt the session key transmitted by the printer.

When a previously unregistered pen is first registered, it is of limited use until it is linked
to a user. A registered but “un-owned” pen is only allowed to be used to request and fiil in netpage
30  user and pen registration forms, to register a new user to which the new pen is automatically linked,

or to add a new pen to an existing user.

The pen uses secret-key rather than public-key encryption because of hardware

performance constraints in the pen.



described in Section 1.9 above. This extends to copyi ng net pages on

net page- awar e photocopiers. 15 Secure docunents are typicall gogaAayrzgosd as
part of eqg@gperce transactions. They can therefore include the user's

phot ograph whi ch was captured when the user registered bionetric
information with the netpage registratidg-server, as described in Section
2. When presented with a secure netpage docunent, the recipient can verify
its authenf4citysedireRaUpENG®g its status in the usual way. The unique ID
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syst emo asodk@sGhloRgFht pringgChba@n 4, are also inpossible for the payee to
repudi ate. 20 MAY 2005 NPS027 -49- 4. ELECTRONI C COMVERCE MODEL 4.1 SECURE

ELECTRONI C TRANSATIHEN i{ sHTidr td B vaR@hRRULHEYBE A0 WSS whBelosiardi@n e tigeni ¢
Transaction (SET) system as one of its paynent systens. SET, having been

devel oped %bthepags fogt wlisg thy nege isicapigd yaierpddneatound 5 paynent cards, and
this is reflected in the term nol ogy. However, nuch of the systemis
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securely on their conputers. ring the paynent process, these

certificates ar eWHéﬁ?e&theﬁrWit’H alsbohr A REOEILALR, Be FRIFNAGh R iGALARRIHST
and to authenticate them
by requesting its status in the usual way. The unique ID of a secure document is only valid for the

20 lifetime of the document, and secure document IDs are allocated non-contiguously to prevent their
prediction by opportunistic forgers. A secure document verification pen can be developed with
built-in  feedback on verification failure, to support easy poinf-of-presentation document

verification.

Clearly neither the watermark nor the user’s photograph are secure in a cryptographic
25 sense. They simply provide a significant obstacle to casual forgery. Online document verification,
particularly using a verification pen, provides an added level of security where it is needed, but is

still not entirely immune to forgeries.

3.5 NON-REPUDIATION
In the netpage system, forms submitted by users are delivered reliably to forms handlers

30 and are persistently archived on netpage page servers. It is therefore impossible for recipients to

repudiate delivery.

E-commerce payments made through the system, as described in Section 4, are also

impossible for the payee to repudiate.



both to the paynent gateway. SET has not yet been adopted wi dely, partly
because cardhol der nmai ntenance of keys and 15 certificates | 20qaAY 2bo5d
bur densomppsbsit eri m sol uti ons whi ch mai ntai n cardhol der keys and
certificates on a server and give the cardhol der access via a password have
met with sone success. 4.2 SET PAYMENT&9Ln t he net page systemthe netpage
regi stration server acts as a proxy for the netpage user (i.e. the

cardhol dey) in SEEEcPRYNIECoMMERRE AfdoepnNS. 20 The net page system uses
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S|gn|ngan e ord form the printer securely transmts the order
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20 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 sensor into the pen, although at a higher cost. The type of biometric used only affects

the capture of the biometric, not the authorization aspects of the system.

25 The first step to being able to make SET payments is to register the user’s biometric with
the netpage registration server. This is done in a controlled environment, for example a bank, where
the biometric can be captured at the same time as the user’s identity is verified. The biometric is
captured and stored in the registration database, linked to the user’s record. The user’s photograph
is also optionally captured and linked to the record. The SET cardholder registration process is

30  completed, and the resulting private signature key and certificate are stored in the database. The
user’s payment card information is also stored, giving the netpage registration server enough

information to act as the user’s proxy in any SET payment transaction.

When the user eventually supplies the biometric to complete a payment, for example by




out standi ng debit bal ance using the standard paynent mechani sm The network
account can be extended to aggregate subscription fees for peR0dMAYa2005
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the user’s input.

20 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,
however, the unique user ID 60 known to the netpage system is preferably not divulged to
applications. This is to prevent different application providers from easily correlating

25  independently accumulated behavioral data.

The netpage registration server instead maintains an anonymous relationship between a
user and an application via a unique alias I} 65, as shown in Figure 24. Whenever the user
activates a hyperlink tagged with the “registered” attribute, the netpage page server asks the
netpage registration server to translate the associated application ID 64, together with the pen ID

30 61, into an alias ID 65. The alias ID is then submitted to the hyperlink’s application.

The application maintains state information indexed by alias ID, and is able to retrieve

user-specific state information without knowledge of the global identity of the user.



4.5 RESOURCE DESCRI PTI ONS AND COPYRI GHT A preferred enbodi ment of a
resource description class diagramis shown in Figure 40. Eagp MAYWRRHE
and cont erNPsoRy ect nmay be described by one or nore resource 15
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cut short as soon as an entity ceases to part ate protoco

2005 NPSOzguengpof @blica§BSCRI PTI ON DELI VERY PROTOCCL A preferred enbodi nent
of a subscription delivery protocol is shown in Figure 43. A Iarge nunmber
of users subscri be to a periodical publication. Each user's edition
may be Ial‘dgout RESGURCE MBSGRIPHIONS ANRORYBIGET editions will share common

content such as Aexderred c@bpR@ESR ol fbsduiRIRs DB GCIISs dihPRMSHSGH IPFige8 40.
delivery protocol therefore delivers docunent structures to individual
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A resource description may identify rights holders 920. The netpage system
20  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 utilize a set of defined protocols to

25  cooperatively handle user interaction with the netpage system.

Each protocol is illustrated by way of a sequence diagram in which the horizontal

dimension is used to represent message flow and the vertical dimension is used to represent time.

Each entity is represented by a rectangle containing the name of the entity and a vertical column
representing the lifeline of the entity. During the time an entity exists, the lifeline is shown as a

30 dashed line. During the time an entity is active, the lifeline is shown as a double line. Because the
protocols considered here do not create or destroy entities, lifelines are generally cut short as soon

as an entity ceases to participate in a protocol.



The page server uses the application ID and alias IDto obtain fromthe
regi stration server the corresponding user ID 60, the user's29qMAviZ05
printer | RpgdsfwWhich may be explicitly selected for the application, or
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pen ID, its o printer 62 the page ID and «click location to the page
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whi ¢

page | D and determ nes h i nput e enen S zone , he click
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to obtain the corr g user roni registration server
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20  names for the printer to listen to.
1t 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

25 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 their databases, and it allows the printers to print the documents.

5.2 HYPERLINK ACTIVATION PROTOCOL
A preferred embodiment of a hyperlink activation protocol is shown in Figure 45.

30 When a user clicks on a netpage with a netpage pen, the pen communicates the click to
the nearest netpage printer 601. The click identifies the page and a location on the page. The printer
already knows the ID 61 of the pen from the pen connection protocol.



hyperlink request 934. The hyperlink request class diagramis shown in
Figure 44. The hyperlink request records the IDs of the requgetMAY 2005
and printewrsoand identifies the clicked hyperlink instance 862. The page
server then sends its own server |ID 53, the hyperlink request ID, and the
15 link IDto the application. The appkiBBati on produces a response docunent
according to application-specific logic, and obtains a docunent ID 51 from
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net pa t he pen conmuni cates the stroke to the nearest
net pagig‘5 p 'I“Eﬁ?oqﬁﬁ'%’é’% ggke identifi es the page and a path on the page. The

printer forward the age |, and
B roke parn 5.t BererEgh Pediise s Swos BRI besp iy sphpageeal: haic

| oads t he apagigaides dodupientdDd B frahemt I seedkr b)gz It faen gadethe Bbamantde tierpabdsver

whi ch inp el enent’ one 58, .if an tro rsects, Assum ng the
Fel evant iR CEPER Bl Ff Qocuepsgenty dhosd . e e edrering gper et he
stroke tolIblagd thexipetlimklreljusscdd gi t al i nk. After a period of inactivity in the
zone of the text field, the page server sends the pen ID 10 and the

pendi 1B strokes The seb@drRg sivedtsémds teckyperlind feqhest 1D nhe bfflRitahi 10Nt Fd 6irst
registrat nggne s%?vrr\;:rv t% 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 IDs to the application, adds the complete document to its own database, and finally

25  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 transaction ID in the message sent to the application. This allows the

application to establish a transaction-specific context for the hyperlink activation.

If the hyperlink requires a user alias, i.c. its “alias required” attribute is set, then the first

30 page server sends both the pen ID 61 and the hyperlink’s application ID 64 to the registration server
11 to obtain not just the user ID corresponding to the pen ID but also the alias ID 65 corresponding

to the application 1D and the user ID. It includes the alias ID in the message sent to the application,

allowing the application to establish a user-specific context for the hyperlink activation.




identifies the user corresponding to the pen, and uses the user's

accunmul ated handwiting nodel 822 to interpret the strokes ag0MAYVRIGS en
text. Onceypsbehas 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 fiebqd- 15 5.4 S| GNATURE VERI FI CATI ON
PROTOCOL Assum ng the input el enment whose zone the stroke intersects is a
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signature field i nactivi t%ﬁln t he zoge of
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20 application I D 64 associated with the formof which the signature field

is part, as wel |TR$ribkefboirts hPp&ODeg1dits Hen pridiér@Di620kaé page NGO Bd Bloké fdh
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pen, ﬁ%@ p?g‘?éerﬁgre]&'l’ég’ﬂyﬁﬁ'h’ivﬁy signature bionetric 818 to veri fy t he
strokes as the ) S|e?nature Ve“%l% t he SI ure t he
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the user' svhaphpué abimerits$PRCIH ifanp theddoRe Biedidath. UsSurieyY the kélevddt hh\RBlcHisASs t he
key to genera%&lflgﬁil gi tal signat c{e of the formdata, and returns the

di gital sidHaf! (gheaaﬁf'eservgawglg sy Syakrdto dherigd ficldsdigighisk. server assigns
the digital sign éure to the signature field and. sets the associated
forms status td“f§@Perod eIfH'éaCH‘r”g’ indhe zopgypiibefext fisld thiorage sopver sgnpnthe pen B of

the cory esp@Bli fadig froked b ShetlehBiMRion seStNGl Corl iefPrdifich APhd Feisthtidnl Rher
users' signatures. 30 5.5 FORM SUBM SSI ON PROTOCOL A preferred enbodi nent

of a for mdeptifissdbs By prraseRdingite therrsinandriises e ner sgeculandshmdvatingnodst cur s

via a for @ﬁy@ﬁﬁérpx@kﬂﬁcs&lbye@tas%dwﬁnehhes& ORle BWas bR eiaOhO GRbkeS o MY RDOS
NPS027 -55- defined in Section 5.2, with sone formspecific additions. In

the case &FSisHafiQH SeVEYASBY S thdextip e rsayestipg page servery B Roge sressanpendsdhnttexryo t he
page serVeds text Yalhi@oftithecdiRid cation 71 al so contains the formID 56 and the
current data content of the form If the formcontains any signature

fields, then the application verifies each one by extracting the alias ID5

65 assieci gted V\AS;@NAﬂﬂE%hfWMcﬁbgl tal signature and obtaining the
correspondi ng ce re | sLrati,on Sery S O\I
PAYMENT PROTocof(SA“m‘“ g’érl?Pé‘ft cigh “td"%"se é’ TS et lﬁaB‘%ﬁgeW&g

shown in Iﬁagweﬁeﬂmappdndamee&mmémgnmlﬁelﬁmnmﬁal inkees and commi ssi ons may
be payable froman 10 application provider to a publisher on

click-throughs, Afiangedsd ohigadinigy fadhe 2oneGdnie Sgiatunsficld, thepse server sends the
pen ID 61 and the pending strokes to the registration server 11 for verification. It also sends the

20  application ID 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 registration server uses the

application ID 64 and user ID 60 to identify the user’s application-specific private signature key. It

25  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 to frozen.

The digital signature includes the alias ID 65 of the corresponding user. This allows a

single form to capture multiple users’ signatures.

30 5.5 FORM SUBMISSION PROTOCOL
A preferred embodiment of a form submission protocol is shown in Figure 46.

Form submission occurs via a form hyperlink activation. It thus follows the protocol




and comm ssions on conm ssions may al so be payable fromthe publisher to
the provider of the printer. The hyperlink request ID 52 is geMAYQRQ0BuUt e
a fee or ggmapssion credit fromthe target application provider 70a (e.g.
merchant) to the source application provider 70b (i.e. publisher), and 15
fromthe source application provider 70B5t-0 the printer provider 72. The
target application receives the hyperlink request ID fromthe page server

10 when fd%ehmpgéchblmkzl@ltﬂgohétfo@pgpwﬁ&saamo% described in Section 5.2.
When the target application needs to credit the source application
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account 82/ hére%lsﬁ&noﬁ%ﬂv&’ S the application provider. If the application
provi der nee credit the printer provider, it sends the printer 25
provider credit to the original page server toget her with the hyperlink
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source application provider. 20 MAY 2005 NPS 27 -56- 6. NETPAGE. PEN
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general | y pdggt gnated by reference nuneral 101, includes a housing 102 in
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rotatably mounted at one end 106 of the housing 102. A sem -transparent

cover 107 2PRlicatinpreder 404 (5ee- @ﬁﬁb@ﬂtt@ﬂ@nsaurfegﬂpélﬁaﬂom@vrﬁ@u%%e poblishapeand oy er
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wi thin the housing 14Q& appl-mlﬁorp %\é@i(fes]tge? hi Al dEsed 8 dm BRIPagel &Pvet1b Ghhen
substantial |l y surrounds the end 108 of the housing 10 102 and a projecting
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antenna 112 is nounte behi'nd pr oj ecting port| on 110, with

hoUSi Ny 10%verdesai pTihce ByPElkeag e AL The pady terver uses the hyperlink request B 1o

20  identify the source application, and sends the credit on to 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

25 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

30  application provider, and the printer provider of the identity of the source application provider.



aperture 113A on the cover 107 are arranged to receive a netal end piece
114, including corresponding screw threads 115. The netal endomAye0bss i s
renovabl e Npgognabl e ink cartridge 15 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 mounted on the flex PCB 117. Thggstatus LED 116 is nounted at the
top of the pen 101 for good all-around visibility. The pen can operate
both as agn orrral EpgNllﬁgcﬁlaﬁoﬁnd as a non-marking stylus. An 20 ink
pen cartrldge 11 nib 119 and a stylus 120 with stylus nib 121 are

mount ed Sld by n the housing 102. Either the ink cartridge nib
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mount ed on the second 29 eceiving refl ect ed tion from
e o o bar e Rt s | BeBPe 2l puc S g s 6 b B s igh o
133, WH chegiteltides an RF transmtter and RF receiver, and a control | er

chip 134 for controlling operation of the pen 101. An optics block 135

(formed from PDMﬂs@gﬂgﬁémﬁhxﬂklﬁ&Ei/@sm f&iattﬁ-cwot kthtds LHP 1COVESH ﬂ&;OF’CBmW The
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second fl g¥%p Rﬁaﬂo,lg)%dtag_ammﬁg]ym@}ont acts 137 which are nounted within the
cam barrel 125. A 10 term nal 138 connects to the battery contacts 137 and

the cam barrel 1pg. peﬁ\c&rhé&&télﬁﬂtﬁ ad £64RLORARING inkoRhtaBd s 5—3&1~1§h1k§1g‘@kyﬂd§l Anthe
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within the housing 102. Either the ink cartridge nib 119 or the stylus nib 121 can be brought
forward through 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 stylus 120,
respectively. A rotatable cam barrel 125 is secured to the pen top 105 in operation and arranged to
25 rotate therewith. The cam barrel 125 includes a cam 126 in the form of a slot within the walls 18!
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 to 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,

30 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.



charging coil 140 is nmounted about the second flex PCB 129 to enable
recharging of the battery 139 via induction. The second fl ex28@BAY2fHge SO
nmount s aan@bfﬁred LED 143 and infrared photodi ode 144 for detecting
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of tinme-stanped pen _positions on the surface, injitiated by pen-down event
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constitutes so- called "digital ink". Digital ink can be used with a

conputing systemto formthe basis for the digital exchange of draw ngs
and hagdwsi2 i ng, Pé@o@;fdeLE]@ recognition of handwiting, and for on- line

verification of BLUDA a8 rbhich ' BAZtNE BFRARIR of 38 LA RN bk e

pen 101 can transm
cartridge nib 119) by imaging, in the infrared spectrum, an area of the surface in the vicinity of the

or

nib. It records the location data from the nearest location tag, and is arranged to calculate the
distance of the nib 121 or 119 from the location tab utilizing optics 135 and controlier chip 134.
25 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.

Control data from the location tag may include control bits instructing the pen 101 to
activate its “active area” LED (this is in fact one mode of the tri-color LED 116, which becomes
vellow when the pen determines, from the control data, that the area that is being imaged is an

30  *active area™). Thus, a region on the surface which corresponds to the active area of a button or
hyperlink may be encoded to activate this LED, giving the user of the pen visual feedback that the
button or hyperlink is active when the pen 101 passes over it. Control data may also instruct the pen
to capture continuous pen force readings. Thus a region on the surface which corresponds to a

signature input area can be encoded to capture continuous pen force.



10 (which is encrypted for security and packaged for efficient

transm ssion) to the conputing system \Wen the pen is in raggeA¥Y 2005
receiver, Npgogligital ink data is transmtted as it is forned. Wen the pen
101 noves out of range, digital ink data is buffered within the pen (the
pen circuitry includes a buffer arranggd-to store digital ink data for
approxi mately 12 mnutes of the pen notion on the surface) and can be
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sensor 13mneﬁnﬁhamma§sMEﬂme$ontroIIer 153 and base band circuit 154 are

also included to interface with the RF chip 133 which 25 includes an RF

circuit 155 andIRHﬁh@&ﬂmRF@h$]amdmdmﬂumhmtsﬂ&5axuﬂnmﬁmhadntmeﬂmﬁﬂaﬂkeama
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or - ange r adi SPGLHRA fat 108 Qiedcoehver BB ok {Bteds (R iag a5 s fogme.
nmedi um perwinhnrnga 101 ﬁﬂka&dmht ofrargeadigipdl ifkafae (Rb G 0iees 60 pen @Rk bl @ircuitry
processor . 145, d t al nscei ver onents (transceiver troller. 153
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and 512KBODRAMh&A§)aﬁemnb@ﬁﬁgmakemmrn a single controller ASIC Anal og RF
conponents (RF circuit 155 and RF resonators and inductors 156) are

provi degd in the BRRak@der HMip C3A iPmodlled\dth208nd fNE$@Bﬁ29 9Pthe B_diiﬁloilr&ﬂgﬁe s@ensor

is a CCD of th an approximte resol ution of 215 such
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which is incorporated herein by reference) with an IRfilt
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signal from the force sensor photodiode 144 to a digital signal.

An image sensor interface 152 interfaces with the image sensor 132. A transceiver
controller 153 and base band circuit 154 are also included to interface with the RF chip 133 which

25  includes an RF circuit 155 and RF resonators and inductors 156 connected to the antenna 112.

The controlling processor 145 captures and decodes location data from tags from the
surface via the image sensor 132, monitors the force sensor photodiode 144, controls the LEDs 116,
131 and 143, and handles short-range radic communication via the radio transceiver 153. It is a

medium-performance (~40MHz) general-purpose RISC processor.

30 The processor 145, digital transceiver components (transceiver controller 153 and
baseband circuit 154), image sensor interface 152, flash memory 147 and 512KB DRAM 148 are
integrated in a single controller ASIC. Analog RF components (RF circuit 155 and RF resonators
and inductors 156} are provided in the separate RF chip.



event. 10 The radi o transceiver comuni cates in the unlicensed 900MHz band
normal |y used by cordless tel ephones, or alternatively in theoumwAcxosed
2.4GHz i ngdwsbsi al, scientific and nmedical (1SM band, and uses frequency
hoppi ng and col lision detection to provide interference-free

comuni cation. 6.3 PEN OPTICS 15 As di s6@ssed above, the pen optics are

i npl emented by a nol ded optics body 135. The optics inplenented by the

optics body 135 P8mhdel seifbf ﬁtaetﬂ:mh&ﬁmﬂ %}dxﬁndwre%mwn%féﬁsszilﬁxgmshéﬁsa
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the optical path. 20 The optical path is designed to deliver a sharp | mage
to the i migyeMidatarorCangm S}fstemﬁ’aﬂEﬁd%\thansm@lsmn ketrangpaBerdeesul pladé, oumbeh 1.
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| enses 157 I'n eac path provi des Fefocu Ing a e i magé sensor
132 and thkenlR LED 131 respectively. This also allows different apertures
to be inposed on the two paths. The edges of the inage sensor 132 act as
the fildl d stop fide redie tramptiver@ofinehidgtesaindhe idicensad PUNEHPband riosnallysisgthd so
t hat the res It ohj ect_,.s angul ar flel W, S I U|red
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path is dﬂ*SM)nlmld,t ﬁndpﬁﬁdtft’aaudnhﬁ hepyire aiy ecihsmrpalele(:tfdneﬂocbrosﬁda/|1rewfeamcé free
capture pa so.that the illumnation fills the object space field of

vi ew wi t h “RERMHE 5omer and uniformty. The IR LED 131 is strobed in
synchrony with franme capture. The use of focussed 20 MAY 2005 NPS027 -60-
illum nathp al | PH& a short exposure tinme and a small aperture. The
short exposure tlne prevents notion blur, thus allow ng position tag data

capt ur® during pendiftedabve. tmaersepiics are gmplemerited By 1 Brided gptics dpdni3Sadht h of

field for ohipg 1&Hieﬁeﬁt@d19§eth9fop§é§rgoﬁ§ Q3fri§1@t1h§str‘aﬂaﬂi Q&@ﬂa@éll& il Figur Q. TIRAR LS ©
path includes an explicit aperture stop 191 for th ur pose. 5 Because the

i mge sensopprisg2 fhgdens 15 dfeyrfgeysmg perhationtfimoihg wﬁmedt Vils ppigon g, mbeam
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the capture path'so that it captures a clean | nmage of tag data on the

surf ace, ﬂﬁ%é\xﬂaicm‘ﬁﬂ@?tléldﬂ@tﬁéhﬂz@tlﬁﬁﬂ@hﬂlot her graphics on

20 The optical path is designed to deliver a sharp image to the image sensor 132 of that part
193 of the imaged surface which intersects the field of view cone 192, within required tilt ranges
(see later). The primary focusing element is the objective lens 160. This is also used in reverse to
project illumination from the IR illumination LED 131 onto the surface within the field of view.
Since it is impractical to place both the image sensor 132 and the IR LED 131 at the focus of the

25 objective, a beam splitter 159 is used to split the path and separate relay lenses 157 and 161 in each
path provides refocusing at the image sensor 132 and the IR LED 131 respectively. This also allows
different apertures to be imposed on the two paths.

The edges of the image sensor 132 act as the field stop for the capture field, and the

capture path is designed so that the resulting object space angular field of view is as required (i.e.

30  just under 20° for the application of this embodiment). The illumination path is designed to produce
the same object space field of view as the capture path, so that the illumination fills the object

space field of view with maximum power and uniformity.

The IR LED 131 is strobed in synchrony with frame capture. The use of focussed



the surface which may be printed using inks which are transparent in the
near infrared. 6.4 PEN PROCESSI NG 10 Wien the stylus nib 121 op MA¥Y 2005
cartridge NpiggoA19 of the pen 101 is in contact with a surface, the pen
determnes its position and orientation relative to the surface at 100 Hz
to allow accurate handwiting recognitgon (see the article by Tappert, C,
C Y Suen and T Wakahara, "The State of the Art in On-Line Hand Witing
Recogni t1 Gfiymihdel aﬁB@/E‘%@@ltd ARt SRR BRE ARl WphiSa dﬁﬂﬁl’e MaC BoRCexposure time
Intelligence, Vo 2, nunber 8, August 1990, the disclosure of which is
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resolution is quite high, and easily exceeds the 200 dpi resolution
reqU|red fg0f accsiah ggMgltlng 25 recognition (see above reference).

Pen actjons relative 1o urface are caftured as_a series of strokes. A

stroke'%onsists W%lenatheée&tiéﬂlaéf?bfﬁr ik rartddas i d 19 ehths ger 1P bissingentagtewith a

surface, isihickoth® GeD¥ei@mRRE 116 QYkicAVRD t{)rl@{ﬂﬁhoncr@lmeetb ekt QiR 190BEa6UBGY
pen-up event. A stroke is al so ta% ged with the region ID of the surface
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data indicative of its position on the Surface and also region

i ndi cat i vashing delelligericonV f12; Rambair Aaigushilf M. ihandiselpputened whigh i eéomqn‘ﬁ@@:r e
49 s 5 diBRnAR) Lblisiorald 1thd REAILARr bAoA SHiOkERA 45 B8, HladRG PN
101. The pen control 34 starts w an enpty stroke (at 164). It then
cont i nuoudhrgshekiniless V(hathetl@m) panhis 20" MAY'dowags ThipoR 7mays 2lso rhebcap@rqgleas\/ﬁa
Lhe f or ce SRfaa:s ARl AQdRed fhve GhERKL B APkyAnREr dWMRaleab e (BhrckOR)
the pen is a pen-down state e pen cont er 134 captures (at 167 )
an i mage @fiamm'e surface, locates (at 168) a tag in the captured inmage,
decodes (at 169) tag data fromthe tag, infers (at 170) the pen position
and ori ent at i on Thelpae il Yledetesminkeths pedittnmeand anehtaijppehdsnip 419, 121 pn thheunfrss by i on
data tg ta. I n h on
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tag from the observed perspective distortion on the imaged tag and the known geometry of the pen

optics 135 (see later). Although the position resolution of the tag may be low, the adjusted position
resolution is quite high, and easily exceeds the 200 dpi resolution required for accurate handwriting

25 recognition (see above reference).

Pen actions relative to a surface are captured as a series of strokes. A stroke consists of a
sequence of time-stamped pen positions on the surface, initiated by a pen-down event and
completed by the subsequent pen-up event. A stroke is also tagged with the region ID of the surface
whenever the region 1D changes, i.e. just at the start of the stroke under normal circumstances. As

30 discussed above, each location tag includes data indicative of its position on the surface and also

region data indicative of the region of the surface within which the tag lies.

Figure 49 is a diagram illustrating location tag and stroke processing in the pen 101. The

pen controller 134 starts with an empty siroke (at 164). It then continuously samples (at 165) the



173) the stroke data and transnits (at 174) the stroke data via the RF chip
133 and antenna 112, to the conputing system It then starts29MAyaamgsher
enpty straolgsobat 164). Assunming a reasonably fast 8 bit nultiply (3
cycles), the processing algorithm (see later) 10 uses about 80% of the
processor's tinme when the pen is activegqldf the pen is out of range of a
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whenever 138 He@lin A SRt 1ﬁ19gé“’rdb(§oﬁesv\ﬂa¥ Doch s BENFront el @R ifireft (b ﬁ(ﬁ tlﬁgﬁz
conmponents of the raw digital I'nk transmtted fromthe pen 101 of
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ti me of f sdhe quepB@ngAYstdmdathen sta@gNﬁfDnothmﬁempty gfcks 6 110. m 89 10mm vy of fset
20 mS9 10mm x rotation (pitch) degree S7 90 vy rotation (roll) degree S7
90 20 MAY 2005 ABRSDRE a-ré&Renablyrfadt &thitomlipha@) cydegy the pStes3H algarithor(se lat_et&_ 255
When tﬂf ngesfa%gl{q@%&t %Bgcgsesoco ut]ﬁlgthe%%tlseégtwt he controller 134 notifies

the s em o rrent %4bsol ute tine 176 and t he

| ast absolutetl it obt ed fr S ri,or to e.
This all ows the Igsjsetpen & OU?OPMB eOf% Comp§ AR A St chtﬁangmlt? §he(I:1I’o %r%lo “al mﬁl

timeshift imnty ictemalt mbmmr_mklt rtemanmseahyf hsuﬁfe*reﬂhbglne makawhemr diingéxy .withfrergagd of hen
synchroni z g%plllt;(nix s{zs e, \*/he%‘%he pen’s internal memory is full the pen ceases to capture digital ink and

instead flashes its error LED whenever the user attempts to write with the pen.

15 Table 4 lists the components of the raw digital ink transmitted from the pen 101 of the
computing system. Figure 50 is a diagram illustrating the structure of the raw digital ink. Digital
ink which is buffered in the pen when the pen is working offtine is stored in the same form as

digital ink which is transmitted to the system.

20 Table 4. Raw digital ink components

raw digital ink unit precision range
component (bits)

pen [D - 128 -
nib ID - 128 -
absolute time ms 64 -
last system time ms 64 -
regicn 1D - 100 -
time offset ms 32 49.7 days
tag ID - 16 -
x offset 20 pm 59 +10mm
y offset 20 pm 89 1 0mum
x rotation {pitch) degree S7 +00°
y rotation (roll) degree S7 +90°




clock with the accurate real-tinme clock of the system The pen ID allows
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20 MAY 2005 NP 63- .Si nc he re is constant for man

consecuti ve st ra%e@e siap of Béﬁo%fn‘}i“fr e ler iﬁé resoilsi B P %m%%hfiaﬁéyréﬁén@%, in
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associated wth |ater pen positions. Since a_ _user the nib 119,
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for a zrake, 21 Brobh@e t@FM R, tBe R PakhARGAod dbthe foH, 8ndXBE QIFESrct. BN Rechiids
the tag ID (which identifies a tag within a region) if it has changed, in the form of a tag change 178.

Since the tag frequency is significantly smaller than the typical position sampling frequency, the
tag ID is constant for many consecutive pen positions, and may be constant for the entire stroke if

the stroke is short.

25 Since the pen samples its positions and orientation at 100 Hz, pen positions in a stroke
are implicitly clocked at 100 Hz and do not need an explicit timestamp. If the pen fails to compute
a pen position, e.g. because it fails to decode a tag, it must still record a pen position to preserve the
implicit clocking. It therefore records the position as unknown, in the form of an unknown pen
position 179, allowing the computing system to later interpolate the position from adjacent samples

30  ifnecessary.

Since the 32-bit time offset of a stroke has a finite range (i.e. 49.7 days), the pen
optionally records an absolute time, in the form of a time change 176, for a stroke. This becomes

the absolute time relative to which later strokes’ time offsets are measured.



inplicitly associated wth |ater strokes. Each conponent of a stroke has an
entropy-coded prefix, as listed in Table 5. 10 Table 5. Raw g'Mas 2005
conponent npsgby xes raw stroke conponents prefix raw pen position O

unknown pen position 10 tag change 1100 end of stroke 1101 region change
11100 nib change 11101 tinme change 11830 A 10mm stroke of 1 second
duration spans two or three tags, contains 100 positions sanples, and
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further. i pted using the Triple-DES al gorithm
(Schnei er, lmtkga/yfoscaof%%hlgt{ne&%ﬁ%hy, Second Edition, Wley 1996, the

di scl osure of e) before

bei ng transmit }("2%&1%{1' cd)r?%onglﬁ%f' p 8[0%: ﬁ% alﬂ%flt?éﬂy-cl%%ed p%f&s 21§ dﬁ? d?r'i ?%{f | %] g system
exchange session keys for thls pur pose on a regular ba5|s Based on a
conservative estimte of 50 25 cycles per encrypted bit, the encryption of
a one-second 5500 bit stroke consunes 0.7% of the processor's 45 tinme. 20
MAY ZQﬁg TNEE%?ﬂﬂ 64- 6.5 OTHER P N EMBODI MENTS I n an alternative

enmbodi hent s RAW STOKE SPMRIPEREITNES | 1t r ar ed Data Associ ation (I DA)
interface for short-range communi cation with a base station or netpage

printer. [ln H oodlnent the pen 101 |ncludes a pair of orthogona
r\aw stro gco ponpn N o prefix ~ Tie
aCCel er Or ~J moaTTU ‘J\.‘ : LIL LA Y2 IIUI IIMI pl ane JI LIIC pnn G.X{ S. TITGC

accelerowe@&psui@@omre shown in Figures 9 and 10 in ghost outline. The
provisiorLBLK%mﬁmgg&ﬁkﬁroneters enabl es this epppdi ment of the pen tg sense
noti on

tag change 1100
end of stroke 1101
region change 11100
nib change 11101
time change 11110

A 10mm stroke of 1 second duration spans two or three tags, contains 100 positions

samples, and therefore has a size of about 5500 bits. Online continuous digital ink capture therefore

15  requires a maximum transmission speed of 5.5 Kbps, and offline continuous digital ink capture
requires about 40 Kbytes of buffer memory per minute. The pen’s 512KB DRAM 48 can therefore

hold over 12 minutes of continuous digital ink. Time, region and nib changes happen so
infrequently that they have a negligibie effect on the required transmission speed and buffer
memory. Additional compression of pen positions can reduce transmission speed and buffer

20 memory requirements further.

Each raw stroke is encrypted using the Triple-DES algorithm (Schneier, B, Applied

Cryptography, Second Edition, Wiley 1996, the disclosure of which is incorporated herein by
cross-reference) before being transmitted to the computing system. The pen and computing system
exchange session keys for this purpose on a regular basis. Based on a conservative estimate of 50

25 cycles per encrypted bit, the encryption of a one-second 5500 bit stroke consumes 0.7% of the

processor’s 45 time.



wi thout reference to surface location tags, allowing the location tags to
be sanpled at a lower rate. Each location tag |ID can then ideptMAY 2005
obj ect of pypBher est rather than a position on the surface. For 10 exanpl e,
if the object is a user interface input elenment (e.g. a command button),
then the tag ID of each location tag wsghin the area of the input el enent
can directly identify the input elenent. The accel erati on neasured by the

accel eromgtger s id‘rl—f%ﬁ‘if*isalcﬁmédb‘ﬁw%l@nd y directions is integrated with

respect to tine to oduce ap J.nstantaneous vel oci a osition. Since

e st arting podh o BTG FbAPEIaRT B BroRITER s aBarr e PR s
within a inl&fasé fopkirimhezceanmuhiaiteml witlattaeughiop oSidpgagdiprimdregr at i on

accurrul ates errors in the sensed accel eration, acceleroneters typically
ecumate, Le Shor LA BRPNTER DS BTN o To PRl NTER NEOHAN CS
accunul.ate, is short. 7. | : >

20 The Yeftoppisd yhepsimelalang of tha gen 3 1 ereiePmeers 1P arg s ip }augﬁsaggm| ed
in Figure; stldutliner i Nt s net pages on Letter/ A4 sized nedia using dupl exed
8% " MenjetTM print engines 602 and 603, as shown in Figures 12 and 12a.

It uses a strai gite pRARRIN A hcWildrBmtBe RS thiSBifibdARSSE BOth PEOdGbhst Btion
dupl exed print engines 602 and 603 which print both sides of a sheet

si mul t anedti@pyf refpignge fp purgase keatiogipgsyilioninehe lopatien dpss tosbesamplsd atw WPeiidi ng

assermbly 69 B&RbA 83 1B c&f thbWideftird hit/ébj@h OfigieRBG BRI poSiBENoPihl Hirfde. FOheEL
allowng it to adhere to the previouS sheet when pressed against it. This

cr eat &9 a exanidt, iffbupkicct dotisrmterfargnmi elemertdheraogenand butinbrashe B Birbne
sheet to gevqra@liolyndses t&m@&to‘ithelfmt LERLACSARI Y K BAMIE fdpOferRad, Shown

in Figure 13 coupled wth the duplexed print engines,” has bl adders or

chanber S for st Of}je rhgcétléréﬁ')tni ﬁ{é%sur_@tfi Bﬁ%ﬂeva%ceié}%e@%% ’eadﬂa&e[ﬂé ﬁ’a_nbf%fl (_iil%\%ionlg !i@Ck
30 and infrared 1 nks. The cartridge also contains a mcro air ‘filter in a

base nol ditHegratqtheitinfesneet tatimef¢ prodice pp instantareess vglacky and pepitiohunp 638 i nsi de
the printer via a hose 639. This provides filtered air to the printheads
to prevent ingréedecedhe piging ppatian of the strakeds nofdnming anlyTidlasive pesifemd 3vithaoa

whi ch 5 g o 6 §on A& WoSGusEOGdrd i RE LALRERLINAEA! eS.
By i nc10r§r pgltrr%l%%ﬁ%/éaat\{%lgdq% ‘Pltlf}!lfqggﬁrzmt\}m&t _'fe%tatﬁrre g_ar%ri dge, F’hte operagﬁ onal life
of the fi ltamlerimetesf frocaliwiivy high mseltiony andthe [timfealuggtion pla geoke,ravergehichrereors nk

cartridge ] ful recycl abl e product with a capacity for printing and
gl ui ng 306%0%613[19%%}&6&%60 sheets). Referring to Figure 12, the notorized

medi a pick-up roller assenbly 626 pushes the top 5 sheet directly fromthe

medi a tray past b?ETQﬁBEF‘RﬁﬁE %S&“Eﬁﬁﬁ first print engine 602 into the
dupl exed MenjetTM printhead asse y. The two MenjetTM print engi nes 602

and 603 are, nou eh(ltl i r]\ﬂéicp on osing in-line sequential configuration al ong
t he straiah"t pa F?}t : Hfﬁ'é%aper 604 is drawn into o

20 The vertically-mounted netpage wallprinter 601 is shown fully assembled in Figure 11. It
prints netpages on Letter/A4 sized media using duplexed 8%4” Memjet™ print engines 602 and 603,

as shown in Figures 12 and 12a. It uses a straight paper path with the paper 604 passing through the
duplexed print engines 602 and 603 which print both sides of a sheet simultaneously, in full color

and with full bleed.

25 An integral binding assembly 605 applies a strip of glue along one edge of each printed
sheet, allowing it to adhere to the previous sheet when pressed against 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 cyan, magenta, yellow, black

30 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 printheads to prevent ingress of micro particles into the Memjet™ printheads 350 which might



the first print engine 602 by integral, powered pick-up rollers 626. The
position and size of the paper 604 is sensed and full bleed RoiMAYZDOS
comences.NAgoxative is printed simultaneously to aid 10 drying in the
shortest possible tine. The paper exits the first MenjetTM print engi ne 602
through a set of powered exit spike whégl-s (aligned along the straight
paper path), which act against a rubberized roller. These spi ke wheels

contact tRgherWed cloRlthdpRfthSHr fBSEs. ae(}dlrﬁ Bﬂaﬁ&getﬁeoalf aadt mﬁnsth@%sm«ﬁ@é gt o
the second MenjetTM print engine ) Referring to Fi %ures 12 and 12a,

t he paper og9atigygkkfef Fhecfri’fer kectigotivelydavied kg the hwthfe@am@@ez anénkaedridgstipat he
bi nder as%ﬁ%&&e@@éprﬂl&vﬂ{h'a%ﬁéi %nﬁgxﬁg? anoﬁ%%%] a%e YRS fdet§Pi ke wheel

axle 670 wt'h a fibrous suppor m)va e axle'wth spike

wheel s and a MORBLLiAS Yo ﬂg&rb R e ngto edial B@k HPYO@IQ:I %s%lf@ﬁ ;H.%he%%ﬁeeﬂgpl y

673 is nounted to a netal support bracket and it IS transport forward
i nt er f dce shiet firecHe frpmvike aetlistzdyeag p@apdr aeng@ramsthwsta@nﬁ mlr@ﬁﬂ%\m@@e denieedf t .

A separ at a«%}? Bﬁﬁtﬂ&d %eﬁlb%?gﬁm?‘i‘ﬂeml]é[m rgﬂ: %ﬁgﬁ‘@%% Az % arle rﬂoungeldcn(l) @1}%' SES

of a parti oW ax ot at coupli ng
supply h o&ppcﬁéa;g if-fioemetjeatialvkn fGgmraion aigeg 62 E’t:ralgﬂn pa)eamltha Thé Qa@o tidveie tlmwmnta

gl ue whee| i ch absor adhesi.ve b An throu h, r.adi

ol os. A oS LY BERG 605" M et Sttt ThR o eh AR SR Pt a

t he front .pakir\604 isgnsetded fol lﬁibd’dlg;&;rﬂﬂgi cafmnettgs. Fikagve ﬂirldﬁarsﬁnM&oailj( acfied to
t he ﬁf} brac%glr %‘%ﬁhl ng@ ? si deways when the rest of the assenbly 673
is thiustd™f SPIOHRT ROSTYE PB exposes the gl ue wheel through the front of
t he nol ded hou5| 682 Jgs clase the assenbly and effectively
cap the gl ue whebi P&aﬁr.emﬁs f§%?1 i Pfgetev&}mﬂ 2 oS pber™ Bhesgarkes

into the gings mi@ﬁéd a@fgaﬁéobtya.g@l?ﬁapeagmﬁw&hla& 2RPLT £AbbRIZBN R 1leN ThbdeGplke €dge
on the front side Eart fromthe first sheet of a docunent) as it is

trans portéﬂ‘eﬂé\ﬁﬁma%d nve PHBted A gnd coBtimEyio dossl the shegdrgOfmipie BoNTROlLER

ARCHI TECT Wk live g lRagesoar i nter control ler consists of a controlling
processor d a factory-installed or field-installed network interface

nodul 25, ar t 7 5
DS 0 M R 0 AT s B il

i nduct or s 695&)d 60duetp theebinder assmmj!e605p?fbft1@‘§%ft§lrpagﬂap§es bspsenrappwethdsplg atiegbr i nt
engi ne conty Oé 0€4hih [/ 6ﬂﬁroﬁ§1 Qu ﬂbrollélj Qrﬁih Fﬁﬂ% Novake axlea@(i{h 6@\1@ \Qﬂeem § 57,

as illustrated in Figure e contro processor han
communi catmagrentaist wtlomglunefhwbr%el@vabid a¥ie/ghe esembly 633 Wi mtelneaslso patephgwppens

101, Sens g, L oL BUlh Oy EANEGA Syt RS pUSSLI Il @O LACRak EPSRA 31616,

and feeds and synchronizes t prlnt eng| l'ers
760. 120 cemsihefisA efpamte motor powers this camshafi.

The glue wheel assembly 673 consists of a partially hollow axle 679 with a rotating
coupling for the glue supply hose 641 from the ink cartridge 627. Thié axle 679 connects to a glue
wheel, which absorbs adhesive by capillary action through radial holes. A molded housing 682
surrounds the glue wheel, with an opening at the front. Pivoting side moldings and sprung outer

25  doors are attached to the metal bracket and hinge out sideways when the rest of the assembly 673 is
thrust forward. This action exposes the glue wheel through the front of the molded housing 682.

Tension springs close the assembly and effectively cap the glue wheel during periods of inactivity.

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

30 into the binding assembly 605.

7.2 PRINTER CONTROLLER ARCHITECTURE
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,



medi um per f or mance general - purpose m croprocessor. The controlling
processor 750 comrunicates with the print engi ne controll ers209QAYi 2005
hi gh- speedipsept al bus 659. The RIP DSPs rasterize and conpress page
descriptions to the netpage printer's 10 conpressed page format. Each
print engine controller expands, dithergsand pri nts page i mages to its
associ ated Menjet TM printhead 350 in real tine (i.e. at over 30 pages per

m nute). ThebsHdNiR¥RY54,PRF Rirc NN G Rﬁtr@wnatsfssane rlﬁaalt:tow&s) Sdugﬁlsdstelf nﬁ"ag§ heet
si mul t aneously. The master print engine controller 760a controls the &aper

t ransport PESESSAoWIPLPEPS Fid> dydergd pript «give gaetiallers 10Pe and FRObBash enemgRy é

665 and t hgq bANEB GRDRANIESE SANGIaRA (PRigurd 34, The printer controller’s flash
menory 658 hol ds the software for botﬁ the processor 750 and the DSPs 757,

as wel | as conf 'ﬂiérc%h{rémnéi%‘o@ess&miaﬁdlbssccﬁﬁﬂln%%&lpw{{ﬁ“ﬂ{b BRI i 06md vitth 1BAR!
time. The processor 750 and ital transceiver conponents

(t r ans i vérelesopatpage pens HPb3seases th@al’@éﬁb@(mné T controls7thg pseg interfage P OERO 16 a
I - F
single contgq ghsean GbRGs é@ﬁifoﬁsﬁiﬁs%gqﬂm@@ﬁgsm(A%Etreane&sg;uo. ﬁtoc%g%gtgg@gz_

resonators an ors 756) are provid n a separate
The net womediunt-perforgancero dghaalGRpops supopratessor.si Hee pattplige mrogssser s 7a0 | ow

morory. 658 A rRe SS0ue Rl En B e bRl HARBL B8 P 1 T
engi ne_control | of, §69 3¢ QLGOS LvRBRaLAL GeAPhSi A HE Ik GpfPLvor

i nterface nodul es are I‘OVI a ne
i nterfHte caﬁnreasndip@tfwronaﬁhqb maint egdle contrqblum @pargls, dlmmmckpnmst;mgé acagesAb As

Net page net wor k erface ncl ude S nodens

F bor Cont PRty Mehire! i 35 SHieE GRe S R MERRE B dbp) YL dfplexca

t ranscei vefFist engine catilollars grimasth-sgp of sdhe@Bintdtheghsty. t el ephone transceivers,
and wireless local loop (WL) transceivers. Local interfaces include | EEE

1284 (parallel Terimgster PoibBaaint o@ﬂ«ﬂollb@@&i&S@qulE&he;bdpattranHSﬂ aﬁﬂdn&ﬂfﬁBrsZinB, f
| EEE 1394 (Firewire vario mer Q WO terfaces. |

Lt or etz it o T o e o TR S BT A conSenh SBF 26T en s b

| ocal twork interface can d as t network interface. The
radi o ttanscei vrellﬁhe?%'f)‘teEB?Wﬁ?H a#aég IquO’Eyh‘J’gﬁL]j‘ﬂﬁ? @5%9@8”53‘% B%\H‘i?c‘?*?fﬂr EVARY,

used by eAd tkesPs Vel ephangsonfifuraioh et athisMetapiddio MBI mbMorEEITeBoo? titheHz
industrial, scientific and nedical (1SM band, and uses frequency hopping

and col | i si on detiRgidcaot wsopr)smi 79, hddt Bifalr@RCEvek b@ﬁpoaané\/ar\inacgﬁé cobdrsie2 7

-67- co i0 %{{1 controller optionally incqrp rat es. an
| nfrared &xsbs'*se&)ﬁ B ? ‘@Aefe piFgratee B e Figple rorENer ePlat - mloer Ked
from devi @Qﬁiptﬁﬁﬂtﬁ (RB cmaﬁtpﬁgem@ RFee@atofs hnd indabib@r 7138} ar¥ @mvﬁﬁmﬂa B&Rkate RINE
print uses the I rDA interface for short-range conmunication with suitably
conﬁ% witerface module 625 is separate, Since netpage printers allow the network
connectmn to be factory-selected or ficld-selected. Flash memory 658 and the 2x256Mbit (64MB)

DRAM 657 is also off-chip. The print engine controllers 760 are provided in separate ASICs.

A variety of network interface modules 625 are provided, each providing a netpage

network interface 751 and optionally a local computer or network interface 752. Netpage network

25 Internet interfaces include POTS modems, Hybrid Fiber-Coax (HFC) cable modems, ISDN
modems, DSL modems, satellite transceivers, current and next-generation cellular telephone
transceivers, and wireless local loop (WLL) transceivers. Local interfaces include IEEE 1284
(parallel port), 10Base-T and 100Base-T Ethernet, USB and USB 2.0, IEEE 1394 (Firewire), and
various emerging home networking interfaces. If an Internet connection is available on the local

30  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 aiternatively in the unlicensed 2.4GHz industrial, scientific and medical

(ISM) band, and uses frequency hopping and collision detection to provide interference-free



7.2.1 RASTERI ZATI ON AND PRI NTI NG Once the main processor 750 has received
and verified the docunent's page |ayouts and page objects, ipomMAY 2008
appropri atypsgpP software on the DSPs 757. The DSPs 757 rasterize each page
description and conpress the rasterized page image. 10 The nmai n processor
stores each conpressed page inmage in negpry. The sinplest way to | oad-

bal ance multiple DSPs is to | et each DSP rasterize a separate page. The
DSPs can gLyavsicienkept busy since an arbitrary nunber of rasterized pages
can, in general, be stored in nenory. This strategy only leads to
potentially poorpdaShiMli bdnkdlidrOptidRRR mBGh&hts 'R InBRRE DAL AUIRALSY (IrDA)
Watermark regions in the page description are rasterized to a

cont one- r égerfage ifeomrepgiving dath “squirted;’ tfvpap dewiries Hudhsas| i samayase Bhipr aliseative o

negl i gi bl rn%?dzi elﬁp%e\é\é}ixﬁ{: xIstr R P8 tin@fifactehﬁr GRSRLaGSS & mlﬂ@&ﬁoﬁ %ﬂesuit;mf

infrared (IR) |ayer e printed page contal ns coded netpage tags at” a
densi t \b ofconfegurrdinetpage psey i nch. Each tag encodes the page ID, tag ID, and
control bits, and the data content of each tag is generated during
rasterization and stored in the conpressed page i nage. 20 The nain
processor 7750 pRATERBATRNANDPRINGINSnge | nages to the dupl exed print engine
controll ers 760.0Mcaake pdih Proc&BEH 736 heDitdialdlatd veiH2d Seaioesmdnlte peRMploassed

page image in its Jocal nenmory, and start e expansion and printing
pi pel i ne. PP%eg‘@JeéQp‘éﬂglFH'ﬁaﬁmﬂp’B}/q W‘ﬁisi’%w?rgong‘leﬁ?gﬁﬁgg because it is
inpractical to sgore an entire 114MB bj - evel K+l R page image in
memory. 25 7. 2. 2MiSRPE 7éﬁlésﬁézwﬁmi‘ﬁﬂ’“ﬂ1}8“ 6%‘?9(0‘1&%‘6&%& raﬁﬁergﬁ%%ﬁeﬂ%%eng

pi pel i10e afhe tokkeh Prokdbor@R@bsack Qihpredsk® pagl BifhageOMShehéry Ofhedsimpledvayne ashdl EEE
1394 serial_ interface 659, a standard JPEG decoder 763, a standard G oup 4
Fax decodalneegnultiple DSBS i5iip des iepghddy agighigsssiepaite hpget ThesBSPsrap glivaysbs bt
encoder 76@sy @ndel MCarbitr@BIRIMHLO bMBslcBredUbds oA/ in AMEkaP b W& Mini MéRsH atias 768
to the Menjet TM pri nt head 350. 30 The print engine controller 360 operates
in a doublsEatpgyfenitles teppietiallygpor BSB Hdlizatieyevhes rayesizing ghqrifos v 769 vi a
the high speed serial interface 659, the previously | oaded page is read
from DRAM 769 anWaisEasetssiont Bubhprags dessriptinn aéf‘n’@ﬁtﬁ‘éz%%% Fatqnerresglugen bievel once
the page hamag QnMAYs ROGRs1y NERHRGed RBregfidible $HE Andihidh irdths phid 8f BRYEmpréStd

| oaded is printed while another page i's | oaded. The first stage of the

pi pel i ne ®FaAdes-(at 763) the JPEG conpressed contone CMYK | ayer, expands
(at 764) the G oup 4 Fax-conpressed bi-|evel black |ayer, and renders (at
766) the bi -1 evBic inphgR) {axer ofdhepriniedpncaicorjainocadad netpage fiegs whe dgwsity 96d i n

section 1.,g2.@l pe.f RicRatagh {aglengo-ﬁgsethé p%qgngg ?]b,aegﬁ_cglilt;cﬁ' Blts afPlhe AR ol thR of
contone CWK layer and conposites (at 765) "t he bi -1 evel bl ack
each tag is generated during rasterization and stored in the compressed page image.

20 The main processor 750 passes back-to-back page images to the duplexed print engine
controllers 760. Each print engine controlier 760 stores the compressed page image in its local
memory, and starts the page expansion and printing pipeline. Page expansion and printing is
pipelined because it is impractical to store an entire 114MB bi-level CMYK+IR page image in

memory.

25 7.22  PRINT ENGINE CONTROLLER
The page expansion and printing pipeline of the print engine controller 760 consists of a

high speed IEEE 1394 serial interface 659, a standard JPEG decoder 763, a standard Group 4 Fax
decoder 764, a custom halftoner/compositor unit 765, a custom tag encoder 766, a line

loader/formatter unit 767, and a custom interface 768 to the Memjet™ printhead 350.

30 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



| ayer over the resulting bi-level CWK layer. The resultant bi-Ievel

CMYK+I R dot data is buffered and formatted (at 767) for prinRomgAY200S5e
Menj et TM psaphead 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
channel s of bi- level dot data (includigg-fixative) to the MenmetTM
printhead 350 via the printhead interface 768. 10 Wen several print engine

control | ek &P liRg, WiRGRed ﬁsﬂ@dd%@ﬂiprlﬁéég binBSarofcPpdd 16284 configuration,
they are synchroni zed via ‘a shared 1 ne sync signal 770. Only one print

engi ne 760, sel pgtgad ¥i@ &he ﬁﬁélr% %%an@@E ‘?63/)%h@?t%(ﬁédﬁlp7e7s§ed QR ahpsg the
line sync signal /770 onto the shared " Iine. Erlnt engi ne controller 760
cont ai ns dayenwxpApdedt H0 tesaiopp 4?2’14?‘@@@59%%1@@1 lagiglayaneand tendprg gt 76%pENS| on
and render Ia S

seri al bus'i R?g%] Hﬁ%é ﬁg I PQ({CBIQM{ tt9 Q%é S ef%%dg?hé}rr%t@%rng@myd " aali ﬁv\g t]hlgqg /z"
ver si orfs aeconﬁetagﬁedltblage(atp%ﬁhthe contorpeCVINE lpydrand eongosites (@37650 qbc ﬂahlegel dbck
Letter n f Vi ng
aline rargenpREig R E A AR BMIC AT Shele RS P8 PR RORT phd R bt
printer, tah@fdmattqdr(atﬂﬁ)eﬁ‘ogpmﬁmg emdi& Npenij S priBhdad 8 fGevia pageﬁhmuffzﬂ Miostwf e

al ong the nsi on e e V|n ne r te of .10.2
. Thesdiet fke PufEERTe SPerdin e SRR RN Tl 1ty Pisghe e e pest

Menj et TM pgiendde @asl (inoMdigd itakivd) Rethe MGt §HRHicgd3 S00XLCHe gintBd kit fac&BNCLUSI ON
The present invention has been described with reference to a preferred

enbodifent and Wheisvhar p&ft e%Eﬁ@chﬁtﬁ)llaﬂstﬁ[)rh?é b3 iR RR6H, B & inHOWISRd |t
will be appreciated by those skilled in the rel evant fields that a number

of ot her ﬁ’bf'&’é!far‘i’@ﬁtt@ey s pRhrPRigeds ipasharidine sprecygrb A0 Ynlyoag piigensioe gl |

al so fall gWedibd Mia tikieexEdRihdl kﬁast@t’ﬁﬂav%gﬂpﬁlogeﬂeﬁ%sﬁlﬁ@%%né QYR TPBnto the shared
Accordingly, it wll be understoo that the invention Is not intended to
be |imtedio the speci fic enbodi ments described in the present

speci fication, |nclud|ng docunents i ncorporated by cross-reference as
appropri at e. Thelhsgwiptengime cprolign/60 sowpin: MWr%R%#ﬂrgFEHOﬁi’Péar Bychrezing hached
cl ai msy5 2%agé°é§p2&% anbiPrin D lpelfﬁ% hrfbiVRg tle privicad88h datioRpaRt LAA bus
printed onto a surface so as ? be sensed by a sensing device, the coded
dat a st r uct/&raad peitiling gegtoppri alotgfs §4PaEr ri ¢ and conpri si ng coded data
indicative of an 5 identity of the surface and of a reference point on the
surface, the codedhaiditaverpiensuefi theyneipase wrigter tthe twor priy shaines cashgerits &y Letter
codewor ds 5%5!-;‘3 péf &&H&%ﬂmﬁ%&lb@é dibBRid drSheAtagd gqs)t ?QH‘% 2GR SHObO8 8 KHz at 1600

correspondi hg to each rotational orientation he structure, at |east one
of the at dpredsthe dHeversions of the netpage printer, the two prmt engines each prints 45 Letter pages per

..4

20 minute along the short dimension of the page (8'4”), giving a line rate of 10.2 kHz. These line rates
are well within the operating frequency of the Memjet™ printhead, which in the current design

exceeds 30 kHz.

CONCLUSION
The present invention has been described with reference to a preferred embodiment and

25  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

30 invention is only limited by the attached claims.



codewords including at |east one bit indicative of the identity of the
correspondi ng codeword. 10 2. A coded data structure accordi nQotMAY! 2005 1
wherein ea eword includes a single bit indicating whether it is a
predeternlneg one of the codewords. 3. A coded data structure according to
claim1 wherein each codeword includes bits |dent|fy|ng the rotational
orientation at which the codeword is positioned. 15 4. A coded data
structure according to any one of the preceding clains, the structure
further conprising a plurality of idegékbﬁir targets for enabl i ng
prelimnary |ocation of the structure sensing device. 20 5. A coded
data structure according to any one of the preceding clains wierein the
structure is square and has four-fold rotational symretry. 6. A coded data
structure dccor dit9ded datasirastnie Hrinkd prip p serfact eeastto beowescd by & kaasingdgitesthar e

shared Dbetygrg Ba@%ﬁﬁ@&elfﬁ[ P&ngg %\ﬂﬁéﬂg and'%ﬂlgg%?%fg@édada%tlﬁd’fgattwe gagaccording

to any one of the precedi ereint nted in ink
that i s Ssulidsn@épicf tk Bb}rfalcﬁmdsnfblr%“ereweamnamethagefaem thie dedbd fdalmmhdyg a pABSTRACT

A sensing I I I t eneratl novenent
data when gﬁéh%gggpan&&@ésg%g£§§a%§gg%§ge g%f@geﬁ”ggaggﬁ?%W@%W'a surf ace,
t he regloncmdsmnﬂhguﬂamhmhﬁmmgonﬂdummbfﬂesmmmm@aﬂéﬂnmmﬂyﬂﬁhtkhﬁomﬁglOn t he

novenent dat beln |nd| nt. of . 1t he sensj. evi
relative t6 t. ords gligiea %S% tdﬁ% aﬁ‘éﬁ/?%g nﬁ?rglﬁyo%féléf C(?HS‘WO’P @Q?ﬁfé‘&or at a
i ndi cative of at Ieast one reglon associated wth the surface, the sensing
devi ce |nc udin re entity.sens ans onfigured to sense. the
region i de%t it ygcf’gf1 éﬂ{ﬁ‘% SH&C f a?cé?gf’é‘fg g Shﬁbgﬁ?ﬁ@ eﬁcg‘(fé‘ilf“f?ﬁ’l igcludsspispgledinsi ng
means conf iigicatiet wietigen aragir@letchtinebaR BE e colRivaidsand communi cati ons neans
configured to comrmunicate the region identity data and the novenent data
to a conputer system (Figure 8)

3. A coded data structure according to claim I wherein each codeword includes bits

identifying the rotational orientation at which the codeword is positioned.

15
4. A coded data structure according to any one of the preceding claims, the structure further
comprising a plurality of identifier targets for enabling preliminary location of the structure by the

sensing device.

20 s A coded data structure according to any one of the preceding claims wherein the structure

is square and has four-fold rotational symmetry.

6. A coded data structure according to claim 5 wherein at least some of the targets are shared
between adjacent structures,

25
7. A coded data structure according to any one of the preceding claims wherein the structure

is printed in ink that is substantially invisible to an average unaided human eye.
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ABSTRACT

A sensing device for sensing region identity data and generating movement data when the
sensing device is moved relative to a region of a surface, the region identity data being indicative of
an identity of the region, the movement data being indicative of the movement of the sensing device
relative to the region, the surface having disposed upon it coded data indicative of at least one
region associated with the surface, the sensing device including: region identity sensing means
configured to sense the region identity data using at least some of the coded data; motion sensing
means configured to generate the movement data; and communications means configured to

communicate the region identity data and the movement data to a computer system.

(Figure 8)



