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WO 2004/ 042644 PCT/ AU2003/ 001342 1 Method/ System for

Estimating the Orientation of a Segnent of Digital Ink
waewhinad Field 5 [001] The present inventi onP@r/aaeiog/001342

relates to pen-based conputing systens and

handwiting (digital ink) recognition systens, and in

particular, to a nmethod of estimating the orientation

of a segrrent of digital ink generated usi ng a

S/EQF-BB?‘ ?Eﬁsf'dgatégg |tﬁ‘énhrh‘b“dtf‘h8n %lgﬂlgﬂf Digital Ink

segnment of d| gital ink. The estinated orl entation of

the segment of 10 digital ink can then be subsequently

used in a digital ink line orientation normalization
Tecbuohmail Fiedd Cross References [002] Various net hods,

t d t t to th nt .
(07 i e epessir v apaes Dseaily el RoPPOTRIGE COmpEHge fystoms and
haﬁ%h‘tﬁ‘l tgﬂgﬁ alf irlkﬁdreke}fgﬁl %{%‘térﬁ@nﬁn@ﬁn peptiédat IRee Mbkthod of

I nvention sclosures of all of these
esﬁmanﬁgcthe orieapgidrcaf amgm@ne of ri¢gital anktgegetaded mamgya pen-based
cross-reference.

5 Cctob 2. A |
coSiio S TaCk SR an Ry, e cstmatig e

orRRRAI A 452 DB digZ@l idk. QOO AP drientation of the segment of
PCT/ AU02/ 01391, PCT/ AU02/ 01392, PCT/ AU02/ 01393,

dlgiq:ﬁn/ MU0 2¢:3] 38en abel SbTEqUDLY0 Tsedsin 26 digijaniel kg jorientation
‘ % %fg.z?h PCT/ AUOL/ 01528, PCT/ AU01/ 01529, 25
noﬁé‘?‘l 3% nhd PCT/ ALO1/ 01531. 11 October 2001:
PCT/ AUO1/ 01274. 14 August 2001: PCT/ AUOL/ 00996. 30

Cross Muferdires 2000: PCT/ AUCQO 01442, PCT/ AUOQ 01444,
PCT/ AUCO 01446, PCT/ AUCQO 01445, PCT/ AUOCO 01450,

[ommmSméﬁmds,P@Etmcbapgaatw@emtwh@mesent invention are

dlSC Uzlgotloqlﬁowmg co-pending applications filed by the applicant or

assignee of the present invention. The disclosures of all of these co-pending

applications are incorporated herein by cross-reference.

5 October 2002: Australian Provisional Application 2002952259 “Methods and
Apparatus (NPT019)”.

15 October 2002: PCT/AU02/01391, PCT/AU02/01392, PCT/AU02/01393,
PCT/AU02/01394 and PCT/AU02/01395.

26 November 2001: PCT/AU01/01527, PCT/AU01/01528, PCT/AU01/01529,
PCT/AU01/01530 and PCT/AU01/01531.

11 October 2001: PCT/AU01/01274.
14 August 2001: PCT/AU01/00996.

27 November 2000: PCT/AU00/01442, PCT/AU00/01444, PCT/AU00/01446,
PCT/AU00/01445, PCT/AU00/01450, PCT/AU00/01453, PCT/AU00/01448,
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2 PCT/ AU00/ 01447, PCT/ AU00/ 01459, PCT/ AU00/ 01451,

PCT/ AU00/ 01454,  PCT/ AUOQ 01452, PCT/ AUOQOI 01443,
WE@DAMIGH 01455, PCT/ AUOCO' 01456,  PCT/ AUOO/ 014BGT/AU2003/001342

PCT/ AU00/ 01458 and PCT/ AUOOY 01449. 5 20 Qctober 2000:

PCT/ AUOQ 01273, PCT/ AUOQ 01279, PCT/ AUOQOI 01288,

PCT/ AUOOY 01282, PCT/ AU00/ 01276, PCT/ AU0O0O/ 01280,
PEEMROB6)16477RCT/ AUPOAIAS 0 PETSA USEID 1400 PER/AZ]00/01454,

L OB a1 3B TERTIPR(DY 0 553 AL o ¢ oorotass,

PETTABUOQ 1852 8RCand URCIU 1MIRQINIIRE B/ ATW00 /48 4%ept enber
2000: PCT/ AU0O0/ 01108, PCT/ AU0O0/ 01110 and
PCT/ AUOO/ 01111. 30 June 2000: PCT/ AUOQO 00762,

SR BT OBrSl LALT S g s
PETIABOO012825BCTPETOAEIR 760 PET,/ APOD/ MX30, PU7THAU00/01274,

P BB DB 830 B R0 BT ARy oo s

P ECTABYOY1087 /PCTPAT061II R0 PES ARGH dYIRF @A U00/01285,
PCT/ AUOQ 00772, PCT/ AUCQ 00754, PCT/ AU00/ 00755,

PEEIA BOOY106% 56.d RET/ AGTD/ALZES 00757. 20 24 Nay 2000:
PCT/ AUCOY 00518, PCT/ AUOQ 00519, PCT/ AUOQ 00520,
PCT/ AUD0/ 00521, PCT/ AUOQ 00522, PCT/ AUOQ 00523,

1 PSEHRBEE 20684p C TRLTIOALIR0RO P 2T/ ARG NIGQY QQﬁﬁ@T/AUOO/Ol 111.
PCT/ AUOQY 00527, PCT/ AUOQY 00528,  PCT/ AUOQY 00529

PCT/ AUCO' 00530, PCT/ AU00/ 00531, PCT/ AUOCQO 00532, 25

S R S S A i S T

P @TIABROO0066 3PCTPETIOAKIN 500 B@Q‘/AIMWWP@IBAU 00/00764,

0542, PCT/ A 00543, PCT/ AUQQ 00544
PGS A0 BB 4B T OASACS0 B4 T AP/ (Ti& B8B48U00/00768,
5 0
P T D L e Ao A BT A 00100775,
PETABUMO00036RC TRETOAMDE700BET/ A PO/ (00, (P@HB'B,UOO/OO771,
PCT/AU00/00772, PCT/AU00/00754, PCT/AU00/00755, PCT/AU00/00756 and

PCT/AU00/00757.

24 May 2000: PCT/AU00/00518, PCT/AU00/00519, PCT/AU00/00520,

PCT/AU00/00521, PCT/AU00/00522, PCT/AU00/00523, PCT/AU00/00524,
PCT/AU00/00525, PCT/AU00/00526, PCT/AU00/00527, PCT/AU00/00528,
PCT/AU00/00529, PCT/AU00/00530, PCT/AU00/00531, PCT/AU00/00532,
PCT/AU00/00533, PCT/AU00/00534, PCT/AU00/00535, PCT/AU00/00536,
PCT/AU00/00537, PCT/AU00/00538, PCT/AU00/00539, PCT/AU00/00540,
PCT/AU00/00541, PCT/AU00/00542, PCT/AU00/00543, PCT/AU00/00544,
PCT/AU00/00545, PCT/AU00/00547, PCT/AU00/00546, PCT/AU00/00554,
PCT/AU00/00556, PCT/AU00/00557, PCT/AU00/00558, PCT/AU00/00559,
PCT/AU00/00560, PCT/AU00/00561, PCT/AU00/00562, PCT/AU00/00563,
PCT/AU00/00564, PCT/AU00/00565, PCT/AU00/00566, PCT/AU00/00567,
PCT/AU00/00568, PCT/AU00/00569, PCT/AU00/00570, PCT/AU00/00571,
PCT/AU00/00572, PCT/AU00/00573, PCT/AU00/00574, PCT/AU00/00575,
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PCT/ AUOCO' 00564, PCT/ AU00/ 00565, PCT/ AUOO 00566,

PCT/ AUOO 00567, PCT/ AUOO 00568, PCT/ AUOQ 00569,
WOEODAMNOE® 00570, PCT/ AUO0O/ 00571, PCT/ AUCO' 005F@T/AU2003/001342

PCT/ AUOCO' 00573, PCT/ AUCO 00674, PCT/ AUOO 00575,

MAI Tnnn Tnm WD 2004/ 042644 PCT/ AU2003/ 001342 3

PCT/ AUOQ 00576, PCT/ AUOCQ 00577, PCT/ AUOO 00578,
POTALO0000606.7BCT/ 209003070063 1A URGI03&OPAI3A0]00/00579,

PCEMObR 0B BT PR oBb 3 AREH S E83a3 Loorooss

PECTA BUOX00398 IPC TRLTHHNIBR905 €T/ A BOH/ NI PeT921700/00593,
PCT/ AUOQ' 00594, 5 PCT/ AUOQ 00595, PCT/ AUOQ 00596

PEEA 0000869 C TASOARISO00B 68/ A UG 08980 PETE AG00/00594,
PEETAPBRNO393 FCAPAUBENGRD CIvA booRises: AT tidorqosss,

PCIEAD0gMH0826) ROTVAUPY0/005 1hamdWwETIAGods5dr awi ng t hat
occurs due to the differing styles of individual to
witers. As a result, nost systens perform a nunber of

Backgroupd ALt ng steps to limit this variation. Exanples

5y R e BE SR i ] SERIT I s vy i

hAHISHIRNE aAdaiySii9 S ik edFourdMhe € Ghé adiffefifgS 8R1&NbR%individual
systenms. 15 [004] An instance of such a proceddre is
WHLSTEN et # IRSHOr WSt 2EsteEns perifem iasnymber of preertoeessitg steps to

yar Lanc - theg | b Loni he digital .ink as "
A9 KPSl Sk s BLOTIEY BTl bha Pl pgosnivon
syseaes, ( digitabxagmitere wetificstion afybteh; rdaginedd dhalysis systems, and
horjzontal line for Latin character based scripts). By
d‘&ﬁ?g%ﬂ?ﬁﬁfafﬂ’én%iﬁﬁtﬁélﬁ- ink in such away, the ink

processi ng system can ignore the effects of variation

in 20 orientation, and as such can be nade sinpler,
(0081 eAndbsistce afiduanrepraceduratie.orfdd@d]orOnoanilétdtimm which is used

norsmalization is ual | erfornmed as one of the, first .
togtegdhee i yanige pE NS pmeihycellening (B Peiel ok f e written
udifig i BiaHHAQ 6FibMatibh SRR pAkAYRs &fRhpleS XML leftitdfight on a

word, and character segnentation, feature extraction, =
hegizonfaloEnederlating chameteariyised aicrigty e girentigoingdihyi digital ink in
su'crﬁk a\r)v(?lly,atthc\e/ “n Op?ocsétssalﬂgag}%tén?f ga{nqur?ore the effects of variation in

orientation, and as such can be made simpler, more robust, and more accurate.

[005] Orientation normalization is usually performed as one of the first steps in a
digital ink processing system, and is used to minimize error in later stages (for
example, line, word, and character segmentation, feature extraction, etc.)
Generally, the angle of a segment of digital ink relative to a standard reference
angle (e.g. horizontal) is estimated and used to re-orient the digital ink such that

the angle of digital ink matches the reference angle.

[006] Orientation normalization for Latin character scripts is often performed
using baseline correction; where the baseline of a line of text is defined as the
imaginary natural line on which a user places characters that do not have

descenders (e.g. "a", "b", "c", "d", "e", "f", "h", etc.). This is done by estimating

ATRYYTAAN TV AT
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angle (e.g. horizontal) is estimated and used to
re-orient the digital ink such that the angle of

waelr@inadesd nk mat ches the reference angl e. [ 006PCT/AU2003/001342
Orientation normalization for Latin character scripts
is often performed 30 using baseline correction;
where the baseline of a line of text is defined as the

thie roagélivey yf aadeghmint loif Me gl Wik atd ﬂlen&@tatmglﬂﬁsmk to be horizontal.
characters that do not have descenders (e.q.

Whglst mogt systgms asgume braselingg: aregpggl} v hngag, F@ngéﬁgew attempt to

E&él' b1iRg d¥¥: %g&%gl‘@@éé%f gﬁéﬁ@&@ﬁé& %ﬁéﬁ aspli rl{ﬁ@% [A Hennig,

asel1ne of a se nt o I'tal
Nt Bhetkak 4l Be Vﬂhrtrmmzdme E&’dhmh’abn rfosﬂvhsly@ﬁ@msnassﬂﬁandwrltmg

basel i nes ar roughly | [near, ns attenp
US4l APBERE IV %IY%SFH@C%}S@ gﬁlﬁﬁf/ teaeBanabadyetkshop on
FOMERrsAR ﬁﬂid\{/‘ﬁﬁn &ecb'gﬂmo@l xwm@)‘lwétzs Fd sBPtember 1996].

VWi trow, "Zone ESti Ion for I\/Utlple Line$

Handwiting 5 using ApprOX| mati ng Spline Functions”

[OEZEB&K ;s{}:xltnﬁ n%g%g}%)l%t oﬂ eg%;ﬁ h?)Fr e g_%%gfglrmed on orientation
estepdtREb edndl 926G aliZaB6+] f&r Sigtaf | mant v@ﬂpuﬁﬁrtleﬁlar emphasis on

research has been perfornmed on ori entation estination
teghriqnet hati aea eppliedle diogOpical fharggten Regognidignapystems. Early
t I
RS} S AR SLRLNER N RSP ESHRLE (0 uory ana
Playsindo®, réNoedlahnaﬁemr | e&tdl c3e§mﬁngnp¢ﬁ-ﬂmal hﬂ[cbﬂﬂiﬁhg“s Pattern

[W Guerfali and R nondon, "Nornmlizati on_and
Recognifiong26n(3) kp- hﬁh%\ﬁn?’llt i 4959 SpaMaéﬂwanﬁ@c 88%i Vi dgovindaraju,
"[?s@né ?%)hslﬁg feﬁ%@reg‘?ﬂ-l h%l?(ﬁg‘ntt& d Ynited States Postal

araj u, Usi ng tic eat ure andwri t

Semviads r(bJ(Sd’@); ppoﬂ183 1938i 1882 Htadoms “Hﬂssmhpm&eﬁﬁnque:semch as linear

relEoR P RR e RS Thishar T, BBdeiand By SRR (' Qffdine cussive

sdfipti WBrd Reci2atibRT ?EEEdTﬁtns&tth%r of P&&drn! WRGIYEH 9h¥€Machine
script word Ttecognition"; |EEE Transactions of "Pattern

Inﬁcrihgymes Lan@pMEOR8Te1989]t ddud ¢rerbe brittle pratuBgofshese techniques,

ittle nature o e.techni
i it st alrbde R DBt bR ERY ViSRRI A58 1. Luettin,
"A ANeW NCo@iflAatioan Tedhniguet o, Ce@iveA INeWiwritten Words", Pattern
Nor mal i zati on Technl que for Cursive Handwitten

Ryenaition Hagttess n2 ’Ré’@ogh‘i)‘ﬁ &85Q.e208 s Mp Bigywn and S. Ganapathy,

" S. hy
P‘lrgéleproce &si ngﬂnf‘gwhm ques f’v chi}é} p‘gto?(?ptnggltmn’ Pattern

R Bepmdtion i161(S), Ppt 447458, 1983] and generalized projections [G. Nicchiotti
and C. Scagliola, "Generalised Projections: a Tool for Cursive Handwriting
Normalisation", Fifth International Conference on Document Analysis and
Recognition (ICDAR), September 1999] were developed. Other techniques have
since been developed, including: least squares and weighted least-squares [M.
Morita, S. Games, J. Facon, F. Bortolozzi, and R. Sabourin, "Mathematical
Morphology and Weighted Least Squares to Correct Handwriting Baseline Skew",
Fifth International Conference on Document Analysis and Recognition (ICDAR),
pp. 430-433, September 1999; T. Breuel, "Robust least square baseline fording
using a branch and bound algorithm", Proceedings of the SPIE, pp. 20-27, 2002],

geometric modelling and pseudo-convex hull [M. Morita, F. Bortolozzi, J. Facon,
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Recognition 16 (5), pp. 447-458, 1983] and generalized
projections [G N cchiotti and C.  Scagliola,

w0 Genesaid sed Projections: a Tool for Cursive PCT/AU2003/001342
Handwriting 25 Normalisation", Fifth International
Conf erence on Docunent Analysis and Recognition
(I CDAR), Septenber 1999] were devel oped. O her

andeR hBabpssn, K erphwil ogiealbamgodady ef dpedwritteal wotd gkew correction"

Slé%ﬂ%ﬂiggafﬁerﬁaﬂaﬂgf ?zf?htgggf%ﬁe@‘?tﬁosn%ﬁaf& %J%qa*&éu mﬁge Processing

andVRisheiTeRicak TahbirehBEoY @ndsmght@&ob@ﬁ%ﬁq Y&Hiques based
to Correct Handwriti ng Baseline Skéw', Fi f

on| thedr pragh maasfomnﬁ‘ﬁer Rosantioal, Doduremd MAnfmoym, é’Sazedand orientation

on 430- 433 1999, '

niafigRtion 2Bp ot el idde, RN dRinstont nJcasspor,

MBaRRAS h}eamnpomgwllaiml vdel bRsQL argha s Vf BteagloSBlcEY LeCun,
p.. 20-27, 200 eonetrjc nodelling and

Qul iy mEBrrbgnHar nflne handwritterrwopd reesignition”, Proceedings of the

InEQ ﬁ?ona%ﬁ%%?érﬁ%z%ﬂ‘lPEﬁJ{nAﬁ?egggré]lQ%gﬁﬁﬁ)n dEOQQ% ‘October 1994],

ourin 0gi cal approa writteh word
skskle&etea[crreuimgI’Prmc1ﬁdlEiCRﬁanéi& Atalysisi8téinhatz, N., Intrator and E.

Sy.nmpq, n Conputer Graphics, |mage Pr es,"slng a
fia] dRkewy golgetiaR i, eringibal FpmPRpSIE SHARELS - 0SB thgs o the

Inae?f%&lonatl e@@ﬂfegaﬁ% Qgslsgcurﬁentt t&%agwfanafﬁeé&g?ﬁmﬁmmm, PD.

Rosenthal, J. Hu an Br own ize and orientation
15{3(3}5153[19%&[, |armd bdsetine| ¢stignatmmdusing | approsinegingosgine functions [A.

H%)gg,lsf[\g S%%f I CASS@ [Whl%%::[?%rl{;?n{aéa?}np I | l\%%l?@]lé Lines of

Hﬂﬂfvmﬂﬂlh% atdseily T AppRBxindith1aBPnhEt tAMCHRRE", Fifth International.
recogm ion", Proceedi ngs of the Internati “onal

Watkshepenoe Fopntierst ér nHRadwyHDE| Becopmition0gIWFER), pp. 325-328,

4], skew detection using Principal
Se%nr%geﬁrgln% aI ysis [Steinherz, N, Intrator, and E. 10

Rivlin. "Skew detection via principal conponent S
anal ysi s", Proceedings of the International
[08Bhf osleatntogcnerralizationyternignes Rave gaen idisplosed in prior art

paQén(t:QgR)nﬁo%Bons 11?1%1@(1@@% ljcl?g B ?Bgug@a?@ ﬂ'&gfecaéh% :Eghfb%'ﬂed with the

he f Onct |
H&nghr kmn,sfc&mj [R. S/jVudiarM\ahmoZdnél\/Eshpdrmﬁ_ @rodping Ndnidiwaiteen word

SCEGRBR) BhOuhaRTHER SO TGRS > 38 DEeRb Aol a4 o system for
di ftgﬂ%ﬂggilﬁza'tslggrgi;%‘g?hﬁéd‘Qr]nggw%‘étt WRkd YFiHRbindRhe bounds of a
parallelogram that completely encloses the character image [R. Vogt, "Handwritten
digit normalization method", US Patent 5,325,447;3]; methods that use linear
projection and a clustering algorithm to detect elements in a histogram that
correspond to ascender, descender, and base lines [W. Bruce, et al, "Estimation of
baseline, line spacing and character height: for handwriting recognition”, US
Patent 5,396,566; J. Kim, "Baseline Drift Correction of Handwritten Text", IBM
Technical Disclosure Bulletin 25 (10), March 1983]; and a least squares
calculation combined with rotation around a centroid for the normalization of

signatures [F. Sinden and G. Wilfong, "Method of normalizing handwritten

symbols", US Patent 5,537,489] in an online signature verification system.
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[008] Sonme orientation normalization techniques have
been disclosed in prior art patent specifications,

wo pakiadhemy t he use of boundary projections conmbCTat2003/001342
with the 20 Hough transforén[T. Syeda- Mahnood,
"Met hod of grouping handwitten word segnents in
handw i tten docunent images", US Patent 6, 108, 444]; a

(099§t Wiifsorhe dédhiniquesr dakiibed iabovetrs sametthes rEgRsivehedey suffer
wor ks by finding the hounds of _a parallelogramtha

fr§%| | S Oérﬁiglb‘g’é@mt E\gn@ﬂ.gpgtfgr eq:q;m@]@, I[Inpgny\@épme tﬁlat all lines
of wﬁrﬂ&%egg %ﬁ oﬁggﬂﬁg dil%hg%hm%aédg]?@ OHBLBQ%%gB M7 BRks®%hnot handle

5, 325, that use I near T 0j ectlon
paged of atbitsasly nofatddgtexi timest Othlet Hotitaloaseintkidentha fact that the

hi st,ogram that . carrespond to ascender, desgender, and
o180, AEuP oy sigioant BrocRsSInEERR DR off-of [IoBE clrpiorm). are
qudnfiBed PaGl BrhudAdrARESACL 4b MM ivedHk: Wél@rfof‘jﬁ%%%élh&ﬁ_s of text (e.g.

recognition", 'US Patent 5,396,566, J. Kim "Baseline '
PRy ¢cittonOmethuis) orreolrittkendug ite cawpimexly estimmedTobshotdd (heuristic

 sglosure Bull.etin 25 (10). .March 1983]: apd a ] east .
ong, BHe ST Bl 87 st sttt il B didsTiahg outtiers

(ecentaRisduis refession mal ipzajecaon @échn&i@afa_t ures [F.
Sinden and G WIfong, "Method of normalizing
handwitten synbols", US Patent 5,537,489] in an

i ' r i.f:cat : 200440 S
R T e S i R S S P LT
Intlesare Bpecifilbatien dr.&: $6+rahd riesbif ABRE Referentdley CSUTélegraphics] as
fro nunber of significant limtations. For exanple, .
thears adsmaoterian odithe chisat abot the 7 pun pweh g il circulér range”.
IObIRAIRERL if Reas@TE 18HEK BhOMotiRBnRRIRd A&MichDYRes of a sheet of
cannot handle pagés of arbitrarily rotated text

pdpeneand Ddeéines thd &3t ithatsis inochabdto theepdpect thehaaimttheis3he rotation

lL.gorith require significant processing,.resouyces
ofl 416, PoABR™t Pt GRHY , SUPE PRHES S EMPRIBE TR ore able to
mb4iais ftRE MkimGG 6Ph WEkikgeidlehent ahgh t‘_ﬁ@@]@ﬁataﬁoﬁfof digital ink,
t ext (e@?q' proj ection nethods), are brittle due to
cp

inghysling c ne sgrppiice dtablete stid d¥etpager pensi K. aBidverbrook et al,
Ul e- d & ' or are sensitive to ascenders,
Jest gnblgéx‘?l%e meg}lﬁ‘%@@]

esc ers & iers” (e.g. least squares
regression and projection techniques). 10 [010] The
azimuth of a witing inplenment is defined in [R
POYHGT, "Wntab, Interface Specification 1.1: 16- and
Disslesure O Inyemdiomce"  |CS/ Tel egraphi cs] as

[011] In the preferred embodiment, the invention is configured to work with the
Netpage networked computer system, a detailed description of which is given in
our co-pending applications, including in particular PCT application W00242989
entitled “Sensing Device” filed 30 May 2002, PCT application W00242894
entitled “Interactive Printer” filed 30 May 2002, PCT application W00214075
“Interface Surface Printer Using Invisible Ink” filed 21 February 2002, PCT
application W00242950 “Apparatus For Interaction With A Network Computer
System” filed 30 May 2002, and PCT application WO003034276 entitled “Digital
Ink Database Searching Using Handwriting Feature Synthesis” filed 24 April 2003.
It will be appreciated that not every implementation will necessarily embody all or

even most of the specific details and extensions described in these applications in
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the "clockwi se rotation of the cursor about the z axis

through a full circular range". |In other words, if X
wanw4p4def i ne the horizontal and vertical axesPOf/AE2003/001342

sheet of 15 paper, and z déeéfines the axis that is

normal to the paper, the azimuth is the rotation of

the pen about the z axis. Sonme pen-based conputing
redatinnetes ther asabbysten. Homaser,ght sgstar uddscobed imvitstrnogf complete

inopl enent .duri.ng,the neration of, digjital ink, )
foP oG g e B8t ie Venieh bt Baefit suntodiments and
aspettéIthho PesRht AlventioP@peidle, Device”, WO 02/42989]. 20

Di sclosure O Invention [011] In the preferred

enbodi nent, the invention is configured to work with
. r t system..a detail ed . .
10428 i RS RS a ARl e e B 43 BBl g™ provides an
intgrpticat papes-based | incirfi@ei o palines UhfyrnREbnapp! ubidikingh pages of
. W0242989 25 entit]ed "Sensing Device" filed 30 May
inytsably dappprsTcand 8p ambivadygonpging mien) Each nagerganerated by the
: Sl _ . i . ;
NERRPL Sysish! ISPyt onie R R e BBt 80 B all wser
inpractedm umith th@ORapdPClisingpthlei Natpage MB0242256ured, interpreted, and
) at For. Interaction. With A Network Conputer
stoffly AT peihting ey O0ES Tach e tha i IeRERbpHIning of Netpage
dOMRERA 2 B vERL i ihtesltividl SfigiRbati : ' i
AR i B o L0 s O R, PREAGRDNS et

pexoomd nptwaikl infbastmsprrecpravedt mhpapardiased ealternative to traditional
s OR gpentation wll n ceSfari I% enbody all or gven ¢

R O3 RRPUEHIGTS @0 PRIPS RAYTSNDE AT Eiess.q 888, Fiymprts user-
interfdcRefdacappdlitgdutRas hyPerRt2A4g AAOAM form input.

PCT/ AU2003/ 001342 7 relation to the basic system

However, the systemis described in its nost conplete

f i stk . dj t ext .iqn ich .
SET R T T R § TR ——
promidentvion moadbiml conddlidh, whidlt ipriftedn®ity, ant i&isible pattern of

. preferred formof th t page .system provi des an )
infrarest iass; (et ﬁaﬁ%rensaieégﬁxen@@a‘flaaé)ft Beoiaei o the page and a unique

pdgel REARELPANA DY %érlwﬁ%{e@%rpﬁ&ega%é thé E}Hagirg éeﬁ: QdEgkies these tags
paper and an optically inmagin én. Eac age
angeerartsdihioymotien dlethpape sysdégitalsinknTheedigital ink is transmitted
ox{j:ggap%vlilf'ellees% c na%n%{ % eadre?artly Base ts%lgt?lro%, %%avt rer’l s%g‘g t(gj1 ItLe network for
processing and storage. The system uses a stored description of the page to
interpret the digital ink, and performs the requested actions by interacting with an

application.

[014] Applications provide content to the user by publishing documents, and
process the digital ink interactions submitted by the user. Typically, an application
generates one or more interactive pages in response to user input, which are
transmitted to the network to be stored, rendered, and finally printed as output to
the user. The Netpage system allows sophisticated applications to be developed by
providing services for document publishing, rendering, and delivery, authenticated

transactions and secure payments, handwriting recognition and digital ink
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interaction with the paper using the Netpage pen is
captured, interpreted, and 10 stored. Digital printing
wao ewhiaoagy facilitates the on-demand pri nti ngP@f/AU2003/001342
Net page docunents, allow g interactive applications
to be devel oped. The Netpage printer, pen, and
network infrastructure provide a paper-based
segrehingatande user tvadidatiponusings bicreetrivasechniqudsi cath oass signature
R nl.i ne publishing services, and supports user-
Vg%@%ﬁygke functionality such as hypertext navigation
and forminput. 15 [013] Typically, a printer receives
a docunment from a publisher or application provider
[Qfi5d GemereHubsirl Peesankeérventionwgsickh tpsprovidet ednesihpd fam estimating

N\t si bl t Fnfraraed t.ags that ch encodes
AL, BTSSP o P AL BBt SOSRGBen 1o ome
foirthe rthé ftéiniqus itvolear usin g teineR dde thageld & Heni ST ti%on model,

en decodes these tags 20 and converts the notion of
WBH_‘é{ %aé)nb;a AP agy i1@<$1fzgi,alllai A iteshwhighgistugedtalestigmate the orientation of

subs .tf}l\%ﬁtteﬁ\fﬁ%ﬂé} Wcreless channel to a relay base
station,” and then sent to the network for processing

and storage. The system uses a stored description of
jtal ink, and rformns

[Otlﬁz f@% %éé]?@d{ng;g{l 3 e’%ig{) hq%ﬁggéq%% Fer?Bantehd%ﬁ‘P% ed herein seeks to
0ARBbIE &rl Afelidratd TheAlimNARBlohs ek OiSed ) Y}%éigrisp%e Rhatithprove on

t he user by publishing docunents, an rocess fhe

cufrgitt dechimguesnther awtilizing pebnioricathtion tinéorussion that has been

i I a li.cation nerates o ot e
prbtRUSR evaBLREB Rk by, QBRF 5ERs "R Hontilts ape fogm of the
intvestion dahedsé ardiRgn@hteotd deflehdte S Hridr-de eGhen@Bfientation
finally printed as output to 30 the user. The Netpage

medek that i yseddusingorigntezenastipptiorat i ons to be
devel oped by providing services for documnent
publ i shing, rendering, and delivery, authenticated
[0 7 anisag thiroxd feumd the pussenp aywenitios, ploaidbyr 4 hidiBod of estimating the
recognition and digitaI,Lnk WO 2004/ 042644 )
OTF@F?&‘E& 3/05¢8ment fsdigitahi ik, Hied methed viscluding othe steps of:
U . I . .
SR MO R EERUALES PHERIAE 8 B Frter gengration of the
segawing of aligitalvinke and eetimating dhe estehtmionngf the segment of digital ink

using the measured azimuth of the pen at sampled points.

[018] Preferably, the estimated orientation of the segment of digital ink is
subsequently used in a digital ink line orientation normalization technique. In
accordance with specific embodiments, a single, fixed orientation estimation is utilised
for a line of digital ink, or, an orientation estimation that varies across a line of digital ink is

utilised.

[019] According to a further possible form of the invention, the orientation of the
pen at sampled points is estimated by subtracting the mean azimuth of a digital ink
training sample from the measured azimuth of the sampled points, and normalizing

the estimated orientation to be within the range of 0° to 360°.

ATNIITAAN VAT
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5 the orientation of a segnment of digital ink using
pen orientation information. In one form the

wo ewhiixee i nvol ves using training data to bui PCI/AUp®B/001342
orientation nodel, which can be for an individua
witer, which is used to estimate the orientation of
subsequently witten digital ink. 10 [016] The digital

[0R0k Acdorbingt foosthes spavifit @mbodihehtglthedageidnbed digitsli ik is more
seeks to over%one or aneliorate the linmtations

thaye cve; ghegastar of digitaloinkarAlsoqthe pegmenieofofigiialipkipay be a line
I t
sep R B Binh bl g o L ST A8k L BE TR Bing o change
inczhentlsyduens. Additionally, one form of the
i nvention can use training data to generate a
writer-dependent pen orientation 15 nodel that is

OQ§FdIn t fABhEF L5 AL leffboRSthEARLdOMRe PrOkht nll%rﬁ‘low e orientation
formthe present invention provides a nmethod

esesxtatmavt useg a Weiteroinideperatend hamﬂwatmggne&ﬂl tfe ohngmtaabn estimation

| udi. th t . [ N .
s R FoR b op e e 5ol FRaed ising RARA il fok inpue
byg e HaitbBNorofhet WEtedOdSRATBAE ha{dwhiGhs 3hoddlKs tédifled using sample
estimating the orientation of the segnent of digital

digirl inksinpgt by eharwaiderresdng iconsigtest baspdingen at sanpl ed
points. [018] Preferably, the estimated orientation of
the segnment of digital ink is subsequently used in a
[Odlzgl Inala ifakthet nigroadi €svinat then pregemtl indahiion pﬁﬁliﬂeﬂlw pen-based
25 accordance with specific enbodinents, a
COfnilBaétHl&) SYSRPa It P BRI 1 ATIPRtAGOR] 95 & cheggiend o ﬁglta} ink, the

syStedh Hﬁéluﬂ{}f@ne‘i’&g? Ref'c bﬁﬂ)ﬁ.\ﬁ&xk%ﬂeﬁ} ] (%Elt{lhﬂlgc] YR8 £Processor

across a Igita ut
adaptask th egtinateatifeuntibetatipossi blsegfrmntm(ﬁfmghel 1rﬂwbmtmem;ur1ng the

the ori.eptation of th 30 nat S
Bt dR° Ry il SHEPfing TRHC TG S meEREGRoR O e spement of
disftkl idK, o E‘&ﬂltﬁﬁiﬂ’é ¢hd bABh IS n GREY ?é%n?éitrﬂft(!ﬁgﬁﬁl i€ using the
sanpl ed points, and nornali zi ng the estimated

megsueed azinorhiog the pen ahsampled poartge of 0 to 360. i.m
rnnn rrrm WO 2004/ 042644 PCT/ AU2003/ 001342 9 [020]
According to other specific enbodi nents, the segnent

[OQBE(dﬂngé,tﬂwyet AkfutthefBEcad fdiaD N Bres bRy ﬁﬁffeﬁﬁo@fpr&ﬁbﬁ al pen-based
computlrfél zgstegﬁ.h‘?orsg 1nn?ar]c§ng0fthed Iogllehtaaltlolnn(i)(f gas%g?neen? olfI digital ink, the
system including:
(1)  apen-based computing pen to input digital ink;
(2)  astorage unit to store a handwriting model;
(3) aprocessor, the processor being adapted to:
(a) retrieve the handwriting model;
(b) receive a measurement of the azimuth of the pen at a sampling
rate during writer generation of the segment of digital ink; and
(c¢) estimate the orientation of the segment of digital ink by

modifying the measured azimuth of the pen at sampled points

using the handwriting model.
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segnent. In this form |ine segnentation may be
perfornmed by neasuring a change in azinmuth value. 5
wQ 0@1p4dems yet further specific enbodi nents of PEEAU2003/001342
present invention, the oridttation estimation uses a
writer independent handwiting nodel; the orientation
estimation wuses a witer dependent handwiting nodel
BiiefiDRecrigion®hfIignkes digital ink input by the witer;
or the witer dependent handwiting nodel is trained
[024] rhs apyeEsent lidvenigod akhoulk |bmpuinebyaptphsenb/r iftean ubké¢ nfpllowing

a consi stent. haselin 022] I1n a further oad for
A B AP RS STRC 1o oveB by roer wisoutnall pilh ! SamsitHy but non-

lu%Yt%ﬁ%? r@tﬁ@ddlﬁ‘&ht nRkideg, [dRecPhdEnh aEd)Iﬁ{bcﬁt)nawsiﬁg ROt abmpanying
di gi the systemincluding a pen-based
ﬁgm@utl ng pen to input digital ink, and a processor 15
adapted to estimate the orientation of a segnment of
digital ink by nmeasuring the azinmuth of the pen at a

[@iﬁﬂrplkllgﬁﬂe nafl RisetdtdsntheVivdr@ge JEs1€Y, inli it ah, h{lﬁuﬁlﬂﬁﬂ&dﬂd standard
ital ink, and estimatin t’he orientation of the

d@fé@h@h daghedi agimath merswrsmegts s lefdwaded and zighithangded writers;
the pen at sanpled points. 20 [023] In still yet a
further broad formthe present invention provides a
[026n - Pizasd? itastpates iy tsyiaigmaddnossilizmionngotédure;
orientation of a segnent of digital ink, the system
i ncluding: (1) a pen-based conputing pen to input

[@W%' F@uré Qiﬁllust(rgf)es %é&s?fflﬁgmﬁﬂhh Vetors Q)rtech@ F})en at a sampling rate

t1 ng nodel a processor, rocessor

dlnmg}g'mda@mdattcm of {he) segetent of digitwd 1in]a,mhﬂr| ting nodel;
(b) receive a neasurenent of the azinmuth of the pen at
a sanpling rate during witer generation of the

[28YEihrOY Wi@irh@s theksst@idled (tlen@ftdd B @hé I%@g}ment of digital ink
orientation of the segnment of digital ink by

sheset inyFigyre heftee thahanilveiiingnodst is seplipgh at sanpl ed
poi nts using the handwiting nodel. W) 2004/ 042644
PCT/ AU2003/ 001342 10

[029] Figure 5 illustrates a pen-based computing system.

Modes For Carrying Out The Invention

[030] The following modes are described as applied to the description and claims
in order to provide a more precise understanding of the subject matter of the

present invention.

Azimuth Measurements

[031] A digitising tablet was used to measure the azimuth of a pen during the
generation of handwriting by five different writers. Digital ink was collected using
a Wacom Intuos graphics tablet with a sampling rate of 100 Hz. The data
collection application was developed using the Wintab Programmer Development
Kit Version 1.26 [R. Poyner, “Wintab Interface Specification 1.1: 16- and 32-bit
API Reference”, LCS/Telegraphics, May 9, 1996].
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Brief Description of Figures [024] The present
i nvention shoul d becone apparent fromthe foll ow ng
wa@e®anipsd on, which is given by way of exanpl ePCNnAY2006001342

a preferred but non- Iimtilhg enbodi nent thereof,
descri bed in connection wth the acconpanying 5
figures. [025] Figure 1 illustrates the average

[q32d] dxbleml ndetuidy thevazimnth arcdsstearedds dor diey isatipdi data collected,
ﬁldashgd) azi mut h msasurean s .for | ef(io-handed and ) )
WhEEh (06 AL GF9 CRGESITed; GIqakage prighrE Zeperetiigageiertical line
pbit€ink! @i HeNhp2 B8 tHé’&)rfIgE.' K@td %t%@cﬁz‘i%hﬁ% d%%&ﬂenféngy -&veal that
3 illustrates nmeasured azimuth vectors of the pen at a
weidep2i irg leththendeflir Tablew? i desrilggheraiterage, ahititreins egrithum, and
of .digital..ink. and 15 [028] Fiqgure iJlustrates the
sl BB Pefmuh RRbo R Soihebgrpl TRaer bot Lot
asdoight-hindddgwrieers, withahist dia Mdadmied impigmeel is
applied. [029] Figure 5 illustrates a pen-based
conmputing system 20 Modes For Carrying Qut The
enti 30]. : f.Ql 1 oW r escribed as

TABET SR B i Bld SRR SR EReE

provi de g nHeed@fmess se undessigandi Ng AlfiniMams ub| e Waximum
_prax_t:_er_gf___t_h.g_'.p.peg_em;_i_wenfi on PS_Azimut h

MYFEGF dnent s RE8At A di gi til8Phg tabl et WAS° used|to 148°

. . 411 HESE £ PEPSZEPS M-I M S P N At 1 A ~f

LI >, Ul e da 1 1T Ul a PIsl yurity e g e ar o 2
hAAHRE Ptilng by-FTve dilffer @8t witors. BIotal |nk Wae
COl@F8ed USI RGop@ VAGOM | oS graphics,jabret| W th-g,
sanpling|rate o% 100 Hz. Tﬁgydata col | zcz:ltii on 175
appitecdt ijon wasgldevel oped yging theé W ngake Progf anmgsryo
Development 30 Kit Vension 1.26 [R| Poyner, "Whntab

| Wréet ace Spe8ightcation 1.13316- apd 321b9t AP 159°

rancaA" 1L.CS/ Tal Aand hicc V21V 10061 _ \\D

Rof A an
T\CTCTCT1TC y Lo ToT Ty aaprTT— oo, TV =] I I

J 1
2004/ 042644 PCT/ AU2003/001342 11 [032] Table 1
details the azimuth neasurenents for the sanple data
coll ected, where the angles are neasured cl ockw se
Tablen2.0 Avepages stanidagl dewation,onlnimuneandoianimng meadunements

tog—of —thepage—Note—that—the—aziruth—reasurepents
H’Itzgggcéfesls hat %Werage Std. Deviation inimum Maximum
Right 138° 11.9° 109° 173°
Left 294° 8.2° 275° 316°

[033] As can be noted from the results the azimuth of a pen during handwriting is
relatively stable for a particular writer (as can be seen by the small standard

deviation and difference in the minimum and maximum values).

Orientation Estimation

[034] To estimate the orientation of digital ink using the azimuth measurements, a
handwriting model is required to be available. Whilst the technique works with a
small number of writer-independent models (e.g. one for left-handed writers and
another for right-handed writers) that do not require training, more accurate results
are achieved using a writer-dependent model that is trained using sample input

from the writer. To do this, the system is trained using digital ink data that was
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witer 2 is left-handed. Table 2 details the average,

m ni mrum maxi nrum and 5 standard deviation of the
w@2iomsdsssreasur enent s for the sanpl e data for BPOI/AU2003/001342

left- and right-handed witizrs, with this data

illustrated in Figure 1. Table 1. Average, m ni mum and

maxi mum azi nut h neasurenents Handedness Aver age
whilttein nuein g/bex comsistedy, i well- dbﬁlﬁie@fﬁasﬂ:ﬁﬁe 108is148ta befd621ved from

Lef 294 275 316 iter 3 Right 124 173 Wi ter

t 103 (for exgmpley fforgh igp cjlﬁfa 1ha 74 woussedoto be written

hJﬁiHIf%al?y) SV 8398 se?ﬁﬁ@g%raguﬁgéiraéédﬂ?e The gﬁgﬁ%@n&ta is then used

maxi mum’nmeasur emen ss Average
tolgariczate armidieli fion theviwxitemias shiRivghin E@raz 9 109 173
Left 294 8.2 275 316 [033] As can be noted fromthe
results the azinmuth of a pen during handwiting is

(038l ahitesla¥ivelyabt@idiRg nPcthC Wiy Wbty (ﬁ'a%d%ﬂtaﬁ input (i.e.
seen by the snmal | standard 15 deviati on and

withpie rexpbieiti raramegnﬂmahuhy alrdn gragal rﬂ]tnmdhweg)nentatlon estimation
teglﬂugﬂ% a{%) gﬂth Hg{al ﬁf)n{ %ﬂh Iﬁ)e %\Esrthtg m}{]eﬁt model is generated.

i on o dlg ita Uusi‘ng

Sieashe eriming, data dorpdiat inledgo HedRIrgd $a If@\ﬂ Uefted dad lb@sufﬁcwnt)
avai ] able. Wiilst the technique works with a 20

theuieeeRidye wert tor tfiuﬁblélpfeﬁa@nﬁambee‘f@y(féipgnsme(pmﬁessor lntenswe)
sih&f §¢ Ra%}ﬂf%}% €'oh Qg%aﬁn&gﬁﬁnt o?rmf(' ﬂhgd&%%ﬂetg th%s algorithms
witers

hat O not requir I ng, nore ac
thaedallt ;m same aithatéoresd casibeg uaedyr sinee - adesﬁ)xegiéemcc_amell orientation

|str|ned usi n le input froqmthe witer.

sz*&“tiboncﬁlaé thap s g%ﬂélfl% 0% the t5FERE BEACHEUTH gi t al | nk

data that was WD 2004/ 042644 PCT/ AU2003/ 001342 12

witten using a consistent, well-defined baseline.
[0Bl] sOner dledandbleh@liebwnegbrferajnd incandle usepior {ihe rsegmentatlon and
or\}\?rﬁgﬁ%rh es 1mrartr1]onngﬁ1& n%%tn%htza 101. I&/h%%ngetarrfgrlrr%%% ltme segmentation, a
large jump in the azimuth value (e.g. a value larger than the expected variance as
given by the writer-specific model) is an indication of the start of a new line of
text with an orientation different from that of the previous line. For orientation
normalization, the model can be used to generate an estimate of the text orientation

for the line segment, which is then used to perform baseline normalization.

[037] As an example, Figure 3 depicts the measured azimuth vectors for a stream
of digital ink handwriting of "hello world". The vectors represent the orientation of
the pen during the generation of the ink, and the angle of the pen relative to the
page can be seen to change smoothly during the writing. To estimate the
orientation of the digital ink in this example, a simple mean azimuth model was
used, where the mean of the azimuth values in a set of training data (a single

horizontal line of text written by the same writer) was calculated and stored:

Zn:ai
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horizontally) or froma separate training procedure.
The training data is then used to generate a nodel
WO oro4nkps4aw i ter as shown in Figure 2. 5 [035] PCT/AU2003/001342
Alternatively, training candoccur using arbitrary
handwitten input (i.e. wthout explicit training
data) by using an alternative orientation estimation
wihersheiiig (ke aoimuth ttheashrengiatt an fdegraestat sémpleer, and 7 is the number of
iter-dependent .nodel is generated. Since the
Satll\glglltegil%g eggltgétaggg% not need to be large (a few letters
can be sufficient), 1o the technique used to truth the

data can be very expensive (processor intensive)
[Q%84cEhp meagn walpRg reprgseie shopommalnagimutle gasrthe ofrifentholds the pen
: | 1.0 [ S, [ that fajl.in so .
el A0 Bl h Bl Tl et i Blntiopcurieh sample poin,
ther nemnhavhhmes wstd mabiractel sfratd thbadzimSith 6AMELT Qe digital ink
the training procedure, 15 [036l Once the nodel has '
etauap]e o, %%}g"rff’ hakithdhe sesplisoponmalized cignensuse itey are in the
rafBd geQrigppt ation estimation and nornalization. Wen
performng |ine segnmentation, a large junp in the
azi mut h value (e. %abaa—weg(;@e hargerost han t he expected
variance as g@ven by the witer-specific m@l) is an
i ndi cation of the st & T %f a®HéPfne of text with an
orientation different fromthat of the previous line.
For orientation 20 normalization, the nodel can be
wheed; tio tigeadhaite nedaserhi i i@ dofrekh at §axp1eal heMkat i mean
for the |ine segnent, which is then used to perform
azimath valuefoF tha Wriden n calcobitpd peevaeudyanpl e, Figure 3
depicts the nmeasured azinmuth vectors for a stream of
digital ink handwiting of "hello world". The vectors
[038prElse nteanhezimutle vhiatei dutivel frém theetrpamduaiaN e proximately
1®%n§ﬁ1§tio of the ink, %nd the angl e of the pen
bt atiy ¥alug Vs siiteted frope cade AT the avangedsrbouth yalues shown
i Che i et . . . of .
i eV 8] e RetmalReR Yl ARG DR imBlsh 3R IHEAD R Fewre 4. s
camefeseanais Figueal4, thiverstintdted neiantadiont Veet@zigivé b goaldu@dication of

in a set of .training.data (a single.  horizontal |ine.
tn oy Wilplibe AR it PRorJellendy el oal seek Rowet on the
digiter eek ggﬂal Thei@ rientafidn Lvelrd 004 BAL6BE used for digital ink line

PCT/ AU2003/ 001342
orientation normalization.

[040] Once the ink baseline orientation has been estimated, a number of digital
ink line orientation normalization techniques are possible. A simple method for
text written with a linear baseline is to find the mean estimated orientation of the
samples in the digital ink segment, and rotate the ink to counter this orientation.
More sophisticated techniques include using a smoothed running estimate of the
orientation, or fitting a curve (e.g. spline) to the estimated orientation vectors and
warping the digital ink segment to ensure the estimated baseline is horizontal and

linear.
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13 where ai is the azinuth neasurenent in degrees at

sanple i, and n is the nunber of sanples in the
waele@iunadesd nk. [ 038] The nmean val ue represents PEEAU2003/001342

normal azinmuth that the wilder holds the pen 5

relative to the page when witing. To estimate the

orientation at each sanple point, the nean val ues

[042 ] eTBisbtdeatdmieratdson tspeciawd, bih Nod-Uigsitiak, t Sendhlei hddthod for
i nk _exanple shown in Figure 3, with the resul ts

eStiER g ﬂ@oom@téfﬁ% pédigita] ink asing thyazimuthgef (e-wrtog device and
théiqlsiegff%ﬁg rﬁgas%r Qntato Sperf&)n ?ﬁ?ntaiy\ég tn%%l\é'h 1(3'11011%@ glégmentatlon

remen degrees df
and a is the nean a2|nuth val ue for the witer (as

| 039 Th ' h |
(043 B Bihconparhisniir b odment &f GecRppmolRRReR ean e realised
ustBP-a pO-Daved ngfoc‘é@ssing Lé%‘d’eﬁf:taqgef(érﬁgl C6F thgéh t1§"§hown 1n figure 5.

neasured azinuth valtes shéwn in gure gi vi ng
Thopnedessieg sysieent Btgeoaradiyt nmhxdses aaﬂenss IaqvmcessoFllg U aenemory 12,

h t t .
» gepdneat TBRTVASHER 45 g ot STHGPEAth GRUGIF together via a bus
13upvedxRasql imerdd 8t édn alsof 95 ;{(116%1&6@(?0 B&hPIn VR Processing
at each point on the digital hese

systanerlata ®storage degicednd whioh lbwsas @ddaftébasm I tThe mnmory 12 can

b B fort of DAL e EF BAABe, P18 47 g MTatlEpptibey, sotia

steliegdtbedge dakcdsl Iﬁelgﬁétle de@idedNetdo MRl dutplit @vit@ehrdaguasiude, for
are possible. A sinple, method for text witten with a

exanpplgy 2 sHERIRY Hevics, fr@mﬁommla@rn@t@n Tétgtstwge dlevice 17 can be any
fotal 6 tserh%@ él?éants h ?orZ?:h it | §31dtfle tden ghfa?llle l¥nory, solid state

segnent, rotate fk 10 COunt ar

storagerteai¢esnmaghbti @ dedpés, st¢.cat ed t echni ques i ncl ude
usi ng a snoothed running estinmate of the orientation,
or fitting a curve (e.g. spline) to the estinated

[0AB1 €t 84d, QRe ‘b@@éé&ﬁﬁxﬁ%ﬁten’{‘@@pﬂsnﬂi ghﬁl ) ghbg dtﬁ‘ Ior 1nforfnation to
segment to ensure the estimated baseline is orl zont a
beastbred jineamd/or retrieved from the memory 12 and/or the database 17. The
processor 11 receives instructions via the input device 13 and can display results to
a user (or writer using the pen input device 13) via the output device 14. It should
be appreciated that the processing system 10 may be any form of processing

system, computer terminal, server, specialised hardware, or the like.

[044] Thus, there has been provided in accordance with the present invention, a
method and system for estimating the orientation of a segment of digital ink

generated using a pen-based computing system.

[045] The invention may also be said to broadly consist in the parts, elements and
features referred to or indicated herein, individually or collectively, in any or all
combinations of two or more of the parts, elements or features, and where specific
integers are mentioned herein which have known equivalents in the art to which
the invention relates, such known equivalents are deemed to be incorporated herein

as if individually set forth.
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14 [041] This denonstrates a specific, but

wow4l0isid | ng, exanple nethod for estimating PEIEAU2003/001342
orientation of digital inkl18sing the azinmuth of the
witing device and the use of this neasurenent to
performorientation normalization |ine segnentation 5
[042] A further particular enbodinent of the present
i nvention can b%#%eallsed u5|n%.a pen- based

(4504 cB4arrgh dhe pesfersd anbogimenghagihicen 4e§0@h%ﬁn.4¢taﬂ it should
bé' WefstPod tRAE VWIQ&@%??H@ES?%%%@ER&I%EQ?%ﬁaaélltééghgﬁé WhShe made
east a processor ,a Imenory , a pen-based
herﬂpubydmcl @Eoﬂﬁna@dslah iauthp rt ddtlione departigfiload the scope of the
ether via a bus 15. An external interface 16 can
%? iBXeMiPyi ded for coupling the processing 10 system
10 to a storage device 17 which houses a dat abase 18.
The nmenory 12 can be any form of nenory device, for
exanpl e, volatile or non-volatile nenory, solid state
st orage devi ces, nmagnetic devices, etc. The out put
device 14 can include, for exanple, a display device,
nonitor, printer, etc. The storage device 17 can be
any formof storage neans, for exanple, volatile or
non-vol atile nenory, solid state 15 storage devi ces,
magneti c devices, etc. [043] In use, the processing
system 10 is adapted to allow data or information to
be stored in and/or retrieved fromthe nenory 12
and/ or the database 17. The processor 11 receives
instructions via the input device 13 and can displ ay
results to 20 a user (or witer using the pen input
device 13) via the output device 14. It should be
appreci ated that the processing system 10 may be any
form of processing system conputer termnal, server,
speci al i sed hardware, or the |ike. [044] Thus, there
has been provided in accordance with the present
invention, a 25 nmethod and system for estimating the
orientation of a segnment of digital ink generated
usi ng a pen-based conputing system [045] The
invention may al so be said to broadly consist in the
parts, elenents and features referred to or indicated
herein, individually or collectively, in any or al
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30 conbi nations of two or nore of the parts, elenents
or features, and where specific integers are nentioned
whereioeewhi ch have known equi val ents in the arpCT/au2003/001342
which the invention relatds, such known equi val ents
are deened to be incorporated herein as if
individually set forth. WO 2004/ 042644
TRETIAEN03/ 001342 15 [046] Al though the preferred
enbodinent({as been described in detail, it shou

Lundefsmsserd 94t esanating tha Migadation 0éta sesmens, ofa¢ralta1 ink, the
2 de herein by one of ordinary
mgtlliﬁﬁlltc}r&?ﬁ%ggéh S iout departing fromthe scope of
the (B pr ememsturmgv'dwt azimutMO 208 4pddv 264 bampling rate during writer
PCT/ AU2003/ 001342 The cl ai gﬁ net hod of
esti mat i ngBFATEAIY ehthgiSegmegt © bgéﬁj’rlné‘ﬁf d di git al

i nk, (hhe é@"nﬁﬁfkg ed 'égﬂeﬁgltfolﬁeoﬁtt@@%egﬁlent( 13}’ JBASUEN Ssing the
the azimuth of the pen at a sanpling rate during

witer 5 mewawed apmuwh ofibe pegatsmpleddiogntsal i nk;
and (2) estimating the orientation of the segnent of
digital ink using the neasured azimth of the pen at

2sanpired nd@th8d 95 claimbdeinnBbfind , afhdibil fRMestimfbdioMehtation of the
wherein the estimated orientation of the 10 segnent

seeeitgpt aligitalk ink isupehsgaeently useddin i digita)i ink linek orientation
normal i zati on techni que. 3. The
n&ﬁ{l‘ﬁozgx"noﬁr{.% dlﬁg 3

as C in claiml, wherein a single; fixed
orlentatlon estimation is utilised for a line of

di gi i nk. 15 4. Themet d as clained in claiml
V\/neriﬁﬁ % &t staimad ey 5l oh eiPapi é@gleacﬁ)@gsonentatlon

es@uﬁdu%ﬁ iOti1e@rd 1idYf digtab'idk! 1 S€d. 5. The nethod as
claimed 1n claim1, wherein in step (2), the

orientation of the 20 pen at sanpled points is
]_e rsﬁ(l g(rergetggd as gfaﬁr%%ﬁ"ﬂ %la}ir%el M hereis Iarrlr%tnent {1on estmgatlon that varies

across a line of digital ink is utilised.

5. The method as claimed in claim 1, wherein in step (2), the orientation of the
pen at sampled points is estimated by subtracting the mean azimuth of a digital ink
training sample from the measured azimuth of the sampled points, and normalizing

the estimated orientation to be within the range of 0° to 360°.

6. The method as claimed in claim 1, wherein the segment of digital ink is

more than one character of digital ink.

7. The method as claimed in claim 1, wherein the segment of digital ink is a

line segment.

8. The method as claimed in claim 6, wherein line segmentation is performed

by measuring a change in azimuth value.
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training sanple fromthe nmeasured azinuth of the
sanpl ed points, and nornmalizing the estinated
w@eriogismtdi on to be within the range of 0 to 36PCT/AU200B/601342
met hod as clained in claimll, wherein the segnent of
digital ink is 25 nore than one character of digital
ink. 7. The nethod as clainmed in claim1, wherein the
9segn®he rmifthokii g5 tchdimiedkini daim 1| whersirgheokien8iod. esHigation uses a

ng t ho d%?hne i.n claim6, wherein |line
W B‘?r} fit fan ‘@FFIBS% elpy measuring a change in
azi mut h val ue. WO 2004/ 042644 PCT/ AU2003/ 001342 17 9.

The method as claimed in claim1, wherein the
10ri ebhameshodss ictrmiedrinudaim 4, Wlme'rtiia rthé ndieptatibendstimation uses a

The neth as cl ai ..n_claim
w80 HldnaR, BB G ol BBhATaite Sulale S ei ok iput by he
waiegendent handwiting nodel trained using sanple

digital ink input by the witer. 11. The nethod as
claimed in claim110, wherein the witer dependent

andyy. | d i.ne ng, S | e. digital
?npu?ﬁ% h{é%d?\ivrffeslt eérlgllﬁé%(ﬁg&adclél%l cg(%fsﬂ@)éﬁ]tn tg |wrht8r dependent
hdrﬁlwrl’ﬂnﬁeg meddedds amiftdinsRg $a’1\n1§flb8d1gitép1nld/\h£iﬁﬂlbgr tewriter using a
wri.ter dependent handwiting nodel is trained using
Cc&’rsbsit?’?%]?%?e]é%?rpl e digital ink input by the witer. 15
13. The nmethod as clainmed in claim2, wherein the
digital ink line orientation normalization technique
12.s sEhecwethdd cem tdisinset iof :clanpol hedviiarain rgeesiritent @ependent
of, the ori atlon orrect u eflttlng est i mat
g SHoL By BB R GIn O Rry SRS (it BB iRt bigne writer.
system for esti matl ng the orientation of a segnent of
digital ink, the systemincluding a pen-based
130onplks methed as cﬁlﬁumﬂﬂ]t indichpiima?, whkrein dhel dagipaloméiskne orientation

f f
Ao TR Sl e REAEARIN of The pen at a

sanpling rate during witer generation of the

smoothed running estimate of the orientation correction;

curve fitting estimate orientation correction.

14. A pen-based computing system for estimating the orientation of a segment
of digital ink, the system including a pen-based computing pen to input digital ink,
and a processor adapted to estimate the orientation of a segment of digital ink by
measuring the azimuth of the pen at a sampling rate during writer generation of the
segment of digital ink, and estimating the orientation of the segment of digital ink

using the measured azimuth of the pen at sampled points.

15. A pen-based computing system for estimating the orientation of a segment
of digital ink, the system including:

(1)  apen-based computing pen to input digital ink;

(4)  astorage unit to store a handwriting model;

(5)  aprocessor, the processor being adapted to:

(a) retrieve the handwriting model;

CTMYTITAAA T —~—



25 segnment of digital ink, and estimating the

orientation of the segnent of digital ink using the
wore@sisxmad azi nut h of the pen at sanpl ed poi nt SPCI/BU2083/001342

pen- based conputing systemi$or estimating the

orientation of a segnent of digital ink, the system

i ncluding: 30 (1) a pen-based conputing pen to input

di gital i(hk; re¢elye a meeswmgmeninof thoaginouth @&f the pen at a sampling

handw i ti ng nodel;.(5) a processor,.the processqr . ..

bei ng adapt ecfa‘ieo‘.humtga}’“rt%rfgqn@ 1 %fﬁlsr?&&mepf Hgg%ﬁiﬁ‘él“?k? and
WO 2004/ Qg9 644tikfald AHOQHRLIN2 of Lend DYeghfii®! ¥ &igital ink by
nmeasur enent of the azinuth of the pen at "a sanpli ng

rate during wnodifyingethermeispedazireths efjtentpenfat sampled points
digital ink; and h(ec%?%stitrrate the orientation of the
segnment of diuﬁfn(ga‘f i BV);I Hi%dﬁ“f’?? g the neasured

azimuth of the pen at sanpled points 5 using the

handwri ting nodel. 16. The systemas clained in claim

164 oFhe systemeap chaimedoin plaimgl h@aptedheaprogessporbeingadapted to
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