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WO 2004/ 077311 PCT/ AU2004/ 000181 LINE EXTRACTION IN
DId TAL I NK Technical Field The present invention
WO 200a0EB1t 0 processi ng of handwitten digital PCRAUZ04/000181

docunents, and in particular, to a nmethod and system
for line extraction in a digital ink sequence. The
present invention also provides a neans for |ine

ori entation esti nRINBBXTRACIION giMt Bicimak BEquence.
CO PENDI NG APPLI CATI ONS AND GRANTED PATENTS 10 Vari ous

rdBLIOMAS i SYSt s and apparatus relating to the present
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floerF g iﬁf@t ' 96‘/%9@%\49 E@M@lbﬁ%n 16 48R ME} eﬂo}%)él 546

nunbers, be, substit ut
t he 0%’(5960%%es?)%/rﬁ:??’nb°4apﬁ? 1603170 AYifdar 336 of’l%)e W ESY
assi gyadi, Backgr aadidr t 10/Debi 1Hst | DN 09, Gta oke' as
used herein refers to a sequence of tine-ordered tmo
25 di nensional data points formng a distinct
The @igetsmreniet §€aiﬁer?€épend3t19 o%éﬂ%‘éﬁ‘i}é?ﬁﬁean §r€%tee<ﬂl patents are
idwetpbruteaf &feSeIID Byt keBerehder edose quprideaofonsstabokes have been

1c§ent11.su etés%) 1n?3‘S dg%%q Iﬂﬁlﬁ.\:ﬁéfg rglfieesre w&?l Sx?eg@ﬁBE@iQuted with the

nponen str e i ncreasing use of pen
@Wﬁmﬂ%ggml%%leﬁé}k@@ﬁ%‘é ercHapetMsdsed 35
|nterfaces to networ ked conputing resources (for
8 4? %' ee P. Lapstun, Netpage System Overvi ew,
% 5t 66k Resear ch Pty Ltd, 6th June, 2000; and,
;ﬂhﬂkﬁg&@Anoto Eri csson, and Ti ne Manager Take Pen

@J}@kgapﬁé H%te@ tRee{d gkd@rsAgR Wt Ee&ﬂlﬁcéﬂ&ifo time-ordered two-
Techno ress Re Lase 6t hd

O h
AHGRIT ‘?Jéttahep 8 FSF rELhAi qﬁesl% V\% Qh)%fr egzbﬂ‘lgltal ink

sequestor e, i ndex, and search (raw) digital ink. Pen-

'Stroke sequence' as used herein refers to a time-ordered sequence of

strokes.

'gubstroke' as used herein refers to segmented components of a stroke.

The increasing use of pen computing and the emergence of paper-based
interfaces to networked computing resources (for example see: P.
Lapstun, Netpage System Overview, Silverbrook Research Pty Ltd, 6t
June, 2000; and, Anoto, “Anoto, Ericsson, and Time Manager Take Pen
and Paper into the Digital Age with the Anoto Technology”, Press
Release, 6% April, 2000), has highlighted the need for techniques

which are able to store, index, and search (raw) digital ink. Pen-
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2 WO 2004/ 077311 PCT/ AU2004/ 000181 based conputi ng

all ows users to store data in the formof notes and
wa@apvenatdsions, and subsequently search this dateCbavem4/000181

on hand-drawn queries. However, searching handwitten

text is nore difficult than traditional text (e.g.

baéggdkoﬁﬁﬂn)ng?%%ﬁggé ngsé}uetboztmrwat @ACLIRS fprinof heotes and
roduction o andw it i an t tic variati
ar’é‘é’ttﬁéé?ﬁﬁwrlatrédr ssubfﬁgu?l?’tqg{l tslegna %%o%‘ast Cps?ggfi c%h 8Q§d drawn
queanear | Eowsvedat achnclingi Jrratritvee darabhsenque dfficult than
tI%lg %Eoﬁgf\éﬁﬁt Reg d'f}ﬂéél@ tieRK) dad hasSeqalde 94 inconsistencies
rrespondi ng, searc ue o_stan lex Si

imatber rPrPéix’ngh?‘ill S tE %“%qtﬁé%g é_’tﬁlglt 2% tté_‘yfqm?‘p% { jartations
beiery tvekiens.th the converted standard text in the

dat abase. Fuzzy text -searching nethods have been

descri bed, see P. Hall a ) i mat e
iy TR L GAPERT 1B Ch oo BT ey P AR B g dtateal
ird023d 080 set hat  per fimert esenveat clthrg diwithe prﬂéise#d@base and
c%xfre g?ﬁafﬁger sELLAQI S, @rEﬂ | &l t sdaB@aeapr edideedubyng pattern
It1ng recognition stens. Ho handwri t i ng
£9OEB4 i BF ORCHELGIAEy FERGFIR | O, "t (hE BE TR rpey e the
ccﬁi‘ve&ltéar Ssﬂafﬂdﬁ@ducteﬁcii)ylﬂnamdlw [ datnagnarsecogﬁ’mtiryont%}ﬁot kearching

met rodtshe gt aQ% ﬂéédr%eé‘nd é@é‘ t@e ﬂ?a!lq\/\/f I3l tienG Dowling,
means that t t echni que does not work @ﬁ
‘Pp. 381~

Wogm%%sseﬂ%r%aefﬁmﬁ@“ hah@ T %4%en SHHPET mat f
20 Nt®8beXthaeSPktBodm tdxe hasshidg alISI gime fpiceeencanplintcharacter

e::oforsI nf QL IR Iron Joeg%?ﬁggggt;ﬁn) ggﬁ]er m%rii{:]gng recognition

ynam c propert| es o andvvr i ng. For exanpl e,
SW@SI etters (e.g. "u and 'v', v’ and r', “f' and
t',letc ) are handwitten with a great deal of
simlarit hape. Qnal d in
B A R
nijndet offi enrdh n@ftrpﬁwqﬁ @Mahan%rtaeaeﬂf%cqgénﬁ?@w (poth for the

dé\{HBaQ;IéOL&mtx&QsF’%&dbaﬁﬁd HHRNMHdNG i SYSh eABePF)OVineknsa that this
t%%]ré%g%fgt and worlkb 1I[Teaﬂms E ocgyyalf]ﬁl %%ggg;:ﬁ{ng handwrltten

e are v ar Wt

1 e TRvd op apero tFPFFsr%HﬁtISl aRi e |3§séxﬁf-oart5é@nb§l mO‘mt of

1§y<§gn%ﬁ§.onm'e§5]r&1§ﬁj a:l‘&erbéééﬂefkcﬁl deMbse &Sdad}dainﬂ.cerptrbpertles of
recor mechani sm or.text. draw ngs .gv . o

tral E%ﬁ“ﬁ'ﬁl&ﬁggv\h%ﬁ SF ARGt °R natgrg??rs \gu portge By Ve W

atdi $rnedt Um aiddit’i;ordcl-y, 26e| h@@@ﬁﬁwepswathoﬁegreat deal of

S%Hﬂ%lyvelﬁor%tpet hapaditgohal 14 eXtin aRghy Nkaasetking styles

(gﬁ?{ﬁ?qnuﬁ_ﬁgg? %S’ﬁﬁkg%gg’% glﬂquept%{]denaenthql%g.g?gﬂ er individual

characters is highly ambiguous.

Pen-based computing systems provide a convenient and flexible means
of human-computer interaction. Most people are very familiar with
using pen and paper. This familiarity is exploited by known systems
which use a pen-like device as a data entry and recording mechanism
for text, drawings or calculations which are quite naturally
supported by this medium. Additionally, written ink is a more
expressive format than digital text, and ink-based systems can be
language-independent. Moreover, the majority of published
information is distributed in paper form, and most people prefer

reading printed material to reading information on screen-based
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information is distributed in paper form and nost

peopl e prefer 40 reading printed material to reading
w0 ndoanmsiti on on screen-based 3 WO 2004/ 077311PCT/AU2004/000181

PCT/ AU2004/ 000181 term nals. However, online

appl i cations and publishing systens have a nunber of
té‘ﬂl\&aﬁgageﬁo@é&%r p%ﬂl&lﬂgdﬂﬁﬂ&batsm asl tﬂ'ﬂ&l@bﬁiﬂtd ysyts_ﬁemé have

rovi de info on_on de ocu a fi .

9%%?% d%a8£? ® abi T tgnge aﬁ%@ <%E%%bn%% %bgllty £
pm@denfnarfwatnabmn 5c>frhée agecsysee nragé@*&qnv erisr mertext
afRESE8Rr 6Bi11N8} PRYBSYS! emMaDpst Hha1DRE CEhdlinGBrndtion.

Sept enber 2000, provides an interactive paper-based

interface to online information by utilizing pages of
Thawesipalop szoted pmsesianermecspReeerigh i diggPage pgrptem Design
Dgé&npqagﬁ gen@,g?&&\%e@y Jolde, 19::&\@&%9%@»&31&@%&5% paper-based

uni dentjified, a ore on a, serv

er,
SHFRFHPE Uor ST att I RVETR PR BABF D%i RASTheor invisibly
chidpagperpend i erplcaled, lmnyannp§MedEa€#uba§@oHederated by the

ndem Lt digidal 19rld91tlgugl t egbpol QY% s£€ %itloyeabro@oka network
Resear ch, Menj ¥aC|I|tates the on-d

Sﬁ?Y%ﬁllﬁfdoﬁlﬁeﬁﬁﬁﬁelBB%ﬁﬁgﬁP§ AFF oW RgP T r%ﬁﬁﬂ éhTSNetpage
papphs catponsd, o intedpvelgpedndTrsoMetipatfempet ndegital printing

tQ ﬁhol%@ NELYWOE K o RELEStEUCLUER, POV e asPapeEsPasedtes the
ternative to traditional screen-based appl i1 cations

oﬁh%e“@ﬁ’idl n@rbﬁ’b}r}gshlq#g g‘ig]:%%ees’dogﬁaen%pp&ltlgw:.ng interactive
appEIcdtibesf acebd ulwteilopad i tThes Wehpage hypierteext pen, and network

1Hﬁ¥alsg§‘tulcg{}re arb%(r%é“ I npﬂépezz(l))agg& pa&%elrﬁaélve to traditional

ree-tiered systemconprising a client |aye
sgé?%ﬂ19§SF3yeFPP¥ﬁﬁTtéﬂn%ppﬁ443aPP&ﬁn?ay@ﬁbl%f lB%pl%?%ﬁices and
shﬁpdfﬂt@u nesez2lintdhincel ifenttiaydntgonuahnsst hepdletpageravigation

printer, and a digital ink relay.
€_§nformI ?1’1515.%

pi ca he printer receives a docunent froma 25
publlsher or application provider via a broadband
NEOFHWRCE EON,a Whhede -dierpdi niy@dem tdompRisivg Sabl € ient layer, a
atter infrar es_.e 1 PAgE Mt
sgrfﬁﬁellayeaénﬁl |§€ %éﬁ?i %Dg%oggﬁf%hw 5 ag tag cﬁg flgure 21.
Thhera@EF raver BEtaRREt 88 oNSERRIPRfE - tWﬁ?MeﬁagFﬁ@ter' and a
d@@ﬂta{jle(i@;ﬂe§eli§1e&@pﬁ&@lﬁly&n@héOﬂSW:Bf’deS: &EEeIﬂHd andetutdi® from a

|nto d| |nk see 3 Sllverb e . .
pf@? ?1 lBeS rov er v1§7 Ap l%d% % Sgﬁctlon, which

e ﬁén Si gn
idi grtmed i tihs apr ansmntktléd P@Vé?rra < rlé’rfé”§§eéh’aﬁ€if%ltfta6 encodes

c@chebdye PAIL Statilgas, a&@:ﬁfllélﬁ seat the LbeatSiemvioZethe tag on
| ayer for Frocessin a stoggge 35 The servi.ce

T s on e ~imagin en decodes
tFSy@Fg%Oné sfs SSFTa " RuRner Obf “aer Pi%es That proviide
these tags and converts the motion of the pen into digital ink, see

Silverbrook Research, Netpage Pen Design Descriptiom, 27 April 2000.
The digital ink is transmitted over a wireless channel to a relay
base station, and then sent to the service layer for processing and

storage.

The service layer consists of a number of services that provide
functionality for application development, with each service
implemented as a set of network servers that provide a reliable and
scaleable processing environment. The infrastructure provides
persistent storage of all documents printed using the Netpage

system, together with the capture and persistent storage of all
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service inplenented as a set of network servers that
w@eaniods1r rel i abl e and scal eabl e processi ng PCT/AU2004/000181

envi ronnent. The infrastructure provides persistent

storage of all docunents printed using the Netpage 40
d§¥§l§aﬂm 1&]@9@1&&Venwdnh ddeicaptautevangapel swateNtigital ink is

WO 2004/ 077311 PCT/ AU2004/ 1
saﬁ:r&;rttt%% fﬁﬁa%roF?ssn_n Q:%l % {Oﬁé) c§e150r1pt:|.on of

G an i nteract rve
the gbégd takinterpsabnibe eélwﬂﬁﬁ‘alprl@éies@mﬁgPefﬁ@f‘%%/s‘tk@nreques‘wd
adefon ﬁoﬁﬁgeﬁ@ﬁﬁﬁbptv}ﬁﬁ Ofhe tHSNRGRibAs | RMEE Pl@herated the
t he di g| tal ink, and perforns the requested actions
PG THer acting with the - appl i cations that generated
the 5 docunent. The application | ayer provides

TﬁQnBSBlléankhe llé_§@£ Y‘op‘}:@s’ S&Bﬂ&ntd%ur@fét Sisé"nday publishing
processes the ink inte ns, subm

ract
B ERr  SHpPEAT T oo AP CER] P OCRREs Gt JPmeteed by
trer euddr J nt"atpa@:ailw, pages awpligspbose genugéesi npge, or more

swbieh ane [ogagénlﬁt@spotnget he §§é1§”ie:r§>dtay%1EH Q@e transmltted

stored, rendered, and finally print out q
P HEMSHEV PR OL NEA D e Py &F &I FRASEThNIE) SRty rinced ae
cappht catd onset ouder dewdlkopRetingepr oyktemg sldowiscesoplorsticated

ggf on tonsp %l Il?é” Bgveffﬂ%qerﬂfgﬁr%%l%@ 'é’e@:rvﬁces for document

icated_transactions_and 15 secufe payments,
PREHHVHING) ngePaeDiidit P8R SRYLEITN t ARCRRRE@keehiFRgheactions and
saBdreIgeiymeat s datdmivrising bier@ticion t @chnligueslsuch ssrching,

id 1 d re
a%hg'{l%%&”%aﬂcﬂél alHlQl@ HQ‘%mgtfféuLgdl\%Ji%l{lganu%%r%%s signatu

en- based 1nterface research, han
VGF@ t#tiPRk docunents, represented by time-ordered
sequences of sanpled pen strokes, are becom ng

%PC creashl %fy tEO%J Qeés] 1nsg§r[ %QQ&E” ﬁxtgp sea.rch, handwritten

rrran Pen en es an |ca I ONS.
dpgied e dih glocymentife rﬁwen%bm ﬁbme:méer @@ﬂuelmss of sampled
pEEPEESRRE At han Ka‘cohﬂ@lvwnctremmgsy cpbgadr Qn: | u@adsonia and T.
osed to o r t es J
Za\grg) xfna? fgn éomém V"@ﬁ ﬁegxﬁ ggg %plpﬁg.g%gl%gg llg.% ggdl%s of the
rucmow@g, Vai-t POEP RAGE - meiur@Pé?seWF%qmgfs?wdé@l%@gg1S called

oEU:([jzﬁieVgs HosedLtes, ?ﬁf'ﬂlmlﬁ)é‘l wiﬁteﬁe )docBnatREi ety ::Qfarés@ﬁtéd by digital
ana Sscrli p a erent ayout s X

l&?%?ﬁl n é)g V\:}I‘nte rlllfmgx/{rltlr\llgd tyg X]t é/xtln(rc%h\%so rwln:'é n:tr%t Iln a mixture of
weicing, syiegoldgle.-i cursiveesdidsirete.o Pproeessc. (e. ag"’arle‘CY of fonts

aﬁ&c%ggiﬁc%) d:he hordwid tepodat a (dig eCﬁli}M.,ngl cﬁ:‘awiiﬁgsi twith text,

i s, output from 30 the .device, thAel % chesil ng S g{n

t ss to process
VROUTHE ES’\‘/"‘e 1B VSRR EPEF FT ) t He F1 abi I i*fi-the . ©
(@ay a recagniadh theedndwdii Ffeanc data tdas%ctlTO ¥@duee JttheS output from
£har baPidel, t ¥nkNpthe [ata, s@tégcwa@m M@pr&cmbm SE@P all the
IS typlcall used rior to furt er 4 &IOQS on _t he
BRI IEHE O P REAKS O WBCHREY Oiiricult Hasil o educe the
variability in the data, a document preprocessing step is typically used
prior to further operations on the data. One of the tasks of document
preprocessing is to identify document (here handwritten page) parts which
share some common attribute, e.g. they contain ink that belongs to a text
line, or it has the same font size, or it is a drawing, etc. Another task
is to remove some of the variability by normalising, e.g. for size,

rotation or slant.
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preprocessing is to identify docunent (here

handwitten page) parts which 35 share sonme common
wa@edaoriobsie, e.g. they contain ink that bel ongsPCDAE2004/000181

text line, or it has the sane font size, or it is a

draw ng, etc. Another task is to renove sone of the
Tﬁéab!ré@énlt' i MeRYiI0ERAteS BY, te&tJlidexEizRion @hat i i8N segmenting

04/ Q7731 CT AUZOO /00018
“Br e%éﬁ‘[‘enltn\?@ |on a‘rtelcz?l Sé%ljttg t'/éx %egex r;Gclt-I\; Qg the text line

sednahts,s asegremahde sativsedmehie- p&hﬁsOﬂ?@Fa‘é@ﬁ‘sﬁft Bt geometxic
hden%%r.ﬁfle&e%& tfd Vc%ﬂtthﬁahet'exhc&ép%ed 5@5111&3& Swith $KEMéct to the
e _estimte the_orientati.o eonet r
RN R AT "B HET i SRS OB BIRSOR | B Paselie s
noy tWelt edgféned tegdt herl@uhompzc@mrwtlaw saremmqaﬁér acwepted (e.g.

tﬂéncl%géé r@id'i@gs han@dWkidacRgn t hgwbagel bRgugs tﬂé)t ld&@.h.' y-minima of
defi ned and, vari ous agpr o>gslrrat| ons are t

pi c
SRS T B N ERnEt HRaPREEl o RRTLAF {9F (rotation
of idtigt twlotingh tbheodrecialfoy- phaiskaw eglstisokekledf deskewing;
hori zontal lines or line parts) . The nornmalisation
(rotation) _of digital ink to correct for the s
Moo PRSPk A L5k i S HD Foer E B e thgter/word
chsbif sttt brexzack itvelhamdwseddndhy char dotidre/ welatively slow (until
reCJegéﬂf 'ﬁ%&h Mt %%k emﬂstedaagvﬁ@goegéyatqﬁg apfetch@y on digital

ativ ow (until recentl é evol uti on of
lrﬁ%nrﬁ%’?éd oY FRRPIEHeF R PRGAMST BET APt oft WRgFamuch figrention to
1irRS ettt on tdne pasitewt ng flec adesnshasimadl ogtMewr btaglwriting (the

N pTels sﬁoﬁﬁatag@lﬁaf;ﬁ 14 Az._e ;@egac@%a %o@nﬁngeém%a&mgr which is

unconstral ne I ne ting (th reader shoul
offie8t | RIRA skl | HRECERt r%ﬁ?f“?’é‘ﬁnfgr ofn I‘f‘*‘ﬁ%‘r seiffentgfP orfords  and/or
chtaebedss . aht eactysesiliyoadenoir sagreadi ngkcausdxily| dagling with

tl’lllnst orc\%aﬁe%sw de/n.% rftcelgg aﬁ Q‘E’lé) 11‘{]&ag‘%§:t ’[Eon%% "aaﬂ’ ng‘llgter—line

approac exc usi ve ng Wt i's_probl em was

aidreptmt erdaatien Hedl Fe atide eKEraqRipy| §9% unconstrained on-line

haﬂd%&@flﬂgr’ﬂePz%eQdiﬁig@n6E ﬂfd’ i7gAt Izﬂ:raarﬁﬂﬂldnext wornkiBBop on Frontiers
racti.on unconst r ai li.n W, . )

“f—“’r oceévﬁlltnln %%c?%m 7TH In ggnaet@l olr%a? V\g Es Ak“gkg&am Nijmegen:

Irme@nﬁtneqnsl Pz dtdat hep Rér§§§ni9?17(§ﬁ426b1p?enﬁéf 3Pr43R making

uge,OQth@rHBi)trE[ dadBok i ierxag%hsmwtwrnam@rwtrmlaﬁn The method has
Foundati on,, | N 0-76942-01- 3, 2) o king :
P 8F T or Bl sFTORE r etht i gns%w% I isfﬁr;,ra%la{] sorting and

fexEtactd ofior Tﬁ@nﬁmmm harseczsn#een”pattlént patq 6,333,994, IBM
Cg)ﬁfoﬁ:‘gflfonan@egemb%@t zbedif , anaSpat ia@bl_ﬁ&[ttlbﬂgh@é\dbeen described [A.
J%lon\r?’ggt gt%a?{go?c%mlhandg\églréébn%mgoerﬁgagm ér%gtélﬁni?l]lnpgn %1ne Documents”,

Pappedtads off bas dsbefntevgeridyed oufergmgen, onADocument Analysis and
RAERQPH, | 5 ANE4d-848Y DERREDO 1RsnInLbHC tdehe. idbon: | i ne

Docunent s' Proceedi ngs of the 6th International
Conf erence on Docunent Anal ysis and 30 Recognition,
Upfnrt8d:<848, R8zatf{'s \Asheangt @nseSeptstr QG hg. requirements as to

chbfQrtinat 6hivinBadahal fam-aPRheash BRSesIieab il 89 the method
tgeggégsenv?rqtt%er?sln a single font size, with a constant inter-line

distance between not significantly overlapping lines. Furthermore, lines
are assumed to be approximately . horizontal as the method is wvery
sensitive to even small skew angles (2 degrees and above). Finally, the
proposed algorithm relies on a number of manually selected parameters

although, as the author argues, these could be automatically selected as
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the accepted witing style, thus limting the
applicability of the method to pages witten in a
wa@Rovglog73iont size, with a constant inter-1ine BSI/AU2004/000181
di stance between not significantly overl apping |ines.
Furthernore, lines are assuned to be approxi mately.
a halkzont @ as tdheimmighofrdcsyer fassSRNG t ke t @reirdng data | is
avsrrg!_% eékew angl es (2 degrees and above). Finally, the
5 $2d al gorithmrelies on a nunber of manually
sel ected paraneters although, as the author argues,
anﬁ@glﬁ ﬁ%k&l@ﬁsaﬂﬁ@%ﬁl&&ﬁ'doyoﬁﬁllﬁ(ﬁéeﬂamfrltﬁ.n\ﬁﬂnethods which are
077311 PCT/ AU2004/ 0001 ult o jni
% ‘g LY REET I t%ﬁ ra| Ti ng g? AT ao\%gl abl e??.groames £o
hﬁdmrimenl Liriet atctmslm endoferevies dife| ¢mécmmf?ltli ggart from
et Qfﬁ%r@' Qslﬂyﬁe[ evaﬁa‘%‘ik@iyl y discysand fnﬁlfomtathﬁl.cﬁa&l&r@ﬁformatlon
et ene c a itten l.ine
(PR T o kB Bk SR TREAL. 1S CRtisay BT oF' smop hd Cprocess
PdutdAllyt héuew itberths S¢:¢|fecw;m ab | rtteylmghethgl oﬂmgmg skew from

1 QQANRLLIC Ganst Qrahd onaln(ﬁ%p%qnalmleﬂhsoﬁe }ﬁl\r@balss@ﬁ{eﬁw that the
angl e) introduced bg the |

t b % %’r 0 a art J]p%ument age
oTHEETED YHEDF Y45 TEESE | 1P (3 ORGP TH8L T nEIEREC Sk pag
1 ithé entei sivain angliedravd tnge akapismanl¢ tneltlér@ds Hay eddition,

a2 A33HERd fé?ﬁ&rénl%ﬁt Qi Qe i W it A3 aSs MBHH 419 Dfhaged ink is
horizontal, therefore a docunment page_ |Iike

“ENGRh FR Figupee 4oy bé%ﬁﬁﬁ?f&qﬁffl&#oe%a’ﬁafaeted fEninlk of the
i@ bE otyo a@lj&@&‘nmboclﬂemﬁlgeenﬁntz-lcnl@ﬁ forme: rrebitorfls tpgether by
pnl.lél%&ngl Lhé ITBLQL%@ 'o@k thé b§<5§gj e%r&@vérhe nﬁﬁgemétjﬁ‘ﬁ%ys r@8ftrict the

assunption often viol ated (thln th
agsRp ARt aceHte baBenpAGER i TP 23 coTHﬁ?hfWr nﬁ‘cm%ﬁﬁnﬁéage (e.g. 45
déqgethera byurtpeessinigat it qF RELolichecbbale) . mainly due to the

1M %9V€£mpo§§{1ym%m%%?r%§t fchgé &J@eonﬂp%gt@r@yesgﬁmm to the

orirentatron to a speci rane( .

oREgPBeRF VAR tl.ﬂ‘rquelbuFl ﬁ%ﬁtht‘ﬁhsﬁ B’Fteé“f e He ﬁefﬂﬁﬁﬂ@m inter-line
aledanky, dugqgbo tine dliachaﬁfmuineﬁ'ﬂﬂéna-lstrﬂfa)rdtatam Very often, a
S:‘E%hl‘iatflgaol‘} oarr]nloXn ?f hx%x.lﬁﬁngfét %&ﬁu}rgdt Qgr chch\égEé aPesults to be

WEEh 1ines 1’50t ten'require a mninum
obtrigpd| | r?f"éna-'bﬁyst aptfelipar g‘@rthPCFﬁan 3FRe THEK nfpre computationally

ekptn@h oS tohak eordil shanaes. Very often, a significant

anount of witing is required for accurate results to

be obtained. Finally, off-line nmethods are nuch nore

Desmisat sbonaiinytatdgpensiifelitmmeshofd Mmavenesplased a number of

alashich@s t hel pal-trddiat) Oﬁs&laefcﬁrré Id¥e tlﬂiet b@dﬁachﬂb&ﬁ profile method
ex%)l glted a nurrber of aI garit t

TFONESDF PHEBT 0" 8Et iR BY 3f|rfh % %ﬁgé Sseen °f mov
overpppopul ?acprlfzentaﬂenbmeﬁg Fhe RjlisBal "Bage SkRewrpdlenopt Printed
DQ&ﬁrfeh@@'m Ngph¥eeaitfsal & nego&.ﬁétyBald’f.d _Pﬂ-&@gﬂiﬁw  Scientific
EQ?J. Of rr&%?ﬁ "c V§§Pe4r?’tpfﬂ%g§n§1 24] ’PI‘ &'c.e%gll’lg]l.g:‘%l.{){, §qckoe\;z¥:s—v.ajna,
“A Successful Technique for Unconstrained Hand-Written Line

Segmentation”, Progress in Handwriting Recognition, Ed. A.C. Downtown and

S. Impedovo, World Scientifiec, pp. 563-568, 1997], I[T. Steinherz, N.
Intrator and E. Rivlin, “Skew Detection via Principal Components
Analysis”, Proceedings of the 5th Internatiomal Conference on Document

Analysis and Recognitiom, 1999, pp. 153-156]. Local application of the
projection profile method is a more accurate approach, however it is
computationally expensive 1f a significant number of projections at

different angles have to be computed for every local ink segment. The
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Engi neering, 1987, Vol. 40, pp. 21-24], [F.
Venturelli, Z. Kovacs-Vajna, "A Successful Technique
wo eoo4lonsonst rai ned Hand-Witten Line Segnent aP€DAU2004/000181
Progress in Handwiting Recognition, Ed. A C. Downtown
and S. Inpedovo, Wrld Scientific, pp. 563-568,
Ho;L §7]t1ra£s-rfor§t QithQJeén NMxtdfsivBly atueeq amer E1if¥ Vektxaction £rom
ew Det ectiqn a,.Principa onent s ,
OBt TGS Of ot HECER | PRy Nat Lo ECont or CRRLPS of textua
irBgesimentng Aned yEpsghantraReEDTYy t iMaghingoYisigy and Applications,
3. :E_E% .115,6,1 16052l applikesthnsefed, he. Q&rﬁ]m@@ﬁ,l Qﬂ Wé@fé | @A Hough
thod is a nore accur atL e anQ toaflrie hovvever
ba@&ﬁp&?%??‘&ﬁﬁl 157 e XBETE] \37’(;—13g = STGIES i *Eant A
THiG] emtteoms iahall0 Cdifdrenent oangﬂoesm@avemaiyges céﬂ%uﬁéﬂogmtlon
(vfo‘i{l gvgryéfj ocgh, ik, sg‘gﬂp@t 14The1s7 y@szOO‘HO?pZBJa}ad Zz. hi, "a
I/ AUZ0047000181 ~Hough transform has been =~ .~ .
N%%F%%s?’?%‘fr&?'nﬁs@&g‘f”’é’r f“l r&=8%t FPact1°CR frTgans d6Cument - ©

ocumnment
Exthage®n] Sn BehbarittemdbdtunEond "ndd@iahth Inhezhstsionabf Workshop on

:{? Eé@ 1n| 'EIQQ 1‘é§}z§‘92etclél§ni‘£%9h k@RS tofds, Masfhneity, xorea,
I'sion and Applications 41--153, 19%91 R. Haralick,
ALLﬁuﬁFoﬁfzr‘réﬁ StA%&m PEA. Gf%rﬁ‘lﬁi/rﬂn‘j Ci9Eur B, B jf—ﬁ’% %
hasediadigariy vasear eddhigacBeoagatexTedti-fése |&hagmentatlon Method”,
P:%:(a)é%?c\éw Ag; t gP 9‘9 %‘EE”E&emaJ@nEﬁ d‘d?ltfg{‘é}ﬁtel gﬁalbocument Analysis and

ce on Docunment Anal ysi s and Recolgnltl aon 51-554] .
REapgRifFAOrR) 20pp. 2R742°PR9mosK gt P 14B2RIpEOTSy T3y yPP py
néyad pr]h.lcatlo‘h ollathy alougle armanatpuAl gorlildewecba'@QQZMal lines I[Y.

Hou h Tr. nSf %éxﬁ[alTE%grn&h%%ﬁ.goﬁ(tthrmaggééanoh I'hough Transform for
I t eh cunents i nt ernati onal

T@w TE-nEP o FEFETSE 1P rtanawwrﬂh@erﬁe%glﬁ?ﬂ P&%”‘é'r Eirnacional
wEFRYS , o AR i Yin Kﬁh&az:l tiAg gRlﬁiogﬁﬂtib@ K&%‘ qappus, Taejon
J§.t3y;t @gxgel I[Ai.us'.;/usg:l %Eglél 195?' ';L&lcp%ﬁ”éj;s? 1gla{r?clekgéﬂ:1ng AJS:Lng the

ased, 'Hi curate Text-line
HSeijrereas o5/ MsEPR " llnepr @E‘Eeaﬁn&§f@fcu€‘ﬁet%t pxtract due to the

1initces nﬁtﬁtﬁﬂéﬂabf C@cﬁfrﬁéEﬂﬁkE e rDoExeTB A AdA loy Sergaanch information.

Reco ion alg 1
PR A {)pqu'o%‘i %ZLQL“ Tg oC 2{? app ?‘g%%qlxlg%@lo gg@e Wou%]d eEeve
boyrameked midorcskamed thofttrshied Jippesef v knPUn aﬁd‘ei font size,

nftver SstNbuiey ﬂh@aﬁ&hmgsl%g@fcbnt himthagesh t@an Hﬁbl,g@h of text lines
Transformfor Te S Eg_%rzixctl

t nd tte 1ved
Hit uMEHEE* Y EPGIT aL'rlotn er VALt onare V\?)Xt_lfaﬁlt_!‘?10 M 1 ®ec unsorve
pEetiRni etisal by Handewstensi cResoRReRen ham@swc&n*?ﬁa%ted using the

Hg@ﬁi QQ'anQotrM £KOr8Res Ab@ LtﬁLtff é:?e‘nl:"r arB B8y p@rleﬁegtl@ﬁ6h1th1n the
IS I nterest|

he Hough t ansf s 101
SF‘F‘?}é’gg?m?;?deet SF?‘T‘ACE% Yge %tf 3¢ O&uéai § ?hbelg o8 !rte
nunber of points and therefore |imted ori entat| on
Ciﬂgi%&% 1N ink AR+ QP dBR: JHdaHd |c§>§§:‘é%n@:f_ngt he t(dk,tA)lnes has also

transformati on space woul d i nprove
bﬁ%u?%‘f’s?ﬁ d‘éf:'é]@t Iangn?airﬁété n&a.g%bwo |xlg%‘9f "J-.I?orlthm or the
sRbZRst SaneYvey tesélmtthﬂgﬂlabh $fogpnegcred f gampyprents [S. Abuhaiba,

haBMal ten;pa et eXtrdNES £ \M:E&eaﬁbdiéxﬁaﬁ)%f text pages”,
Or|entat|0n be Ore||ne extraction is a t un

THRG| Ephe-PR PR, CROTSTSCEnEr| CoGNBUR: BT Lo oy e ebiroLe o

vpL@SEeN!, epp USiongsd4herugust 14 - 15, 1995]. Methods based on connected

ttén ]glocuments”

component clustering assume that the inter-stroke distance 1s smaller
than the inter-line distance, sowmething that cannot be guaranteed for
handwritten documents. Some methods require a training set to generate
probabilistic models of text line geometry on a page [J. Liang, I.

Phillips and R. Haralick, “A Statistically based, Highly Accurate Text-
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Hough transformfor lines of different arbitrary

orientation within the sane page and its speed for
wo 2ova/0g3str act i on has not been reported. 30 C uBCEHAUR@4/000181

of ink into stroke groups corresponding to text lines

has al so been proposed, using a nearest-nei ghbour
11%leUS%@§rﬁeﬁ§aaic910r iMeBR3OT, t beocééa@ﬁgﬁstofzg&mel ngtH r emtefnational

aph of con ed co nt.s ai

Cﬁgtef%’cel\/fm }%ﬂcfme%%ﬁegesits ?%%: %Sﬁo%lﬁgi% rgEe %?dsé?pﬁﬁaber' 1999,

Bapbatane, pEgde’, POThPPYSBAL er Sath ofdl ToFPetlende gt generally

Q&H@@t ﬁ\nLa.{ey SihSortda ReR0gAl TineNhadfwr VoirdMeads dAp. to both the

Au 14 - 9951 0 a . i
dcha ﬁﬁ%]&ye al'l ng%ﬁ‘ﬁ)]ojﬁleqnfls%ﬁ e\ﬁoHJé aélslgghﬂ’e qlaﬁg St‘te% 9 iable ground
trunhérg Prook@ldiEist anck dagias A | dhapningnhasadh amige @EQ4ESRENT method

—%‘ va@é?lce%)rcﬁ)%@'@&m[@g tﬂ%@t:u&@nnoﬁ bﬁdagﬂﬁr agtceerl f @6shikawa, “The
andwr i t

docunent ne uire a traini
SRR iGEnEF aPo BFODART | TH1 1§ ABURFACOE (BSp™ (ALY ocunent
ugegnethiyndy aapagethd’, LmegedingsmofPhr:Ml gsvemntd HRuternational
wéﬁcrsﬂéé% rrbnttabi 84 1 ERklY: 98s ehbeobh ghilon, Asspiealsd 11-13, 2000,
8 WD 2004/077311 PCT/A 004/ 000181 |ine
“@é@ﬁ%ﬁﬁ‘t 'aPPorf'RETHAd", Proceedi ngs of the 5th

International Conference on Docunent Anal ysis and

AREQ%'&' tdg nextggct 2P MRS a1 99 BanRGA! @ﬁed.ocal baseline

India, pp 5 54]. Sucth an approach _i s not gepera Y -
segPsRt c%xﬂl@ar?? thﬁé BrRbriseFhiraa - 15 HE" HarGir f 1 ﬂﬁ’an es. “hine
p&Rseidiicanid dafrentdidob dinf flieuddiyai nChoddl |Haggstsesf, In Sixth
n?te%ﬂlc a@&fgpﬁnégg% ﬁquaeJteAhgﬂls@sggﬁJ &gcogzﬁym Nfages 743-

protoco or suc hi nni ng- based ? g
7‘b7l"0(..s@§‘§11:]|‘ﬁgj ﬁ%‘»ﬁhoaepqﬁgeﬁe%qplﬂ)r SﬁBS%dST§lfﬁu X}p&gf ‘p{an written
adaeht . andedeicYDsduskandd metHde [Asmsgmﬁgt atl isherlefc and & Whitrow,
“% In.%e Efsglma%lhan rﬁﬁl}l%g%i'g] CLQE ; r Q}E nl@gidgzg%%nbs1ﬁbsli§9rox1matlng

I 'nni ng algorl rocee s of the Séventh
Spliper MarchialS 10 BEReHvp Bn fﬁ” WEitdrE iRToPEHdWPRL ARG B
p&Regegnid. ahpedtil eppers3lir 13ior2OienfimEter Siaappge., June 1997,
190" 8% AJIELNOY L0 X! AGL, GHY O AT 20N BorbiiBlely  same
ased on [l ocal “base segnent estinates has
lefwsbr | Mu{rmbapgqidﬁgéhrélﬂae mrcpﬁn?ﬁré‘g}atlgpnéilrfst 1east squares
alPl 861400 -BlbaSagmRBiat ingte | A1k Sbeeh catudedr cfor printed text
Re sters In Si xth L.nternation e C .
RenPTNFEryR s)[(é\n ]ﬁeéognl tpf%ﬁlkagfg\g{esg%sf 7§]a7wola' Robust
DSemett eSk@SADetSem@n‘@@ﬁerm] Lirer EATEFEEPRic RApseedimgs of the
1E|_‘§pd%hﬁc§N1%%K1£iﬁC %Ef%reﬁéa Vet i Eﬁelgede&gﬂyélﬂ;et heds [ AJune 7-11,
nni er kat. an t L oW, one Esting
KPRSETRET 281 e CEPHESDSf ?%nd%yl P ng Lgoweveﬁ\pE?%m %Dl?gablllty of
s@éh Spéuhnés Fanchieopdsitisy ogqpéggaqwnpiaﬁnglpp Ypg due to the non-
ic@Nshedatfh C.  Downton, S. |npedovo, pp.
63 67 rld Scientific, Singapore, June 1997, |SBN
981- 02- 3084-2] requires horizontal |ines of
Laggr exbortsehy samd ihmoryehce Fext ondibadwddviting - d4tpesince one

cGh O%as&—%'bﬁﬁl kb dhdechedLRsteSqUMLS th@n @ont and the line

RIS hOdl'? have,dl qu beteln Sth: in mosvj; local spatial
,051‘?%%%10”( e¥ill not change significantly D

and/or temporal windows. Another advantage of local processing is that
when new ink is added to a page, re-computation of the existing ink is

not regquired.

Methods that utilise contextual information such as type of script,

writing order or application environment are not considered. Although
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25 docunent processing [0. Okun, M Pietikainen and J.
Sauvol a, "Robust Docunent Skew Detection Based on
waRove/0E8tr acti on", Proceedings of the 1l1th  PCT/AU2004/000181
Scandi navi an Conference on | mage Anal ysis, 1999, June
7-11, Kangerlussuaq, G eenland, pp. 457-464].
eﬂﬁ@\éﬁ%@r ,usEthaB@J:ﬂ qaﬂiwh.éri@é Q{oulcSUlﬁ‘Eh H&EBD&&ILI’Ior a specialised
an vvrjtln catlo i S ue
“HFTor i (P of CE S dRPR sedP* preeas iugpil oy O e chose
ddsipoed énceilfgetalomotﬁn?@&‘:handvvrltl ng data since one can
reasonably assune that attributes |ike the font and

the | t Ll _pat ch i £
Av\flfe"ﬁﬂi‘ﬁentr%ﬁg?rqlrggsg[% érggi.%lmapee\g%g f%fgpge Iglt}lanld%xarl:&ex text line

exnethien advawimayeowkntydah pﬁ@%‘@%@hgm@whaﬁheV\Aé‘ﬁltatlons of
RAISWa E K &nétr%@d%ﬁ tk@at@l@@ﬁe“Iﬁt.%‘rc@iﬂliltda%t&{beofasﬁﬂﬁtlon and text

exi sting not at. utilise
L AT FOF AR BR RS o Ty B BTLerte fpoceedings of
tAW | Athngnosteriorlapptishabi on @mtmmrrent Hgpawriping Recognition,
r t h 4/ @ Internatlonal Unipen
S%%T?ﬁ%gog%/ OéMOlglweffZg%s:éP\r/i&gse 0 such ed e 13 p.
FUEGPE Be BEHEPOCTS*2r BT %a BRecaftlsed s °i“?e fey ~tnes in
afiptoientarabh abhe pesigbnerahgpuwr fose slysrta@mrilstlies and writing
S%Hgﬁe designed for digital notepads. 5 A new net hod
r systemis needed for on-line handwitten text line
extraction allowi ng orientation estimation wthout the
TlHdTiltiaﬁ’dﬂﬂSSOi ndedt zbafd 'rethed od syBremRafoz| affg extraction in a
d:. :Itt J.llll: ”%q%eﬁéé‘”&%cﬁs% &l @Pdag eigastl 'aﬂ@llorates problems
raction unconstrai ned on-line handwiting"
imegerledingi® GFIO% REET7th | nternational Vrkshop on
Frontiers in Handwiting 'Recognition, 10 Septenber
11 1 2000 Angst er J a pe
oun eincc):ﬁ t?S%RIf 5%‘?%9% Eﬁ?gﬁﬂs gﬁgc@&g@a{tilgﬂ g.s %tbl fhd should
nety hfettéb?n |4snesni AckngryedIERht ot |36lﬁ Serde ﬁ&sﬁ”ﬁﬁﬁtwn “that such
pERANgHNG ol hagh armehe IdomihdiC edn@d 1 EndwiLagge .St yl €. 15
This identifies a need for a nethod or systemfor |ine
extraction in a digital ink sequence which overcones
Digclgsutee @8t InyeeFidy at es probl ens inherent in the

G@z{ér@ilﬁr ttheTB:Eesre@_f:ei@&@l81$rD s%@]ys [d @iodide bNmétHdd or system to
ecificati not, and 0O.n e kep. A

s Sﬁ“eé%k?\o%géggnerﬁ{ cs)?quaeﬁlyc/efoor m 0 Wr%ﬁ%%ne(s%:efcgndattt%a? Hts %ﬁrts wnere

epeli Opardr teokpesmongar took tthst chinforrrgerfersl kAR ifgerritten in

a&ﬁ%&?ys%@slg.?(ﬂﬁv%%ﬁéﬂé.tg@&era&w yrradﬁzljih@ Bl’:ﬁﬁﬁlton the same page.

i nvent1 on seeks to provi method or sy

TR B  F CH PR e O TSR Savinge ana

otlada npmitexp ardasendrey enbasded iparie @@E*@épeﬂ‘?ﬁt!f%aﬂa t ext

line and text lines are witten in

In another broad form, ,the present invention seeks to provide a working

algorithm that takes as input a sequence of digital ink strokes from an
electronic writing device, detects text line breaks and segments the
input sequence into subsequences corresponding to text lines by
exploiting the angular differences of spatiotemporal properties of

neighbouring parts of the digital ink.
A significant difference between the present method compared to those
reviewed hereinbefore is that it can extract lines of different lengths,

fonts and arbitrary orientations within the same page (see an example in

10
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arbitrary positions, orientations and witing styles

on the sane page. The digital ink sequence may
wa@adaknisnel |y contain arbitrary drawi ngs and BCTan2004/000181

non-text sequences enbedded in the digital ink stream

30 In another broad form the present invention seeks
Fltgqr@rgw @R aMBhikdiRg ofl @Rl btéenthatvdnakes imsliadelthe afollowing

guence of digital ink strokes froman electronic
fing device, detects text line breaks and segnents
the i nput sequence into subsequences corresponding to
text lines by 35 exploiting the angul ar differences of

spati otenporal properti n hbo par t. .
PheNYi GPTEPETHR, ﬁpsn B qe i T Hf' S:hg gﬁéjé V\%%ﬁg{s}‘lec’f lines
aliesent farettvodh banpar edveno Wh@@@plmgavlmﬁed Moreoverf inter-line
dl@gﬁée{éb ﬁ\gqo rv%r* Sirblatadity CéFoftidu@cd HahB@S: t8kn Palsbeserbxt .

| engt hs, onts and arbitrary orientations within

the sane page (see an exanple in 10 WD 2004/077311
(RACTrALRG04/ 0901 &hd Exgerald)(dotRie advappligesiof tipformation is
nd¥ e8@Ntinvention include the follow ng points. 5 (i)

No aSsunptions are nmade about the relative positions

of lines allowng for touching or even overl appi ng
(lilinesrodébeRny ean batigcrbheangal désttant eghamyniary added to a page

hitLAtk! % Lhroughout va handwitten page of text.
tf%i§£#§a?ﬁ¥ﬁg J&%a and external (domain or

application) information is 10 not required. (iii)

(Rnocessd ngxtearthe | Aod erehétlatson t Ratinmatwhen disnkcengputationally

12008018 8 RAGE 5ol BSLYLEAIRY ddACRAGEH ARl phRessing.
re-extracte g’(lv Line extraction and orientation
estimation is conputatlonally i nexpensive so that is

Izd @es»raﬁ skew udlav\présent hetvehblompeeies songrovide aa bregadd of line

ext‘Traf: 1otnh§n a{ e% all [J]M]?rg qu&lc%egf%ahgwpftqghd&ﬁ ?Elg;]%glnts, the

fon"in a-dgit sequence o
m¢ré1|6?évw110t1tl@r¥l9‘t e s§aPa 9Boints, the 20 nethod incl uding

t heoisda@psnOh: stfakai sHgignee &bnnpﬂiees U NERUEOER IOESetkolbs ;

a sequence of strok Si egne he. s N ;
seqtiefice “8P ShpstioKes bes;c ap Pék % gfstgrlﬁ)g"é&ck b9 Bppiying a
@@@;ﬁeﬁ%ﬁl‘%ﬂl&hg@gp{f#ﬁﬁm cal cul at i ng angul ar

di f ferangascbehyorn aﬁfﬁibﬁdﬂésj @t GRS efHurdig Abstrokes, or

roups,_ of . sub trokes |n the se u r okes;
TENE S %fetsgf’?ﬁrr?ling e HoSPTIDRs D Sn‘?]s:trgfi %e?r%&of t he

ang%@rmdmlﬁlfgeﬂ@@@glthnﬁepéwei gierre? yi i §he pRngular differences,

e BURSL T Q&@&:@Sflﬂl{.} nendr eakss rad efablidRg drdeBRs and enabling line
extraction. 30 In a further broad form the present
¥ ¢EhtTn seeks to provide a met hod

In a further broad form, the present invention seeks to provide a method
of line extraction in an on-line digital ink sequence of handwritten text
data points, the method including the steps of:
obtaining a stroke sequence comprised of a sequence of strokes;
removing small strokes less than a threshold length;
segmenting the strokes into a sequence of substrokes by:
(A) computing a relative angle for each 1line segment
connecting successive stroke data points; and,
(B) segmenting the stroke into substrokes if the difference
between successive relative angles is greater than a preset threshold;

and,
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of line extraction in an on-line digital ink sequence

of handwitten text data points, the nethod including
wo b@4otBps of : obtai ning a stroke sequence conpCi/agcooaooisi

a sequence of strokes; renoving small strokes |ess

than a threshold | ength; 35 segnenting the strokes

i Nt DdemtsBguencie: clibstHoses oked iby breAks c olpuehngaailitating line
fghatiye gpgle for each Iine segment -connecting

successl| ve stroke dataNp0|nts and, (B) segnenting the

stroke {Hto suBRERIBIES NP GHROHRCPE EREECIdTét ween
successiaje rel mrﬂp\aelmghﬁ@zhas gligatsancehameaverre s¥tneighbouring

%%‘?%%%0047 (%%i%ggfl %‘%Dﬁ%{%}ge%ggét Zsiﬁbst rokes  at |ine

br eaks, (Pher eb§oPHEHT t MPAGTFFHE  UxtiPgcrramahyiiifgyences in
ti0 Bpyddnag N Babghbres hood centroids; (B) conputing

angul ar differences between N—neighbouring 5

substrokes, or groups of substrokes; and, (O
I%oﬁ‘ﬁé@lh?lgfqréb%ﬁ hyere kP Elfe Péﬁ@%ﬂtarlna?lftﬂ@?eﬁ%‘?—:]%s itA provide a
stdtensesanae afcrseishr okes.dibieat ithk sedudhtdert haoBditcen text
dat;r%lthe resq&%mlg%gnth@:seeks to provide a 10

ystem Ao RE. extractionan a di gital ink sequence

of warst@wttcteerﬁcw;@t obita apSFFRKS, SEmEnSPse@prised of a sequence

of£ QRERS; NG an |nput device to obtain a stroke

sequence conprised of, a sequ of s r
o ob SREER R L R SRT S M Th PR e PRB e Ay Bd 8
adapt ed t 62 15s¢aengefrenttrches sittokes searencs ﬁq%ﬁé@oms by

apf1ySHP St &@k&@ Bygmea PPl iphngl Rrstigke segnentation
al gorlthm cal uI ate an uI ary g%fferenc S betvve

nei ghbour i 1?’? gaujb ?oke S 98t gr SUBET" ST SUbstTORES I,lelghbourlng
sulsd rglesfu enc exreﬁpss giistyekeskesanth theé Geaeres mfnguqShgokes, and,

gofSIftl ons (@f t@&&%iﬁ@%eﬁ&)g&f@oﬁ?%w aihgzghtiema of the angular
| erences ere enti e SsSupstr es
dﬁ%@ﬁ@éakgh%ﬁ%& PP Sty ST eRRn Ha i Sfeaks enabling

1iner thigracbitoad form the present invention seeks to

provide a searchable electronic filing syst em

including: 25 a. a first database for, storing
Ilalizﬁltlélar%ﬁrt%%“’erﬁrgf‘?oﬁ’%‘ﬁ E¥T P8t 16]"6‘?%?1"& ﬁe‘?ﬁs to provide a
s@arnchbield ddectments fidach spsdeant éoklhddugent i ncl udi ng

machi ne:, rgafj:@gLedétg.gQéé fflogaéﬂo(}gngaé %.1&4?&&@.'1 representation of each

di stinguishes it fromthe others;
of a plurality of printed documents, each printed document

a(_fted to:

including machine-readable identification data which
distinguishes it from the others;

b. a second database for storing annotation digital ink, the
annotation digiﬁal ink representing at least one physical
handwritten annotation on at least one of the printed
documents;

c. a processor configured to:

i. segment the annotation digital ink into lines using the
method of claim 1;
ii. accept a digital ink query;
iii. match the digital ink query against at least some of
the annotation digital ink in the second database, to
thereby identify a corresponding one of the documents

in the first database.
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b. a second database for storing annotation digital
ink, the 30 annotation digital ink representing at
wo e@gt7Bne physi calr handwitten annotati on onPEl/AUz@gn00181
one of the printed docunents; c. a processor
configured to: i. segnent the annotation digital ink
ije@E.Qal:!lkfnle;ﬁeUEéQﬂ:hﬁbﬁe _ éffzedmbllamr@] ﬂﬁiﬁ% aisy@;t:lej'm i furtBecepicludes a
adigjtal in uery;. pil. o e diqgit [ r .
h?&ﬂ?ﬁdstsegf”fge g 1o o enetg%‘gelngn%g? a?rfr%ﬁaéloéll tﬁ g?&lléﬁkynk during
interadid opegidhdorka td bidse plege L ith earfe byintgdndgoypents
correspondi ng one of the docunents 40 in the first
Brg;%abase. 12 VQ %904/ 077311 PCT/ AU2004/ 000181

FPEBTSPRe s a7 Citabl e el ectronic filing system
THeur Phesentncliudesion dhe| desensi rppdestitce tkgp the following
adienesabhngutite apngiwahi 89 digidalexhifi dWnhPg of a preferred but
interaction with one of thE pléjral ig of printed. = ... h
NP HRETE SBPREIC Des TP on GFCEIOr e&” THE present ™ ©
adcowpatyiiopn Slgouést becone apparent fromthe foll ow ng
description, which is given by way of exanple only, of

a preferred but non-limt ng enbodi ment thereof, .
FJ@es&iJ&é&SFW&BnﬁeéWWOﬁFih 196 HETbHhatyi hgProcessing system
erfdogimes. o Gthki gresént |dnysbiiames a functi onal bl ock

di agram of a processing system enbodi nent of the

present invention; Fig. 2 illustrates a broad nethod
Figf 2 he JUAvEres oh 2road merod ) Frudtyates exanpl es of

scripts simlar to Latin (fromtop: English, French,

g.e ﬂh}% and bbald aps  sEQrsd dibh 431 T &S €Ba@  (from top:
Flgx'az;glé 0 !ﬁﬁ%osng%ﬁa%ned Eangvvr%t?tsenlt ext on a a20 (Erom top
Enediebt ARPRY dEFFde; REsdan 09 [taRat es how st roke
segnent ati on happens at points where the current

directj ' ool fi LYy i f ' from.the ,
L LA LN ALY o S P GBS o on
nt@r FEFINIsECroke. A schematic 25 exanple of such a

segnentation point is B (current direction

F%g Esle fiilgu ng laty_e%i ﬁc{w: %@%gékef rs%%&%c%.tkgﬁ t l%a%%)(e)gé I‘ §§t;%o§},ﬁls where the

a
as ﬁ%ﬁh ' (esgnts a Olnt 0] ntlnu
crgnt 6 dirpeionat bs shenifipstrlokediifrrart eriFiRt FFPm the last

diRecosd @rnede iRkeRfi direction of the current substroke. A schematic
example of =such a segmentation point 1s B {(current direction
significantly different from the initial direction) whereas point A

represents a point of continuity;

Fig. 6 illustrates the substrokes of an extract from the original ink of

Figure 4;

Fig. 7 illustrates neighbouring straight line segments of the writing
trajectory on the same text line (line a-b or d-e) having similar
orientation, different from the orientation of segments such as segment c

which connects points from different lines (A and B);

Fig. 8 illustrates (a) the connecting segments angle difference of the
ink in Figure 2 plotted over stroke input order (b) the differentiated
signal (c) the previous signal ignoring differences below 20 degrees (d)

the selected local maxima (peaks);
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30 Figure 4; Fig. 7 illustrates nei ghbouring straight

line segnents of the witing trajectory on the sane
wo eogd/orizme (I ine a-b or d-e) having simlar PCT/AU2004/000181

orientation, different fromthe orientation of

segnents such as segnment ¢ 35 which connects points
rid.00 dithkeranrt tHnestfobtandiBys I gnk Snbwh Uist Fates 4a)

the connecting segnments angle difference of the ink

in Figure 2 plotted over stroke input order (b) the

Fidi-f f of enitlilasechtesi gkgl  ERIE t REPDr SFLBYStAPRFhaestimated by the

alfdRoehng di fferences bel ow 20 degrees (d) 40 the

sel ected | ocal maxi ma (peaks); 13 WO 2004/077311

PCT/ AU2004/ 000181 Fig. 9 illustrates the extracted
Fig.nedl ofi l1ydcrstrAntin FFajeies 4. frep g the o 1| |hasdygitéen pages of
i@ ih&xd aline orientations estimated by the

algorithm 5 Fig. 11 illustrates two exanples fromthe

14 handwitten pages of Experiment A, Fig. 12
Fid.| ust dategraves evanprawles offthehes lahawiirites pages used in
E mékt 810 Experinment B; Fig. 13 illustrates the only

fal se negative (left) and a fal se positive (right)
fromthose recorded in experinents A and B; 15 Fig. 14
Fid| ust iatesrsoee thk oie |frhes dagptivd dAefile and a false positive
(P Jr@ Mt AL drOPnoRSH JRELON of BklBdnedt0a 4 BLl Ustrates an
exanpl e of a segnented page fromthose used in

Experinment A, 20 Fig. 16 illustrates |ine extraction
Fper f os maridesonees changi ng stigni fligent foangihéch the orientation
Athreshal doifdg- 17 illustrates Iine extraction

performance over changing small 25 stroke size

threshold; Fig. 18 illustrates |ine extraction -
Fper fior nancetraves ahangmpie |otal saymxitmd @sge nEtcamofhose used in

| i,ze; 30 Fig. 19 illustrates line extraction
E%%%gg%ﬁgﬁﬁe over changing neighbourhood size N, Fig.

20 illustrates a schematic diagramof a preferred
Figt h@gdiDlustheres Dy teikoractlbn MxdeEsriamce Carary cimno@uy significant

aldie LAYERLL D

Fig. 17 illustrates line extraction performance over changing small

stroke size threshold;

Fig. 18 illustrates 1line extraction performance over changing local

maxima estimation window size;

Fig. 19 illustrates 1line extraction performance over changing

neighbourhood size N;

Fig. 20 illustrates a schematic diagram of a preferred method of the

invention.
Modes for Carrying Out The Invention
The following modes are described in order to provide a more precise

understanding of the subject matter of the present invention.

Preferred embodiment
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The follow ng nodes are described in order to provide
a nore precise understanding of the subject matter of
wo b@4prssent i nvention. 40 Preferred enbodi menPC/AUND4/000181
2004/ 077311 PCT/ AU2004/ 000181 A particul ar enbodi nent
of the present invention can be realised using a
Apﬁ&%@&iﬂ.é}g chSdiaght B eXangtetef 1ML InScENWMNrédlised using a
artlcular EQeCErq&§s§|Q% system 1005

@%Sfé?qys?'sp 1deR ab*T'BASt B procestor B o Btetsing” ™
pagfilicul®?, therepracysd0W, sWAtEMPYULO destarel06ingigdss apt least a

pPSHYE dcﬁ:‘”p@@cé&ang cauipl de t Qvg&l%lﬂ@fy Mio@, BabUsp@® device 106 and

col |l ecti n of nterface 112 can e
aﬁr%§?&5d T6r°c gﬂplfﬁd&%ﬁe oceSS|ng I8t FmE 6€c%l°n of buses
130 .or dge idesrifeee 110 whichlseobs eprevided afvas eourll@ng THe processing
{{@a@w ytoaOf}o CaNs08-288Y ad @M @£4 MPHRILY hAEYdL &y éa@abase 116 The

., volatile or. non-vol at|I§ nmenor SO|I :Ft 1
mERGTRGEE GET s g EL |  dBUS L Rte, K FRanrpufotatile or
nokewiot et 166 memowi, v esl idatbaten ;s@bréﬂ@B dgnikepanmagrekigigevices, etc.

Tﬂgr inSHA A ce di1ght FlecORfeePaf 8t Grpdhe 10t pid Qaexyl £R1ude, for
108 _produces. data ou 120 and can i ncl ude,

t
ERI! CLSACH SHag e oo TRTHEPOF A LISE SEaTtARE outet
1z@rehd efan. ifihtbudst orfageegewilee 414isgdaybdediry, f opmitof, printer,

néé&&ﬁggarﬁeaé%é f ofe exanRl e, de\o@L@tii4e Qb BonaMPlAthl 8 storage
nmenory, solid state stor age devi ces, mag netic

MERAA CEST TEEPLEn VGLREHEHET prfoé‘c'é‘éjs‘ﬁtﬁée SYREPEHy FBi tare storage
dadiaptetdgbeald dewidata arc.information to be stored in

and/or retrieved fromthe database 116. The processor

102 receives digital ink via the input device 106 and
IRefedi €5 RYOTISBI tERTHILO 0 r B GPRRESA Aot oBudrsator information
télevd Cotb8. id tanﬁh@tﬂ ththeeadpEeon atted datdtaiset hBs. The processor

15).{ 019 c%?.lrgg 'i:gfn Jl.rgp vqu tgg %%/utf Qire[pj.gé %{I Segsln%g display or

u er termnal, server, spec
CRINAY S5 RR ot HER | Tt OUREHS 9GS % gUfte Spouihde appreciated
tﬁf]tﬁftﬁfer Qﬁoﬁ&té]ﬂﬂ 29&:de 1I8b| wusf r bd eghy Mox&t ePp p2&ced@Zng system,
the stroke. sequence. is.Q i.ne

“HSke segrre%?af Ton ?pec}%tlﬁq’fanglhsaé%w ]it ?t g&et ?ﬁ{e

stroke sequence. Next, at step 206, the stroke
R§%:rf@ﬁ§ ald elg@tegar | ’E]:tanh’:‘@ﬁéilrES thdthdd SEPUEBCEL1Qktrated. At step

trOke?c Aftenc thl ta ne eB.tZ 8 Q&gl{lhe stroke segmentation
ed.

Sr 2ACes are cal cul & ik |ons ar
aégcpﬂllahrmeelswppﬂeﬁl hbcr et dtkokrer tdavgheer . lmxtst ep S4ep 206, the

sgﬂ?}eeg&gr@meat&% QI&J‘I&EZ@D'ﬂéSiﬁ% HRXA %qu&fcet be @agw@tes After
| erences t wee sub S OKesS are

Rl 51908 AL0 or UL ArA T GOCP] 190 BAKGU-GR | pge cuacions aze
ezpigpined idi ffﬁletf@rrcedeetml eharei@laétem nedAEn stée 210 the extrema,

pPéfe%@giﬁ Gnet ARxinAl &f a@leza-fgulafrt i s el Bgedsi B@cv*é%ﬁaéﬁ%strokes are
have been |dent|f|ed the |Ines na%dent3§egqgte

d?heérmlg?c} ‘ok @tsgfcﬁfeﬁ&?é 1 breaks are aseg on the angular

difference extrema determined in the preceding step. At step 214, after
the line breaks have been identified, the lines may be extracted in the

stroke sequence.

In the preferred method, a page of text is represented by a stroke
sequence. To zreduce the number of points in the data (and therefore
processing time) as well as the influence of outlier points, for each
stroke a reference point is defined, its (mean) centroid is used in some

subsequent computations. The trajectory of writing is defined as the
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In the preferred nethod, a page of text is represented
by a stroke sequence. To reduce the nunber of points
WO pootlog73dat a (and therefore processing tine) BST/AERH04/000181
as the influence of outlier points, for each stroke a
reference point is defined, its (nmean) centroid is
pagadné ng§1@é¥&té@ sybs&@t@mng:omwtaiﬂo%és rdfd@ence points in the

of wr S d flne t . .
OE%)#MG‘%? T PCT RE-] 7%}86 gfoﬁ: | ﬁle-’abeec%g %rltlng in a
nuehereet | trftt PRISSt pegaests éfhek eﬁ#@eow%ﬁ*smm <eu#se1e tsmepfespect to
thO @3 Med:Ral NRktls) OBSEdgfaht Pkofhedtifi 1Y %Eﬁ&"o)[doéf the last few

iting in uerofttaesustat
T ERPS HuRCy PR PRkl S LR 8 [ wecerence
pakits) obftheegerniose cravres t 419yl fivent ehitfif ek ehcef f1dye thasirientation
oE eyggéeﬁ@g‘ %B&mlﬁglr{g@hﬁﬁux@l@ ;Johﬂ@ 2rd tdiengant rcel ©heOkame line

he fir ef erence i nts, of the next
bgf'céfﬁl ??d(s:zi‘ﬁ{:e’fjl R efa#o?ﬁetehgl%ﬁ Feht™Ei Oh ﬁg’f‘s“atlon%
segnent s connecti ng nei ghbouring point sets bel ongi ng
REPextrlﬂﬁg SRMPBi duAe20 baf f5:e abchiakd &lechb® dobne: BERkboRRA.
Figure 7 for an illustration). 10 Referring to Figure
20, a nore detailed nmethod 300 is now presented.
PRs-@rprecessi g 302 A stroke sequence may al so be
Apé@rcﬂgoﬁég& m 9 L PL ?gsﬁfd’égsséd I‘S&n (Hre—%!écessuxg, first of

ol nts h square Eucli n di stance | ess t from
Ehf:%&ﬁ%ﬁﬁ &H§h ??aﬁﬁl$ﬂ°1é?%?q'8hfﬁﬁﬁﬁe3%ﬁfsfFBiﬁtqwér°m the previous
pofitgianal rémvkes ezierfcen | theobdiyinkd {wPequalaeDst order to remove
ah thﬁélu@&i rEo%n‘é@'vﬁﬁch”Hc%ﬁg RaLA &%‘&Héé&ﬁléna”é’fflmency In

I ci ency. present inplenmentation, E Is set
tJfl% BEseHe H’?@H?%ﬁltf"?ﬁtoé’r Bo’rﬁwtseEqEParb@ tE‘Eld‘Fid&i%%trimter point square
EdtBidaac edtaantt ateTbuldesd abders WlteSabyvessfoe Nboal IBikd in the
e eli r oi
SEPO% %%%Qéﬁﬁce ‘(31% %‘i?%lgl a%r %@@égf 3% %&Qﬁ Sﬁaﬂ st¥okes (e.g.
diL%ﬁIllEéfF?clé t HBL1gh gft‘?rYl tllﬁlﬁﬂ%elﬁér 82 naheF ity rsoIP@§f°Wﬁ‘6§% strokes
whHBed I?ﬁblﬂldﬁﬁﬂlbéhﬁtg.n@ee&caﬁgbﬁe dilmemoanlssmsessh&mm (Bere 0.4) of
tghere Qun{1r 1 en tl']eoga%(hem_’l."l méﬂgl orQi Q:Letlrl] tr sg ochI gyg ignored
Fhe hext stroke are ig Rore ff¥om subse At
fp%c%é@ﬁwgentﬂ?éyc‘é%nae We&aﬁlo behadfiegdako ether afingy extracted

1bhde Sauihy NGoPOProPdRERS S| i Jﬂeksyag@s HBPtvadF@Y in size and

Jvar in size and 25 soneti S, | i ne may.consi st

&1 )
0 amgs naglweo% roJT?.e malg,heco ?18‘1 ec orySlél?‘ e st ?ke T%%rtrajectory.of
weitcingafor rrechog| Hitse vaulsd gl @ poigae mﬂh)é ét%l@éﬂfgke’s centroid)

wE e K8k nowmlwtacdumte pé-oadnhde MH&@uQi@é/ia@i@m@Qiifferences

df o CgtlnBUt Ie}rc] Clme ff eegw.gxna s oggrl A renc ints for complex
Bt Pact'on T T8 Géner ate IOFE T ef &f ence pmnﬁs??
stootplext &% (iessre soppedmephbhEL tRRgsegrrakes amtcpapgets called

sSbSQKRSs | Nt@oRAl tsmeatd @dn 30nsHNRIEOKkASs FbE 0K performed using
segnentation into sugstrokes 306 j.s p?{fOIﬂ%d usi
Fbed®

tPﬁe HGEF aF* AP e Bad8t et 5 G these ter.. e resulting
shiestephed tfor. an Brera@s Gren e Sbst ridigese forrarshext riacFigure 6.

akEOM thgnd ke idh, Fi g € AqdiReShOMN duBsdEiglL e & AdiBkrea for

segnentation, the sequence of substrokes is considered
Sle equent computations.

To segment strokes into substrokes 306 the following algorithm is used.
First, the stroke points are smoothed using a low pass filter with a
three-point kernel with coefficients [1/6,4/6,1/6] in order to reduce the
effect of writer and/or pen instability. Subsequently, the direction

{counter-clockwise angle from the horizontal axis) of every line segment
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subsequent conputations. 35 To segnent strokes into
substrokes 306 the following algorithmis used.

WO-2008107731he stroke points are snoot hed usi hg aPCDAWUREESH00181
filter with a three-point kernel with coefficients
[1/6,4/6,1/6) in order to reduce the effect of witer
caidH R nd uckasdiabi EE:Edke &Q&%quen&émuté@e q%ﬁeﬁédoeo@ne of 16

l{ev unt ecgnv%lrggé(wéose gg g:iﬁ-i}:o:/z%goer Ia%l tacrlgé‘!:es to the first

I ne seg nent
PP@IF/ A@Z@Mﬂ/ @9@1% é@nﬁé@f—@hgsesm%ret@‘fysmeu@pr okaligaiatsgibstrokes

mStmumﬁmeaua@aﬂd&&&et QuBEE-oREs lcﬁcarlteael She @@By@rét%eke point
a first asdgaglt]t\éaloue and at L ed to the firs
p0| nif BIPEETh TEGmRRt CAnPTHISE a §eg° nPEEFon's it o Segnentation

reitidiidattes §aﬂb%qtpeke1§ efi therh e o6 ¢ovtAE (41 fCanelitddren that of the
pSMRSE OKkeStStoarl tiraknd h@refvll&g cﬁ.trEthl%np Q%ngléalefﬁgaﬂ:tly different

segnentati on points, e point is
N R T
igi Greufre cant |Gpndidafter entstirploens tavat mefgethgogqheyi dlische substroke

d@@&tlo@rdﬂffseféa%ep&@\éhee@ssqbé es%ls,@fbmeg §é qRLE 1 GARL L Vehreshold in
different fromthe first_point in current

OEHFditGaf B ISUSETTBRE] sTE LT | T‘rt?stuPHf‘fa&ﬁY PO GHFRS P, the stroke
c@aredi dabetrobbstiviedoar s meregepatioigetihengld dfheche line segment

§M¥é%‘i;£ et]:;]eO gﬂc{ eﬁém@@ @lff ftQEGQGSSoné UCGRSS Isyfoke segglentation

substrokes is |l ess than a threshold order to avoi
a%ﬁr’rﬁ?ﬂ‘ |lﬁgd%er€FPEdaﬁ8e%rﬁXsﬁ%ﬁPl Atk sy bunps on the

stroke curve. Substroke direction is the quantised
L@@@ussgokgg%é gﬂ%@@g@y of %ggg&%&ggg the end points

he substroke, The stroke segnentation al gorithm
L?"s I&é%?:‘rr Bedbst Sprasvict &p 1H@I SiFst1 SEIkeE et r okes be

Lai leaptiy selniobisklestiokest lpebeddsieti itroke ddiat direction

LQLj rc%?{én%guﬂicﬁwf dd Lte rr%tcg gsﬁ%ﬁét Let LastDir =

proce stroke point direction
F‘Elétea@lrsttéﬁ]f%@ﬁé%"ré’ke be an enpty substroke 20 For each
st roke: patrdntPit efe € Kepéddibn e bhe di rect| on of P If

( ren Joni StD o3 T| %L st

Acfd rrerelntl?bstro lr @[\I J§‘ét :[mttD [ = T2
Last BiG Curiancéneaiireke X5 EHTFWO]@fr r ent Subst roke End
<i f >setehgecrAdd= Rasep{=tefdeiubst roke Set LastDir =
Curr Erpptt*;[;' EurrentSubstroke

End <if>

else

Add P to CurrentSubstroke

Set LastDir = CurrentDir

End<else>

End <for each>

Let FinalSubstrokes be an empty set of substrokes

Move the first element of Substrokes to FinalSubstrokes

For each remaining substroke s in Substrokes
Compute the direction d of the segment connecting the first and
last point of s
If (d<T3)
Append all points of s to the last substroke entered in
FinalSubstrokes

17



10

15

20

25

30

35

40

30 End<el se> End <for each> Let Fi nal Substrokes be an
enpty set of substrokes Move the first el enent of

weumenrskes to Fi nal Substrokes 35 For each rerel/AU2@4/000181

substroke s in Substrokes Conpute the direction d of

the segnment connecting the first and |ast point of s

I f (ded®&)xfAppend all points of s to the |ast substroke

entergd jn 40 Final Substrokes 17 WO 2004/077311

PCT/ AU2004/ 000181 End<if> el se Add s as a new entry

in Fi Atd SubSts BRESIEER dleeFEral Sgbeymgkenr each> Return

Fi nal sudbsteekes and term nate. The | ow pass filter
E(ﬁfflc%gn the quantisation levels and the

65ho1d val ues associated with stroke segnent ati on

RefpeneRpied Peldtirpkes @né neyeinate-f i xed val ues

i ndependently of the data sets used in our
L el G UM Ro S IEHIERE B e
thedshhed vakiesumsepcirredt Héth&GFO]‘Fﬁ)SWg“GF}taWOH are empirically
cB&HE At fl@d%dszial‘Jlﬁ& | Snddpehlididhyi BrOUWheaRidh Ecajeitgnused in our

t he . ogttlma&lt gc t he selectedthres ol.d Vatlé S,
e}ﬁ%etrlm NEst FYHBE IS Li Tie Br 82k Detectd dR FF (i & "ha T3 is st
tst%muanh@aangﬂ devdlanglindeongitther theapecheor ytoofthnr Exaqfgposition
of Ssegm@ARti 66 @sntol {OWSicilhe 4 %L&Ctaﬁ% ¥icRbi M, thB%tfimality of

as _a ragged form

{ he subst.roke 20 308 often

5T PR BRE Rt SSHE: o hET “BACKKat GBI fips, for

adding diacriticals. To reduce intra-Iline traJ ectory
variability as well as sensitivity to backward pen

junps ile conmputing the angle difference between

4 ~PRe segnents at a given (origin)

Isubbis okesp.gridupsamgfieN cdabsd r ekey (thenpomdbéydrybefforeciting is
c@%téﬁ S&QO%BEPCKL%S @ﬁe acf::ragéct%rgl y@q\rrg.efﬂgg Io@) tﬁé’l %%E%@ce sequence

are consi dered. These groups are terned
308 (PEF Gh G ﬁoﬁ%ﬁgégnf?%aﬁ? RRERM gin %B‘QF‘? degkvang pen Jjumps,
etde fpres@nhg dispkenealat iTonrdurasidtireetine tBajyditelly variability
a£ e@éilt 9sS y&{’\s@.§§éwg %%pﬁﬁém%s erSJIuﬂlgs S%lﬁ.lgleﬁ é:%ltﬁgl}ting the angle

data. The centroi revious and t
difference between nelghbourlng line segments at a given (origin)

substroke, groups of N substrokes (temporally) before and N substrokes
after a given (origin) substroke are considered. These groups are termed
the N-neighbourhood centred at the origin substroke. In the present
implementation N was fixed to 8 which lead to successful experiments
using simple test data. The centroid of the previous and the next
substroke neighbourhood are computed 310 and the lines connecting them
with the origin substroke centroid are used for the computation of the
angle difference 312 at the origin substroke. This process is repeated
for each substroke in the sequence. The sensitivity of the method to the

parameter N is studied later.

From the angle change data, viewed as a one-dimensional function of
substroke input order, the significant angle changes are computed 312.
First, angle changes below A (here 20) degrees are ignored 314 (replaced
with 0) as they typically correspond to intra-line variations. Then, the
local maxima of the absolute values of the differentiated signal are

computed 316 using a simple technique, selecting values which are greater
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substroke nei ghbour hood are conputed 310 and the |ines

connecting them 30 with the origin substroke centroid
wae@40%Bdl f or the conputation of the angle di PEEPAERDE000181

312 at the origin substroke. This process is repeated

for each substroke in the sequence. The sensitivity of

chde d1et Bogkd Gratihies paranei@bw Nof Ssﬂeud(j ednkad®rat Ine candidate
t he angl!n hange dat.a

m
l°c|’?g BFHEHE orial ?l}’nc Ton o?lems?ﬁgefimélkeV?|Wﬁ6ufh%sreaet° be equal to
thehstsplgninkti gdootrkenyl sizhahdés arwmsonpyeeda uiRe will contain at

1ddskSti/2 agg&& Qbaﬁgﬁ%r&@somﬁo%geéé%saglvf@gEﬁ@ﬁfﬁ&elater in this
noyr e W as e
e e i RESGe Fre v K e oo die (agteagty infivence

pmrmc@f ke w@issblapse of atheeslogdl trimxida f frertdwt sbtekd input time

dﬁﬂagﬂalcoﬁ.re%pé&i Wieegugg-@rd]@.b Nge atﬁé r@t@m&@&ﬁ nJ.J.QILHebreaks The
sel ecting val ues_whi are greate 18 WO 2004/ 077311

PYEHARUZB0 4D OER L ‘“acxﬁ&ﬁm al 1 oF‘HéQH‘ev‘é{f"Jb§ PP AP R qGgLe between

tigf reigiddiitentgcddt atettshe cemnich daye subagake nbxithemladtn N of one

lfrtée aR& eﬁl%nkeﬁcm %HEEE@EEQQ 11\%\/\%&@931%1 'i:ﬂe bﬁn@qf:@éak position
to the stroke nei ghbourhood size N (8) assum ng that

1% PRSP YContlfi n°BE NeboRt PR, leRersr 4pen Jump in the N-
nsighsbuxdioes . cdmreficatsamel thittitay anad tsdesk| astemate. t1hes corrected

l:é‘x %Laﬂ:g §l§ FQV‘EHn%E‘@} &J&% %é' H}gl:&f t\lx\édg fg{:&lxg& stroke sequence

critical uence er f or mance. I ons of
11400 tRHE dilnﬁ"éx%zr?a F Wutrﬁes stHUR et ﬁﬁﬁplf% r‘f‘éso?f@ﬁﬁﬁ nwith the steps
At BSP Gbdvé Ofdxhehs udsinp DK 6SE Ftighihe eswhaaéce@uh:emeangle between

T [ h h
spgcgggﬁfe J?:?‘okg 034 ;! %\A oo& geAtQ‘%@ e = %g& €n St(crt)o kvﬁule

max| mum an t ween uri ng; poi nt
Shﬁlss)tft’?and’oféeéﬁ%tls“%%t Wék%wlnn ?%e (phst sRPRi'fOton gljppresents  the
diffeeemuideédesigaxl MNter bheringxall iwvQued hedsef @hen A h@0) degrees

[ brgak [.ti.0 rd d & e _bef ar .
tg &%Parg%stcegge oo ﬁ_ps:.t§.0§% fe%kgel i !Ra? 13% dogefcgr Zaae shown in
(Ht- the initial |ine break esti mate. The corrected

line breaks 318 are finally used to split the original

pSt rogcaece%egrlljeggg into text |lines 320. Figure 8 shows

ciated with the steps 15 descri bed
Daiggeliny seheadskahpl @ lgf R qngde 4ot Tid skrrpiredsansgregroups is
udet, W@ﬁﬂs &1&61@ else%uyes Sid q{e@gé&lﬁaeoym&od’le@n&m@usjﬁ drSentations
ent i

1.0 t
%’ &1 on bgf {a‘?ge P, Bu]n%? 3€C)wpl\rl\%s%s%al.d[.yhln%’lcate a;LJ.ne breaks (e.g.
thi féfperemstaced csalgmﬁ off text)setlpi addrsisk Vaduegokesrh substroke

of mrﬁ (20 (deaneas. g&szﬁm&) T&ee GOMREtL A )PRSLEiRBSand K next
1% e | ocal cnaéjél}ae& 1& i h%wn Jénd 20t§d% . h

S 0 BSsiRG° 524 fig Tl FXtFatt POECTdRry TR than ome
s@rrglrekofisnepytidoved ng srdak dogamrigs misintgspktathes of pen jumps

rOf 188 E@Séﬁéﬁlg' alami‘cﬁ.g?&ltse)(t The NeSs Meh be Sétfﬂslt%ke is considered
orientations separated b Iarge

en
P P uEtfal Pf/e"lﬁaf cgf‘éuFl i B ks a(‘% a{st r% 1spﬁl‘i::’fé’kes 1f the
Ejpgdtidesn déetanrrsobfthbextisesT paddrssis bém@enf dre @aehious and the

né&‘!:bsstuﬁgéﬁ%ke group 1s greater than D, a line break is inserted after
the reference substroke. In the present implementation D was set to be T
(here 20) times the maximum dimension of the average substroke size of
the line under consideration. Subsequently, any line breaks between
substrokes of the same parent stroke are removed 328. The verified lines
are then converted to the original parent strokes 330 and the small
strokes which were ignored at preprocessing are re-inserted at the most

likely lines 332 using the following algorithm. If both the previous and
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of every line'" (reference substroke), the K (here 3)
previ ous and K next substrokes are considered. As in
wo 2ova/obmenk detection, nore than one substr okBCT/AU2004/000181
considered in order to avoid msinterpretation of pen
junps 30 related to adding diacriticals. The reference
né:btbsétﬁ:eke b8 aﬁﬂﬁfgindﬁf&dstrﬁﬁétaﬁ dalt€s PELVEHAU S afé Odktracted line -
0L 8 Dol DBl SUIGKRR b lohlSy B coner cuse, e
mpfrléwno@sclaﬁaart Iﬁést?f&@t Msa%sqqmekéecbrb@iapeqrs ag e%me# RHgH between
the @nbioe Jyrerk i basertied. afﬁeerlgnélha% @eé&{eeri@,eass,lgned to the

subst, . Inthe ree enent at.ion D S

1ane ¥ lg% fefe " J0) i maesa?ehg n%essngmn%nﬁ%ny g% C}\F’%F h%hat none of
tla@/aragen%lub@krmﬂéltﬁ oetryt frdw thenpenddwice are discarded in the
r@tﬁﬂ:&b@eiﬁltebOnI‘heSHQ.ﬁﬁg’e’&{]tl'lMes Y £ﬂ1@%x9ﬁﬁ§l@k§n% WeEL and theix
( ubstrol%‘e siil arent stroke are renoved 328.

e ¥ e%onlveﬁe 3 % R&A™c 5RVERPHEY Y0 the ori gi nal

parent strokes 330 and the small strokes which were

Lim@&g&l@h&{ eREOGRSShNg are re-inserted at the nost
kele/llnes 332 usi_ng the foll ow ng algorlth |

R P R S5 BY | BSOS 16 o280 G Ry OF ehe stk | (principal)
e REIVALRZB04/T000E8 bet nekt 15te alcdndé with grespect Stad oke horizontal
aE PRE tc%mﬁutattlign Scﬁin'%hg)glrg@ﬁ\;@é%o!ré N&s Egﬂ%xﬁgﬁ dsgﬂc_? rt@lg EISPACK

stroke js assigned t line. In_any other case,
SOHE3TR TR et |SH’et3h drl s?%@e Ml%ori?f&ﬁﬁrt & GetR@¥eny Tkebe,
Val klepei ntnpad.r slobet wedfatriheriggnoyetns Rookeeand BEEACK Guide”,
Léému%e Z\Fgl.eesl gﬂ°&c§z§>u§é1[ %@eﬁcse a%éi grgedzgg éﬂ%lgnl Is%glnger Verlag,

th the mninum M and t he. process 't er ni nat es
BWB tF13Y6]noﬁé‘eoF°mH‘ﬁ§doPFb‘?nr‘?éFl‘i’qﬂ< iosi fhe o pir Figye ¢ are
shdva penFteitiec @oar thelicoeptitteld orherdthe iodetdtr med tamdeSnto account

tﬁ@%ﬁé&&%ﬁt@v&&&% Loy &be r%?@?sg'&tbﬂt 1OYULE ¢ iggﬂé:lnentary (180

hei r %pr oxi mat €) convex h are shown in
d@reiﬁ EFF] TeRFEnt At | O EStifat PBRLeS né”ooraln@ﬁflatt%fh jap initial
r@enpot ets apetirened | edingt ithe e@btimeeli babld pid NGigtalthe line is

h 1@8{5}%%}:t Q‘Leaﬁ gé%@er?c%ts g% l:ﬂlg] kyéa O\QA t?ﬁrgz‘?lps%c po:.r%:s of the

rizont The conp utg
St‘éﬁodféﬁv%%ttélﬁsr%eﬁeﬁr@r i e uéiengbwessa SPA‘@R fipftt mater of the
fi:dslﬂr 3kyofeB.ofSheh1ink aBeYykBen Jred@@&@ﬁr & tBe £@KROWof positive

f e!rgr%oe% 13‘ s t:ﬂannghe %%%BC I\r/bdiegaae tive ({lff ?renceﬁbfthen the line

gensyst em Rout I nes - ure
ig nf%frﬁ%t giotsesdnk, 199 degresEndcleghtiioe, otherwise the initial

r&prtiogels Vetdsp8ed. Betd |e!3c,acﬂr9§5§;1t1$ii§ 6OMEEY e€bxt baselines, not
el |ugné atl og fororﬁ{he [ nk | n F| ur e ﬂsgre OQown mnl .
Firgu e onpufed BFi BATRTEONSSHY ndt SRE™ o 2 Zoning

m%lfé’@éuﬁ{l t]ﬁTeseST“PTé@ldl &nd oﬂe&wewtﬂ@ neexendindrey Aemly dbeplay purposes,
tKBJthBlecﬁrftai h&agﬁﬁ@tﬁﬁ %‘KBWIE alrIV F(L%@JQ& 2Q degy %ﬁﬁomatlcally positioned

rence) of Ies mend this,
A SF R SRETISSPY o TRASUS i T ‘THo MeEtY raiatgokes of each
13emgl endo thedr t fed | meni;% ahr@rl tlont dntefdrettord f aodnices of  the

cfrebPérdhgclsnacal the fi6stnpoidits: ofer fsh@ounag_ﬂczplfrgété}rgle

the rotated line with the absmssa of the first point
of the

Further example

The following example provides a more detailed discussion of a specific
embodiment of the present invention and presents experimental results
arising from this embodiment. The example 1s intended to be merely

illustrative and not limiting to the scope of the present invention.
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first stroke of the line are then recorded. If the

nunber of positive 25 differences is |less than the
woovber73of negative differences then the |ine PCBHAU2004/000181

further rotated by 180 degrees cl ock-w se ot herw se

the initial rotation is accepted. The exact positions

TIQ_feet Q}@Qéx@?ﬁﬁnt@a%@fé RBadudtel uﬁ&@iﬁ]@@ah@ Jo'ih@ct:t\ﬁﬁ:jdﬁthcanCrossPad
eve usi n Or exa oni n (0] on
SR R TR RS R L PSS

pur poses, 30 the horizontal segnments shown in Figure
Eadl B8 gutomatically positioned so that they pass

Throug the entr0|d o% t he Ei%ffeos strokes of each
Tt i%%&ta FomaRer B6i APS "HFE°T He™i MtRT SEETT TN PoifipEeen (14)
p@‘pleheereceskedspmndpmg theoreents | ¢hex weldctedetéxxpage in their

ovlrrl @%néwﬂ@.gﬁ@'aﬂlgl &@@ﬂcﬁggﬁ&esggrnﬁ.@/r Ebgéer%{mh@ ﬂ}ﬁe breaks, text
exanp provides a no det ai | ed di scussi on

OW n

é’réffét%tﬁ?%s aé‘ﬁb&&%ﬁéﬁf- B?SlttFan?)r%%é‘ﬁ’F CRTEHEI BAd%andl© sxtra
cap1ee37eat seeriped | byerrhal wrigsud t segaafiisy nef woimihbi style, therefore
ciimodh @@genagae CIUBP s | 5% Icuie%egna Qn@@rg&%r @J:J?{lting as well as

illustrative and not limting to the scope
2 gpgSERt PVERET otRe4 G5 PP 0P 2DV HBF73 1Y e writers contained a
pIRGEAAUREO4H0@18%En Tbricenexler ineiesmikile 6DnUECieE, a list of
sftcng QK fata. cal ﬁetred ot £ Pa he;
SIH) a+ Not ep ad tagTg = %%P%O?B 0%5,5 %E%Q in arbitrary
OIB?BE?F%?@nFn%aSnTH’eFeg? %nﬁét%PFoY?Féiﬁé%eI&an?ﬁe viEtI§ggaround the
cdmif-al | pAsexde athi Girpifuyt eezitidhs BﬁprEldb&ée:Lcﬁ&kedrhe data
cgnglgﬁ tfhﬁlgoﬂgn%gt %rOLF] l%.%l eg}:eeaqcst qx}ttclr‘?zggg 1:_r}1et Bg nning and
andwr i t and w t hout necessanF preserving The
end RE Bredks Th?e‘?(’fa‘:tl P?FeltéPP%rﬂfattlhénénﬁwd’rF@FSat ithe mdex of the
tqa@srﬂl@nsmﬁt t friror¥ argEl eepageLindp exdrea maeaaﬂywasdentlfled and
%98éc¥ e%sby oned \M‘&I t&'{s {\Ietgear dgﬁagc t t.l]en c%sed by user
“herefore 10 the data preserite a goo mx of cUrsive
CO&ﬁaC@ioslér éteegwr péditgons tRl Pregoualin wrikten oftifepit giere  ground
tfﬁ'ﬁﬁe@@@c@rﬁ@ﬁe @Q‘ﬂi e bys .t ﬁ@aﬁﬁletsebﬁ eantah®ed t8en pages are
}{Jrl nteq? gasszlilge witten horizontally in the mddle of
Wil LIl igu
I'st of sport names witten anywhere on
t he page (inlist format) in arbitrary orientation
Ex@®Rdigeggugber of annotation words/sentences wri tten

around the 15 cent.ral assage in hitr osi tions
mi SR At R e h s e SY o GRLY #B95t pseCppeive bent
cap@idl FRen beeaksel( excl udeipplsheviiegr nnigrgnandinenextpfction was

eRad8ded, Theh@xagﬁfeqeﬁéé | @asnpf chile Line ﬂaegks,eéé h@pproximately
i ndex of the terrporall% | ast stroke of ea i ne)

AP T UGFTY (CHBNT P FEY SIG° Fektr GBI gFBUndD sversse each
pageutdentiipted, Zshatidesnehbrleaksrecaobed ougssrg 2hd their length

sdﬁn@Eirﬁ‘&st 'cﬁé}fge(iemagckeég@| tIhotfbctat.Lo ﬂ{ee\ﬂh%%oﬁtﬂrfetitm lines oxr 392
li nes% wer e cg_.nound truthed as "correct” |ine breaks.

11@)?&% aé<§ 8?1 geﬁ%ﬁwftlt]tyeﬁrﬁ%gnéﬁ,@d (exactly as in Experiment

A). Examples of the handwritten pages are shown in Figure 12.

Experiment C

The third experiment was conducted to test the suitability of the text
line orientation .estimation algorithm. The data consisted of 4208
horizontal English text 1lines manually segmented from a number of
different handwritten documents and manually rotated to arbitrary angles

between -180 and 180 degrees which were recorded as ground truth.
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shown in Figure 11. Experinment B 25 The second
experinental data set conprised 14 full pages of
w@08i0vB1t ext copied froma novel by a singl eP@r/aU2004/000181
Again, line extraction was evaluated, the difference
being that all lines were approximtely horizontal
The (3lgeyithar erafr ivREIeRsInPrgd de’r GierPentien)PC Gunning Windows
zoooa\/@rlageve&m Ppage E@pmlaéﬂtedp.zaaéi Basedvhingh cwl%te&teﬂ 1.85

t uc and %helr 3 nes c an
Secorrrlg qu”fg‘n gt tgh co a| ngld IglgﬁsesiL Sofduivalent

to @Zommarqelabroeéksemdehoe\mpegenm@uaw:gaggr ourrbpreimaeely 4 msec

on a(\@fé@é |;yera%xll:f’acﬁé@eﬂ.ir{§nﬁ3xpeﬁ31me52(aél mﬁs t@&eEciX ha%d compleéed in
Jtten pages S peri

2. o) 30EHe [P IER e M. B &0 et 51 BED & 1B oeiRateny

0-233lﬁ<FQ§191|SI pe¢1y pefie tdneavenege ¢4 ﬁepmmﬂtedm &8 eskf mat rYFKrage per

ext::%'cg&fi EQ{I& T%edaél@fG%x%EStﬁd QflméZQ%t¥,Mi é%gxﬁjsent A
nglish text line y. se ed from a, nunber
oG Gnts HERRT | oAt ECER G HANIAH J41 4 cige £iret
expetrdmenthi t Flaw y tarrgl esindpelwedndidB0I40d I8 degreegative line
extWBL L vxs(ger{n%@ler dedcRs @Qundohr Ybi, ésgegﬂme\ﬁ@s A and B (821
2004/ 077311 PCT/ AU2004/ 000181 The angorlt m was

Lingsn 8 nénf8TF ohr S £-7° FFFSPERTiI BRI PCIUMPNESSY Ritusine
compR08ionsi ngovt suél oCientabkgrer ¢sBnbtionnass t2 medea@mter line on

aver%gmﬁtﬁ;@paramén@% seeonds,exclydifg %Bestéﬁﬁsetco load; o ;s
e ink fromdisk, This is equivalent to

des"ﬁﬁb‘i‘go%llh%ﬁ EPYROR) S BhRfs PRETCT AT S TORT AFé PR igp estimation.
approximately 4 nsec 5 on average per extracted |ine.
ResuZXPEri Ment B was tinmed and conpleted in 3.96 seconds
(again, excluding I/O. This is equivalent to
Numeﬁbiﬁ]o%ieﬁ‘é]tteﬁ yor FPETEEEbA TS 3per B pHge PEPE AT ET ale TaPIe 1
the apprioixienbielky th &xpeemenn VeIagepEs) exid actadtly nBtrected
he f e e r
wh:.lé)< ?;Ih{:m %%?Qg I gb ue'v%% tgﬁéwg J.Fé?g E%P%h %g%@gveetgere also
reCOF-’ii‘?Fés The thed =i P@%ltfﬁe%xb’é}qoﬁé?ﬁtlyTWéO]F%’c alinephpwere due to
largeexadldivgibé LOhsf @ tifinC tté ffhb¥erildoRe witihatihey) The false
nega?égelr l:]rﬁ%%riocﬁ‘:ltghsexd %%:igllflrrleosm %atage g)eéggr Lg?%%rzreét%g g %\cgwards
Jumprdere Ske disAessivhebeleshput ational cost of orientation
estimation is 2 psec per |ine on average in

and

From

Exper LRI 1 C 1Tl S LLIB LNELEA2E % 83 0uD00G Bl o 1 N
if 15 doskewi ho(TiRa Fora |s B0 Pert or ed
after crlTefHFaltlF!en e&riratitlivo 1falﬁ’ResuI t sFaldgner i cal Performance
resul t 4 f direakher j| nBatectad anHori tAves pr peIafi®es i n Tabl e
Exp/ment-An 1400ha 401 11488 bhreaks8in l:ynpr hent A Ad&o-986
Exp/s{!g@t 250@39\ er-e-cord-edtl y det hat od 2Q Mile ei ght %-9°
Tot aci t i1 a7c93anrl a4 o v?g‘l?'a fal e 13\:::1:\1- Lya \-'lnnra :LI SO 0.989
HU\JI LI AYE"] CATTO JT IIHI A2 AT I IIUUMLI A\ A2 VALY
From the 392 line breaks in Experiment B, all 392 (100%) of them were

detected successfully. However,

there were 5 false positives mainly due

to large intra-line angle variations involving elongated ascenders or

descenders

(see Figure 11 for an example).

experiments A and B are also shown in Table 1.

Table 2 presents results from Experiment C.

2910 (69.2%)
ground truth wvalues.

consider deviations

within 5

degrees

This figure rises to 3963 lines

22

from ground truth,

Cumulative results for both

From a total of 4208 tests,
line orientations were computed within 1 degree from the

(94.1%)

if we

since the
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recorded. The fal se positives (incorrectly broken

lines) were due to large angle variations within
woRovgiogisbour hoods within lines. The fal se negetT/ME2004/000181

(incorrectly nmerged |ines) happened at a corrective

backwards junp (see the discussion below). 25 Table

o:lél-lgllqéiégllﬁéé tﬁﬂa@%'fﬂcf\: re§§é1l1.ltysh@1flzgﬁ9£|.“ B’E*&gnki):'ﬁ el oBiddtd€ions were
i ne rrec al s se or pance rea
" R PosTRBE RAGATETEe CE) By SR Ao LAsh g7 they =L
C@@Sﬁon@ptmors 89@83@21? 5wig.ch. 888 priotital798ig3atid way not
bd 81989y E&bdes392%dnkeNEibeak S ni Pifexperd)nent B, all

392 (100% of them were detected successfully

However, there were 5 fal se positives mainly due 30

to lar gé’-’abﬁl? rZ- Eii{miaﬁly. €: Varrieatatdos éq‘pj.ghiviqmgresults

TERTYREBE: JSCHTHETRe VT >5UGgre0E®TS C3§T FIUUTBght TOT 150
apr esaEpl e)|. Cumul ativye resul ts|f eghtdd | EXPRELEENTS degrees

a/20gnd B arg 2§00 Showy 2B (EABEE | ¥z (IAREF Z2Pr@S68LS | 0 (0%)

results frgmskxgerinent C. Froma total of 4208 test|s,

35 2910 (69.296) line orientations were conputed
Twshmm&ll,edg:&rfegnafrfcgrreﬁeh@on%wmo%ﬁ wé{é'dé%é Thi s
figure rises to 3963 lines . consi der
deviations within 5 degrees fron1ground truth, since
ot he - 22 s\Wp 2004% GFaY 3L PCT/ AU2004/ 000181 ori gi nal
lines were not exactly horizontal. Seventy-two
orientations were nore than 10 degrees different than
“RSE Griu e (FIPT d1d CPHEyTRY 19 tedeted ondEer o BRgit the number
ot iflaese ffsiviveah ahlerprdhechipdderObf enflat i fdyatByednOtr ibethe total
Li Egﬁp see S xanples in Figure 12). 5
m%%g%éﬁ%% e?%%gﬁ% %ﬁﬁcgﬂ%ﬁgatlon estimation results
Tot al Nunber >1 degree >5 degrees >10 >100 >150 of
THei Resgelegrieeshdegb@rs cdegiieasard, 2@8al208 n24by ( &a&% positives
are %&alﬁé%gcét t%o g?:lmg\l?m\(.%@a O%ar.me /% aé’tlbrésgdrg}%r, 161nce l('n('fken line
party, mappbe gomsipleyed = Whetieitualy YiHesnanbepotst no problems to
s%é&@eﬁiﬂ préefsacipchobing heepksontry bs &d}@/&h&f@eﬁer @fegmentatlon
o a%g; 8§|t%veﬁoand Fn_ the n gggr @u Sﬁ' at v
T 15°Phe T0 Iber "8 groun fRed T

lqugly cause Ffurther processing to fail therefore the:Lr score 1is

will most
penalised heavier.

The only false negative recorded in the above experiments was caused by a
long backwards jump to add a correction before moving on to the next line
(shown in Figure 13). The line break was incorrectly estimated before the
correction instead of after it, therefore causing a £false negative
(miss). Although the line break estimate is wrong by a only a (small)
stroke, no attempt was made to measure the “goodness” of the estimates
which would require not only use of semantic information‘ (assumed
unavailable) but also knowledge of the subsequent algorithms in the
recognition system which are directly affected by the results of the line

extractor.

Apart from the limitations of the proposed method caused by the accepted
text line model and user behaviour assumptions, the accuracy of the
proposed algorithm may degrade when operating on writing with extremely

small font size due to the lack of an adequate number of points to
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The wei ghts in the above equati on are expl ai ned bel ow.
Fal se positives are usually not as detrinental as

wo alog@713¢gat i ves are, since broken |ine partsPCEHAUR®4/000181
consi dered as individual |ines and pose no problens to
subsequent processing nodul es (e.g. zoning or

ré!ﬂragiﬁ hagaelie rthée gﬂiﬂ'ﬁaat i.IQ‘_rb %Qbsﬂfrokgg Ogﬁllmtl_lﬁw performance may
ve r m S S

| ine breaks)
d‘T"-:frke‘la causesq’f rf %1 Yo r ssf"ﬁ’ge 1[%8“? (e g h‘%"’i‘lé’flgrgo to the fact
tltéttelanglsa:dﬁélé}téonﬁelpﬁmseohmmlq;fr neI¢idooniyg fsgbserokes are much

lél%@@ttlﬁzé% lilewle ek f&ma&ﬁweueé@%hmtz%smg Ca&s8en, due to
a on

backwar ds add a .correction
R R P d Bh o PHe IR LhoCoRSHOWITh Higury? (were o
si@rrofire lopaeatirraks wess ialgoritdat oy dsta naingdstieloé” extremely
sﬁdﬁ& CQF.T &6 benedNstead) of iRkt & chbecddlef &Rl 80 4aU8E NY
aI se negative (m ss) Al t hough the |ine break
estlmate is wong by a only a (small) stroke, no
Tiat t enptitivwisynade the nBaslaeivehectroodness (oof thhedata of both
e:%%trﬁ.rﬁgﬁtgsAaand\/\ﬁl &.J] aV\@HIll&!ZlBIQ%‘H q:ﬁrélao%fome)/ s?§tee fs arameters was

semantjc inforpation (assumed unavail able) but al so
2}§P0RFEGGE- oo he® SEBsETERte PR CAYY iR Fifgires 16, 17, 18 and
1y.ecdgni fimn Ipspemsibis htiaate rfetidngeafibecitetdldywhdte ignoring
Ifa%%H{ZCEI% ogngtllgze Lﬂé&l%es e)geﬁ_é‘}}t Qb- 1_305 é@ar&eggréggn t EE the present

i'm tations of proposed net hod caus
1‘%@@?&%&101% Xt dFSF’??@ancFeICh‘a"T*ﬁil E%e?a"ﬁéﬁa‘i’ﬁeé'ufegmentatlon' without
a abssNphi pastorhireceaGeUkhe yoibht hEluspropesedhal geddningraph shows
tﬂmy ?X?Cg:rlﬂ sré{gjﬁn onqcregt Ltﬂ%x‘gg cﬁ!es%illﬂgg d}glag hnc?«f%%%é%%erformance
sma C

Sl ze Uetot an a uate n
Ex fbowmes ¥age PN R0 0f 831 15 PET/ERUTIA A0 0GB step of the
algeki el wasegepnt ndreensidsekas hﬂtiﬁa:ﬁLﬁ]ﬁMﬁOk@Slmprove accuracy in
si )%Hy aL! Fe\.(r:]n%ggéo @P&x%.egaydur I%r@geg %évglotpﬁlé ?f the method.

treme g ont Sl ZzesS nma ue to
Pqnﬁat-’maalﬁgl ény &Re athbrts Herhedn @%Qﬁfﬁé @Veﬁeiﬂgwému heral maxima
esdiRst 10K @Sndwe siike h(w)l atg@rrlphatrhd %e!\éd’dllloﬁgoﬂ\llvt Ns not critical
nl ont_sizes. ln.a 0 etoSthe
o meren fhat 2 F iRl Lontte b8 frgn yper enen
ur(@?ér%egm)ant%tabgtrGP@eS,deépk&tat V@Weof(&)hewhic@orwshnpmﬁen in the

pld-;atlan&cws ieﬁﬁéﬁl%eﬁtfs evds e@hy L&hﬂm EBe Ofo 8 QkapVOshows that
ter | Lnes PleCt eg zlaendent I’l:S t%b strc%'(e n?aﬁ%hbagfkéood size

om nce s fal
sen r oflthe it née

lrofthboxarngelbe%er'i randt $2 A T ®1a§ataesf thetimotial ddtcersgy of the

sofoxt he igisherbsa Racanei ers was al so studied. Results
are presented graphically in Figures 16, 17, 18 and

19. The first graph shows that performance' is stable
Hegiven titgnprésegt nethpédtvscsmangl e changes bel ow 20 to 30

degrees. In the present inplenentation 20 degrees was

chosen to favour. over- segment ation, wthout 15 a | oss

Gn ferefcg?li’fﬁlﬁﬁt-eal&g PR Or Bhb?l RISt 1t5t E¥ET3ATe “Betiditd handwritten
tgrraphisdsowst tdmdtiticgnor iingisidahl stengkles afrientation and font

YO AGeSSIRg dags nt, af fect performance

(ii) 1is robust to user mistakes, overlapping/touching lines, non-text

scribbles and diacritical strokes;

(i1i) is based on a computationally simple algorithm and is reasonably

fast (0.25 secs per page on average);

24



10

15

20

25

30

35

40

for a wide range of the relative size threshold. This
step of the algorithmwas kept nonetheless as it was

W@ b@m71301 | nprove accuracy in sinple experi nePCHEAU2004/000181
performed during the devel opnent of the nethod. 20
Performance in the third graph is plotted over

(ma%EBgntho%hynﬁéﬁmy Sﬁt{tlf@tsje@@cﬁ/ﬂoﬁd@w §ti_geln%rnal parameters
(ClﬁarI%/f theeselk(lel%t 1% |§§atl crltlcal in the
TGRS FPEI St 8 HpproxT it Bl%y T8 ¥ o° YAV ‘over

rat her than under- segnentatlon the default value (8)

(W'cﬁﬁ:swﬁgt CP&ﬁﬁBel *aretlfﬁ@ng P&Llddy RRLYi &XREH i i $1 Mafhformation,
Last | fourth graph shows that 25 best

t%%%fS? fic fée? 1‘rel'y i ndependent of the stroke
nei ghbour hood size in the range between 7 and 12.
(Y Sayaldedales i hhe Jibhtddled Atk ML (ANGou§h T Rewing will not
nelghbourhoo size to 8. Hence, the present
hod/system 30 (i) is experinmentally proven to be
able to extract on-line handwitten text |ines of
I td(:éé ynéip%u\(:l @Bﬁétéa@ﬂgé h:m OJllt?Q% ai!ﬂeon;n%gg ]fl%@t or the inter-
S|ze/st | e on the sanme page; I's robust to user
StickeakeS2nRser | appi ng/ touching |ines, non-text
scribbles and diacritical strokes; (iii) is based on a

\9:9.[:[? %@thé@ndgnéldfpgele%l 99§é %HH&?%%' Ps rd%%§%%blt¥ perform well

Secs per page on average
fon0a/ 6YPEr1 PCTPAGPOD4LDBDFERI ( F'\"}‘;'”Hoe‘éreﬁ&t [¥Fyllic and their
veavidns;on the selection of its internal paranmeters

(good perfornmance achieved with the default settings);

(v) does not require training or any application

(SPect ceﬁfr‘?FB%Yéﬁ’ oetingte hetef OFientaticd fPlexthf etext baseline
(498uhigABtexighaciidesnesngd t h curved basel i nes (although
deskewing will not work) ; 10 (vii) does not put

constraints on either the inter-line or the inter-

(%)t pdkavsdfer dreeemepir] iprofessingefe hbieimkofata thangingget input) .
nmodel and is designed to performwell for a number of

TheC rs!ur:?_ asb ntc::l Ud% ntgq Lat Hf’x]? C% l.gL ne 5 [ It.:l:‘laclz C:Lo%ndnghflr{e o]f§entation
variari ons; (|x) Can e Fvé y estinar et e
egirimahica | v ofxpérdmprsalliyasiEsitad U(sassumsngflslth abgdes of text

céﬂ'smssj)ng azd 520 (té)ct al 4:ws wﬁc%ténn%eriﬁmdakf&réﬁﬁeﬁ&if@:s Of the
Itapl it

k (at f
THEREENDE 15 e Rt alt] R BIiPERE o F ERIAFT (LY one Line

break was mlssed by the algorlthm, and 13 non-existent line breaks were
introduced. Line orientation estimation was tested on 4208 manually
rotated text lines. The estimated orientations were approximately 70%
within 1 degree from ground truth and approximately 95% within 5 degrees.

All experiments were performed with the same default internal parameters.
Improvements could include the ability to handle lines with significantly
curved baselines and the automatic (adaptive) selection of some of the

internal parameters.

Thus, there has been provided in accordance with the present invention, a

method and system for line extraction in a digital ink sequence.

The invention may also be said to broadly consist in the parts, elements

and features <referred to or indicated herein, individually or

25



10

estimation was experinentally tested using 28 ful

pages of text consisting of 821 text lines witten by
wdadoodioff3er ent witers. O the 25 correspondi ngp@RAULG0AE00181

breaks, 792 were correctly detected. Only one line

break was m ssed by the algorithm and 13 non-exi stent
cdlh@@cl%@ﬁksirﬂ\ﬁ{nQ oknatpd&&@dnada_'dﬁe efi e add chcbre of the parts,

estimatio d.pn 4208 manual rotate
B thgeaes‘,’trl n’ate orent af %cnls vvejr‘é:eg OXI ma
whi@B hqulkmnwm.amegV%&§nFFonngﬂh§uﬁﬁtt¢qnwhlaMdthe invention relates,
S@Bpr%mte%hi/vaaéﬁtw BBE N geeROr €8S be 3QnAblpR%PEd | ABALiS as if

forne? th the same default interna
I%@ ¥§m M¥fovenents coul d include the ability to

*handle lines with significantly curved baselines and

Aﬂth@uﬁyttﬁg%ﬂe@e{*laéaagﬂéﬁ)neﬁ@lhﬁgtBéHh aéséﬁ@ed Ofn taa@all, it should
i nt er nal garanete S. us, there been_ provi d

be HOSEC AR R TR & P%%Senf%wﬁﬂ%w ad r?éfﬁ%a&mns can be
magindbs yoebeont fogditdnyeskedtly dutihenairhn withogi dapaitikg from the scope
oS CAMENEEencI BE 4 AYEAL i ON may al so be said to broadly

consi'st in the parts, elenents 40 and features

referred to or indicated herein, individually or 25

WO 2004/ 077311 PCT/ AU2004/ 000181 collectively, in any

or all conbinations of two or nore of the parts,

el enents or features, and wherein specific integers

are nentioned herein which have known equivalents in

the art to which the invention relates, such known

equi val ents are deened to be incorporated herein as if

5 individually set forth. Although the preferred

neﬁl)claned herein

enbodi nent has been described in detail, it should be
under st ood that various changes, substitutions, and
alterations can be nmade by one of ordinary skill in

the art without departing fromthe scope 10 of the
present invention. 26 WO 2004/077311 PCT/ AU2004/ 000181
The clains: 1. A nethod of line extraction in a
digital ink sequence of 5 handwitten text data

poi nts, the nmethod including the steps of: obtaining
a stroke sequence conprised of a sequence of strokes;
segnenting the strokes into a sequence of substrokes
by applying a stroke segnentation algorithm

cal cul ating angul ar di fferences between nei ghbouri ng
substrokes, or 10 groups of substrokes, in the
sequence of substrokes; and, determ ning the positions
of the extrema of the angul ar
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di fferences, thereby identifying the substrokes at
line breaks and enabling line extraction. 15 2. The
woredtohod73as cl aimed in claiml, wherein a centrPCTAUS004/000181
calcul ated for each substroke, the centroid being
used to cal culate angular differences between
nei ghbouri ng substrokes, or groups of substrokes, in
Bhe sequence of substrokes. 20 3. The nethod as
alwe in claim2, wherein substrokes are grouped
about a sel ected substroke into a preceding group of N
1$ﬁbsw o&@csmancbfa 1508)S @G igh OUm 0f Ml@ubsirams,;equence of
c cedin ng
rlc‘F‘mggse goll % % = r%ﬁgﬁ alrncg cflJTngr enecggL }édﬁé
sel eebwnsaz)@t ﬁém#e %qwncermymmmo&sﬂ eb@iered ¢fnstrokes;
cl al @ég]men\efm@gf &in gm;kext LR 28E&ddiBe dFRXLPBRkefBY BBplying a
d{ he seggqu% ngylar di fferences as a function
S ? “Be¥iishce Yrder. 30 5. The nethod as
cl ai netbulﬁtsnsyaogmiayfdefﬁﬁrnsceﬁ betwgenwhevgiibauipg substrokes, or

gSbuRK s SRBEBRAAL | O ailgcyetﬁlé}mel seldigdesrdig; sthaps of:
S"DOth'ed?Cl\ st roke data poi.n a rel atlve

tin
angl &SFOr B e 88 P coﬁ ec%ﬁng% StHtesSifvethe  angular
dsffeokeceat atlpoehy s 1d8%ifeigmentheg subetokepk@ti ntige breaks and

Landigatgsubshiokrs if the difference between
succeSsive relative angles is greater than a preset

threshol d; and, nerging candi date substrokes into a
2substrhekesthbd tave camtnedain cliaiscli ohendirs accesgioné is calculated

fgﬁnqalaGﬁt %&H%{EOK%Q Scéxﬁ§§1& h@@l t I[]E@é.;h(gtnd ca‘igulate angular
dh%%ﬂﬁacz WD 2004/ 077311, PCT/ AU2004/ 000181 6. The

s PEFEiSTe 4t HERHY 6 § BT T Ok EF T 1 ST TRS, °ﬁh%‘ib€tﬁ°kes' in
théeseqséncek of sefuerrkesunder goes pre-processing. 5 7.
The nmethod as clained in claim®6, wherein

pre-processi ng incl udes renDV|n? data points that are
3t ess TEhaPFEOE hie sHGHESYi &t 4Meémf orﬁ’lﬁrebﬁ‘ eTRaFfedafas growped
p@uaﬂa seléduadds@pgtabkerﬂntseQLgﬁmcedlﬂg gTbe ragt Wosuidsrokes and a

% Ig@ &;L %I sub :?&%I n & CQ£ Qéséf]?: elérggﬁg group and

renoving strokes that are [ ess than a
tF%néPH"éYFﬂ%n%?%’ﬁ d’(‘iﬁ*ﬁartéd Caﬂ@%?gﬁb%uﬁflﬂf&%t rdéﬁé%renge at the
sdhetept himdeaskec! ai med in any one of clains 1 to 10,
wherein the stroke sequence undergoes

post - proceSS| ng.
4, The method as claimed in claim 1, wherein the extrema are the

maxima or minima of the sequence of angular differences as a function of

substroke sequence order.

5. The method as claimed in any one of claims 1 to 4, wherein the
stroke segmentation algorithm includes the steps of:

smoothing stroke data points;

computing a relative angle for each line segment connecting
successive stroke data points;

segmenting the stroke into candidate substrokes if the difference
between successive relative angles is greater than a preset threshold;
and,

merging candidate substrokes into a substroke if the angular
direction of successive candidate substrokes is less than a threshold

angle.
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15 10. The nethod as clained in claim9, wherein

post - processi ng i ncludes renoving any |ine breaks
wheimoeersisubst rokes of a parent stroke. 11. A P€I/AU003/000181

line extraction in an on-line digital ink sequence of

20 handwitten text data points, the nethod including

the steps of: (1) obtaining a stroke sequence

conprlsed f a se quenc of st rokes; . _repoyin .
® smal PPt 5E ess‘_’ltl ﬂ%‘ﬁ W (HeSADI aF Ii(e%f"ﬁ; 1(%? 9, wherein tne
stoiaresHduagcd hedsygpek eFerpiayeas@quence of substrokes
by: (A) conputing a relative angle for each line
segnent 25 connectj ng succ SS|ve stroke dat a gO|n
"-and, M) ERY Nt FHY e 18t FOKE Pnt BREGEHRtPOKES ‘f?ssf‘ﬁ% includes
rahicviey ede dvehveerhatucomsdiege kbimat & vehwmshbld distance from a
&rc%ai abbanoanPlriasale atM@Ihohdse (4) identifying
P ﬁistroE%s at line b?%aks the?ggvefa0|lltatlng
30 line extraction, by: (A) conmputing N neighbourhood
8 cent Tied d@ph@&ﬂascomgimddngnangﬁﬂmaﬁ dvidrelenoespbetesetny includes
ré}kovgg %?%é RS légétfégée§harp gﬂx@éﬂél@ﬁeﬁé@?ﬁ&@&%gon compared
nd C nputing | ocal maxi ma of the angul ar
t%F?FéiﬁﬁEEE’FH“Wﬁé 35 sequence of substrokes. 12. A
systemfor line extraction in a digital ink sequence
9.Of Pl?é’]qr}@rchcg tc@é.{me%atl% Bﬂ{r n&rﬁa otfh%l§¥r§.t Mo 1&, wherein the
conprising: (1) an 1nput device to obtain a stroke
SgokE eTRE SR PPILEaeDH POSE -RIHY 88 Fence of strokes; 28 WO
2004/ 077311 PCT/ AU2004/ 000181 (2) a processor in
1(530““}‘Hg %@EIIKSH] a\.éyl E‘ﬂl “llEg ir{]g'}iglrgeyl %ﬁe@q g?&ogggcestsg includes
(A) 'segnent the strokes into a sequence Strokes
TPVing FrYi HgePseks H‘@té’é@‘h@HP%‘ﬁO&ﬂs ATgBAARRT SLTEHS-
cal cul ate angul ar differences between nei ghbouring
15U0SE 1 0KGSa O 19ROURS,OL: SUDILT KR, 1 LI 16, SA0YENCE quence o
of subStro es; f det ern1neriﬁe pos tions
h%q%réﬁeﬁewtoﬁa%éom#@ul the melfforeirHedsng therdsys of
i dentd)f ybrg nt he aSHbﬁikreOK&ﬁeﬂI:e | dofgr 1¥eq adis a a&l@ﬁabldfngtrokes;
line Xt [ ao(‘:rtlnonma}g stro]%e %t e as CItgr old en Qh m
12, f e proce el ng ada fe Form t he met hod
of ah%ﬁ gﬁ@ne@f:lngéhm%qrﬁgesz 11:1@0 P.z_sequence of substrokes by:

() computing a relative angle for each 1line segment

connecting successive stroke data points; and,

(B) segmenting the stroke into substrokes if the difference
between successive relative angles is greater than a preset
threshold; and,

(4) identifying the substrokes at line breaks, thereby facilitating
line extractiomn, by:

(A) computing N-neighbourhood centroids;

(B) computing angular differences between N-
neighbouring substrokes, or groups of substrokes; and,

(C) computing local maxima of the angular differences in the

sequence of substrokes.

12, A system for line extraction in a digital ink sequence of
handwritten text data points, the system comprising:
(1) an input device to obtain a stroke sequence comprised of a

sequence of strokes;
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15 14. A searchable electronic filing system
including: a. a first database for storing a digital
wo epre3Bmt ati on of each of a plurality of pripPtEAU2004/000181

docunents, each printed docunent including

machi ne-readabl e identification data which

di st iNgul sheSedsbr fIOBohhigiehPRIS wid) e BnRRCABEIce and adapted
dat abase for storing annotation digital ink, the

%nnotation digital ink representing at |east one

physi cal (Hanehemeit ephansiordes oanten at s¢agste opd gfbstrokes by
the prii1nted a dodMIe B ghentati®dnPiReess®; configured to:

25 i. segnent the annotatiq_% di glE%I ink into |lines . bours
usi ng t he ®netRogHGScl APFHEE | PHEETEERTTE a PEFETTal AeARPPouring
guer sybsitrokesmade lyrbhes difgptletrpkes, qieryheagadquerste of substrokes;
| easj,gone of the annotation digital ink in the

second database, to 30 therebhy identify a

cor r espontinSHREVGE tHhe #8RtMERtsOT| F\h%/heé‘tFF‘F‘%tof the angular
dat abeFererktes, A theesiyhableatbfgobr ahec sfubkbfrrfesysttemias breaks
cl ai geg- i glial md3.fuckher  including a handheld

sensing device for generating the annotation digital

ink during interaction with one of the plurality of

13r i ntied sgetenreit la3fd29n claim 12, the processor being adapted to

perform the method of any one of the claims 2 to 12.

14. A searchable electronic filing system including:

a. a first database for storing a digital representation of each
of a plurality of printed documents, each printed document
including machine-readable identification data which
distinguishes it from the others;

b. a second database for storing annotation digital ink, the
annotation digital ink representing at least one physical
handwritten annotation on at least one of the printed
documents; -

¢. a processor configured to:

i. sgegment the annotation digital ink into lines using the
method of claim 1;
ii. accept a digiﬁal ink query;

iii. match the digital ink query against at least some of
the annotation digital ink in the second database, to
thereby identify a corresponding one of the documents
in the first database.

15. A searxchable electronic filing system as claimed in claim 13 further
including a handheld sensing device for generating the annotation digital

ink during interaction with one of the plurality of printed documents.
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