10

15

20

25

30

35

40

- WD 2004/ 077311 PCT/ AU2004/ 000181 LI NE EXTRACTION IN
DI G TAL I NK Technical Field The present invention
WPaPHEE31 o processing of handwitten digital PRE/ATB004/000181

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

orientation esti nBENSENTRAGTIPNGEN ILCIWL ¥ uence.
CO- PENDI NG APPLI CATI ONS AND GRANTED PATENTS 10 Vari ous
radiieds ,Fisyat ens and apparatus relating to the present

j ti , di i th | oW . .
SADUEULED 808y aeh 1, (DEcLALLg PO BB e o R, s

degieghe 29 TheapkEddar: | ¥y enrpeipd #od40taetor line extraction
id 04 4@.%1%428 404 %Q&u&ﬂ:é.%hé@mk&ﬂt OB4-24Bicdkd%1s0 provides a means

09/.575, 159 09/.575, 132 .09/ 575, 123 Q9/ 575, 148 09/ 575, 130
232 1347 il a1 58 s imtien f s Siate g TeT T

09/ 609, 139 09/ 608, 970 09/575, 116 09/575, 144 09/ 575, 139
6 YR Ind 86pr RO B AR5 RRUBEP PRIBMRY/ 663, 579
v09,/ 663,‘5%%{109/ 607é852 09/ 575, 191 %99693 219e resent 1 £
I PES shGe IR g/ BECRE S G oF T T 25D TeooFEo 3T e P invention.
a9 /Ee8lests 09/ BE3 fFDwA8Y SFB-ch0? BG/ €6 RBIOnP pplications filed
bﬁ%@ogpﬁqsaweﬁ%sgg%@%m 96509/ 693n¥05 09/ 693, 647

09/ 721,895 09/ 721, 09/ 607, 843 09/ 693, 0 1/ 607. 605
0o/ 685/ E3ae T BEoBesnD oAk 08P LT 190 A8/ LH 655
09/ 575/,5].7511%/ V%,7§71|31)9P32517,589:53 1@19297_5,: 509 93/52@1,15(17

10/ 2 3, &P/ 712410 470; 1 , J 1
25 1(95};;{253'%,' 15%58 %%?527%'1]158%56%96/19239{9551852%/]52821‘@5%9/8&%@

5
10/ 2835887970 0§ YT 6blf 1672F; b 8/2G118%7 09/575. 186
10/ 209/ 558180/ OV/F05769 108238, 58D 20/ V15526 06/ EH48525

6, 60 65 / 55,10/ 540 1 ,
10/ 2891/65 gzgi'@gllo/%g ,53'2‘76)]3901(8)/9’]55%’%% i’%’%&gi&& #7535, Bl

363
10/ 29%/ 88871380/ 9Y'F 989151 0P HPF 35291 3§47 P24%2 5887663640
10/ 2049/69213080/ PH61526051002%ho58% 104208, 8% 09/693,647

NPALDY TR {Ca B s it TR A p 0 A0 %, A8 0¥ ¢

09/ 59% 69831 1o/ S5 05T 30 0P BFF 22332 087607 B¥ B8/ H79%%7
09/ 68%/559 3L NPBGORYS, 0/ 988/ R35590/ 98/26B8822094628,1]1 687

35 0 , 09 8

ooy Do/ BL S P53 0 O [aro DRl (Waen g
09/ 5¥%/2PA9509 0} 2914335 61%/A9103E) NBR(ISAE DOAB/RI1 B
09/ 57&/2b556616, BEYboB8ebe6, 2829706094 651186 096 FRh, 498
09/ 7%@2%3‘253909:{07/%%1,15% 08/ dals 61 8, 406349 8,448,395

09/5
10/291,820

10/291,555
10/291,516
10/291, 556
10/291,524
NPAL25US

09/575,193
09/693,593
09/927, 685

. 09/575, 169

10/322,450
6,591,884
05/722, 146
09/608, 920
10/171,987

10/291,510
10/291,363
10/291,821
10/291,553
10/685,583
09/575,156
NPBOOGSUS
09/927,809
6,644,642
6,549,935
6,439,706
09/721,861
09/721,892
10/202,021

19/291,592
10/291,487
10/291,525
10/291,511
NPA127US

09/609,232
09/928, 055
09/575,183
6,502,614

NPNO04US

09/575,196
6,290,349

09/722,171
10/291,724

1

10/291,542
10/291,520
10/291,586
10/291,585
10/685,584
09/607,844
03/927,684
09/575,160
6,622,999

09/575,187
09/575,198
6,428,155

09/721,858
10/291,512

10/291,521
10/291,822
10/291,374
NPA133US

09/607,657
09/928,108
09/575,150
09/575,149
09/575,155
09/722,148
09/575,146
09/722,142
10/291,554



10

15

20

25

30

35

40

40 09/608, 920 09/ 721,892 09/ 722,171 09/ 721, 858
09/ 722,142 10/171,987 10/ 202,021 10/ 291, 724
WOorRr7H12 10/ 291,554 1 WO 2004/ 077311 PCT/AU2004/000181
PCT/ AU2004/ 000181 10/ 659, 027 10/ 659, 026 09/ 693, 301
'09/ 575, 174 09/ 575,163 09/ 693,216 09/ 693, 341
09/ 698,648 3009/ I2Z508026090F22314dr 09/5/22114/502/575,163

09/ 7 68,0903 723172 O

T R e o R T s LA LA 5981560
5 10992’9'?.23%@ 109562, 593 19/59513650090728 74731 §9/693,514
09/ 5747254893096 &/752 1% 096 505, 424 08/H15848810/291,560

101 28300 S pebiy P Hhfgdegpereras e

10/ 2«991/57551@0/ 0BT 5LR41 0PUFTS6ERE 1094133, @@4 ®10/120,441
10/ 3082328570/ 4d,3,94 B7e sNPYO@RWS INPWORAIS, 68 575/ 2894 9k0

2or sk, Mist i 1oy DR B5T o 2998
10/ 2PV 388 $B35B0/ PY/ELY 14841 OVERPD8YS 4 1WPHIGPUS 41 99/575118934
10/ 2851552 %1600/ 29/E78 242106 28571 106 A9%, DS 46/528116346

oo oo 3Rar )RR R O Doty | B/ P le Cyqyzsn oo
10/ 309 20865Ph el 298 | Bbur B/ 261, $49e s &0 /261 pRAidi hey291,584
appligyabi o4vs am.qgnﬁdmedlmtsemﬁ af&/20hNE0y POS Aloedb4e

here fe at ove en
ent Pty FT R oo R/ SRuer b/ BRac LprfsE
sust:Q/ﬂ-ai-e@va 1Q¥2ﬂhe199201%’é109e%0nwm9a%ﬂ i cation
nurrbers once assi gned. Backgr ound Art Definitions
St u her ei n ers uence of
g O 85 VO LSl S LSLELS 1 0: 2 SESEP cOloicn pacenco axe
ingprdnaced paereigf by drgﬁmhc=¢-nk80@eqmieeat1085r @Ibeve have been

:Ld%ﬁﬂﬂ@i.@@eby aﬁlliﬁ&ddmreel Budifb8! StidRedul 180688 @euted with the
segueng of okes. 30 ' Substroke' as used herein
§8§fﬂe‘iﬁt

°°F‘e”‘F"‘eFfD ¥ FURBT R nPEOrH B oke.  The
|ncrea3|ng use of pen conputing and the enmergence of
paRRPSSxRagad 35 interfaces to networked conputing
resources (for exanple see: P. Lapstun, Netpage System
DefiRitIOBE, Si|verbrook Research Pty Ltd, 6t" June,
15200 amg, udedt berdiAnotegerdr |tossaon$ecmadcél' i & Mimagedered two-
aih@kSi gD  dkd F%%ﬁﬁfs' BbLnitnge D Q&Lé&nc@g d@htrbfthg digital ink
Anot o Technol ogy"”, Press el ease, ril, 2000),
SEHES Hi*ghl i ght ed the need for techni ques

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

strokes.

'Substroke'! as used herein refers to segmented components of a stxoke.

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, 6™
June, 2000; and, Anoto, “Anote, Ericsson, and Time Manager Take Pen
and Paper into the Digital Age with the Anote 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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40 which are able to store, index, and search (raw)
digital ink. Pen- 2 WD 2004/077311 PCT/ AU2004/ 000181
wOaed®7Behput i ng al l ows users to store data i nPEHAURIMLGD0181
of notes and annotations, and subsequently search
this data based on hand-drawn queries. However,
basg@ar @Binlshg;lh@n&w&b% efsdrextoi stomy elatiaf Ehcthhd Adyanof notes and
kﬁtl onal t @Q%ﬁg?ﬁﬁﬁ%(jsleg.%gﬁt ):hfga&#:g s@ﬁeohohand—drawn

%ls?enmes e “producti on of wr|t|n n
qqelxéest yEpwaiar v aepaehisigs ROPRTHEE P WRKEr 45 M alfefcule than
tﬂaha@hahmaleﬁet(laog ois@HA ekt Ngsfadtthimigt tlea datimdonsastencies
. digital ink database, i st,_conygert t
5 nghaat%ﬁ’gg@téﬁrﬁ 0 cor?dr"}é:gﬁg%%l r?gn%set\é[ll?%h St&gg%%ﬁ Fhriations
bettwgrdavydittemst- usi ng pattern recognition techni ques,

and then to match the query text with the converted

st and d te t t t abas SgALL
et R Aot iRaae i T Eben EF UG atgiear
inlmmﬁét@ase"ﬁmr oRi fetret StoonMgrWhtdhi rgitednpgdk Miptabase and
co@i{eﬁgé{ﬁdiﬂgz(?%]eam 3§£lar§r5 4Q2, %?dai:&at rpet f ongdgEXtpattern
mat ¢ in the presenc aract.e rr S
S GEPAELE pFHHREI By RERCHT |y RSESqret] Ghory kit ene
codoweved, dtandwedt itregtr eUDgr#ihtsl cfiﬂ%@ﬂﬁacf‘&‘z@h‘al $axY ofparching

m&'i‘x@dtshehazg nyaher dﬁsc@%@cﬂs |§Eé odsicedsday hamdwr &t i Nngowling,
recog n|t|on|§bothfor the se enfries_ an

" APRE ORATRYE i £ ’éir?quﬁwlﬁ%ansg?‘??a"t%"tnﬁ SN qu{e dod®- 381"
10201L900F ktinet | pedivermpriests gabfhinn i t iy IRATERFP t PEncharacter

ed35-Qr MBL Y QY J.Nt @t e%ﬁoéees;ﬂrtoaubgdt hey | aseaetiting recognition
signi ficant anount of ormati on regarding the

SY§&T8Fal shape and dynamic properties of 25 the
~handwiting. For exanple, sone letters (e.g. "u and

How\é'ver,v harfddi ting r@co@‘f‘ﬁ:loﬁ s addufrak rferﬁéﬁhﬁwidvl €Nand the
great deal simlaript

bR PERIIES ﬁﬁtwer?a%m%%%%’é&"gmtm (both for the
da(ﬂaabatsecwhm:hgs cungi Ferwtihei rigpdwr hietdrd eartdfi) c &g gfhat this

terglkgzl é’la %Les Cr[!:%r %8L§r§eils I&‘hghbi‘om g)@‘é%:lv@&lng handwrltten

nmputing systens provide a convenie

S eERREL @R riddis EoB TRAVEAS cHgditter OF At T a?ctsﬁgﬂlg’l\?é‘é’tt amount of
igreepheidd ery@indihgmthieagenetdl sisipyg g=h camémpaperopert:.es of
Th'&JML{L@K' t%of Sea0pL 0 tsgn@ylmgwa a)ést;errsuv_ ighvyr, o
use a pen e device as a data entr recordin c
anfechdni sth’ 35 or' t exetedl aﬁ\f%g%arﬁjrwrégf:‘éﬁl wHond % deal o
siMiGagiity e DAt whapey muppoOotdyy Lhi snavedi bapdwriting styles

Y re hs  FaeBARLESSINE $OT HRbividual
]%ahr%chQar a c%xg%(:’t.Je Qd:[t{l g)bagﬂ’%os%ei i gin ividua
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 gquite naturally
supported by this medium. Additionally, written dink is a more
expressive format than digital text, and ink-based systems can be
language-independent. Moreover, the majority of published
information ig distributed in paper form, and most people prefer

reading printed material to reading information on screen-based
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| anguage-i ndependent. Moreover, the majority of

published information is distributed in paper form
wane4mostt peopl e prefer 40 readi ng printed nat BET/AU2904/000181

readi ng i nformati on on screen-based 3 WO 2004/077311

PCT/ AU2004/ 000181 term nals. However, online _
téRpidagat | aaseddid whhhshimi&ystm |l @ubd iabitdeersyeftems have
aazqu%]t agbe§ a%%% gn o d:p%%r 'anguggpéf' tgl?ctf‘@é 'tth)é tagllz.ty to

provi Tfor At uhent navigation via
phwe}et emformahamt hen aBenandy (AP UBEPE h KO0 JyPertext,
atdeHNB8E DBy d sBaddie ANat pagsoraskenths derBirhgetrdar.ook
Research, Netpage System Design Description, 8
Septerrber 2000, provides an interactive paper-based
ThetNstfoase SPSORmi rRes FLoY R4k Byseardh.z NFGPpag edrffem Design

pbBYHPthby, @Oéegt&aﬁ&r zamd aﬁr@@idééa|dny iinRghBEi e paper -based
lﬁ?ﬁr&ﬁ%%seﬁ :%:?:{J'fanlte:dlnyo&' slon lz\zbt Ql%qglsyé egﬁgés of invisibly

ored on a netwo
cadﬁii aalalpeusemd iamt ophikedigy whahinth@epapBrcisiasg Eﬁ’éerated by the
aﬂ?é?n | $s Caﬁ){lq{t&ﬂyt |16Eﬂffi@dedan&n%t85:@d edn a network
gi rinti echno see Si|v ro
S%‘@@ar @ﬁ‘ oy Bk 1 auheracsIon, PAPRY epd CPaldy IR0 Ue wetpage
peni bt i ngpofredet pagerpmtmentasld atiozai ngMpni & a%ﬂts%lls’rmtmg
réPRld168Y 1 Ogéet&.l%rﬁﬁa&k opadardhe ﬁ@ijih’:lge 1|©I9I9nt figilitates the

d network structure r0VI el

oBrdsAfdr | FE-PO ad’I}tl REF<9e; ASERP Rk app PRk |o:"r%&%m“:t”‘a
appiicotipne puliie shivejoped viThes Nebpage supipsets pen, and network

1H§.\?ars't|rm:€ﬁ:f:@0%rt3?ﬂ§é| Qnabidet-$HE8a a%l'%)éﬁﬁ&iﬁ)@ to traditional
navi gati on orminp
PR PEPRT o U SRR A nPhCtt; R glips pervices, and
sgmyoritse Usayeintanfdcen fapptivwiliiby bager as agm@pﬁeeﬂtte dravigation
ahd gdrgluggp,gél. The client |ayer contains the Netpage

pen, Menjet printer, and a digital ink relay.

Typically, the printer receives a docunent froma 25
Netfeldgeshbs er dppld-tdbred prevemerowpaismirtgr oadbdignt layer, a

sSAMNRCH L ggr,\/\gﬁc@hanﬁi:p@.&lzgﬁﬂa. WalR-ang Bnﬁéﬁicm«a%. in figure 21.

attern infrared tags that encodes eac t h
vhe LIRS | HEiRE (OBERbR FHb TR DB PRgEBher, and 2
didirapagak Asl=y . .usegpivailyestba dhiamtpagescehes pademguent from a
Qk?ﬂ.a%%gog ?x%{%ec%%lgﬁgﬁrm%ego Dygr 5. Sb%&ﬁiﬂﬂti' @Bm@écﬂlla)ﬁ , which

pen 1 nto see 30 Silverbrook Research . g
1%?%@%@& begvghn*ﬁe%alﬁpf’%?ﬁrnszwfrfaﬁ%o agsrifpat encodes
eftifigate iwikhi & tuhagsei idedidier andi tied ebseagliannef tbe tag on
efle gé&%/ Rasg ket QPit%ﬂdothﬁ{a%e,t Q€ BRfi¥ECRen decodes

ay or processi ng an stora
thede tags and converts the motion of the pen into digital ink, see
Silverbrook Research, Netpage Pen Design Description, 27 April 2000.
The digital ink is transmitted over a wireless channel to a relay
bage station, and then sent tc the sexrvice layer for processing and

storage.

The service layer consists of a number of services that provide
functionality foxr application development, with -~ each service
implemented as a set of network gervers 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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that provide functionality for application
waolessaloopaent, with each service inplenented aBCEAE2G04/000181

of network servers that provide a reliable and

scal eabl e processing environnent. The infrastructure
dpgpaeldeﬁlk pefidcshenin dr ngewkeald gaganmentsn paigtted ink is

sy m t  t C

i et e R or o s o oo Y=ok, UEs by b (feiBeion or
ERETP A4S 200 4/ TG P5 LT Eﬂl@. tiwxﬁaﬁk ki t PRl BATEPTMS the requested
abmcﬁ{sa%y VenpagastiNge fvidngi g - agikilcatisubnithied ge@erated the

rocessi ng, the systemuses a stored description of

dp R de to interpret the digital ink, and perforns

the requested actions by interacting with the

Th@pgbb‘.ﬁﬁ;tedtg Bﬁ thabr ggBeTaiad &d’i‘&ené d:@:C Lﬁlﬁﬂuse}'h &y publishing

I cation rovi des cont
ﬁgtgﬁrg:ﬁl,nan dg%% eg ﬁddb? S:Ié.'.ls t:hn ea‘lat { :Psy suﬂemitted by
that enset. orfypdabhiYt echiby ann%aca59¢n TS?ﬁ%ﬂﬂtP? gpe or more

.—L&P@H&%ie O{Ja?@sn e.{rat:r.ee%p@ﬁge Ofo ”@é@r 1{hgu¥l, eRas bh ver@ a&%ﬁlsmltted
I N response aret ans tted

user. u
PR ARG | N £ BB SYShEh. SPERREILA Snd FT i fRpinted as
optpuit ectoastheutyprdr.t o Thhe h!sta:rageTheyNe%fpagPéLls?y@t emphlstlcated

afb1QUR 18QPNIL3L iat &Qve bi gati :&i@.n@e Siavekepedoby document
provi dl ng servi ces Current

ub,
oRERdurPAg, TP daRy v EPy , SR g‘éf}é%m‘tlc Sdctrgppactions and
sandr<l Payeenr®, fepdwmisindarrbmont thop ravbgiioitah i searching,

ﬂa gital krgfl&%%ﬁhld%gng %Gmé@ﬂc vbdialduel WwkAdas signature
Ilonetric techniques such as signature verification.

veelflqaEdart of the progress in pen-based interface
research, handwitten 20 digital ink docunents,

Aé eéJ 1%%@% Q¢ Qﬂe tﬂ:.%&réysd gﬁeﬁeﬁ-ggé@f Qﬁéeﬁac@aFQAeﬁgch P&B3ndwritten

are becom ng |ncrea3| ng ul ar
a5 M ORI TSRy #%aﬁﬁ'ﬁﬁ%@e@emes of sampled
p&hatdorges aafed b&ppdﬂngatnnommagucmumgs Of. thdbrah@PRa and T.

Thi n o roceedings o a
%Q“%%\?\/rltln é@]ﬁ!%] dCh 18 ée%%ﬁé%b@iém QI; p eledng £ th

on-l1ne as opposed to of f-

Iﬂﬁ%ré’a%clﬁ’ﬁ‘en%%s°aF%55r]epF’é%EeﬁF8’ﬁes§§?tﬂ‘F’§1nt aF Bdpigeg, is called
ofX-ihkNgs bapshsal tbd NEEEL yieC ahéde idovolenes awd treppsienteal by digital
J.rggugﬁtsur Sn qln?%éﬁdvﬁgt&[gylt%? { : 1ﬁ%1§)e¥ewrﬁ:§1§r .euhea mixture of

scrlpts and
WEﬁﬁ*P@r%ﬁﬂ4eFa9R)@tscwﬁ?lge rﬁ%ﬁFﬁiF%jréﬂ?rﬂEseﬁFtET feygriety of fonts
aNdl Eetiptberdndl iIdi€fafdnentaiybons ¢4 ar.) . miMihjoughwidgsi seith text,

vgx%t%%gbLe t?fgé %%?Léntatgsn& etcefoqagltﬁsggﬁ he b@%wgislteeeo process

(elei @ecc’%‘hée)p e e*saéidﬁﬁlfs%t BFABAE Y & - Fo %%é&ui‘ﬁ output from
tfle_Dr dé\]':dcet hene Vafdcabilrd YsyisBeth heowtat aiaveamoadﬂ‘brbﬁr&dlfy)r all the
v%l;ré{ Ilf L{:lyfj :l.tna%ﬁe ggt redl“g%e atdlgftte\é?‘gl anélchyt stkhe'l‘o :éeduce the

ocument —preprocessi ng 'y use
var:l.ab:l.l:.ty in the data, a document preprocess:l.ng step iz 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 wvariability by normalising, e.g. for size,

rotation or slant.



10

15

20

25

30

35

prior to further operations on the data. One of the
tasks of docunment preprocessing is to identify
woaemrosrdil (here handwitten page) parts which BETANRHE/000181
some common attribute, e.g. they contain ink that
belongs to a text line, or it has the sanme font  size,
Tﬁé ﬁﬂésérﬁ: &n*dé’rﬁ\ﬂbﬂﬂgseleté?s tAnedhenihasiktraseibn, rRmyEs segmentlng

of he Vi i i [ g. e
oFEr b BLL B R B 005 B 15 S o 26
saﬁmnpses%kaan@htbmﬁSFémﬁeés Lert She priptakiom@F gngeometric
liﬁ@tpalr§lﬁﬁ.gr{Bnt:lh@gterUllﬁféJ%Uri@Bépﬂ%ﬂr basdiiat @DfNStdebpéd to the

h%%%%%ﬂ L eﬁat%og V%ﬂatt h:te%tu%égne!tl 0% eds %gngmlz.%i iﬁl@ze\gasellne is

€ Ofi 5%
ndl nelpadefined ang Wh—‘élctuéxﬁpﬁ’li‘q?@m%t%ée@’teed:yba%@lynéccepted (e.g.

tﬂ\é t{ealeS PQdrel Oaddi@xBndtabh Z 00| £ 18X |t§.rod§@1t @hé hadcadlN y-minima of

ons i ned handwitin he basel.in
Rotf rareantro Linss ) PE d e, PERE" 41 Tnd srRatiafEldn (rotation)
oamueptaeid ifle.ty. condeet | Txas the Glray emnadp pxa)x-"ﬁthhftd éﬁsquv’ﬂegr '

fit through the local y-mnim of strokes of

hori zont al Ilnes or n S he. nar
OTOROTUY BT G GPEaP T HE R b o P o e (AR teRopparacter word
chnglicidadionl gl UesiEvamysedthdVpsdueptobilid yetid vedy tfiev (until
rgéénﬁ:h.fw dJAacf tdre phandueit H@&&Qabﬁgfeﬁ:ﬁé@oﬁgrectly on digital

caSS|f|cat|ontask|tseIf and secondly, due to t b1
it SEPUED L BB (RRSE! FH0 BERIRY DTS G 1 chf Mk actention to
1jen-esasedtide dgie segiperiay i fuy dinreouttirpized drglimel hapdwriting (the
réa%%%agﬁlhndfﬁgnQﬁ§h iﬂﬁ %%§QIUQ§:OBOIH@ E%netngﬂtlon which is

much attention_to I ine extraction an eskevvlnqlmg
o

offfPonstThi fed ‘B?thFneser%‘ﬁH %ifg ¥ ?"éeadé‘thh
cklrattagli sinl Eaet exdrlacki erinfYonbprnacts egrinsitdigndealing with

tm %@oﬂ:ﬂ 9.;££ ee};llcUMrEQ 9:’?”&%91&9&%‘2&}& e, aR;lt?z’ﬂaff' nQntr-zr line

into wor characters). nfactf only a sin gg
dia‘i‘r‘ﬁ%%c??"éﬁ‘é\”d%ﬁ vEfy teehl 195 WREFRCHIAR sERT olffcoRTiRgdtied on-line
ha&rmmufﬁtr@r'edprda:eéaﬁ:glsl ber &tel Web[E:teEeaazzicaziaﬂ Workshop on Frontiers
?Az?c{ .lLtI::Hl% %gc EQ&?G %EEI%II O.Lrl "j}ﬁ]dz&(ﬁ?(t Pltr!sggrdam, Nijmegen:

raction-for unconstrained on-1ine handwriting
IW@é‘é’d?nﬁbsU’b‘fPthébWtF%rerW&%‘l 8?1a7|69€&5r%sﬁopp%n 33-421, making
udd @t kefigoral NetioRd Wdlhk bgnsReso gftirt Lo Sepieriber Tl hdthod has

2000 rd e I pter I rting an
o EAE" 10, BB, |8 LG g soreing ena
fomathing eﬁ%rd!ané‘t”flc‘}kégre‘{e&?i!%ﬁ? IS P?‘%F’é‘t 6,333,994, 1BM

C&éﬁoﬁ:aﬁidnonbea_&ﬁbeﬁmbhm hat 2h keebi@atent Bss [Bden described [A.
Per r gneN %ﬂ cﬁrl RQI‘EdZ lJaf %ubraégo%} ' al “M&{;&Egs %HdOn Jﬁ?e Documents”,

I8 it £ I'ng handw' i t1ng recognition
PeocwBginyy of| Bm @érﬁ&éﬁ#@?ﬂa&%é@%ﬂ] D%ﬁv&eah Analysis and

RERHRnE €284, Opp .hass lmen gisserd lm&dh:{r&ton,] alept . A001] .
Nanboodi ri and J. Subrahnonia, "Structure in On-line
Docunent s" Proceedi ngs of the 6th International
UGt eRaied . ofrtRde {ffen EPRrRACHES P8Sem dresBDt Fdeg g AP igRments as to

£ 10 -ac8dkted49ri 28t dthvee VAShisNYGR indeile. aptfdQtdbility of the method

to pages written in a single font size, with a constant inter-line

and/or

distance between not significantly overlapping lines. Furthermore, lines
are assumed to be approximately . horizontal as the method 1is very
senzitive 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 arques, these could be automatically selected as
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Unfortunately, Ratzlaff's approach poses restricting
requi renents as to the accepted witing style, thus
woen4torTsgit he applicability of the method to payaz2004/000181
witten in a single font size, with a constant
inter-line 35 distance between not significantly
aowsh@@pidig 41 neginfrdr t pesamise, (ddsn@sng arkatas suabdngo data | is
r0XI mat el y. horizontal as the nmethod is very
éll%SIfl ve to even snmall skew angles (2 degrees and
above). Finally, the proposed algorithmrelies on a
sﬁuﬁ’aﬁrlﬁﬁtmal Lye seheed et pafanmkehsndwalthguehthels which are

L L

hargwltteof ling earriatgop raodedeskerina mang ¥hacceydi Apfg epart from
tﬂ.at ﬁri&r’ @V%ltb?@ Q}xrlaSh.ﬂIli’cﬁr {:hd‘ﬂ tgmba(lnSgéhmetﬁnﬂﬁﬂfhrisﬁormatlon

handw i ti,n net ho bri ef
(?ﬁpft? d ':?‘Srmﬁﬁ%al &” of "Cor Iet ené“ms'?d %’f E%;g baging process.
PapprbdBchése t go Imerdvmfﬁ@elit\lﬂm n&n exelHieg o‘ﬁlean%}“aglng skew £from
1083k e a‘?@}i@d t Qr:@.@%%lm&lrﬁdéﬁ:h aamah%tﬁddyn halvge assumed that the
witer's e variability, the, rd
°’-F'19&H§1‘ o‘i”?fﬁ‘f¥ R S TR Iki/ Ll %‘Tn%ﬁ e\r/r\/g éér )dmumem‘- page
liket tbel u.mdslhgm: he Higags rﬂgmpvd%@goblemtw &pl lyarm}é t¥p addition,
al tl.tsmrﬁut fi L&éfnelhe 48l |o|tfﬁgl:|.trﬁe reABGENYi S kertmr\;f rm lfhaged ink is
intentional angle iting, me
SEEhebSt TR B SE G (A AP T H aRE TSP Aty Ehisle of the
iegei p6Nted adf hemef beek ades uirkrt-cpiger fhikat tﬁ#en%ﬁﬁ’e together by

WHg' Pk @iﬁ:@ 4 MYe bgo&{)oml@ﬂ@&*& t Gabpngé®hodkNrestrict the

addi t1.on, connon regluuerrent i n ?ff-line tr}glqels(e 45
acm?ar-a%]ﬁ itmfgearﬁﬁ*ﬁa“r sthj &ctHE EHE g
dageaapt i Dnfwfhen Virdkatinh (dthiofik-binet netisis wa'genbf due to the
14 M0 o@dﬁ%%gﬁl hoek-RR98S, i gh%ldéﬂnorfﬁ@' @.EE @i@ng%ltlve to the

toaet er I essi n the spine of the ter-lin
° @BV’@‘T‘t“'eﬁ’én L8t HBH s> s (P o 8 r&%‘é’eﬁﬁ gbl“‘én’r‘?“ﬁ‘e inter-line
didtafté At i;aget otlmns phei faxiohuhi dhted stavkge dietapceq45very often, a

s:%x F.Sﬁ%‘. a@o&w t@terw:éz.lt%% a.ri.é ogec_g{lrgcﬁf fJ):!‘ n@céﬁ%&é@dlsesults to be

ue to the [ack information, .
ohrdpedot FORFYYar e°?5rTé§rn%er‘i'$eitP? £35St HWB0 B | 5Bmputat1°nally
ehehveen thimem-bie ahen they often require a mni num
inter-line distance, |arger than the maxi num
inter-stroke distance. Very often si gni ficant
Degpdtift CRAinylini Sa§ires + &fdT ¥’eftF f“t?Fh%‘t gee%‘%’scﬁf*“—?% § grumber of
aigi’srlaﬂilieﬁi mad paftialidy, wifiatiore reft kbdspaviechimh pofile method

h%sp e%F Iﬂel rlé/c? u?é:.p e@éfvgelrrl%\gﬁ?orkﬂe. o%gfs a_?yé skew of mnon-

PHtations i ne ne ave
Oﬁqﬂ.lagp:tr{gd rrigeaied ofires| d&i‘m t83dEd: | nT‘ﬂf'ar ¥ %ﬁxgle of Printed
D¥AN=Atd QNS pockB&ingE0] et i oBodieafi | @met Hetdoghwmbdcbedgientific

Egink popul g 7f Ok €NV By the gj obal pags, fﬁW ol RARes-vaina,
FPAPT NG hor i 2ont al ggn f ai'rd, e Skew

“a\ngﬁ;cgfisqﬂup. nt efechnique for Unconstra:.ned Hand-Written Line
Segmentation”, Progress in Handwriting Recogmition, Ed. A.C. Downtown and
8. Impedovo, World Scientific, pp. 563-568, 19971, [T. Steinherz, N.
Intrator and ®. Rivlin, ™“Skew Detection wvia Principal Components
Analysis”, Proceedings of the 5th International Conference on Document
Analysis and Recogmition, 1999, pp. 153-156]. Local application of the
projection profile method is a more accurate approach, however it is
computationally expensive if a sig}nificant number of projections at

different angles have to be computed for every local ink segment. The
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30 Documents", Proceedi ngs of Society of Photographic
Scientific Engineering, 1987, Vol. 40, pp. 21-24],

w Boo4esturel | i, Z. Kovacs-Vajna, "A SuccessfBUCT/AU2004/000181
Techni que for Unconstrai ned Hand-Witten Line
Segnent ation”, Progress in Handwiting Recognition,

HoEQh Ay ons BOWNtRWN 1224 SterdRelPY asedOELH Stheneittaction from

. 563-568, 997 T. Steinhe I nt 1 sa extua
‘:IC’I‘EL’I“?ﬁ‘tvI’r’"ﬁ‘geS Si E% Set| oﬁgvpa Er%‘frhnuargﬁj COAE%%%{HSQQ textual

imAges y 85 &ig ﬁu&)cé@mhng@aeﬁf‘t% 5t1‘ﬁ‘c¥11'=ﬂ'%r ﬁ’a?lioéna’ind Applications,

2: @QEI-G.LrsganBéy? Wﬁur@mﬁomﬁﬂbvyﬁdﬁﬁ andufae@gnl td.oMaure, “A Hough
1999, 153-

156 |ICIIOn ,of .t ",
based; é‘&g%iﬁhﬁﬁr &PF | %"ﬁ%atc 6169| gga mf)ljfméL fade urha¥1 gwggﬁ?%agﬁcments
THiGe it eitatiignale o fpefieatiemabh y DoRpyesiti \Analysis and Recognition
(v%h&}&%efé)ca% n‘#‘?f@-ﬁzrvvofmﬂjdélce(ihl ongs at 14831 di ¥ ermntand 2. h:l., na

RN RN e R AN

E:dﬂauqtiohr ans fiendwiaseherrusstietsi Vibhtsttereatippale Workshop on
r.% 1;QN HE&&JP;:: ?29&%@9 nitqgﬂesKP[IST Shhar | Tﬁj@nVCJ.ty, Korea,
vin

ar aj te | in
A‘ma@r{%—i‘éné‘rf’aﬁmw I\/ﬁ%hsﬁg] él oﬁlaéﬁdngp%?‘l N g#éqﬁ Haralick,
“22:skdtisthi2311v1 9683k, [Highly khorurane Steximilige Segmenppghon Method”,
P:t-oce%c?#{ & of A0 Bgﬁ ﬁ:@@ﬁ@&oﬂkﬂ%dn?@f@zfc@r ox?)ﬁdca:ﬁéﬂtngnalys:_s and

nes in handwitten documents" dmd:La 551-554] .
RAPPBIHHRRT 0RAI ~CAAf S1eBFE®ENn %%%m%ingﬂﬁ%‘? ysu 1 (s
1R T Ogtill bation( V| thve H2)gh pEandidn7iFs skeyedthorizantal lines (Y.

Pulgagé]z M1, FR Sgan%l ﬂ-!a'rni& b @b ]B&d’é'anbzﬁgiough Transform for

A"gor’i't hm base Hough Transform for Text S
Tkt (LHBETF 0 BXFEREEH WS t %q.iiw&’&% rﬁogumerﬁs ﬁ:‘ brL International
wd ks Ré ad CB’..‘:&lrzi:Msk Sino Haodw i@ i kg omqognstnon- mm Cepgug, Taejon

C:jﬁe_:grc 2gnr!'etf|98§u §% 3& g§8, -E%ej @897 by, 1$<q1ﬁ§rest'$ﬂ§u&fsa.ng the

. AN
HaRsh HAFaRIIOKT | SRS LR g A béy‘e‘%wﬁ ght ye’ﬁéﬂgﬁ? 2 o cbe
1ik@xta | i@ eSegmegtiat b ommdVaihkeefare Plugeddonystetidqrhdnformation.
5th|nternat Co n n ;Aga wBhE 1
Axp OBk brﬁa]t élz%%Loré ZJHS%E-LS :E#g 4 t]%%%tn%ﬁl l(a)ﬁr(agies mprove
bathdiRsepreb 185ATY 18 dabeaFinghIAPER Yo SPOPhd Bl gfPnt size.

hdue@8s f Qb Ofngs lcawe Borftorsiizontadn la mesdfitterPlpagrdof. text lines
A_Nat ur al. n or m ugh ve olv
%ﬁanag.?oétl;nﬁg.zﬁfororlf %J:Lgln %eﬁ@at i:t.rl'é Q&%@&l@:ﬂ Fig yet unsgolved

LI nes raction 1n Handwitten n
PR eNe RSl g%tﬂYSFﬁﬁaérlﬁa?’FR%&l“en%W(%BBe%r?resented using the
H&Jgﬁn*ci:&[siohﬂ Handwhid i 0Ty REESGRLT b trAr SriCaguion within the
Tae| on A Aygust 1998, P Rveeh 3Ln04%a.
Sqme ?ﬁ%?&%t%ﬁg@eﬁs rli% (3%%-% éﬁntl?a%ng form short
i nes may be dlfflcult to extract due to the limted

cﬂéf%’@@ingoﬁaf pﬁﬂ@&&@%:&ﬁ&@eéﬁgﬁ cbi-radpead ok E@tt?ktoxlnes has also
Informati o p i mal ua O & 1 or e
?%r%’?g?ﬁ%{] ‘ ol}FlélBa near 3: Egﬁ:%t.x!r ?%t trl?.ﬁg ng@r thm th

slaptesacpannideteet lcﬁgth@ mé@plbfofac'RW%ECF W@EOW%HF Us. sounatea,

SSlt}a@.fha, hl.@V\%QE e‘&_tl'nga&l:tﬂﬁc&t& fa@.ﬂt S'Sr}ol:e brdyMiAg of text pages”,
handw i tten g text |ines 5:

e eF oA BBF b COMTE S PACPPRRTE ALgel ety dooomition

Volume 1, pp. 390-39%4, August 14 - 15, 1995] . Methods based on connected

component clustering assume that the inter-stroke distance is smallexr
than the inter-line distance, something that cannot be guaranteed for
handwritten documents. Some methods require a training set to generate
probabilistic models of text line geometry on a page [T. Liang, I.
Phillips and R. Haralick, “A Statistically based, Highly Accurate Text-
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problem Finally, no systematic experinments have been
presented using the Hough transformfor |ines of

woldssersat arbitrary orientation within the SHMEAP209¢/000181

and its speed for line extraction has not been
reported. 30 Clustering of ink into stroke groups

1i6Qr r espRRdRatHt 0 Me@?ﬁd”' in @Sodib%‘alﬂé@ 0 ofoe&Be pr 80s etlernational

near est el OU.F C t g I 1 r,
chxiil’sf?gzg:gt o;g p%"r?ﬁi"ﬁg‘ {l)g evsJ.F ?Jﬁy %ego 95 '}H‘ Qépttslp.@e lo99,
Bgaporent 3adi8, AluhasbEsel S. S%‘Ft &n mpmaﬁ%h '-LE. et generally

pﬁéiééﬁ@ 0R @i ySbéeea Oidde bh Mg naf hi:ﬁ%ﬁriﬂaﬁeﬁase dhhi tcd both the
n

| Conf Do
_ dlﬁéi%g'ﬂ‘—g’: ]!l-Ig Hﬂ%dg% %F%%c %el%pv&ou% e ”%355%%594 aon iﬁ&la.lile ground-

tA4985]g pivbtdrods fdrasedh ginteorm é:é:p.e@_ngcgmﬁgln @rﬁge processing method

ha“"sI ulﬁe%r | DO, RSSHM st h%u&&kﬁcal ntpr §&arcglge adidstfanceoghskawa, “The
than the inter-|

soneth {
s‘@&ﬁﬂ‘iﬁ“ﬁ’é ghararft&bd 1137 ‘ﬁ’a N \Aﬁ?‘ﬁ NS (SR sr?:‘%ag@ document
ugtagh GﬂLSnniﬂﬂw | aByearitindti, ni Prpesedingg guhetla eSeventh International

I i € nk | RLcGeOBh| Vi ebdage-13, '
W%QH%PJ %%& @Q hﬂ"ﬁ%gﬁﬁa&tﬁng rali ka Se‘%% 30 2000

Af@ﬁ'—ﬁ?‘?%h%%ﬁ I595b'§'§éd H ghly Accurate Text- 8 WD
2004/ 077311 PCT/ AU2004/ 000181 |ine Segnentation

Aﬁét{jﬁ%ﬁ tcpreg&gggd n&&v@& thgflz%hhai N§ e4d2atd80&! on local baseline

nference on Document™ Anal SI s _and Egb niti oIg L?Zn fes. “Line
seppemie RABRTSS PggobeenBgHa Ps N e 5p°8’ 884 &5 f10n
Deldehican @Eprogabntainot igeresiaddigal apphachalfegistprehe In Sixth
r%h%%}%ﬁ E%t NGk QP N8 rBHE-FaMAtI Ao 538 eaﬁdduscagglpmnh pages 743-
E dirfticu

I n nmod ser behavi_pur. and otf e

7473 clecpftls é’ﬁ?‘abﬁ%}’tﬁ%%dz"oﬁ?u?ﬂ’F n@ fﬁ%ﬂﬁb‘bl t]@gr £ C%ndwr:.tten
ddtahent Aat téruican-deasedi mreigel gACIBSdgNG’ Sbetksd athg J Whitrow,

%eenEE{ion%%§$x$ %osr: MTﬁU{ﬁh.%k %ngs égaﬂﬂdw?ﬂQng Us:.ng Approx:.matlng

egrrentalon atext line f ]?1 a o
SeaRewr WF%%Pn&ﬁcon%ﬁoﬂﬁ?Fﬁedlﬂoc‘ﬁﬁ@ﬁ‘f” &% RgoeFiinthg © -
D¥NG6H | td’]ntmpé?fo&eeeﬁb ngs-of, whelSevéatdifint etingtporal June 1897,

Fr i | t1108s REGORLL-b:0M,
o 7 pliaf T Shklies  brlBAN! niBds TREDABPLLARately same
1ermthod1‘ePC§u@dbﬁa%<ir eaF%v&lﬁ%rqrfaﬁt%ﬂrrﬂ%érgnbaﬁsléa%r’reast squares
addOCRbuasld-he megomNt hest | AReShaas beeliededori lpednted  text

(%M ofCl fRasloand fo  Uhesy mur%\ﬁkaiéenmgrﬁctd ObROha, “Robust

torical Regi sters", In Sjxt
chwemmaf!ke@nélet%woer Baged P DOCANERETIREAPY i Prafgraings of the

1138C0gRdAdiQRviPAdesniedence/ 4 én Seiigh| eandlphis,Sepeenbesune  7-11,

2001] f tic t vend coue 7
’ KV’@F#’“&Sﬂ%‘ﬂgsceﬁc rr;e 'ho%‘p[Ag-lenﬁgg\,M}'\cﬁ"%hée% kg?ﬁg%%maé lity of

sWpli tweghods " ZonbaRrl pnd WPROPAtYERE | pP e 1LPifES gpe to the mon-
ud3RBEW vyt bRGHES gk Appr oxi mating 20 Spline Functions”

Progress in Handwiting Recognition, ed. A C

Downt on, S. |npedovo, pp. 63-67, weorld Scientific .
LBiadgaporesiddiie 299MportBRN 064 - B2 1B Aanqwiisify (@sa since one

PN b2Onhatid | BeSunf BRRr Oxdvrabeles SBIR L®NgEdnt and the line
o;%gggé&ggtﬁzgg Iiont ef:.fhalzé.;g esggr'r%. car%:rlgrelwatth:?n ’ mgég efécal spatial

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 required.

Methods that utilise contextual information such as type of script,

writing orxder or application environment are not considered. Although
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and Fouri er-based net hods have al so been studied for
printed text 25 docunent processing [0. Ckun, M
w@p@iiokizmen and J. Sauvol a, "Robust Docunent BRBWU2004/000181
Det ecti on Based on Line Extraction", Proceedings of
the 11th Scandi navi an Conference on | nage Anal ysi s,
ef%%%@xjr%ej lﬁ@@Hgfl&uch rﬁameh échgblswalgd ﬁeﬁaﬂeamh,alﬁrfor a specialised
wever, the pl i
SR hark | AGL abl Tt Eants T8 Pritad ity e onre those
de3fgued For migytaf nph@@at-a. Local processing is of
i nportance for on-line handwiti ng data since one can
reasonabl y assune that_ attrj buty ke, th
AR | ‘T“?’Fé“’gorolrerﬁyg{: FBn* i P?edngt c r?geflsﬁegﬁtlla}llggéln&gg bext line
extirtbi pnndloviowal osgatitilbn 35=aatden t eHgORAl the naawstatms of

RMQL&B% ﬁgé@s@t Qﬁe Qfc -h el “@ﬁﬂ&ie$£ﬂen@1b6aﬁd&atsstmeﬂon and text

new ink is added to a page at onof,,th
lige; &CFWH].HR for Wb%"nﬁgﬁ%‘"?‘é a7 %ég%oé mg:.}::.n& %roceedlngs of
EHEO rvttﬁxlrmtadmaniamaatvpmhsﬂ chr aropyirrsofins Hangyri tzr.m Recognl tion,
se 1§85 Oﬁo@@m 'ﬁﬁ%bﬁhﬁﬁnvmmﬁﬁ afr8cdi@lational Unipen

of,d

ons| erediL Al t hou 2004/ 07731
que%mo&@%b@ﬂsiﬁﬂér?’eém v dss - Sugh S R fgEect tines in
artho rdelimthenefnd i pisstbly m@pem%lﬂ%édchwgﬁstﬂﬁs ngff writing

be avail abl e for general -purpose systens |ike

hose designed for digital notepads. 5 A new net hod

or systemis needed for on-line handwitten text |ine
TiDet Hasddidied| 4 ovdedq for | @ meshod rore syt ifon hinchegtradidon in a
d;%lq%.{ aixl[;]? n§qugnc5%kﬁl ﬁf fové‘rcﬁﬁ&é‘ogr [& Ralszl %fnélz.orates problems

I stance estimation and text |ine
inherpaic titobhs BFien&8hst rai ned on-1ine handwriting",
Proceedings of the 7th International Wrkshop on

T]:%aon% %&%SI Qo }_B{lgg\ré%i&.l I%.Q't B?Ct.@zg@ &ﬁé@ﬂflé&l@ﬁpiﬁmr and should

am N j negen: I'nternational Urélg Npat such
nqto hed 4ekeh, 25y SBN dgkrpabedsmgit T S5Y S Pf SPIgEStAgh & °
pﬁl%rd@ﬁtﬁcfbrrhs PRSt T L yontidre pemriad nkramwdedmssi bl y

changing font characteristics and witing style. 15

This identifies a need for a method or systemfor |ine
Dipclpews BA JoyeREI® gital ink sequence whi ch overcomes
GQ’fexﬁih} eank PiENehor BiatHokkes td pheriglt ai metivd or system to

&:I farcfl tal’},_e rn_ﬁf Se to% gQ%dJEEEQJ Q:Ekt'c{httahkﬁto parts where

Fon e no and sh be taken as,
camh A OWPEERAPERES OFC aRly tPEF ntioe sﬂ?&géé%f‘ltoﬁl’???at g dffiteen in
a:EH:JtQ&r}arﬁosfiQ:[ch% ,Pakichtidte caanenigegeeayldeneonl ¢Hgesame page.

re nventio e
Tl—lxemflg.ﬁ ; gn g.kge isqutence ; 031 g&ﬂ% Q:LEI.J]}:’]LS E&ﬁ:aﬁ{/xs%%%ttr%ry é‘lé:awing‘s and
oSlEgTTReR- taxielus@quamcqsmml%eéaa% Aeethsy It 138 SHTEEKt

data into parts where

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

'algorithm that takes as input a sequence of digital ink strckes 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 gpatiotemporal 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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each part corresponds to a text line and text lines
are witten in arbitrary positions, orientations and
wordot/omgisst yl es on the sane page. The di gi t al PATIKU2004/000181
sequence may additionally contain arbitrary draw ngs
and other non-text sequences enbedded in the digital
pibBke ST eAB 23PakiRg@B 0t &hebpaadnt Offfient fiéh AReBER! the following
i.nvention seeks to provide a working algorithmthat
POHgk®s as input a sequence of digital ink strokes from
an electronic witing device, detects text line
breaks and segnents the input sequence into

Ssubsequences, correspondi ng.to, text |inpes by 35... .
(15 0| TP B arta] P (HFPenES GPLSTHE fogipioy of lines
alpeebey tdoes tofichimgi gtbewehngverippeing kimes di YerapveF nkinter-line
arRe 4! @Af @Q{-;% di-b{€re0ee Rebirei: tHeRIAIL0En FREBASE text.

conpared 'to those reviewed hereinbefore is' that it

can extract lines of different lengths, 40 fonts and
(ia§ birt4iaiyg oddt@ntzatii exsemil hildoraie saneppldgeticyee igfprmation is
no'%x Le.d N 10 WD 2004/077311 PCT/ AU2004/000181

i gute 3‘1)1 The advant ages of the present invention

include the following points. 5 (i) No assunptions
(iaip rRdesdAlRgutad e riebadnentaosi thansheh innds added to a page
el LOW0G; R0Led GERTNG AL RVeR-QueLd apping |1 nes. -

reover, inter-line distances may vary arbitrarily

t hroughout a handwitten page of text. (ii) Training
(ift animed @xirectian (detmopiorasbpl i estimanion nfier netmpapationally

S e300 L eghes(hid ) . rocessing.
iﬁeﬁ%?nesﬁg%tstgl £§%utlﬁa‘?oqs J(Deén silﬁﬁ%fogﬁ Zfd%gﬁgfgnge%age tﬁe

exi sting lines need not be re-extracted. 15 (iv) Line
e %t bR ebrNdne rpedbat | reniSionaédken tb sprovide a method of lime

onput at i onal [y [ SOk 1, L: 0 I nts, the
I L U S S T
meped dpclydipentticoite®®eRE: t 0 provide a nmethod of |ine

eXtcfh%giﬂiQ@ 4 Nsrgokld GetrddndenkoriegHenof dfschasamher bf temokes;

text data _pojnts, the . t L acl udi t ‘

of :segﬁ‘t;’%‘-‘llﬁg n%hea SEroke ls% gaggn%%%c?%ﬁ&b rc#ge gf&g‘eé B pplying
styelye epovenshtsey ghgerithgegnenting the strokes into a

SeBReRt9hg Subah Ao KeSE foY el petifbeh nsidibkering substrokes, or

segment at.i on _al gotithnm _cal [ r
gré’lug?e eﬁ%bessr%}gef%e;élﬁ Hei R gﬁ% %téf su s;%tg ro Sgs,an%'r 25

gr clgperwining Hiiter preikions ofhshe RFFEHRE Bf tRe FogrLKe §ifferences,
cARgy JiSkTEPiAR0 dhde APstidiers &f Tihe extsleyrhamf é&hdling line

angu¥,ar di fferences, thereby identifying the
x-St 8kes at |ine breaks and enabling I|ine

extracti on.

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

and,
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30 in a further broad form the present invention

seeks to provide a nethod of line extraction in an
woned4ionesidi gi tal i nk sequence of handwitten tegT/AUAHA00181

poi nts, the nmethod including the steps of: obtaining a

stroke sequence conprised of a sequence of strokes;

r enbasneg gyl thes terubkigkkesst tiaa krshhs esiheleby éﬂg!—lﬂtating line

:gé] S engd. g the strokes into a sequence of
N uastgr es}by

S (A) comput a relative angle for each
line seﬁﬁe CORHELHS ﬁ’g%’ﬁ%&@%’&o\?g %%“FBR%‘%dat a
poi nts; (mind, (&mmegnentnnygarhelisteireesnttetyedst Nokeghbouring

di bglpseehSucsessi ve relative angl es
S%Stgggeast e%é %ES&%EOfr eset threshol'd; 40 and, 11

VO
2004/ 07811 PCIFRUBHR/ 5618 Faxi%fe R ff;hengmﬁﬁjear differences in
tisdl Reduicdleesombubstrerbs eaks, thereby facilitating |ine
extraction, by: (A corrputi ng N-nei ghbour hood
centroids; (B) computing angul ar di fferences between
IN%I’éﬂbh%oﬁﬂzth‘ar Igoad hirrok BRe Hflesﬁ’?‘b&&'e%'%l%uB%‘?]T'Soll:é?spr‘“’lde a
spdtem £4) 1698MNNKerAe-doacah ATaMipiealofink heeqeged ayf handwritten text

d#jtat%ﬁ{n%gce&e tege %ﬁ&%ﬂ%ﬁ of substrokes. In still a

broad" ent invention seeks to
pr ow depat df@lgslsqceﬂb%irn 2 AEPRt PREIITGR PINPEI8PY P Sequence
of ryﬁr@muence of handvvrl tten text data points, the

SYSL A SO 5 Wi Bl LORU! oY 158 %ugb&%igeaaﬁit L8k ea to:

sequéhce: colmp 3 sequence
processor (Mn c%ﬁﬁmﬁF chirg oﬁF%@% 3&41-'@ i°n (FPAURRAA F Aitgetrokes by

apignt e b@rok&%e(gﬁ«)enﬁﬁ@lasamlgobeu&t :rokes into a sequence
of substrgkes Q’lcu’ﬂ? l ylar1]1 fla trd?l. ? Gdar nt lwg ne:l.g‘hbour:l.ng
ng ? e wee

algorith (B) “calcu Gt é rences
SYRStEPIES U r PTh growsh of r@bé§r°1'%ﬁs g*!blt}bé W@H‘Eﬁsf’f—oﬁé‘?tr?]f?s' and,
t he sequenge Ocﬁet%ﬂ'ﬁﬁief Q}hﬁspoﬁﬂﬂons (53 tﬂﬁ kBtdie tdie the angular

itions of t extre
d%%fereéx}cgﬁc egher % r:é ent.1 y| n Lﬂﬁ%ro =] Q 1 ne b:{eaks enabling

linenextyaghk®r.enabl | ng li ne extraction. I n stl I I a
further broad form the present invention seeks to
1{) ovide a sear %abc%e el ectronic fili

I rga

i oS, 2R i St i pltgrge to provids &
selirghdlalle ebprteswivt dt.10w e¥steachnclgflimg:ppl ural ity of
printed docyrept&aBach fo'éHo%gnQ%pHMal kOStdadbfition of each
machi ne-r eada? b;'al%rlagftr;} Ioffl %?:tihge d&cume s,heach printed document
including machine-readable identification data which
distinguishes it from the others;

b. a second database for gtoring annotation digital ink, the
annotation digii;,al ink representing at least one physical
handwritten annotation on at leas.t 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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di stinguishes it fromthe others; b. a second database

for storing annotation digital ink, the 30 annotation
wole@4nzisli nk representing at | east one physi caPCT/AU2004/000181

handwritten annotati on on at | east one of the printed

docunents; c. a processor configured to: i. segnent
preB@raaﬁ?Ott@tal %aaﬂihabi@l eidderbimio filies u@st{a@ tduethdS includes a
hairﬁdpel%aﬁeeﬁgr{gn éle\alde fgf: t_'i;aecr% Q\.l.z.nrgy%iglé tg.{]:jt% qﬁ%&ﬂtal ink during

east some
ingkra¢tionaniibt ene eﬁ @}egpi-ﬁa‘ralphk qfnP¥#Fé=e§e%?ﬂ’w‘ﬂ‘e’a‘%\9( abase,
to thereby identify a correspondi ng one of the
docunent 40 in_the first database. 12 WO 2004/ 077311
Brléﬁfrl'ﬁﬁfﬁgﬁtl Oﬁ%f‘g‘ﬁ “8ferably the searchabl e
Thel epresmmitc Litanbipsyshenld uktchene | mebadey: a fremndiel following

de%%gﬂﬂgng%ﬁﬁ fLQrg:Q%BeB§t kéhg ddhexanid ahien dh G pakferred but
nk ‘during interactign \M%e 41 of t.he, 1gL)I ural éé/ ﬁf with the
ncﬁ’r Hidd g o cTReAt®E s BriEre SRS of FiGiree T
adep@seniing nidgnteon shoul d beconme appar ent fron1the
following description, which is given by may of

exanpl e _only, of a referred
Fignh ddi HeREt43HEs ebf £ P?loe‘aﬂr% %ﬁﬁ’éﬁf‘h vmg%“t“‘ﬁsmg system
enfo G DI&NY £ mgefpx@sems An¥éntfHiog; 1 illustrates a
functional block diagramof a processing system
enbodi ment of the present jnvention; 2
Fig.| gstllypeetss i S5PTEeho 8F thfe 1Fﬁﬁ"<i‘é:ﬁ??'bn; 15 Fig.
3 illustrates exanples of scripts simlar to Latin

g romi sttrﬁé@l 'é{grx fésen&p’ s6Fi88K, SRUSBIANANHatin (from top:

Prali an ustrates an exarrpl e of
Enghéefrs %ﬁ“ﬂ’ed‘;ﬁ%}fdvﬁ‘%stsf'%‘h x4 *® 7 20 not e- t aki ng

device; Fig. 5 illustrates how stroke segnentation
hap&er}ﬁlaétz]ggé ? wWogre thes GQHELERL 2 fid€Gin@Pritten text on a
ni ficantly l%erenfp either fromthe | ast
nct?ﬁr‘éfét%nd%fﬁ-c?he initial direction of the current
substroke A schematic 25 exanpl e of such a

1§| gm &fué t@so Il{&?x s‘ls_r%( (%lé%&grﬁ!atgél{ at points where the

|can eren Initra dlrectlon
cumeweaélp;@fmwnA isr eptEEAENAYpofifteBtntcoRt TR ( fEom the last

direction or the initial direction of the current substroke. A schematic

example of such a segmentation point is 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;

Pig. 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 oxder (b) the differentiated
signal {c) the previous signal ignoring differences below 20 degrees (d4)

the selected local maxima (peaks);
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Fig. 6 illustrates the substrokes of an extract from
the original ink of 30 Figure 4; Fig. 7 illustrates
wogiogbbour i ng straight |ine segnents of the wPCI/AY2004/000181
trajectory on the same text line (line a-b or d-e)
having simlar orientation, different fromthe
rQfL 1 enfratbontel weysBRbetaldinas cEegeBhoen iB5FidvKet ;
connects points fromdifferent Iines (A and B); Fig. 8
illustrates (a) the connecting segnents angle

: ang ,
- Fig.f f &0 eniddusiirathe thRKk FOFEF §ip% STHIIRELRDVEFTIPFEke Y the

algdRttnnr der (b) the differentiated signal (c) the

previ ous signal ignoring differences bel ow 20 degrees

(d) 40 the selected | ocal maxima (geaks); 13 WO
Fi200410 7 7BLEL REESAURG0 44000183 TFPy. the | ff ydppArastithePagss of
plifgied, | ines of ink shown in Figure 4, Fig. 10
I'l'lustrates the text line orientations estimted by

the algorithm 5 Fig. 11 illustrates two exanples .
rifgr.onet helustriedwwbt exswopagefrast thexperhandirithenppgges used in
mrihdHSprates two exanpl es fromthe 14 handwitten

pages used in 10 Experinent B; Fig. 13 illustrates

the only fal se negative (left) and a fal se positive .
Fig.i ght }1fusteatdsoshe rador detbd meaxipiors bty APy f3isgspositive
(Figfle) Whoh! L3I ALRIASOTR Ofpelifedringsukion; whi ch the

ori entation  estimation fail ed; Fig. 15 illustrates an

exanpl e of a segnented page fromthose used in . .
FigkpeLs mentusdsrals Fisgre 160fi | thest Ainess Fone vbBik@lr athe ofrientation

ver changing significant angle
< %E“ég%%?g&&ﬁgg 17 illustrates line extraction
performance over changing small 25 stroke size : )
ridir ashalhystehges 13 idxhgster atfes |seguenbetr pegd diyom those used in
. ce over changing local nmaxinma estimtion

E %%Eilg%/vﬁg?"ze; 30 Fig. 19 illustrates |line extraction

per f ormance over changi ng nei ghbourhood size N, Fig.
r2f ikl USheatAesal seherutictich ggrimmmehca qreaf erangiing significant

anr&qteh%eggoiﬁe i nvention. 35

Fig. 17 illustrates 1line extraction performance over changing small

gtroke gize threshold;

Fig. 18 illustrates line extraction performance over changing local

maxima estimation window size;

Fig. 19  illustrates line 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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Modes for Carrying Qut The Invention The foll ow ng

nodes are described in order to provide a nore precise
worgenstandi ng of the subject matter of the priEEEAU2004/000181

i nvention. 40 Preferred enbodi nent 14 WD 2004/ 077311

'PCT/ AU2004/ 000181 A particul ar enbodi ment of the
A%a@%@&hdrnEﬁmdlﬂgn&% 2% r:ﬁ'ékérﬁfdnﬁélhﬁignacarpb@cmua@i using a

em an exarrpl vt}lAn ch |s‘§1ho%m in Big Ly 1@y 2 ™

ﬁ%/flefﬁﬂﬂ af¥sfle ﬁl”oc%lfc,as hg Syst'em 100" generall )

pantibulles athel aastessingr GYBsHOr 1YY grnseakky nglq}ﬁﬁlﬁts 132, least a

pEbJEEEDL %rlgéocéﬁlh@nﬁﬁtdﬁﬁ/ﬂ cea ﬂa@rﬁ)@ndolﬁ ah Qubpllidevice 106 and
devi ce 108 | ed t E |a & busbosr colcl %ec O of buses

an fOUsgks e"i”i% 1&1 c’1;i’1‘t11°e can &l §6° bé provi 5 %‘

1for @ouphtargatdeller ceae%hsngbe Weﬂ#dl@rt eowplingrtigeprocessing

%iC€od 1do W %IQQ&' S@é’l@e daia bcﬁ?fﬁ@:hl iz@use-Eh Y dHE&H&[s& 116. The

04 can be any form_of nor ev exa
napEE 1P6 O SRofSYoFaTT 1 MENER, A0t S aFEBLg; agiatile ov
nd@evblad le Magretli csaadi sege gt@:‘ag@OdWegnmqgngm eigv;ces, eta.
063 ;F.\%maéa%cgatl@@ DR ved 8 qapsg Qﬁﬂ:ﬂ nfid«'dﬁld f @ :anlude, for

exarrp not ep ad etc. The o

B dEiC éfgga%ﬂ%a 28ERR5G © £6100 Thh PUERTE .dmf? guces data output
lm(amaﬂ exana ideBfdeay fdeveceplen t displpy | ﬂem-_lpe, mgr{lm,k printer,
necc%rogk &1, Lbe. St'ﬂ{éa%og Ql%vi-éél Gan he I@@yarfyorfgi‘rﬁ)fof storage

stora means, for exanp vol ati|e or non-v
MRS I gor SFPRRL st a%a“gtlsr%@émrs"l&éﬂ% € ﬁsf’r"g stafe storage
deld¢kepageéttic devidge, dthe processing system 100 is

adapted to all ow data or inforrmtion to be stored in

and/or retrieved fromthe database @1}3 0Cessor .
oy (e iy R EVOTT 100 L5 RURHUES FRIPE Bh e pEomat ion
e 1 o ddt&ﬁécﬁ)b.noranafbﬁ rensiaviedr ésawl ttdhev datdbaee oligput The processor
1&6\@' c%:.\;‘eo di Etﬁh%d ‘Hg @E@rﬁﬁ}u@t Qviddatost R8a ma.y display or

processi ng_system e any form of_processing
trapsibln resgdRpurier ther ﬁPF%Ht d§§?“?Fer3'-°‘35pet,Ii‘:aIs‘P‘%‘b'ltﬁi be”~ appreciated
il el @ro@dssihe kydem Reb endy rige tanyFimppneol, ptdiessing system,

BLELEL 10 LS 200 1501 USLE ahtuadll ) 0o 236202

€% 5K sequence i al ned i step 204 t
stroke segnentation algorithmis applled to the

RSh k@ &aqmﬁﬁe 2 Nestle, padfesk@p m2@ficd the istilokecrated. At step
Sgﬁ%ﬁem icon K?;iag:? [ %E r%btg%?édt S h\g z%gﬁegdﬁe @F@ s%froke segmentation

akﬁﬁbh@n@esapaileecta#q:mh&t éarol@alwa??%ns%!%x‘éf at step 206, the

st?ﬁrﬁzﬂléaéébﬁﬁntétlﬁﬂrim&lﬂﬁ{b &é&u]ﬁ;@f e nafekQliencAl oS ts@pstdbles. After
t he extrena 0 pre t he i a

iR B éi;( %teé’sQ%%‘tv(aE‘ nIsu% lfrorl?felcs’e%%)é nga]tcg??r’lgérg}l:d %%ﬁgtmns are

extlepnal 2in | ferthesaldstatle hersdnafisrd balkdsewp tH¢ the extrema,

p?éﬂ%gﬁy wdlbf fBrenceexhe ei@u@i@i Qi:.rflfeﬁé‘hdes $eh:ﬁreen substrokes are
A edEégg 21 e.%[epf% %t ?‘ﬁéb afaEr%r 1d ?gc? %ﬁs the angular

e ex rac
diffferewster @kgreg@qgeipﬁ;@uned in the praced:.ng 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 reduce 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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35 In the preferred nethod, a page of text is

represented by a stroke sequence. To reduce the .
woosher73of points in the data (and therefore PCT/AU2004/000181

processing tinme) as well as the influence of outlier

poi nts, for each stroke a reference point is defined,

pbly8168CaMerGeEd I BY dobitnelds Okl | theS GIBRONE: St&ﬁewtpolnts in the

ations. The tr ecto of A 1s defi
Ofﬁggp r&‘% Vﬁ%ﬁ&???: K@Z@&M b% ijectgml &.e Wwr@Bing in a
ngeieaT of dgXbyPIgSA NeRITEHES tthet stheorBienEatoOne rﬁ@@lﬁoﬂfﬁhs respect. to
the_n Hoh€zorRhd eéx:.tsb] exr WlgReh# lébnnegiﬁﬁj Vtihtal 08ntbid N&F the last few

aj ect or X
i ﬁa&aggﬁ o o\g]gn%nllq.gﬁt %r?dl (i_):ﬁe (centrro:.d ? Elrn.g grg.eci% ftew reference
pbingshof ltzlenn@t ané davef a sdgnifitcant chiféersngg fipm the orientation
of eﬁ.‘bﬁl&it@. anﬂéalglﬁ@%;el§l%u§lﬁ§ BLANGRLP U bAgily OHE:he same line

liné and the centroi rst f refer
bR SR E LS CRO o oy es Eirer T o, wh L e aRES™ -
fromthe orientation of segnents connecting
Wh! ﬁ%?ﬂg' 3, S8hc-ePeiRRYED thetBod BBO SR ROV | ted.
fr%rﬂgé)and after the Ilr?e br eak (seee Fi gure 7ofc553‘r%esaenjrl ©
illustration). 10 Referring to Figure 20, a nore
roepabéeainetioad 300 is now presented. Pre-processing
3%01%3 Sgerqggﬁcesﬁggea%e ﬂ@xg,rgll,%%cgssﬁ e- §y geesp%@essﬁg, first of

- processin irst o ints wwth s
o PP WaF%t%Eel%?%i???&ndﬁs‘Jngﬁﬁw 1878 Brvi ofEom the previous
p@mtnhrar:aemeamvmi 3odm fuhenptizEnel | ginakqiencesbyumder to xemove
airm)sgr g@ént& af w}fgs Q-}hqgﬁtlﬂcg'gégésc %btzpodc%&é% 'a.ﬁ&] efficiency. In

I nCreases accuracy_and efficienc
the @xefent ﬁﬁpjewéﬁF%ﬁﬁf’Bn BP9 §°86t° %6 t“ﬁg"?fbdf”é?\r point square
EndIi@eapodititancpiacelcubaicdd deen diL3t anceessave ubeingd peves in the
sBldie® UEGRIREY O %mr?l@shés 2l Bullle ot rneggyseamﬂcgmms (e.g.

|mnaeanu nol s snal st rokes %
difreadEiaalehl i ahhiten ﬁﬁﬁltﬂe&FF uéht ealtqﬁ’él‘éfrﬂgsur PFH r§‘an°ef strokes
wlﬁkﬁ!ef REFIGE boRidi Al efectehgEe dimiatom DoUreksnthare®t dhgle 0.4) of
Qsélu%p d1§ 1{; %.%ﬁ EP atl:ha§r(€1%rv.elalgs doghe tJ@:t cmémare ignored

| oNn O revi ou he next St ro ar e
fm}h AR ma%@éqa%ﬂt IO C88s PRg 2399byE Hihey & LR et acted
1i&st hﬁrimglabo@cbf@@dsedngl RS bk ms:t IpyOGRSSi AY. size and
V% ﬁaés{m;eﬁof ngarxagtveggm@ 8k e gétéa%t B S r3jectory of

consi S ng roke
writdpgcior pugh ’a wriieei vigilidoPe sty cﬁ'n’“flahB | %nﬁo (¥ 18T ke’ s centrold)
wBi RS IROLBE droheds abolrite eRlehod dor ¥dliptbimpuhdlaidifferences
.oVl Qe aCC rate eVl nce_for c t

‘grlf’lger enceS ﬁ%si' ng I ngelé‘?(ﬁartgcglggyn :I:é% glg%e%a%lreltsrmfor complex
stxckes ehie el paimnfersde EonpramRnt sayloage | styokesr Bfter gpTs called
sﬁ&t%@ﬁ?—‘ Ntgcabite F%ﬁeﬁdtﬁkﬁslﬂﬂbt Q;uBQiE:Eo&eQ abdedi 3Gerformed using
TR T TN —
suwtorkdse dotlanelenwam;r fromT kke rigkyin iFigurss 4bare @%@‘Sﬂ figr Figure 6.

AREEXEL tAE9R, t hghd Nkedtnbl W 4uBdt@oROOWAsi Nconsidered for

Fi gure
ubsequent computations.

To segment strokes into gubstrokes 306 the following algorithm is used.
First, the stroke points are smoothed using a low pass filter with a
three-point kexnmel 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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After segnentation, the sequence of substrokes is
consi dered for subsequent conputations. 35 To segnent
wWet0akTrs1i nt o substrokes 306 the foll ow ng al guEl/AtiIv04/600181
used. First, the stroke points are snoothed using a
|l ow pass filter with a three-point kernel wth
c&?%%izcgi f@;ﬁ&&as{slbé Adxl%k&/ $dinltB 0§ dBimplibed, edlua&:lslae tc|> one of 16
ef fect 0 nd/ or. nlnta it uent |y
t %eé'sdl?oené’tef:oéj:@ %Cgun eria] EV\A %éjeaﬁx? §:f ‘gﬁ%% the first
Peigiti Hreash: AKIUERLof A vigdiyidl ﬁég@%ﬁémn ingo \A@ndldate substrokes

13051%053:85&111% /AR QA0 8 ok HRACE | A1) tHC Eﬁﬁs‘i:l ¥“€roke point

oints is o] ut ed ant setd 5(__0 ong . of,
£ ge g t entati
a %nevertgﬁel% g‘g uadrant vaFoe as % segnentation

P@tnttr u%utteddin?ct:h@l fiisr s%thEEWxanlé#ca@abh C’ségweqw fygn that of the
pfé%t:hal pcigd fTBflt af | @[@. olaﬁ.»,n M@éﬁoﬁumt éﬁsﬁsmaxﬁly different

f bst
4P SE FEPBRFODBF e SO AT L GRB B SCRRERTR (g 111ustraton
ipdiguse A .sCrukidapei sbstsoless @gwsmmﬁdotpgepbamtlﬁ fthet substroke

'dﬂleeeﬁﬂ @Bffé‘eﬁ&é her «skaRki+Lanblorofes 1y el fthQ{inat R8keshold in
ection is

vious point or. if the i ous di
oFer P 1 SRR B Lt et PRy st by BRtie stroke
cwwer eftbatankk dditrecsidsticokde( geemtikkdstnrglel of tha line segment

cc!:rﬁlgHEﬁQS )bheC@?l@ %tn.ﬁt Subst Eﬂg e §uﬁt§oﬁ@ roegk t ogekbeelfentation
he, substroke 10 |rechlon ference of successive

a@ﬁﬁé’fﬁ"‘ok%sdelsgr’rkéegss'ﬁ?a Ya*“’tteﬁr]%%lﬁ’gl’d in order to avoid

segnenting small and unusually noi sy bunps on the

Letl é%%roﬁé& ¥%E- anSléhﬁU Qke SH E{?ﬁt'rgﬂeé s the quanti sed
i ne segnent connecting. the end points

an Qf
ot Shftots it Epe T oTHPe O} GRS LRGHRHEREr GRLSAI gor t him
LatsLaeddrihadistiepbd\thet tppthplawssdd stetksSpbitt diiesctien

Le%ncﬁfﬂéhys&%tr&& SHbaiI RSG5 shflebRLED 1 be the

direction of the first stroke point Let LastDir =

POrnfeth PRt PRIMEaBt processed stroke point direction
Let &Hrcentilist bekthebdimetbspby subst roke 20 For each

?t roke p@u@i‘eﬁmkgt %EEIFJP{ Dy r'I‘:l. %Bﬁ r]%agéﬂﬁ'ct Iﬂﬁtﬁirdp > d2) |

ICurrentDir - LastDr -

> TA %eﬁﬁqbéﬁ{f@t?o% r%’Pét’fQ#eSubst rokes Set InitDir
= LastDdireCors easddit =AbrEnfatiy Current Substroke End

<if >mpgy %rmsﬁbg.&o@r rent Subst r oke
End <if>
else
Add P to CurrentSubstroke
Set LagtDir = CurrentDir
End<elsgex>

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 5 to the last substroke entered in
FinalSubstrckes
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Set LastDir = CurrentDir 30 End<el se> End <for each>
Let Fi nal Substrokes be an enpty set of substrokes Move

wo beshist el enment of Substrokes to Fi nal SubstrCikKaB2008800181

For each remai ning substroke s in Substrokes Conpute
the direction d of the segnent connecting the first
and Ems&ifpoint of s If (d<T3) Append all points of s
to the__,ZJ ast substroke entered in 40 Final Substrokes
17 WO 2004/ 077311 PCT/ AU2004/ 000181 Enhd<if> el se Add
s as Ahevpem PV SRER fidl BlajdfreéaskeEnd<el se> 5
End<f pra<@dedr> Return Fi nal Substrokes and term nate.
- J] Iow pass filter coefficients, the quantisation
TEVef s and the threshol d val ues associated with
RWBk@@éWF@F@%ﬁn@irt@r@mtﬁl cally 10 chosen to

fi xed val ues i ndependently of the data sets used in

our expereret ticular, i s _set
i 258 Fuio tre SRR st efbletlod) atfel ma e
tlsreﬁbeldwemlhzes tiseceiarsar wibh ﬁheo@xamgmpeeattlp@n argf empirically

cl'fc%gﬂeﬁbatﬂ.:&@d p%me% | Sndebbideedly i B Oltﬁ'xeami:iac%ta{:@nused in our
%\F ma* t he sel,ected th{eitgol d val 652\’;@1 T3 is set
e’ﬁ?&?“f’ &8s *am}% Li lEsurse i of ? ﬁ
tastle auarmeamtgzl éevtian géingeonyithhe theapesiear yoofthar ﬁaCEgposmion
oﬁt h%egﬁ&bmﬂkﬁg FgntHd |so\6§1t21-gagoié:{ Q‘qu?c McOEL1dM, I Ehﬂ F@fl.mal:l.ty of
e subs uence of ten. has.a ragge

el 4o R B P A AR b S P L s, for
adding diacriticals. To reduce intra-Iline traj ectory
variability as well as sensitivity to backward pen

unps i.le conputing the angle difference between
LIS e segnents at a given (origin)
Irs Ubists okep, gridepsainglie Nobaast roloas  (thenprora¢dbpyrybefongiting is
el dh %‘éb%ﬂ%gs z?h% %E&féct@rﬁ'dée%ri@fﬂggbﬁ)t@%%ﬁ&léﬁe sequence

are _consi dered. These groups are ternmed
308 RéEFYh %ﬁr%dﬁ@gﬁ%rﬁ%d% Pf’ﬁ%lb&? i g% °§u8%’fer SREXWHTH pen Jumps,
e ldhefor esldntg diagpticiealat foncddunasidtraelineotBaisiobety variability

aJ %@dt 9s Sé&%@@ﬁﬁil&kr ﬁépﬁéélﬁﬁﬂi Spen jumps while computing the angle
difference between neighbouring line segments at a given (origin)
substroke, groups of N substrokes (temporally) before and N substrokes
after a given (oxrigin) substrocke 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 gensgitivity 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 wvariations. 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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using sinple test data. The centroid of the previous
and the next substroke nei ghbourhood are conputed 310
wazed4/01m11 | nes connecting them 30 with the oriRGCTAU2004/000181
substroke centroid are used for the conmputation of the
angl e difference 312 at the origin substroke. This
tlﬁElOCaQ§Soi1§e_Fr eReadLdin faDTW:LQafxlﬂ iﬂbﬁﬂﬂeﬁﬁﬁ defttd® at the candidate
uenge e sensitivit the et
a'PF’@?‘guqul sH& Baredh a 4 olemeggatr} e sa% esen change ™at to
tl@asa,rom aekghbaurhpodndi s ﬁ‘erﬁ&l mpmiram@h%rﬁ olflne will contain at
1e%.|é93ﬁ/20k@1t1é1{jépga sﬁﬂad[e:foke%hexrs itigei éé:ﬁaeivﬁgghﬁanglaaamer in this
e ,conpu i.rs ng es
tefg) ee-.gxo gllaagtn oF %aﬂfe (f gpﬁ; K o%s RoE caju';a“ c(aE?% influence
paryipnmlcby Tor pesPoinyst of | Hiter dotalnenaxdind atri ¢hs. sTieke, 1nput time
admén bQGakp &ﬁXlthﬂ BE Lhssabaed uie UKQ l@:L@;.te{c‘lh@.:Lne: breaks. The

di ff t t 40
RE R e RO e p—

the8 n¥FHPO0AIG7 1t R@fbAUQ@OMeO@@IS&ubstthahe aln thehéast N of one

1i¥%@l Hﬁcﬁ thl R RAQY 0f gbze l%@erﬂhéﬁgf&te t e qeiﬂ@'ﬂ.@é\ﬁ position
Ioca maxi mum |I.n the present %lgg (ﬁrrrent ati on,

S HOGEITERt bEoedi T PR (B NEFifouPTbod il 2do the ¥-
ne@.@h;bmqqrd ngnthad & [thaeimitihl chihteaibweak edtémste.NTRe corrected

llglg e 5‘.@6&% S '."J@ Séfep kjﬁﬁaliyn ut.slaﬁ §§ n@lt:l.ltv ll:hé,( @ﬂ@lzl.ﬁ§i Ssﬂz%f:@ I' sequence
5 text 1's shown the value o

mﬁat t%’?‘% fieed |3§°r n’ﬁgﬁﬁﬁcae Shﬁ@? f%wengﬁ%%w ?ﬁ%"ﬁ&a&?‘i‘ |"8ﬁ§ the steps
degbrited bboed forxinm dxamphe ot Fokers Apulrh¢ i greputsirengle between

sulBLS %QOQQJ:&% tﬂ%@ gl o%@c{(egeﬁ.tcolc{%e £SUIRELES 14 N&) while (b)

rea posI. | ocal maxinmum (the stroke

Shele h tthﬁe qﬁf?‘?ﬁﬂ’fﬂ%‘i@ eVHEtiRBerPt t HY -nefYMIGhr i 1Y rﬁﬁeﬁf‘nts the
dﬂééﬁéﬂtﬂ:md)ezgﬁg& sifbst rodeinn 41e vhaisds Neob i B0 (20) degrees

to Q@o ar&‘ﬂet E&npﬂ%é& 1&!51@1&{.@ o@ei\éﬁe 'o@gl Jaﬂﬁ'fngfgf e(f )t Qfe shownn in

| 'ne_ break position is corrected to the one before
(¥ he |argest pen junp in the N nei ghbourhood centred
at the initial line break estimate. The corrected

§ are finally used to split the original
rof oBLEAKS S into text lines 320. Figure 8 shows

Dughed gHABhSTHESEI Rt O8IV tie PRELS A SeiGhRANEERg pigoke groups is
usa8BOVEhikOobEtdE r@%¥anfy anOheldeagitexy. Lilke eMPULAPlANGreentations

seg%tﬁ%/{t% nb¥' ﬁl.lé.?g? Sgslﬁngﬁur%(i?gg vﬂlg\!,:\lg h.ﬁ%ﬁﬁ.g? g?ldrgcgz%%elr g!l.zgez b'rgaks {(e.g.
thee PRI PEEVIR) cobimms| 6F E@et) pr B afidgeg this, for each substxroke
ofdieldBF alhe atﬁiese;g:raaalsuﬁéttxake)s,etﬂhleng @hdreV 3l UPBeiOBS and X next

suthﬁqr]]ces( %9& ggrgsrlxeigs 0 f Z?‘J.rno ll-ll-lgﬁg\%ﬁg@ uéeet%ge%%k t In%@% than one
Supé@fd‘:ﬁr be e@ﬁh@ew -"-IDLFPJTGI?Q ke I’?éméﬁt'}"@é-flf:%@r%ﬁtﬁpnt Ré pen jumps

red9de of adeighhauerng csls OkeTlﬁ QIS réfce URBStrokRi Ss considered
te uItSLn mer edt | i,nes th_si ar

Pasgl e%t attl iy se%%r At et lBh MSr gffea“\(/ylf)e%a]surﬂ;’E FFgokes. IE the

Eughi dsanudistiahge iafdFeatad obésie pbiﬂé‘alpglf gogfween the previous and the

next substroke group is greater than D, a line break is inserted after
the reference substroke., In the present implementation D was set to be J
(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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t he space between columms of text). To address this,

for each substroke of every line' (reference
W49170ke) , the K (here 3) previous and K nexRCT/AU2004/000131

substrokes are considered. As in |ine break detection,

nore than one substroke is considered in order to
nAA0isllrfiteS | 0 @nPrigh@tddoktobkepadre] WaPSs ¥ rdkakede toracted 1ine -
efgding ﬁgng%d tét%éxk{ 1sTQ§s£g%fe§r€J‘%%a§ upstr Oﬁﬁ .Jmi, ther case, the

consi der € previous group fac
‘“’H‘&g‘u‘K@%ﬁlﬁEe §1Stl"=1ncﬁ h% Lo FOMPEesh bﬂF‘SeIealn gt gloiph epalrs between

t1 Agasted)@tidkepaNE Lainaehe ! NeDighdreus sttt B add@¥hed to the
11%%%{}1 e %%Eﬂ&lur{l 31 he A ML%QsDt r?ni{}éé@eesl g!;?ﬁgq&é that mome of

I NSer he refere ce substro
ther egemtelnpiie SR | BHPEE WerPms Ehe tRpih deyias arpefiBcgpjed in the
rdthfB&d 1ARedTBhaER:eh OBIES L OffeD ok NtheauRImgle SUBGHIAKR and their
(asI %‘ce> J.%fatethc%nl I n%u d%!r:e =] %alnd:l.ezg LN SUbsequent ly,

ARy T reaks be eEhe MR FHRATSS % he sane parent

stroke are renoved 328. The verified lines are then
LiGeNyelchedc i thamatig nal par ent strokes 330 and the

LSS ML 102, LIRS Bl SRS, Pt
eigghveswiong o8l §oei s¢tmedq flmt poidis prichi eespentd tol $h@Ohorizontal
a:ﬁQO%ﬂLR&AﬁutEEZF&AuZO% Q@Qéi&%ce&?g wak rﬂi&&oﬁﬁedaﬂsz.ng the EISPACK

nor e tro ar rts extractedll
SRR ST Yo B Stk ed) Soyaly (RodePEatiias By | fFoopy ¥+ Tkebe,
v. aﬁv-emrhearnd&:&seMOlm “Mainu il Fergd vistem nRaditd hemn ce BUSPACK Guide”,

L&@Hwt@@ebeﬁ\/&%ﬁ Ber Q’Q.ié'i:tcepaifcfls l@etﬁ\@f@dlﬁﬁﬁz | gPRIGEr-verlag,
Tine ored stroke is, assjgne

roke S
seaplan o B RS, camrhed oA A doE f oy oo Fbure 4 ave
shpwp nimafiger83U. Nbee cotmatted opwicotatidye dpl getnalakenknte account
thROAIMS OM Rt w110y tHR PRL, Ry 6& oae}gutdlaécakd%qpﬁfgmm@ary (180

d returned |lines. The extracted |ines he exarrp e
CEFT LA TER FheioF PHppro%t metiEony8x e sthise an initial
rosaoion ii® Riegleened@. ubindi hige Oesigintadéd omndist isonttheh Lheeline is

thiicﬁ-ﬁtaﬁt | A 'diff%uégdoﬁstﬂehﬁbgéis%gt ak! Ql'ile Og:.rtsbepo:.nts of the
genvector of the sef

first (principal
StEgFTTt STwHih ‘?°§§b%?ct1’-fl‘6 He ﬁB?laz‘?ﬁﬁLﬁ‘Fa %f-xutl%e ﬁ’ﬁét point of the
fiesmpsti@ke onf ofhd Henei geavEashorecvmRdperf otie huibengof positive

dl'fE&eﬁlzgg &%leé@fthﬁﬁr&el h\prﬁ‘d%rryo£ %eg%x];eh dlgfexgﬂéfése rthén the iine

Dongarra, B. V.

Loy RERe VBRI RA Ege s ARGt (HBTE iEE SPRRRNAF qbe initial
rokecionr dsNaicesptiad. CahpukerictScicane tonsValE tﬁa,e et baselines, not
coﬁ}_guéeldor.}nn %%EE nQS{]; Veéej,nagoe &Eﬁl&%& ZI. fgﬁee:%gr[ﬁgt eg zoning -

orientations he 1 nk ure are
mephod, g fhe ?‘P%“e&&?ﬁ)ﬁfé’d d&FF%‘fﬂdatﬁeﬁhsl’d’t?snoFo’f St purposes,
thacatinbntdiheeghdneet anOﬁ.nV\FigmnglmﬁférEhegd:dﬁﬁylcbﬂly positioned

508?%%?_‘. ;: S%LE’QLME?%%H&%D ? gﬁgrﬁ_ t 3 strokes of each

true" 0O anen
Lipgi (4| Chettat 04 | ROISEFS oF¥fod L ngnttqarée@'s:{omrra%@ts of the

coHpending hadmdtBec [1iAe witkh iy kéentiahe’ sTheuskhinhereneagie.
of the abscissa of the first points of the

Further example

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

illustrative and not limiting to the scope of the present invention.
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strokes of the rotated line with the abscissa of the

first point of the first stroke of the line are then
Woewdiodmsdl |f the nunber of positive 25 differ Beda¥2(04/000181
~less than the nunber of negative differences then the

line is further rotated by 180 degrees clock-w se
THHRC LW S Buédt Wlid icohdudtebalding ik AAEL R UectblewRBAG Crosspad

e0RSb11 915: 0 LR L haR el Ags cl)0hoa GOM, o0 11 LT S

usin a’'zoni ng
nmet hod on the segnented and deskevved text lines. For
EsfjeShaiit pUr poses, 30 the horizontal segnents shown in
Fi.qu 10 were automatjcal | S ned 0 that t
T°p§%s£t'f11} oﬁgﬁ’g?rﬁ"e cem%rléllg e¥h %é ?s’fe §X§ﬁ k&% 4 Pibceen (1)
pespdf wéreneskedl toheppy dhg pottenss acrie & lweleégredr bexit Page in their

owR0 mah&n@fclﬁ& endcomea@ol&uheegaﬁee}ns&éééivhw Gnwl {ihet !aeeaks, text

text oun rectan 35 er ex le T
v [t D Lt LI G et S SRR
capk ¥aspewiufired henbbdlwmer@frqghedbrgeeeat wrihieat styde antherefore

trfy @§€é]tp§‘e§érﬂ_%ﬁ| geRial m{:@%fl birsidll shd)Gikbampet hi‘?c:.ng as well ag
e i.s i ntended %éo be_ ner

2 THRRRTS 03 et ThBt SIS REPS GOPhES dobheor ithEs contatned a
pyinbse masEzgee Mrioen A@i20nt012004 /1B 78kitlle of the page, a list of
sp3Et/ A0 4A-00Q18 hnvflih-ge o8 XPRS Ia%et il Q¢C @aﬂm? edh arbitrary

ysing .ink data collected with Pad Port ab
ORI HP IR BRI 21 AU CEPFFO6/SPERpR icten azound the
cefxpel | pBAtagk S5idlo atrbiirathe q@eiﬁmnm obridnganiinsod The data

cotngf.stj:édn of e)ﬁ.‘f afﬂ.tn'eg Nor f,gﬁr t]_%ﬁ@ ﬁ%e%)ks Rgﬁﬂluﬁ:u\f? rt%etaﬁgﬁlmlng and
a sel ect ed I N

to co e contents of
oo B | TP RN TOAH SO i be al 179, BErdee: Tt kg of the
tehpoallyediest tskxbke | bfie eachertiat) oneranchaneddlyi viglentified and
reB@8ddd 0Rs %froﬁﬁlf examp! expage. . NR exifa pLaRS V\?a%sed by user

requi.red the witers regarding the ertln? 3/
C°Fﬁ%‘?té~f’8?e ‘itﬁ-t MRETGEEPpr ¥ ePEYd % Fo ot ISR of inef si#pEe ground
tratitediascreserentt tig ascawdl.| Easmplas nbKitHee hafidiratten pages are

sholie ﬁxgmrg page copied by the witers contained a
printed passage witten horizontally in the mddle of

the page, a list of sport names witten anywhere on
Exb&einages (in |ist format) in arbitrary orientation

Thgngez%gﬁuﬁgeerféﬁéntg&n %1.%} |SQQ %Q%ééde rﬂleE&ﬁs Q%éé to,'e; curs:.ve text

ar oun centra passage i n arbi trary E
coRMER OF T T RS, ek HRICe ST St-oPBRRA1 5194 e Taption was

evdDdateline theeakiEreeddeldbélithat hendreghlni NgnéNdwed approximately

0 the | (Lhe
hog ex of %?ageenpn"%?%ﬁn r,ng % r%gkLeQ%Frbeac%;} Bn average each
PaWér conkmaa| ¢8i cléﬁ?i‘f?”%‘e?han‘!berer ethPEeGOH%hJ@Eo@ﬁé the:tr length
sohétiirRe Neheedtntaekeamynenbrmks QS @ik D Yohelhed (106 lines or 392

11%.8 rigree;: C(‘lew e %99&&1'19 ngrcgu%d Eev Ih%HS I(é/xa\/\/léi}; ta%n in Experiment

vver e
A) . Examples of the handwrltten 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 counsisted of 4208
horizontal English text lines 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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truthed as "correct” line breaks. Exanples of the
handwitten pages are shown in Figure 11. Experinent
W@2@8/0Tr#e¢1 second experinental data set conpri SRAT/AW2004/000181
full pages of cursive text copied froma novel by a
single witer ain, line extraction was eval uated,
The g0} fie féfic é“‘lb]%‘“ﬁﬁt%é’tn & 11-Ti 8% Bretéunpff ORI | §indows
2000hoidingnivabudll hmyk . Watkferiinett €A WSE NGiMHd dRdl Woffleted in 1.85
secolnligeéédflu%f\{:ﬁé at.gj.%eegg gloaﬁagl‘?e Ci?tﬂt I negig@ lr%)ng S.stg!;&ﬂralent
ten touching err Ien
to ‘pRapEEdtaly Ked ?ecolnﬁs tRFFaP9% e é’&?léﬁgéom' a-‘ipﬁﬁﬁx%sﬂlf 4 msec
on ahie&&@e Qfersaatrél.dtae break sxydiiebnyes ey RMad Yangr G?kﬁpieted in
s exact ri gs of .Lh
296 SR, NERAS, Gt OPT A o e BRI 6 Rprplacery
0. ZSSSEqu’ést PRY Bask gy EVRige VRIS pprrtientslt 8- ¢ @@pc tqueaverage per
extrautetdabuhh&y ghet ha teddncel | 16 QLLENURLLAM: €8lhdFké@N A and

or | h i st hor ont al,
ERgT s% %:nexdtuel | neg1 n@gﬁfyleeél gi;‘renfq‘g‘ Sty guhesnﬁlérthef first
expem-'flefﬂér enfhehahelvali t time doetpduding aﬁép)rmﬁgal lay romdeetve line
extrh@t:ﬁihblécbéfﬂﬁteﬁﬂgBﬁsth@eid&ﬁerfroﬂsgotﬁﬂdex%ggm%ﬁé €fSand. B (821

re recor round truth
1ne30057 03755% FOPr AGBDAT00TEE e sy Fi PfGe™ 1ine. he
compippiiieneht edstonod drienGrlide stdmeBEEnr Ui hgpWadesss line on
averggé)olrusﬂhgﬂrﬁhéﬁalc Citis BXRRS i1HBMasAsWaS bl @'Bﬁge@nger line if

desk?‘ﬁ:g% ii Sﬁjf‘%-‘lgﬁ) J.S%ﬁglgsnds CTlﬂ“%‘g a%ﬂ.le;: t):1?:‘(15enta.l::l.cn:? gsgggatlon

approxi mately 0.1 seconds per page on average or
Resu@r OXi rrately 4 nmsec 5 on average per extract ed |ine.

Exper i ma B_was tinmed and conpleted in %)6 secands
NomeFh FONBYE GO RGPTT ORI SONL G BEEREe] g Table 1. From
the appridre nedceky ir0E2Semeetnds B (PagBnwereeragecbly detected

wm@p@agmz rraaﬂey So tIHEC &ma ae{ersa%@@efals%xtﬂeaaﬁﬁﬁé & aiso
er ence I n tl me bet ween peri ment and

re“%(f&er. ntfeEST sPARIETS t HECSTeRatey PERiTh YdPethevsiexidue to

largé | amslel varbatibhe swlﬁtﬂnexpmngrcam::hoiﬁcﬂm tiochah time. The false

negat £XC! (}iﬂb&&a&@ rﬁél’ge&‘ £44d) ahhy %!;ﬁene!inﬁt &Xkéﬁ%k% backwards
experinment on ata from bo experinments A and B

J“mp(@ff th4 Hé§'§“ﬁsé°‘7b§é%"§ i.e. 0.25 secs per page and 8.5
nsec per line. The conputational cost of orientation

esti %ﬁgm | $ife %?:Er%'io:lz 'Jé%uPEL- o§Vﬂpae9fm;#§ g;m;ﬁ ment

C Th tioe I ncreases 3.6._phsec per

| e
d
[ts]

deskevvl 3”? LhBe ¢ oF&F‘F?ﬂ?Yllsfadi%o Eert‘?ﬁlﬁﬁd af t ¢fPexrformance

oF | ant

é}vqsesl lt o
rrents—A-AtH B See

n
t
Exp /e en,,t A T4
Exp/ment Hn L3

o /\ nt.aodl :“ n.Tahl A O‘eaﬁ\m
Iol—\-;lépuuulu: - CCy
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y
From the 392 line breaks in Experiment B, all 3392 (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). Cumulative rezults for both

experiments A and B axre also shown in Table 1.

Table 2 presents results from Experiment €. From a total of 4208 tesgts,
2910 (69.2%) line orientations were computed within 1 degree From the
ground truth wvalues. This figure rises to 3963 lines (94.1%) if we

consider deviations within 5 degrees from ground truth, since the
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20 while eight false positives and a single false
negati ve were al so recorded. The fal se positives
wd 200&0TBECt |y broken |ines) were due to | ar gerGuigUm04/000181
variations w thin N-neighbourhoods within lines. The
fal se negative (incorrectly nmerged |ines) happened at

o:%g%l@a[lr Q¢hdy %eb@%&aég&twbﬁ’gt%lé%ﬂ h§e1ﬁynl§§u§fé|f 8Rientations were
e XtractiQn results . .o
Eepdiiredt ACGRES AP e o 100 | S BT 4 TR @ they anl

cd¥e¢$mC@ dypebkEinBet ot adiipostts \p@anrﬂ@gat Pxiemtation may not
béfléaimﬂ&r Qéd 490: Gothe x2RS1esEXR/FRALe B2392 392 5 0

0.993 ota 793 792 13 1 0.989 Fromthe 392 line

breaks in Experinent B, all 392 (100% of them were

det ect e@aBlc@e s@fmhrlhyentl-bv\meentdthem eabpati§nfpdoygbts

W%i"d&g‘f&& 35 &e&ré e T atTTTe ARG € | s150
ved rahdHns|invol ving el ongated ps@epelES Pr degrees degrees

¢, @escender s|see FI gur e244 (B0z)anyeXangse) | cduousaii ye (os)

results fof (boidy) experinents A and B are| al so shown

in Table 1. Table 2 presents results from Exper i ment

O el2) Wl pEQJtE@JmaBEe %stchqavﬁlg fgémﬁg_ltpaé 89229 line

orientations were conputed within 1 degree fromthe
ground truth values. This figure rises to 3963 |ines
o 9d . -1l9 5 idp wel.sceasi/der deviations within 5 degrees
fromground truth, since the 22 WD 2004/077311
PCT/ AU2004/ 000181 original lLines were not exactly
whEE? | dfit Bt NYERAIN PY - $aRE BT Ve AR AR - IR Breafr FR hathe number
ofl BaTiag weestidickl &tifn thamunber grfoAllsd mehtared .t Nels the total

nuaLL_r of %{o%i&oéﬂ%ﬂe& Q;§0QLL4d nes for which the

rincip orientatiron may not be reliably conmputed
(see some exanples in Figure 12). 5 Table 2.
ThEXWéHdH&en&nClhé)éhanéaé@aﬂﬂmﬁstiﬁ@a&k@raﬂheaubéEbWTOFalse positives

eqgre re
N
pa(:g_s 699" pil) ( gp:gg@ie:gad(m :.n(ig@:.dg@e. 'Fén%%niﬁir jRase no problems to
suaaé&lﬁhﬂweﬁmlgf ﬁbdtﬂ.\éfs nga E,-ormﬂlag\ws wdSehardéed=sddmentation

or. rec%%ﬁ%londet q{oweJ . er e ejkl(zszeslsz é\tn:t]seseg.urlbgé n%:ﬁ'eaks) fw;i_ll most

ecred 1'i ne the™n
llfcahsecpm t ﬁv@@eanwmﬁeﬁﬁégnmﬁbeﬁa@f therfonegdieiles score  is
petaliseiheeadotal nunber of ground truthed Iine breaks.

The only false negative recoxrded 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 ave directly affected by the results of the line

extractor.

Apart Ffrom 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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15 The weights in the above equation are expl ai ned

bel ow. Fal se positives are usually not as detrinental
was0o/at’sel negatives are, since broken |ine par@BAGNN4/000181

be considered as individual |ines and pose no probl ens

to subsequent processing nodules (e.g. zoning or
ré&@.@.ﬂi}ﬁ @@Qﬁéﬁtﬁ rth§ egmbat 100 2ok &S, O@Aki i), performance may

d | b I
dcﬁr\é\gi& a.sc 2.k esqlﬁ. ? neex%rgnrpalssg | ??e)nl% rase:ngeg)maJ.n#. ue tt.o the fact

processt g here
thalre ranglﬁc Uﬁ@%tson@éw&rvfﬁ@ecﬁrhemwér nedgidbogring fSaP%fécokes are much

1a[i:%gatﬂh\éﬁ :[:EQ:QE.QQQT lwmtﬁ f&ma&ﬂyeu@ao%hmtzs_s wag S&i¥e6n, due to
a.correct

on ack
tbt?yfagf’%mpﬁtﬁ\cfl ng ?’ﬁe WH?Jhecc’ C2ABWACTH ‘JI-'—hagnurN 2 (here 4)
sw&@):rokﬁhe bpen@tbmeakf Wekss |aﬁer@r1rtémt by ésta mepredstiafiopd extremely
‘ec 8l r&fel bPMNwoN$L8ae) Ofindh S elfoctbBOELhar Erstaysd .Ng
a fal se negative (miss). A though the Iine break
estimate is wong by a only a (small) stroke, no
Tt t Smpitivdsy mede the myaslateveheetfmudeness'lomf thdiedata of both

eﬁ%ﬁ:.{n{mﬁzg% %QLdV\ﬁ”&h aV\ﬂEHCQJ.5§Q>lfl fl?re@okf Orfﬂeys %mog parameters was
semanti c_informati on (assuned unava Iable but al so

2YeRoRfddGE SFotHe SHDIETaEH P BT E jggres 16, 17, 18 and
1g.ectigniftiten gysprensidvsc hclhate pdrfeothye aﬁée@ttemEbywhdme ignoring
txragéxj:gotr? Oétngtlge cl'HaHSes e)ﬁgicﬂﬁt Qb - t%S é&tpard‘ég{’éégn tﬂ? the present

ITmtations of proposed net hod cause
impleRpration 8kt A95E 1o PRt U GvDEh SV PG lemantation, without
a dssEmps | pertdneeaes utise yyrebh t Hiduspraees ethal ggownd hgraph  shows
tﬂéﬁylﬁﬁgﬁﬁf %n%fnst%ﬁégt étﬂ %rgﬁ}o%béiﬂag d%é rho%ngﬁml ¥erformance

size due_to the lack of an adequate nunbe
£t Hofiies ﬁ""&ge2§fV\(§h206&}%)t7’-7'81f1F%TFB\’€ff6’6’&710051118?L step of the
alngei:itaxbl yas eggreninonbhehedibsokes imntwess wbet okesimprove accuracy in

sitb] rean!é;}e}hfngﬂ; OpERG e T hur 80" B ASvAcSH, o the metnoa.

ont sizes nainl due to
Paﬂ-’ﬁ‘a‘f"‘aaﬁﬁl & vERS afiHaHs FaRketh l&r"&ﬁﬁ% B‘fe%e‘#ﬁ'ﬁ%‘&ﬁ ifRyal waxima
es&ulbeﬂﬁbﬁkmdawesmec hw) | acgakly hahei Belddttibmgpfiviut s not critical

f gnt SI . i{d O
assu %'X% ?% q E@%??}ﬁgg 5v| fcdo ntr%a?l (rjiéél’grrgég éT‘I eﬁﬁ)ﬁéer than
méﬁéTségﬂ?nt%a%t r Bk%s de%?i@ftat‘faéﬁe f(8p he*v%ceorvraﬁhnermen in  the
pradidine ONSeGldriigerttfs Qb REPLY LashDy! €& fouRBe @faphWehows that

belsgt éei{flarlll%rﬂz%s f'LlE» Sﬁ gc tiﬁcge[ptegd&% SEQ@' &ro}g n?aﬁ%nb uﬁhood gize

SensSitivi Ve per ornance
inohy FEpge ]H?té’ﬁﬁér'ﬁ fefAt L2 -AThitl vBlidetgst thretlindhisd sehpiag of the

st@bkd heigrohendca pafameters was al so studied Results
are presented graphically in Figures 16, 17, 18 and

19. The first graph shows that performance' is stable
Hehen thymyeragt rerbpdeversp:angl e changes bel ow 20 to 30
degrees In the present inplenmentation 20 degrees was

gosen to.favo over -se nt ati,on MAthou 15 Y | oss
4 n BT RPHAE WS FREeD: Ao 18t Far Bictarh o5 aan (Rl sen

tegi: aphinghowst arbitrary individual length, orientation amnd font

gize/style on the same page;

{ii} is =robust to user mistakes, overlapping/touching lines, non-text

scribbles and diacritical strokes;

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

fast {0.25 secs per page on average);
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that ignoring small strokes at preprocessing does not
af fect performance for a wide range of the relative

wepg/0feshol d. This step of the al gorithm weE€T/RERE04/000181

nonet hel ess as it was shown to i nprove accuracy in
sinpl e experiments perforned during the devel opnment of
(ifie avek hast Z2QyPredw@ngass echd deigeddnr df giePphinternal parameters

t C a X t|on wi ndow
(%’O% g%’%&h‘%ﬁ Q%%geﬁggl %f:etnlgo%amg %ﬂtﬂ Bt critical
in the range from4 to approximately 18. To favour
(0N edogsahber rddiabe HILIRR NS eGRathA b caltién dgfadtlEtc information,

[ chosen in the prelimnary
muggggr%@%t%pﬁgs:ke%f Lastly, the fourth graph shows

that 25 best performance is fairly independent of the

(8)r eke ReLFRDAUREOALLE] Eved rbastai&ersamﬂﬁskﬁaﬁﬁ\ﬁﬁ@kgwﬁﬁdwnl not
1%) This validates the initial setting of t st rok

“Het ghbour hood size to B. Hence, the present

met hod/ system 30 (i) is experinentally proven to be

(@Qbedb@s eagtr 35;1 @BnddrAentldNihiVidith&P tdeLXhntli N88e0br the inter-
vidual length, orientation and font

s%?%‘ %f% %n the same page; 35 (ii) is robust to user
m stakes, overlappi ng/touching |ines, non-text

(#iahh bl @ﬁdé’d&@dgﬁ@‘bfﬂ bi faaalt,maséer k&S a.('ﬂi' 19 deSiRRACEL Ydrform well

co utatlona le.a rlthn1and |s r asaonabp] .y
Est DESE e STIPDaao D MY oP Ay, F%hn GDF-iiic amd their
vRAeni@RE7311 PCT/AU2004/000181 (iv) does not rely

heavily on the selection of its internal paraneters

(good perfornance ac L eved th the default settin
Ry 5 AGT TR BT T P AGASHI | Hat P CeRe ' baseline
(syppasidy setyaibbe rﬁamleah, and therefore it is flexible;

(vi) can extract lines mﬁth curved baselines (although

deskewi ng wi,ll not work 10 (vii) does, not_ put, .
Gl om 19 Ths BT BREHRY PERESPRTSPE Fife 188 (Frothhiidpe of input).

stroke distance; (viii) is independent of a |anguage

Tﬂ@@aht@am; Sesi@neded &s&f 9{&@ \@tk qél% gn&]um%r ogientamn

s¢ripts including Latin T9¢ and iheir
eSFAPRLCP oS (fﬂszeer&aﬁlfé@#vécﬁe%ﬂ/ é%i-‘?gfra?% tigl vages of text
coapigningt bonspl tde tlExts baswlteneby(assafffgest r @rghirs. Of the

cdﬁgﬁg tﬁgﬂqggol (I!HQ b@éAkQV\’S'%JZO Eveké‘?o%@?é@l@' d@JeQ:‘ES&S'oQQY one line

tine o
break was mlssed by the algorithm, and 132 non-existent line breaks were

introduced. Line ozrientation estimation was tested on 4208 manually
rotated text lines. The estimated orientations were approximately 70%
within 1 degree from ground truth and approximately 9$5% within $ degrees.

All experiments were performed with the same default internal parameters.

Improvements could include the ability to handle lines with sigunificantly
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, dindividually or
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The suitability of the nmethod for |ine extraction and

line orientation estimtion was experinentally tested
w2y 7381 f ul | pages of text consisting of 82RCT/AX2004/000181

lines witten by 14 different witers. O the 25

corresponding 793 |ine breaks, 792 were correctly
caletegivety, Qu yangnexr| ke cdib@Akctms BE SRl &y rofre of the parts,
el%ln?ﬂsl toralﬁnge eg',s agﬁnivﬁéﬂ'eﬁkegéeclff@g :Lk.)nrtee%iérss Wk Crentioned herein

i nfroduced. Line orirentation estimatTon was tested on
whighghayen iraPfy edrdyaleals t Bxthe) ask . toTbiehtihepfgention relates,
su?hi SR | Qgﬁi%ﬂéﬁtfﬁpgf@ﬂdﬂaﬁefd ytcilo% 9\gﬁ(§}ha-paa§;t@t§gna&in as if
. fro und, tru and approxi mately owi thin
m&é‘é{fﬁé%g?yfgtﬁcfrttgkperi ments were perfornmed with the

"sane default internal parameters. |nprovenents could
Alitﬁ&hgﬂzg ergé heredbizdat ¥r&1§ctﬂilﬂ§1ﬂd|th§s| ﬂ;g&s d&%&ﬁ?é& o Beeant | 3 should

curye aselipes an e_auto .G, (adaptiyv .
bel HASEESRT dral T tife (et B bR, R argmrations can ve
madif by onkerie ohdindyweskidloll dde Art attibrwaderaniiing from the scope
ofPEES QRboddtV eMNd®RAeon a2 Nethod and systemfor |ine

extraction in a digital ink sequence. The invention

may al so be said to broadly consist in the parts,

elements 40 and features referred to or indicated

herein, individually or 25 WD 2004/077311

PCT/ AU2004/ 000181 collectively, in any or al

conbi nations of two or nore of the parts, elenents or

features, and wherein specific integers are nentioned

herein which have known equivalents in the art to

whi ch the invention relates, such known equivalents

are deened to be incorporated herein as if 5

individually set forth. Al though the preferred

enmbodi nent has been described in detail, it should be
under stood t hat 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 ati ng angul ar differences between nei ghbouring
substrokes, or 10 groups of substrokes, in the
sequence of substrokes; and,
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determ ning the positions of the extrema of the

angul ar differences, thereby identifying the
wa@oegtrsaes at |ine breaks and enabling |ine PCI/AU2004/000181

extraction. 15 2. The nethod as clainmed in claim1,

wherein a centroid is calculated for each substroke,

the centroid being used to cal cul ate angul ar

I f ces between nei ghbouring substrokes, or groups

Tgéthggggrokes in the sequence of substrokes 20 3.

The method as clainmed in claim2, wherein substrokes

iare gr owfedd adouttige sekeciddofulisi r gkedigital aink sequence of

hm&%&gs oY taetg A SUPSLL QKRS &y ofuas bsga ge

group o substr es the centr oi e prece
gr oupPEHEing I?es‘ﬁfﬂlﬁeoﬁ?ﬂ?nﬁ? FPrELRd pH I PEIATEE LT ﬁ‘émkes:
angULsagmeﬂltﬁﬁgarteecemanceh héntcsal sequRiles WS shiBirokedd bl applying a
stro Jet h%%ta%.o%' Qig}@gtﬂ n claim1, wherein the extrema
t e e Al e of the sequence of angul ar

d| ffev%esnm aamﬁemﬁi%ﬁereﬁce% bbB¥ecokeciabhoerigg substrokes, or

gBHHRS of %51—.::01;89 Nkt bl sAguddcal 68 GubbtkEs pr@apf

cl ai erein the str ke Segne tation
algogs% n1|n udes ¢ REEYERS O?P sHBot NPT St r Gke GaFa 309WieT

dptfierencesg onheriEkiy adweilléwme thel euwrwéaeh akj nigne breaks and

220NBHLIGeNAChENG . SUCCessi ve stroke data points; 35
segnenting the stroke into candi date substrokes if the

difference between successive relative angles is
2gr eaflee mefthed @aspebziaedt br cdiadindl, wiadeinmegr gepkgoid is calculated
f&anebelet QuSiISkE Ok asel NdtdotdibBbiRKeubda t RS muﬁme angular

ection successive candld e. substrokes is
A PRy S e Sl S RO oag Sbterokes, in

thd Femethcenofsybarrekes. clains 1 to 5, wherein the

st roke sequence under goes pre-processing. 7. The

nethod as |ned inc wher ei_n ocessin

i ncl Elbeeé"e“: e?‘f"b\ﬁlﬁém%‘;a ﬁgiaﬁ'f‘s 1 h"ﬁ'lerg ﬁ‘é’g%‘“ﬁﬁgngﬁe grouped
aliduteshedlbcdpdt subserdheorinte Prreceeding dadwp 6 Nt substtdies and a
snmsglqﬁ@lt b%ﬁ%guﬁ%%st&kezhetﬂéet:&%}o% & %hg%g:eb&i:.ng group and

claim.6, "'whérein pre-processing. | ncludes _rengy

tRY  ERIGNRIR MEed FﬂaﬁaJaC‘il%F%sﬁB? dPBHGEh dlttetence at the
salienead isahsicohpared 10 to nei ghbouring strokes. 9. The

nmet hod as clainmed in any one of cIainB 1to 8, wherein

the stroke sequence, under goes, go rocessin
. The method as claimed in~ clai herein th& extrema are the

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

substroke seguence 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
succesgive stroke data points;

segmenting the stroke into candidate substrokes 1f 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

bet ween substrokes of a parent stroke. 11. A nethod of

i ne tr Lon_in line digit equ

handw?ll)l(t tr%%%tgxts d%\lt%a Ggllnrt sa "t ﬁgérr%'t h%% fn%c ug{?(r:l% ?jhgrem £he
steFs BfqueRer (ua})iewamﬁengr%egﬁ%We sequence conpri sed

of a sequence of strokes; (2) renoving small strokes

HeSS g&lan %h&é”ﬁeSh9L£%édeQ?trh 1&3% S&ﬁ@%@ﬂ&'%ﬁ% L;H%GSSlng includes
strokes into a sequence of substrokes b
ETLRY nepte r@llaﬁ vEhangite fleps elledt: 19 n"ehr§é]@‘hlé‘ntdlsta“ce from a
faRacChd Gt S HRERSSInV ehS i gkan1datia spahdtics;, and, 25 (B)
segnenting the stroke into substrokes if the

di fference between successive relative angles is

§r eat Bre migahod 57 edetred: hp esididS. afrein)Predeficef §ingg includes

t&@;ﬁﬂ@%&ﬁ:@k&s tBht larBel seaks, at hekehyld aeidtnt atrieRgion compared

LO E@gtlg@top 30 (A) conputing N-nei ghbourhood
cent (B conputi ng angul ar differences between

N- nelghbourlng substrokes, or groups of substrokes;

and, (K cenputing-l9ead ﬁaxaingmoﬂé she-1angsl arto 8, wherein the

dlfferen%gseg%ngggoege %ng%cggg§%bstrokes 35 12. A
Sy STEM TP 9 NS F At I orF i I"gi tal ink sequence

of handwitten text dat a p0|nts the system
@@Wpftﬁé ﬁt@th({dl)asaﬂlailﬂtﬁﬂtlrd%\ljaﬁte o OwdHeah NpastShFdkesing includes

%lilr%rt]ceanco nreI redaks be%weer?%uggtgre kgf Sg £ Olg(aerséht sq g?e .O
f§3 DPLesESr PTH E onmiRT catTon W th t ReSThput. devi ce
and adapted to: (A segnent the strokes into a

§Eque.ﬂcr%t@f3dSé@&tlhgk&&rbytlo&pmhy;jtrnganalﬁ{er @K@ital ink sequence of

%a rJr.]tgtaét I On al 90“ %Jhn k(eBz'neghodClililaf %1?1‘nqlﬂleasrteps of:
&1 enles et iee nelgh ouring stro es, or
gr oup$llofbtajiydng okééroﬁenst?%@%éqﬂt?@ﬁé@e@f S @bgfcwvaé%;of strokes;

and, (%) rdﬁ&ﬁ&&i aeat h&ﬂ@@@é tie@nsraf 4 h&ir@éﬁcﬂﬁnﬁarﬂfhl he

angul Lences, reby identifyi ng
subst ?%k segm%n% %%Brsetd:ﬁg étenablel g C E substrokes by:

extraction{?A)13 Coﬁrmt;lsg/staenrabatetfal m@alw 1°(§>I1fa| fRch2, Litee Segment
pr oces&&heaetr@gsmatﬁcé LoroReniqr poidie; metd)od of any
one of t|1€(é¥ a%ggen ing ghe 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 extraction, 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.

i2. A system for line extraction in a digital ink segquence 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
representation of each of a plurality of printed

docum?E‘} Sat ggg{'ssey {‘J %% %léggpgn WH%L{ﬁ?ICg&Ut device and adapted

machi ne-re e identification data
&#Pstinguishes it fromthe others; 20 b. a second
dat abase f qr) st@michg anvotaidken dheph tal sédiencd hef substrokes by

annot gg#l%q_ﬁglaglstc@)kel gg%rge%gggf’o%ngi&glgﬁmrl east one

physi c ndwitten annotation on at |east one of _
the printed® dotdrehtts; eraylagr odelisernesnf PGhYEd t gelghbouring
25 i . ssegnerts,t Be anpi atf etbdirgkdgl ih Ndhel Bé@ehb®ed substrokes;
using_the nethod of claiml; ii. accept a digital ink

query; 1ii. match the digital ink query against at

| east sone (BF deteemimditat PORLHICHFt &f Fhtk $5frePe of the angular

secondi fliatr-abase, dRre3p idwerebyingdanti fypbatrokes at line breaks

correspondi ng ;one_of the documents in the first
dat abase. '15. 'A"searchabl e el ectronic fili ng system as

clainmed in claim14 further including a handheld
sensi nge deviker f-0k1ganar ahi fihihhes anmet atdRBs6d Getifd adapted to

Lok L0, LOLer PLLgN W LB 9°cElialhe & by 8l Tty of
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;

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 digitzl ink in the second database, to
thereby identify a corresponding one of the documents
in the first database.

15. & searchable electronic filing system as claimed in claim 14 further
inciuding a handheld sensing device for generating the annotation digital

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