1 Digital I nk Database Searching Using Handwiting Feature Synthesis
Technical Field 5 The present invention broadly relates to digital

pr ocessorwonplosszent ed handwiting searching or recogniti emaTss@em®s and in
particular, to a nethod of and apparattus for searching of a digital ink
dat abase using handwiting feature synthesis froma search query in text
form 1o Background Art "Digital ink database" as used herein refers to a
dat abase which stores handwitten characters, H)r axar’r:ql.e al_;stri ng of
handwr i t t Digitaldni Batabaise; Seasebing: UsingHandWEtH g Tealuse,- pased
conputing systens provide a convenjent and flexible neans of human-
conputer interaction. Mst people éyé‘t\hﬁﬁﬂsf amliar with using pen and
paper. This famliarity is exploited by known systens which use a pen-1like
device as a data entry and recordi ng nmechanismfor text, draw ngs or

cal cul at Teeknigal Eleldre quite 20 naturally supported by this medium
Additionally, witten ink is a nore expressive format than digital text,

and ink-based systens can be | anguage-i ndependent. The increasing use of
pen coNPThé libges%ﬁ'dirtvf&ﬁtieﬁéﬂgmigeeha‘teqa‘apéirgiﬁahpmbeismrgmm@@gnte@dlqnémmged

conputing resources (far, exanple see;.P. Lapstun t
Over vi ewseaseipg Q3 IG6REMEBPSHEBE 21 it p%’hf%iadhé? %ﬁg?&gﬂg%ﬁiﬁag}) %{,EémsAnot 0,

Ericsson 0B VBNagefa TakePansandifanaidvitiog tfteeubd giithbsiéfeomid h t he
Anot o Tegﬁno B%HQHE OPr eggéqlgel easea, 6t h Apdr%?I, 2000), has highlighted the

need for sedrels qneryuegexhform.are able to store, index, and search (raw)
digital ink. Pen-based conputing allows users to store data in the form of
not es and annotations, and 30 subsequently search this data based on
hand- drawn queri es. However, searching WO 03/034276 PCT/ AU02/ 013952

handyg i t Bigkgesand Arore difficult than traditional text (e.g. ASCII text)
sear chi ng

"Digital ink database" as used herein refers to a database which stores handwritten

characters, for example a string of handwritten characters forming a handwritten letter.

15 Overview

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
20 naturally supported by this medium. Additionally, written ink is a more expressive

format than digital text, and ink-based systems can be language-independent.

The increasing use of pen computing and the emergence of paper-based interfaces
to networked computing resources (for example see: P. Lapstun, Netpage System
25  Overview, Silverbrook Research Pty Ltd, 6™ June, 2000; and, Anoto, “Anoto,
Ericsson, and Time Manager Take Pen and Paper into the Digital Age with the
Anoto Technology”, Press Release, 6t April, 2000), has highlighted the need for
techniques which are able to store, index, and search (raw) digital ink. Pen-based
computing allows users to store data in the form of notes and annotations, and

30 subsequently search this data based on hand-drawn queries. However, searching



due to inconsistencies in the production of handwiting and the stylistic
variations between witers. 5 Digital |Ink Database Searching The

traditi oD oaes420el of searching handwitten data in a di giPCalAtopkixdat abase
is to first convert the digital ink database and correspondi ng search
gquery to standard text using pattern recognition techniques, and then to

match the query text wth the converted stag]gard textg%ée t he .dat aba
Fuzzy tehendwsiteniterf ifetnie difitapd! B@Qntral‘btlﬂé texb 468 texp) jears %3

Dowl i ng, féAgBr ?Ea tgn k& '11'?Qh§/?3t1‘85'ﬁ& 1w of FRORMILAE Rl HRYSy1idi2d diriatidBs

381-402, ormte matc Ing 1n the ©presence of character
errors, sbbtﬁdeﬁwritersthose produced by handwiting recognition systens. 15
However, handwiting recognition accuracy renmains |ow, and the nunber of
errors introduced by handwiting recognition (both for the database

entr| gs %}%ﬂ%f’fnl&]ﬁ&tabﬁ'@e”@'&!rblﬁ&%” query) neans that this techni que does not
wor k € process of converting handwitten information into text
resul t s [Thetthaditiossl wethwdsofysriat¢hinathandweitien dstta impoligdel ok dadakasaiindOt he
Somer et TRLSoangr B ARiF RHGREAb AR o SRR e % FARIRE

sone | et

handwr i tgf Wik patt&h%bogﬁﬁbnqtecﬁmquéﬁramtiythemus hepeh thdgidryaord W;/ch tha many
handwriting styles épartl cularly cursive witing the identification of

i ndi vi duaslonvetmd atondrrl text Hngiheydainbrsgubuszy Mt\ﬁeﬁar%ugg reetiAfy haye Hgen

directly se n n Xi di g@lﬂgl nk %lﬁ? a oML it he
pri o(r:ltoar td'S ‘2 % geegxgrrp}thﬁ &rﬁ%Pg%n ﬁk berAgglt %%aséﬁmgks(:“ tl)lltl)IFger A
Tool for GedpehigSublegist aR(4)niop. f&lewb,aip&(gsttmft peh@rﬁccm;@ompwlmg ithen

I nteraction, pp.58-64, 1994; 1. Kane " Fast (;2 et r.i.e gJ

Handwr i t iDEBEencRO6 ChaFctyseTsersy Fian thtq thosp PR HsiF4) b )Cgﬁ?&"g o] r8f’|°gmt1°n

Informatlg ?r[&d 30 Knowl edge Managenent, Rockville, MD USA, Novenber 12-16,
1996; W D. Barbera, P. Vallabhaneni, "The Handwitten Trie:
| ndexi ng El ectronic Ink", The 1995 ACM SI GMOD I nternational Conference on

Nanagl%ner}-tlowfeve?ahandwsg 1ng C%gcd gnvpog%/cgér%%; ?enﬁ%gsﬁ%%/a% St%% number of errors

introduced by handwriting recognition (both for the database entries and for the
handwritten query) means that this technique does not work well. The process of
converting handwritten information into text results in the loss of a significant
amount of information regarding the general shape and dynamic properties of the
20  handwriting. For example, some letters (e.g. ‘u’ and ‘v’, ‘v’ and ‘r’, ‘f* and ‘t’,
etc.) are handwritten with a great deal of similarity in shape. Additionally, in many
handwriting styles (particularly cursive writing), the identification of individual

characters is highly ambiguous.

25  Various techniques for directly searching and indexing a digital ink database are
known in the prior art, see for example: A. Poon, K. Weber, and T.Cass,
“Scribbler: A Tool for Searching Digital Ink”, Proceedings of the ACM Computer-
Human Interaction, pp.58-64, 1994; 1. Kamel, “Fast Retrieval of Cursive
Handwriting”, Proceedings of the 5 International Conference on Information and

30 Knowledge Management, Rockville, MD USA, November 12-16, 1996; W. Aref,
D. Barbera, P. Vallabhaneni, “The Handwritten Trie: Indexing Electronic Ink”, The
1995 ACM SIGMOD International Conference on Management of Data, San Jose,



3 California, May 1995; W Aref, D. Barbera, D. Lopresti, and A Tonkins,
"Ink as a First-Class Datatype in Miltinedi a Databases", Database System -
| ssues arwO oRe3ea¢ ch Direction, pp. 113-163, 1996; and, RPCVmueanizs C.
Han, E. Riseman, and W Croft, "Indeging Handwiting Using Wrd Matching",
Proceedings of the 5 First A CMInternational Conference on Digital

Li braries .. 151-15 996., These,syste se a.simlarity. nea eto
conpar e acﬁ’gg?r&}%wa%a‘o’?%’g@’si%g r BRTOETdky 8_?”_(3&&’32166 ostglflgﬁeif i 45 a
dat abase Pfrsf-eaiddr DavRgpOlis NRNtivedid DunBResdi Ditd@ase | SYsidat agasRs dhe
entries in the database that exhibit the greatest degree of 10 simlarity

with the Bewaychldireeianm fad HS-hed.chdl0; auliRi Meamagha,s@mblaap gt Riskemen,
. e . ho "
of ol T oL o R b bRBAS, SENETRAR BABLE, BEALENL, R HRORL O

Karrel ,5 anHirt 4 CHIThedbhaianil Confltenod oandligtiap &5 Biawsesf pp. 151de3d nogs. Pl ural ity
of Handwitten bjects", US Patent 5,649,023; D. Barbara and |I. Kanel,
"Met hod and Apparatus 15 for Simlarity Matching of Handwitten Data

Cbj ects”, T#;%rep %{s‘?éﬁls sd %%ﬁrﬁﬁ@fit@mqa?@febt%{_ﬁor%ieq‘ feAfrE h\ﬂec't'(JYQfeQR%da%ngflat ent

Appar at us orage and Retri‘eval of tten I'nformation
5, 524, 240setaf Baarparea suvdtevith efdatdbebe lnddeatiioy véctdesxderiy einftofBe threcdiigitgl

Handwitte nent s, in Dat abase" S Patent 5 553,284; R Hull, D
Reynol ds,m%ngg%‘. Bgrptlde, entEes | Boithe I\%a(tf%imsﬁgﬂ}atlﬁd}i@tteﬁ%e FEHCY 1 80816¢; O
Poon, K. V‘ﬁﬁﬁlarbtgnﬂiti- th@acg.ﬁ%ys 'aRS RE(0bh &0 a8 Richt MRELC A W ti o ML CRIME 2BProaches

Handwri ting", Pat ent 7,254; and, W Aref ‘and D. Bdrbara,  "Trie
St ruct ur ectBatredn Nedao draung A\peatitaoniags sahemedtx iamgidandegueamtidli seprch of all

Handwri tt Dat.abase i th naim c._Sear ch..Sequenci ng",, U ent, 5, 768, 423.
25 Ot her g%@?e@, fh &‘ﬁ\é\ﬁ"’rs& %‘Eﬁ@'ﬁ&ﬁm&%i Pr rﬁ%%%oﬁegff%?{&ﬁkiﬁdng",
Bi ol ogi caVallgybhafeng! i‘Methddand 38 &@tus_lg_&l,lnaébﬁné\/a BURgRy N HMNIwkisabdY
"Dynam cal  Encoding of Cursive ndwiting", |EEE Conference on Conputer
Vi si on andbjqsis t,éﬁﬁ%@mgﬁqmea@;_ Podiarbarasend beKamebr MethodmsdleAppheatus
physi ??l ﬂ{roﬁjﬁﬁfléﬁﬁl Matcﬁlﬁgdd’i" Htah&Qriftf%B Bﬁ&dmhéd@%’ égrﬁﬁgﬁtj §,‘71%9916; D.
Barbara and H. Korth, “Method and Apparatus for Storage and Retrieval of
Handwritten Information”, US Patent 5,524,240; D. Barbara and W. Aref, “Method
for Indexing and Searching Handwritten Documents in a Database”, US Patent
5,553,284; R. Hull, D. Reynolds, and D. Gupter, “Scribble Matching”, US Patent
20 6,018,591; A. Poon, K.Weber, and T. Cass, “Searching and Matching
Unrecognized Handwriting”, US Patent 5,687,254; and, W. Aref and D. Barbara,
“Trie Structure Based Method and Apparatus for Indexing and Searching

Handwritten Databases with Dynamic Search Sequencing”, US Patent 5,768,423.

25  Other studies, J. Hollerbach, “An Oscillation Theory of Handwriting”, Biological
Cybernetics, pp. 139-156, 1981, and, Y. Singer and N. Tishby, “Dynamical
Encoding of Cursive Handwriting”, IEEE Conference on Computer Vision and
Pattern Recognition, 1993, describe efforts to model the physical properties of
handwriting for handwriting synthesis.
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Di sclosure O Invention WO 03/034276 PCT/ AU02/01395 4 The digital ink

dat abase searching techni ques previously described are dependent on an ink
qgquery thawoiog/ogener ated by the witer who authored the di gcoralvozak3os

dat abase. However, it would be benefid¢ial if a digital ink database was
searchabl e using other input nechanisns, for exanple, using a text query

entered with a 5 conputer keyboard, or spoken and.recogni zed by a voice
recogni t The digisaleink daipbasenssprehing ,te%hnclﬂF?sdpffé’F?Vlms%ﬂ%eff?rg %paepgﬁnfhe
digital |nk dafab Li her ' | 3hoT hanewd thadigiesl Ui ng a
t ext - baséélgka&lugélg.(ﬁﬁgx @gt gﬁfgggidég‘?cﬂl}}i ?\Iégu‘g}llﬁeg ﬁ%dwri ting feati%lre

synt hesi gatabasand@velieg) ttakoildkbe benefitiabifse digitdlank alatabtasel Wasi yegrehable

t ext-based query. Using a w.ter-specific handwiting nmodel i froma
handwr i t ¥$188r @965 iPPHo Hlf‘&%}%l%lémsorfgg Lﬁxflgm(i%’ Upig; ?n"ﬁ’étg 8}‘8%88%2‘?& \é%?%x
querysis tedy Vet 8o onlAld B ea Svdité akecbgnitibhesysanur e
vect 05rs %Cﬁg?ﬂ%uﬁ‘%,ﬂﬁ%% %gg Hlé% rﬁlgt ed r%d the&aﬁt.hor chtght:a 1di gi}:al i nk
dat abaseAltertdtively,he thesd pauiermapywishntd sTarshf Gt digital dpk ofatabass, ©HERT used

to search .15 the database, .for. exanple b [ i,tional techniques.
This al | BS@edgor g‘&’é?&’ﬂiﬁ’ﬁadmltlé‘gdf’gﬁ?lglg %/Fﬁ%%&%? %({)ége Wwhen the only i nput
mechani sm available is text entry, and can allow a person other than the
aut hor of the digital ink database to  search the digital ink dat aﬁa e. 20
Accor di nipk catebase agafching gsinghbapdwsting fqatust pokhestharlovissa fHgip élgka

met hod of ear chi a. digifal -0k database ugieg, augyd fAuetiXer-§fRifagt hod
i ncl Egl na"."ta%%?ef ottpn‘iq%g Sggllscgg‘? chSIO & I%em condc s}%’s'ti ngﬁ%of a ta%l eﬁ%f letter
sequencegan@ptiagsawidal eldrivedt from \sehhnd writimgd rabegeitiimisypgtean oaqsiatabde of
| exi con entries which contain letter se uenc?s t hat ed.to

LT, ean getr caonpi ned . t
produce {IBENINGRTOGRANS: @ baXt GBERY H FRIVATIE: I} T9atuie 8 QS P ECHPHEE f3ndi ng
to the sgqu | At hdRShecdNEtratitddad e s@hoPbf Heatilitl Vgt Or S
to sear cﬁﬁ]ﬁ ﬁée&?%:leghcg itirilgtn‘algt abase. ?Accor (rji ng to a particul ar enbodi nent of
t he presdatabasy emittemthettiet quexy borhangl. Thetfeature vectors are then used to search

15 the database, for example by using traditional techniques. This allows the
searching of a digital ink database when the only input mechanism available is text
entry, and can allow a person other than the author of the digital ink database to

search the digital ink database.

20 According to a broad form of the present invention, there is provided a method of
searching a digital ink database using a text query, the method including:
performing a search of a lexicon consisting of a table of letter sequences
and associated feature vectors, and determining a sequence of lexicon entries
which contain letter sequences that can be combined to produce the text query;
25 obtaining a set of feature vectors corresponding to the sequence of lexicon

entries; and,

using the set of feature vectors to search the digital ink database.

According to a particular embodiment of the present invention, the lexicon is part
30 of a handwriting model obtained from the author of the digital ink database using

handwriting recognition results.



30 of a handwiting nodel obtained fromthe author of the digital ink

dat abase using handwiting recognition results. 5 In an enbodi nent of

t he presewO odnsemné i on the handwiting nodel stores a mappiPeg/AWwb/o1wst er
sequences to feature vectors. Preferably, the |l exicon includes nmultiple
feature vectors for each letter sequence. Also preferably, if nore than one

sequence _of lexicon entries is de,tern‘i,nedk,F éhe t.he secHJeEn e of |exi.con
entries 15 apsmbriimeat offa¢ prasppiciavertignihg Banqwrifag quoyqe) siqips AdRappPing

enbodi MeRSieribp %eﬁﬁé&ﬁc&g U YeatPre CPERbRE P rBYer&BYY §hE 1188 bR N del GRuitiRL!

into text using a ndwiting recognition system and/or, by converting
voi ce i nfiedturé ntestemxforusianly tteni ssgueecngAilse aprefarablam if1more thagpesefi c
formof the prese i.nvention, .the handwiting.recognition results ar

bt a1 ned SRl e CoR Rt EIRRI S oleR G T ohih db eEdy Sl &
filtes, nhhoiRemleaeMinnhaf cattidSighised; using a zone estimation algorithm
to perform hel ght normalisation; using feature extraction to perform

segnentation into sub-strokes and generation of feature vectors; using

feature reduction of .the set aqf featur. G X f ] 20,

quant | satf ol Pe: Brsrpor e e st s obFEhal By ER PR R B e
vect or s; igfottexs @singhd Rendwetil iredumitibokystbm, rmadlor] biebyvewing voioemidguwe
generated text letters. 25 According to a further broad form of the present
i nvent i oARtot 1§XE BSing HY P AP SNEAHPRFYHRE- f or searching a digital ink

dat ablgse using a query, the apparatus including:

In a specific form of the present invention, the handwriting recognition results are
obtained by:
sampling the handwriting;
smoothing the handwriting using a filter;
15 performing slant correction;
using a zone estimation algorithm to perform height normalisation;
using feature extraction to perform segmentation into sub-strokes and
generation of feature vectors;
using feature reduction of the set of feature vectors;
20 performing vector quantization to cluster the feature vectors and generate
code word vectors; and,
searching a dictionary for the most likely word from the generated text

letters.

25  According to a further broad form of the present invention, there is provided
apparatus for searching a digital ink database using a query, the apparatus
including:

an input device for a user to input the query;
a processor able to receive the query and communicate with the digital ink

30 database;

means to convert the query to a text query, if the query is not already a text

query;



an input device for a user to input the query; a processor able to receive
the query and communicate with the digital ink 3o database; neans to
convert tweoguenysto a text query, if the query is not al Peatyoa0t3oxt
query; WD 03/034276 PCT/ AU02/ 01395 66neans for performng a search of a

| exi con and determ ning a sequence of |exicon entries which contain letter

sequences that can be conbined to produyce the text guery; neans for
obt ai ning a sé&BeBP %&%?@Wé&t%?@r%P?éslﬁéiﬁﬁ’innﬁn‘i(ge? légélfe?ﬁ%len c of

| exi con QLD S ABANDAPLoRERA R dodifiol Bisk Rhn 0ko Sl AASE pHSG thbe set

of feature vectors; and an output device to display the results of the
search t aetthguenger. | o According to another aspect of an enbodi nent of the

present invention, the text uery i enerated from handwit i a
di fferent handWra®Si f‘i’é R eing ﬁaﬁ?ttoﬁﬁatﬁlﬁﬁdﬁf'off ﬁﬁrrﬁ%oé}&ﬁ%é%tﬂ?%g% neélr@gte
the feat Yreeyigeh@niidQr searching. According to still a further broad form
of the present invention, there is provided 15 apparatus for searching a
di gital ink danedssforssinehing theetigital ink dgipbasstusing theeseidiffgaturevestars;or
storing thﬁ, digital ink database; processor, the processor being adapted
to: perfdPfha search of a lexicon and deternine a sequence of |exicon 20

entries which goaitpuindédtt &6 dsptietheessilbasf thensehchctonthe meek. t o produce t he
text query; obtain a set of feature vectors corresponding to the sequence
of lexicon entries; use the set of feature vectors to search the digital

I nk dfbt a%@c%;rding to another aspect of an embodiment of the present invention, the text
query is generated from handwriting using a different handwriting model than the

handwriting model used to generate the feature vectors for searching.

According to still a further broad form of the present invention, there is provided
15 apparatus for searching a digital ink database using a query, the apparatus
including:
a store for storing the digital ink database;
a processor, the processor being adapted to:
perform a search of a lexicon and determine a sequence of lexicon
20 entries which contain letter sequences that can be combined to produce the
text query;,
obtain a set of feature vectors corresponding to the sequence of
lexicon entries;
use the set of feature vectors to search the digital ink database;
25  wherein, the lexicon is part of a handwriting model obtained from the author of the

digital ink database using handwriting recognition results.

Brief Description Of Figures

30 . The present invention should become apparent from the following description,

which is given by way of example only, of a preferred but non-limiting



25 wherein, the lexicon is part of a handwiting nodel obtained fromthe
author of the digital ink database using handwiting recognition results.
Bri ef Deswpiops£ane OF Fi gures 30. The present invention sheartiseomre
apparent fromthe foll owi ng descripti®n, which is given by way of exanple
only, of a preferred but non-limting WO 03/034276 PCT/ AU0O2/ 01395 7

enbodi nent_t her eof,, ..descri bed .in,cannection with.the acconpanvyi ng.fi gures,
Wherei n. EPBARERR MHeEETh .dwerhta; dBocaiigtoYs el 5 geremBaiPa s puRE: an
overvi ew @hetdig: handwriting recognition nethod. 5 Figure 3 illustrates the
digital ink database searching nethod using feature synthesis. Figure 4
illustrates a Fiaure 1;1391&6'9%%1@ RracessEgesystchi ng method. Figure 5

Il ustrates ”ﬁir%fré'g A0t RS QA ek Rw/ ofgtﬁgfh%ﬁd&?g&%s eco ﬁi@i[%?neﬁchbh.' ustrates
a method for hamdw iting recognittion. igure M1 ustrates an exanpl e
for text recogRigurers. iINyiesesthe digital inkg d&libaddheedrokidgt inethodhesih®lfeauieng
nodes are described as applied to the witten description and 15 appended
cl ai ns i nSBHBEYSt 0 provide a nore precise understanding of the subject
matter of the t:1ql I,Of | I .Hf?% The present

i nvention pr ov?{%@g?{ l%rlgtgﬁg%ggﬁtglrg Sépalgitj?aft%&rgsge%g%hl 0 § idgi tal ink

dat abase usi ngFgurebtillystrates ttainingentlirgoogstioniceaphrtases.t o il l ustrate the

features of the present invention, Jike ref.erence nunerals are used to
dont Ty 11 ke beeks SR uataunettnd for Sindetithg BN et s of the present
I nvengyon can Pﬁgu"r@@'i!ll%@éaéé%'aﬁ%y@nﬁb‘l@ﬁ&&%kﬂﬂac_%gﬁft?dﬁ.an exanpl e of which is

shown in figure 1. In particular, the processing system 10 generally
i ncludes at |east a processor 20, a nenory 21, and an input device 22,

Modes For Carrying Out The Invention
The following modes are described as applied to the written description and
15 appended claims in order to provide a more precise understanding of the subject

matter of the present invention.

L Preferred embodiment

20 The present invention provides a method and apparatus for searching a digital ink
database using a text query. In the figures, incorporated to illustrate the features of
the present invention, like reference numerals are used to identify like parts

throughout the figures.

25 Embodiments of the present invention can be realised using a processing system an
example of which is shown in figure 1. In particular, the processing system 10
generally includes at least a processor 20, a memory 21, and an input device 22,
such as a graphics tablet and/or keyboard, an output device 23, such as a display,
coupled together via a bus 24 as shown. .An external interface is also provided as

30 shown at 25, for coupling the processing system to a digital ink database 11.



such as a graphics tabl et and/or keyboard, an output device 23, such as a
di splay, coupled together via a bus 24 as shown. An external interface is
al so prowodadoag76 30 shown at 25,. for coupling the proce®srmgiogygsvemto a
digital ink database 11. WD 03/0342768PCT/ AU02/ 01395 8 In use, the
processing system 10 is adapted to allow data to be stored in and/or

trieved fromthe digital ink database 11. T 20 i
nandu | ¢ HAGHSSo4h8 Prepesmee BN, (bat SAsRfed tora A 39 DoEFRY A SHARE wi 1|

be appreciai&datigh &Qﬁdigaapﬁﬁéahﬁgawﬂ.ewhé%ra@éss&ezerhécéi%irh@ﬁdxpﬁaﬁgssi ng
S a C

system or term nal suc onputer, a laptop, server, specialised

har dwar e, date, & bext Iqulesy, dibdetid ithe itarida. i Rrongthiheitwilk be appeasigted that the
handw i ti ng nodel describes the handwi ting style of a i cul r.
e R P S o Sy e o BB 9
of model doghARE0UNLPIP! sédver, Spbiabised hidhiaab, GhelBleneen indivi dual users.
Cenerally, the purpose of these handwiting nodels is to map the feature

vectors extracted froma set of input pen strokes into a set of letters

t hat repr 38 it adv8se nized text. 15 However, the feature synthesis
approach %—@&g@—rék—g% arching uses a witer- specific handwiting nodel
to perforrad heritewpecificrappdfgitinehabodd, debeivesdehe ilsandwadting ostgben\vdr &
guery text into a set of feature vectors that approximte the features

that ~ woulReTHeMer Bewn Mogtraset-adamtaee brd Wit recqant ¥ SYHEMGUESI AR RP My
hand., Fi Whe & ﬂ&tdgi 5 L OQulEnSE %f; ssg@gue wgﬁaheﬂgiwt%@@ ih@XhdEgcegRi tion
he han e an

syst em witing is sanp raw ink 27 is passed to a
nor mal i zaGémeraldy,ethe2Burpodhief nbesenhambdriiing n2@laindetgoesp she éeateret wedtans st ep

30 and the resulting strokes 31 are passed to a feagture extraction step 32
whi ch extq"é’i?f’ge%t %Fé?mf é‘af‘?}r%fe%to?‘? §§8Eesd st 15Ftc8? ﬁSﬁe’@t ‘3‘;’5& éﬁp’ieéellqhtzlﬁ
per f or medepsiN9ed &ehandw i ting nodel 35, which produces the primtives

36. Text recognition step 37 receives the primtives 36 and 25 uses the
| anguage nodel 38 and/or handwiting nodel 35 to generate text 39

corr e%por}-dlci)vggvér? thé V¥e£t‘i‘1§e 2sgl'nthesis approach to digital ink searching uses a writer-
specific handwriting model to perform the inverse mapping. That is, the model is
used to convert query text into a set of feature vectors that approximate the
features that would have been extracted had the writer written the query text by
hand. Figure 2 details the general steps in a handwritten text recognition system.

20 The handwriting is sampled 26 and raw ink 27 is passed to a normalization step 28.
The normalized ink 29 undergoes a segmentation step 30 and the resulting strokes

31 are passed to a feature extraction step 32 which extracts the feature vectors 33.
Classification step 34 is then performed using the handwriting model 35, which
produces the primitives 36. Text recognition step 37 receives the primitives 36 and

25 uses the language model 38 and/or handwriting model 35 to generate text 39

corresponding to raw ink 27.

To use feature synthesis for ink database searching, an additional step is required.
The writer-specific handwriting model 35 is required to be modified to store
30 information that allows text to be mapped to ink features. To perform this
mapping, a table (called a lexicon) translating individual letters and groups of

letters (i.e. sequences of letters) into features is included in the handwriting model.



To use feature synthesis for ink database searching, an additional step is
required. The witer-specific handwiting nodel 35 is required to be

nodi fi ed wo osoan2es 30 i nfornation that allows text to be meppadoro13onk
features. To performthis mapping, a%table (called a | exicon) translating
individual letters and groups of letters (i.e. sequences of letters) into
features is included in_the handwiting del. WO Q3/034276 9

PCT/ AUD2 /At 5 eap g ioR e 838 n PEFH NP HAQIBEL n IGHEGTP o ithe H1C Ioéﬁ?‘étr Kb 3Kk Bt put

text and c%ﬁ%stiﬁgﬁpﬂggé{ﬂ&tf)ﬁ%%HQOy?&?Uo%hﬁidfﬁ@ﬂl $OhddRCROMNetlERRoBAN be

added to t exl c ups of commonly co-occurring letters and their
correspondi ng feature vectors 5 are concatenated and added to the | exicon

This is sirable since handwitin hi bi t,s,c0o-arti i 0 fe vvheré
(he i tIGGUBF o SRPERIY ConPrHelaisy el apke EPhale Rallrenidcfabt er o)
and commpl YeoMchichgRd! Sid @d8ed &odthe Wkicon.€Whis BNdesirdbl@"sinéd Bahdweitivigt 0
exhibit co-articulation. By stori ng the feature vectors of |etter  groups,

a nore acxhititece-endedation effecte (wheteythenwritiag afea Jeiéeruiseintiueaced dsthger s

10 the coptextual effects t tr q : I Q> Sy e
able to SSSS?% oﬁuﬁulr’foﬁlln IQ%A%EGII%T \%Ie@tcé)?%krg?%@ g'g@ﬁegl lee;{ gsr I(ggéqggrfce&’lsgr??e t he
sanme | et tgy a8 1861y @6 eghitdie doratiyulatioas Byt §terihgxhe doatshowkctordef dditer t o
sel ect the feature vectors that best represents th(@ Iet%ers. Thi s can be 15

done by SBEPH(R BIOFS ReGraieeraideriae ofddachiess WueplPe RO BabGRRSEF St or
each 10I etthgrcoﬁ&‘i'd?ﬂ%?fecfs %'Ero\ﬂets@gﬁelfcgum of the nunber of tines that

O(ﬁleﬁqla .
feature vector ~sequence has been se r that |letter sequence. The
feature vector sequence with the highest count (i.e. the nost frequently

seen and thus nopst probable) for a letter.  .sequence is then.used.dyring
feature shit Hesicen gﬁ’“?‘ﬁeb%t?&lﬁetoofs"%ﬁi B GRIE; EFathie, YSEIOIR ofpf SHA i‘ftzﬁ’red

can be bagede ol &f e\?\ﬁxteesramé {84 701119'Be%%@éérﬁﬁécpﬁl_aﬁgq{m@%&f@|l@xic§ﬁ_sﬂ_@tﬁlidVed
froma text corpus ere character sequences with a high probability of

occurrende able &t s¢lect (he. gaatmmevmtgtﬁaﬁialtihe;t o¢presents the letters. This can be
15 done by storing all feature vector sequences output by the recognizer for each
letter sequence, together with a count of the number of times that feature vector
sequence has been seen for that letter sequence. The feature vector sequence with
the highest count (i.e. the most frequently seen and thus most probable) for a letter
sequence is then used during feature synthesis.
20
The choice of which letter groups should be stored can be based on character
transition statistics (for example, as derived from a text corpus) where character
sequences with a high probability of occurrence are stored (e.g. the probability of
“ing” is much greater than the probability of “inx”). Alternatively, all possible
25 letter groupings can be stored after recognition, with some kind of culling
procedure executed when the table becomes too large (for example, least-recently

used).

Further improvements can be achieved by explicitly modeling word endings in the
30 lexicon. Many writing styles exhibit poorly written characters at the end of words.
This is particularly apparent in handwritten word suffixes such as “ing”, “er”, and

“ed”. To model this behavior, an end of word character is appended to the letter



"ing" is much greater than the probability of "inx"). Alternatively, all
possible 25 letter groupings can be stored after recognition, with sone

ki nd of cwblosnsp27¢r ocedure executed when the tabl e beconegcroaokarye (for
exanple, least-recently wused). Furth®r inprovenents can be achi eved by
explicitly nodeling word endings in the 30 Iexicon. Many witing styles
exhibit poorly witten characters at tge ﬁnd of words. a‘ IS 1s (Particul arly
appar ent SPAHSR RS- t tRSH Wdp dndisefs taCIpiigs seqyfpee magels a gr CRENE. 1o
nodel t hi 105, d r i ﬂfiﬁ;@{eta dedre watit er WO
03/ 034278 e K8 5{%@15‘3%18%2332%523%@8?%‘%SS%??@? i Cat 6 that this

| etter sequence nodels a word ending. During feature synthesis, these

entries %an onl e used to conplete a query word. Feature Synthesis 5 To
sear ch a—é?—%!iﬁﬁég’ﬂ 18at abase, the text query is converted to a set of

featuse TweedRER PVidife i‘hﬁada%@as%?"ﬂﬁé"@@itsqlﬁ)érs}cﬁdwtﬁfe}tﬁattouﬁQ;%t tofefeature
witer-specific handwiting nodel. These feature vectors are then used as
t he quer yettorsrbydhe eatnrshsymghesie prafiegiteathat pResitheawrits-speREiq hrndpitipase

search can rforaed usi tradifio i i t j Lgure
3 descri 5%%&3 hi'SOPY égagatﬁ gg&%{s é ee;t)ﬁéAPO ? ée%asinééemeg{} t%%naﬁ)ghgtgﬁg&{tqgéttﬁgl
provi ded digitdleaikuagabyde. el kstepbdse vwbirch daaelse pbefohmadwsing mgditieddl 35

to generate features 43. The features 43 are used in &g i nk. sear ching step
44 of thénkimgtehing terhrigvesnddgured dageribes thigrraceduir: AheteRet) WXL ISP f or m

feat ype SHIMSRs 43 REHKR @ rchilfiel SUEAN LRoPRS WHIEPUstO HlORM AvAting
sequence of Texicon entries that contain [etter sequences that can be
conbi ned i@l &) r3sdtic gertdigte fastuyest 4%t Thelfentstes M8carbamtdiie andok searching step
concat enat ed. t o produc h guery. feature vector.. Hoyever, there nmay be a
nunmber of4409fff#‘§r‘ﬁﬁ’tta]c‘8maﬁa§’??%ﬁ' %}“S Erg;i}lgwn%,ﬁlﬁcggs rat can be used to
create the query text. It is assuned.that using the m nimum nunber of .
entries possible to produce the text will nost accurately 20 nodel the

cont ext udlo gkffects fedtare exwhpdis, aassauste of thef lskiaoni ifgperformed texlosate an

the ll%XI Cs%c?ﬁence of lexicon entries that contain letter sequences that can be combined to

produce the query text. The stored feature vectors are concatenated to produce the
query feature vector. However, there may be a number of different combinations of
lexicon entries that can be used to create the query text. It is assumed that using
the minimum number of entries possible to produce the text will most accurately
20 model the contextual effects. For example, assume the following entries exists in

the lexicon:

b bo
bor borr
ed oW

Ir - rowed

Table 1. Example lexicon

25 The word “borrowed” can then be created as (bo)(rr)(ow)(ed), (borr)(ow)(ed), or
(bor)(rowed), with the final construction being most the desirable since it is

composed from the fewest elements.

A* Lexicon Search




bbo borborr edow rrrowed Table 1. Exanple |exicon 25 The word "borrowed"
can then be created as (bo)(rr)(ow)(ed), (borr)(ow (ed), or (bor)(rowed),
wi t h t he Wwomalo3onst ructi on bei ng nost the desirabl e si nc@cCirtAtog/o1®snposed
fromthe fewest el enents. A* Lexicon 8Bearch WO 03/034276 PCT/ AU02/01395 11
For accurate results, the lexicon is expected to be very large, and the
number of potential |exicon entry conbinations for a wor

exponentFad aCdimatqufeultESthed@mC@nrﬁSn@‘PleSFRji toPesvery léﬁgﬁppégéﬁow%t‘?%n of
all per mtatkong, iRt B0, BEpRLARLE Lo AMPILLISY. ossaiah Abogiidam see

S. Russ icral i'gence - dern Approach,

Prent i cecdidhining 998g \ﬁ@ﬂdsba saesleted eﬁmlemtndmbf all beﬁnmtlsequnmelot benher e
the path cost functi

on is the nu t f
to cr eatleraﬁhealté‘xtmdaﬁégtphes%‘ﬁh A0S ‘E‘gr§?e o e“r)%l 88‘&‘&?) r Orﬁtgg)“f’g ﬁ_cslgl .
length(s) teléz 9& h rd%)'n %87‘0(169! PR ISR, T5'9§ N8Wd §dddcodeat@stdrhat at
| east® oné’ §| |ona eX| con‘entry is required conplete the letter
sequencelgtfer sbguarguemnderits pativeost Sinctios g(ISI)ars ttlﬂaelumlmrwfvl@?ﬁléon eNbidess i n

the search tree are sorted b scores bei ng 15

super i oryseghy fEdesTeate FbWéﬂ%@%&é@ g?“(e (E?&?j%rt %) The nunbergof

letters in the sequence (wth higher be| ng superlor) Note that h(s) is a

nonot oni ¢ and adm ssible heuristic (i.e. it never overestimtes' the cost

of reaching the&)goall, sofﬂﬁgtﬁehﬁdhng@(gmhnt eed to find the optimal 20

solution and is opt |dml :Oﬁ't efficient (i.e. expands the fewest nodes possible
’S0

to fihd the optinal th)e Pr oof of this result is given in R Dechter
and J. Pearl,

This heuristic states that at least one additional lexicon entry is required to
complete the letter sequence if the sequence has fewer letters than the query word.
Nodes in the search tree are sorted by g(s) + h(s) (with lower scores being
15  superior) and nodes with the same score are ordered by the number of letters in the

sequence (with higher being superior).

Note that A(s) is a monotonic and admissible heuristic (i.e. it never overestimates"
the cost of reaching the goal) so the search is guaranteed to find the optimal

20  solution and is optimally efficient (i.e. expands the fewest nodes possible to find
the optimal solution). Proof of this result is given in R. Dechter and J. Pearl,
“Generalized Best-First Search Strategies and the Optimality of A*”, Journal of
the Association for Computing Machinery, 32(3), pp. 505-536, 1985.

25  As an example of the above procedure, the search for the word “borrowed” is given
below. Each row in the table represents a search node, with higher scoring nodes

located at the top of the table:

s g(s) h(s) g(s)+h(s) # Letters
(borr) 1 1 2 4
(bor) 1 1 2 3
(bo) 1 1 2 2




"Generalized Best-First Search Strategies and the Optimality of A*",
Journal of the Association for Conputing Machinery, 32(3), pp. 505-536,
1985. 25 we oam3exanpl e of the above procedure, the searchPCoratoke13nsr d
"borrowed"” is given below Each rowi2n the table represents a search node,
wi th higher scoring nodes |ocated at the top of the table:
sg(s)h(s)g(s)+th(s)# Letters (borr)1124 (bor)123 (bo) 1122 WD 03/ 034276

PCT/ AU02/ 01395 12 The nost prom sing node at the top of the table is
expanded, resulting in: 5 sg(s)h(s)g(s)+h(s)# Letters (bor)1123 (bo)1122
(borr)(ow) 2136 Again, the nost prom sing node is expanded:

sg( s) h( s)Tileshebi(sohikimterds dt boe jor ofide)t20R8 s (expp1dRR r¢smdting {ow) 2136 10 The
top node is now a conpl eted sequence, and no other node in the search can
produce a better score, so this node is selected as the search result. I1I.
Vari-oys enbodinents 15 I A Feature Synthesis Wthout Handwiting
Recognition I nk searching using feature synthesis can be performed wthout
usi ng a hand/vsi ti ng recoggls} i on syst & The teclg@)(h/!é?)onl y #é@(@ﬁeﬁes the

ability to bu Fexiecop—of—etter sequencestgnd—associatgdfeature
vectors to rmzlg?orShe handw\}l ting 1 2 3

(bo) 1 2 2
(borr)(ow) 2 1 3 6

Again, the most promising node is expanded:

s 2(s) h(s) g(s)*+h(s) # Letters
(bor)(rowed) |2 0 2 8
(bo) 1 1 2 2
(borr)(ow) 2 1 3 6

10 The top node is now a completed sequence, and no other node in the search can

produce a better score, so this node is selected as the search result.

II. Various embodiments

15 IIA. Feature Synthesis Without Handwriting Recognition

Ink searching using feature synthesis can be performed without using a
handwriting recognition system. The technique only requires the ability to build a
lexicon of letter sequences and associated feature vectors to model the handwriting
of the writer who authored the digital ink database.
20

If handwriting recognition results are not available for modelling, a training
procedure can be used to generate the writer-specific lexicon. To do this, a user
provides a sample of their handwriting by copying a specified training text, which

is then used to build the lexicon. The training procedure is not required to perform



of the witer who authored the digital ink database. 20 If handwiting
recognition results are not available for nodelling, a training procedure
can be uswo Bo3generate the witer-specific |exicon. To decrh®z/omsser
provi des a sanple of their handwiting by copying a specified training
text, which is then used to build the |lexicon. The training procedure is
not required to perform WO 03/034276_ PCI/ AU02/ 01395 13 full Qan. writing
recogni t fgh kAndowiting neesgnitiopr siventiBg Xt FOTERERIRG i e iTendypifg, ds
known; rafhe i I nee t i tl h t8FsSamdd
st rokes, 6% e#?gﬁqu{%akgsgli}#lg lfeggg&?essefgﬁgerr\l qgte olrn gﬂ% ﬁ%t%a%{a?%ri ate
letter gkRURS, MFeasHRCiRsled fneatfeaterase@ndrsorentheheppopricatmlet®r Tgroups
training text used to build the | exicgon should be optimzed to provide a
bal anced aB¢ ap§siciated feasprg ﬁ%ﬁt%'sdﬁéﬁeh%‘tli’%‘?'s and letter groups. That is, it
shoul maxi m ze the coverage of |ikely character unigrans, bigrans, and
trigrans, see J. Pitrelli, J. Subrahnonia, M Perrone, and K. Nat han,
"Opti ni zahieotradfingrtekniusgd 1® et stheotexivdan shoWdpbadertimizeddior Previge 2
Recogni tion”, Advances in ndwitin Recogni t.i on rl iengi fq

Publ i shi ,b@l,angg@ggxamrﬁﬁ ssh ‘genﬁ%é‘éﬁdgaloﬂetfeéftaé&s H%Leé gﬁo\é%tc’ 'e&hggéﬁe%r%c;eﬂs&tl%at

are most LI Mekye i b 2RsOBRIRERH chdrh&ePuhi@hn! bhgaisl ead fieigrasesageilli on

and | nk tching 15 It is desirable that both the handwiting recognition
syst em amitreliie J.nSubrabmioinig MalRpsranehendsk. d¥athamsOpamiggtion of Training

representations i.hce,t he .featur . $ L gt p ks

ot abdse TRl s WAGTIIGRRERE. PARER G RERARAREL A Bh Mhendftuins
However, Re%o%ﬁit%?sﬁbﬂﬂ sGichEficdffighany, st urieh et smbbasis e Tetteogrndi on
and search O provided the recognition features can be transformed into
the sear deftérewequeress tBaherermastlilely & Be CRFOUNPSH- a t ransfor mation from
recognition features to search features to be learned froma set of

training data. Alternatively, many feature sets can allow the regeneration
of an apgIBxi mriffe@entofeatures for Recognition and Ink Matching

15 It is desirable that both the handwriting recognition system and the ink-matching
algorithm use the same feature representations, since the features used to search

the digital ink database are derived from the results of the handwriting recognition.

However, it is possible to use different feature sets for the recognition and search
20 provided the recognition features can be transformed into the search features.
Some feature sets can allow a transformation from recognition features to search

features to be learned from a set of training data.

Alternatively, many feature sets can allow the regeneration of an approximation of
25 the digital ink from the recognition features, from which the second feature set can
be extracted. That is, the text query is converted to a set of feature vectors using
feature synthesis, and the inverse transformation of the feature-extraction process
is applied to the features to convert them into digital ink from which the search
features are extracted. Care must be taken to ensure that this procedure does not
30 introduce artifacts in the digital ink that may affect the search feature extraction
(e.g. discontinuities in the generated ink may cause problems for some feature

extraction techniques).



25 the digital ink fromthe recognition features, fromwhich the second
feature set can be extracted. That is, the text query is converted to a set
of featurwowsosere using feature synthesis, and the invePsa/Atmansdsr nat i on
of the feature-extraction process isldapplied to the features to convert
theminto digital ink fromwhich the search features are extracted. Care
must be taken to ensure that this procedure does not 30 introduce artifacts
inthe digital ink that may affect the search feature extraction (e.g.

di scontipujties. in,t e 9eagr af ed i nk may cause problens for sone feature
extracti “tectr gues. WO U371 034276 PCT/ AU02/ 01395 14 |I1C. Third-Party

I nk Sear ghp&tgof\cpekemdh e degiedl dhk dambdbgof ahothek wittnbaseing handotHerg
witer by ‘using handwiti na} .recognition to convert .thgtir i nk i{h%lélts 'wto
text, antEogghiipF éarqmerly faipdnk put s0tootRxty f0F HESIRE JSARIS SYRHERY Mt o
featuges for_ | Al Fi ¥ ' ituation, with witer B
searc in&o?‘ﬁ%{ g}l%gﬁ%? gé&?lﬁ@gecfgtlggyalgegttlﬁgﬁ'?%o@gzse%{/}ﬂh%?ter A. At step 46 ink is
received fromwiter B and the strokes 47 are passed to feature extraction

step 48. The features 49 are extracted .and 1o recogniti on. a

| anguage Figydel 4 Sepiiel thisi ﬁ‘é?atﬁ’%%%l ‘g’ﬂ?etroBg%eWé?elHPg t o‘?l é@%glﬁa?{%ba%t% g;é(t 53.
This is Hﬁﬁx%récpbgq%}iger%.l B E4 45 Ak 6 irb&ivell Blonk exilee™B ahdiithelstrolsdsed7 54.
Letter groups an eatures are sent back to witer B nodel 52 to

i npr ove/ uptatessddhdormbeitire Eivtracdse §8p t hbn Thedbeasees ARafis exprieAednd step

42 and a simlar process as that descr,i i ot r i is
t hen P ol FeRASHIINL S{)eé’ 5 @t‘ﬂsF%\?elaflﬁRa%&é) gfs) gSa\Mtdhgfr {tﬁgageﬁ%gglnggl}{) hg%?ggatgy
writer Agobbbpordding ekt e3anmlie iheseiotd bwildga exsitphefqr ovitele® at foxieon
detail ed outline of one enbodi nent of the 20 sent invention. Tg%' rsﬁ‘é

pr.e

exanpl e bsilider stepedt -t betber groups\and) feaiipners senfRackoto Writeh Bi mgde

scope of .the present .inv 110y, o THU el | teNs @R &Yid 42

i mpl errentuﬁlpf%‘ﬁe/ » a\t?lkthgarﬁ g‘%%'s? hsee%lrx?: ﬁ?ngkhg%(g&§§ée§a? ﬁd;ﬁéll s;}.ﬁ?heéi SS%I t is
assumed thata siniwrbsrocess a epntalesssbeal withepderdeave thdigure 3 is then followed

15 to retrieve ink matches 45 that have been authored by writer A.

III.  Further example

The following example provides a more detailed outline of one embodiment of the
20 present invention. This example is intended to be merely illustrative and not

limiting of the scope of the present invention.

This section describes in detail an implementation of ink database searching using
feature synthesis. It is assumed that a number of preprocessing steps have been

25 performed, including word and character segmentation, and baseline orientation
normalization. Note that this is just one possible way to implement the technique;
there are alternate methods available for each stage of the process. For example,
there are many different segmentation schemes, feature sets, handwriting models,
and recognition procedures that could also be used.

30

The procedure for handwriting recognition and ink searching using feature

synthesis requires a training phase and a recognition or searching phase. During



25 perfornmed, including word and character segnentation, and baseli ne
orientation nornmalization. Note that this is just one possible way to

i npl enentwDha/0sLehni que; there are alternate methods avaPCa@2hm9seach
stage of the process. For exanple, ttere are nmany different segnmentation
schenes, feature sets, handwiting nodels, and recognition procedures that
could al so be used. 30 The procedure for handwiting recognition. and ink
sear chi nieushiming ehtss, e sety of Heainingr dafai iseeonyertedi iR ﬁaolfﬂng%aéufﬁﬁghat are
recognition or,searchin hase. ri 0}  Fdd the
trai ni ngClpRtgded mi0 sL0 S&TFIFlngnelsnadl d%é?% t}ggrg%%vazf‘@ 1t8 ?@f%ﬁlgg ures that
are cl uaigeRBionil ik @eechiini Mitis veslehidussin decodedapet mknaodgintdsizche
handwiting. For recognition and ink ,se(?rchi Hg, éhi ) etl tiils ﬂlsed to
decode i faatures fkr ik sspreliagi Zhis prosesy Bsdgmirted AR &P chilNgte WAl i %ess i s
depicted in fiqure 5. e _fhat 5 SSd IR0 hFededdat ion,
segne taﬂe@ﬁ?ceg?f&%f ear %{%g%%égﬁaé%é}g%ﬁg{r’{gg’eggéﬁagﬁgué;’gg%%r Prai ni ng,
recogni t {65 frdraigiaksdcognitidieatdsehachinigng recogni tion system maps i nput
ink into a set of stroke code words that are used to search a dictionary
for matching words. Figure 6 provides an 10 overview of this process, with
the indiy |3 iABEEinkeind la. seBoBBtlokagodTherdnk is
sanpl ed )aflthggﬁlcrzlgﬁgl‘t%g%tl%?g elltlof‘%f}(%génl,ilzw.ldﬁlgelgggrqh has shown that handwiting
has a pediatspectsedl taleasichya atictionarydf@ matching Weidsi Fdguteod nioyedasedid| 15

at about 10 Hz, see H. Teulings,and.F. arse, " Di.ql ' d
ProceéQsi ﬁ@jerva?WﬂZﬁlawan???& \s) e%r’if‘gw,ld% er?gl\%esgrlrgﬁﬁ 852%8‘3&%,96%{3:
193-217, 1984. Thus, a lowpass filter with a cutoff at 10 Hz will renove

t he hi gh-frequency noise wthout affecting the relevant spectral
conponenSsafthinge handwriting signal. 20 A low pass filter conforming to

coor di natiBe et oHRES afl PP R P Eabe o O FiTLR R ods anoRb Tt
and recr gahiRgitingehasi Jpedk ssdongl alenkiny et asouRETS Hiothay deglines to noise level
15 at about 10 Hz, see H. Teulings and F. Maarse, “Digital Recording and Processing
of Handwriting Movements”, Human Movement Science, 3, pp. 193-217, 1984,
Thus, a low-pass filter with a cutoff at 10 Hz will remove the high-frequency noise

without affecting the relevant spectral components of the handwriting signal.

20 A low-pass filter conforming to the above specifications can be produced by
circularizing the point coordinates, performing an FFT to remove the high
frequency components, and recreating the signal using an inverse-FFT. However, a

simple weighted averaging filter works as effectively. To smooth a sequences of

points {p;...ps):
25 b= zajpi+j

where

Ek::aj=l

j=k

The filter width k and o smoothing coefficients are determined empirically.

30 Slant Correction




simpl e weighted averaging filter works as effectively. To snooth a
sequences of points {pl...p" ): 25 k pA =1 a,pi+;, i=-k where k lai i k
The filtewowdds427&k and a snoothing coefficients are deter®mCagdoenmosi cal ly.
30 Slant Correction WO 03/034276 PCT/®WU02/01395 16 Many handwiting styles
do not have a vertical principal axis of the drawn letters (i.e. the
letters are drawn at a consistent slant). Renpving handw ti slant is a
nor mal i z¥anyrhandaritin siyhesr o aot have acughral Bﬂn%}ﬁ’ah%’év@v{ {htee‘ﬂ'gw&]teg%s. I'n
handwri tj.ng,.. d -strak r ' it Sk ent
strokes, hﬁg tgﬁg\é\@%%sgrgr(gr%‘t@e%uﬁ%g g%ﬂ él? gé%%g%né%?%@rﬁgﬁg%? .[hﬂTo det ect
handwr i t hemnslAnon ahaei @ht dehprves age diecegtition of theddoitiensileidies Im

gogﬂéfe{ ﬁslftjid'vbt{i)tr;;}lg,l é@v%ﬁfsltr%?cgagda:re ncon\s{i’d(zzlre I thesln%g% st:abIIe: %nhdéonsis%ezntls(%rom ’r € al

5 and thus are useful for detecting handwritten slant.

To detect handwritten slant, a weighted-average direction of the down strokes in

points {p;...p.} is estimated:

id,.ai

slant = =
24
i=2
10  where
a; = angle (p;,pi-1)
d; = Hp,. —p,._IH ifo;<a;<ap

= otherwise

15 Angles a; and a, define which stroke segments are considered as parts of a down
stroke and are empirically set at 40° and 140° respectively (with 90° representing a
vertical line). If the estimated slant deviates more than a certain threshold from the

vertical, slant is removed using a shear transformation:

(Ve — ;) xtan(00° — slant)
Ymax ™ Ymin

20 X,

1

where yYmin and ymqx represents the top and bottom of the bounding rectangle of the
ink.

25  Zone Estimation

Zone estimation is used to normalize the height of the input ink. English letters
exhibit three zones — the middle zone (corresponding to the height of letters such

as ‘a’, ’c’, ’¢’, etc.), and the upper and lower zones that contain the ascenders and



=1l pi - pi-1211 if ai <al <a2 =0 otherw se 15 Angles al and a2 define
whi ch stroke segnents are considered as parts of a down stroke and are
enpi ri calwg os@s42a¢ 40 and 140 respectively (with 90 reprePEMAUNYOEBIS
vertical line). If the estimated sl ant? deviates nore than a certain
threshold fromthe wvertical, slant is renoved using a shear
transformation: (y. - yi) x tan(90 - slant) Ymax - Ymin where Ym n and ynax
r epr esentssaendensdp lettersisoch 6m bl ‘dhe 8bdidding rectangl e of the ink. 25
Zone Estimation Zone estimation is used to nornmalize the height of the
input ink. English letters exhibit three zones - the mddle zone

( cor r espgpgingtifmtiohes e fhinedf uding achizntdl hisogran,of ink, density. &het ¥s, and
t he upper. and | ower zones that cqontain the_ ascenders aﬁld WO 03/ 034276

PCT/ AUD2 118 3gmnber7 of ciitke faRsSENgs, 15 efgteraingd cfory @n gqually) spacgd seges of .
Zone esti I i L i et 90BNk, TRK slensity.
That ?s, h gf?‘%ll“%gmee? %4sg{ﬁ%@ggggggsﬁﬂﬂd§e TérﬁéntiaE%% ?grtﬁgﬁﬁféq£| |y spaced
seri es obpesk heff izoiistbgtanmeis fassl, nap vh dhghweheobatanahneithascsideghbe the t he

ink. The_ central _peak of .the histogr is found s.,are e i.nts on
ei t her siéfogRn W@er%hﬁﬂﬁ?g‘?ﬂ%}ﬂeﬁar@%ﬁﬁg?%lﬁ %eép?épt%c(ﬁ]r%b%% ﬂ’éal éoé\:\rﬁ%?%gr ain
fraction g@fg}fth?hes%nﬁmboﬁﬁﬁﬁre ekl -as TheQptmen @ wEsSbairisef getmiids the
upper an ower bounds  of the mddle zone. The upper and | ower_ zones are

defi ned asnehEhepape bt lavear 2omes areldenebpetheispaga detvieen, the middle @R eum
of the bounding rectangle. Feafure tl The ink is segnmented into
sub-dfro I?@gqh? Q’SQ{CPL T PR P@’frl%qu?a&ﬁl{%&&%e

ITection (i.e. at
Feature Extraction

The ink is segmented into sub-strokes at extrema in the vertical direction (i.e. at
local maxima and minima of the Y coordinates). For segmentation to occur, the
15 lengths of the two sub-strokes produced by splitting the stroke at the selected
segmentation point must exceed a pre-calculated minimum distance (set at half the

height of the estimated middle zone).

The segmented sub-strokes are then re-sampled to contain a constant » number of
20 points located equidistantly along the stroke trajectory. A feature vector is then

created for the sub-stroke by normalizing the coordinates:

x;{ — xi - xmin
h
y,, — yi - zmiddle
25  where
Xmin = X minimum of sub-stroke bounding rectangle

VYmiadle = Y coordinate of the top of the middle zone

h = the height of the middle zone (i.e. Ypase-Vmiddie)

30 The feature vector is then created from the normalized coordinates as f; =

{1,971 e X' '}



| ocal maxima and mnima of the Y coordinates). For segnentation to occur,
the 15 lengths of the two sub-strokes produced by splitting the stroke at
the sel ecved3segment ati on poi nt nust exceed a pre-cal cul aed/Ationomam

di stance (set at half the height of ®he estinmated m ddle zone). The
segnent ed sub-strokes are then re-sanpled to contain a constant n nunber of
20 points |ocated equidistantly along the stroke trajectory. A feature
vector is then created for the sub-stroke by normalizing the coordinates:

Xi - Xm i =_h = Y -Yndddl e yi h 25 where xmin Yndddle h = X m ninmm
of sub-sﬁ?%l%@—%@%gﬁg_ rectangle =Y coordinate of the top of the mddle
zone = thge hRk@hngOledtbs AbadlR Toneubistkes hasieg arlatgbeyuBberTiod Hightyur e
vector is then created fromthe normalized_ coordi nates as, fi

{x1, ?/y_l, correlutedy faajurenrloaripaiiered pemateief 9969 413 ﬁ%%ﬂdﬁf“t Ozﬁe%‘?jﬂ Poh The
resul {1 ng /88 ans é[g)el(sogxférbnﬁF;d,}ﬁmteEk'i%hﬁfiﬁpBﬁhé'%@t%ré‘té 3 gRherThex D), hahl y

corr . ear e coordinates of point pi are dependent on
poi nt  pi Karhimearbo&@ @msforin (keBrintipal Gamepgicoh Aralysist R-h@ud%ad?ngﬁt oin

(where m < 2n), the Karhunen-loeye t[ansf (see .Princi pal e
(e s Byt A0 0SS NSkt SRR bALPA) sCRRRERY,
Edition, 58@-%'3’0\,/\5b6¥) & RRAS Thid'froceBBre projects the higher-dimensionality features

into a lower dimension using linear mapping that is optimal in a least-squares

10 s€nse.

To do this, the covariance (autocorrelation) matrix for the set of all training feature
vectors X={fy,....f,} is calculated using:

C=—1——XTX
m—1

15
The eigenvectors and eigenvalues for this matrix are found (using the tridiagonal
QL implicit algorithm, see W. Press, B. Flannery, S. Teukolsky, and W. Vetterling,
W. T., Numerical Recipes in C, Cambridge: Cambridge University Press, 1988),
and the eigenvectors corresponding to the largest n eigenvalues are used to form
50 the PCA matrix Z. The feature vectors are then multiplied by this matrix to
transform the features into a new feature space with an orthogonal uncorrelated
axis:
=1 Z

25  Vector Quantization

The transformed feature vectors are then clustered using a Kohonen Self-
Organizing Feature Map (SOFM), see T. Kohonen, “Self-Organized Formation of
Topologically Correct Feature Maps”, Biological Cybernetics, 43, pp. 59-69, 1982.
This technique uses an unsupervised learning procedure to cluster the input vectors
30 such that distance and proximity relationships between the vectors is maintained as

far as possible. The SOFM used has a 2-dimensional structure, with visually



569-570, 2001) is used. This procedure projects the higher-dinensionality
features into a | ower dinension using linear mapping that is optimal in a
| east - sqUaID®3/034206 sense. To do this, the covariance (autoPCOratsR/ationn)
matrix for the set of all training fe®ture vectors X={fl,...,fn} is
calculated using: C= 1 XTX M1 15 The ei genvect ors and ei genval ues for
this matrix _are found_(using the_tridi agonal ICIt g n‘é‘ see W
Press, Bsimilanpeds wogls fieq drsryp) lasrie e%FQCé‘r‘Ptthﬁb Swmﬁu Wisrlislbg
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ei genvectors correspondl ng to the lardest n eigenvalues are used to form 20
the PCA @il BExxchdedthéistapat)ibetweenttbe sode wordenluesl tiplied by this matrix to
transformthe features into a new feature space with an orthogonal
uncorrelated axis: fit =fT Z 25 Vector Quanti zation The transforned

featuge ﬁ@ﬁtlﬁr Bafliff 15‘?@rﬁ>‘1’ﬂ1§:ﬁeﬂi§g‘cl‘&§lyﬂﬁsﬁ Kokpngr Sed-layeanilzhdtgvorieat ur e
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vectors is maintained as far as possible. The SOFM used has a

2- di nensi onal @(@iba@rgm@]qlewi[h visual | y WD 03/ 034276 PCT/ AU02/ 01395 19
simlar code words (i'.e. clusters) |located near each other. As a result,
the di stance between two code words can be easily cal cul ated using sone

di stance neasure (e.g. Euclidean dist anceeiybet ween t he c,ocfg V\?I’ﬁ val ues. 5
SOFM 10t aiwiaerg WSrquﬁse@tmﬂw Weighit Yarsety of epfyt ode rp  Tdher WELgMs of the diode
network with the highest activation value and those nodes surrounding it (as determined by

a neighborhood function A) are updated using:

wi(t + 1) = wi(t) + n()[x — wi(?)]

15 where 1 is a learning rate function and n and A are typically varied over time ¢.
Training continues until there is no noticeable change to the neuron weights during

an iteration of the training set.

To convert a sequence of sub-strokes to a code word vector, each sub-stroke
20 feature vector is quantized using the trained SOFM and appended to the code word
vector. A feature vector is quantized into a code word by selecting the largest

activation value for the output neurons of the SOFM codebook:

h
_ T
g =argmaxx w,

i

25 Handwriting Model

The handwriting model stores a mapping of stroke code word vectors to letters (for
text recognition) and the reverse mapping of letter groups to code word vectors
(for feature synthesis). To build the handwriting model, each letter in the training
data is converted to a code word vector that is stored in a table, along with the

30 corresponding letter.



that is initialized with random wei ghts. The best matchi ng output neuron
for a normalized input training vector x is found using m ni mum Eucl i dean
di stance:wp 08034276 argmi nl I x-will 10 where wi represents tPhg/Awweghaosvect or
of output node i. The weights of the 2#ode w th the highest activation

val ue and those nodes surrounding it (as determ ned by a neighborhood
function A) are updated using: W + 1) = wi (t) + 11(t)[€ - ﬁn'(até%):ls 5 where
11 i s a Ner thiatqe spe@ficuomte sordri¢queneenmay meg oy pisanpsF 9k ove? tine
t. Trainin ontinues until there is._n i e a 1 i ron
wei ght s Hﬂﬂrﬂ'ﬁarav‘é‘h Pt &4t 6P Eﬁ %?‘nesaﬁirea?er?iﬂ% \gegc?al > osccg:oﬁ%ra %lealhggaggﬁce of
sub- st r qkasrd tad BOGSappRAdtorBYLO hunthee fofsedites ook erec®s f Byt maenteistn®m i s
quanti zed using the trained SOFM and appended to the code word,vectgr. A
feat ur e aoset of the ngodet of diangsrihs c8de JHF APPSR hiPs© Cﬂeéfe E@}e
activation,v e for,.t t r . Ogikren ' le®icon
argnéXXﬁVPbagﬁggt&%%%ﬁp%?ﬁ#dgkgﬁg?&fﬁgqﬁgﬁa&?ﬁﬁﬁﬁgyﬂgggﬁkggzres a mappi ng
of strokghtgesgomi@dr¥gctors to letters (for text recognition) and the
reverse mapping of letter groups to code word vectors (for feature

synt hesi s). TQTQ LI_Fit he handwiting nodel, each letter in the training
data is converted tg a code word vector that is stored in a table, along
with the 30 corre ding letter. WO 03/034276 PCT/ AU0O2/ 01395 20 Note
that a specific codé word sequence may map to a nunber of letters (e.g.
poorly-drawmn “u' may nmap to the sane feature vectors as a v') and

individual letters may be mapped to by a nunber of code word vectgrs. By
mai nt ai nivhgrea ¢; is the count of the number of times the code word vector has been

10 encountered representing the letter x;. The following is an example entry from the

table that represents the hypothetical code word vector {3,4}:

X; cr P(x;)
‘u’ 120 0.54
‘v’ 91 0.41
‘r’ 12 0.05

Table 2. Example code word vector entry

This table indicates that if the code word sequence {3,4} is encountered in the
15 input, there is a probability of .54 that it represents the letter ‘u’, a probability .41

that it represents an ‘v’, and a probability of .05 that it represents an ‘r’.

The reverse mapping table is produced in a similar way, storing code word vectors
associated with letters and groups of letters.
20

Recognition
To perform handwriting recognition, the input ink is processed as described above,

and the resulting code word vectors are used to search the handwriting model to
produce letter hypotheses. A best-first search strategy is used to search a

25 dictionary for the most likely word given the derived letter probabilities. The

process is depicted below in Figure 7.



count of the nunber of tinmes the code word vector represented a specific
letter, the 5 probability that the vector represents the letter xi can be
cal cul at ewog®en7e | exi con entries for letter Xi: P(X) =Po@AUM/0GYS | =1
where ci is the count of the nunber oft tinmes the code word vector has been
10 encountered representing the letter xi. The followng is an exanple
entry fromthe table that represents the hypothetical code word vector
{3,4}: XiCIP(xi) "u" 1200.54 "v'910.41 120.05 Table 2. Exanple code word

vect or eﬂérg ngs table indicates that if the code word sequence {3,4} is
encount e 15 input, there is a probability of .54 that it
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IOS Press, pp. 387-401, 1996. The resulting queries are then ordered by similarity

10  and presented to the user.

Thus, there has been provided in accordance with the present invention, a method
and apparatus for searching a digital ink database using a text query which satisfies
the advantages set forth above.
15
The invention may also be said broadly to comsist in the parts, elements and
features referred to or indicated in the specification of the application, individually
or collectively, in any or all combinations of two or more of said parts, elements or
features, and where specific integers are mentioned herein which have known
20 equivalents in the art to which the invention relates, such known equivalents are

deemed to be incorporated herein as if individually set forth.

Although the preferred embodiment has been described in detail, it should be
understood that various changes, substitutions, and alterations can be made herein
25 by one of ordinary skill in the art without departing from the scope of the present

invention as hereinbefore described and as hereinafter claimed.



Ink searching is performed by using the handwiting nodel generated during
handwiting recognition to map the input query text into a sequence of code
words. SwohiB®3eode word vector is used to search the di gipCalAtuopkixdat abase
using an elastic matching technique. 2 full description of a simlar

i nk-matching technique is given in D. Lopresti and A Tonkins,

"Tenporal - Domai n Mat chi ng of Hand-Drawn Pictorial Queries", Handwiting
and Draw ng Research: Basic and Applied Issues, 10S Press, pp. 387-401,
1996. The resulting queries are then ordered by simlarity 10 and
presented to the user. Thus, there hasaf\ggn provided in accordance with the
present invention, a nmethod and apparatus for searching a digital ink

dat abase using a text query which satisfies the advantages set forth
above. 15 The inventjon may, al so be said.broadly .to consist in the ts,

el enent sland Ar@gthadeerl searehing ‘?’@“@f 1‘?1?18?@§?%edxflﬂgtahtgxg888’1:3’1’ it%étfrllecgﬁ@%f t he
appl i gat j,Q,gil Epli vidually or collectively, in any or all conbinations of
two or nore of “said parts, elenents or features, and where specific

i ntegers are performinedahesanibnofivai kehideay eonsighing 20 2 tahile Mfdstier SpAYeEeart to

whi ch the |nvent.ion relates, such kno Lval e r t

i ncor por é?ﬁlgoasﬁ%?lé'f featpre i‘fﬁaﬁoxf/%dﬁ%ﬁ?ﬁ?g%%@?ﬁ%f% t%ggif%ﬁgu%ﬁq%ﬁgg%r%tgr%? ed
ermbodi Mgy iasoReaNSRs Gedheded thaiRhaibl cointbifbdtd frdikice tinelaxs iquery;t hat
vari ous changes, substitutions, and alterations can he made herein 25 b

y
one of ordi naptaiking a isat pfécaivte VgatersueoTaRPRRLinggir Hsniadnenest 85deHFOR he
present invention as hereinbefore described and as hereinafter clainmed W
03/ oéQ278m15€?/ﬁ\ 2/01395 22 CLAIMS 1. A nethod of searching a digital ink
dat abase usi ngsiag! h¥$tseflof faaturchvectoet hodearbh ithe Higltabgnk patabaseri ng a search
of a lexicon consisting of a table of letter sequences and associ ated
feature vectors, and determ ning a sequence of |exicon entries

2. The method as claimed in claim 1, wherein the lexicon is part of a
handwriting model obtained from the author of the digital ink database using

15 handwriting recognition results.

\

3. The method as claimed in either claim 1 or claim 2, wherein the handwriting

model stores a mapping of letter sequences to feature vectors.

20 4. The method as claimed in any one of the claims 1 to 3, wherein the lexicon

includes multiple feature vectors for each letter sequence.

5. The method as claimed in any one of the claims 1 to 4, wherein the lexicon

includes an end of word character to indicate word endings.

25
6. The method as claimed in any one of the claims 1 to 5, wherein the
handwriting recognition results used to generate the lexicon are derived from a
training text.

30 7. The method as claimed in any one of the claims 1 to 6, wherein if more than

one sequence of lexicon entries is determined, then the sequence of lexicon entries

having the least number of entries is used.



whi ch contain letter sequences that can be conbined to produce the text
query; obtaining a set of feature vectors corresponding to the sequence of
| exi con WO oens27€s; and, using the set of feature vector eCra@ear®h t he
digital ink database. 2. The nethod a3 clainmed in claim1, wherein the

| exicon is part of a handwiting nodel obtained fromthe author of the
digital ink database using 15 handwiting recognition results. 3. The
nmethod as clainmed in either claim1 or claim?2, wherein the handwiting

nodel stores mappj ng of |letter sequences.to featur : The
met hod & cl af Hlloql%ho B GrEnesk 1 ﬁﬁg’]cqna?i the” plaligs Lﬁmﬁ%\r@%ﬁ{r e %gﬁ?ﬁ:"gn

i ncl udes, gyl ph £, S EPLIM PRI U 1B1tbPEeRREbe ket ter sequence. 5. The net hod
as claimed in any one of the clains 1 to 4, wherein the | exicon includes

an end of word character to indicate word endings. 25 6. The nethod as

claimed [n any, one of the claims 1 Lot Lk

recoghi t9-on r %meéh%%%g]@gnai%py éﬁ?ﬁgﬂ?{%gl{ag%ﬁ 1atrragg’ er gi\g(r:lth%rt_% a

traini ngcpie?ﬁ“is oBRided BiRofRékiag rasderaionedpunimo yexinsing a hhedwtitings 1 to 6,
wherein If nore than one sequence of |exicon entries is determ ned, then

t he sequmncgnigion| systasdn entries having the | east nunber of entries is
used. WD 03/034276 PCT/ AU0O2/ 01395 23 S. The nethod as clained in any one
of the clains 1 to 7, wherein a search algorithmis used to search for a

| etter spguUeNTRe methodas Themedtihady ancoifdherethiing latoyS,omkerein thigdex ains 1 to

8, wherein the text query is, obtained convert.ing handw i input into
t ext lusi @ieers ipghtAIRed PMﬁonV%‘E’@@n‘fc’tlF%}Ppé’g)él]?té’rﬁexﬁﬁs.m$%evor¥%? ﬁeé:gtgégtpoc aimed in

any one %Istélﬂe claims 1 to 8 wherein the text |0 query is obtained by
converting voice input into text using a voice recognition

11.  The method as claimed in any one of the claims 1 to 10, wherein the
handwriting recognition results are obtained by:
15 sampling the handwriting;
smoothing the handwriting using a filter;
performing slant correction;
using a zone estimation algorithm to perform height normalisation;
using feature extraction to perform segmentation into sub-strokes and
20 generation of feature vectors;
using feature reduction of the set of feature vectors;

performing vector quantization to cluster the feature vectors and generate

code word vectors; and,

searching a dictionary for the most likely word from the generated text

25 letters.

12.  Apparatus for searching a digital ink database using a query, the apparatus
including:
an input device for a user to input the query;

30 a processor able to receive the query and communicate with the digital ink

database;



system 11. The nethod as clainmed in any one of the clains 1 to 10, wherein
the handwiting recognition results are obtained by: 15 sanpling the
handwr i t iwQ;0388m20¢ hi ng the handwiting using a filter; pecttoumRags| ant
correction; using a zone estimation aldgorithmto perform hei ght

normal i sation; using feature extraction to perform segnentation into
sub-strokes and 20 generation of feature vectors; using feai{ur reduction
of the set of nfeans to eoweart the qupsrtbar tixt gueBstid theyaaery B0t GHERBY @I1§3t er
the feature vectors and generate code word vectors; and, searching a

di ctionafly®®Per the nost likely word fromthe generated text 25 letters. 12.

Appar at us f or n&aa5 §6F Perfomligh tsehrchndf ddtsibas eandsddtgrmininge nysequbmee of
apparatus including: an input device for a user i}o in%%[t1 t he % er ;thSO a
pr ocessotexaiteenigies srkichecontain detderyseqnanessrihah ranbe caMoradh e Bf élu‘f:%| ¥ nk
dat abase; \{\O 03/.034276 PCT/ AU02/ 01395 24 means to convert the query to a
t ext aueW‘, % ¥ he query is not already a text query; neans for performng
a search of anleash @on obbeinigt £rsei of Miegatares eeptorc eowéspohndiigenthensaquescahi ch
contain |letter sequences that can be conbined to produce the 5 text query,;
means f opf &He@mEMEIes: set of feature vectors corresponding to the sequence

of I exicon entflas.cMea8hing the WRgiedll AN dabfhadk Fishd thlelVet @REGRAELVLIIRY t he

set of featuré vectors;
and

10 an output device to display the results of the search to the user.

13.  The apparatus as claimed in claim 12, wherein the lexicon is part of a
handwriting model obtained from the author of the digital ink database using
handwriting recognition results.

15

14.  The apparatus as claimed in either claim 12 or claim 13, wherein the text
query is generated from handwriting using a different handwriting model than the

handwriting model used to generate the feature vectors for searching.

20 15. The apparatus as claimed in any one of the claims 12 to 14, wherein the

lexicon is produced using a training text.

16.  The apparatus as claimed in any one of the claims 12 to 15, wherein the text

query is generated from a voice query by a voice recognition system.

25
17.  Apparatus for searching a digital ink database using a query, the apparatus
including:
a store for storing the digital ink database;
a processor, the processor being adapted to:
30 perform a search of a lexicon and determine a sequence of lexicon

entries which contain letter sequences that can be combined to produce the

text query;



and 10 an output device to display the results of the search to the user.
13. The apparatus as clainmed in claim 12, wherein the lexicon is part of a
handwr i t i W@ oaslelé obt ai ned from the author of the digital PCAkAwabhsdase
using handwiting recognition result?. 15 14. The apparatus as clainmed in
either claim12 or claim 13, wherein the text query is generated from
handwiting using a different handwiting nodel than the _handwiting. nodel
used to generate télgafreat sete ofefeetire Yastorsegeepsnnpding tastheThRAUSEES %t us as
clainmed in any one of the clainms 12 to 14, wherein the |exicon is produced
using a trai nmeKFPSHAII®Y6. The apparatus as claimed in any one of the
clainms 12 to 15, waesBicet BE féfole voatiat Yo seargk ke digithl fimlodutabassi; ce query by
a voice recognition system 25 17. Apparatus_for s,eaé%hi n%fa (%ggl tffl i nk
dat abasewhsieny, thedexicyn is pertapfpnhandygiting aagdel §taiged frgm Meputapnp t he
digital ink database, a. . L bei ng adapted to: 30

per f ot m ngétég?%g%?‘g%sel %%}?éﬁﬁgi‘ﬁf}'ﬁagﬁgﬁﬁ% rllg&g?é;sglgtgénce of lexicon entries
whi ch contain letter sequences that can be conbined to produce the text
query; WD 03/034276 PCT/ AU02/ 01395 25 obtain a set of feature vectors
corresponding to the sequence of |exicon entries; use the set of feature
vectors to search the digital ink database; wherein, the lexicon is part
of a handwiting nodel obtained fromthe author of the 5 digital ink

dat abase using handwiting recognition results.



