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REALTI ME GESTURE RECOGNI TI ON  BACKGROUND OF THE
INVENTION 5 1. Field of the Invention The present
invention relates to the realization of real-tine
gesture recognition which uses a unique recognition
method to match synbols and |ines with database in
real-tinme. 10 2. Description of the Related Art User
interface i s beRBALATMENGESFEREI RECOTEHINI n t he
consuner electronic .equipnment. Many consuner
el ectroni c equi nent t oday uses renote control s/touch
15 screen to in tﬂﬁ)ﬁﬂgfﬂﬁdbbﬂﬂﬂT%uﬂ i ncrease
of the conplexity and functionality of the current

r el ectroni c equi pnent such as portable
ﬁJf]HEEEW%hWF , car audio system and ot her product
with multiple functions (e.g., video playback, audio

| FM Radi DTV. hot | h

ber sonihe oPEERTRD clVEY nmé’{sfadé'% B By o PRy i i rep) time
gostarandcopni¢iati fWhichl tsdsor usiuet ceantgnifipe mlf;ehcﬁdjltlo match
ég%ﬁgygégl{.@gﬁegfwﬁﬁgdaft%&r% aff 8k neTO navigate between

ure and ¢ |gura ion is becomng a
ti me-consum ng nenu operation. However, the variety of

Phy&chipliond 85106 RefitedoMftt on for each rermte control and
graphi cal user interface |layout has raised numerous

problens: the difficulties in |locating the required
r enot eUeanhteolfacamdb@ommglm etshatiad eidmaitdn thd tdnstimer electronic

tton | ayo
%gué%rﬁ?nt y ﬁé}ﬁ}lép SF&? mic, g(?lﬂ'glr?%l’éfnf%géy u?é%dreﬂﬁteo @c‘l)ntrols/touch
scseﬂn nonnelratca@etld@s ipgeduct divh dhasepsc o vlee m@pkh@)ﬂa@d functionality
e TRtk consifer ¢ ARIRipHAE sIBAR ﬁ'lfaﬁlrétrﬁulhﬁledla player, car

evelo a nore user-friendly gra hi ¢ ser . nterfac

who SS9 AR ot Paedveh balh MR UPLEOIFAFigyatidempk aﬁ‘afide( audio
ratiMNRABYEDTNS  photh takwinig, mlleppm{ee Persdfal TBanizer and

robfen1of current graphical user ce t
Raiar e ot el Suore dind e Bkl BF Toiondilize'the
m:manmge setedtitare offeroTd@nvigate (hervieznreach feattré and esnfiguration is
ec& g@%ﬁpmo%?%ﬁm%%éﬁ “ﬁ%’epl aying the icon that

e ac on on wor Ki ng screen area
f or t hHowswsr, the wrictk op phiscal daysut 06 britep éer ¢ach rampieoepntrol

gﬁﬁ %Itaghlé rl%'els Eﬁer%@wo%’ﬁést 12993 d AP RPYs TRBYe S thé cﬁ’ﬁicﬂ}hes in

e Wwor screen Is efficient, E
eniéne p'ieﬁ'aléfﬁi remqly copBol and g@ﬁ@a%r &hedaont}gs&ﬂ wiih the button

Ri&t tHen@p E)éeth@tﬁﬁﬁ‘du@ganﬂrh% d. Q{klé@lﬁtcﬁ/npﬁf)verﬁéiﬁ b ®JuchBfden and
use, .and hlde e ss fre ser . menu.

RS STPr Gt IEESER (B SRRV b ARPRS el Darkel. The
Saiyplees favequatetdfforisse depeleph mord gesfriendlyt graphical user interface
SRS Alefialchidl BlRE sty Sleigation and operation have its limitation and
problem.

The problem of current graphical user interface is that it requires the user to
select a sequence of the menu option selection in order to perform a particular action.
Another way is by displaying the icon that represents the action onto the working
screen area for the user to click/press to perform specific action but this raises some
question on how many icons being displayed on the working screen is efficient. The
other approach is to provide some sort of user profiling by learning the frequency of
the user menu use and hide the less frequent user menu. But this approach only works
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The gesture is used by all people with different
culture and | anguage. Advance of the gesture

technol ogy has led to possibility of real live
commerci al application/product. 5 The current
technol ogi es use the neural network approach to |earn
and match the pattern of the gesture. This approach
reithismel nusmbgeotprople. of the processing power,

| ear ni nPednjdReqtd ﬂtl?'ilg’é ﬂfé@cm é@ﬁn@uﬁé ﬁn1‘é£i§t\v1{ffotﬁéxepeople

it 1n consuner ectro ment ortunate

whig gestyse ﬂseusﬁﬂé’Yr?Hrﬁiﬁoﬁl?rrﬁlﬂlé ffmt @ulméré@gﬁu angyage. Advance of the
g&hﬁ@ lt&gh@lsgy ille 1*@& It@ go&wﬁ{qudal INEQ{o@mhércMF ap(phcauon/product
WQ%% . rC|aI roducts
B} iR o rHaolgiosc reuhe Pebiph TEPRAIG APPHaRS py g 0] malch the
upmfem of the glestntey Thiy eq:\peoaahdeqla&s e amedst ofl the Prddes OWer,
Gavg prddessigg p
Xﬁ# gglgtjghdt ?tﬁl‘%% eange%use 1ght%r de%tlot\rc))le ol ﬁllgﬁcgc% \?éet:ruélectromc
meﬂmngﬂ to redefine hom;to |nterface mnth the system
The genghfditun
for par Pfortundiely QY Uers o Hirh i SRtrof oQBilioh Behnologies
|1m4Eg\rﬂmlpmﬁl Wheagyip reynimyted @wbﬁg of icpmmereipl produets wich use

tiend @Bané 1d Mkefte Mithithe podvétde a 20 symbol gesture
n solution.to re ni ze the

Liﬁgg%ﬂéﬂwacfr e, IdRpoTY SR B g R etseds, Ty ill be

mivamagdmxrs tolh¢tethe uedr tbhdefina \héviarestuee toehtsracttvich the system. It
CIS}HP d§§({a Bé’w%‘} fﬁreﬁs%ykcl%deﬁ'éeeho%go %?Jl]fagg ﬁflﬁlqge %t%’?etny "he general

rrecogni tion w't
agpstue solwitgremay ot herreptmmme iheti nammd)ara@m reqmretm@t
user-friendly interface and 25 reduce the tinme for
user to navigate and control task. To solve the above

probl ens, accordi I%JM %¥%$Mngmmon a

real -ti rre syrrbol gest ure recognl tion method is shown

in Fi stur ecogni tion

Do- hook e PEMBVBIEEDRE: Ui # EEFOTIANT fresridvisatinp g provide a

adynthiob gestuie r&dgaitidnizebitionito geoofnitzb éhd usee syrbol@estateninpgt using
@%?/ﬁ&nhgggg‘%ge the digital artifact generated by

t

evice. c¢. Feature Extraction, which
extr actls i aothesanhigce of dhst iovenionei® reducehtbe comipdexitytandrresource

qfse%ﬁi@ Hclﬁ@éeﬂtﬁe g@sﬁm@ reéﬂ%ﬁﬂmfx' vitH hi H d'rés&kﬁ?

normal i ze the in I ne e it
that cdhisanpHena Jscttquéhﬁ‘omsmt&ﬂ t@fﬂclawm BheiuserBicadiyinterface and
Usiiceithotiine f@r us-E@tOClﬂﬁ@éﬁtd &R doatrer @siet i on within the
line dalto SATve th%%ggger gromems according to the present invention, a real-time
symbol gesture recognition method is shown in Figure 2.
(1) Symbol Gesture Recognition
a. De-hooking, removes the unintentionally created hook at the end
and beginning of the line.
b. Smoothing process to reduce the digital artifact generated by the
input device.
¢. Feature Extraction, which extracts the feature vector based on the
orientation of each point.
d. Normalization process is to normalize the input symbol/line and
make it uniform that can eliminate the problem of unpredictable
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dat abase. f. Line intersection is checked to match the
synbol database for 5 matching. g. Match processing
is done after the final point is received, based on

t he avail abl e data from previ ous process h.
Recogni zi ng a synbol which conprises one or nore
lines. (2) Synbol and |line database is created to
store the referwnchmﬂ&ature vector 10 of the line and

conbi nation f fhendknge MLy Qct {on mﬁl%xé'{?eablée l(.i?]t%:ldlﬂg compare with

map is to Iayout t he screen user
deferent regi orflatabasg: h region is then assigned to Ul

type and gesEuriGng Yiersubiidh sCQiek t t
perform Accordi n 10 an en‘godlengeﬁl?%g A e@‘%r%%% database for

i nvention, therBat Ny ovi ded a 15 gesture recognition
met hod for ag eMetch HEEYeSsiny i?stdimemﬂel‘ iheV‘ﬁﬁJPtp%ant is recelfved, based
processor, an i nput device for
accepting coor é’mé%(%"a“aF"%dfﬁgf\/ﬁmP.Hﬁ%‘goustmeC%t hod
g onprisi ng: la)Rescgrisiogagymbel Whmhtcodlpbilsés&mb@r more lines,
et er mi 0

conpr i SCIQE gsmcog?allidngﬁ%gatm? id &&t?@&oastape t;t?a réferenge featyre vector
start poi Rf $1¢ Imgjand cembinatiae ofithetimekiich istaegynbol.
removi ng) &aﬁﬂﬁlﬁniﬂ i"39”10‘5‘161 &t RBIsBeA) relﬁférl%e ‘ilﬁ? ekt region,
20 data p% S; é -tinme snoot
removi ng F‘?rl?s JGERR {5 then jastigngd tg Uﬁ a‘HH%\MIIdi iggstutey Itype  with
(d) real - t:ormapbmmhglaﬁlcﬁms&cb pefféra) step of finding an
ori ent air, of points; (e) X )
nor mal %‘%Cﬁmlag % gﬁ%ﬂlbgﬁn? {Of rthe BEﬁ%ﬁ‘i‘tsmB?m’toﬁeﬂ}eF%és prgvided a
tg‘?étuff‘e'i%@%ﬂﬂtl@ mbthad rforaanﬁeatﬂimczwﬂtefremlurvat}pw pfﬁc&ssof fa\memory,
@h@@é@

bt RRRERLVED [ i@”ﬁe@q‘é"?ﬁagt%% of Basi o e method

| i .nal gasature pol nt ;
SIRge @ racsessingothe Gaputhdevine (@i deternfinaaustart,poidnarsd line data

(pb)ntﬁmahlpiilsilﬁg (ﬂ)o@d{h&‘t@ Mﬂlcﬁlegffﬁﬁk' 41 8nd 'of ernox% Qt?n points; (b)
n% R&é:ess f ch nprises-conpari ng

vect%? §90RIPE PER© F?IH%“RBtarhO& from @r@ﬁ@@lﬁ%m%?:@ Of the line

vatet pointsn () dedlainzs amoatking jsjepr 6£ @@ﬁbﬁh@gin% Wl&tlons in a

i
WG SRS 5L TNGE HBEi U5, 3 i
pelaveen gaghepainaf n@}nan () erodmalizingan IorlgmaiNfHah&e lpbBltsthihe line in

k | th th
blg}ﬁéﬂg@g%roggaz? gglgﬁg?lzgﬁ\f&gmg 8&%{’? edrlllaflﬁrel%]a cplﬁlgectlon %etween

£35h feCugB @t}“mn‘é eking any bﬁenseﬂltond@t\aeen each pair
ob dicdiofiginab féﬁtu&hﬁ)lﬁfs' @h ﬁﬁal#riuﬁ‘%e g@l’i}@ or | #%c?l\i\ﬂtl Eg £ line; (i)

gﬁt ted sum han average o nel g
(i RYS? PR GRS TSHercYGetor o a current line with &

tederdivel featnre edcydrds a dafmbades asd G rdc@nizing LEMO %ﬁnch comprises

%@@%n&%tl% ARtion between each pair of points and
meppi n € slope to an orientation chart to obtain an

or i ent §k¢ ¥ap fduaypEomprite: l@®ating abrupt changes in turning angles at the
beginning and end of the line while the hook length is less than a given threshold, the
threshold being a percentage of the diagonal length of the screen.

The step (c) may comprise: substituting a coordinates of the original line
data points with a weighted sum or an average of the neighboring line data points, to
eliminate noise and erratic handwriting styles.

The step (d) may comprise: slope estimation between each pair of points and
mapping the slope to an orientation chart to obtain an orientation code of that
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segnment of |ine between two points. The step (d) may
further conprise: finding a |l ength between the pair of
poi nts; and accunulating the length if the orientation
code of successive points are same, or storing the
orientation code and the point as original feature
point when the 5 length is greater than the

t FPEBAYI A linghetveeen swo opintmy conprise: restoring a

probl emTak wed (dNGadi i p cy.b ,
rZ’%ﬁ’l cul ﬁt i nlﬁpgtt h)g g?ifgliqﬁ%rl &?ne}g?sgr gﬂgpgn‘%?ﬂéﬂﬁ between the pair of
r Sorgaritfgeeyaulating thelongihd tirecanientasionotade ooftsocabssiae Points are
t Bemporrrstdringettie beiatitdtién B&icind- thd B6; o ' '
sqg,gt}{ﬁ)gr% tﬁgnn@t[_:i se: ,EJ‘CF conput Pﬁléﬁ t§ ﬁg‘l‘%‘%‘feﬁgﬁe p c%t when the
f eatur € -pol gt sg ; BUFSOId the distance between each

pai r of ‘6fi gemak) fmemt womppise:niesicdingCONSOBRIN dfMwriting direction
ad d e H,0 a heor.e he reordering In-

. i"g”hﬁg;%"é’ SRR s SRR ealfher PRI rsdareordming che
r EdicRigted:fegrurecnaintp &0 phikintthe noromliaed feande peihar ence

poi nt; @he reedall@ioatd ordvept.at i . codes with L
rBSRESt o gs t hqg g_lor ﬁgelt i ? gg géga{h&?eéog%frhs_'sslg'fgmif’ﬂténgstﬂéffz) original
(’%? ma;&/) CoipPT s Bat the distanegybefween seahcpaivpf ariginahatieel point is
| ¢anstagt gimeccprdaned wenhaRedy tRairsmof original feature

poi nts. (f) may, further conprise: conbining

the ori g%—{g Q?%%H-l ol egter(eE Y PP £¥eliqallyt tgrasranging all the
pFaledlagd fenturmpoinds fresyrofiskip faonReminto MdF@SeMERhg 8thtation
Sdodes With résp8c1Go AR Mafife?f‘ﬂe%tu%en t.he feature vector. 20

The st (Sgt%—p y conpri se: e_e‘?%’tﬁ‘i ng the

i nt er sect’i &F‘ﬂl’ CorapIigR: detepling ppiesencofof archgndtadd line segment

freavemeaplopalt 6£ orifindl ERNRGRiMON €Xi sts, obtaining the
feature points and appendi ng

I ndex the origina i ts

t he Ll n %‘%‘i Ton ¢ e g‘é‘ii%?‘énl%i?t gembining eepiephitionapdes of the
denpalized: feathrechoing With tie POSSEHERdihG ¥ .
P e L
orientations Into u'ggge Plines or a 25 conbi nation

of bot HheTiee (8) apy compning: deoominia theterction pBBit between two

Ritd Of Qris@fal i iLh. the. reference feature
eect 0{ st or egé?tg{eahgﬁﬁé _lg 2‘%%%%1@5’? TSty ARtpining fesindex of the
SUERAL fRtHEE paiats and appandingxthe indom into fthet featuté veetorThe
step (The s® frlal ROmpABP dhe ki I | ist
%ﬁtﬁﬁ’teﬁ n‘qgtl(ﬁpsopdaltt%bgﬁ_ edhggﬂrs]?gt i nEJ)%;bﬂtrl]‘%e&pchévﬁ fmong the

i ne | n%%?? Fifmseind segmestieg lme) orenyationst intr cooeprordass or a
priniination of toticond/ or nore line index nunber to the
accunu |+ satisfyin he intersection
crit erJirgé ﬁ‘glf &%Zé}ﬂyla{b RSt %laﬁi‘l!’%rtilﬁg??t‘tuﬁé’eﬁvﬁﬁﬁlthq limpewith the
ieifense featps vierion sigraddb admendatabagen il Sinaeh ekisteoliiPHRihg the line

indesbeimbdrivg 1 gt ati on code 35 information,
conne ieon i nformation and i ntersection information.

step (i) may further comprise: accumulating a list from a symbol
database consisting of the present line index number,

The step (i) may further comprises: matching a second/or more line index
number to the accumulated list and satisfying the intersection criteria between lines
to ascertain the symbol index number.

The line database may consist of line index number, the orientation code
Information, connection information and intersection information.

The symbol database may consist of symbol index number, line index
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The synbol database may consi st of synbol index

nunber, line index 4 nunber and intersection criteria

between lines. The user interface on the screen nay be

mapped into |layout map that conprises: regions |ist,

I nput type and synbol |ist for each region. As the

nature of the synbol gesture recognition, the
F?@%Hﬂ%ﬂﬁﬁégﬁﬂﬁaﬁbEEWSménmsfron1the first input

coor di naltheoﬂserhhte&"fabé o'nngnﬁteﬁtgent Eﬂ%yrl?c%ﬁb% Orﬂto lrag%Lg map that

res&lon.se rate 3}/ di stri recog
o IIPFISTH: refiondIshAnRus dype; and symbebliss ferswaeh regiar.f ace f or
par ti culﬁmrthapailurccalt theRyABS] gafulrd fééb@htlbﬁ%ﬁé‘kc@@ﬂtl% process can

out rlse each
appl ?lgénﬁ ¥ mB u cc}?ﬁ% nitg‘f’ﬁ]o‘ﬁ lmegry@@@ fgsponse rate by
ttnlgdhe Lmognltxbneprocbﬁaiver tithe shd?ey@ilkiacﬂﬁlq;u@ﬁ ion rmp

t : e T S nl PRl T phelBlhr bR A0E hRE b2 1D and U1

%ormad re are two' in
pnq wperation. The, daypripoapi ecompyisee aadhyappiedtléro tayganerapland action

Utn PEh@pdsOiie 5860
a?l cal gai;nde h gr&iglgﬁ? Igﬁﬁgl?rﬁo‘:h%ks&h E)a?’e %ﬁd algﬁ hJiap g dgrermine

s gt L\gputrigpe and agtiondo be perforaiad: Theregyerivel inputitvae gesture type
t pied &Y el lﬁaypeempﬂ’sﬁﬁyplaalﬁﬁﬁgeﬂ%f géne@éltUpéber&m such as button

d h f d

Qo 30l e AR AEobl Bl Sodble Rl mgpissanhdrog. The
Fegstie tepe impis 1$§:)mhjmhcsh'a\u of thessymibbl to&’eptfegelﬁﬂ@ﬁicular actlon

uni que ThOyaRshst e ‘ﬂsﬂ%}p kAL FR 2" § %IPB%]T mfi e qapwgto two tables as

st.ructur sfor es t ure vec

RHIOpE igare ONndigue HiTkersxesol oudrirg uwidl stors kewdbol unique

t il the @binbpiaties 85 Heflideb errl 1%%&@%@&8%3 gk felifire vector of the

P gsent invention for the real-tinme ges
recognition. Figure 2 outlines the steps associated

wi th preprocessing and feature extraction used-in the
al gorithm of t re3
expl ai ns the L@ﬁhﬁ?gﬁmﬂm{b&:ﬁgm
algorithmof the present invention. Figure 4shovvs t he
steps imy@kVe od used i
t.he al gfl % mqg ‘ost; E?B?ée@% él\é%%/egttﬁ‘gﬁfe Oﬁ’lhkﬂﬂr‘bge H.Eg\é)resent
AMYRNHQR dor) the sR@l-timggeswire teeogmitionr e and Ul area are not
30 overHig@pi Moo tﬁﬁe afhee %RRP |

Q%8 (ﬁto on. ﬁlj%uuréf ] sh ovvsgp %cs:écgéé[%& r\glyt/lg L}? gﬁj\%essmg ﬁnd feature
ée fdion usRd g@glﬂg}lgfﬂ@\;g?qeab@wwglonas an exanpl e
for thdigureSeerpliiny et Lind . MicBitEamdthsd Qu& h‘hﬁle - algorithm of the
%ﬁés“'ﬁ‘t’m’&t@f’ t he Li ne Database, consisting of %

ader line data, which is used in the present
i nvent ifégure 4shows the steps involved in the Symbol Matching method used in

the algorithm of the present invention,

Figure 5 shows a screen layout, where the Gesture and UI area are not
overlapping, as an example for the present invention.

Figure 6 shows a screen layout, where the Gesture and Ul area are
overlapping, as an example for the present invention.

Figure 7 shows the structure of the Line Database, consisting of the Header
and line data, which is used in the present invention.

Figure 8 shows the structure of the Symbol Database, consisting of the Line
Index Number 1, Line Index Number 2, Intersection and Symbol Index Code, which




10

15

20

25

30

35

35 Figure 8 shows the structure of the Synbol

Dat abase, consisting of the Line |ndex Nunber 1, Line

I ndex Nunmber 2, Intersection and Synbol | ndex Code,

which 5 is used in the present invention. Figure 9

shows the inputted |line data after the preprocessing

steps of de-hooking and snoothing, as an exanple for

t Heupadds dha prespné invieniion. Fi gure 10 shows the two

ori ent atfigite Chahbws SHk liaPhited’ Bhe Unfa thgxt :?ifengi'eg)gg%tssing steps of

invention. Figure 11 shows the 1nputted [ [
ed1ookiNg and sTa0Bhiage s 46 FXURPIS fer the oFsentinvaNtien,

recal culFigiren Oadhdwisane 86 iofi@ntieR Thards s@thbRXFIFRIsE byQhe present
th ve%%i sent invention. Figure 12 shows an exanple’to
iI'Tustrate the necessity of checking the line 10

i nt er sedtigwea dr shewvs shd mpulted diresdat aftey ahe | fosturd-egiiction and
1 . Iq at e e _necessit

c%lgc %%utaﬁ’e%?@ agfntl ?ar?fj e#egg&g%' ?ig nStécI{;f 23> .lé? Yor the present
i ARENEERt | on between lines, in the present invention.

Fi gure Ploiba95haRs X aRhledb iﬁﬁﬂﬁté{ﬂgm&%@@%?ﬁgeckﬂ{g the line

one or nore. |l ines t hat .can be recogni ze

aYETSFEHM iteriaya the presTt ITVSpHPR-i on. 15 Fi gure 15 shows

an exampliguré d3i bHovst Eﬁiteﬁaﬁnb% fiﬁﬂﬁﬁ;iﬁrhteyﬂfé; ndcB&si hof checking the
SRS P GRS 3, P Sl SR e R .
showi ng Figwee il hishowie an erambple wf somiesémplerdesture, @¢ htl 0@ more lines,
r i1 j i t-her K or. the

PR G be Aol b Riglifeh o MERRAER e e

EMBODI VENPS: Theshgive anexanmple e iildustuate thecrrgessity mf the connection

gEBdoM I stepXot tAOalgbRnt RIYhE pRSSIGRMibR. @ screen deal s
with applica |onsé|é§ a touch pane|l i nput _for a car
audi o sySPEMIO bR Blagkahsermm shewing the imiprgctien between the symbol

opestat ireghition wnite oxithaitkir Qoapondiits; tfor e PRREAGATrBiBE,

i ke 25 play, pause, rewind, fast-forward, etc, can be
operated by sinple gesture on the touch panel, which

i s recogni PESORIPTION QRBHEtRREFERREDENMBODIMENTS

Unl i ke ot her nethods, which are devel oped for a

particul ar set of gesture or synbols, this invention

i s desTBnBEFSERs imvention of recopwiaigl gestusd’s onvan reldctronicysystem with

sy Bhrebis d&dds Wit i |Di b & Budi

dat abase EFﬁi}nse.dapgl;i@dthOgi§ ?ik b gﬁgl\l/vr&f [ nglr_lspﬁ‘l gfdés,a. u'cylogsar E‘tgm' I?Or
1 8xaRcih AENGTRpS forcRReGHings th édegs ardia d ietute- erpligations, like
splay.qrmuss irﬂgintil&%staﬁp@hﬂdp a] @ihhljbi:\? ra3&dh _siilxﬁﬂblgésggg ohfthe touch

i e st.em wi.t,h E and i.n . devij ce.

S, IR T B Rt s
dwhichearg idgveloped ifoerga paeticutze s£608, gestntec br Sgbelss thid dvention is
t Qlidhed 86O foblSrlhoBP tPLIRY bttt 'sDRbb R AU Gser can design

their own database, based on their handwriting styles.

Figure 16 shows the interaction of the user and electronic system using the
application 1, 2 and 3 1601-1603 in a typical embedded system with RTOS and input
device.

To interface with system, user needs to use the input device via pointing
device 1609, touch screens with touch sensor 1610 and other pointing input device
1611. As the user uses the input device, the input devices then sends interrupt to
RTOS through driver 1612 and activate the symbol gesture recognition unit 1605 to



10

15

20

25

30

35

35 1611. As the user uses the input device, the input
devi ces then sends interrupt to RTOS through driver
1612 and activate the synbol gesture recognition unit
1605 to 6 start getting coordination data fromdriver
1612. The synbol gesture recognition unit sends the
first coordination to the U nmanger 1604 to determ ne
t reart ggitimg eqqadinbtieredata Gront driver U6 2riThe sypchal gestpre ¥6&%nition unit
Thendd thireeh f&lﬁﬁ’ﬁ}ﬂ%tﬁ $ I o
uni t 16051 Wi tﬂ the type e?[r{pﬁ'{ihé’%rfl%?%gb‘id%tggbﬁ}%&%%iép???ype based
g@8t thee cyyen lawgyin 1aps 16t Thee Wleawgesr respondsi to sgmbol gesture
preweaide @il 1605ewithRk tyPatiapwNtf the YRRk RIRRH S
I%géhr devi ce. The frs%nbo)%age%éu e,?ecogrﬁﬁ_oﬁg%gnirt%e’ yfnbOI
1605 "SRR AR yHE LD Aeesssdsthe énput ditaaiatil wearirelgases the input
agpvice.aThorsymbop gedtorenteacgnition amitot 60N gerieRatbayeuult ABP sends to
1604 AN ] i S _knventj.on su rts t types
of ikentS RELe Pl fn. 1 BrrlgPHe T o UOREE o, B! Figp 1607
5 Sperefigatigng, the screen is divided into Gesture and Ul
Area. TqhiUBReAH v : ’

Refton ST 170, WRLSOF 202 GAGRPHRe Sh 0 wype. As

each screen | S asso MTh a | P

s peHY eligeetndg e &y thecsrasads divideddnipi Gesturp ond Wrefiyea. To support

abethcthedeedtead dithetsame el AR sbR¥OW ass&fiatel Sviles I4408t map. A
ar ea

. i,nf whet th t drawn, t.h
o8t T e S ot Mo e B Tl e o
cobithti gesters a]dﬁUhraaday Aedinfert Whétherhﬁreomghmata&m oh tA® screen is a
e n . i Q. (esture and Ul .
COE0AL LTSS ) Syl U GRS B o
aP¥A a%ern Hs. marde &ig fbe 1Gopare and Ubawaplo e owerap, ibut in Fig 6,

S RWidsWird nd (V8 arca QLA Hechise, Yhe ﬁg&%gé&geé}ﬁs h%l-;% ill%Pecifying the
The area wiith nore priority_is specitie Irst, . .
fS‘P‘T@WéETS 5 cptibatea sadhe smary Tihe reny with merermwisyity ishepecified first,

LSOy Mss@IRIGHtalcd, BORLYSME slibting BRr cRVrdinate analysis is
> Ble” by kAR ilg s el JB P €' sbE K arbacbein fhegppyost laer,
t hasrmeneriosisy thae ther @esturdiasda. of t he functions for

oper at i ' i jcture appligations .. .
o bo. Mot ot i onE S oBeAtle Mo iftc” pRRB A Bhd i mplications
r Edpkin sentisrled singpesteras. But, fouireal diper mispamse withe application, Ul
NGLAFAE Yare AbUeSsary! VMY IRRNGET @ﬂ@@rf’z@§ ﬂf@%g&sg{] R {h%qalch panel

t.hg)rt uch gaggl_ I nto Gestures, gem al  ( ure o i

ol HSBReanePsciabl @rtwiesor 1d gpejation ramd Implamentsi theealgorithm

vaskdrigtad bithaielg odtygorpl Nnce this invention has the

abi | it yeq: ecogni ze ols.wth one or nofe |Iines,

fvo et Sk BEE SVEhG S, B B8 oBillth 10 stpamige svimbelg Atk pa or more

Uéned, twe duabesesgaranequinat diine glatabase, deig &7, ais dusesl nfo® | storing and
S ine | cqnsi gt Li j ndex. _nurdbers..

TR e, e Ind YRR ey THE & HERaE B0 g mumbers

t Hissp dapbassp can be cospisobys thicorseBbassdaim tpqrefierenne of symbols for
dﬁ e h 1 . i i . i St - .
e AR s e

re § L L L . .
e welar soBgsRoRdingao st o ueksd in gheong dafebase. Bach foature
wectoo fcongists ioftinedhdds AEmMbéehe BHeMfton EAR RFdARRLBL! &hnection

GRREmARLL gnrHa}nité)rQéctigg TI‘I;}%IQI}F!IUOOQI along with the packet size. For storing line
information in the line database, the line drawn on the touch panel is analyzed based
on the gesture recognition algorithm steps and the feature vector is stored in the
database file. For storing symbol information in the symbol database, lines are first
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informati on and intersection information along with

t he packet size. For storing line information in the

| i ne database, the line drawn on the touch panel is

anal yzed based 35 on the gesture recognition algorithm
steps and the feature vector is stored in the

dat abase file. For storing synbol information in the

sydriveh odethabash, panehethich & fecogtized7ardr marched by hike tilpufithm. The

pqgﬁl md inﬁ%ll).k:lss Ftﬁ)‘ﬁgg\ﬂiﬂg ‘?ﬁie ﬁﬂg 1%}589(?% H‘Xbrrm?lﬁnt%fé stored in the

algor| umbers,
| isyebphdaiabaset iThys,i ﬁlﬁoﬁymhoﬂ @mdall@ é@t@b@ds jiare tibel in the matching

Smssgﬁé@ﬁﬁéﬁdra{ﬁﬁ%thémcﬁﬁﬁgqﬂ and |ine databases

are usegwl n the, n;geﬁE pracess of  gestures drawn on
the toucHIpiyentio W@EHW%FF%@E’;%} alithshegs@Ees yrifien on the
r ecwdrpaneloas sHovirhig 19g 9t A& 8SonVds thé €ifst @Birl: lﬂﬁamhg lﬂ)@ﬁlt) of the line is

h F.
( SPRlinsy BERRY B Tt e Qo By Bonirol e b ProgBin of the duta
alstpetsi ahdnthe onatchiag tie ulbne pannédla:telly't aftdr| the, lasthpoint (end point) is
835 T A LG e T o,
oloss F@&Vaﬂ-@ﬁé}@ lﬁﬁemmt@mcﬁ OB {5 ﬁ@sm‘bqeﬁ@ngiat a
Wl t hout snshodal @YrigiIn tl'i@?thrt ?"f?omta(ﬁdthe %Qoﬁﬁ%%e 88h obRided from

to begin t

r h I as . poi B’ 9\551%
- 0USh el jeinalyzed basid op @hel AP @qceﬁgorw. tgdegk04 whether
t e pmmnd umﬂiedndmaaorahé gedi@e akdaO M thé btarthtgqﬂmtﬁ@ﬂﬁindlus be in the

S0 A0 ek U oL A ey e
gesetandiaglyr Hthe nﬁmbhleof:sita'tlng poingois foundstof beuone, thenlifthierend point
t li'seobt&lhe@ iffedAly ‘%vlﬁﬁﬁ? Kny Satd %B%é? Mhdd'§ dﬁ&'ﬁ?ﬂmﬁ to lﬁe a click,

tlng pOIﬂtS an categ rize accor
&l there age data ipaintydien disis pscrobly Hithers ase twn @tarttnﬁmmts, the data

thﬁalﬁ[ﬁe@mma insh abioy. ned i nmedi ately, without any
data po ﬁenlt s determped to be a clic

else if h?th% PErtePoikdoes Betissinthe 1 atea; elal@ev% |hr: in fhe Gesture
t heeneThe prdpracesding kiep gs mthdﬂtcS cadhNgoifithat idJ Tmpafi&l, \id eal-time. A

Dyt . B0 S5 o Sy 0L BT o
2@eaneealﬂrrtt@npthe m&poawsion@e sty ik $n denbeinieo Asathe ippitndata point
U Bathed &, LEVH fs65 {fohﬂec{ &fd stbbﬁﬁ aﬁhe %H(? ggin't SIf (El‘?fpﬁ'lg(lp Is a normal

t he repetltlon or sequence
REiulids theas eyery datrpainicis mm@tede@p@rs@utasnom end rasalculation

i ﬂepma&q:"él'foi'm% Or¥e thBend ;ibﬁi-ﬂt elg agltﬂlﬂtée'eﬁgﬂdgﬁggﬁjﬁg'rﬂatchmg steps

action.is and s
t HE K ﬁ%’ﬁ‘?e‘iﬁ) g‘rt h&ﬁf}hﬁpp%% % sayythat s 3lgesitiag grgeegsgdadata in
prEiahitimiesasithg ptdpmtessﬁ@tfeﬁt&reeaxhha@dn Stepaund performed for every data

ol e RGh i She Bl R0 B et P oty BpiSary fo the end

pmlﬂbﬁomt‘?a‘t the nalysib Ijm impppesape raspensedingayf thiaysténhigeeatly.
aI gori tm’s‘PBPQH eat L%qgfo"ﬁ {eﬂhmﬁﬁc%l alshAR A%t Whe da%a is nglgen in a

BFOCESSIH extraction steps are
o LFRNPed HTE. Yhuehsatisy %ﬁﬁ@lmmﬁlr@m@ys aFhe lompthéﬂ of the data

stHﬁ@Mﬁll}ﬂﬂl‘ie iRy uRAt) Qé?ﬁ?atétpby W8drk hﬁﬁhg ah&rRNe haR@hAfing and

art.t | s improyves the respgonse tine
ﬂf{ﬁﬁg % F"éﬁa“@"r‘lé%t Sltxjes % ores e bF if{ig gn preprocessing
tlﬂ:lhllsmqeréswlasls imehehahe Substinisiva of da@l Pprodessing eliminates noise,
normalizes handwriting, and reduces the amount of redundant information, in order

to fix the variations of handwriting and facilitate encoding of raw data into feature
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predeterm ned form which satisfy certain

requi renents. The low quality of the data is
basically due to irregularity generated by users
having an erratic handwiting and variations in
handwiting styles. To overcone these problens, Fig 2,
preprocessing 201 is used, which involves the
sMsstors ut i on of data. Preprocessing elininates noise,

35 nor netHezHst ﬁ}%ngr@ WdsfrigNdep ANHe E@Hﬁ-ﬁlﬁ 4B é—ﬁi@ﬂ{g 26 Hooks are

r edundant _i nf ornation, 1 n or varitation

o FCOPRRINK fundcat dheiendscet the éfrek%sn dbey A gﬁneraaw during st writing,
I nitenf mt-dd’vm afd \peﬁhpf@venﬁhﬁefgeh&hteﬂr qRE QFHSAGIE &b Rtected in

I it Ho k
AR, SRR DS S 37 B850l T gt e
g@ﬁmi af estrcdwrwlngh tastitute b hoolg, twowbﬁdhttpﬁmmdm metdThe first one is
P y..hooks ar e
O AIEAE JIRS Yo, Wi PG Sy T sond
cleandjdan b thﬂh@etam length iadefsghaTo p@ldﬁmnaneé atdwbngtyhaﬁtcsordmg to

ofFi Q9§ tthe %ﬁgl%eﬁbeeﬁ@é&ds&ﬁtﬁre &bomg K, 1+?1 WRd GeRdi tfblﬂﬂisﬁo be 6; and

irst one is. that e turnin

q LEPE%'sf’%he Ims segmenicbeyween h agd yeh iy dlee salsplg! edTﬁgthe angle is
sgmamﬂ tharothd i thiesifolil anglhagmdtdn@ e qldea;eg;hsnﬂ l%nétﬁ% ghdd@ than the

2B IOEL FRE RS sert e ABF ot J5farinctF hopfarcy:ffe; gatded. . the
f pomtli and peints; bedom 1.1 anfieark elighided fand kenchwi sterting @ tis obtained
bef Wetid! ordhd h{;}dlé‘ ¢]§1nﬁka§91 (}ﬁ)loﬁ rﬁga};rggess 1J c&l{aﬁct%ﬁ %&t] ghe ¢nd of the

greater than res
s &g anemind pointds ebtaised uﬂmks hes detéstedshol d | i ne

s eg Ment Thé @S(Eanthe;P ef mep?@ée@sm@ 2bPeohaRE ATBibotife 204 the line
di,scar ded, e. the oint 1 and points before 1,
afidfa- A peiglited avemss of the Bresral ceominath §OPbWAh the neighboring points

olxt @lngsted a6 gththeatvsy Otﬁ-otdiﬁatb Q!@knt “hichk |sabstReeh lﬁlm of the

DEAEER b Sy Pl ST e bk oo o o
sEbonmng, swbph dé not elprammﬂsx tag tRO Gamssian sﬂlenng seddiyhsonge other

%oflﬁ‘]?nsl Whfeh aqa% fio th? }Q@hﬁ:%tg A ﬁ’q\é%&%gut%n a&éh%tﬁﬁes ent

co-ordi nate poin
cal cul aFigdPt ghoywtan exampdevinpot bing drﬂamempﬁlmﬂouclv\mrctm iAs seen in

SBfgSElH ithed Righul AndhACHoRE bbfheat thE bﬁhn@tﬁﬁ% HdHA3dent, and is very

i.nt. This. et 0 I est means
oFoish A4 PR Ay e af e drdooise PRSP e Boqlicnear the start and
Gendspoiam dré Fdngovied Gis whedm by P$g396 THehQ@itputad fahé dIiBking process is

%orl‘fq%gsané%érﬁﬁulgﬁ%%eé Of tglgéfgﬁ?gln: tnleograwn on

t he t outhe swoetbenedAdatas peints are used) f@bFeatire Bxtyattiod RO® which is

hﬁ’é &ngtél? REHE & goﬁﬁﬁﬁl Slth%rstt%fgf Bx H{BHS‘Q %et%ﬁggﬁﬁﬁrg 50, involves

noi and erra
d'é‘ﬁ @é‘lkmﬁ'gmb%%léﬁ% wigen Baicsofrerintst Fee slope tstamated s wsed in the

Rﬁt&hﬁn&ﬂfdﬁ dﬁH@\éﬁ@mﬁﬁo& BPM{@. pakt &1 pgnﬁg froH" e%’rfeﬂ%lloﬁfchart The
I's snoothened_and the res

hooﬁ g ‘pr oces
o?ﬂ% iades ‘feﬁt%s@af@dm L sAwsiral éﬁs%rmanat Eig 10 shows the
pOfiaitsti@r ehans éﬂha‘ ﬂF‘:aI Readriittonbotartds &hmedaaaax g WDA.CIb it the kind

S Bief el s Briealid o s optimived siaby as

shown in Fig 10b, in connection with the present invention. Thus a sequence of

orientation based on the successive points is obtained. If the orientation remains
constant for a predetermined threshold length, the orientation code and the starting
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the estimation of slope between a pair of points. The

slope estimated is used in the 30 determ nation of the
orientation of the pair of points fromthe orientation
chart. The orientation chart divides vector space

into eight cardinal directions. Fig 10 shows the
Oientation charts. The ideal Oientation chart is

s ROwé arei storpd gs thedeataes nointt Théprokéssds reptatsy ol the dadiboint of the

b¥iné Sob@dlﬂé?f 'FlEnﬁ lal GRw fh%n)gaﬁ 'ﬁoﬁﬁ@ Sorhét ﬁcﬁht ?;"aflﬁ gextracted

swtabl own. in Fi I n‘conn ctlon W

pPQE‘gﬁrﬁ ﬁ?‘?rdhe mPHh]éneaS}@@ﬁ‘t}érfé& 9%f 35 orientation

based oOnté Qa.llStlﬁCdiﬁéi:ltMﬁs @fa e{(@?dt&l atd ahd1RAd ;Joﬁntt 1|§eobta1ned the

orj.en const ant for edet er

R ERIE BB R Frmtnsitainorn BubRbokh iRt Satculated based

starthe rigtuad lgngtintof athe listeor e agthhef taukt lifue spgh@it, béfeen the
t he iR t

PLEGERS 45 PR St by T 20T D Pl . o

pBRtiey! W@ﬁ@c@ﬁt&&@‘ﬂ@ws déﬁca@ndat i on codes for the input

| | ne shopm dbfhnl:édgoﬁ&tatg?lc Bods! ark hﬁ%ﬁ% ec%ﬁéﬁc%ﬁ? ogrtﬁe direction in

p0|nt (N ob

and the end
e?’ }Cgé{]%gn?i?”?%@ﬂ“ﬁﬂ Sorthe same bine ditesen oalgaﬁaﬁon podes are obtained
t based lonl the Mehitighditettion| whicAtie durhas#idincRBsd the meibéflof entries in

O P e B Bh oEl  SIEder of e
t Writing eligttion byl resmaliriag théénghrlash dihe ﬂ(ﬁﬂl@llhngtsh@i consists of
pﬁﬁﬁlbﬁlﬁgﬁ%m%%{e Fhed p%i diS5id 2Br eﬁng :269 g{edtg%are nqouatﬁ t he

tai ned ori entafion co es ar e
di r ect | Recalgylating o ithen featre | paiats ISMWIﬂlt the. reFealcutlétion of the

SENBrdinaie ; tpoﬁitsf fsﬁﬁ‘&f“in Qhd oA %t&o%ssu@ﬁ G 9}39 %%le fhe distance
S % di.rection, which'in turn
b‘?FéWS%{é@e PAE © B seiriained agonstant; Rlae ¥ andip seerdimis points are
omangﬂim:cb{dlﬁg 6] mbm}mhag?hﬁ thdadi@md %ii fhairSaifaEe dzstance between the
enden Wi ting.direction n
PR, e’ SRkl coup G "B ired s Beoppiculad feature
rm@ﬁdﬁg dflbrsho®9 t?ﬂetdrfglrieé anput dinp o ﬁi@%ﬁﬂﬁbrﬁé@ﬂdﬁﬂtidﬂg The length
2&}‘7ea51§‘ find & n? ﬂﬁa?ln?q]ﬁlg Resalagy t rﬂi@ ﬁne%aé'e drawn in

feature pol he re-ca c
@é’f’%‘idaﬂ‘i?é?@%b@ﬂﬁts stored in the feature vector in

such a 'Fl@yrebztléﬁlaka %ﬁhl%t;ﬁi"‘ﬁt@ arebteeto &i tf!;b?ra Q%){edqgference point,

S | ned a const ant.

S b ST b Refmalized, bt vato T9F Aqmeiacd deature points arc
?;sbdh agca_rla?até ﬁﬁﬂfr?i’ﬁatibﬁ bB’ﬁWd&h?hdin TR dicntatioa %?@&ttﬁﬁﬁébtamed is
. constan ai.ne or di nates ar

< PGspeA T ST irneliPE ot BB Shocsls s & prgof theyeature
Sieoins. Figel by shpwaalthd npiginal inpat |lmeFingng9lafan’|er reordering. In this
reRERpRUR {d nleft-sliggstl p% Y F talh a%at?lg #epe?]ﬁé %%ﬁﬁ Nrnd ?(g) left-most

nalnkalne he he an
doin lilnin Eigcbituisribe Sta@urrg gomt)al thﬁhmmw@hmcbteaanedector and the

f;ﬁﬁttﬁﬁr@r&ﬁﬂ&%éa’f:gﬁ:aﬂﬁﬁf&ﬁéﬁ% gfitoma fixed reference

poi nt 0 in the normalized feature
vect or n‘?ﬁgaﬁf’oﬁ’ glhiléd’bfaé‘?ﬁ%lﬁf@f Benrderingais gnosp of theetgme different

diainc uheabeginak line i a8 Ndaat lbd)gedﬁeﬁm%eﬂl gt hﬁﬁ‘an&_ Bg 11c. ]!n some cases
a0 s _obt ai.ne ISI ent of the
B oG P BT G S B! i 15

@.fld F r& 3dea1 snmee other cases, the reordered shape is the same but the original line
shape is different. An example of this is shown in Fig 15. Although Fig 15b and Fig

15d have the same orientations after reordering, their original shape is different as
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vector. Fig 11c shows the original input Iine in Fig

9b after reordering. In this exanple, the top

| eft-nost point is taken as the reference point. The

top left-nost point 111, in Fig !l Ib is the starting

point in the normalized feature vector and the 30

points are reordered cyclically to obtain Fig Il c.

Theensindipe 1 &f antdiiéigllidnel mdif terenidteasiucle linese dreotwmnc:giomsriteria step is
t

ggéttf ed ﬁﬁe#) om(% Jfftﬁé Eﬂé gﬁéﬁ%&&%eﬁ nEp(Jll'th‘?n i original

be seen_fr
dRAtYTe Pointh is %%mr@%ea" hisi q@@ﬂ%@senmatl% s @ vl of the feature
shaﬁ@rls the sane, as in Fig 15¢c and Fig 15d. In sone

ot her case the reordered sha s the sanme but
ool na o iretenart faliesh Jings PGRe e Safte Gfeavan0n by e in that
t Ihese issais hﬂm:eatmanegwdéit thél lifeosegmehisg li lintarselctiangehetbds done.

h | e ear.de t

I
Fingo paie of fointsi ﬂfeen@xtofah®ewmts tuie fewnd andestored mlethm foature vector.
C it SFibAaGo R 1R 118 h #5 an-ﬁrletg R QS @ sithe t'hﬁ orltV Bifference

segnent betmeen a palr _o 0|n or|
f Eathat depso A ntesseelre A dig mtqﬁte@tl% GRileEiongh Used to differentiate

I El‘feﬂ‘[ rﬂiﬁlﬁlﬁﬂy,ftﬁé B&scDfRRY $hapk StlhﬁFlé ea¢ W&ffeiéﬁﬁfr@fn the siépe in Fig
e between . lines the s

{
ol P RES By BucelRantoRet holf heyfe it Sfnation.
| nt er sedbisane lrenvergnthe heiehiation vederand she tonrection information are
' E(Bl?f)ﬁlgg tlﬁt8Qt sggﬁg lﬁyte an‘aos[tltfrlgd il lﬂ?e ggt.lugé O%Jtmf. §RLYER header of the
ersection’is
d&ta@rrm Yﬂ@wrbmw@m of tthe lbag r1n®ﬁ< peinhers , the hpacketd sizc.ofiumber of
t baSRatRAH Bddes aﬁlﬁnﬁé}%fdm?c?&cﬁ&&rﬁgi Wﬁeﬁl@letlfeeﬁﬁﬂt' f%mt and the end

vector. _The orientatiaons the lines In 2a and
FPeing 855 ke samge The mest of fhe Eﬁ#rtsre FPFIPE FRRNHS 96 esORigiation codes

t b@NBink® with ihetdhaEtohdRformhBlien bhe thefrér8Reibh Afidex, as shown in
CEltfrlon is used to differentiate them Simlarly,

¥ case of the shape 8 in Fig 12c is different from
t he shapeorder tei extradt2aidamityh byrved)eurves aresgotipedninto 8 categories as

aLﬁJ%&t‘ﬂlhlf %oﬁh EQ&Y LIIIVQ % &ﬁgééat%& Ivﬁﬂi %ébgsnble -ggt gf%\f%ntatlons which

e orien atlon C connect I on
| Prake nattlteowrafr eAn example o thenpassiblesonirpitasiopy fer vk A is shown in
SF%" e8¢l THe thaQt RBLAH fheV gbﬁfhm T{: lﬁﬁi)é @%gﬁ@ﬂgﬁén IIsh ®efore the

feature vector consis I ne" 1 ndex nu
t H’ét"ﬁﬁtﬂd%,ff’c@ﬁ westartrgaherexgractsd dupgtions drom Bwégputrtm%éte analyzed

oﬁndgﬁ) @ﬁg{daegsoﬂms\tm%mer the start point and the
at ur

d t h f the f
voct of Cho Pl PRt defRonh irogetc R it input line to
witiehlirieh estarodi e che tine idatabasepFigoA. dhel firfteinput Bnese dddtan vector is
| &91‘? edto ﬁﬁoﬁé@eré&e fgétgre Vec?OQ's np tf?e ﬁl‘?&r gatgbzfsét F ﬁﬁtthé‘%gientatlon

curves, curves are
SeRsigm and tiRy gormecticmaetieck s vhequd atf §hﬁ’: cendigons atrh satlsﬁed then the

PR&dtiBn %ﬁterf%i‘l Bf 't}fenltn?é isodTr%ckéﬁh ithis FRHERiPistd1$ satisfied, then

c e. An exa OSSI e orientatigons for
e Janenlndex swather Pﬁthenpéreme Iingdn theydatahasp which matches with the

ad:tg&mt lihenis Goteting tiRepemdAIf ﬂfere iEiéSmaeRf Meanpii€eature vector is
e extracted directions

hi rocess i s, started
Fafics fgnT RBGED, widd® SPlers Wit JE g inpit.
The symbol database, Fig 8, consists of the symbol index number, line index
number of one or more lines and the presence of intersection between lines. Referring

to Fig 8, as an example, the symbol with Symbol Index number 1 consists of lines
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25 and grouped into arcs or lines or both. The next

step of the algorithmdeals with the nmatching of the

input line to the lines stored in the |ine database,

Fig 3. The first input line's feature vector is

conpared to the reference feature vectors in the |line

dat abase. First the orientation codes and the

c withdcine dimdexhreuhbers 5 cind ek e enfrytih ¢he brietstdtionsobymen is 1, which
S ﬁ‘rdllcsdftés%ﬂﬁ th€ ﬁgerg{bﬁoﬁ anlte'?faq{ew&tn' the llﬁéé &ht198e ch§ckuT 8o, if the

litneis ¢ condition is also satis

t B lingsthave iLire Indere Rumberorandyt andiihey dftersegicibereiina maich and the
E’@lt ﬁ&@@ﬁn%rths GRtfes. l\ﬁﬂtﬁéqmtdi&ctlﬁhl cFihion!doBE nbShave to be

storg h % é@ there.is natch t he i nput

d(;“étﬁ fs ‘?"éere 4 é‘lfe’fsf"iﬂﬂnrf"é’ ¥ and the system
wai t s f tfithe ﬁ\t\StllﬁﬁuﬁatclﬁB@wﬂyﬁﬁmbf ﬂhatlmbﬁﬂ'ethe Hing dafabase, Fig 4, the
ists of .th |nde nunb . .
nﬁ g&le)é]nm&l?gr ?gl}ls ﬁgb fi 1%% areft 2P hért élgz r?g gﬂ %?mbglé having this
| hne S ont obthetlmewelé the lisides omeftmerenng theaissiciate] symbalindex is
ﬁ@d HIGE ?gﬂrln'iWaﬁE‘ f@tﬁ@%c&nﬁgﬁ'x nu E \;dhlch are Rresent in

StS 0 Li ne
TH@ léﬁt i CPmpl% theymatching pesesso Femsyme SthOé’ﬁl i fig 13, the

| HérSEion érdfia tikedd Mé SHeS eRishion, i twilll Be RpbyiEied ihhete symbol
[i neg, need to be checked. So, if the two [ines have
LA#a58fdex nunber 5 and 4 and they intersect, there is

a mat chlmnhist wentsombibke taodgnition ndfe spetial sgestitrgau t10@d .continuous
'%es‘n:l}gs 'cﬂ{eg 8Fﬁ§e' &’Hgt%féénstee%@ Pesﬁ&?% th}l%sQa%egtu%c% RGealdime, even
cohemrthe |endt m;nf iy st lobtetnadatideefirshifew data mfmtsrm‘e analyzed to
| B&@ﬁmh@ &rﬂ@ch%x‘ 'i‘teléj @&ﬂﬁﬁouf | Qsthre HE thbl &ﬁrésﬂ&ﬁﬁn action is

hus o alne is used tO create a |ist
aP?Tf%‘VWEidF@ sajelyguntih the er!dm@ta%olaiﬁ'@e%f t he Ilnes If

the |isin fids 1ﬁ%rhﬁoﬁn%Eeﬁﬂid’thtidhbh%t@mgoﬂdeafeﬁﬂlréwm}s in the line
SE € S
< iape o SRR Y ciseowiion PHREy SUEEE hh datgBisssteation mode,

I thEt linet draoanpi gednpitedevideclidergops dreeprs-préassingnfoatuse estraction

Sa efltgsi?lg%gteﬂ!? hsa&tﬂeeasi Fﬂ%bleecg%gih&?% 'Htﬁrﬁr 'I‘ﬁe %ﬁg@ E}E}lstmg line

ddataltmses anajyzetlite dctwtethcumwen@dwéxersemcdmet almdmm the database. If
SRRAIR!is Qﬁgzidg/ eﬁéiﬁf{pﬁ” thE ARHabANAOH s nSEREELdse $Q%He Tture vector
use a data e response to t hese gestures is

r Baitared apshowpei Fige/.when the end point is not

obt ai neder The cf‘elaﬁ§ﬁ dfetie dSyrAbd1ODRfaBasR] Qirﬁnﬂlleymﬁﬁndlml lines are

det r.it.is nt.i us gest nd t

Bl h Ut oriri SR AP o AT EEo Fhcpether the
thgﬂnl@;ﬂdm}ada: nIp io§ thémahm;sd arel preséntsin mhee daiabase phawot. If such a

e. t g0, t :

n@élﬁﬁggtgén of ?me&p?s hgt[ e%cogi%a?!?%h tlgerno%g ghﬁ?@@] g}]ade in the
i symbrd detabagsaasshewnan Fign8node, 20 the |ine drawn on
the i nput devi ce undergoes the pre-processing, feature
extraction and matching steps, sanme as the recognition
al gorithm The already existing |line database is
anal yzed to detect the presence the sane |line, already
in the database. If
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the line is already present in the database, it is not
stored; else the |line feature vector is stored as
shown in Fig. 7. 25 For the creation of the Synbol

Dat abase, first the individual lines are mtched and
the already existing synbol database is analyzed to
see whether the synbol made up of these lines are
pWises g claimédiz: dat abase or not. If such a conbination

of Iji neg j L st 1
i B
What is claamemery,sa sareemapdoniinputy daviRpniari asaentgngrprdinates of
for an el geikRNihés, B¥ShaMbOEbhpriihgh a processor, a

menory, a screen and an i nput device for acc t%ﬁ 4 .
coor di né @scesping dhesiput Aedes toy mﬁ%?%%&wEbﬁB$$§ E? ata points
(azjI acg@cliiﬁﬂ)ﬂilﬂn beorilinpetposieivh Ceming aidione 0F N@rastatt points;

end and_li ne dat 0i,NtS . comPLiSi-Ng.¢oofr o

osi ¢ off) e e e GhE stsP SREPLO e FBRE ML Brgipning and end
real - ti ofthdéinbdeteipogitst ep of renoving a hook froma

begi nni ﬁg 20 snd spfoutile %tbé‘eoflaﬁ:ﬁopﬁﬂrgmiﬁé ll%) variations in a

real -ti snpot hi ng step-o enovi ng | rregul ar

vari at i baslwriting styl@@ handwriting style; (d) real-tine

feat ur e(@xbilasht Fhust RuAétidn P BOfiAdingan&Helatioh between each
bet ween eaggIE .pair of points; (e) normalizing an

ori gi naPaf 85RUPE: points of the line in the menory to

obt ai n (& noAhaBling &dofigiahifestufeopoitts of e l{rk)in tieamkmory @ obtain
connection bet n.each. pair of the original feature

poi nt; ?Q?n%qig\gﬁﬁ?éurgﬁoirﬁ%ersecti on between each pair

of the € chickilg o mannertmngsotwees: caclf pdir afithe prigingl fague peint;

and 869@%&&& inféesectibh bOBIEER bilD RiSst thbGdinal feature points;

conpris conparing a feature vector of a currtent
line wi () azalygingpeee mdsegmentinga e i n a dat abase:

and 20 Q) 5tep Rehich svfPRtes Wahfparifg APfchtaRSveh® ¢ffa current
nore |i e net.hod according to clai,m1,

_ Pes. . é P _ 3
wher ei nIRRWitSEdpIerence detr vegier in g datahasg a8, |y
changes(jh fecbghiining@ sgiidobehith cohpribesginerirmgpratidesnd of
the line while the hook length is less than a given
threshol d, the threshold being a 25 percentage of the
di agbnallh¢ ewtfod astortding te cladmrl, whereitntherstepH{bicempiasedi ng

5,4 4y R 8 4 ST eBting o 0
poi rivkilenthen haokdength dgl lessnthapra given,Bresheldothg glreshold being 2
nei ghlQhtded of tdedisngl RAEMAE thd Rreehi M nate noi se and
err a3t-| CThe method according to claim 1, wherein the step (c) comprises:
substituting a coordinate of the original line data points with a weighted sum
or an average of the neighboring line data points, to eliminate noise and erratic
handwriting styles.
4. The method according to claim 1, wherein the step (d) comprises
slope estimation between each pair of points and mapping the slope to an
orientation chart to obtain an orientation code of that segment of line between
two points.
5. The method according to claim 1, wherein the step (d) further comprises:
finding a length between the pair of points; and
accumulating the length if the orientation code of successive points are same,
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handwiting styles. 30 4. The nethod according to

claiml, wherein the step (d) conprises slope

estimati on between each pair of points and mapping the
slope to an orientation chart to obtain an

orientation code of that segnent of |ine between two
points. 5. The nethod according to claim1, wherein

t he @t sprifgjhef enidntationcmxdprand ghe polds af |0nte1m!; feature pyitt when the
bet V@ﬁé}hﬁéqg'e%ﬁlaﬁftheqﬂfégﬁéld and accumnul ati ng the

| engt he orientation code of successive points

are fs ang he meghaghacsergingig claie lomhermimthedterdSieoBprseehe

pOI nt ax%st@hhg i maiobiee@tdfr@nﬁﬂ% ire¥d@n d&;ﬂ!ﬂdeﬁ@/ﬂw hredagculatmg the
ccord

eat er. an thre
21 ai FEinal {FpsiRRinthan ’EGQH%([‘Q% ﬂa%fﬁﬁ?lfgla?gdfr% <Ry Yo oBlain the
pr obhicenmalifedfeatutegiatss ect i on dependency by

recaj cu r

BN T T —
the n alermmm@ng ﬂ@a«mgleal;fmtmespmm, suhb thaéthmhstance between each
ac ﬁ%{aﬁjﬂ Stbrigthaf ki gomﬁked’o 5@nd H?aécﬁﬁﬁh@é‘ﬂo@ﬁtﬁ&oras theorem.

conpri ses: re-conput i ng e or i gl nal, feature poi nt s,

suchB-t hdhe methadi aseerding B elaimen Whitsin thsgperd wn%?qr@n’reﬁsﬁ

f eat ur ecypREAL lr&aﬁr&rgﬁiﬁ M} the) réatRidan deatie Byinbadoids fixed
theorFm 10 Be nmet hod according to claimé,

whe riSISHEnCR ROy ering conprises: cyclically
r e- ar r arecalagating oridntationcateswih egtpéaad theenopmilized featorm points.

a figedn,l efal gl%gorﬂﬁ#ﬂ) ’cla%dlr %%?é{x#ﬂe%élp@ comepd*xses

ori eritation coO
f eat ur edgtesitingsa pr@encehef raecmcfaddmedbegyletnb hefwgem gach pair of

V\her(ﬁrgﬂrégltf@d@g?gnﬁ;) conprises: 15 detecting a

prese nnected |ine segrrent bet vvegen each pair
ghe methadaceerdingdp slaims powhargin the FepEETHIE PSS

to cl al d¥BliallyVieaRinpind &llr @S d&alolthied TRdtingepoints from a fixed
cycl | allg re-arranging all the recalcul ated feature

poi HEETERPMEAq” 1 ef erence point; and 20

recal culeedléulgtimy odettatidinarodendith redpelt toabpaatmaliaed fmature points,
nornal;i zed feature points, and wherein the step (f)
conprises: detecting a presence of a connected |line
segrrenthfafcmbmsteat%CplaanQSf original feature points;

25 ¢ Onbde?écﬁg%t zh%ré%ﬁh&nBPta' O8hreOEE il sdgAfenP YelWAdenZ&4h pair of

feature po% ts correspondi ng connect i on
pr esyigaRal f '&FePOln

combining the orientation codes of the normalized feature points with the
corresponding connection presence; and

storing the combined result in the feature vector.
11. The method according to claim 1, wherein the step (g) comprises:

determining the intersection point between two pairs of original feature
points;

if intersection exists, obtaining the index of the original feature points and
appending the index into the feature vector.
12. The method according to claim 1, wherein the step (h) comprises:

checking for a possibility of curves among the extracted orientations and
segmenting line orientations into curves or lines or a combination of both.
13. The method according to claim 1, wherein the step (i) comprises:
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storing the conbined result in the feature vector. 11.

The nmet hod according to claim1, wherein the step (9)

conprises: determning the intersection point between

two pairs of original feature 30 points; if

i ntersection exists, obtaining the index of the

original feature points and appending the index into

t he f eamaichingetht dieatue? vecTime ofrghdh dide awitloti mefeteoce ifedture vector
@%ﬁhﬂahﬂ?d&ﬁﬁﬂe(h) conprises: checking for a

p033|

curves anon&@the extracted orientations

and 35 g@g@t@hﬁlﬁg quitpisting the dingdndsxgrumten oEtheiws. or
l'i negy. orrhan@qmwaréeéﬂdﬁfg 0fcidmat iy, wharein'the s (D(fdnher comprlses

t
accordi ng to, cl ai wherei n_ t.h
14 mat cHEWGOlHBE nlﬁtuﬁr@n\ﬁeéwebol ati‘stﬁ’ég Mgg L9l fcpresent line

refen&mcﬁmﬁ&ﬁture vect or stored inaline database;

I f
e 1 ndte wip ol be @ity el Wl e oiFTD AR Torblies:
wher ei nnatnbmgtaegﬁcpnc)/or ororé dine aodnxr msmber 5 the @acmn@latedghst and

ali - i 10
or essg{ﬁ%ﬁfﬁ%%@ lﬁﬁé??(ﬁ%rﬁ n%éﬁgst%t& léﬁér?e {ﬂ)hasgtaratl%ggPe Is]\,]]mbol index
to dMbr-14, wherein the step (|) further conprises:

mat Cify, NThénfetfodideSdingab %ldn'nnl@: wWhdfkn tHETRRI datdbatd\@nsists of line
accunalated |I%ﬁ and sati sf the intersectian

or i B NEPRE dhe | Grifelation SdfcormitioRe cayREPN iRgpation and
10 rinwsectionlinforitatonet hod accordlng to claim13,

Wherle,| nTb% &ekﬂoﬁeac?&%lﬁ'%atﬁeclag&nls . Wherel re% tlllé %%orl] ﬁgﬁ ase con51sts of
i nf mpl mdexanambemiing index numbctrﬁndrlmsaegtmn qrvterla'h@ween lines.
met hed ?ﬁ@ﬁfeﬁioﬂ%c&&dﬁ{gatb Ratth: 1 ‘M‘]ﬁf‘e‘?ﬁ thel {3 ﬁ'l}t'éfpa% on the screen is
dat abase con3|sts of symbdl 1 ndex nunber, |ine

i nddRANPGHBYP %’ﬁ&tmﬁt’él"raéé‘%mp’é??scrl teria between |ines.

18. Thegiohé hQdinpGC9pé hiDsyintbot ligd /8t dachwbgbgl N the user
|nterface on the screen is napped into |ayout map

that conprises: regions list, input type and synbol

list for each region. 15
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