REAL Tl ME GESTURE RECOGNI TI ON W TH CURVE DETECTI ON BACKGROUND COF THE

| NVENTI ON 51. Field of the Invention The present invention rel ates
to the enhancenments and curve detection nmethods in the algorithmof the
realization of real-tinme gesture recognition which uses a uni que
recognition nethod to match synbols and |ines with database in 10real -ti ne.
2. Descri piipR Of nlReGBRIAIRE RECOGNITION WIRIRICURME eaafnefgast ure
recognition research Is to create a systemwhich 15 can identify specific
human gestures and use themto convey information or to control device.
Speech and handwiting recognition sys I imlar to gesture
recognition systens, becSﬁggiﬁﬁﬁngﬂﬁﬁﬂégg%gﬁ@ﬁ@ﬁtﬂbgrforn1recognition of
sonmet hing that noves, leaving a "trajectory” in space and tinme. By
exploring the literature of 20 speech and handwiting recognition,

cl assi fi.catidlons ardniagbhi fi cati on schenes can be studi ed, which mght aid

i n devel opi ng a gesture recognition system From sone poi nts of
view, handwriting can be considered a type of gesture. On-line (also called

"real tine" or "%¥nanic"%,recognition machi nes identify hand ithg as a
user writes. On- [IPRTeRsnY BMenteR delpiss 1o dhe FagreBerSaHtduFiNg U9% dynami ¢
i nformati 4] ncl ydi : K . Qr i, ng of
strokes, dviisanht Aot HohE ORI TP Rl Ainh e roedtBiol KR T o
recogni ti @BesSy Sinfii RicBgition mdhed actmateh spinbolsi aigl liser sithodatabasedh
recognition errors, adapt to the system or see the imediate results of an
edi tihg coraidine. ‘ Most on-line touch panels capture witing as a
sequence of coordinate points. Recognhition is conplicated in part, because
there are many different ways of generating the sane character. For
exanple, the letter E's four lines can be drawn in any order. 5Handwriting

t ouch p@n?jgcﬁwﬁ)tm;fq&e%@fea count character bl ending and nerging. Al so,
di fferent characters can | ook quite simlar. To tackle these problens,

handwri ti ng touch panels pre-process the characters, and then perform sone
type of shape recognition. Preprocessing typically involves properly

spaci ng the char dcprmsrysgodl 6f gestre ngopuitionessserchinmm whae poyehmpekieh. The
more 9 rrplcgng: 3 een%f? rsgggﬁ(s:lhrh%’an gestures and use them to convey information or to

control device.

Speech and handwriting recognition systems are similar to gesture
recognition systems, because all of these systems perform recognition of something
that moves, leaving a "trajectory” in space and time. By exploring the literature of

20  speech and handwriting recognition, classification and identification schemes can be

studied, which might aid in developing a gesture recognition system.

From some points of view, handwriting can be considered a type of gesture.

On-line (also called "real time" or "dynamic") recognition machines identify
handwriting as a user writes. On-line devices have the advantage of capturing the

25  dynamic information of writing, including the number of strokes, the ordering of
strokes, and the direction and velocity profile of each stroke. On-line recognition
systems are also interactive, allowing users to correct recognition errors, adapt to the

system, or see the immediate results of an editing command.



10occurs during character recognition. Anot her schene draws its
classification nethod from signal processing, in which curves from unknown
forms are nat ched agai nst prototype characters. They are matched as
functions of tine or as Fourier coefficients. To reduce errors, an elastic
mat chi ng schene (stretching and bending drawn curves) is used. These

15net hods tend t e.c ' Nt ensiyve. t ' , pen
strokes can be |\9|§d%rgﬂlﬂg't{ % Hagl&gélgc(%'a tg%ee%g{%%\/\?ﬁ ghseg};%ﬂeh(gf;]@%%ﬂﬁ%%te{ed by
rul es and poiitsRetopmtichay eahplicuedhinigtybédaast i@recat lnethy different ways of

Anal ysi s-by-Synthesis. Simlar systens use dynam c programm ng nethods to
mat ch realge&%tiﬁg)ﬂ@lséﬁleéﬁlﬁ@l%&-fqmmﬁ%ﬁgﬂ@éﬁfﬁ'ﬁé?ilffimes ges bedeavreidogni t i on
used t he %gro%ernetmrk nmet hod, i nmage processing methods or chain code

Met hod. Previously the algorithmdescribed in the patent application whose
title is "Real Tine CGesture Recognition', uses the chain code nethod as a
primary base forHexiwraingi togeh pendleatust éskeamtb hbamnpcbaestsi bipntiing dnglat ur es

for recognition and ching. This previous nethod.is jndeed a new

25i nvent i GRCTBIRE (W0n H&%ﬁ@tegﬂ%ﬁ&?ﬁ% lgok fpie ge&@r-awacﬁlsd\mmw $HE

| NVENTI ON 1, " [ A earﬂffh j ' e
patent ' Rehélfl duﬁitr%g @S?%?’g&ﬁigg%%%?%sggﬁgg%%ﬁ?tggés eggg'? ﬁglﬁl’?g%@?é@(}uéfgcy'
Thi s nmet haotapesresugtiaml. Prbprocdssmgl typistilaigiolvdsipregerlybspacinahe chardesrsneed to

be detected, the tenplate size jncreases as_a result of accommopdati ng many
possi bi | i tdstigringupyteneise deam dhe tovghs ganaki Thergnersacaraplisgicddporesiagt i at e

bet weep sg}ic[:ﬁls%uﬁﬂgf}gag{lﬂ?ljhrg c?/%ﬁ't?o%. To sol ve the above problens and to

i nprove the accura coghition and nmat ching, the new curve
detection in real time gesture recognition nethod was invented. 10To sol ve

t he above probl éamthaaschin dgwsots tlesspi@sientméthed froimosignal procesgingleinection™

met hod is gdded to t.he real -tipe synbol gesture recogniti.on methqod as shown
T Frgur & Ve gy By iitows RN et cebbel mgt e Uy Anal yer <
based on the fXiHeaClketnt®RsUs8me or as Fourier coefficients. To reduce errors, an

elastic matching scheme (stretching and bending drawn curves) is used. These

15  methods tend to be computationally intensive.

Alternatively, pen strokes can be divided into basic components, which are
then connected by rules and matched to characters. This method is called
Analysis-by-Synthesis. Similar systems use dynamic programming methods to match

real and modeled strokes.

20 Existing solution for gesture recognition used the neural network method,
image processing methods or chain code method. Previously the algorithm described
in the patent application whose title is ‘Real Time Gesture Recognition’, uses the
chain code method as a primary base for extracting the features and then processing
the features for recognition and matching. This previous method is indeed a new

25  invention but with some compromise on the accuracy.



153. Line Segnentation 4. Line and Synbol Tenpl ate matchi ng BRI EF
DESCRI PTI ON OF THE DRAW NGS 20Fi gure 1 shows the overall process of the

al gorithmused in the present invention for the curve detection in real
time gesture recognition. Figure 2 specifies the curve categories. Figure 3
gi ves the expel curve directions. Figure 4 explains the process of finding

the curve orientation. ZSFBW@AERY'dW?ﬂEWI@ﬁ(ﬁ%a”m e for cases with
elin

internal intersection. Figure shows t e tenplate stucture. Figure 7
shows the extra byte line data format for closed synbols Figure 8 shows the
extra byte line data format for spirals. Figure 9 shows the
extra byte |ine diteaaccoranmtobfadmed inndis methbd iimteatadain B0ipateat SResli Bime Fi gur e

10 shows the table to find curve direcfion Figure.11 shows the table to
find Line R SOBRItiEn GRHEEP it §hﬁ’né¢%@&ﬁ‘8€gy- s thothod 15 surtable for

5  only straight lines, but when curves need to be detected, the template size increases
as a result of accommodating many possibilities of curve directions. Also this
method cannot differentiate between spirals and normal curves. To solve the above
problems and to improve the accuracy of the recognition and matching, the new

curve detection in real time gesture recognition method was invented.

10 To solve the above problems, according to the present invention, a curve
detection method is added to the real-time symbol gesture recognition method as
shown in Figure 1, comprising:

1. A second pre-processing step.
2. Curve Analysis based on the extracted features.

15 3. Line Segmentation

4. Line and Symbol Template matching
BRIEF DESCRIPTION OF THE DRAWINGS

20 Figure 1 shows the overall process of the algorithm used in the present
invention for the curve detection in real time gesture recognition.

Figure 2 specifies the curve categories.

Figure 3 gives the expel curve directions.

Figure 4 explains the process of finding the curve orientation.
25 Figure 5 illustrates an example for cases with internal intersection.

Figure 6 shows the line template stucture.

Figure 7 shows the extra byte line data format for closed symbols

Figure 8 shows the extra byte line data format for spirals.

Figure 9 shows the extra byte line data format for lines with internal
30 intersection.

Figure 10 shows the table to find curve direction

3



DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS 5 In the curve detection
inreal time gesture recognition algorithm the initial steps of
preprocessi ng (dehooki ng and snoot hing) and feature extraction remain

unal tered when conpared to the al gorithm described in the patent
application whose title is "Real Time Gesture Recognition'. After the end
point 1s obtaingg wéwsﬂé%{h@%?}ﬁ%ﬁ | BRI A R @Del A Rfon Qigk BEQNEE,
preprocessing step s pérforne Hié nor mal i zat 1-on steps are
per f or med (recalculatlon and reordering), follomed by the i ntersection
check, curve analysis and the |line segnentation steps. The connection check
step in the al gori DHEACRPTHENOF &iE/RPREEERRFReEMBQPDRUENISr mat of the Line
is changed, to cater to the new features that are extracted. In Figure 1,

t he dehooki ng 15 and snoot hing steps formthe preprocessing 101 and the
featurg extraction step 102 consists of orientation estimation, second
preprocessi ng, recal culation and reordering and curve anal ysis and I|ne

segnent ati on. The, Second Pre-Processing is..per orned nce t he
directions are el Pectew dieFUCRAn &) 1t gﬁS?‘Fgr%Bﬁ%“é’\BBd‘ S,y r‘%ﬂi@

directi ORI DIPEED %E%ﬁﬁ&gpg&%ﬁg%a sn%ottﬁihg)z hed q‘edt@agéﬁabﬁo&%ﬁashat ed

based on t I en e |l1ne. The ngth of each |ine segnent
bet ween t lvmakostd &.d:lbﬂdoﬂpmedtd) drslgaithal deatriteddn ﬂhef pattd:ntgpphc@ioh whosshort er
than the threshol d | engt

t hat t t ted dj t
i scar deg nﬂlenmt Resl o suae JarabTies: Afl G ot 051 G5 PAREc Hhten
e e L T R B A S L Wi

af ter reomdehiliatiokatdpscate \perfofnab gmcalailaﬁbmamdw r@r@@s@,bfoéloaeﬂ tof the
di rections, which make up the curve. An _exanple is illustrated in Figure 3
for both chEEREIFeChesl, aHYe anYrniand the Hoe scempniation Hepsy i \NIgrFoRRFetcan be

nferred ARedilGl RERNBR 0L, 3L bl dxfemvé& afid ERAADBO R Hipt &ﬁm is.

orientations er reorderin rven

synmbol hashhmgt, Qﬁ&at@ﬂJﬂthﬁe \ﬁbﬁvﬂeamrdsahmgue exeauvid. natRigre v, tike Gbéli‘(’bekmlgl nes or
curves, then the synbols can be either a six or a nine or a spiral or just
an ar &5f a@ndgmc’ﬁm plent Ermdihe eearenessise B} pad thergpraspitragtionstegiif2or Ni ne)

Det ecti on: conmgts 0? orlg V{Aatrll& gs&:%%logr s%cé)ﬁﬁl 191Je¥1%‘3e§sﬂlg,spécﬁl%la98ﬁ filid le%Pdermg

and curve analysis and line segmentation.

The Second Pre-Processing is performed once all the directions are

extracted and the end point is achieved, the extracted directions are pre-processed

20  again. A threshold length is calculated based on the actual length of the line. The
length of each line segment between the extracted directions is calculated. If this
length is shorter than the threshold length, that particular extracted direction is

discarded.

In the Curve Analysis step, in order to extract and match curves, curves are

25  classified as either clockwise or anti-clockwise, as shown in Figure 2, based on the
starting and end point of curve obtained after reordering. Each curve is associated

with a possible set of directions, which make up the curve. An example is illustrated

in Figure 3 for both clockwise and anticlockwise curves. Hence the given curve can

be inferred as in clockwise or anticlockwise direction based on the orientations

30  obtained after reordering.



101. Find whether the |ine obtained by joining end point and start point
intersects with any other line of the synbol. 2. If the nunber of
intersections is only one then it is a 6 or 9, which can be determ ned by:
(1) Intersection in dowward direction -> spiral at bottom=> 6 15(2)
Intersection at upward direction => spiral at top => 9 3. If the nunber of
i ntersections t hen

h .
Honce. based” on tiBos dF DS Eivsrsieho L pad Ret pBgictrae) witkanh dheipe in'
i ntersect '%b%@m&mlm 5&&3'1%3051 SRiva, ,th&mhéx olgs;aln%i@%ﬁm%@tao be

either a 6 or a nine or spiral or none of the above. Curve Direction
Det ect i on.mﬂwei hind sr knparaltdraist he asyrtboingcoperstsiaofdiormdtyorone curve with
no 25 other conbinations and that it is not a spiral, then it has to be an
arc facing a particular direction. Method to determ ne the direction of
orientation of the arc is as follows: 1. First, find the center point of
the curve. Steps are depicted in the Figure 4a. 302. Next, find the

m dpoi nt Spirbe(FilSHisaMbnGidt be Nwaf tDeanckivhe end point of the synbol as
shown in Figure 4b. Finding the slope of I|ine between center point and

m dpoi nt hel ps us determne the orientation of curve, Figure 4c. 3.

According to t slf$ﬁ§ gé%hgasdarferl EY OlfSégraitﬁ]&fg{mﬁm ation of the

curve can be es I gure

10 1. Find whether the line obtained by joining end point and start
point intersects with any other line of the symbol.
2. If the number of intersections is only one then it is a 6 or 9,
which can be determined by:
(1) Intersection in downward direction => spiral at bottom => 6
15 (2) Intersection at upward direction => spiral at top => 9
3. If the number of intersections is more than I, then the symbol is a
Full Spiral.
4. Hence, based on the curve (clockwise or anticlockwise), number
of intersections and the direction of spiral, the symbol is judged

20 to be either a 6 or a nine or a full spiral or none of the above.
Curve Direction Detection.

Once it is known that the symbol consists of only one curve with no
25  other combinations and that it is not a spiral, then it has to be an arc
facing a particular direction. Method to determine the direction of
orientation of the arc is as follows:
1. First, find the center point of the curve. Steps are depicted in the
Figure 4a.
30 2. Next, find the midpoint of the line joining the start and the end

point of the symbol as shown in Figure 4b. Finding the slope of

(@3]



5 XI and Y1 are coordinates of the mdpoint of line joining start and end
point, Xc and Yc are coordi nates of the center point of the curve. 4. |f
the direction is E or Freferring to Figure 11, i.e. a single curve in

ei ther clockw se or anti-clockw se direction, but has one 10 intersection,
it can be either a 4 or a 6 or alpha. In such cases, we first find the

Segmants i nvo) VR (v PRES, srrtremyREhrAAvk T, Ao f AT U eT I T e

enta point*1sfo

wi th longer di s§@8a8tioRUshctRRt Fifgrpoint is of the same distance fromthe
intersection point as the other 15 Iine. Thus the m'd-L)oi nt of the |line

bet ween t he Bewhgcdrdimg topohatslepr obhineddrpwi figust 4dhéhe woremdatippnne i s

found. The orientation of the line joining the i,nt . intersection with
the mi dpoint i strﬁFdiB‘ﬁH? CE?a?FpP%“E’S?%b °§ S&rog’“h,m é‘p%kﬁ Wuirﬁteleors’s‘@%?’ieon) and
al pha. sThe ori egf ald 8 ak8 cpbPARALES o R (BERFIBIANL ORI §dinihe skaaunieenpl at e.
Illustration is available in figure 5a and 5b where X 1s Point of

| nt er secti on ofenld peirdB X%ndnBCY ¢ are coordisieseotlitbe asmodeXPoxa ofoibet E on
XA is such that XE=XD. M 25is the mdpoint of the line DE. Thus the
orientation of ¥W¥fs found and stored. Li ne Segnentation is

performed bekong h0ci BRI NIBRSOPGefers ﬁ%eﬂﬁrgggw MeNe! B&i gl Agted

directions fromthe inpu I nes are ana grouped into arcs and
| i nes. in Either echakshions ot hentliiciecKevipd adzctiaderbitorhmat caxed Fi gure

6b shows the data that is stored in the |line tengllr?glée whi ¢ch are the
extrasPed di r edplonectiTheltridinbglider di 4 ©6td Bromehdar 1n SUSRAATEFn g gur e

11 URET ehl [ AL WA eleh. el thiEtRREDuSYIRG! dnd BEL dola | S
fol |l owed by ano Ilﬁ%rf Jgh%yﬁlggnggés g/v?ﬁﬁi %‘e Igure (;]ana%d b.n&rhe f‘lp Byte is
as shown in Fi guigts7af thberige ABghampriasentad thethel miteisectivnberhaf af eature
vectors of the synbol and ) . . .
point 1s found on the line with longer distance, such that the point
is of the same distance from the intersection point as the other
15 line. Thus the mid-point of the line between the newly found
point and the end point of the shorter line is found. The
orientation of the line joining the point of intersection with the
midpoint is found. Example symbols are 4, 6 (with an
intersection) and alpha. The orientation is stored as a separate

20 byte in the line template.

Illustration is available in figure Sa and 5b where X is Point of
Intersection of line AB and DC '
Since distance XD<XA, Point E on XA is such that XE=XD. M
25 is the midpoint of the line DE. Thus the orientation of XM is found and
stored.
Line Segmentation is performed before the matching process is
started, when the extracted directions from the input lines are analyzed

and grouped into arcs and lines.



EFGH represents the maxi mum nunber of feature vectors of the synbol. 10The
2nd Byte is as shown in figure 7b, where EFGH represents the nunber of 90
degrees present in the closed synbol. If Directionis 9 (a spiral)
then it is followed by another 1 byte as shown in Figure 8, where B- 1:
Full Spiral; 0: Half Spiral 15C 1: Check R'L Spiral Condition; 0: Do not

check R/'L Spiraly.Condi ti . X f& Ent I 1. Qi Spi ral
E- 1. Check T/ DléglgrrC a S@ﬂ%#ﬁ I()‘ﬁ? T81:np B%e %ﬁ‘ ched 'fif@%lé%?%g})%agﬁg?lﬁ on F-
1. Top Spida@d tha:is Bedrb®Th I0é Nk template, which are-thd: ex@laeel ddictiahs. Diieect i on;

0: Do not check Spiral Direction 20H 1: Cockw se Direction; O:
Ant i - O ockoganingDpirdirsctionnumber is shawn iel'igieddtion is E or F, i.e. a single

curve in either ¢l ockw.se or antj-clockw s ifecti.o but. .has ane
i nt ersection, itbc‘{@‘ﬁr’\ét érfe?thoélrisag (g clos® ngg’f"ﬂatf‘%%gl.ls Fdr%logvt? PYHOMET Qe 11 st
find the djyadsaRGRoPEINVERArd BT, Nt er section point and the end points of

the line segnents |nyolv§d in the intersection. Then a point is found on
the line with | cfgel Bitsisaschows i Riguata, therpoi nt is of the same distance

T om L L et 2SR BRI T LGSRt TN SR T Rl 1
found. Thepgrientation of 30the line joining the point of intersection with
the mdpoint is found. The |line data byte is as shown in Figure 9, where
EFGH represents the maximum number of feature vectors of the symbol.
10 The 2™ Byte is as shown in figure 7b, where
EFGH represents the number of 90 degrees present in the closed symbol.
If Direction is 9 (a spiral) then it is followed by another 1 byte as shown in
Figure 8, where
B- 1: Full Spiral; 0: Half Spiral
15 C- 1: Check R/L Spiral Condition; 0: Do not check R/L Spiral Condition
D- 1: Right Spiral; 0: Left Spiral
E~ 1: Check T/D Spiral Condition; 0: Do not check T/ID Spiral Condition
F- 1: Top Spiral; 0: Bottom Spiral
G- 1: Check Spiral Direction; 0: Do not check Spiral Direction

20 H- 1: Clockwise Direction; 0: Anti-Clockwise Direction

If the direction is E or F, i.e. a single curve in either clockwise

or anti-clockwise direction, but has one intersection, it can be either a 4

or a 6 or alpha. In such cases, we first find the distance between the

25 intersection point and the end points of the line segments involved in
the intersection. Then a point is found on the line with longer distance,

such that the point is of the same distance from the intersection point as

the other line. Thus the mid-point of the line between the newly found
point and the end point of the shorter line is found. The orientation of

30 the line joining the point of intersection with the midpoint is found. The

7



E- 1. Check for the orientation specified by FGH FGH Specifies the
orientation. 5Advantages of the Invention as conpared to the prior nethod
are that, this invention achieves greater accuracy of around 95% Further
there is a greater variety of synbols that can be detected and the are or
curve detection is excellent. Cainms: 1. A gesture recognition nmethod for
an el ectropic §¥sgfn1built mﬁth.aﬁﬁgoc§fso%¢ a nenory, a screen and an

i nput devi CBEFBE® DyEept FHGPRYE E REHE "W % 1i nes, conprises, after the
steps of pre- prOﬁesis.'(ﬂ%c%“ﬂ)rft%@tdﬂ@xlt%i(ito'haﬁ}dc@ﬁﬁt por{a) a second
pre-processing step, (b) curve analysis step based on the extracted
features, (c) |iR&kefpaifiatitba ostepatiand (d) |ine and synbol tenplate

mat chi ng step, wherein the step (b) conprises determ ning presence of curve
based on feature directions after recal culation and reordering steps. 2. The
met hod according to claim1,, whereinthestep (a) conprises:

det ernii ng a t hdeshtdats| ehitchIbemsipons tasanparedalo (lengrier ghethnsl Rime,
deterni ning 2 LENOLNQliciRHnldiS ST REIAGe0r SbERS SSh I FGThLONS and

there is a greater variety of symbols that can be detected and the arc or

curve detection is excellent.



if this length is shorter than the threshold | ength, discarding particular
extracted direction. 3. The nethod according to claim1l1, wherein the step
(b) further conprises classifying curves as either clockw se or

anti-cl ockw se based on starting and end point of curve and orientations
obt ai ned after reordering. 4. The nethod according to claim3, wherein the
step (B)laimust her conprises classifying given synbol, if it has just one
curve wi thout being in conbination with other lines or curves, into one
anong a six, a nine, a full spiral, a closed synbol or just an arc facing a

particylar di Eecti,eR. r8-HgHest UhentLROGM &1 ok mBthad 401 an LlHetyanic
systembuilt wWwith a procéssor, a nmenory, a screen and an_input device for
accept WG hcoBrarraces  of nerann, i 1668 e aRPras e8P U RfieeT atheo S fepe Péfing

pr e- pr ocessi:ng +and B?a_t&'f&wr‘?Xt.lLia}Féé on . %%Q%L:se(se}) Qf%%?o%@res?tp&ﬂfe%?f' ng
step, (b) curve analysis step based on the extracted features, (c) line
segnenPati-on osee, i nand nEd ) datne cand teyriglont erpirat:'e mat chi ng step, wherein

the step (b),.conpr. fal l.ow St t.q anal yze spiral: finding whether
l'ine obtainé&sb%pfggﬁ?ﬁb?gﬁd%%g%ﬁgmgﬁl start point intersects with any

other |ine dblthlersynbolalysis stiegsédsenl tire tdur vectwiicdied sfesittihers,

cl ockwi se or, anti.cl ockwi se, nunber_.of intersections and direction of

spiral, detéF '%ﬁﬁ& §ﬁ§m§?§€&ﬁQﬁoSﬁgpﬁngwgﬂong a six, a nine, and ful
spiral or ndne dfirthenabewelocl template matching step,

wherein the step (b) comprises determining presence of curve based

cn feature directions after recalculation and recrdering steps.

2. Themethod according toclaiml, wherein the step (a) comprises:

determining a threshold length based on the actual length
of the line,

determining a length of each line segment between extracted
directions and

if this length is shorter than the threshold length, discarding

particular extracted direction.

3. The method acceording to claim 1, wherein the step (b) further
comprises classifying curves as either clockwise or anti~clockwise
based on starting and end point of curve and orientations obtained

after reordering.

q. The method according to ¢laim 2, wherein the step (b) further
comprises classifying given symbol, 1f it has just one curve without
being in combination with other lines or curves, into one among
a slx, a nine, a full spiral, a closed symbol or just an arc facing

a particular direction.

5. A gesture recognition method for an electronic system built

with a



6. The nmet hod according to claim5 , wherein the step (a) conprises:

determ ning a threshold |l ength based on the actual |length of the |ine,
determining a | ength of each Iine segnment between extracted directions and
if this length is shorter than the threshold | ength, discarding particular
extracted direction. V.A gesture recognition nethod for an electronic
systenpbnbbsswkthaampmocgsserScacﬁensnv aa $opeendamdcanfbmpaCCdQVHGQ for

acceptlngrgggg inate q;réw§i rlenes &9 Eg%es aE{er the, steps of ¢
pr e- pr 6¢essi ng and feature ext acf?on S Bps fé) a secon pre pﬁbce55|ng

step, pbe-cupvesanahyshsl stepubasedtoncthiernexteact:ed features, (c) line
segnentatioq itep and.s nbgl tenpl ate mat chi ng step, wherein

the step (b)? oﬁp??gggdfg%ﬁoﬁfﬁﬁﬁgﬁéﬁ 0 “#et ect curve direction:

f|nd|ngcentebp0bn&@% thalgufve stepdpaisht oh the lkixredcaicdl Megdhae-«f,art and
the end poi g t he synbol , and f|nd|ng s| ope of
| i nebet ween éﬁt FBSlﬂF&W&ﬁF&ﬁ&PHt”§8§St &&t er mi neori entation of curve.

8. The met hoddaccandi Bgdt @yehailm:émp iwher el chhegstepp(a) conpri ses:
deternlnlng a threshold | ength based on the actual [ength of the Iine,
wherein the step (b) comprises following steps to analyze spiral:
finding whether line obtained by joining end point and start
point intersects with any other line of the symbol,
based on the curve which is either clockwise or anticlockwise,
number of intersections and direction of spiral, determining the
symbol Lo be one among a six, a nine, and full spiral or none of

the above.

6. Themethod according toclain b, wherein the step (a) comprises:

determining a threshold length based on the actual length
of the line,

determining a length of each line segment between extracted
directions and

if this length is shorter than the threshold length, discarding

particular extracted direction.

7. A gesture recognition method for an electronic system built
withaprocessor, amemory, a screenand an input device for accepting
coordinates of drawn lines, comprises, after the steps of
pre-processing and feature extraction steps:

{a} a second pre-processing step,

{b} curve analysis step based on the extracted features,

{c) line segmentation step, and

(d} line and symbol template matching step,
wherein the step (b) comprises following steps to detect curve

direction:
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determning a | ength of each Iine segnent between extracted directions and
if this length is shorter than the threshold | ength, discarding particular
extracted direction. 9. A gesture recognition nethod for an el ectronic
systembuilt with a processor, a nenory, a screen and an i nput device for

accepting coordjnates of drawn lines, conprises, after the steps of
pre- prOCGSSIﬁ@ddﬁﬁj@%%%%Fém@i%T%gﬂP@H;%f%ﬁsHﬁ@§P1§TS *E&RE briee préeéssi ng

step, (bl cunve @@@I m@s esliepobased ronnkhevaxbnacted Feabuness1tpk Lisne
segnentatlon step d (d) line and synbol tenplate mat chi ng step, wherein
the st 6%&)@"&%}? ?%%%eéﬁgllgﬁilw TP Y vup PG Seb@ fake Bl ge PESENGAS 1ont o
arcs apg l-hnes.. 10. The nmethod according to claim9 , wherein the step (a)
conprises: determning a threshold |l ength based on the actual |ength of the

l'ine, determining a |l ength of each |ine segnent between extracted
directigons and yorpoqd hEcBPB%néﬁ!@&i‘aiﬁ?SWéFéaﬁQﬁa dehe, thy espal g lenat h,
di scardi ng particul ar extract direction esture recoghition method

for an el ectiedmiroiigysem Buidashgich engivdessed , oa hbﬁnaytualsdeagmhand an
i nput gﬁvkﬁg fiqr.;accepting coordinates of drawn lines, conprises, after the

steps of pre- procé55|ng and feature extraction steps:
determining a length of each line segment between extracted

directions and
if this length is shorter than the threshold length, discarding

particular extracted direction.

9. A gesture recognition method for an electronic system built
with a processor, amemory, a screen and an input device for accepting
coordinates of drawn lines, comprises, after the steps of
pre-processing and feature extraction steps:

(a} a second pre~processing step,

(b} curve analysis step based on the extracted features,

(c) line segmentation step, and

{d} line and symbol template matching step,
wherein the step (¢} comprises analyzing and grouping extracted

directions into arcs and lines.

10. Themethodaccordingtoclaim9, wherein the step {(a) comprises:

determining a threshold length based on the actual length
of the line,

determining a length of each line segment beltween extracted
directions and

1f this length is shorter than the threshold length, discarding

particular extracted direction.

11. A gesture recognition method for an electronic system built

with a

1]



(a) a second pre-processing step, (b) curve analysis step based on the
extracted features, (c) line segnentation step, and (d) |line and synbol
tenpl ate matchi ng step, wherein the step (d) conprises followi ng step to
mat ch |i ne: mat ching feature vector of the line with reference

feature vector stored in |ine database, nunber of bytes depending on the
type oPrthesspibok. mgpory, a screen and an input device for accepting

Thenet accardingt oel aid | reinth - onpr i: : erJuning a
{hr eshol 0 T ongrh basbd b The S5Cdl ToReER oot thalFrhe, 2% PR e ing
a | engbhieofreaeh skiinge asdgment: uyet wean agxtioac tseepdi:r ect i ons and if

this Iength(g h%%E%BfgE@gﬁgg%c%ggg%ggg%elength, di scardi ng particular

extracted dich?ion. et ho coré?ng to claim1l, wherein the
step (d) furbhecuceorprinsdysis stepadthdisegt wobytesebitnfaartrat ifaratharesg cl osed

synbol spec%fgi@ nnaxgnuglggg.ninin%n1nu er of feature vectors of the
synbol and thé ndnber “6f*g é&Pe§§ Ere$§ , and for a spiral, adding one
byt e speci f yiinglwhet her isymbs la tkuipll sare makichdpigr altepgri entati on of spiral

ing right, | r m.an ir i.on in | ockwi r
gﬁtigcwh%Q%PEeEL%’sE%g ?d)b%%%%ri%e% %blﬁ%%i%g %%epgt% %%tcﬁ“ﬁﬂ%e:
matching feature vector of the line with reference feature

vector stored in line database, number of bytes depending on the

type of the symbol.

12.  Themethodaccordingtoclaimll, whereinthestep (a) comprises:

determining a threshold length based on the actual length
of the line,

determining a length of each line segment between extracted
directions and

if this length is shorter than the threshold length, discarding

particular extracted direction.

13. The method according to claim 11, wherein the step {(d) further
comprises:

adding two bytes of information for a closed symbol specifying
maximum and minimum number of feature vectors of the symbol and
the number of 90 degrees present, and for a spiral, adding one
byte specifying whether it is a full or half spiral, orientation
of spiral being right, left, top or bottom and direction being

clockwige or anti-clockwise.
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