~ REAL TI ME GESTURE RECOGNI TI ON W TH CURVE DETECTI ON BACKGROUND OF THE

| NVENTI ON 51. Field of the Invention The present invention relates to the
enhancenments and curve detection nethods in the algorithmof the
realization of real-time gesture recognition which uses a unique
fecognition nmethod to match synbols and lines with database in 10
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recognition resear i's Create a systemwhic can 1dentify specific
human gestures and use themto convey information or to control device.
Speech and handwiting recogniti on systens are simlar to gesture

recogni tion systens, becBAEKGROYND QEJHEINYVENTIGN: f or m recogni ti on of

sonmething that noves, leaving a "trajectory” in space and tinme. By
exploring the literature of 20 speech and handwiting recognition,

cl assi fg1¢caFieRofahéInvesidgd f i cati on schenes can be studied, which mght aid
i n devel opi ng a gesture recognition system From sone points of view,
handwriti ng can be considered a type of gesture. On-line (also called

"real time" or "dynam c") recognition nmachines identify handwitjng as a
user wites. On-|llfePiessitdacentignearelaigs tgthenenbgacementsaged CPE €41F98 dynani c

i nformatiop _af [ t41.N I | e C s Qr {ng of
st rokes, anaﬂﬂoﬁ%\ﬁ%ﬁee%g?%@lﬁ}aﬁﬂm\%e e%lm 1§Hp®r? g%?lquem%%é%g%ﬁ’ecs(%@ gkogl. @g?h l'ine
recogni ti onses Sy 9hiqU® ré¢ognitionOmiethodr tdCinkich, syadbolsvand) linee vath databeseeiat
recognition errors, adapt to the system or see the imediate results of
an edilG ngfeébﬁli‘i*ﬁnd. 1 Most on-line touch panels capture witing as a
sequence of coordinate points. Recognition is conplicated in part, because
there are many different ways of

2. Description of the Related Art

A primary goal of gesture recognition research is to create a system which
15 can identify specific human 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.




generating the same character. For exanple, the letter E s four |lines can
be drawn in any order. 5 Handwiting touch panels nust take into account
character blending and nerging. Al so, different characters can | ook quite
simlar. To tackle these problens, handwiting touch panels pre-process
the characters, and then perform sone type of shape recognition.

Preprocessing tygically. invol,Vv Q i t r : nd
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functions of tinme or as Fourier coefficients. To reduce errors, an elastic
mat chi ng sTHEHEST st ret chi ng and bending drawn curves) is used. These 15
met hods tend to be conputationally intensive. Alternatively, pen strokes
can be sdi vi ded | HamiviritiigCtouchnpanes tnsyst wiliecint@ necouht eharsciemblendidg andr ul es
and nmatched to characters. This nethaod is called nal%llsi s- by- Synt hesi s.

Sinmilar sy®@eeng Mo, diffaemtcharasisrsean lnek Awitssmlar.olaiaeklg these problems. rpgel ed
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t he al gorishape desghitiosdPrepoctdsingdgpially applvesairopetiydpasiagtthé kharactersReal
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for extractih§lterg pehngisesiramathe Herchy pareds dhagnomeneomplicatefcRropessing

| mventiton BB R S b aHREE T acour acy. |2 SUMARY CF THE

| NVENTI ON The accuracy obtained in the nethod invented in the patent " Real
Ti me Another scheme draws its classification method from signal processing, in

which curves from unknown forms are matched against prototype characters. They
are matched as functions of time 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.




Gesture Recognition' achieves |ess than 80% accuracy. This nmethod is
suitable for 5 only straight lines, but when curves need to be detected,
the tenpl ate size increases as a result of accommobdating many possibilities
of curve directions. Also this nethod cannot differentiate between spirals
and normal curves. To solve the above problens and to inprove the accuracy
of the recognition and mat ghi %ﬁ@rﬂﬁgection inreal tinme
gesture recognition nethod%ﬁggﬂpﬁgggpggﬂkf§Hfo solve the above probl ens,
according to the present invention, a curve detection nethod is added to
the real-tinme synbol gesture recognition nethod as shown in Figure 1,
conpri sing: 1. A Hecantrgey ebmingissthegnsthed inventeduinvibe Avatdny SReal BEimed on t he
extracted features. 15 3. Line_Segnentation 4. Line and Synbol Tenplate

mat chi ng BRPEREDEsoRpiEPROhegveT s tran Riegoowasy. dliemethod ghguitale frer al |
process; of oﬁl?%tr@igﬂ’?’fihésf‘ %P@E&) bitvid YR 16 B8 'He‘gc{eﬁ"%gérﬁala{eo izd [HRrealisV €
real” t1nme’ges S

detection I'n ure recognitron. H gutre peci T es the curve
cat egori esas aFtegult ®f Jacgoniadatig pe! passibilRiesi sfeairve riirectiorglrAlsel thispl ai ns
t he process of findiqﬁﬁxhe curve orientation. 25 Figure 5 jllustrates an

exanpl e f omethed canngtidiffersntiate hetwesn spisale apd normat; qypves. To splygdhe plove ne
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tenpl ate s e | gur 0 I <] for or
cl osed Syﬂ%ﬂéﬁ%eﬂ{s%{{rcgﬂfgﬁrgﬁ%ﬁe ?ﬁcéﬁ‘ E{ez:gt &;ﬁfaf cgé'%tnlﬁ hden %gq g@%%ﬁr%ttﬂ?éfz&spi ral s.
Figure 9 Sbmedétbﬁicﬁﬁhrréhlm&ebﬁmﬁ@%xﬁﬁérﬁmmbdfv% inventd. Wi th internal 30
i ntersection. Figure 10 shows the table to find curve direction

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




3 Figure 11 shows the table to find Line Tenplate Data direction
significance. DESCRIPTION OF THE PREFERRED EMBODI MENTS 5 In the curve
detection in real time gesture recognition algorithm the initial steps of
preprocessi ng (dehooking and snoothing) and feature extraction remain

unal tered when conpared to the algorithm described in the patent

appl i cation whos | 1l &ALS th ' (st F5R9 Bird R si t he end
poi nt is obtai ne%,gu}aenld] %‘Pﬁ&%@% tqgg?llfr es ée{é@atgxt ragitréedéifaﬁas@sﬁ%ﬁ%e'
preprocessing step is perfornmed. After this, the nornalization steps are
performed (recal culation and reordering), followed by the intersection
check, curve anal ySPDESGRIPEION OF1HE EREFERREDDEMBGREVERAS connecti on

check step in the algorithm has been renoved and the tenplate format of the
Line is changed, to cater to the new features that are extracted. In
Figurecl, the dehooking 15 and snoothing steps formthe preprocessing 101
and the feature extraction step 102 consists of orientation estinmation,

e seqment at i orh T EirEE QBEE B TP JUBR B e P AR O BE R e
di recti onsgasof prdprétebdng dhobkifgoid #RbAthingF aAg TefuRlextiBo® xémaiat ed

directions are pre-processed 20 again. A threshold length is calcul ated
based on twealtercdushenl conpatedad thdalgoiither deshebddeindghdpasénteapplicationewhesgnent

bet th t d dj ti i.s calculated., If this .]| th i hor t
Chan the. (HICEnSEaL TenyOrstureEopRiRon o (it Dotk Bpeinets gy glLihe” """
di scanged. fehfrdshgre AinietedNa! ebiid ige??oqebﬁng? rsfé?ristﬁbrﬁ%ﬁlééickﬂ%ﬁ%iﬁﬁﬁﬂ{éh

curves, curves are 25 classified either clockw se or anti-clockw se, as
shown i n Fagrumabizajonbstspdaenperfoemed t(pectlculgtiom dné mebrgering), fifllomed\vkey thist ai ned

after reordering. Each curve is assqcjated wth a possihle set of
directi ons‘,mWﬁcgﬂn ﬁg?&k’ GprveHR E‘IS\Pé‘g th‘ﬁﬁlé‘ﬁ éﬁ%P%nt?‘téo‘f?tF’Pfs ?ﬂhﬁtcé’&“emon
check step in the algorithm has been removed and the template format of the Line is
changed, to cater to the new features that are extracted. In Figure 1, the dehooking
15 and smoothing steps form the preprocessing 101 and the feature extraction step 102

consists of orientation estimation, second preprocessing, recalculation and reordering

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.




in Figure 3 for both clockw se and anticl ockwi se curves. Hence the given
curve can be inferred as in clockw se or anticlockw se direction based on
the-orientations 30 obtained after reordering. 4 Further, if the given
synbol has just one curve without being in conmbination with other |ines or
curves, then the synbols can be either a six or a nine or a spiral or just
an arc facing di rection. iral (Full Spi r.Six_or Nine)
betection: The Toithet Hoe: elyeiputPal Basansf ané e Bub@ut Psin 18°1. " nt
whet her t heohbifat RN difte gty ]J:ﬂéé‘bf‘gu?ﬂé% I@Héx‘i‘tth@@?nﬁiﬁé can Y Efthénher sects
with any other line of the synbol. 2. he nunbéer of intersections is
only one ts$i@ron a nime ar @ spirad,or jwist ah ararfabmgdzeipermldad digectioh) | ntersection
in downward direction => spiral at bottom=>6 15 (2) Intersection at
upward direction => spiral at top => 9 3. If the nunber of intersections is
more than 1, then the synbol is a Full Spiral. 4. Hence, based on the
curve (clockw se or anticlockw se), nunber of intersections and the

di recti on Spirgp(Fall Spirel ey Shobr iNinghdatelcti@®: 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 synmbol consists of only one curve with no 25 other

combinal one st olobigkSi08 v2 SBUAELY i S pAgRybg, be on wc | Lactrs
of the arc is as follows:
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




1. First, find the center point of the curve. Steps are depicted in the

Figure 4a. 30 2. Next, find the mdpoint of the line joining the start and
the.end point of the synbol as shown in Figure 4b. Finding the slope of 5
| i ne between center point and m dpoint helps us determ ne the orientation
of curve, Figure 4c. 3. According to the slope obtained fromfigure 4d, the

orientation of curve ca be es ed a in Tabl e of FEiqure 10,
where 5 Xl andllwelhert@’efﬂo? 5t%%mi)famd£1émﬁlp8b'btl ﬁ‘F\APQﬁ ug; %tefl&"?'ﬁ r{bgstart

and end poi nt, XGeRadiotCofERrveO¥ighnages of the center point of the curve.
4. 1If the dlrectlon I's Eor Freférring to Figure 11, i.e. a single curve

in either cl8ckhteerdinganttheclop&wbsaindirfzomi ﬁgprﬁbdﬂ hiasoonmtamm of

intersection, it can be eifher r a,6 or .such _ cases, we first
find the di stand€ GHFSSAR {"ﬁésﬂﬁ%f’é? EETRLT e ﬁ[%bzﬁ(?f%§“%66 eﬁ?s of the

line segnments 'ﬂvgél.aeﬂ dr8 &*&%L&Etﬁ% ta?qﬁbqatdpmﬁﬂoe 111&0{61511@ stataggon the

line with | onger stance, suc e point is of the sane distance
from the intersaa ippinoXptands Yiche&reotberdidsbtelsi of thd uent¢theomtdofdhat of the
line between the newly found point and the end point of the shorter line
is found. The ©HV€ntation of the line joining the point of intersection

with the m onff(';&al pﬁé&%}ﬂm %X&[rﬁl W l?re411 6i.6 M 5ih AR curve

i ntersection) an e orl enta red as a separate 20 byte
in the line tenpl afitherl [clockwinei o laﬁtlaul@lckab‘se dnreétigny ebiia handobb where X
'S P0|1r6t of intersection, it can be either a 4 or a 6 or alpha. In such cases, we
first find the distance between the 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
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 5a 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.




Intersection of line AB and DC Since distance XD<XA, Point E on XA is such
that XEEXD. M 25 is the mdpoint of the [ine DE. Thus the orientation of
XM i.s found and stored. Line Segnentation is performed before the matching
process is started, when the extracted directions fromthe input lines are
anal yzed and grouped into arcs and |lines. 6 Figure 6a shows the Line

fem! ate e QiR B MONGE ShgE N0 T 0k Sd 1 11e

line tenplate re e ex i'ons nmeani ng o

direction a4aliRit isSstole@VA €ho lireJiehtpldtd, whicht ferthe i dxtriabted aliteotionss The( a
closed synbol) then it is followed by another 2 5 bytes as shown in Figure

7a and 7b. mmnasfdlmxenmmégngﬁbwmw le 7a, where ABCD represents the

m ni mum nunber ct ore t n s the
maxi num nunber 8{""“&? ‘gi)gre\‘itg%? ﬁrs 1"%"?33’%‘@5’%@%"‘13 gfﬁ%%ﬁé@g‘l%?g as
shown ig fbﬁég@sﬁgwn\m?[g@rﬁgﬁdnpresents t he nunber of 90 degrees pr esent
in the closed synbol., If Directionis 9 (a spiral) then it is followed by

another 1 byte aEhes HoByteiinas shogin Figurefiarvhers  1: FuI | Spiral; 0: Half
D o o 1 SRR el 8 S e Br Bl S SRl
Condi ti on; arQI Do not check T/ D Spiral Condition F- 1: Top Spiral; O:
Bot t om Spi r al
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/D 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




G 1: Check Spiral Direction; 0: Do not check Spiral Drection 20 H 1:
Cl ockwi se Direction; 0: Anti-C ockwi se Direction If the direction is E or
F, i.e. a single curve in either clockwi se or anti-clockw se 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 poi nt SliBPF@Q?ibkwg\ﬁ ?.ﬁgﬂg@h%ni lgl:/gcs&%g@d \Jrlperet he intersection. Then a point

is found on e onger anée,” 'Such that the point is of the
sane di stance frpmit [Ghdck! frIaeiori¢htatioAlspRsifiéd®ydGEr |ine. Thus the

m d-point of the |ine between the newy found point and the end point of
the shorter |ineFG8:¥paedfieyihe oriemtatdénon of 30 the line joining the point
of intersection with the mdpoint is found. The 7 line data byte is as
shown in Figure 9, where E- 1. Check for the orientation specified by FGH
FGH. Specifies the orientation Advant ages of .the_ I nvention, a npar ed

5
to the brior meflyantaess ¢hihe Inyandiqn,9s compargd HpthesPrire metho c,‘{rgr acy of
d 95% L&: i lgx ok h b
aroun ?hcflfurtﬁﬁefnvéxﬂﬁfne achidd grg%t%?ér X@de‘%%eﬁ a?é(lm)cg %}6. Furafn Ae

detected and the arc or curve t ion IS ex ent . alns: 1.

gesture retimgaiitiagreménodribtyr ofinymbaxis thai cams et derebtad dndvthé aac processor,
a nenory, a screen _and an input device for accepting coordi nates of drawn
lines, conphivsedetegtippissxecgplent.eps of pre-processing and feature
extraction steps: (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.
10 2. The nethod according to claiml1l, wherein the step (a) conprises:
determning a threshold |l ength based on the actual length of the Iine,
determining a |l ength of each Iine segnent between extracted 15 directions
and if this length is shorter than the threshold | ength, discarding

parti cul ar ﬁﬁ_acted direction. 3. The nethod according to claim1l, wherein
the step ( jnpri ses: 20 determ ning presence of curve based on feature
directions after recalculation and reordering steps. 4. The met hod
according to claim3, wherein the ste &b) further conprises: classifying
curves as eit-Adesteredegognition methag oy a—’b‘f‘%ﬁ" OiF SysteRUEEVIEYR IPSESE Ry ™eB8Yand” end
poi nt of cury scrédhdanardnangut dévideSfooddcapting doarlihates pledrawre linesgeontprisése afteyt hod

accor di5ng t%g%‘?J’ﬁf%heégsmﬁ%%gwagﬁgaﬁ'%%M%%%%HSF her conprises: classifying

gi ven synbol, one curve w being in conbination wth
ot her |ines or curvesia)imsecopdeprarmocessirgd stepa nine, a full spiral, 30 a

cl osed symbol or ] ust 6 ahBfE%8pRALLA HIvaE odirbepipurgs, The et hod

according to claim1, € _ nprises ol low ng steps to
anal yze spiral: findits LitfePegpentatien $mia8d by j oi ni ng end point and
start point intersect@) L3 whd Symbdyl DéMmpraté nclohgtskep.synbol , 9 based on
t he curye which is either clockw se or anticlockw se, nunber of

2. The method according to claim 1, 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
15 directions and
if this length is shorter than the threshold length, discarding
particular extracted direction.

3.The method according to claim 1, wherein the step (b) comprises:

20 determining presence of curve based on feature directions after
recalculation and reordering steps.

4. The method according to claim 3, wherein the step (b) further comprises:

classifying curves as either clockwise or anti-clockwise based on starting
25 and end point of curve and orientations obtained after reordering.

5.The method according to claim 4, wherein the step (b) further comprises:
classifying given symbol, if it has just one curve without being in
combination with other lines or curves, into one among a six, a nine, a full spiral,
30 a closed symbol or just an arc facing a particular direction.

6. The method according to claim 1, wherein the step (b) comprises
following steps to analyze spiral:
finding whether line obtained by joining end point and start point intersects
35 with any other line of the symbol,




I ntersections and direction of spiral, determi ning the synbol to be one
anong a sSix, a nine, a full spiral or none of the above. 5 7. The nethod
according to claim1l, wherein the step (b) conprises followi ng steps to
detect curve direction: finding center point of the curve, mdpoint of the
line joining the start and the end point of the synbol, and finding slope

of l'ine between cent giseAQnithe auﬂ% wﬁ’bﬁlikoélmén cIScRwidg o?@nﬁi:ﬁkﬂma ME@mBér @nt ation
of curve. 10 8. Th L{hod CCOr. 'g the ste é

corpr | ses: anal y TSP 2R GG LSBT ot ad DL S e g Srito
lines. 9. The net Is:xdamne;@rfuilswgaltoonmeaimabomere| n the step (d) conprises
15 followng step to match line: matching feature vector of the line with
reference feature vector stored in |ine database, nunber of bytes

Sl\lﬁpendisnghorv.the ﬁ\ééﬂﬁ)defacEBﬂlﬁg/mboblauﬁO1 T\merggt hae m@gmi I’tb@rr?wi_se?ai m 9,
erein the ep. urt her adding two bytes of information
for a close Q?/@Séls)t%%se@l ?%Ieﬁt °‘fn¥§ dﬂ%ﬁ# gind m ni mum nunber of feature
vectors of the synbofindrytehteeporit 6hReE caie, deo%ﬁ@’ﬂlﬁ&l&nemﬁmgeméstaaaddmer a

spiral, adding ong, Pyt SPRE MRS B s & ind vhblebn cBfef i 5012,

orientation of splra eln om an fection 25
bei ng either cl ockudroiatsp aatvtdete\tmuaemwonq urve.
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8.The method according to claim 1, wherein the step (¢) comprises:

analyzing and grouping extracted directions into arcs and lines.

9.The method according to claim 1, wherein the step (d) comprises
15 following step to match line:

matching feature vector of the line with reference feature vector stored in
line database, number of bytes depending on the type of the symbol.

10.The method according to claim 9, wherein the step (d) further
20 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
25 being either clockwise or anti-clockwise.

10




