WO 2011/ 059404PCT/ SG2009/ 000421 1 METHOD AND SYSTEM FOR | NTERACTI VE
GESTURE- BASED CONTROL Field of the Invention [0001] The present invention
gener al | ywoebatmss4oto i nt eracti ve technol ogi es, and nor ePpasG2e9oardy to a
met hod for designing, representing and storing conplex conposite
interactive hand gestures in a conputer inplenentation, further to a
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conpl ex conposite interactive hand gestures. Background of the Invention

[ 0002] Human- machi ne i nteractive technol ogi es are expandi ng exponentially in
expansi ve applications. Sign rRddefild Inveation ens and even nore conpl ex
gesture recognition systens have been devel oped based on various nethods to
| ocate and track hands and their notions with respect to other body parts
(e.g., JB90RP, 107 SPh headn: Anfige Eﬁéfﬁ? rd7iR} \f@rinteh{&ﬁvprté@ﬁmﬁ,gie%, bag! to
provi dé a ‘human- mac?‘n ne |nteract|\ge systemthat 1s accurate, efficient, and
of | essnoregaiticelaelyttoaf metdoe degignivgy, reBesenting and stoniag Icomplexi @mpd3dO3] One
enbodi nent of th resent invention provjdes t .hod r desi.gnin

repres éWFfaﬁﬁvea}%ﬂi‘%s&SW‘??gm@o‘Wﬁ? T4y 8@?-@@%@5@%%‘%&%&@%‘%@% ina
conput ke tHRPRREDIFH SRS intdhRti®d Rarld18eshRBN) Uindr alss 1S RRAFRALEW kht&aout er
execut abl e prograns for perform ng the nethod. In one enbodinent, the

met hod desigping siepreserinigrand gtaring comples sompositet intearative barrhgrstugesst ur e per f or ned
by a user in front of an interactive interface w ndow, pre-processing the
acquired gestures by edge thinning and skel etoni zi ng; dissecting a
conposite interactive hand Badigtoend 6f thednpéntio i ty of conpass directional

| i near hand strokes based on the conpass directions of the conposite
interactive hand gestures; determ ning the hand ki nematics including speed
and ac ation) | : 4t
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mul ti-tuple values of strokes. [0004]1n another enbodi nent of the nethod,
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gestur %.cc':u%t%, gfﬁgl%'%le %ﬁé of less requirement-of computer power.

Summary of the Invention

[0003] One embodiment of the present invention provides a method for designing,
representing and storing complex composite interactive hand gestures in a computer
implementation, wherein the computer is embedded- with-computer executable programs
for performing the method. In one embodiment, the method comprises acquiring the
composite interactive hand gesture performed by a user in front of an interactive interface
window; pre-processing the acquired gestures by edge thinning and skeletonizing;
dissecting a composite interactive hand gesture into a plurality of compass directional
linear hand strokes based on the compass directions of the composite interactive hand
gestures; determining the hand kinematics including speed and acceleration/deceleration of
each stroke and the hand angular tilt during each stroke; representing the composite

interactive hand gesture with a list of multi-tuple values including the plurality of compass



[ 0005] I n anot her enbodi ment of the nethod, the gesture is any physical
novenment of an arm hand that can be sensed and responded to by a digital
system wiwbaotv/ashw4ai d of a traditional device such as &CESG2@9000421 y| usS.
[ 0006] I n anot her enbodi ment of the net hod, the conpass directional Iinear
hand stroke is sel ect ed fromthe group consi sti ng of North Sout h, East,

Vst , t h
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reference/relative point with resEect to the horizontal plane, increasing
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deter m ne determning the ang egree respec
hor i zombartﬁeﬁlcampbsmsnngacamhandcgasmmemma ﬁaalgycsat trigononetry cal cul ati ons;

and assigning its dir ctlon usin r de ree of the single stroke.
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t abase for designi e Co osite inter hand
gest ur &&F erqnﬁ%‘r%rtqu%n%@rﬁéget r%thgtﬁ&rléan% Fiste rne@a%P&Bf iﬂsgl
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strokes, kinematics (speed, acceleration/decelerati on) of strokes
angul ampositibt/plant agd rthﬁxstmketﬂmeehyt tohlee dieieraineds dsteamining theirsgular degresi gn a
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further embodiment, the step of assigning the direction of the stroke movement of a single
stroke comprises determining whether the angular degree of the stroke is falling into any of
the compass direction points of 0°, 45°, 90°, 135, 180°, 225°, 270°, and 315° with a degree
of deviation, =15%; if yes, a compass direction is assigned; if no, the stroke is ignored.
[0008] In another embodiment of the method, the angular tilt is categorized as lefi-
tilt (LT), right-tilt (RT) or no-tilt (NT).
[0009] In another embodiment of the method, the speed is categorized as slow (S)
(1-15cm/sec), medium (M) (16-30 cm/sec), or fast (F) (>31cm/sec).
[0010] In another embodiment of the method, the speed change is categorized as
constant (C), acceleration (4), or deceleration (D), depending on the final recorded speed
change.
[0011] Another embodiment of the present invention provides a database for

designing the complex composite interactive hand gestures, wherein the database is stored

in a computer-readable medium, said database comprising codification of compass



[ 0012] Anot her enbodi nent of the present invention provides an interactive
system for designing, representing and storing conplex conposite

i nteract iwe 2namdogest ures. | n one enbodi nent, the inter &CTISGROWHPSELM
conprises an interface w ndow for al Igwi ng a user to performthe gestures
usi ng hand novenents so that the gestures of hand novenents are captured; a
hand gesture acquiring nodule electronically coupled with the interface
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wll now
outputting the codified composite gestures; and a database electronically coupled with the

processing module for storing the codified composite gestures; whereby the outputted
gestures are displayed on the interactive window or other displaying devices.

[0013] In another embodiment of the interactive system, the interactive window is a
baseline location on the x and y axis for the width and height respectively to allow the
gestures of hand movements be captured in a pre-defined 2D space.

[0014] In another embodiment of the interactive system, tﬁe interactive window

includes z axis to capture the depth of the gestures.



described with reference to the Figures, in which |like reference nunerals
denote like elenents. [0020] FIG 1 shows |inear conpass directions in
accor danceowntinseme enbodi ment of the present inventi onPCIBG2a00Mb@&21 2A- 2D
illustrate eight single strokes or basic gestures. [0022] Fl Gs. 3A-3B show
two exenplary conposite gestures consitsting of three single strokes (A B,
and C). [0023] _FIG 4 is an exenplary conposite gesture that is codified
?nd st oloetsli n ac claratethes embedinentoithe sueractiypaysicn e 1apd Zestpre@equiring 5
uncti onal bl ock .di ' | Ve : ' i tih one
erbod v oo PRI SSTRER & (bE B} Sl ke P RO EA L PERALARE BR b 2
met hod gegturelest e usdrepicogivnally an angudarstilo detgetingf mgastfor ¢ angulactibodance

wi th one enbodi nent. of .the present invention. WO
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[0016] In another embodiment of the interactive system, the microprocessor is a
computer, notebook, or PDA.
[0017] In another embodiment of the interactive system, the pre-processing module
performs edge thinning and skeletonizing.
[0018] The objectives and advantages of the invention will become apparent from
the following detailed description of preferred embodiments thereof in connection with the

accompanying drawings.
Brief Description of the Drawings

[0019] Preferred embodiments according to the present invention will now be
described with reference to the Figures, in which like reference numerals denote like
elements.

[0020] FIG. 1 shows linear compass directions in accordance with one embodiment

of the present invention.

[0021] FIGs. 2A-2D illustrate eight single strokes or basic gestures.

[0022] FIGs. 3A-3B show two exemplary composite gestures consisting of three
single strokes (A, B, and C).

[0023] FIG. 4 is an exemplary composite gesture that is codified and stored in

accordance with the present invention.

[0024] FIG. 5 is a functional block diagram of the interactive system in accordance
with one embodiment of the present invention.

[0025] FIG. 6 is a flowchart of the method fof design, representation and storage of

gestures in accordance with one embodiment of the present invention.



[ 0027] Thr oughout this application, where publications are referenced, the
di scl osures of these publications are hereby incorporated by reference, in
their entwoebiso4ounto this application in order to nor@cirsiGgoodesieri be t he
state of art to which this invention gertains. [0028] The present invention
provi des a nethod for representing and storing conpl ex conposite
interactive hand gestures in a conputer inplenentation and al so a dat abase
for designing the conplex conposite interactive hand gestures represented
by the nethod of the present invention. Briefly, the nethod for
representation and storage first dissects a conposite interactive hand
gesture into a pluralityDstailedipessuiptipn eEthedn¥entiamear hand strokes (nore

t han one) based on the conpass directions of the conposite interactive hand
gesture, then determ nes the hand ki nematics including speed and

accel erppbaepn/ decerier plebein iDfentian nast teolRlemtabdt erehandllyaby wdfarentd to thdur i ng
each stroke, and_.then represent and stqgre the caqonposite interactive hand
gest ur dolipwingletailed dgscriptipn ef gerfaie smbedipents 9f theqBvatiPBkes and t he

par amet of th . e S t t, b N j ri ses
t he cod@#?lationegﬁbggFE%og%?bﬂgﬁ%%ﬁgéggﬁﬁfrgg??%ﬁa I?%eggaﬁgn ’g?@gkes,
t he ki ndisadsuess ofshesechubdicatbdmsraat herebyl éelkmratd bprefofense,r inktbeir eatigties,

angular-tilts of sirakes; thus the database enabl gs the design of .conposite
Y or achio, blsanmlicdion cadendhdnors T ResgRbs fhsisiie of b0 ForoTh Sompgee
i nter aclgeireégls.hand gesture i s known. [0029] A gesture in the present invention

refers to any physical novenment of an armf hand that can be sensed and
respondeeRsi o by alhti grasemt dyenden wiretides atmethgd dfopfrepresendiagt anshatorigeyvi ce

such as_a use or.stylus.. A .hand ve,. an arm Sw.n i st nt, a
Finger SRS comeby Rt e g Rl ol cBrlu® iBsaftablioRerARNE o

FI G 1, datdvasector defipiivi d@dcdrmpler cobpogie Ssteficti echidnd i stufesaefesahddiclyy thet h one
enbodi ment of the present inventign. As shown in FIG 1, there are 8 |inear
conpassmethpd of thenrressms precation, Bripdlyntheanethed & repissendation aqsh staragssinith,

East, - = out s ; - : [
corrpas\s/zﬁ I ?tg?ﬁo}gﬁgﬁ?fﬁrﬁ%rg?{ Negh a}@g%ﬁgﬁ %{Ld;a @%? %ln%gP ?%%P%%?rﬁegfb%; ﬂg%}% of the
ei ght |handatroksrpass thnrome) based ;onithe odriyerss diveadions dbhtheeiogliposite imt@actoenpass

directiong wll represent all. conpass,difrectional li.near. hand strokes of a
Composi B4 rEREGt | JERhattogasrLy Gie | ond, PR R dEIOHAE {WEShr (Wi pl e of
the 11 nRagicGABNASRIGFAIACSHS 6h dtokBRhd 9% hddd dddiar FMCduFeCelh s86ke, QG MRy be
enpl oyed to suit for practical applications. [0031] The present invention

cover s then repiessitcandrriore dhp eeinpesitpeisteractize handgesture gath alist efepleeeludse

gestures..that .contain a.single continugus stroke-w th no ch e in

di rect i%’r]ll.m% %n’%&o Y eanse@]f"upaéa?lgttegr gf‘ 5 ftﬁ%(e&eg}-]ﬂ? élgtapﬁsgt Oﬁg%ppfeg%ntt WO or

nor e basiéntieaséotimsses i the NANScatiBAt oft BE ﬁtﬁﬁﬁlen&%@tdif&tié{nﬂomiHaﬁdgeSt ure
can be separated intg two or nore segnents,  of i ch each segnent caonsists
of a sisigkes, dbmkinsmatiss §weeteacrplerptiandecelarptian tafovirokptamig, anghlas-tits Bnposi t e
gesture . i ' :] ' ' stures.
0032] | oRRs P SEWRERS ofy e ML B Ayl Ferpl R 3 BB MBS G °1
cor r espisodf tuplet aduesdvienenhpakite éntetaotice leihd desthitericknswmgl e st rokes as shown

in Table 1, and the novepent directions of the single .strokes are _codified
as shovwiB%3%h Tabl elgﬁeStP{?o%]?‘?aﬂF%eni }nVeB‘il‘?Ibléf‘é@ﬁ&‘éﬁeié%gyﬂﬁﬂ\}&ﬂ‘é%’%e%f’f &Rt at i on

and st rokenMAEEGh be sensed and responded to by a digital system without the aid of a
traditional device such as a mouse or stylus. A hand wave, an arm swing, a wrist
movement, a finger tap or the like are examples of gestures.

[0030] Now referring to FIG. 1, there is provided linear compass directions in
accordance with one embodiment of the present invention. As shown in FIG. 1, there are 8
linear compass directions adopted for the movement of the hand: North, South, East, West,

North-East, North-West, South-East, South-West. A single compass directional linear



S/ No Conpass directions Stroke Movenment Cade 1 North (N) Vertical upward Al

2 South (S) Vertical downward A2 3 East (E) Horizontal left-to-right A3 4
WO 2011/059404 PCT/SG2009/000421

6

hand stroke will be represented by one of the eight linear compass directions; in other
words, the eight linear compass directions will represent all compass directional linear
hand strokes of a composite interactive hand gesture. It is to be noted that the principle of
the linear compass directions is not so limited, and more directions may be employed to
suit for practical applications.

[0031] The present invention covers both basic and composite gestures. A basic
gesture denotes the gestures that contain a single continuous stroke with no change in
direction. A composite gesture refers to the gestures that comprise two or more basic
gestures; it means that the hand movement in a composite gesture can be separated into
two or more segments, of which each segment consists of a single continuous stroke with a
new direction change, thus a composite gesture can be viewed as a combination of single
strokes or basic gestures.

[0032] In one embodiment, the linear compass directions described in FIG. 1
correspond to the movement directions of distinct single strokes as shown in Table 1, and

the movement directions of the single strokes are codified as shown in Table 1.

[0033] Table 1. Correspondence of movement orientation and stroke movement
S/No|  Compass ‘Stroke Movement Code
directions

1 | North (N) Vertical upward Al

2 | South (S) Vertical downward A2

3 | East (E) Horizontal left-to-right A3

4 | West (W) Horizontal right-to-left A4

5 | North-East (NE) Diagonal upward left-to-right D1

6 | North-West (i\I W) Dia.gronai’ uuAl‘)‘v;'»ardﬁr’iight-rto-left Dé

7 | South-East (SE) Diagonal downward left-to-right D3

8 | South-West (SW) Diagonal downward right-to-left D4
[0034] Now the direction of stroke movement of a single stroke is determined in

accordance with one embodiment of the present invention. The angle of 0° is assumed to
be the origin reference/relative point with respect to the horizontal plane, increasing in a

counter clock-wise direction. With two linear vectors known, namely, the reference



West (W Horizontal right-to-left A4 5 North-East (NE) Di agonal upward
|l eft-to-right DL 6 North-Wst (NW D agonal upward right-to-left D2 7
Sout h- EasWOQgH)05Pt0dgonal downward |eft-to-right D3 8 SoBCHSEE4/00G)
D agonal downward right-to-Ileft 7

horizontal position/plane and the stroke movement to be determined, the angular degree
(with respect to the reference horizontal plane) can be determined using sine, cosine or
tangent trigonometry calculations. When the angular degree of the single stroke is
obtained, its direction is assigned according to the following principle.

[0035] From FIG. 1, the eight compass direction points correspond to OO, 450, 900,
135% 180°, 225° 270°, and 315°. In reality, it is impossible for the angular degrees of
single strokes to fall on the points. Thus, a range of angular degrees is used to assign one
of the eight directions to a single stroke. In one embodiment, a degree of deviation, *15° ,
from the compass direction points of 0°, 45°, 90°, 135°, 180°, 225° 270°, and 315°, is used,
meaning that when the angular degree of a single stroke falls into the range for example of
15° - 345°, it will be assigned a direction of East (i.e., horizontal left-to-right stroke) with a
code of A3 (see Table 1). Table 2 shows the stroke movement and corresponding angular

degree ranges.

[0036] Table 2. Stroke movement and corresponding angular degree ranges
S/No Stroke Movement Angular Degree ranges
1 | Vertical Upward Stroke - 90" 75% - 105°
2 | Vertical Downward Stfoke - 270° = = T 25572850
3 | Horizontal Left-to-Right Stroke - 0° 15° - 345°
4 | Horizontal Right-to-Left Stroke - 180° 165° - 195°
5 | Diagonal Left-to-Right Upward Stroke - 45° 30° - 60°
6 | Diagonal Right-to-Left Upward Stroke - 135" 120° - 150°
7 | Diagonal Left-to-Right Downward Stroke - 315° 300° - 330"
8 | Diagonal Right-to-Left Downward Stroke - 225° 210" - 240°
[0037] It is apparent that eight ranges of angular degrees are not covered in Table

2; the uncovered ranges are listed in Table 3.

[0038] Table 3. Uncovered ranges of angular degrees

159 < X < 30° 60°< X <75° | 105°<X <120° | 1500 < X < 165°




D4 [0034] Now the direction of stroke novenent of a single stroke is
determ ned in accordance with one enbodi nent of the present invention. The
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ranges P cal roke -
horizontal right-to- left gesture FIG. 2B shows a diagonal left-to-right upward gesture and

a diagonal right-to-left downward gesture; FIG. 2C shows a vertical upward gesture and a
vertical downward gesture; and FIG. 2D shows a diagonal left-to-right downward gesture
and a diagonal right-to-left upward gesture.

[0041] Now referring to FIGs. 3A-3B, there are provided two exemplary composite
gestures consisting of three single strokes (A, B, and C). FIG. 3A shows a composite
gesture consisting of a sequential three strokes of A ->B->C; thus the hand encoded with
the composite gesture performs the sequential movements of horizontal left-to-right,
diagonal right-to-left downward, and vertical upward. FIG. 3B shows a composite gesture
consisting of a sequential three strokes of C->A->B; thus the hand encoded with the
composite gesture performs the sequential movements of vertical upward, horizontal left-
to-right, and diagonal right-to-left downward. It is evident that even though the two
composite gestures are comprised of the same single strokes, they are totally different in
their hand movements because the orders of the single strokes are not the same; this
ordered combination of multiple single strokes or basic gestures allows the design or
creation of various composite gestures based on the basic gesture types and their ordering
séquence.

[0042] In addition to movement directions, the hand movements during single
strokes or basic gestures may include the angular tilt or inclination of the hand. In one
embodiment, the angular tilt is categorized as lefi-tilt (LT), right-tilt (RT) or no-tilt (NT).

The angular tilt is recorded and associated with the respective single stroke or basic
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gesture. It is to be noted that the categorization of the angular tilt is not so limited; any
suitable categorization shall be covered by the present invention.

[0043] Furthermore, kinematics information from the single stroke can be used to
inject distinct characteristics into each single stroke and further into the composite gesture
comprising single strokes. During performing a single stroke, the speed of the hand is
categorized as slow (S) (1-15cm/sec), medium (M) (16-30 cm/sec), or fast (F) (>31cm/sec).
The speed is recorded and associated with the respective single stroke or basic gesture.
During performing a single stroke, the speed change of the hand is categorized as constant
(C), acceleration (4), or deceleration (D), depending on the final recorded speed change.
For example, i) acceleration denotes that speed increases throughout the stroke; ii)
deceleration refers to that speed decreases either throughout or prior to end of the stroke.
The speed change is recorded and associated with the respective single stroke or basic
gesture. It is to be noted that the categorization of speed and speed change of the hand
during performing the strokes is not so limited; any other suitable schemes for
categorization is covered by the present invention.

[0044] In one embodiment, the database for design or representation of composite
gestures comprises the codes for the movement directions, angular tilt, speed, and speed
change for the hand. Thus, a composite gesture can be represented by a series of ordered
codes and stored; and conversely a composite gesture can be generated from the database
according to a series of ordered codes.

[0045] Now referring to FIG. 4, there is provided an exemplary composite gesture
that is codified and stored in accordance with the present invention.  The exemplary
composite gesture comprises the following ordered strokes: i) horizontal left-to-right stroke
(A); ii) diagonal right-to-left downward stroke (B); iii) vertical upward stroke (C). The
sets of ordered paired (x, y) values representing the composite gesture (A)->(B)->(C) are:
[0046] {[G,DE,1)(5,1)(6,DI(5,2)(4,3)3,4)(2,5][(2,4)(2,3)(2,2) ]}

[0047] The sets of ordered paired (x, y) values are used to generate linear vectors
which are used to determine the directions of the gesture strokes by performing
trigonometric calculations as described above. The direction codes for each stroke can be
derived and referenced from Table 1. Then, the composite gesture with only the directions
available can be represented and stored as follows:

[0048] {A3,D4, A1}

180



300 - 330 8 Diagonal Right-to-Left Downward Stroke - 225 210 - 240

[0037]1t is apparent that eight ranges of angular degrees are not covered

i n Tabl e WO 20hi@05vgover ed ranges are listed in Tabl e 3. PLOG82)DaDIMRL 3.
Uncover ed ranges of angul ar degrees 3@ <X < 30 600 <X < 75 105 <X < 120 150
<X < 165 WO 2011/ 059404PCT/ SG2009/ 000421

[0049] If other parameters of angular tilt, speed, and speed change for each stroke
are known from each stroke as determined by the methods described above, the composite

gesture can be represented and stored by 3 sets of 4-tuple values as follows:

[0050] {(43, RT, S, C)(D4, LT, M, A)(41, NT, M, D)}
[0051] Which indicates:
[0052] a horizontal left-to-right direction gesture stroke, hand is right tilted, slow

and constant speed motion; [followed by]

[0053] a diagonal right-to-left downward direction gesture stroke, hand is left tilted,
medium speed and accelerating motion; [followed by]

[0054] a vertical upward direction gesture stroke, hand is not tilted, medium speed
and slowing/decelerating motion.

[0055] Therefore, each gesture is represented as a list of tuple values and stored as
a record in the database of hand interactive composite gestures; how many tuple values are
associated and stored for each composite gesture depend on the structures of the system as
described below or the application requirements desired by a user.

[0056] The present invention also provides an interactive system using hand
gestures. Referring to FIG. 5, there is provided a functional block diagram of the
interactive system in accordance with one embodiment of the present invention. The .
interactive system 1 comprises an Interface window 2, a hand gesture acquiring module 3,
and a microprocessor 4 including a pre-processing module 5, a database 6, and a
processing module 7. It is to be noted that the system implements many common and
commercial elements; their features and specifics are known to one skilled in the art; thus
no details for these elements will be provided herein.

[0057] The interface window 2 is the area of operation and comprises a baseline
location on the x and y axes for the width and height respectively to capture the gestures of
hand movements in a pre-defined 2D space. The x and y axes determine the x and y
coordinates respectively in the 2D space. With the inclusion of the z axis, the depth of the
gesture movements can also be captured and utilized. The interface window 2 also allows
a user to perform the gestures using single finger or hand/palm as interaction input point.
The hand input interaction point may comprise a finger, a fist, or the palm of the hand.
The interface window 2 also serves as a display device for displaying the gestures

outputted from the processing module 7. The interface window 2 provides direct
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r eSpeCtLb(YB%] si ngl erfd ﬁg?&gp_rgﬁespﬁsi ?)erform,s__ all the computing functions, and may be a
computer, notebook, a PDA or the like. It usually has a memory for storing all the
programs for performing the functions, intermediate results and database. It is
electronically coupled with the hand gesture acquiring module 3 and the interface window
2. In one embodiment, the microprocessor 4 comprises a pre-processing module 5, a
database 6, and a processing module 7, where all components are electronically coupled.
[0061] The pre-processing module S receives the acquired gestures from the hand
gesture acquiring module 3, and identifies the strokes of the acquired gestures. In one
embodiment, the pre-processing includes edge thinning and skeletonizing. Thick or broad
stroke movements are reduced in thickness by applying thinning algorithms used in
computer graphics or image processing. Algorithms such as 1) the classical “Hilditch”
thinning algorithm; 2) “One-Pass Parallel Asymmetric Thinning Algorithm (OPATA)”;
and 3) “Contour-Coherence Based Thinning Algorithm” are examples of thinning
algorithms that can be used in the thinning and skeletonization of the acquired stroke

movements.
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values can be designed using the database.

[0064] Typical existing techniques use image capturing and representation is by
camera image or video of gesture movement. The accuracy and effectiveness of this
approach is dependent on numerous factors, including the speed of the gesture movement,
the positioning of the arm/hand, the possible occlusion by other parts of the body, the
visibility of the gesture action, the positions of the cameras, blind spots, and other
influencing factors.

[0065] The proposed invention can accurately and completely capture the gesture

stroke, with no missing or recorded stroke sequence. This is achieved through the direct
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acquiring nodule 3 is electronically coupled with the interface w ndow 2,
for capturing the hand gestures when a user interacts with the interface
wi ndow 2. The hand gesture acquiring nodule 3 conprises a touchless (or
touch) sensing device/equipnment for capturing the hand gestures of the
user, and optionally an angular tilt detecting neans for exanple gyroscope
for the angular tilt of a gesture, a speed detecting neans for exanple a
speed gauge for detecting the speed of a gesture, and a speed change
detecting neans for exanple an accel eroneter for the speed change of a
gesture. The configuration and use of the conmponents are well known in the
arts. [0059] The capture of a gesture involves the use of the coordinate
val ues of the constituent pixels making up the gesture. The "x", "y"

coordi nate values are represented as sets of paired values, ordered in a
tuple list as a vector for each stroke of the gesture as descri bed above.
By using trigononetric calculations with the ordered vector val ues, the
direction of the strokes within a gesture can be determ ned. The strokes of
a gesture are then codified in association with their directions.
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plurality of different




gestures, frombasic to conplex, to be created, sinply by using an
amal gamati on of sinple basic gestures strokes. This nmethod of creating
gesture swocokawspagilitates in the capture, aids in nonPCoOSHR2@0/000421

representation with no anmbiguity and | ps in the efficient data storage of
t he gesture strokes. [0067] Wil e the Present invention has been descri bed
with reference to particul ar, enbodi nents, it wll be understood that the

enbodi nent s aseningtheenele pL @ arke the griginafersnee/frlatbye R uth tespRst fase
limte i gmq 16,: 0 .anvention wll becone
appar eﬂ%or?ghﬁhg%gé’\r{lg% ng obgi%rr?glr%;?é OFI%]EII%Enﬁ%Eg&%rt to which the present
i nventi on peolitaining. tvBubiteaalveetorsatnemelyh dltk referesceaherizooted ipdsitien/ptape ad

enconpassed within th cope aof the present invention. Accordingly, the
scope gtﬁetsﬁ’i‘ékepﬁn@éeéﬂ‘?m?%éee&%%ﬂn? defined by the appended claims and is

suppor ted bYdété}ﬁliﬁiﬂgetﬁ@iaﬂgulgﬁ%légﬂe@t(m- respilet 29 ¥d OSBARAP iR AN0NLRH0421 14
CLAIM5: 1. A nmethod for designing, representing and storing conplex
conposi using 7% caging oetahgand trigespuiety chlgulgtionspud er i npl ement ati on, wherein

t he conputer_]| W L3 ulraR r for performng
t he net hod, L3 Bﬁgﬁgg%aé#n%ﬁ?éﬁ%ﬂéﬁ& ggé?&acqu% rﬁ}l%sgﬁ{%@gorrposi te
interactive hand gesture perforned by a user in front of an interactive
interface wi ndow, pre-processjing the acquired gestures by edge thjnning and
skel et dhi zi nfy;method accopding & Flaip Sa vsrRyd Hiet en ﬂf aysigaing, e khsatiggedk Bce i nt o
a plur aétﬂoﬁ%n?ﬁveﬁﬁﬁp&sassi%;léﬁ%ﬂe%ﬁ{ ristdiear hand strokes based on the conpass
directions of the conmposite I nteractive hand gestures; det er m ni ng

t he hand ki ndetertiicingi windthwti thg angelad dagde addbé atraké onfalbug igo any ool e each

stroke and t he. hand anqul tidt eurip Pl strake: ..representin
he s oriaRge e ikan sonry o (i’ QuliasD A E s 8K S 1) vith B Lo
i ncl udi pgidtida, £13% ﬁ'yie§,)é c%apfé%fﬂfi?e‘éﬁo@isfa@ﬁgh&ﬁ?ﬁ nd, {iReAMokO & Ignsbd 0Okes and the

hand ki nematics; deSigning the conposite gesture according to the
mul ti-tuple values of the acquired gesture; and codifying the acquired

gest ur usi pg l.ti-tuple values of strokes, 2. A nethod according to
claim ? fur h%%gﬁ?ﬁog 1A% 0P i G ?ﬁé’ia&%lﬁi “'léec}fd?:e(]i%o@let %?%uﬁ egfécgi ve
hand gestdgofizédie AR 38-tilIRTPoFRS-AR¢NEECcording to claim 1 or 2,
wherein the gesture is any physical novenent of an arm hand that is sensed
and responded to by a digital systemw thout the aid of a traditional

devi ce guch t ; C I . : of

ol ai ms 55, AnnfLiE UG B Gy ofclah By RHeBECAE AR BaRRNARIST ¢ o
f rom t hdow (SUP- ISonsdes), imedivat (MNAGEI0 crided) hor fEagF) (ABdsin/sedor t h- East

Nort h- West, Sout h- East, and Sout h- Wst .

9. A method according to any one of claims 1-8, wherein the speed change is
categorized as constant (C), acceleration (A), or deceleration (D), depending on the final

recorded speed change.

10. A database for designing the complex composite interactive hand gestures, wherein
the database is stored in a computer-readable medium, said database comprising
codification of compass directional linear hand strokes, kinematics (speed,
acceleration/deceleration) of strokes, and angular-tilts of strokes;

thereby the database enables a user to design a composite interactive hand gesture
in a list of multi-tuple values, wherein the list of multi-tuple values include codes for the

compass directional linear hand strokes, kinematics of strokes, and angular-tilts of strokes.



5. A nethod according to any one of clains 1-4, wherein the direction of
stroke novenent of a single stroke is determned as follows: 15

assum ng wheoarngbe4of 00 to be the origin referencel/rel CISE2@O0N42W t h
respect to the horizontal plane, |ncr§a5|ng in a counter clock-w se

di rection; obtaining two linear vectors, namely, the reference

hori zont al pos tion/ pl ang and the st roke novenent to pe dete
det er mi Hi-ng 4 ta&’ﬁ%ﬁ%ﬁorg‘%rt@é W {1t VegpEcthe uingEs é@?@o@ﬂcé erla?ent al

Pl ane) 43kB9s $kidbed PG Be Yrodf @&%ﬂ;ttln% lrdafg @8)2&9@0&}?‘ %ahﬂl G Edt ORBrth ML,

assigning 1ts direction using the ang r gree o e S|ngle stroke. 6.
A et hodoréle 8'ast)iSogth-Bast) anidrosth-Whestt ei n t he step of assigning the direction
of the stroke novenment of a single stroke conprises: determ ning whet her
the angul ar degree of the stroke is falling into any of the conpass

directipn poAndagatbe @Bcord?@, t0981Rim 1id56s 118Wheredr A directidh of aUc@iipasdld Wi th
a degree of deviation, 150; if yes, a conpass direction is assigned; if no,

the st rditestipnal ligersrhend strake indaistrived axfoblewsng to any one of clains 1-6,

wherein the .1ngél.1é %é%%%)ﬁOm@tb%gcﬁé éﬁ% g ?I%rengé/%elgt \Je Cpfogﬂt-@lth Irels;%r&gtot %t ( RT)

or no-tilt ( od accor

t he spéasgizostalplhig didréRtheaia aS‘doﬁWef a))cl( iJmsESIim:ﬁ@g) medi um Qp (16-30
cnmisec), or fast, (F) (>31cm sec) . A net hod accordi ng t.Q & lénone of
clainms 1-8, %F@gﬁ%@%é’éﬁoﬁsﬂ&ﬁ’@@ﬁ Shecrpfgge bairontal pasitonRn

accel ertﬁg bt?&(e(rﬁ%ven%tgc?ﬁ@% aLadil af (D), depending on the final recor ded

speed change ase for designing the conplex conposite
i nteracti ve detamhiges tthe esgulahdegen (witk rﬂqieabas ¢hd sefetenceetotizongal plane)

conput er : readabl e nedi u aid da ab ing codification of conpass
G r Dot (USRS AR HoARet FcBemoly ARG s, by,

acceleratio russigﬁﬁg etrs@liﬂe@ﬁan @fingthe qﬁgﬁar &@ﬁkefmwé @hglk ki, Of strokes;

t hereby the database enables a user to design a conposite interactive hand
gesture in a list of nultl-tuple val ues, mhereln the list of multi-tuple

val ues 11cl UllaGR08, L Blarl ' G035 Su LRk Akl BERToRRRY dlbAKSD:

ki nemati"¢s angu ar-ti
linear hand stroke is determmed as follows:

determining whether the angular degree of the stroke is falling into any of the
compass direction points of 0_0, 450, _900, 13)5,0, 1800,_ _2250, 270°, and 315" with a degree of

deviation, =15% if yes, a compass direction is assigned; if no, the stroke is ignored.

14, A database according to any one of claims 10-13, wherein the angular tilt is
categorized as lefi-tilt (LT), right-tilt (RT) or no-tilt (NT).

15. A database according to any one of claims 10-14, wherein the speed is categorized
as slow (S) (1-15cm/sec), medium (M) (16-30 cm/sec), or fast (F) (>3 1cm/sec).

16. A database according to any one of claims 10-15, wherein the speed change is
categorized as constant (C), acceleration (4), or deceleration (D), depending on the final

recorded speed change.

17.  An interactive system for designing, representing and storing complex composite

interactive hand gestures, the system comprising:



16 11. A database according to claim 10, wherein the conpass directional
| i near hand stroke is selected fromthe group consisting of: North, South,
East, Weswo 2blavasholEast, Nort h- West, Sout h- East, and Sou®PhTé&2009/000421 A

dat abase according to claim10 or 11,-wherein the direction of a conpass
directional linear hand stroke is determ ned as follows: assum ng

the angle of 00 to be the origin r,eference/rel&tive point with r spgct to
the hori zonta intriase, Windewe&an APWIRS £ &8N 1% POILPER Khyy So8iussr wing St

0Dt a1 s A BEEBESor NATHOUorbE afelfifage. hor i zont al

posi tion ne an e~ stroke novenent to et ern ned; det er m ni ng
t he angul ar adepdeestivd adquirezpaodult elettrenicadlfyecaapted widh thedntesfhcepivindeyv, usi ng

sine, cosine or tangent trigononetry cal cul atipns:. and assigning its

o B G DR OSBRI P . Ml
accor difgnhdfa gkt atlcothicd oF alph@ality 0f ShdIQR vith AsCRMBEPHaflbleRs khdnal

| i near hand stroke is determ ned as foll ows: det erm ni ng whet her the

angul ar degrasmicofpro¢rssert enothedded thicesin b sef dfrmosnatey reegreme ferdrepasmingithect i on

points of. 0, 450. 909, 1 .1800, .22 700 i of
devi at icgeﬁlfb’nffg’, f"'P%"'S?}?Ce]‘&Tg %{1%553%%%%0%91%§$@B%s1tgs1nt§g%ﬁaé:’égx?%#sﬁggs,, q’ﬁﬁé&gt r oke
I s 1 gnah&ehicropfbeceBofl abAPASR AaRAI0EHN RF dterinyll aive prlgrathafotepeiformlibg thber ei n

the angular tilt is _categorized as left-tilt (LT), right-tilt (RT).or
no- ti | tfupeipps, intesmediaigaieaihsandadasabass, eran 4hs MueraprIcespisrlectionically wher ei n

the sp I At i P . I -

cni sec )eC%qI(?)lre d f“gglttﬁ? E@%@%&‘@ﬁ@i“%ﬂ‘é ﬁ%ﬁ%&lé%&g g{yalggg%c%%%l? in gd\gtvgé%ﬁlytﬁg ne of

cl ai nms ridrdpbocepdoe cempritdse speed change is categorized as constant (O,
acceleration (A), or decelerati D), depending,on.the finpal recorded
speed change. 17 prﬁ\'rPr??ﬁsﬁfl&@%(?cﬁ‘ge é%?c@ml‘?%ﬂ‘ea‘@g’%ﬁﬁl ﬁ&s?urf'% P@s@ﬁﬁ\aﬂ and
storing Con@e%ré:%%ﬁﬁhé EnbAUIET ARE (éaLRAN (1L SEMPER, ditdtoB SHRAY GRART | Si Ng:
17 an interface wndow for allowng a user to performthe gestures
usi ng hand rstrekeseafithe sapturedigestimss.gest ures of hand novenents are captured;

a hand gesture acquiring module el ectroni cal upled with the i rface
wi ndow, for capt Nig r%es[sﬁxg IH%% © 8@%??}?%21 yvﬁ?ﬁﬂfe%{ﬁgl%glgrpqle moé:F%%l{ésm\{?mﬁllﬁlg t he
interface wifafaeivitpemeiferitiiRd aokesOech Uhe preproceseing Thedide, @ktractilgithal ity of
strokes with associated paraneters; and, )

values of the parameters associated with the strokes, wherein the parameters

include movement directions, angular tilt, speed, and speed change, codifying the

composite gestures using a series of multi-tuple values, and designing and

outputting the codified composite gestures; and

a database electronically coupled with the processing module for storing the
codified composite gestures;

whereby the outputted gestures are displayed on the interactive window or other

displaying devices.

18.  An interactive system according to claim 17, wherein the interactive window is a
baseline location on the x and y axes for the width and height respectively to allow the

gestures of hand movements be captured in a pre-defined 2D space.

19.  An interactive system according to claim 18, wherein the interactive window

includes z axis to capture the depth of the gestures.



a mcroprocessor enbedded therein a set of conputer prograns for performng
the designing, representing and storing conplex conposite interactive hand
gest ur es,wotrergismothe m croprocessor conpri ses a menoryPCosGowroongtal | t he
prograns for performng the functionsyginternmedi ate results and dat abase,
wherein the mcroprocessor is electronically coupled with the hand gesture
acquiri 28 nmodul e and. the interface wi ndow, an Wher:fjﬁ th n’i,cropéoc ssor
conpr i sé%: mteéa%lrvs-sme’eggqora@n%ﬁa (¥ 95 O elaEny i -39¢ R&eteky thr Bep
gest ur egedui@Mchiieink 3GHuHE 85HPRseR GHbuERIBG @PQ&L@ s&fithe &Ml dovighgert H6r
conpass directional |inear hand strokes of the Captured gestures.
pr ocess Fajunigiihe bard gesturendiche bsercoupl ed with the pre-processing nodul e for
receiving the identified strokes fromthe pre-processing nodul e, extracting
the val ues of the paraneters associated with the strokes, wherein the
paramet 21s i nal neLaotive eyyeRin Bidofdihg A0 Sany aHBUbRElainhd 17-20peddrein itk Baged
change, coditring the conposite gestures using a series of nmulti-tuple
val ues, e geqliGng medals TQIPFIEeS- t he codified conposite gestures; and
a dat abase e [ : i : r i .for storing
the codifi ed&ggﬁr‘%lgds}it?g&%%g g?ﬁg&ﬁ?ﬂ%ﬁ%ﬂgg@y&%ﬁ?gﬁ%g@%best ures are
di spl ayed onatjeedideteetimginees for oatauviny thokheid oflapehtate; agl/cevi ces. 18, An
interactive systgm accoyding to C|Pi m1l7, wq_‘grei n %he interactive window is
a basel i ne | BoRRef SHARSE defrstifie Hycans;fos catuing theisBecs ERESRI S8t
respectively to allow the gestures of hand novenents be captured in a
pre-defined 2D space. 19. An interactive systemaccording to claim 18,
wher ei n22.he Ant erterectivee syiterdoacdondihg dtes any aces of ocleiast 47€ 11 hehateipt theof t he
gestures. 18 20.. An intgac&i ve, s ﬁ;rl:%? according to any one of clains
17-19, WHEPEOReSSHS A SABPYEL IO ]é%q%l g nodul e conprises a touchl ess (or
touch) sensing device/equi pnment for capturing the hand gestures of the
user. 21. An interactive system according to_any one of clainms 17-20,
wher ei n23}-he Adni@teiResive rostgpigasaordiag e my eorfeupf lslaims diphd seereiartharmyed ar
tilt de | J: . 1ilt of a gesture; a speed
det ectiglg)%rrggg%ﬁ%%?é%%g{n&%i%ﬁgy%@%%%gddﬁgé&?%ﬁignéé'ture; and/ or a speed change
detecting neans for capturing the speed change of a gesture. 22. An
interactjve systemaccording to_any one of c¢lains_17-21, wherein the
micr opr%JCess Igragiige, SRTR AcCoiding e Y o8f o B&?ms %23 Aphergingths cOMpEssy st em
accor di figechiBnA AP fal sGbis e Séreddd MRRTRL BrddpCediRIEO GERbAS Shdn! €
perfornms edge thinning and skeletonizing. 24 ‘An~Interactive system
accor di heptt WestnNonr&astf Notthi West,| Yo12B-EasthandSouthWéestonpass di rect i onal
| i near hand strokes are selected fromthe group _consisting of: North,
Sout h, East, West, North-East, North-Wst, South-East, and Sout h-West. 25.
An i ntezacti X8 isKHEER KEEDE diddadihg téay 6R€ oPElath?l 1184, Lfhetbin thEARBLtibrt he
direction of the conpass_ directional |1near hand strokes is determ ned as
f ol | owsof the compass dirpetivgat krcag heprdestestke® s determinedine fallavei n ref erence/ rel ati ve
poi nt wi th 1 £3PEEL hOakfIE oFBY o8 oriBl:Rferer RRESAS Pistnd Mieh r&PHRS e
cl ock-wi se directfon;

horizontal plane, increasing in a counter clock-wise direction;

obtaining two linear vectors, namely, the reference horizontal position/plane and
the stroke movement to be determined;

determining the angular degree (with respect to the reference horizontal plane)
using sine, cosine or tangent trigonometry calculations; and

assigning its direction using the angular degree of the single stroke.

26.  An interactive system according to any one of claims 17-25, wherein the direction

of the compass directional linear hand strokes is determined as follows:



obtaining two |inear vectors, nanely, the reference horizontal

position/ plane and the stroke novenent to be determ ned; det er m ni ng
t he angulwio 2dagse®4(wi th respect to the reference hori zeoralG2loan@Rt usi ng
si ne, cosine or tangent trigononetry1%plculations; and assigning its
direction using the angul ar degree of “the single stroke. 26. An
interactive system according to any one of clains 17-25, wherein the
direction ofd&i¢iEupigaHRethe; the @pgwiah degies o the sHake iy Hlldag irjo faWeriifed as
fol | ows, oot PR Ngo whether qtohe gul-ae F t tfcoke is
falli ﬁ?"imn‘fa Ss %lrrn?/c%’?q’t%?fg g%%ggéwgi’rlggt’i it ’p%? K @dfaﬂg,glg(ngvﬁg& &%ﬁ%, 980,
225, 2MEyviaiod, 81B; ifiyes) axotpgssabireofiomimssignah if no, the-stbke isfigyasd. a conpass
direction is assigned; if no, the stroke is ignored. 27. An interactive
system according to any one of clains 17-26, wherein the angular tilt is
cat egorizzed Af idiefakeidd %'Tstefﬂ-auord'idggtetah& loht of Eaihls £.28)Qatiekdih HdNhoular 48 AN
interactive systemaccording to any one of claims 17-27, wherein the speed
i s cat dgentegauzeds:s Hfbwi (), (ighide MBeeyo-we@IDim (M (16-30 cnisec), or fast
(F) (=31lcnfsec). 29. An interactive system according to any one of clains
17-28, wherein the speed change is categorized as constant (C),

accel erxzs, i OnAf Avteralfivél §ERINE hedordifg tPhny 980 8NdIalAs PN 2TNehédettdhelpe&t Bed

speed change.
categorized as slow (S) (1-15cm/sec), medium (M) (16-30 cm/sec), or fast (F) (>3 1cm/sec).

29. An interactive system according to any one of claims 17-28, wherein the speed
change is categorized as constant (C), acceleration (4), or deceleration (D), depending on

the final recorded speed change.



