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Abstract

Sign language is physical communication for contributing the meaning instead of
using voice to demonstrate communicator’s opinion. This paper introduces simple and
efficient algorithms for feature extraction to recognize American Sign Language alphabets
and words which have both static and dynamic gestures letting the program to classify
the signs into the specific alphabets and words. The experiments are divided into 2
sections: first is feature extraction for American Sign Language alphabets which consists of
4 different techniques to classify the sign into 26 groups (A-Z) and the second is feature
extraction for American Sign Language words which consists of 11 different techniques to
classify gestures into 27 groups (words used in daily life). After extracting features from
input videos, an Artificial Neural Network (ANN) is used to classify the signs. The results of

these experiments are achieved up to around 94%
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2.1 AMedle (Sign Language)

mwiedudiuniweinisdearsuagldlunisdienenaununadiafisuiunisynne
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2.1.2 anlunreidie (Sign Language Words)
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nsAnALNSIAdoUlmIVeIINITLg BN Imﬁ%‘lumiaﬁ’ﬂﬁaaaﬂmmﬂgﬂmmﬂﬁaulmﬁﬁ
Yoo v o oA D % v v aa A & a v v oA
NS UUMISNYSIUAEINURBININISIINaDY 3 ARAMiaius IEazdenlAsas19tunisvduile
(Skeleton data) [7] @amunedensiiulassasisvestasedudlalsinauntailedenuidedla
insiiuimuniiestedematuadinnieudefuiielidtduduniinisinisunvesile
(trajectory) lngldaauanuneiisenda Handwriting-Inspired Features (HIF3D) [8] #481483310
P o a Ao s VA ) °
nilsluganudnvagrsin1slsuniusedniainuayiningadegnuiauslag Delaye uaz

Anquetil [9]
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A 4

WORDS IN DAILY LIFE

Y
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SKIN COLOR DETECTION

ENHANCEMENT
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DETECTION

Y
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|
I
|
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| (ALPHABETS)
[
I
I
I
I
I
ity | S5 B NN S\ Wn" U I SENE I "t/ L, |
5|  CLASSIFICATION
Y
ALPHABETS H OUTPUT

A

WORDS
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JUT 2.3 dumeun1svinnulagnivessyuuiinnwilsiuueiisiy

2.2 MSTLYMTHIEUAULAZINTUEUGAYDWINNIY

d' o = 5 @ 1 d'd d' [ en.// QI
oA luN i auuldurimaninsieasul (Gesture) AU

o w

aneuds

o
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NIEIN

&y ° | ] aaa & A o aa Y ° &y 1Y o & a
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LLa“LWillﬁ‘uﬁﬂ ﬂ

COUNTING STARTED&STOPPED
> —>
/ INPUT VIDEO /Lb SKIN DETECTION OBJECTS / FRAMES /

U 2.4 Block diagram ¥8adusaan sssysusuiuLasFugn
2.2.1 as2a3udRnneTwwsu (Skin detection)

\Wesnisaesnisnsudntumsudenaifilunivsedieeglusunselyl weaglaly

v
aadaq

deonanlunisussinanamsulifiiesy Ineagldusngll YCbCr iasnndigiadiiuseaniam

aa Y

nsdlideantsuneniinwavesdnisluniniiuanefuesnainfudniadeaiunsasaly

Ussgnaldiunmiinnuairliadnanelafidemeuiisunuuigl HSV @sldaitunisuszana

' [
aAaa A

YIUNIAZ I TIULALRN EAUANNTEN LS 97U AN N INIWLDI9INTINTNITHUKNIUYDIAT

(%
o U VA v =

hue WAz saturation 10 finiwaiianudatiosuazannazligninufionsan(i3) fuufises
Henldusgll YCbCr lun1sszydin lnefailuu3ginddanazdnisimualuuinsgiulaeg
BT 601 dslsianmsuuasesdusznau YUV avunden Im%LLﬂqsﬁa;ﬂaﬁlué’ﬂwmzﬁaamé’mﬁ’u
n33uivosaemuyeslaeiia Y lussdusgneuduauaitededidnsius 16 - 235 waed
3fUsEnau Cb uaz Cr Wuasdnaurasd TnsflA Cb AeAnuuanensseyiisdiduiuaiu
2113 (B-Y) uaedian Cr usmaruuandnaseinsduesfiuauaing (RY) Swiaetesdusznoy

safiiandaus 16 -240 nsutaanand RGB Tidu YCbCr vinlalaeldaunsy 2.1

Y
Cb
Cr

R

=[128]+]|-37.797 -74.203 112 ||G (2.1)

128 112 -93.786 -18.214

16} [65.481 128.553  24.966

3 YCbCr Yuwpnmnanyu RGB Aadazliilasuniuminuaing @i linadwsveed YCbCr &

Usdninmunnningd RGB lngiwvesdnaenaneaiudiiuywdee

Y > 80,85 < Cb < 135, 135 < Cr < 180 lafiAn Y, Cb uay Cr aglluts [0 255)

a Q 4

p81915An1Y Chai wag Ngan [14] lﬁﬁmmé’aﬂa%ﬁm%ﬂ%ﬂiuiwumﬂﬂig VG

(spatial characteristics) vosARauysd lnsdunuiigisvesdianyudiuasasdestinuadae
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perUsEnaUAIdNYBsE(chrominance) uazfvuazses Co way Cr Faldiduiunudulng
YosdRmyudiludl
T7T<Cb< 127 upy 133 S Cr < 173

Feazlanasnsvoin1sdudnavesuysddulussgui 2.5

JUN 2.5 uansmsiUSeuiigudnalaeldtieianan

<,

Uudna (Counting Objects)

=1

2.2.2 NNSATUIUIIUIUIADNL

q

Y d‘ U Aa Y v o ey v i ) L oaa A '
ﬂ’]ﬂwaﬂ"\]’]ﬂmmi'ﬂ"ﬂﬁ]UﬁmﬁlﬂLLﬁ'JLﬁ']"i]%ﬂum@ﬂmi']"i]aalnqﬂqHIULV\JiN@QﬂaW?NN@@Hﬁi@IQJ

Y

= o = é’ 1 1 o 1 =) & o 3 4 a A I
Wosarnsinruaeuleduinludieeesnisiiiinienivideduindussaesifiodu

asAUsynauneluane dusulaiusinganislunivislulidiegslitedned lugiwes

1
a

o 1 A < ° v =), aa P °
A15%191I019 F9EeuluTe v S IE1LT AR NS IS UAULALINSUAUAAYDIALDLA A8L51AYI

9
° ° U 2 @ Aa avy v v oA | A ] o - oA v o
NN ingBadudiniaainiaden 2.2.1 iunndt 1 Ingvseld Weswinnisdud
Atuaglaniduingsinmeiane dwwumstuinglauinnit 1 Judsdumsfianuiniidesglu

wsuues 91n3UT 2.6 aziulsindieingiiviies 1 du weznuiiedluniveadivivmayinty

a ' <

A =3 Ao )4 = 2 o | | ¥ v & oA
uadlalanmuningluinnin 1 Ju ﬁ]%ﬂi’]ﬂﬂLUUQJEJ“UEJ\TE‘\JW]’WI’W]’NTJNWJEJ AaueulyveInIsmn

q

wsuisuAufeliomsudanarudunsuusniinguinnit 1 3u wazieulvveuvsudugaifedie

wsudanandumsugaviheneulinuingwiiiu 1 Jutiues

JUN 2.6 nsiwindwningaiglunm
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2.3 N15M5993UAB (Hand Detection)

2.3.1 nszvrunsidsundasnmwdidunwszaudn (Gray-Scale Image Transform)

NInTITULlENAumIENsulAaRIoyanmalussuy RGB vaswlsunmvimaielila

WNANANEIaTeIN B nAY TneUsiAanAdeyaresdnin Inevialunmseauding

v
IS Y 1

xUTENDUMLAIAINUAINALANANTY 256 SEAU LA 0 D9 255 duAsldasziuAIIuaINg
ninluanen eesldnisudastieidudrfrusaimsulaaThreshold) Tun1sasianin
luusuagielvidesianismveuvesnimieliaiieguinavesing lnganuduiusniswlas

AN UNNTZAUANT A9auNT

Gray =0299Red) + 0.587(Green) + 0.114 (Blue) (2.2)

A 1 =

1989  Red A8 ANY99ELASIUSEUUE RGB
Green fi® A1v89AWY7lUsEUUE RGB

Blue fa Awesdinlussuud RGB

.:4' o P Y] v v o ° P a v
Waldnmmduninseavasimuinallivinnisiivua Gray-level iiistudsuninle

& At a o - ot ° Y a ad o P =~
naneduluwnsgediiiesdn 0’ uag ‘17 Ingisnavivua A ineavesdnf1ninan Grey-level 3

Andu 0 @) waglvimvualirfinwanuinnii Gray-level dawdu 1 Fv)
2.3.2 pswiguiiisugadiiieniauniedie (Background Subtraction)

AMeundeannmsildsulsuainlyieglusvveluunslanat 151azaiuisasinnag
Wisuiisugaiievsuniavesiiold Wasnna ndauun(bitmap) aguszneulUsiegaansi
a ! . Qo Ql Y ° = a 1Y) aa
138071 pixel 1ansamAdusazanveInm e iansnsadnSeuiisuiugedaus ldlae
aa . gj ¥ | a [ g.ll y‘adrj’ v
ToN5UgULNY x UaE WNY Y U840 bitmap Huqld WwRedtuiusagldisiliedunisanie

ringlunmiisndesniseenun@adunmluwsifiiiese 0 uaz 1 Feeelivsedninngade

amwingiuldlindeulwiviondeuiiegnsdn wasiiundwwesnmtundudiferiulaeldaunis

0=IMG - BG (2.3)
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We O A Object n30ing
IMG A8 Image 130 JUnmluu3sauls

BG Ao Background %38 JUnmluwSHumas

wiawadisiewilna mdu Binary Scale (¥136) ieaanuieaudnfilyiilosain Binary
Scale 1 9aldvheanudniies 1 Un luvaed Gray Scale 1 9alvaud1ds 8 bit Bnvisnmen?

LY = a 1 4

AudeRaNIIIndyy 1IN IUTIdIHAF SR TIAT ISR N YEYDIYBULBBNA Y

BINARY SCALE OBJECT

Ul 2.7 uansHan MiiAnaINMISBUTugaLioauiunds
2.3.3 M3n5293uluntinniegis Viola-Jones (Viola-Jones Algorithm)

\lesannisasaduinguieiieninislelasiiingiinsindeulmuinuagifluntian
Agrtesiunisld33 Background Subtraction Lfteaenaifsrarlaianunsnyssuanalfoged
UsgaAnnm ssiunisdndudeddnmemmatuluniuasdfindrhudedowsnluntiesnan
fie Tneisnagyhmsasandumiduniniglumsuaniuiaidumisdanailvavoanain
awiuatuiilelindelamediuvesiedeazihluiinsinudnuugdules in3adenldis
Viola-Jones @egntinauelag Paul viola wag Michael J. Jones Afanuifuazdanugndosly
mansadugdluy 2001 Tnevhlusinazidond Viola-Jones method dsdane3fiuiildinauatiui
m'iﬁmaua%%ﬂ’mmugﬂmwﬁ 13UAI1 “AINBUTINTA” (Integral Image) u?aﬁiﬁﬂiu%amsw
nasmesiufifauandusuil 2.8 Suglinmssuniinedhldnnitusarldlinyfulss
Fano3fiunisiFoudlaefiiugiuain AdaBoost (Fsidanianianig Critical features ilsf

classifiers NilUsEANEANgEn) uonanllgsldesulefian1ssiu classifiers WuU cascade @93
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Ao o

TiduiiundavesnmgnuiastiisuazidunisiunaluivinailidnwazadeTngiaulaun

Ju [15] nMwdunnsaaunsaasalamuaunsi 2.4

II(X’Y) = Zx‘SxyISy i(xlay') (24)

e ii (xy) Ao Mwduiinsauag ixy’) Aenimdnuainivaiflefiaztnvhnisauningines

n15 Feazibulvlutumeuves Cascade classifiers

1 1 1 1 2 3

1 1 1 2 4 6

1 1 1 3 6 9
Input image Integral image

gﬂﬁ 2.8 Input image La¢ Integral image

Mé’ﬂmiﬁugmmmé’aﬂaéﬁmm Viola-Jones Aan13alnu sub-window Lilans2av1
Tumthaingunmdune msuszarasanmuuumluazldnisususunninanduandisiu
maneuun warldfanmam (Detector) ifivunaasiiduming sdldnarlunsduanann
Hoswrrnnrsfiuamuugunmiitouawandisiu faiy Viola-Jones FeltausiFlmilasnis
Usumnasinnanunuiiagdfuruaamand uaglidhnsamiumiaguategseu (uiazseu
Tauansnei) SeisansiBunagldnanlunisduanilissiuainniin us Viola-Jones l¢Andu
aramilldsnundlumsdiunnesiuisdvnevesnimuansaiu nefnsiamdandnil
a¥19%ulngld features 404 Haar wavelets fauandluzuil 2.9 nMsmgussvosnadnyny
(Feature) Tunwaglasanses (Filter) mudnunigiug1uwes Haar wavelet 3136011 Haar-like
feature Tngdnsesasiidnuazidudivasuuaruuadu 2 adudedvauazde lunisiau am

wQNNTRIAILFINTOINTVWINAN AULazJUT B nYENlnandInsaslaztluly Tunis

APUASNBLVDIFIIUNBE19DDU (Weak classifier) Adluaun1si(2.5) way (2.6) nall
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1.Edge Features I !
(o) (d)

(a) ()]

2.Line Features E E &@ %
() (d) () {f) (g

(@ (b)

3.Center surrounded Features

K2

(a) (B}

(h}

U7 2.9 ngugULULYes Haar-like feature

-1 if () <0

; (2.5)
1 otherwise

by (0= {

1519 f (x) ABAIAULANANNVBINATINANALUNUNVIILALA1VDY Haar-like feature FadiA1nna

AUNITN 2.6
f(X) 1 SuIn(Black rectangle)'sum(White rectangle) (2.6)
1A89 x A NNFIDENLAY SUM ABKNASINUBININDUIINSA MUUSIUNUNFVI AL AV X

AdaBoost learning algorithm Uu3SuAdduunag1egeu (Weak classifier) Aflaanu
Hananvesimviinteeiiga h, iiethluusuumidnluseudaly (t+1) Ineidandaady (boosting)

’0’ o U ‘:{I L) o U gO’ U L dl 1 o :-’/ ‘NI
Unuinaanlakun1sIun LLW@@UWWUﬂG}’JWN’mﬂ’]?\]WLLUﬂW'WﬂJGUuG]EJUSLUEUVI 2.10
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® Given (xp,¥1),..(Xp, V)i € X1 y; €141

® Imialize weights Dy(iy=—
m
@ For ;=1_7T
1.Find . LI
hy = arg min & ; = > D, (Dy; # hy(x;)]
(S i=l

2. 1f £21/2 then stop

3.8t 1) =g
2 £

)

4. Update

D{ . (1) - D! [;"}E:xp(—&;}-';h, (“-l; }}

Z,

where .Z t 18 normalization factor
Output the final classifier :

T
H(x)= s.ign[z a,hf(x)}

=1

JUM 2.10  TumawiBnsiSyugiuy AdaBoost

wdnnIsvesdanesTiudummiues ViolaJones Aonsldfansiam awnuvanes asauy
ATMAY wadhevuaTiuand sty Sauddnaeiluntdannninudotii nadniues sub-window
$anundsaniuau (negative non-faces) deilymiuAldlaeldndnnng “Ufiasdedilaly
Tunth wiumsaumlonin” mssmsieadlaiusnalag Lilalumiidu dldgnnmsdum
Tunih wazlafinisadneidiiunussinnuuy Cascaded (Cascaded classifier )il Classifier
mwéfwﬁaﬁmﬁuﬁﬁué’ﬂLLamﬂugﬂﬁ 2.11 @evdle sub-window gndauszanlu adldluniy
(non-face) azgnuasviuil uslumnssfiudan &1 sub-window th gndwundu ‘Glanafiu
lunti’ (maybe-face) azgndwialué Classifier Aagnluniudianu waznaaldingdisuiuty

984 Classifier 1nnwila Tan1af sub-window aziduluntinazdtiinnau
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e
/\ NOT FACE
" F1 >

/ IMAGE SUBREGION /

NCOT FACE

NOT FACE

NOT FACE

FACE N

JUN 2.11 MTuunUTUANLUY cascaded

2.4 N3U5UUFenW (Enhancement)

VRINANUTATEYFIV0 AN TUAMARDINThaEAwsvellalald1Tunausounfe
MFUNATUA NI UTIIFINAININIUNTZVIUNTTUUSEIUNTD Segmentation Ldanautiielmsila

'
[ =

WMeingNaeIn1s (anizdr1ureslio) 9nTuTRzInINIng N IUNTEUIUNTLUsdIuLa LY

USulgenanmuesniniieddndssuniuesnainingisidesnisuseviinisiiuiuingiunsdl

a ) v aa A =) a a0 ¥ 1 1
Lﬂ(ﬂﬂ’)’lllLﬁEJ‘W]El’*iﬂﬂﬂ?i@i'ﬂﬁ]ﬁ]UﬁN'ﬂﬂi@ﬂ’]'ﬁLUiﬂUL‘VlEJ‘U’%;ﬂﬁﬂ@umﬂ@ﬂi%U’JUﬂ’ﬁW@lU

2.4.1 NFTUIUNITHUNEIU (Segmentation Techniques)
A ) ° - vy v o i & Y v A N A
L@J@Nqu%um@‘Uﬂqjﬂqﬂ‘UﬂLW?@JV\&UELQ\]»L@LLaaeﬂumaum@uqﬂ@ﬂ’]iaﬂﬂl@’]'ﬂ@q%auy[ﬁ]ﬁiama

Yosgivimeenanamiagldivatianisuusdiuiily 4 waila [16] lawn nssuiuniswuilag

17 1
N )

lgfnwa (Pixel based), nsgulaun1IsHULlagwoy (Boundary based), NSUIUANTUUIIALNUT
(Region based) wagnszuiun1suudasluing (Model based) lngnisldnuusasinaiaiuiiueg

TUYAUTEAIALAZ AN NLINGOUVBIFUNINAINAT

2.4.1.1 aszuauntsuuslagldiniga (Pixel Based Segmentation) n1siuslagldan

finwaniagnuein ntueIsendneg1vinnisuiulagldrnmsylaa(Threshold) Falu
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'
a

JUN 2.12 segreanmiveldutaingmeniniga

mnsIReINIsifisanInvesiweiainselan @daduingisaula) 3Bniengase

9

nswdanmlegimunainafinea lagagdunadmvesdyelunnildnunnseaini

[

PAUI1R@UTaUINNIAeatl

Uil 1 Adadnwadiduduiuilaediulugvesninlagnisnsainssleannils Ing

aunAnAfinaniniaunsyleaszduavesing

[

qui 2 Tudreegratiinuals Threshold (Wasdin) <45 wartiludmsiginninluunsea

JUN 2.13 nundsasiviiesessesvesingaued

U

»
&
. ‘»‘;5/
: 4
‘? .i@_ ‘ 2

JUN 2.13 amdgagnidafinadiilagAnnsylea



18

[
[

Uil 3 iinsusulganmlaenisidentdisluiite 2.4.2 welilduininveagvie

Aanany ANTuRwiNg Invert finwaioliingnaneidude

=

SUN 2.14 nninganvienaannuIulssnmnnyeanIn

2.4.1.2 nszUAUN1SHUSIABUBU (Boundary based Segmentation) nsuuslagldveu
[ 1 ] o a A &

1930 Az lunisuisduresnIwmNey (Edge) Inwagyinsmifineaiiilureunay
d‘ oA ! :’1 = j4 (% A a ¥ o v
Woudefinawaiuiieasigunsaveingiaula (Boundary) lngundudiannsavinls
do335fe Wmeilalaenisannuidnuiduveutsagldasiagunsivesing wiesnishe
navihuuunlud@senisldianges (Fitter) ny1viurey Fafinwavesnimazgnuuady
| a o cs' | v ¢ o o | aa | &
dvasiinwaniluveuuazldlyveununadnsvewiinged faeg19veisnMskusuull
& = & o axe o - 1% Y v

Ao Canny Edge Detector da.lusanea3suaninveunimiveaisgunsilaegrgniouay

TUseAnsnmungnIsvile

Canny Edge Detector {Wunilslu3snisniveusunin lneusznaudieduneu
aetu Inedinguszasninarina1La11150lUN15anVUINURITRUNNAILALYIN LA

= | 9] A v [ ) ! Y] a
a’]lniﬂLa@ﬂGUDQQUqNLGUNGU@QSU@UﬂWWV]@@Qﬂ'ﬁ‘l@ G]'JEJEJ'NGNEU‘V] 2.15

gﬂ‘ﬁ 2.15A) gﬂﬁuaﬁu B.) Edge strength and Edge orientation C.) Canny Operator

Tnenszuiunsazusenaulumeianun 5 Tunau
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1. Gaussian Filtered lngiingUszasdiiioan (119n) noise onbuainguain
lnganfAnaudinisidn noise IMNAMAULUY A8 Gaussian Filtered matrix

d{l o 4 é{ o 1 a A 14
Hesanagilinin smooth Ju ylldiieveunniilidesnis

Gaussian Filter

Original I(u V)
Image

v

35U 2.16 Gaussian Filtered

2. Edge strength Wag Edge orientation #1 Edge strength e Edge orientation
Y935U7 2.15 AWMU Gaussian Filtered 1uda Tasoraldnszuiunisuuy

Prewitt %138 Sobel Alg

Hx

I(u,v)

Dy (u,v) L= tan 12 $(u, v)

Hy

gﬂ‘ﬁ 2.17 N32UIUNTTUN Edge strength

3. Edge orientation Substituted tian151"1U Edge orientation IUUszqﬂﬂ%
TunszuIuN1s Non-maximum Suppression 1399w Judesuasumlineglugid
anunsassuiinmlusiumises Pixel sau9 I nanferulduszneudie o,

45, 90, 135 Wity 7191 1519x1978n191U88UA1 Edge orientation Tnsiainana

Fa9rgiet

. 0 99A7 dUTUA1 0-22.5 & 157.5 — 180 D4
. 45 99f11 @NUSUAT 22.5-67.5 837

. 90 94A1 dINTUAT 67.5 — 112.5 996"

. 135 949f1 @195UA1 112.5 — 157.5 9961



20

90 237
135 ‘EI\‘IFH_ A5 94967

\%?{f
’/p= é\ » 0 29A7
/

SUT 2.18 Frsnsiasueiitelily Edge orientation

4. Non-maximum Suppression 18151911n156Ua9A1 Edge orientation Tdu
Artanunsassydusiumis pixel lnsseulauditu Tunssuaunisil waglden
Edge orientation Liatdeng Pixel tngsoufiiieadnduilugitesaty
(positive/negative -arrangement pixel) 1YY B UL UA Edge strength
AuA1 Edge strength 199 pixel WU9 ®1INAIVDIPIxel NAINHUUTAININAIPixel
] A A oa v N & v o ) A Yo o i _ & &
PRgsaenun TAnuan Pixel Hueld dmsunsalouldmdnaiues pixel Huig

(v 0)

E 5 NSUE > E, & E,, WintAndnll

\‘“
E Tar:_{q_at
Pixei

' = L) y 1% N
E, Ay, Hid pixel Wi =0

U 2.19 35M13 Non-maximum Suppression

5. Hysteresis #8991071LSINIUATEUIUATITAIRUALILAINY A1nAlagedinang
I3 v Y & . a1 oA v 1o = Y
Juldlanazdmaundonansenuain noise NliiieivasagIuiunils iivadn
a =1 = ° . % | ° v a
dssumunaniloanludedinisun Hysteresis iunaaslagvinliisnaiunsaiden
43971 Edge strength Wisiaen1suandlauazarnsnnitluveuivaiiseylinidna
. 3_', Qy Y 1w ! Al 1 Y [
¥84 pixel Quiie (Wiviniu 0) dauarnunnilviduveunimainuidues (strong
1 a [ 1 Y @ [ = o a
edge) uazauoglutislyluveuniuduans (weak edge) FeazinuiansaN

Tutumausaly
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lunszuiunisaavinesiaziinisuenvevesniludiuglaguwyniy

¥

° A v v | aa Ay
Fusiaidon Aefuwaraudy Ingvauadlunilnnuduane (weak edge) 71l

v '
a IS

\WausaiuYaUdINTIAMTNES (strong edge) AxgNATATIY 1189310 INTTE

Tagyhldudrduiivgrunnduiiduveuaieaziosdidndouns fuveuifiai

LUV D

. - Sobel Edge
Original Gaussian Filter V) Detector E(u,v)
Image ’ o(u,v)

Edge Orientation
Substituted

E(u,v
Ea(u,v) E2(u,v) (%hY)
Double Threshold Non-maximum d2(u,v)

Suppression

Hysteresis
Eﬁnal(U,V)

UM 2.20 NSEUIUMTIY 5 Jumauves Canny Method

[
ada

2.4.1.3 nszurunsutslasiuil (Region based) Fatiumsutivdiuvosnimeenluidu
NGUF1Y 9 %138 Region LABNISAUMMYBUVIINGUBILARZNEN NI1SVIVBUAINITAN A
Tnen15ld Edee detection mrufinaniuiudaiaded 2.4.1.2 wadmsuluuiensai
foyanmildssunmurioanuuanssesmuitusywinanguiitesnmililiaunsom
ﬁuawaﬁmqiéﬁqﬁ?ﬁ%ﬂﬁméuaué’mﬂm%amau (Edge linking techniques) utdw35i

AUATENNITUNINATT BNFI0EINTUIG Region growing

ad

§n15 Region Growing agtfintgadaidsunfiansandeazsiinisdangu
(Region) vasiinigaianiiinlisefulaenisfiansandnanuduvesinga (A1aes
finwadeilnaifssiu) lun1s Segmentation agdosin1sfivuangy (Region) ABINI59Y
e Tasfudagnduazdesdinsimuadanuduresfinea Gefilliielddmiunis
ve8ia909ngu (growth) lunisvenedivesnguisnduasosdingiteldiduizng
Y818/ 89nguTINRINgasnIsnrrdeuauiusundeduieaturongs

(homogeneity) ¥89N58VYBINTVLM



22

Iteration 5 lteration 10 lteration 20

& ‘;11‘?-*

[teration 40 lteration 70 [teration 30

b

% _

E‘Uﬁ 2.21 M3UsEenAlgIs Region Growing

2.4.1.4 aszuauNIsuUslagluiaa (Model based) Wunszuiun1suusdiufidesnis
ToYavRIFUMNUUIUINNITRYAYDINNLYANDYTOUYIN 081U JUNTIVDIINGNTE

a &A% o L A4 I3 aa Jay v =
sULvumMasANangiuveInelunuTnauly aussasAvesIsn1siAennuResn1si

seszydeyavasingiiagilulinasu (train) Iiveuansnruinvziuvesdeyadiogany

Y q

'
[

Tudeada uirthdeyatulvleszimuduiusvseanuieitasmvesdoyaingiae
wngnuaaeulaglidoyaniadifidand1n feeg19veanssuIunIswUIENLULEnAD N3

Uszanaugusiananveand(Gaussian Mixture Model #38 GMM)

75 GMM aglgn5UsEIuNISANINTNgAREnATATE N NANAAIEAS NS ENTT

) aa

Expectation Maximization (EM) 350157108121 0ui5n19v11491 (recursive) wuaidu 2

TURBUAD 1. TuMUNITUTZLIUNIT (AIAAZIL) FuTuTUABUYBINITANAASIUTUSUNDY
wag 2. 7unaunsusuugAwadndululitunaunnileyiney FUunouamuag11nse
asueldangasnadamansvositandunnuintuvennidiaunisi 2.7

2

LA (2.7)
:mMy,0 ) = e\ % 2.7
g(x:my,0y) i’

1. TUBUNISUSEUINTT (AIRAZLL)

Py gCxmy o)
0 50)

K b e,

p(i)(k|n) = (2.8)
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2. FJunaunsuTuysea

N

(i+1) _ Zno pOKIx,
m =S 29
k i1 PO(KIn) (29)
N ) @i+1)])?
oD = 1 Zpn P (kln)”xn-mk || (2.10)
K D E pO(kin) ‘
it]) _ 1 oN :
py = <3N p(kin) (2.11)
e m, ABALARLYRIANULTNYBIYNIANIN
(o)) AoALUgAUWINTEIY
P AaANEIaLvITin
A ' 2 = & 13 =
pkjn) ADAIAIINUILLTUNTANINY N AzLTUDIAUTZNDUN k
N ABTIUIUIANINYIINNA
D AollRvetaya
K AoTUILDIAUTENOUNIMUAYEISY
n ABYANIN
k AoeAUsENaU (label)

| AaasanlalunisAmuIn

(%
Y

lngnszuiunsnavuaazvgavindeiletunsuluseuiiiiuaniuseuluagduien

Indifsatiuunng vsenfearAunzluresmUlNTeUAargnnIW

histogram

-10 -05 00 0.5 10 15 2.0

JUN 2.22 fregrenisiusdiulagly Gaussian model
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2.4.2 NSTUAUNITNNIINAI5UNIU (Noise Reduction)

@ =

Wenunszuiunistisduanaulaanigingnaulonds Tunsudauidenisusus
AUNMTBINIMBATRAITUNIUBENAIN TR daINISUS BTN iNALIngUunSElinay
Hen1ea1nn13053aTudRIvsen TS s uisugadien ingiaulane wdudignssuiunism

29UV NHB

2.4.2.1 Closing Operation \Jun1sydunaila Erosion kag Dilation 11ld5uiulneisy
9INN1591 Erosion NauULa133011A18 Dialation ialwdiulausveINunnoIneiy

a1115005U18laRsaNNISN 2.12

AB=(A®B)OB (2.12)

gﬂ‘ﬁ 2.23 w@nd 3x3 pixels Closing Operation

2.4.2.2 Fill Holes Operation \Junsifudniilugesindiintuluingainnism

v

fnwangnaeuseu lngerdenismaaliouseseninsveuvesingiiinfuiuveuvesing

TIPEd Faanunsautaeusiale 2 dnwe A d-connectivity Wag 8-connectivity

ﬂ ololofefo Eﬂﬂﬂﬂﬂﬂﬂ
[N . [ : BB OB o (o[ oo |
[ o | o [FYEW oo [N o |00 (oo
o To o oo o]0 o ENENER o o o]0
[ 0o afofo[a[o]o NUIE L LE
[o]oTololololololEl oo o FNENE
[ o[ o [«  ENENENERENEN - [ - BRNEOE | o]
[ o [ v  ENENENENERE 1_|B| 1 o |o]
|« EENEEEEEI RN AL |o[o|o]
o ENEYFSESEY PSRN EREY o o | oo oo
NRARRRRRRNE ¢«
811111111“ n'u
[ FRRRARRREE - B o (oo |o]
[ o FNENENENENENENEY o [0 (o [o[oo]o]
0 oo ENENERENENER o oo oo o o o]
o To o To oo To] o] [o oo Lo Lo ool oloTololololololo]

g‘dﬁ 2.24  Fill Holes 4-connectivity Operation
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0o olofofoo]e 0
0 n alo 1 B | 0 1|1
o | 0 oo FEN o ¢ 11
[o]o 0 LN 1 0 [ olololololcloloFuNNEWofo]o]o]o]
[aofoa] o [ofololofo[oo[o FEFNENE o N o
[oo]o] [ [o]olelolola] EENEN RN ENE
: |11 [2] 0 o HERERERRRRRRE
| 1 (1] | o |:> 0 lafafafafafafafafa]s
o 0 + FEENEFEENEIENET RN
oo  HRRRRRRRAN .
0  MARRRRRNNAN -
| 1[1]  NARARANAN -
[ 1] [o] [ FEFEENEN NNy o E% o [0 [0 [0 ]
1 [ o] [o ] [ o IFENENENENENENEN o (0 (o [o[o[o]o |
1 [oofofolafo] (oo ENENENENEREN o [0 [o[o[o[o[0]0]
Joofofojofe] [oJofofofojofojofofafoofofolo]o]

E‘Uﬁ 2.25 Fill Holes 8-connectivity Operation

2.4.2.3 Region Selection ldlunisidennguvesteyafinenis Inge1dunismiadon

[

ABTENINTUDITNYMANTUAUVBUVBITAUINAEY Feanunsaunugaiausela 2

dnwaly A d-connectivity kar 8-connectivity Wialdlun1snsivaeuruInveIngudaya

v o
Inlanudeanis
g o] ole E 0 ofofofofofo] lofo]o]
1 o [« [FHIES 0 ofofe ofo EREY o o]
T [ o Lo IPREW o [0 [0 o]0 B 7| aW fll o S R
[o[ofofofo[ofo]o INIFNEWolo o]olo] nnn% [l oofo]ofo]
[o[o[o]o]ol0] 1fala]s 1 [o]ofofofo]a] NENEREN o (o BN o
[olofololo o] a2 211 [0 [o[o]ofo]al R EENEEE
afafafafafafafafa]a]as o Enj HENENENERE! 1#}5“
afafafafafafafafala]n _n_ afadafafalalafala il 0
1afa]ala]1[1]1[1 EHER 0 EIEIENEAENEEENERE » (o |00 0|0
111 1&1 10111 [EHEG o alafae[afafafa[a a_PJ_o_ 0
1fafafalafalafs[1 FHE 0 1fafafafafaa]a]: HE E 0
[ IFNRARRREREERERER © (oo oc[oo] 1lafafafaf1a]a]: FEEEE (oo
[« FRRRERERERE o BN o (o[ oo | IR © (o [o[o[o[0o]
[ o ENENENENENENENEY o (o (o [o[o[o o] [ o IENENENENENEUEY o (0 o[o[o[o]o]
[ o [ » IEHIEN ENERENE HHE [ o [ o IENENENENENEN © [0 [0 oo|o oo
oS R T BTN o e [0 [0 Lo o]0 0lo o]0 oo olojolo]o]

JUN 2.26 msidennguuasdeyaniinnil 20 Wnlwa

2.5 nﬂsaﬁﬂﬂmﬁﬂwmx (Feature Extraction)

[
CY 1 =

YWellaznanfwmguniluiineitesiunisainaudneuey Welaudegiawasnsy
] v v A 1% o a1 N P = o & v o

vimsluiiden 2.2 ua @ msuviamneaniinisindeuln v3e Gesture) L33 ludoei1yiwes
1 av v a 6 1 o 1 1 1 I v Y 14 1 [
nuiilaundiesginainnsiimmaassetislsdelulagazutaiu 2 Wdeldun n1snsiadu

a1nuNITAaRULN (Motion Sequences detection) @slditasiziianninsuNg AL NaUINY

NINARRY Uarylinvesnainuuy (Feature-based) Weldusuananuduiiusvedoya
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FEATURE EXTRACTION
I

MOTION SEQUENCES

DETECTION FEATURE-BASED

CUBIC SPLINE INTRA-FEATURE

INFORMATION
ENTROPY

INTER-FEATURE

HAND TRAJECTORY
DETECTION

JUN 2.27 wamanmsinvesidenisanannan vy
2.5.1 MsAsAUaIUNIstadaulug (Motion Sequences detection)

P o A & [ ! A dl' = ' [

WennAnwiileduduimsniinisiadeulmeseanan sdddaunsaslainaiiy
du-e13 vesimetiuduntesiiieda wiiSnsieunthasililsmaumsuSudukazaugaves
vimawan usbunsihdeyadiuniiesizinatudnluegdeisidesinbideyavidi (input) &

@ < = | ) ! ] N v o = v v aa
YUIAIAULAE AT USIWATBEAYRYINNIRInaaLIlauINTIan Auisideesldngulin
Qi 1% aay ¥ i v ’ . = .
Weadee 3 35kaun n1sUssunaanlugeaasaulas (Cubic Spline), toulnsy (Information
Entropy) Wazn13as193uLaunN19999ile(Hand trajectory) Lo1NN1LASIZRTIMUNAIN 181310

ABINOBHILAWA

2.5.1.1 nMsUszanaualudrsnaedulag (Cubic Spline)
zfinannsiuanaslasdudadsiseuiisuiunisuseanaailugenlefandu
Indludlsa NaLuuiadulaziuuainsuadsluisuuy Interpolating Polynomials 15192

lanendu (delos) ne1euaInNtuyNIAVOIVBYaETILINIATONANNTY ATznasly

Wandunyun d1duiiastu (higher order) duivlagunsinduiaulasndulunduun

Y

AegUR 2.28 lagdlvadunninduingaInnay = n-1 (miuduiudusuaunis 1w n=2,
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= aa

nsvhdugtmanluan $90anndu = 2-1 iU 1 9) Fedsmautazielmantymiu
Yoyaurensdl wu Tunsdlves step function Fslunsdiduiindnnisuszanmelugasde
Splines aglualan

“ANN13Y0¢ Splines ABLT1AzUNUAIRATEYS n+1 3A9I8 Splines 91U n 1HY

Tngazwuadu 3 nsdleun Linear Splines, Quadratic Splines wag Cubic Splines

1. Linear Splines asuadnsniigndoyasy 4 IANAUNAUL X, X, X, WAE X; LAY

q

MANATSLSIE50 fit 3 Linear Splines (Ag Sq, S; kae S,) Hugavayawmaiil

dansilugun 2.28 lundileidu fix) eraduileiduaienandiudoyan 4

= al 1 T, \2A 1 c§J [ I & . = <
9 (maﬁqmaﬂammwayja 4 PALNATULNTINATNTD sampling nIvgnny

(%
v v

9
Tayasenuluilaidu fix) ) At Splines, S, (\Ju Linear function wiin

piece-wise continuous function) aztluni1susyanamilanduas f(x) Tuus

a¥939v89An x 71 Splines fliusag

E‘U‘ﬁ 2.28 N3 WYe9 Linear Splines

9n988304 Linear Splines Aviiuladade S; (Spline la9) aslisiailioniyn
Joyarsen node(s) lagguiuuves Linear splines a1snsadigulansaunisi
2.13 viseNfoaunsdunsiues

S; = a;t bj(x-x;) (2.13)

2. Quadratic Splines 31nnT81984 Linear Splines 1513gasauAtgyiAau

Lyisioillosi node Ingld Splines 711 order aswu luniilfie Quadratic splines
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(order=2) @33avi1l4 Splines 2 SUADLUDIN node Ly first derivative

farsantaanngui 2.29

/()

g‘th?i 2.29 n3WYes Quadratic Splines

L4

uedlaug Splines AwaaLilosiu (WU first derivative #3aUU Slope) Tuung
nsalvdeuatvdsuntasngiuiu Tugiesszey x Aduiiuly Quadratic

Y

splines fagidoauuaina1finisazidu Ineguuuuaunisues Quadratic

o

splines Dudadl

2

S = aj+b;(x-x;) + ¢j(x-x;) (2.14)
Cubic Splines #a1du3snasnldurnigalunieufidagamzlusuunsy
n3517NE199) mANan@s3s Cubic splines 9% fit curve 19 smooth 11n
fuddndulasnlaazusznouann Splines wataq@asianustilaldaionn

[ = [ 1% al al @A
Lyudlun1suef TR INE1INaEn LasmANaDNUTEN5NAD
wona1nazle smooth curve wa2EslY order w83 polynomial WALNESUAU
a1y JUN 2.30 Uanans fit curve MW 4 9ase Cubic splines 1@
WIBULBUAU Linear splines ag Quadratic splines La29gWU318A14
IndiAegeflandu fix) a3unniigauazidulas S Na1nseqiuilninu smooth
a Yy o A& =1 . . a I A A

UNLDUFEUNEINY MUUBUULNTIZ Cubic splines AAINUABLUBIN nodes

U4 2™ Derivative 1uL04
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g‘d‘ﬁ' 2.30 nswlwee Cubic Splines
2.5.1.2 wulnsy (Information Entropy)

gnunaualag Shannon utinildnd, 3ennslnfwazidinadamans Entropy
gnidlunsAnamenuliuians (impurity) vesteyavingainuitteyaisaulaty
fanuuansineiy enfieg1anisdatoya (transmission) H1u channel %l U83aveus

(%
Y

Uuwsnisufliauu3ans (purity) watllodwiu channel ANzl noise WuIsUNIUKED

A a

193891932 lost senindevinlvideyaiilialufieileasulinnuldusans auyfdnisnds
11111111 8y channel uaflofsilsSundunaneidu 11110011 wansI impurity V84
1% a X A a | a A o 9 A W ~ A v &

ToyaLsninvumszdduuanasluainiuaedl 00 Yuidiun Sntenilspiali e
(content) WINTUWIITAINANNTUA 1 ATl 0 Liiud1n7 Entropy HufiA1eg5e1ing 0-1

wazarilAgeluLilatoyalinnuuaneeiuLIn

[

auyAafidignueanazd@ilu Wea-unsd1uiu 100 gn AIUEY entropy AETAININ

- = o a A = = o a0 v |

ngadleludsiignueadiien 50 gnuaziqnueaduns 50 gn (et 1Edlivini) s

INATININYTEALANINNTT entropy AzTUARaBRNTIzdlkIlduNToyazvila Uiy

wnFudakanslugun 2.31 Tdnsdiuseninegnuea Weued = 90:10 wag 70:30
o v Y v - = o i - A Y Ao Y =% a

mudduagladndeyayai 1 Al entropy teendnyadn 2 Aedndisuladunianniull

entropy ¢anad
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0.5
PriX=1)

U7 231 uanans1vesA entropy

Entropy @snsamuindalagldgnsniuaunisi 2.15

Entropy(x;) = -P(x;) log, P(x;) (2.15)

a5uElAImInAeInITTIUIAag class 11 content wntegvuinluy (lund
A da o ¥ | ) & | LY
Aandn) 1519zA1nlaan log 1 2 v8IANUazTUTeY class WG WuAIBNYs A-
Z 1 26 1 anuhaziuresunazide 1/26 aglel -log 2(1/26) = 4.700 t@8nwsineg

< 14 & £ 1% ' <

n-g i 1/44 9glg -log_2(1/44) = 5.459 1Jusiu entropy wildananuuaziiuvesnaia
G’JJ ¥ 1 I~ 5 = a Y
W9 aauine log 31U 2 vasaNutIstluvesnatatules lag x A class @a1m1saills

11NN 1 class agiiu entropy NABNATIN probability vesisiag class am1sardaulu

form srluleduannisi 2.16
H(x) = - XL -P(x;) log, P(x;) (2.16)

2.5.1.3 N15A5293ULEUNNVBeND (Hand trajectory detection)

ImwﬂaLLé"amwsuaaﬁaﬁlajﬁmiLﬂﬁlaulmﬁ?u%mmmm@mé’ﬂwmzmuaaﬂm
Ifandnuwarvesilo (S1uruih, uuvesi) uavesevesnisnyuvasdiieldiay G
LANAN99INNTILATIEIRTeve wimsiledelinnsindoulmdeuaduauay Satuiside
Usggndlinisnsnaduidunsesiiesuiuesmmsvyuvesiieriiewazsusrsvesiioiiio
FrelunisasrvaeunarsuunIvivanaaduiimsesditesls wasilosainnns

vnsvesrnwletuiinsifsunuavesngazidensusidienaziifeudieiun
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= ¥ a ¢ o - 9] . I ) ) = °
Liqﬂﬂm@\‘nLﬂﬁqgﬂaﬂwmgsﬂaﬂﬂﬂiﬂﬁisﬁ Global motion LWuUMaN UURUIEDINITATUIU

AauURvedilolng19BIIINTayalALTINTBINN

[
YY)

wwiiesaInnI1sildeuunyasvas Local movement unuldaiunsadungliisndesias

o Y a = o Y @
Mnungee1Bsuuihdedunilaeivua by

{(Xlayl )9(X2’y2)""(xi3Yi)} (217)

Tng? x way y Wuduwnisesfinmauuningdlds1ids

" Huumisyadideusazingy

% 1 ¥V o I ¥ A 1 ¢ < 0” A
198719015 UN19n15dulielaely Global movement fnAn LGunsoun’ vesile

[
Y

AauAenilevivmisaunserseileasusngaesun 2.32

SORRY HAPPY

450 =

gﬂﬁ 2.32 LAMAEUNISUDILavavinneSorry (918) Happy (¥27)

19ENADNAINAIVBNTUNTOUAVDILD

2.5.2 vllnvannanunz(Feature-based)

Tuiiteiltsneinisaguansanuduiusvesnuanvusn1elumsufeddiy (ntra-

Feature) UagAnanuals¥nIunsu(inter-Feature)

2.5.2.1 Intra-Feature A3 Intra Wlad1 A1l 691U Intra-Feature AaAMENYMET
v 1y 4 a [ I3 1 al' 1 [ I3 gj v v
LAAIAINHALNUS NS ULAYINU IWEJL‘UU?]']WU\TUaﬂLaﬂaﬂUmsUaﬂﬂ']WIULW'ﬁJuuG] Iﬂﬂlﬂiﬂ
al a al % d' L% 1 1 % 1 1 < I3
NﬂqﬁLﬂiﬂ‘ULWSUﬂ‘ULW§N@uG] YNANIDYINLYU ﬂmaﬂ@m%5383%']@53%’3'131’65“1/]3@8@7]@\7

nihuwazilonglulsuisgun 2.33
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JUN 2.33 uanspaidnuaiznielu (Intra-feature)

2.5.2.2 Inter-Feature R590UUUAU Intra-Feature A1731 Inter HAIUAL1EIN

sENIN AtuRudnwuzlssnniiaziianuddglumsidlseuiisuannuunnsig

=

sendnansy Liteusvanfendnulisullasvesteyaiisiaula endiagraiy
v ! < 3 ! | LY a a
AMANYMY STegviiudunsegfsenintliavaisudaiy Wa135191n5U7N 2.34
AN BEAINg 1NAzlt iR ez Rdunsesaslaulugedifieaiy (szesrin
i 848 a 1 o - 1% = D YA v
5811199 FUTUALINATUEIBLaEYANaBIn1uY) Beaglduanladniels

WasukUadlumessasvinlsiurea

2" Frame

JUN 2.34 uannuanyesEndnenand (Inter-feature)

2.6 NMsAATIZIRIAUSENOURAN (Principal Components Analysis)

Principal Components Analysis %38 PCA Aan15iinsignvayalagiamediuusenaui

o w '

drfeyintu Fudunaiiandeinldnszuiunmmeaifivazumsnd (Matrix) iWunesuiedoyal

o

o I

Juidnlalddedau suuuvvesteoyaninlidneglugivesnsiaiioananududouas lneisay
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aSdumavuaingd iduidnlalddine wilsunisussyateyarme yuuesly ualdlivinns
Waguwlastoyaruiaswduafiied aiegreantn PCA lUldwu nsnsiadulumin nmsduda

SUAMN wazn1svnukuulassassvestayavianeiin

PCA i nHaNNaumalina 19 nspdina1ansulsseadimeiu lnamatdailalu PCA
Usgnaume 6 aadusenauselil laud dnudesuuiinsgiy, manuwdsusiuvedeys,
TATeud, LA S ous Wwsndg, Lnmesanuwazianiz (Eigen Vectors) Loy AISNYUTIANIE

(Eigenvalues)

2.6.1 daulligauunInTgIU (Standard Deviation) Aeananlduanitdeyaiininunsednnsyany

INUBEUUIA LY RATINATINDI981S

25

20 »
/
rd

15

% —

10 -

.-rl’",
e
/
v
//

Series1

=g Series2

JUT 2.35 M3nseanevesteys 2 Yoy

PNFUNTIMAULY Anade(X) Yosusiay Series HAviniuae 10

X Zict Xi (2.18)

n

a

e 10 lildveneglsuinuiefisaiuwanene aanguaziiuladinsddnduiinisnsgaieda

'
v v o =

WA wAnsEFuTTeyanlndlAgiy N1sazuanfsauwnneell sadaifiadniene
Standard Deviation 33N15A0MMA1LRALYBITEEENINTENINNALGAEYA AUIANINATY (IAAREE)

Weuduaunislan
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n =2
S = /% (2.19)

Mnvayatadu wldin

series1 & Standard Deviation = 8.3266639978645

series? i Standard Deviation = 1.8257418583506

A1 SD 3dlduanAnunszanevesdeys wazviliiunmladaaugduniues

2.6.2 AanuuwdsUIINvasdaya (Variance) l¥inmnisnszaneimvesoyaiuiediudiules

n =2
$2= /21(—) (2.20)
n-1

Variance

medium | ‘
variability 7.\

= [
Wums3 U Iaeilansidy

high
variability

low
variability

JUN 2.36 A1AULUTUTINYRITRYATEAURAY

2.6.3 Ta2L38ud (Covariance) #30N15LASILRANULYTUITIUIIY ABNISHAUNAIUVDINIT

AATIZNTENINNTONDUAUNITIATIEIAMUBUTUTIU 1519810 1AS ULl wUsenu Y

[ v 6 a 4

ASUBNTNAINNINILUALazTIdANFUNUSITIEUAUFILUT X 20u9 Taelddyanual

—

=

COV(X,Y) Baruailsanenafeveinanmseninad i detuuanAna1aimean) Yasinyei

GIRN

L Xi-X)(Yi-Y)

= (2.21)

cov (X,Y) =
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la x Ae ARGuveItoya X Uay
Y fie ALadevestayn v

n A I1UIUVBITYA

2.6.4 la3Bugiun3ng (Covariance Matrix) fie Matrix 484 Covariance yn@se7I19diRei99

gneeEY d1aya 3 3R x, y uar z Aullulal Covariance Matrix au17eulain

covixx)  cov(xy)  cov(x,z)
cov(y,x)  covlyy) cowly,z)

cov(zx) covizy) cov(z,z)

A W = o » . @A " & )
PANUIANLNAAD WNUKaN (main diagonal) NA® Variance UULBY UBNINNULAY cov(a,b) =

9

[
6 = U

cov(b,a) AnuunIngidanuasiuluwnunaniagansves Covariance fe

C”X”:(c‘»’],cU = cov(dim;,dim,)) (2.22)

=% nxn & Nne v ¢ ; A aad % &
49 C VUULINING N LALAY N ABANY ey dll’ﬂ>< ABDUAYI X VONUDLAUUS)

2.6.5 LINMaTANEMEIANIE (Eigen Vectors) AoN15AMiusEnIe matrix iU vector uiililLay

wnlunInIsAauunindsssuniNAe HaamsEnie matrix iU vector i AfaA1 vector Moy
) = ' = & s v eal | o & &

ANTULY WgwdolivuIndugIveainnesadnsietauansieluain vector Anafitonly

e
Y

Av=xv (2.23)

'
1 a

2.6.6 Ananwmslanie (Eigen Values) AaA19iuiy Eigen Vector sanaa A Hules AsAi
UBAIMINIINTS transform Eigen Vector tusuditagiiloiinsiemmsiudunfean Eigen value

UULDY

N0IAUTENOUNNEINT U L51ENTad AN siudeyaLieAumM UL uLveIdaya

v 6

e Fedaidunisussdeyaluyulniiuansisanuduiusiunigludeyayniiug auyfing i
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[ a

foyavanedid ernflazyiranudila vieennflazuansesnsnluguseifinimmang PCA Jady
feddldananudutoutoyansaiiadly

forsnegmilaifeondsaniilsnasuuuuny (Pattern) foyaud 1amnsaanvLInYes
foyalnensaniinfilidesianuddeentuld Tasdtlildgadedeyalumnuetn qataunsn

lldusglevillunudugldigu nsdudazunmdavea (Jusiu

Ingtunaunisvin PCA anunsawdsgoelaidu 7 aumeu laud iudeya, ihdeyafuaudu
ALRAY, ATUIMAT Covariance matrix, A1UAUAT Eigen values Wag Eigen vectors, Laan

Feature vector, @a319Uayaynlvyluiiiues Eigen vectors uay wansloyaynlnaifniiinteyas

1. Yaya Tusregsialuiisnaglddoya 2 fReliinasianisnaennsmuazyil

Tty nmdSeuieuladniau sasnagialandnisnen 2.1 suaneil

X 5.5 2.7 N2 29 4.1 3.3 & 2 2.5 21

y 34 1.9 39 32 4 3T 26 25 2 1.9

AN5199 2.1 Feg1alang

5U# 2.37 A5 scatter plot Y@sAssil 2.1
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2. ideyafvaviuaade 3nlandgmsen 2.1 selaanads X=3.13 uay Y=2.

FIMTN 2.2

X Y %X Y=Y
5.5 3.4 2.37 0.49
2.7 1.9 -0.43 -1.01
3.2 3.9 0.07 0.99
29 3.2 0.23 0.29
4.1 4 0.97 1.09
3.3 3.7 0.17 0.79

3 2.6 0.13 -0.31
2 2.5 113 -0.41
2.5 2 0.63 -0.91
2.1 1.9 -1.03 -1.01

M3NN 2.2 wananisiideyanuauiuAagy

15

-1.5

W

gﬂ‘ﬁ' 2.38 N5 scatter plot VOINTI97 2.2

3. AuauAl Covariance Matrix
(1.06455556 0.54522222)
C =

0.54522222  0.69433333
4. A3 Figen vectors Wag Eigen values

1.45523381)

Eigen values = (
0.30365508

0.81286254 —0.58245557)

Eigen vectors = (
0.58245557  0.81286254
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Ao w Ky . Y I . . A g
YAVEIMEYRIIUAD Eigen vectors MUY unit eigenvectors #IBNABIAIIUEND

WINAU 1 LU

\/0.812862542+0.582455572= 1

5. 1@en Feature vector 9n#ade Eigen Vectors 131934iu31A7 A AiflA1uniign
ApoIAUTENaUNdIAYYeIToua (Principal component) A9UULI19E1INS

1389810 U Eigen Vector anunlumtesla

0.81286254)

Feature vector = (
0.58245557

[

fvniivatedfls19zdnisen Feature vector Wusiail

Feature vector = (eigeig.eigs...eign) (2.24)

WAITWIINISIRBN Feature vector M19BINTS YINANLFATINSUERN Feature vector

910 Eigen vector vnd (2815) axldinsmiludsmssinuansi

0.0 §

=1.0 4 -

L — T
=15 —1.0 —0.5 0.0 0.5 1.0 L5 2.0

JUN 2.39 n3mluanenisiien Feature vector y)nen

WANINLSLADN Feature vector WgedLfed (107) azlansidussuanaiilagay

wWiulendunisusuiian 2lmdu 0 thies
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0.5 4

001 & e8e e @ - ® ®

15 1.0 -0.5 0.0 05 1.0 15 2.0

JUT1 2.40 N3 MUAAINTSIABN Feature vector LE9FILAe?

6. afrvoyaynlnaluifives Eigen vectors AatunauanygveInszuIunIg PCA
asimsulasArdoyadu fuFeature vector Msnidentd udusfezlidoyalvy
danadnnounsnilu 10x2 §f willewdsudienszuiunisiilaeiden Feature

= v 3 A 1 aa O
vector NegINIALI NATLRADLA 10x1 UG LNIUU
FinalData= DataAdjust x FeatureVector (2.25)
7. wansloyaynlvainildstesag

reconstructedData = FinalData - FeatureVector® (2.26)

reconstructedDataAdjust = reconstructedData + means (2.27)

4.0 4

3.5

3.0

2.5 4

U7 2.41 n3 reconstructedDataAdjust

LardLTasInaeniaeayaliy, Yeyanvinn1sanilfiuag Eigent Vector Vianunzla
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4.0 4 B

@ Original Data
. = First Eigent
. ™ = Second Eigent
reconstructedDataAdjust

2.0 25 kX a5 40 45 5.0 55

JUN 2.42 nsmluansdoyariaiiavesitegndlang

2.7 IaseveUszamiion (Artificial neural network)

Wunilslumadavesnisitmilesdoya (Data Mining) Aelutnanisadinmans d1msy
UsgananaansaumAf oS A UL UAuuATullas (Connectionist) tiled1aenisvinemuves
iwetneuszavluaneaywe feinguizadfiazaiundesiietelinuainsalunsousng
InIULUU(Pattern Recognition) uazn1sa3nandusivg (Knowledge Extraction) iuidgniu

ANNEEN SNl uaNa Y B

nann1TNUEIMTUABNNIMES Neurons UsEnaunag input kag output Wilauniu
Tneshaedld input udazsudl weight Wusrmumimdnues input 1ne neuron ustavmiieay
fifn threshold Wufhfsuadndmdnsiuves input ARININUUIRlUTIRAYEINITaE output U
&3 neurons fsuls Wew neuron udasmiendefuliinusinfunsiouilunmssng

wanzmileuduuiseaiinialuaues Weswslursuianesynagaduiiaivintues

X1

w1
X2 |

w2

X3 ws — > I |+ outpuT

Xn

UM 2.43 uana Model v81 Neuron lumauiiames
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2.7.1 Uszianvaamsiseuilassingussamiiiey

<

2.7.1.1 Supervised Learning n15t3uuluuiinisasu 1un1siTouluuniniIsnsng
AnauLiielineRsinedsuii gadeyainldauiansingasiidneulineunsnaginiemsviy
Tidmeuiignusely dimeulidgn 199s91efvzdsudeniialilafinaunfu

(Ussuimeuiuau ilsuiunsaeutniseulaeiingiaeunssiugin)

TRAINING

PARAMETER j
NEURAL TRAINING
INPUTDATA | mwmmp | o = | outeur

TARGET
OUTPUT

JUN 2.44 UdnIN9LS8UIUUY supervised leamning

2.7.1.2 Unsupervised Learning nsi3eusuubifinisaeu unsiseuiuulufifuugii
Ldinsnsamineudngnyselia 319935918983 38lATIATINMEAIBIN UGN YT DY

Toya NadNSNA 1ATUILEAUTIINIIANLveaLAla (USBuLTigufuAl WU N5

U v ¢ v

\ENTRENUEEITLENY Wuddndnudnuaesuiwesiuldedaglifllasasw)

9

TRAINING
PARAMETER j (ADJUST WEIGHT)

NEURAL TRAINING

INPUTDATA | W | o o OUTPUT

JUT 2.45 wanIn1si3u3IUY unsupervised learning
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2.7.2 dantdnenssuvaslasstigussaniion

Wun1suuadneueaiulasiadianazisnisvinauvedassiigussainmieulaany

v
v A

sanilu 2 wuussil
2.7.2.1 Tasedhenisdedayanuulidoundu (Feedforward Network)

Juaandnenssunmmuabinisddeyanndeyalududeyavdi (input Layer)
Wanaelutugey (Hidden Layer) uazddludsdayauioan (Output Layer) aziifie
mansivavesteyaluluiiamafeaiuain Jeyaviindweluisosqauiadeyauioan

Inglaifinsdounduvedeyaniausius nodes Tu layer Wearufaglifinsiwousieriu

Output nodes

Input nodes

Hidden nodes
Connections

JUN 2.46 lassafalassneUszanmiienwuuliidoundu
2.7.2.2 lassvign1sdedeyauuudaundu (Feedback Network)

[ PN v Y v J v

Wuaandnenssunivualinisdsdeyanteyalututoyaviidn (Input Layer)
Wanneludugay (Hidden Layer) wazdaludatayavioan (Output Layer) 3z
mansivavestoyaluluiiamaseniu 210 Jeyavididwieluisosqauddayavisen

Ingiinsdeunduvestayaivelinisiuuniussansnimanniuliuies



43

Input nodes  Qutput nodes

JUN 2.47 lassasialassnguszanmineuwuudaundy
2.7.2.3 danasnuninwsanwndu (Back propagation Algorithm)

dane3Buililunisiseudvedlaswieyszamiiennfenldlulassielsyam
Wenwuuratedy (Multilayer Neural Network) lagdayaanntudunniazgnaiuiniazdsii

Y

Handuantuwdslugauensng FadnnisdiAyrenisseuifie nsasuulasrvinves

1%
=< v 1

wiaziduensEviglvue InglumsusuuidmdnasTuniuAIAIILANANSSENTNALANAT

v
o v A

Awnaldiuaerdnaifenis dmsutuneunisusunimuminiivunousmaluil

1. fvuamdasusilunisiseus (rate parameter: r)

2. dwiuusazseghadunalivinuduneuseluiaunitldsesu performance
ADINNT
| Sunmmeednelagldriminsududenalfnmsdu

I Arnaman B wassiilasudmsunisidsuaednnveusaziiu

e Tuguwadnn (Output Layer)
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e lududou (Hidden Layer)
B, = X wikor(1- 0B, (2.29)

Wie wy= UmtinvesdulieNsenietud j fu k

- fnuaminn i Asuuadludmitlunndinin feaunseellil
Awij = 10;0i(1 - 0))B; (2.30)
- uAndwiiniiAeuas dmiudedndunaiiun uazidsuanimin
2.7.3 Henguanglau (Transfer Function)

aidunisudas WudwdiviimdhfAviuandsiaavaineidnnvesidisea waiinis

[ L3

Anduladnssdsdyananednmeanliluzule Huidunsulasanunsadulinuuudaduvsely

[

& a v & 9] ) X I A o l =
LU ULYLEU ﬂ’]iLaE]ﬂe[,slﬁ‘nqﬂGU'Uﬂ'TiLL'UaQ";\]3muagﬂuaﬂwmgm9338UU WquaqiﬂiﬂmqﬁJﬂigaqumﬁlN

Tudszynald Hendunisuuasiognanssuuuusimisne 2.3
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e am y=—110 y
F1INALRLU A
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; hardlims
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i n=0 -1
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A
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y=n purelin
0
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[ Yy
A | th
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poslin
: y=n
linear) 0
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¥
e A
FnuoeLuy +1
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FnuvsuUUEY
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(hyperbolic 0
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2.7.4 Uselavivaalaseinedssaniisy

° \ateRanainlaenn (Fault Tolerance) nnsguulasevreleUssan
adioutsznaulusislaseiedildlunisuszatananinuievaislasegie Ay
Aananafintuanniiiemidedededasasasldvinlinssuuindeinnainld

o anuawsalunisnamgua (Generalization) eszuulasadiele
Ussamadouldudeyaindritliasudumielifioawesensmdeasy viieldsu
Faaseiilirelasunnneu ssuvazamnsaddunmsdenlostoiaadauause
Iideaguasivanale

o anuannsalun1susuaey (Adaptability) TnssneleUszamaiiou
annsadeudanminadoulvalld dafuidefivansallmlg hdssuufazanunsn

(%
&

USuwdeunseuiuliiesdnnusiiviuaisnnumanisallvgdiu
® Awansalun1sneInsal (forecasting Capability) lasstngloyuszaim

A o w aa a aAa v ¢ ¢ v
ailouaninsathveyanvaimiuiilogluszuu unldainnisalnseninsaldoya

Tusuenla
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TunpunIALiunuazuUesnidy 2 nsmeaedliun szuuidifmdnysuagsruuidnm
TuiinUsednTu ndunigesnIsnaassazgnildngnizuiunsiiasendwunngulagly

lAsaeUsya ey

3.1 SYUU3ARIDNWINIWDINGY

INPUT
FIXED-FRAME RATE

| Uszanamalulusunsu MATLAB
1

ENHANCEMENT

v

IDENTIFYING PALM
POSITION

A 4

FEATURE
EXTRACTION

CLASSIFICATION

/ OUTPUT FEATURES /

JUT 3.1 uand Block diagram ¥8438UU3IAIANYS

L A

INFUN 3.1 LEAINITYNUYeIszUUIIImanyInwile lagisuainnsiudeyaninile

Y

o =

Mendes Webcam Fadinisivuaannsusmdumasmamilaintudeyadayainnimilaasgn

Y

= v

dudrluuszudananislusunsy MATLAB wevin1susulssnmuddadngnssuiunissy

Sa O

Aunidsvasdhile Intunmvziuguanvurd1egngnideuiululusunsuietluiinse

Tuunriinvesingnysinnsineglungulaainviun 26 nqu (A-2)
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3.1.1 N135UN W (Input image)

nsnaaelldndes Logitech HD webcam C310 Wosunmitiunusedianalagyvinnis
NAABILUY offline Aren1stuinIftatduiial 2 Jurf/y1n19 Teedldnsiainuisveenin 30

L a A O A o = IV 1Y)
wsusiadundl ntudenamzmsuLsNkazsugaveielUgn seuIuNMTUTUUTIRA M

3.1.2 NM3USUUTIAUNINYRINN (Enhancement)

COLOR IMAGE REMOVE
INPUT GRAY IMAGE BINARY IMAGE *| SMALL OBJECT

FILLHOLES

A
A
A

U7 3.2 uans Block diagram ¥83unaunsUsuUTIAMAIMYIBINN

3.1.2.1 AMWsEAURIN (Grayscale image) Bsususlen1slasunma RGB Tieglusuves
Grayscale wWialwlamszauTanus (Threshold level) Tagldaunisi 2.5 Faduarainu

duunAneglugas 0 fv e lUilunasilunisideudunwluunsely

JUT 3.3 Uanen W Grayscale Ya9f8Nys |

3.1.2.2 AMWV12-A1 (Binary image) msviamliniluluunituiienssnistilavouues
d' A O v & Y] A aM 1o & Y] P =~ =
anitauysaldniedudunisinivsediunlddnlusenaningluladiunilagusias
fuuaA1 Threshold WummsfiliAnds a1ntduiiian gray level ldarnduneudineu
wihuUSeuiieu win gray level vasinwatiugioanin Threshold Ninaliaglvtiandu

‘0’ wazmnunnIazlviandu ‘1
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JUN 3.4 UaRINN Binary Ueafdnys |

17

3.1.2.3 Arsaunufivuaatdnniafininua (Remove small object) lagn1san
druusyneuresnmiduuinwateaninivuali Weidunisavdiudseneauiilaly
fealulagldi8n1simun Threshold vasvuaingduanwulunmluun3 mndnginy

lagfuunannida Threshold fananavzgnaudi

a a A dglj -d' [ A A o v v
E‘U’Vl 3.5 LAAININANTAUAVIIVBINUNVUIALANNINNALLAN AN UAVDINIDNYS |

¥ 1
a ) a A

3.1.2.4 MSANNUNNID3URINN (Fill image regions and holes) nszuiunisilalunis

v
¥ '

Auduvasnundaniegresninlifulagnisfivduinidugesindunmififingadvn

A& 1

@AaNuuvinnu 1) asuseusivalilannileMdudvnarulaedlidseslunin

[l
Y Y
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(% ' (%

UM 3.6 uansnminuivigniuiundunliauudavesiisnys |

3.1.3 n13szysunuvesdia (Identify Hand Position)

3.1.3.1 nswdiwAtsvesvauile Tunldainsaligeavesifiondululdlaendeann
v € A av oy ax = & Y =
Y9UABUYIIT (contours) Ye3Uilenlnandsnis Canny Budunisnsiaduveuniniy
aa aa v A ! a 1 < L= T ~ &
TBNTTLYIAVUAMAITANTaAMadwFeuwlategesIasIvIe lddalilealules

(%

ntuaziAuanlaluldussinanasaly

JUN 3.7 wanddunauiininmlannds Canny

3.1.3.2 nsvnenanvudiie nsthAneusilalulinisaivennaugeaaiianuise
Mavudiislalagldaunis

X2 +y? -1 (3.1)
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MNTuAzsBgagudnatnanlugadunsesd ewdUgmnisiunasiuiady

799UATNDNIRNANAIALL DN NNS UL VB DRAUIN 8T ULDS

JUT 3.8 uanensmenauuudile
3.1.4 miami'}sﬁ@mﬁnwmwmmw (Feature Extraction)

mMilasziaudnsuzreInminnsmeasslaviinsmianmesiiieldiludeyalunis

Y a ' = a ¢ ) vy & A v
Wssuslulasngyszainiien Ineasienann ¢ audnwaglawn Nuivewaunn 3 a1y,
AINENIVRITININYALTUNSTOEA, YusznIndiile wazAnaivetusznInile sEninensy

wsnuazLlsudugn

3.1.4.1 NUNVBIVBUAIN 3 A1 (NWE) tivaldiiasizuiinniniansuttrutdunuisa

PIDLUIUDU TREAIUIUANINUIURNAaFY NANUTULAaE AU

3.9 LARIVUNYLAVYAIUNIEY

=b

U

&aN
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o ynnudiiingadvinvaunIeud 1 W 5 Aeaudliiasannglidy

wuauietenaslrsuinudandu 1 dusudulndiandu o

U7 3.10 wananmanuAniaduenun 1

I aa = v .:4' 9] va i I3
®  AINNUINUNALFAFAVIIINNYDUAINATUN 2 LU 5 LLﬂ’JIVW"iﬂﬁmTﬂqzﬂLﬂu

wdanaylieunnuiiandu 1 drusudulviandu o

JUN 3.11 UARINNWANURNLAGY 10N 2

| Aa = v PN v ) va | =
®  PINNUIMUNALYAFVIININVDUAINATUN 3 LU1H 5 ﬁ@amiﬁﬁwf\njmqjqzﬂLﬂu

wuauiavwazliduRnuiiandu 1 drusudulviandy o

JUN 3.12 UAAINWAINUNNIAFUIATUT 3
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[

3.1.4.2 anugmilaiionngadunsoss (Fcen) Sdumnoudsil

1. yhnsmidangihilevesguniuinaunlagliisnimiiavesmeuiinsvesninile

AntuAuAlIeTEiRely

a Yy o

2. MImfiaNgnaesngn WeawinnsmiteanUateiivesguninueassaylila

Y
(% '

Uangilafiasue 5 17 ullodninnisinimisvesiisiuandavinliunaaseiiayniialy

Usngeanuliiiu ssdusidiesinisanuioiinfiainmls Tagduain

2.1) wisdhileeanluaesdiu lngldgadunseuduuadusudowas
AuvIive Jnseidntilewsavinalsegilalnuiiodinieisdeluiinissiiy

= A A i a VY] 2 A 2 a &y
NIDAONANNU I@UL?’]W‘UTTI@EJ“LJ?W@LLa%m\‘i%WEJ'ﬂZW‘UU'ﬂﬂJ@ 2 U3 ABUINDYLLAY

y Ly o L oo & =1 & v v
UIUN FAFUATUYINIENUUIND 3 U AD u’ﬂ‘{jx‘i, 130 wazilinany laewsazlaidu

(% 1
o Aa Yl

RSN GIRINAREN )

D

U7 3.13 uansnsuusdhilieeenidu 2 diu

=

2.2) MspufialimknAmnIuialaluasu 5 97 neduannisin
o ynfimvasiletielinsu 2 Anlivinnsiuduniulvasu
Tngaziinsuanduanndoduduazeduluduguwiduaymaion
mlpanididennuialagaziiuvdulunieilagneiie
1 a v} [y} y = 1A a" 1 = <6 v
o uheniuiulsrdevnnunianlaliasu 3 Aanla
° a a % | A A ¥ A a | ¥
s lunuauedefiv lganiiainuneunti
=\ 1 = 1 = Y o a v
o nsallinuiialagasuudfelrinnisiuyuanidunans

Tumailagng 2 1@y wagluniailendn 2 du Tned19dadususuannway
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wiadflauazuduluilugy 250 Widguseninedaunfazdu 15 ©

9

PINLALSINUIINNITNAADIINFIo IRz ldnufinaefasl O 34

v o9 v ay v ' ' v v 44'
fosnsvhliguilaunnaaliainvimisiisnesaus)

JU7 3.14 (e)uansiiandulaliasu (auansnsiduiiniivin (Iadden)

2.3) mMsanfialiwnnInRIuRaloiu 5 97 Inetndnnisin

®  nNAveIlagIgLiY 2 WA TYYiinsauneniulee

D.

D P 1

Y a A Ao v | | a a {
91989 AN byusErdnaadiauansslUIINARR g sTiAT
NWULNTIGR

o umenunurevItlavnwuiaiulriinIsauiiaf
a s T N A o % | A A ' | =
Aulpgdedaaniavitliyuseninaniadauansraluandiyuaie

VYA NULINTEA

gy

JUN 3.15 (Fe)uanaiaiduloiiu 5 fin (Va)uansn1sanfinfiiuie
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2.4) nsNURAATU 5 Aakaa bl iienanuenvesiiiieanyn
HUNIaee 1AEN1SMI5TEENIAWUL Euclidean distance a1ntiuvinnisuedialad

(Normalize) Toyalagdedea1nszegnsihiilenianunniign iiounUayminisiu

aa 1 v v
Eﬂﬂ']‘W'VlllsUu’]@W'Nﬂum']ﬂﬂﬂi%ifﬂama

JUT 3.16 LARREUTEEEN1NINATUNTOEATIRATA

3.1.4.3 yussndneiiadle (AngF) Wawslafiafiauysalasuns 5 fin GauSeulaiioulany

R Y § Yo Y] I A A Y & va ¢ & Y]
UIN 5 LL@’JSL‘WVHﬂ’]i?@i&ﬂﬁSVUWQWﬂWW‘ULLaULﬂ‘UV’nL@’]VL'J'JLﬁi’]%%mﬁiumu@@u@@‘lﬂ

JUN 3.17 uanan1nyusenineiiniiny

3.1.4.4 ANLABANIYRIYUTENINUITBTENIIUWTULINULALIWTUFUGA (delAng)
= Y - av O o ' o A '
\Heanidignysnwidewuvesiutulseneulumerimsiiinisindsulnikasinnange
N v & =2 ¥ a &4 ' Y LY v A ! - ] a -
19 Asus3dddmaliatiitousnvitmavaiuesnainiu talddeulvdn Weladaunviinie

a0

finrsanlufinsduannadiivesusznineiadessninunsunsnuazisu dugaazdaadandu
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aud wazlunemsatudiumniimsiiiansanduimiaedeulmeainadiveyuszninsiaile
FENNTULSNLAZSUEAYINE A TAINN
lagasuainAaanvauedia 4 Usemstnsduiiodiuninseilagdinsunsniazlsuduge

17901 UELALNMBSNIUA 25 A1/ 1 NN AIANS199 3.1

FEATURES

TECHNIQUES SUB -METHODS | VALUES

NUMBER OF WHITE PIXELS

1 IN BINARY IMAGE ALONG - 3
THE EDGE

, FINGER LENGTH FROM - ADDING 3
THE CENTROID POINT ) At

5 ANGLES BETWEEN .
FINGERS
DIFFERENCES OF ANGLES

4 BETWEEN THE FIRST AND = 4
LAST FRAME

TOTAL 25

(%

M13NN 3.1 LanIAMaNYEIIrIALUNTIRUNMSNYIA¥Hla1w18INgY

1. NUNVBIVBUNIN 3 é’ml,ﬁal,wﬂmjuﬁaé’ﬂmaamﬁu 3 NGUABAIBNYS

Tudkunas, U U8 LA WLIUBUHIYI SuTaMLe 3 A (@aluuls)
S A < ¢ g v A 9 v oad v A

2. Anugminienngadunsesa Toielianusawenladndinlatnangn
gnTunazillandinsinegiiewgnvitmiaresmsilewazuuiloaaniin
Al 5IUN9MUA 10 A1

3. yuszyinihleveunsuusnuazinsuduan Tdienenanwaeiimisiien
TanwaurlnAAa UINNURIDNYS A kay S 89NINHY SINTTINUA

AN

oo

4. Aumasvesusenineiile Tduendidnusiiveatisuazindioulnioen

Y} A o 9w I A A Y] d' ] & i
MNAU LW@W’]I‘WVWTU'NN@NﬂWiGUEJULU@EJUVHVI'NT}QJVIQVIZJ@ 4 A
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3.1.5 A1SUNADNEINIWIAD (Classification)

dvinnnaaeslaidennisldssuulaseneyszamiiien ( Artificial neural network) 210
TUsunsu MATLAB 2016 siteldlunmssiuwunsdnesnmwileniundnguin 26 feenaniu Tne
aorlnonssuveslassdiefildaziduwuy Two-layer feed-forward backpropagation taeld
#lariu sigmoid Fidudaus (hidden layer) way flarfu Softmax Aidudwiwm wazazgnasulag
1438 conjugate eradient backpropagation a1ntuvmsideniesiudvesnsiiined Testing,
Training Waghidden layer ﬁﬂuiuﬁLMQJWSﬁmLﬁ@ﬂ%UUEQIﬂN‘U"]EJ‘UiBa’WILﬁﬂﬂiﬁﬁﬂi%ﬁ%%ﬂ’]w
gean esanamiisnyiniunilentsdnguiuiivieiivgaiasindeuln iniadenldnig

(Y s

IATIEAAUAN YULLINABSVDUNTULTUAULALNTUVNEAAYDINN

9

HIDDEN LAYER OUTPUT LAYER
e B 1L L = | ~ oamedng i L LR & e ~

{ SIGMOID FUNCTION \ { SOFTMAX FUNCTION \

INPUT I I I I
f | OUTPUT

- 5] o ‘ || o 3 &

| || Led |

\ / \ 4

— e —— — — — — — — — — — — — — — — —

U 3.18 lasetgUszanmineunldlunisduunimdnysniwiien1wisaingy

Basrenudeyaiflenmsimivmusdazasaduam 2 Junigadussezianadelunis

o A\& « g d oz arh : v o
Mvimaiasnesn e dlewazldnsuisy 30 isu/Aui TIUNSEY 60 LSH/YM8 1INTUYIINTT
seylsulunisiianldvnudnene Tnonismeaeslidnualaldmsussniasiisugavingves
wsunanun (Wsui 1 wag 60) ieazuusladvianiswuulangatiawagyiinislandoulm
MnuasihAuEnwEInslaveunsIsIduLassIaaTheRseiy Falarmnnanyue LY

¥ a ] a gj U d‘ o L U U g.JI
WSguslulassgUseamiionnauun 25 A1 Weviin1shenfiIgnysnuIsengy A-Z Namue

26 $79NYI
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o L%

3.2 S2UU3IAINTNBING T

v

¥ o
v Y A a =< o o

‘Vi’)‘UE]‘N"UZE]ﬁ‘U’]EJQQSUHG]’EJ‘Nﬂ’ﬁVI’N’]u‘UENiSUUi‘ﬁ']ﬁ’]ﬂ’]H’WﬁE]ﬂ’]U’]élﬂﬂQ‘H 1n813191nN"T

o | o A

UTyaNINTININAIENADY Webcam ntudsdgranindlaliiiasisiunivsuisuduiles

Y

Y &

wsuAuaAvewImNeReuLdIRLUINsnaaseenlu 2 wallaliud weda3TdAlagldnsundn
¥30 key frame (Maneiaw 1) wazinaiadsrdilasldinsuiomn aneae 2) Sunadanisld
wisamdndu amaggninseilagldnssuiunisdaideninsundnfungandeuisazaiunsn
Und1dnszurunsssyiuwnusiala nEniurgiunssuannsatnadnunzdanaia
‘szuuiiilngldinsatovmmn’ axfesgninlanifvestoyaneufinsthid lasseuszamidio

e uUNAARENgeBNINAUINA 27 ngy (27 Aludinuszdniu)

|/ INpuTVIDEO [

IDENTIFYING
STARTED AND
STOPPED GESTURE
I

ALL FRAMES
EXPERIMENTATION

1
KEY FRAMES
EXPERIMENTATION

MOTION SEQUENCES
DETECTION
IDENTIFY HAND o
POSITION
0|0
FEATURE
EXTRACTION
NORMALISED DATA

CLASSIFICATION

OUTPUT

U 3.19 wana Block diagram ¥833¥UUIIIANTHSING Y
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3.2.1 NM3W1Y9VIIIN (Identifying Started and Stopped Gesture)

nsnaaesiilindes Logitech HD webcam C310 wlaSunmidnanyseananalagdinnis
naaadlavinmeasaluy offline lagyinistuiindfleantudnnsunlaliinnisnsiadudng
e ingiiduiievennsuiug MntudsiuinnuinginulunmlagldiSvewindei 2.2.2 wie

IS 1

Besziwisusudusezvsuduge  wasantuiadinisudinsneasseendu 2 wedaldun

watasddlagldinsuman ey 1) wasmaiaidnmlagldisuiavun Mg 2)

Y

JUT 3.20 M nsaTus (H18) wazinsuauga (¥31) veimig YES’

3.2.2 msAataansuvian (Motion Sequences Detection)

A Yo I 1% a (Yo ) ¥ v, o @ ¥ 1
Wi leg990aInIuILaL nada gmmimﬂmmwaﬂ (WU 1) 3L UUABINIY

(%
[

JUABDUNTLADNNTUTANLEYNBU LTBI91NNNSENIRLYINI9YBIRFaEAANATULLE1U50311 9
namisewlsmsvlunsUszinanal A uReIfurImMmIesiIsn v zynvimadnisiadeulm

P a Yo o ¥ U =2 & a k% A 1 [ Y
naeaLal ssdumadasialagldmsurandatuanuigiulunisundymillaeaininasiuda

Y

a IS a

Hrelilitoyadunaiunifiuly nanfeililddnludosiuinmnudnuusvemnnsunns

9
[
Y

Lﬁumiﬁumﬁaqmnaﬂumsﬁmamamé’ﬂwm, LIA1N158519%0LAa wakianlunIsUsTaIana

(%
[ [

ANMDU LAYITUNDUNITATUIN 2 VUADUAIL

ALL INPUT SEPARATE ALL FRAMES ?;IEDVII::;ﬁ::iT\INDCEOBSE:::F;:I :IIIII“N[:IJI:IIE. GOT ‘X’
FRAMES INTO ‘X" INTERVALS FRAMES ENTROPY IMAGES/GESTURE

U 3.21 Block diagram Y@stunaunIsAnLaanisuman



60

1. mMsuuansunmaandugaeningg mnmsdsngnisiasunlamitmeesdle

TuwsiagaAu grinsnaasamuinazinisildsunlamimieldiiu 4 aseysiime 3ada

[ |

a o 2 v - Ao | | . . =& q v
wwIRRAgiuayavs ol nd1 Ay vearimdlugiesingg (Local information) @414
UIUDNNITUASUBLUAIUDIVINIAILAAUIUIUNINIG F9LARINITHUITAEIUT190D
Nn19ean U 4 N15NRaad lewn A1swUIiImIseandu 4, 5, 6 way 7 39A28AU LD

naaesiIvuIavesAINshusslanliriaugnaedunsseudivansaunan

2. Apsennanreszndansudagdunazivsudaly Juneutinelinsiuing

[

n15v8urimegsyilirinad1svasrfinave st dagiuuaznsuda luliniuin

3okl lngliruinnaaausinsuwsnaudasudugn nauazidoniWsundanasng

| '
o a

seinalsuaantuldaz sl WsUNEn’ FILUIUBNIUNTUAIN 8l AU

q

[ o v v oA = a a ° = ] °
Julsunmndinisviutosngavsengaileaunniian (Entropy A1an) Fsd1esanisunly

9

Awnaudnsasialy JUN 3.22 uanuusuanviamunuesnisuusiiniseandu 4 ¥

~~ b

DIFFERENT

U7 3.22 wandlsundnvanisuusimnsesnidu 4 4

3.2.3 mM3svysuruvasdie (Identify Hand Position)

SKIN FACE NOISES
DETECTION ELIMINATION REMOVING

A 4

v

INPUT IMAGE >

JUN 3.23 uana Block diagram ¥839umaun1sUTUUTIAMAINUBININ

nanaunsassywlsunasluldmearnudnvausliuaimiassnaiinizdoiniunis

srumuntsiianiglumlsuiue ermdausiindugillliliesenly lnelidunounugun 3.23
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3.2.3.1 msmdumisvaslunii (Face Position) Tnelddanediia Viola-Jones
Feoduneluindenl 232 Fallenuanansalunmsuszananaldsiniduasiisasa
gndfedumsnmamgs eltszyiuniseslunihnouflaztduingnszuiunsdaluiile
yhmsavluntheeonnisy  Gsnmaveaestugiuteyavesinednusidutinuing

AnugneesluMInTIvTunitaseanm 99%

3.2.3.2 MIA529TUER (Skin Detection) lngisuannisuuasdlvuun RGB veq
sUn Uiy dlvun YCbCr 1fie391nd YCbCr Aarlaiuaaunuauainavinld Fainli
v e Ny a a = a I o o DY) =
NadnsvesdusyANEamannd1d RGB Bansdianunsathluussenaldiunmiaig
ailiainavslafnindedieufisuiudiall - HSV — andwimislamiineaiiiessy

ALV DINNUTLIUNNUER?

JUN 3.24 siuvmiavesiiniaiidii

3.2.3.3 fnaalunti (Face elimination) islavnesinunusvausiiniiluding

walimihlvauiusumiwedunihdsesuigluide 3.2.2.1 wafildezduldsgun 3.24

U 3.25 nmineuausuiantnesn ($1e) Muanendsauiurtai (¥31)
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[

3.2.3.4 n15MAadyy1aisunau (Noises Removing) &IINANIARtunT

o
o a &

sonluuwan U mazdngnszuunsidadssununivisiilugadng  uaznisdudiy

mningnaulaiisinifsesunglurinden 2.4.2

JUN 3.26 MENEINNATATITUNIULE

3.2.4 N1531ATAAMENYULVBININNS (Feature Extraction)

PAIINNIFBINATAKIUTUNDUNNTUII VLB lALAY @unadasInalagldnsunan

Y

[

' & a ¢ A v A i | ' ) Y
N’]WEJWIEJUULﬂ’iwmaam‘Wim%aﬂwLM@J’)%@J“UENLLmaSGUNGUENVI’MNE[,uWJ?JEJ 3.2.2 1a3) M5y

(Y]

srgnidnunununuanuazlagldrdniduuadu 4 iinangaal

nuangvasAAnilugInuseandur* (27 A1)

Andnsivaly BMTUATLATDIAY AdwiiAgafugunn
(11 A1) (6 A") (5 A1) (5 A1)

14 (Go) WisTu (More) widlou (Same) 31 (Tea) Kamsss (Pregnant)
11 (Come) | @033 (Need) | wmnsing (Different) 149 (Egg) nszg (Stomach)

14 (Yes) N3 (Please) | fiAugy (Happy) Uy (Milk) &1 (Medicine)

1ai (No) e (With) #2 (Hungry) ganaen (Hot dog) @m (Injection)
Wdela (Sorry) | vaewide (Help) %17 (Cold) YoaNzllaLne (Ketchup) 3nw (Heal)

3n (Love) udaus9 (Strong)

(%

dl o v o 1
BTN 3.2 LAASAIANNNG 4 VTZLI’JWMQQIJ
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o ¢aY o

& ° = vy v A aa v ° | |
**IﬂﬂwugmﬁuaﬂmﬂwwwQ‘mmi‘Vlﬂa’eNLaaﬂuﬂ‘auuL‘lJ‘Lﬂ‘LJVlVHV]NVlSJ’eJ‘UEJ%Iﬂswmwluwmmu
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3.2.4.1 aaudnvaenelungy (Intra-Feature)

1. AuNaNYasing (Circularity) TdAnuaunauvesingrasnmivelduen

Timedidneaenismlersedinistivseld lneAwinlaningns

Circularity = 4(Area)Tt/(Perimeter)? (3.2)

AREA OF OBJECT
(b counting black pixels)

\ PERIMETER

JUN 3.27 mssudsnldmanunauvesing

a

2. iAN1998930q (Orientation) 183iAT1ERnINsilGvURUa ARz TUY DY

a
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989793 Nd5199 UL ABUTBUINGA
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3.28 wuUseAfuannuIzuIU 9AFRAIARYA

TAEUDILNULEN

JUN 3.28 nmdnaeamaadesvesing

3. 9ATIEIUAIUYIVTSRINUAULDALAZUAUIN (the ratio of Major axis and
Minor axis) 313U 3.28 TimiAnuenvesnuvdnuazunulnvesdazaiuLnsueen
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3.2.4.2 ANANYALIENINNNGYN (Inter-Feature)

1. szzinafunsesnszninedisvesnsuiiaginiu Wisldszyszozveile

v

Masuwdasiiluimalug lngagmszesinsseninadunsesnvasiodeisy
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3.2.5 n%ﬂ%’wmmaa%’aga (Normalized data)
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Fenfufinnn BnsfethrrudnwusudasaadnwuefiiunsAnanwduvinsuiuane
Tflmuawiniy 75 Sadudiadevesiauisuiis 27 i Tasdaudnuuglafidaunuinnd
75 1ivi1n13 Down sampling lunaseiudiumnvuinvesdeyanadnuuyiosnitdesnin 75
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3.2.6 N15IWUNAIANINIYIND (Classification)
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4.1.2 HAN1IVAABIIINNTSEBUSIE AT sTAMTIBY

wudnsiteyanlaainnisiiunudnvaei1I9ns 4 audnvaduliun Wunves

[
'3 1 a

YDUNIN 3 FU, ANLEIVBITINNATUNTRYA, yusznieiliile wazAaamTeNTENI 1N

fosznitusuusnuazinsuanving aglvinadnsnuandresiuluilioinisusuarmsdwes

Testing, Validation lag Hidden layer

4.1.2.1 asidenldan Hidden layer

dlomuunlian Train waz Test wirfuwaziiuue Hidden layer 18y 100 way 10
AU (Arsyineeslinadnilidunndneiuanntn) naannsneass 3 aaduluniuniss
fla1 Imaﬁ%a?{ammgﬂﬁawaa Hidden layer =100 wag Hidden layer = 10 #a1du 89.97%

uay 72.21% suaau svmiuldindnlesidudminugnieiues

Average Total Accuracy A-Z (%)
Subjective
1 2 3 Average
Hidden layer 100 86.77 86.85 90.31 87.97
value 10 66.54 1277 =] 72.21

9197 4.1 uansAnesidudninugnaeeenisly Hidden layer Aumnsnaiu

n1519 Hidden layer = 100 9831151AAD991Y 3 ASI9ENINNIINTIY Hidden layer = 10 A9l

[

dinsaaesdudentd Hidden layer = 100 lunisitniBeuslulassineyszamiies
4.1.2.2 nsiaenlden Train : Test
Weosannisnaassiteyainluiseuslulassiieuseamiivnluudaz aseliuag e
Weslduinugndesiuansaeiu ginisnaaesdualda Test :Train Wuaneinge Ineld Hidden

layer = 100 ldinan1smaaesden1sned 4.2 azmuldinpanugnieswenisidan Test : Train

'
P

1 30% : 70% 9zlvimnugnAesgsniande 90.42% Frinsnaassdadenldmilievinismeass
sl



Test (%) Train (%) Accuracy (%)
20 80 73.77
30 70 90.42
40 60 82.93

MTNT 4.2 Lansnsaenlyml Testing way Training

4.1.2.3 naAANNNARLNlARINNITNAGDY
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Accuracy (%) Accuracy (%)
Alphabet Alphabet
1 2 3 Average 1 2 3 Average
A 99 100 99 99.3 N 92 80 75 82.3
B 100 100 100 100 O 95 98 92 95
C 97 100 97 98 P 85 82 70 79
D 98 98 95 97 Q 98 100 95 97.7
E 87 98 95 505 R 100 100 100 100
F 100 100 100 100 5 100 100 100 100
G 100 100 100 100 T 25 85 75 85
H 100 100 100 100 U 100 100 100 100
| 100 100 100 100 V 100 100 100 100
J 90 95 85 90 W 80 90 89 86.3
K o1 95 100 97.3 X 95 97 95 95.7
L 80 95 100 92 Y 100 100 100 100
M 70 65 72 69 Z 100 100 100 100

A13197 4.3 LLZ‘W]\“IL‘LJ@%L%Uﬁﬂﬁqmgﬂﬁ@ﬂsﬂﬁﬂﬁﬁﬁﬂwi A-Z

a < Yo & & £ § @ & 4 ¥ a 1Y
NN 4.3 "i]gL‘vaL@’N"\]’Wﬂﬂﬁiﬂﬂﬁ@ﬂ%ﬂﬁ’]@iﬂiﬂiﬂLU@iL%u@]ﬂ'ﬂ@JQﬂW@ﬂﬂaLﬂEJ\‘iﬂu

AoUszanal 95% mdnwsniliesiduianugneestios laun J, M, N uas P Baililasidudainy

Qﬂﬁm 90%, 69%, 82.3% WAy 79% AL laa@Ignys J naulidu |, §19nes M waz N 92

a LY [ v v a < < Vi d' L [ J S A
ADUNAAAUNULALAIDNYST P saukatUu Q QSLMUIWUWL‘LlEN‘\HﬂWJ@ﬂ‘l‘ﬁﬂ\‘lﬂﬁ’]")uuuﬂﬁﬂm

AANYARINULINAIDY1TU
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o BNy M uag N Gallanuaeaaienunansuusniasinsugaving

JUT 4.3 UanInmNsILINYBIRIenss M (418) uag N (131)

v v

o 19n83 P wae Q BaanwrARENUNwNILLSNLazTgnYnY

JUN 4.4 uARINLNTULINYDIFISNYT P (H18) Uag Q (¥71)
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4.1.3 HaneasawdSyuisunuauIdeduineIva9
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lun1sneaaesiisninisvegeulaenisliggnnaaeulandanizdiureiliauunting g

WEBCAM uagilitum

adb

v

Judan nreldanuainaasinunid nanisneasausesusudiuauise

duqilddanesfiuiiuanieiuluanimwindeunazgiudeyaferfiuludinisd 4.4 lnefina

N15NAABIVBINYTNUS AU TR

=

ATAINNEONA

£

998909 95% Fanedrdegannillailauiiguiu

NuITedugnlddanasiiniuanaiudednddunis asduldindesifudaiugnianes

Ay Ay a

NUITENgBsNsaIndImdneslavnm (A-2) Tulrmnugneeaiies 56% s 88.28% diu

nuITenudetuausnansfdnysiaiesanzussuintudneiasnysalngiisnvey

| A=A ) Y PN o [
‘Vl'Wl'Nﬂ’]\‘illE]sZNﬂE]L“l_J‘LlﬂEjllG]'J@ﬂ@iﬂﬂ']ﬂﬂiﬂ"ﬂ@ﬁniﬂ\ﬁﬁl

FEATURE OUTPUT
REFERENCE CLASSIFICATION ACCURACY (%)
EXTRACTION LETTERS
Proposed NWE, Fcen, AngF
ANN A-Z 95
techniques and delAng
Fingertips B Db i e X
[17] NA 70
detection U, VvV, W
Canny edge
(18] PCA, ANN A-E 56
detection
Euclidean
[19] Centroid of hand distance, Feature A-Z 88.2
matching
Area, Average
height, Centroid
[20] ANN A-Z 56
and Distance from
origin to centroid
A15197 4.4 WSHUWEUNATRINIS L0 aNDSNUNWANANGIU
fNYINNONTINTINTINNEAAD M Lhaz N 1L8991n79d8If19nysiInIenaaenu
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4.2 seuu3anmludindszdniu

HAN1INAABINLIAINNITIATIZIRENANAN YT YaIAleA lUTIRUSEI TuA1wde 27
A vesn1sneaedsyuLiTIATuInUss I Tumwdingulauuinisnaaesesnidu 2 wedaldun

Hanneaesnaliaidnmlagldvsunmun waznan1smaasanaiiaidiAlagldinsuman

4.2.1 HANISNAADUNANATIIA LAY LTNTUNIIUNA
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nan1snaassiadediilaeninidunaialennludiuinaudnuusianue 11
Audnwuzlawi andnvuzniglungu (ntra-Feature) 8 AdNYaE AD AIIUNANTDIINY,
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SIUVNUA 1783 A1/ 111979

1nduLlUrIunNIzUaUNTT Principal Components Analysis (PCA) Tagldaraa1u
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a1

100, Test = 30% , Train= 70% Wanbosdulusan1s199 4.5 waz 4.6 FIAIAUYNADITINBETN

Uszuna 83.15% lawilAfidianugnaaadiinil 70% og 8 A1 LavAfignaes 100% g 10 A



WORDS ACCURACY(%) WORDS ACCURACY(%)

GO 100 KETCHUP 90

YES 90 COLD 100
NO 100 DIFFERENT 95
SORRY 100 HAPPY 65
LOVE 95 STRONG 100
MORE 100 HUNGRY 35
NEED 100 PREGNANT 65
PLEASE 60 STOMACH 70
WITH 90 MEDICINE 65
HELP 100 INJECT a5
TEA 95 HEAL 55
EGG 100 COME 100
MILK 50 SAME 90

HOTDOG 90 AVERAGE 83.15
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4.2.2 HAN1SNAAUNANASIIA LA LT SUNAN
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Y

'
a1 =

Amaugn 100% ¢ 17 A1 BelAmnigalumaianissdlagldinsundn uwaglidlawanla

9

S g v ° "y
Lﬂ@iL%umﬂ?’]Mgﬂm@ﬂ(ﬂqﬂjqﬁﬂ863 70

4. waiafiralagldnsunandegnuiadu 7 939 Wnadsnsnd 4.10 aziiuind

Y

AmauAInaUgn 100% s 13 AwindumedaidnAlaeldinsundndgnuundu 6 939 uagliie

Towmetilaediduinnugniasiniifesas 70

A o & < v & = = v vy I o
Lll@u"lﬂ']L‘U'E]L%umﬂ?qﬂgﬂmaﬂmaﬂﬂ\lﬁﬂq?ﬂﬂaE’N‘V]\‘i 4 ll']L‘Uﬁ‘EJ‘ULV]FJUﬂuVLﬂWaLUUVLiJﬂQ@'ﬁ'N

a

71 4.11 szl wedadelagldinsundandsgnuuadu 6 929 tuaslidanugnsiesasdian

Y 9

A9 95.19% luvazdlaiurransunandy 7 U lAA1ANgNABITIAIAMRR 93.70 % uag

'
=

nsudamsundnaendu 5 ¥ieaglidanugniesdiifigafe 75.18% uasilodinan1svnaed

q

PaueuUSsuisuiuaziuladn nsuusrasundnesnuavd (5 waz 7) asvnlrlanadns

Aa ° a A 1 % I 1 4 LY v =
NUAIRNAY IUSUEIJ%V]LJJE]LS’WLLUQLW?&IMaﬂE]E]ﬂLUULaSUQ (4uag 6) R]%IMNﬁﬁWﬁ“U@ﬂﬂ'J']ﬂJQﬂG]ENV]JJ']ﬂ

e

U



10

90

Come | Same

85

Heal

100

Inject

95

20

70

70

100

100

20

95

20

10

95

100

10

95

Milk |Hotdog [Ketchup| Cold [Different| Happy | Strong | Hungry [Pregnant|StomachiMedicin:

20
45

10

20

Egg

95

Tea

85

10

Help

55

G5

15

95

Need |Please| With

20

40

More

95

90

Sorry | Love

80

No

50

15

Yes

50

25

Go

100

o

(¢}

(¢}

(¢}

(0]
(0]
(0]
(0]
(0]
(0]
(0]
(0]
(0]
(0]
(0]
(0]
0

INTERVALS

Go

Yes
No

Sorry

Love

More

Need

Please

With

Help

Tea

Egg

Milk
Hotdog
Ketchup

Cold
Different

Happy
Strong
Hungry

Pregnant

Stomach

Medicine

Inject

Heal

Come

PN

Jua

ARMILREGT

o

ANAUYDININEA!

[y

4.7 91519 Confusion Matrix U898

d‘
AN

79



15

75

Come | Same

15

10

95

Heal

10

10

95

Inject

100

15

65

10

35

95

95

25

100

Strong | Hungry [Pregnant |Stomach |Medicine

70

Happy

60

50

20

55

100

Milk |Hotdog [Ketchup| Cold |Different

75

Egg

95

Tea

40
15
920

20

10

Help

55

10

With

50

50

Need |Please

20

60

More

20

75

10

15

95

10
40

No Sorry | Love

20

15

10

Yes

50

Go

90

(0]
(o]
(o]

o

(o]
(6]
5

(o]
(0]
5
(o]
(0]
(o]
(0]
(6]
o

0

5
INTERVALS

Go

Yes

Sorry

Love

More

Need

Please

With

Help

Tea

Egg

Milk
Hotdog
Ketchup

Cold

Different

Happy

Strong

Hungry
Pregnant

Stomach

Medicine

Inject
Heal

Come

Same

PN

Ju s

ARMILREGT

o

ANAUYDININEA!

[y

4.8 91519 Confusion Matrix U898

d'
AN

80



Same

0

95

Come

0

95

Heal

100| O

0

100| O

0

0

0

0

100| O

0

0

100| O

0

0

100| O

0
0

100| O

0]
0

0

100| O
0
o

0

0
0

0

100| O

0

0

100| O
0

0

100| O
0]
0

Milk | Hotdog |Ketchup| Cold [Different| Happy | Strong | Hungry [Pregnant{Stomach|Medicine| Inject

100| O

0
0

Egg

100| O

0
0

Tea

0

0]
0

Help

0

0

100 O

100| O

0

Need | Please | With

0

0
0

'
P

More

0

0

100| O

100| O
0

No Sorry | Love

100| O

0
0

Yes

85

0
0

0

0

0

Go

90

0

0

0

0
0
0
0
0
0
0

0
0
0

0

6
INTERVALS

Go

Yes

Sorry

Love

More

Need

Please

With

Help

Tea

Egg

Milk

Hotdog

Ketchup

Cold

Different

Happy
Strong

Hungry
Pregnant

Stomach

Medicine

Inject

Heal

Come

Same

PN

Jue

aRuYeiIMeEAgNLUIRaN:

[y

[

4.9 919519 Confusion Matrix U84

AN

81



0

85

Come | Same

0

100| O

Heal

100| O

0

100| O

0
0

0

0
0

0

0

0

100 O

0

100| O

0

100| O

0]
0

0

100| O
0
o

0
0

0

100| O

0

0

0

100| O

]

Milk | Hotdog |Ketchup| Cold [Different| Happy | Strong | Hungry [Pregnant/Stomach|Medicine| Inject

0

0

Egg

100| O

0

Tea

100| O

0

Help

0

0
0

0

100| O

Need | Please | With

0

'
P

More

0

No Sorry | Love

15

Yes

100| O

10

10

0

0

0

Go

95

0

0

0

0
0
0
0
0
0
0

0
0
0

0

7
INTERVALS

Go

Yes

Sorry

Love

More

Need

Please

With

Help

Tea

Egg

Milk

Hotdog

Ketchup

Cold

Different

Happy
Strong

Hungry
Pregnant

Stomach

Medicine

Inject

Heal

Come

Same

PN

Ju7

MRuvesimeEAygnL RNt

Ly

o

4.10 1919 Confusion Matrix U84

AN

82



83

RESULT OF IMPORTANT KEY FRAME (%)

WORDS 4 5 6 7
GO 100 90 90 95
YES 50 50 85 100
NO 50 90 100 95

SORRY 80 95 100 80

LOVE 90 75 100 95
MORE 95 90 90 95
NEED 40 60 85 85
PLEASE 95 50 100 100
WITH 95 50 100 95
HELP. 55 55 75 70
TEA 85 90 85 100
EGG 95 95 100 100
MILK 90 75 100 70
HOTDOG 100 100 100 100
KETCHUP 95 55 100 90
COLD 100 90 100 100
DIFFERENT 95 50 95 95
HAPPY 95 60 100 100
STRONG 90 70 100 100
HUNGRY 100 100 100 100
PREGNANT 100 05 100 100
STOMACH 70 95 100 90
MEDICINE 70 65 5 90
INJECT 95 100 100 100
HEAL 100 95 100 100
COME 85 95 95 100
SAME 90 0 95 85
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METHODS ‘

IMPORTANT KEY FRAMES

ALL FRAMES
4 5 6 7
ACCURACY (%) 85.37 78.15 95.15 93.70 83.15
NUMBER OF TRAINED
9 120 144 168 59
VECTORS/WORD
COMPUTATIONAL TIME
29.596+0.115 | 30.17710.129 | 30.36940.914 | 31.25610.163 | 27.16110.127
AVERAGE(SECONDS)

FITNESS CLASSIFIER
AVERAGE (%)

66.81 63.16 76.88 75.84 66.56

1599 4.12 Wisuiigueianugnaedaziantunsuszaianavesisiualagldiies 27

<

windnmadaidnd1lagldsunanue (All frames) Tdaanluns

ee

ANAITNUIIAUR

Y Yy
v A2 v

Uszananaduiign (Matduiuausivesgunsalnlduszananasie) AeUszuna 27.16 3und

Aax g v A :s a Yo o 17 S~ I |
luvugMsnldiatumsuszinanauungeemalinidialagldsundndegnuuady 7 939

Y

=

AT 31.25 JuW uelilefianTandAmIAINgnAeasnud meallasiimlagldwsundn

Y

gnuuaiiu 6 929 Wiraugndesgeianfeyssanm 95.15% uasimaiiaidndlaeldinsumands

Y Y

) A

QﬂLL‘UIQL‘ﬂu 5 931 liraugnassinignAeuseann 78.15% Wity

q

9 vy v A o ! g ) P = a a a aal
f\]ﬂﬂﬂ@ﬂﬂﬁ%?ﬂ@ﬂLN@Vﬂﬂﬁiﬁ?ﬂ’] Fitness classifier LtWaLUTIULNEUUTELENTATNUDIITNT

139 laedavuasn o = 0.8 lanadn wadiaddadlaeldinsundndagnudadu 6 929 e

I I

fitness classifier gafianfaUszunas 76.88% druwmadaiinAlaeldinsunangegnuuadu 5 ¥

9 Y

2¢l9iAn Fitness classifier G‘hﬁﬁjﬂﬁ@ 63.16%

waziilat1nn519 Confusion matrix ¥8sn1swmeaiasTAlasldnsunmuawazInatia3d
Alagldinsunanuivinniswasnnsan ROC (Receiver Operating Characteristic curve) @414
wansUszansanlunisiIsuiiey Binary Classification 3eUssansaInnsuennguds agla

NIMFIIUT 4.7



85

Comparision of ROC curves
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lAnandadnysnudingu

close all; clc; clear all;
path='E:\Project\USE\Database3\M\;

filelist = s([path *.jpg);

filelist = cellstr(filelist),
IM1=imread(E:\Project\USE\Database3\BG1.jpg);

c=1; n=1;
for z= 2253
disp(z)

IM2=imread ([path filelist{z}]);
[out]=imgretouch(IM2,IM1);

imshow(out)

Start=Handprocess(out);
[out,crop]=imgretouch(IM2,IM1);
Stop=Handprocess(out);

del=abs (Start(;,7:10) - Stop(:,7:10));
deld = abs (Start(;,11:15) - Stop(;,11:15));

sumd = sum (deld);

AFINAL(;,n)=[transpose(Start); transpose(Stop(:,7:15)); transpose(del); transpose(deld); sumd];

n=n+1;
end
c=c+20;

h2 = msgbox('DONE!!);
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Tnsdndnwdangulngldivsuvaan

clear all, close all, clc

path= "E:\Pookkii work\Master Degree\Project M\Database\3 DATABASE\Mild_fbf\;
pathsave="E:\Pookkii work\Master Degree\Project M\Database\3 DATABASE\Mild_fbf\’;
filelist = (s([path *.jpg]);

filelist = cellstr(filelist);

load (M_1.mat’;

Left =[1];
Right =[ J;U=1;
for i= 2:2:length(M 3)
disp( )
disp(['No.Video =',num2str(i)])
k=1;9=1;
s= M _3(i,1)+2;
f=M 3(i,end)-2;
for w=s:f
Delta = f-s;

disp(w)

IM1=imread([path filelist{w-1}]);

IM2=imread([path filelist{w}]);

H1= deleteFace2(IM1);

[H2 C2] = deleteFace2(IM2);

Cface(k,:)= C2;

stF = regionprops (H1,
‘BoundingBox','Centroid','MajorAxisLength','MinorAxisLength','Perimeter','Area’,'Orientation’,'EquivDiamet
er);

stL = regionprops(H2,
‘BoundingBox','Centroid’, MajorAxisLength','MinorAxisLength','Perimeter','Area’,'Orientation','EquivDiamet
er);

HandNum(qg,:)= length(stL);

g=a+1;
%%%  After knew that st(n)=st(n+1)|| size(stF,1)< size(stL,1) %%%
if w==5

if size(stF,1)==size(stL,1) || size(stF,1)< size(stL,1)
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st = stL;
=1
if size(st,1)>1
st1=st(1).BoundingBox(1,1);
st2=st(2).BoundingBox(1,1);
if st1(1)<st2(1)
CenLeft(k,:))= round(st(1).Centroid(1:2));
CenRight(k,:)=round(st(2).Centroid(1:2));
BoundL(k,:)= st(1).BoundingBox;
BoundR(k,:)= st(2).BoundingBox;
RoundL(k,:) = (4*pi*st(1).Area)/(st(1).Perimeter/2);
RoundR(k,:) = (d*pi*st(2).Area)/(st(2).Perimeter/2);
OrientL(k,:)= ((st(1).Orientation)+90)/180;
OrientR(k,)= ((st(2).Orientation)+90)/180;
AxisratioL(k,:)= st(1).MinorAxisLength/st(1).MajorAxisLength;
AxisratioR(k,:)= st(2).MinorAxisLength/st(2).MajorAxisLength;
k=k+1;
elseif st1(1)>st2(1)
CenLeft(k,:)= round(st(2).Centroid(1:2));
CenRight(k,:)=round(st(1).Centroid(1:2));
BoundL(k,:)= st(2).BoundingBox;
BoundR(k,:)= st(1).BoundingBox;
RoundL(k,:) = (@*pi*st(2).Area)/(st(2).Perimeter/2);
RoundR(k,:) = (4*pi*st(1).Area)/(st(1).Perimeter/2);
OrientL(k,:)= ((st(2).Orientation)+90)/180;
OrientR(k,:)= ((st(1).Orientation)+90)/180;
AxisratioL(k,:)= st(2).MinorAxisLength/st(2).MajorAxisLength;
AxisratioR(k,:)= st(1).MinorAxisLength/st(1).MajorAxisLength;
k=k+1;

end

elseif size(st,1)==1
CenLeft(k,:))= round(st(1).Centroid(1:2));
CenRight(k,:)=[0 0],



BoundL(k,:)= st(1).BoundingBox;
BoundR(k,:)= [0 0 0 0];
RoundL(k,:) = (4*pi*st(1).Area)/(st(1).Perimeter/2);
RoundR(k,:) = 0;
OrientL(k,:)= ((st(1).Orientation)+90)/180;
OrientR(k,:)= 0;
Axisratiol(k,:)= st(1).MinorAxisLength/st(1).MajorAxisLength;
AxisratioR(k,:)= 0;
k=k+1;
end
elseif size(stF,1)> size(stL,1) %% 2 hands —> 1 hand
st = stL;
=2
CenlLeft(k,:)= round(st(1).Centroid(1:2));
CenRight(k,:)=round(st(1).Centroid(1:2));
BoundL(k,:)= st(1).BoundingBox;
BoundR(k,:)= st(1).BoundingBox;
RoundL(k,:) = (@*pi*st(1).Area)/(st(1).Perimeter/2);
RoundR(k,:) = (4*pi*st(1).Area)/(st(1).Perimeter/2);
OrientL(k,:)= ((st(1).Orientation)+90)/180;
OrientR(k,:)= ((st(1).Orientation)+90)/180;
AxisratioL(k,:)= st(1).MinorAxisLength/st(1).MajorAxisLength;
AxisratioR(k,:)= st(1).MinorAxisLength/st(1).MajorAxisLength;
k=k+1;

end

%%% check after the beginning whether hand is still the same no. or change from 1--> 2 hands
%%%
elseif w~=1&&j==1
%%
if size(stF,1)==size(stL,1) || size(stF,1)< size(stL,1) %% equal or 1 hand --> 2 hands
st = stl;
=1
if size(st,1)>1
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st1=st(1).BoundingBox(1,1);
st2=st(2).BoundingBox(1,1);
if st1(1)<st2(1)
CenLeft(k,:)= round(st(1).Centroid(1:2));
CenRight(k,:)=round(st(2).Centroid(1:2));
BoundL(k,:)= st(1).BoundingBox;
BoundR(k,:)= st(2).BoundingBox;
RoundL(k,:) = (4*pi*st(1).Area)/(st(1).PerimeterA2);
RoundR(k,:) = (d*pi*st(2).Area)/(st(2).Perimeter/2);
OrientL(k,:)= ((st(1).Orientation)+90)/180;
OrientR(k,)= ((st(2).Orientation)+90)/180;
AxisratioL(k,:)= st(1).MinorAxisLength/st(1).MajorAxisLength;
AxisratioR(k,:)= st(2).MinorAxisLength/st(2).MajorAxisLength;
k=k+1;
elseif st1(1)>st2(1)
Cenleft(k,:)= round(st(2).Centroid(1:2));
CenRight(k,:)=round(st(1).Centroid(1:2));
BoundL(k,:)= st(2).BoundingBox;
BoundR(k,:)= st(1).BoundingBox;
RoundL(k,:) = (4*pi*st(2).Area)/(st(2).Perimeter/2);
RoundR(k,:) = (4*pi*st(1).Area)/(st(1).Perimeter/2);
OrientL(k,:)= ((st(2).Orientation)+90)/180;
OrientR(k,:)= ((st(1).Orientation)+90)/180;
Axisratiol(k,))= st(2).MinorAxisLength/st(2).MajorAxisLength;
AxisratioR(k,:)= st(1).MinorAxisLength/st(1).MajorAxisLength;
k=k+1;

end

elseif size(st,1)==
CenLeft(k,:))= round(st(1).Centroid(1:2));
CenRight(k,:)=[0 0],
BoundL(k,:)= st(1).BoundingBox;
BoundR(k,:)= [0 0 0 0],



RoundL(k,:) = (4*pi*st(1).Area)/(st(1).PerimeterA2);
RoundR(k,:) = 0;
OrientL(k,:)= ((st(1).Orientation)+90)/180;
OrientR(k,:)= 0;
AxisratioL(k,))= st(1).MinorAxisLength/st(1).MajorAxisLength;
AxisratioR(k,:)= 0;
k=k+1;
end
elseif size (stF,1)> size(stL,1) %% 2 hands —-> 1 hand
st = stL;
j=2;
CenlLeft(k,:)= round(st(1).Centroid(1:2));
CenRight(k,:)=round(st(1).Centroid(1:2));
BoundL(k,:)= st(1).BoundingBox;
BoundR(k,:)= st(1).BoundingBox;
RoundL(k,:) = (4*pi*st(1).Area)/(st(1).Perimeter/2);
RoundR(k;:) = (4*pi*st(1).Area)/(st(1).PerimeterA2);
OrientL(k,:)= ((st(1).Orientation)+90)/180;
OrientR(k,:)= ((st(1).Orientation)+90)/180;
AxisratioL(k,:)= st(1).MinorAxisLength/st(1).MajorAxisLength;
AxisratioR(k,:)= st(1).MinorAxisLength/st(1).MajorAxisLength;
k=k+1;

end

%%% check after hand change from 2 hands --> 1 hand
elseif w~=18&&j==2
%%
if size(stF,1)==size(stL,1) %% 2 hands —> 1 hand
st = stl;
j=2;
CenLeft(k,:)= round(st(1).Centroid(1:2));
CenRight(k,:)=round(st(1).Centroid(1:2)),
BoundL(k,:)= st(1).BoundingBox;
BoundR(k,:)= st(1).BoundingBox;
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RoundL(k,:) = (4*pi*st(1).Area)/(st(1).Perimeter/2);
RoundR(k,:) = (@*pi*st(1).Area)/(st(1).Perimeter/2);
OrientL(k,:)= ((st(1).Orientation)+90)/180;
OrientR(k,:)= ((st(1).Orientation)+90)/180;
AxisratioL(k,:)= st(1).MinorAxisLength/st(1).MajorAxisLength;
AxisratioR(k,:)= st(1).MinorAxisLength/st(1).MajorAxisLength;
k=k+1;
elseif size(stF,1)< size(stL,1) %%1 hand --> 2 hands
st = stL;
=1
st1=st(1).BoundingBox(1,1);
st2=st(2).BoundingBox(1,1);
if st1(1)<st2(1)
Cenleft(k,:)= round(st(1).Centroid(1:2));
CenRight(k,))=round(st(2).Centroid(1:2));
BoundL(k,))= st(1).BoundingBox; %%Delx/Dely
BoundR(k,:)= st(2).BoundingBox;
RoundL(k,:) = (d*pi*st(1).Area)/(st(1).Perimeter/2);
RoundR(k,:) = (4*pi*st(2).Area)/(st(2).PerimeterA2);
OrientL(k,:)= ((st(1).Orientation)+90)/180;
OrientR(k,:)= ((st(2).Orientation)+90)/180;
Axisratiol(k,))= st(1).MinorAxisLength/st(1).MajorAxisLength;
AxisratioR(k,:)= st(2).MinorAxisLength/st(2).MajorAxisLength;
k=k+1;
elseif st1(1)>st2(1)
CenLeft(k,))= round(st(2).Centroid(1:2));
CenRight(k,:)=round(st(1).Centroid(1:2));
BoundL(k,:)= st(2).BoundingBox;
BoundR(k,:)= st(1).BoundingBox;
RoundL(k,:) = (4*pi*st(2).Area)/(st(2).Perimeter/2);
RoundR(k,:) = (d*pi*st(1).Area)/(st(1).Perimeter/2);
OrientL(k,:)= ((st(2).Orientation)+90)/180;
OrientR(k,:)= ((st(1).Orientation)+90)/180;
AxisratioL(k,:))= st(2).MinorAxisLength/st(2).MajorAxisLength;
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AxisratioR(k,:)= st(1).MinorAxisLength/st(1).MajorAxisLength;
k=k+1;
end

end

end

end
Cenleftl = imresize(CenLeft(;,1)'[1 75]);
Cenleft2 = imresize(CenLeft(;,2)'[1 75]);
CenRightl = imresize(CenRight(;,1)',[1 75));
CenRight2 = imresize(CenRight(;,2)',[1 75]);
FarrayL = [Cenleftl' CenLeft2T;
FarrayR = [CenRightl' CenRight2';
Cfacel = round(imresize(Cface(;,1),[1 75D));
Cface2 = round(imresize(Cface(;,2),[1 75]));
BoundratioL 1=imresize(BoundL(:,1)",[1 75]);
BoundratiolL.2=imresize(BoundL(:,2)',[1 75]);
BoundratioL3=imresize(BoundL(:,3)',[1 75]);
BoundratioL4=imresize(BoundL(:,4)',[1 75]);
BoundratioR1=imresize(BoundR(;,1)',[1 75]);
BoundratioR2=imresize(BoundR(;,2)',[1 75]);
BoundratioR3=imresize(BoundR(:,3)',[1 75]);
BoundratioR4=imresize(BoundR(:,4)',[1 75]);
BoundFL = [BoundratioL1' BoundratioL2' BoundratioL3' Boundratiol4';
BoundFR = [BoundratioR1" BoundratioR2' BoundratioR3' BoundratioR4';
Cfacef = [Cfacel' Cface2'];

%%% %% %% %% %%%%%%%% Feartures %% % %%%%%%%%%%%%%

Round1 = imresize(RoundL',[1 75]); %75
Round2 = imresize(RoundR,[1 75]); %75
Orientl = imresize(OrientL',[1 75]);%75
Orient2 = imresize(OrientR',[1 75]);%75



%%

ZFinal(U,:) = [Round1 Orientl Axisratiol distBL' ratioL' FdistL' FdistLR' FveclL.1' Fvecl.2' FvecFL1'
FvecFL2' HandFacel' Round2 Orient2 Axisratio2 distBR' ratioR' FdistR' FvecR1' FvecR2' FvecFR1'

Axisratiol = imresize(Axisratiol',[1 75]);%75
Axisratio2 = imresize(AxisratioR',[1 75]); %75
[distBL ratioL]=Bdist(BoundFL); %148

[distBR ratioR]=Bdist(BoundFR); %148

FdistL = Cdist(FarrayL); %74

FdistR = Cdist(FarrayR); %74

FdistLR = Cdsame(FarrayL,FarrayR); %75
[FvecL1 FveclL2] = Cvec(Farrayl); %148
[FvecR1 FvecR2] = Cvec(FarrayR); %148
[FvecFL1 FvecFL2] = Cvecf(Cfacef,Farrayl), %148
[FvecFR1 FvecFR2] = Cvecf(Cfacef,FarrayR);
HandFacel. = Cdsame(Cfacef,FarrayL); %75
HandFaceR = Cdsame(Cfacef,FarrayR); %75
FstNum = (imresize(HandNum',[1 751))./2; %75

FvecFR2' HandFaceR' FstNum';

%

U=U+1;

end
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Tansdndnwdaingelagldisuman

clear all, close all, clc
path= "E:\Pookkii work\Master Degree\Project M\Database\d DATABASE\Pookkii fbf\’;
pathsave="'E:\Pookkii work\Master Degree\Project M\Database\d DATABASE\Pookkii fbf\};
filelist = (s([path *.jpg]);
filelist = cellstr(filelist);
load (P_d4.mat’);
m=1;
for i= 1:length(P_4)
s=P_4(,1)+2;%%%
f=P_d(i,end)-2;%%%

=1
disp(i)
for w=s:f
disp(w)

IM1=imread([path filelist{w-13}]);
IM2=imread([path filelist{w}]);
H1= deleteFace(IM1);
H2 = deleteFace(IM2);
IM3 = H2-H1;
IM4 = sum(logical (IM3(:)));
final(g,)= IM4;
9=ag+1;
end
y=ceil(length(final)/6); % 6 %%%
c=1;
forD = 1:8
ifD<6
p =find(final==min(final(c:c+y-1)));
a = plp<=c+y-1 & p>=0c);
a=a(l,);
a=s+a;
Frame(D,:) = a;

C=C+Y;



elseif D==6;

z=length(final)-c;

p=(find(final==min(final(c:c+2))));

a = plp<=c+z & p>=0);
a=a(l,);
a=s+a;
c=c+z;
Frame(D,:) = a;
elseif D==7
a=Frame(1,1);
Frame(D,:) = a;
elseif D==8
a=Frame(2,1);
Frame(D,:) = a;
end
end %%% for D = 1:8

FFrame(;,m) = Frame;

m=m+1;

clear final

end %%% for z= 1:length(P_1)

FCenLeft =[ ]; FCenRight=[ J;FBoundL=[ J;FBoundR=[ ];FCface=[ J;FRoundL=[ ]
FRoundR=[ ];FOrientL=[ ]; FOrientR=[ ];FAxisratioL=[ ]; FAxisratioL=[ ];FAxisratioR =[ ];
FSidelL=[ ]; FSideR=[]; FHandnum=[ J;

for z = 1:size(FFrame,2)
k=1; g=1; disp(z)
fors =17

IM1 = imread([path filelist{FFrame(s,2)}]);
IM2 = imread([path filelist{FFrame(s+1,2)}]);

[H1 Cl1]= deleteFace2(IM1);

[H2 C2]= deleteFace2(IM2);clear C2

Cface(k,:)= C1;
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stF = regionprops(H1,
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'‘BoundingBox','Centroid’, MajorAxisLength','MinorAxisLength','Perimeter','Area’,'Orientation’,'EquivDiamet

er);

stL = regionprops(H2,

'‘BoundingBox','Centroid’, MajorAxisLength','MinorAxisLength','Perimeter','Area’,'Orientation’,'EquivDiamet

er’);

HandNum(qg;,:)= length(stL);

g=q+1;
%%% Start to run feature From any s%%%
if s==

%%

if size(stF,1)==size(stL,1) || size(stF,1)< size(stL,1) %% equal or 1 hand --> 2 hands

st = stl;
=4
if size(st,1)>1
st1=st(1).BoundingBox(1,1);
st2=st(2).BoundingBox(1,1);
if st1(1)<st2(1)
CenlLeft(k,:)= round(st(1).Centroid(1:2));
CenRight(k,:)=round(st(2).Centroid(1:2));
BoundL(k,:)= st(1).BoundingBox; %%Delx/Dely
BoundR(k,:)= st(2).BoundingBox;
RoundL(k,:) = (@*pi*st(1).Area)/(st(1).Perimeter/2);
RoundR(k,:) = (d*pi*st(2).Area)/(st(2).PerimeterA2);
OrientL(k,:)= ((st(1).Orientation)+90)/180;
OrientR(k,:)= ((st(2).Orientation)+90)/180;
Axisratiol(k,:)= st(1).MinorAxisLength/st(1).MajorAxisLength;
AxisratioR(k,:)= st(2).MinorAxisLength/st(2).MajorAxisLength;
k=k+1;

elseif st1(1)>st2(1)
CenLeft(k,:)= round(st(2).Centroid(1:2));
CenRight(k,:)=round(st(1).Centroid(1:2));
BoundL(k,:)= st(2).BoundingBox;
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BoundR(k,:)= st(1).BoundingBox;

RoundL(k,:) = (4*pi*st(2).Area)/(st(2).PerimeterA2);
RoundR(k,:) = (d*pi*st(1).Area)/(st(1).Perimeter/2);
OrientL(k,:)= ((st(2).Orientation)+90)/180;

OrientR(k,:)= ((st(1).Orientation)+90)/180;

AxisratioL(k,:)= st(2).MinorAxisLength/st(2).MajorAxisLength;
AxisratioR(k,:)= st(1).MinorAxisLength/st(1).MajorAxisLength;
k=k+1;

end

elseif size(st,1)==1
CenlLeft(k,;)= round(st(1).Centroid(1:2));
CenRight(k,:)=[0 0],
BoundL(k,:)= st(1).BoundingBox;
BoundR(k,:)= [0 0 0 Q]
RoundL(k,:) = (4*pi*st(1).Area)/(st(1).Perimeter/2);
RoundR(k,:) = 0;
OrientL(k,:)= ((st(1).Orientation)+90)/180;
OrientR(k,:)= 0;
AxisratioL(k,:)= st(1).MinorAxisLength/st(1).MajorAxisLength;
AxisratioR(k,:)= 0;
k=k+1;
end
elseif size(stF,1)> size(stL,1) %% 2 hands > 1 hand
st = stl;
j=2;
CenLeft(k,:)= round(st(1).Centroid(1:2));
CenRight(k,:)=round(st(1).Centroid(1:2));
BoundL(k,:)= st(1).BoundingBox;
BoundR(k,:)= st(1).BoundingBox;
RoundL(k,:) = (4*pi*st(1).Area)/(st(1).Perimeter/2);
RoundR(k,:) = (4*pi*st(1).Area)/(st(1).Perimeter/2);
OrientL(k,:)= ((st(1).Orientation)+90)/180;
OrientR(k,:)= ((st(1).Orientation)+90)/180;
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Axisratiol(k,:)= st(1).MinorAxisLength/st(1).MajorAxisLength;
AxisratioR(k,:)= st(1).MinorAxisLength/st(1).MajorAxisLength;
k=k+1;
end
%%% check after the begining whether hand is still the same no. or change from 1--> 2 hands
elseif s~=18&j==
%%
if size(stF,1)==size(stL,1) || size(stF,1)< size(stL,1) %% equal or 1 hand —> 2 hands
st = stL;
=1
if size(st,1)>1
st1=st(1).BoundingBox(1,1);
st2=st(2).BoundingBox(1,1);
if st1(1)<st2(1)
Cenleft(k,:)= round(st(1).Centroid(1:2));
CenRight(k,:)=round(st(2).Centroid(1:2));
BoundL(k,:)= st(1).BoundingBox;
BoundR(k,:)= st(2).BoundingBox;
RoundL(k,:) = (4*pi*st(1).Area)/(st(1).PerimeterA2);
RoundR(k,:) = (d*pi*st(2).Area)/(st(2).PerimeterA2);
OrientL(k,:)= ((st(1).Orientation)+90)/180;
OrientR(k,:)= ((st(2).Orientation)+90)/180;
AxisratioL(k,:)= st(1).MinorAxisLength/st(1).MajorAxisLength;
AxisratioR(k,:)= st(2).MinorAxisLength/st(2).MajorAxisLength;
k=k+1;
elseif st1(1)>st2(1)
CenLeft(k,:)= round(st(2).Centroid(1:2));
CenRight(k,)=round(st(1).Centroid(1:2));
BoundL(k,:)= st(2).BoundingBox;
BoundR(k,:)= st(1).BoundingBox;
RoundL(k,:) = (@*pi*st(2).Area)/(st(2).Perimeter/2);
RoundR(k,:) = (4*pi*st(1).Area)/(st(1).Perimeter/r2);
OrientL(k,:)= ((st(2).Orientation)+90)/180;
OrientR(k,:)= ((st(1).Orientation)+90)/180;



Axisratiol(k,:)= st(2).MinorAxisLength/st(2).MajorAxisLength;
AxisratioR(k,:)= st(1).MinorAxisLength/st(1).MajorAxisLength;
k=k+1;

end

elseif size(st,1)==1
CenLeft(k,))= round(st(1).Centroid(1:2));
CenRight(k,:)=[0 0J;
BoundL(k,:)= st(1).BoundingBox;
BoundR(k,:)= [0 0 0 0];
RoundL(k,:) = (4*pi*st(1).Area)/(st(1).PerimeterA2);
RoundR(k,:) = 0;
OrientL(k,:)= ((st(1).Orientation)+90)/180;
OrientR(k,:)= 0;
AxisratioL(k,:)= st(1).MinorAxisLength/st(1).MajorAxisLength;
AxisratioR(k,:)= 0;
k=k+1;

end

elseif size(stF,1)> size(stL,1) %% 2 hands —> 1 hand

end

st = stL;

=2

CenLeft(k,:)= round(st(1).Centroid(1:2));
CenRight(k,:)=round(st(1).Centroid(1:2));

BoundL(k,:)= st(1).BoundingBox;

BoundR(k,:)= st(1).BoundingBox;

RoundL(k,:) = (@*pi*st(1).Area)/(st(1).Perimeter/2);
RoundR(k,:) = (4*pi*st(1).Area)/(st(1).PerimeterA2);
OrientL(k,:)= ((st(1).Orientation)+90)/180;

OrientR(k,)= ((st(1).Orientation)+90)/180;

AxisratioL(k,:)= st(1).MinorAxisLength/st(1).MajorAxisLength;
AxisratioR(k,:)= st(1).MinorAxisLength/st(1).MajorAxisLength;
k=k+1;

%%% check after hand change from 2 hands --> 1 hand
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elseif s~=188&j==2

%%
if size(stF,1)==size(stL,1) %% 2 hands --> 1 hand
st = stl;
% FSidel = imfindside(H2,stL,1);
=2

CenLeft(k,:))= round(st(1).Centroid(1:2));
CenRight(k,:)=round(st(1).Centroid(1:2));
BoundL(k,:)= st(1).BoundingBox;
BoundR(k,:)= st(1).BoundingBox;
RoundL(k,:) = (4*pi*st(1).Area)/(st(1).Perimeter/2);
RoundR(k,:) = (4*pi*st(1).Area)/(st(1).Perimeter/2);
OrientL(k,:)= ((st(1).Orientation)+90)/180;
OrientR(k,:)= ((st(1).Orientation)+90)/180;
AxisratiolL(k,:)= st(1).MinorAxisLength/st(1).MajorAxisLength;
AxisratioR(k,:)= st(1).MinorAxisLength/st(1).MajorAxisLength;
k=k+1;
elseif size(stF,1)< size(stl,1) %%1 hand --> 2 hands
st = stL;
=1
st1=st(1).BoundingBox(1,1);
st2=st(2).BoundingBox(1,1);
if st1(1)<st2(1)
CenLeft(k,:))= round(st(1).Centroid(1:2));
CenRight(k,:)=round(st(2).Centroid(1:2));
BoundL(k,:)= st(1).BoundingBox;
BoundR(k,:)= st(2).BoundingBox;
RoundL(k,:) = (4*pi*st(1).Area)/(st(1).Perimeter/2);
RoundR(k,:) = (4*pi*st(2).Area)/(st(2).Perimeter/2);
OrientL(k,:)= ((st(1).Orientation)+90)/180;
OrientR(k,:)= ((st(2).Orientation)+90)/180;
AxisratioL(k,))= st(1).MinorAxisLength/st(1).MajorAxisLength;
AxisratioR(k,:)= st(2).MinorAxisLength/st(2).MajorAxisLength,
k=k+1;



elseif st1(1)>st2(1)
Cenleft(k,:)= round(st(2).Centroid(1:2));
CenRight(k,)=round(st(1).Centroid(1:2));
BoundL(k,:)= st(2).BoundingBox;
BoundR(k,:)= st(1).BoundingBox;
RoundL(k,:) = (@*pi*st(2).Area)/(st(2).Perimeter/2);
RoundR(k,:) = (4*pi*st(1).Area)/(st(1).Perimeter/2);
OrientL(k,:)= ((st(2).Orientation)+90)/180;
OrientR(k,:)= ((st(1).Orientation)+90)/180;
Axisratiol(k,:)= st(2).MinorAxisLength/st(2).MajorAxisLength;
AxisratioR(k,:)= st(1).MinorAxisLength/st(1).MajorAxisLength;
k=k+1;
end
end
end %s==

end %% s=1:7

%%% Extra calculation features%%% |1|2|3| I=in frame , B=Between frame

%%

FCface= [FCface Cface];

FCenlLeft= [FCenLeft CenlLeft];

FCenRight = [FCenRight CenRight];

FBoundL = [FBoundL BoundL] ;

FBoundR = [FBoundR BoundR];

FHandnum =[FHandnum HandNum(1:6,:)];

FRoundL= [FRoundL RoundL(1:6,);

FRoundR= [FRoundR RoundR(1:6,)];

FOrientL=[FOrientL OrientL(1:6,:)];

FOrientR= [FOrientR OrientR(1:6,:)];

FAxisratioL = [FAxisratioL AxisratioL(1:6,:)];

FAxisratioR = [ FAxisratioR AxisratioR(1:6,:)];

end %% z=1:size(FFrame,2)

FdistHFL = Cdsame(FCface,FCenLeft); %B(Distance between Face and Lhand)*
FdistHFR = Cdsame(FCface,FCenRight); %B(Distance between Face and Rhand)*
FdistLR = Cdsame(FCenLeft,FCenRight); %B(Distance between Lhand and RHand)*
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FdistCL = Cdist(FCenLeft); %B(Centroid distance)

FdistCR = Cdist(FCenRight); %B(Centroid distance)

[FdistBL FratioL]=Bdist(FBoundL); %B(Cornor distance) %B(Ratio width&ength) **

[FdistBR FratioR]=Bdist(FBoundR); %B(Cornor distance) %B(Ratio width&length) **

FHandnum = FHandnum/2;

[FvecL1 Fvecl2] = Cvec(FCenLeft); %l

[FvecR1 FvecR2] = Cvec(FCenRight); %!

[FvecFL1 FvecFL2] = Cvecf(FCface,FCenLeft); %!

[FvecFR1 FvecFR2] = Cvecf(FCface,FCenRight); %!

%%% Finally %%%%

ZFinal = [FRoundL' FRoundR' FOrientL' FOrientR' FAXxisratioL" FAxisratioR'" ...
FdistHFL' FdistHFR' FdistLR' FdistCL' FdistCR' FdistBL' Fratiol' FdistBR' ...
FratioR' FvecL1' FveclL2' FvecR1' FvecR2' FvecFL1' FvecFL2' FvecFR1' FvecFR2' FHandnum';
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Abstract— Sign language is physical communication for
contributing the meaning instead of using voice to demonstrate
communicator’s opinion. This paper introduces a simple and
efficient algorithm for feature extraction to recognize American
Sign Language alphabets from both static and dynamic gestures.
The proposed algorithm comprises of four different techniques:
Number of white pixels at the edge of the image (NwE), Finger
length from the centroid point (Fcen), Angles between fingers
(AngF) and Differences of angles between fingers of the first and
last frame (delAng). After extracting features from video images,
an Artificial Neural Network (ANN) is used to classify the signs.
The result of these experiments is achieved up to 95% recognition
rate, which is clearly to be the highest accuracy comparing with
the other research worked in this field.

Keyword— American Sign Language (ASL), Hand gesture
recognition, Feature Extraction, Artificial Neural Network,
Webcam.

1. INTRODUCTION

Sign language is a language that employs signs made with
the hands and other movements, including facial expressions and
postures of the body, used primarily by people who are deaf.
Although, there are several research working on a method for
American sign language recognition to let the deaf people and
the people who do not know sign language to communicate each
other to reduce the gap during communication, but they are still
focused on opened fingers postures or some alphabets which do
not cover all the letters in American sign language.

Our paper aims to bridge this gap by introducing an
algorithm which can accurately identify American Sign
Language of all 26 alphabets, which has both static and dynamic
(J and Z) gestures by using inexpensive image processing
equipment. This algorithm can be automatically identified the
alphabets without using any sensor gloves or 3D camera. Only a
computer with a webcam are worked together in capturing,
processing and classifying to recognize the signs.

Various studies are invented different techniques to extract
features of the hands to interpret American Sign Language
alphabets. Most of them can be recognized only opened finger
or some postures [1], [2] and achieve the result only 60-95%;
moreover, some research needs special equipment [3], [4] or 3D
camera [5] which makes even much cost in processing.

978-1-5386-5724-9/17/$31.00 ©2018 IEEE

In addition, some research even needs a lot of cameras to
increase the accuracy [6]. Even though some research can detect
all alphabets in ASL, but their recognition rate is still low.

Thus, we offer a simple techniques of image processing
algorithm based on image contour with high accuracy, fast and
easy to understand in real usability.

Our work has focused on extracting features from the
boundary of binary images in gestures representing alphabets.
Using just the edge of the image is another challenge because we
do not know any information inside the hand which is even
harder to find the real fingers in closed hand gestures. However,
this method of extracting the features is able to use with any kind
of 2D camera and fast enough for using in real-time processing.

II. PROPOSED METHODOLOGY

Our algorithm is divided into 4 steps, starting with capturing
video and converting to images for pre-processing to improve
image quality, after that specifying palm positions to separate
them from the fingers. The next step is to extract features from
the images by using contour-based techniques and the last step
is to classify by using Artificial Neural Network (ANN) which

Pre-processing

.

Specifying palm position

.

Features extraction

v

Classification

Fig. 1: Overview of the proposed system



uses to recognize signs to alphabets. The proposed system is
shown in Fig. 1.

A. Pre-processing

This method aims to improve image quality by transforming
the image to grey scale then binary and removes noise to get only
the clear image then segmentation is done using background
removing (original image minus its background) as shown in
Fig. 2 then crop only the hand part by using its Blob.

B. Specifving Palm Position

We start by finding the edge in image by using ‘Canny’
algorithm, which has adaptivity to find local contents of the
image. This process reduces problems related with edge
discontinuities by identifying strong edges and preserving the
relevant weak edges. This makes us easier to find the exact
contour of hand.

We now draw the possible biggest circle by using Eq.1 and
use its center to be ‘centroid’ and the point that breaks the palm
into 2 sections left (has 2 fingers) and right (has 3 fingers) as
shown in Fig. 3.

xty=r (1)

Automatically adjusting the orientation of the hand is
needed because our techniques required the fingers to be located
in vertical axis. By using the concept that the palm position must
be located above the wrist (the edge where the white pixels are)
and its principle axis should be located as closely to vertical as
shown in Fig.4.

C. Features Extraction

We use 4 different techniques, include 3 digits from the
number of white pixels in binary image along the edge as shown
in Fig. 5, 10 digits of finger length from the centroid point, 8
digits of angles between fingers and 4 digits of angle differences
between the first and last frame.

Number of white pixels at the edge of the image (NWE)

This technique is to compute the number of white pixels

v gJ

Fig. 2. Background removing

Fig. 3. Image of palm position

along the edge of binary images from both first and last frame to
separate which side of the signs is received, then encode them to
binary.

Finger length from the centroid point (Fcen)

First, we start to calculate the angles between fingertips from
the centroid by finding the peaks from the hand contour in
images and assume them as fingertips of hand. Then we
calculate the angles between them from both the first and last
frame.

Given (x1, y1) as the first peak, (X2, y2) as the second peak
and let (cx, cy) be the centroid point. The Euclidean distance
between these points are given by the Eq. 2 and Eq. 3

D, |= /(xl-cx)2+(y1-cy)2 )
D, |= /(x2-cx)2+(y2-cy>2 3)

Finally, the angle between fingers is given by Eq.4

D;D;

e= (,'OS_1 —
(|D1|'|Dz|

) 4)

After identifying the centroid point and angles between
consecutive peaks, we continue to find all real fingertips from
these values from both first and last frame. If the obtained peaks
do not cover all 5 fingertips we must add or delete with these
following methods to obtain 5 fingertips.

Fig. 4. Rotation of G, H, P and Q
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Fig. 5. Three sides of white pixel along the edge image

a.) Adding: 1f the number of peaks is less than 5 we have to
compute the average angle between the peaks and use this value
to examine which side has to be add, left or right, based on the
idea that the left side should have 2 fingers and the right side
should have 3 fingers then use the green point to represent the
adding point as shown in Fig. 6.

b.) Deleting: If the number of peaks is greater than 5 we also
have to compute the average angle between peaks and calculate
the variance from the mean of each angle then examine which
angle has the greatest variation and delete it as shown in Fig.7.

Finally, we calculate the distances from the centroid point to
those 5 fingertips (Fcen) obtained from the above methods.
According to this method, some gestures may get the artificial
fingertips, which always occur in closed hand group such as E,
M, N, O, S and T. Although the signs may seem to similar to
each other but the contour of them are different. Therefore,
whether we create the unreal fingertips the Fcen of them are not
the same as shown in Fig§.

Angles between fingers (AngF)

After obtaining exactly 5 fingertips derived from the
previous section, we have to calculate the angles between
fingertips again to separate the closed hand and opened hand by
using the Eq. 1-Eq. 3.

Differences of angles between the first and last frame (delAng)
Since the American Sign Language alphabets have both
dynamic (J and Z) and static (the rest) signs, thus we use this

Fig. 6. Before and after adding peak

technique to separate them. The concept is whenever there is no
movement in the sign, the differences of angles between the first
and last frame will be close to zero. On the other hand,
whenever the moving sign is detected, the differences of angles
between both frames will be large.

This technique is easy to understand and practical.
Therefore, our work can deal with the dynamic sign which is
the problem normally occurring in using a 2D camera.

D. Classification

We use Artificial neural network (ANN) which is a
computing system made up of several simples, interconnected
processing elements, which process information in MATLAB
program to classify the alphabets into 26 classes.

All data are divided into 3 groups: training and validation
dataset for modeling and testing dataset for testing the
performance of the model. Each gesture will be captured for 2
seconds and uses frame rate of 30 frames per second.

After that, the features that are analyzed from the first and
last frame are taken together therefore the total features per
gesture are 25, include 3 values of number of white pixels at
edge of the image, 10 values of finger length from the centroid
point, 8 values of angles between fingers and 4 values of
differences of angles between fingers of the first and last frame.

The architecture of this network is two-layer feed-forward,
with sigmoid function at hidden layer and softmax function at
the output layer. Softmax function will create a competition
between neurons on the same layer which means the strongest
activating neuron will suppress the weaker ones, therefore the
correct class will have the highest probability (close to 1) then
we use the competitive layer , which consists of 26 nodes that
represent each class to decide the answer. As a result, the
accuracy of the recognition rate is increase.

Neuron network will be trained using conjugate- gradient
backpropagation then selecting the appropriate percentage of
testing, training, validation, and hidden layer parameters to
optimize the neural network for best efficiency.

III. RESULTS EVALUATION AND DISCUSSION

This work was implemented using Matlab version 9.0
(R2016a) on 5th Generation Intel® CoreTM i7 NVIDIA®
GeForce® 940M 2G GFX @ 2.4GHz processor machine,
Window 10, 8GB RAM and use Logitech HD webcam C310
with resolution 640x480

Fig.7 Before and after deleting peak



Fig. 8. Results from adding and deleting fingertips in closed hand group

In the experiments, we tested multiple times using samples
from ten different users by asking them to show only the hand
part in front of the dark background under the normal lighting.
Based on the values of features obtained from many users, we
found that the parameters should be as follow: Hidden layer =
100, Testing = 30%, Validation = 15% and Training = 55%
which is the most suitable for our experiments.

The results of ASL recognition using many algorithms are

shown in Table.1. The percentages of accuracy in our research
were approximate of 95%, which is very high comparing with
the research that was referenced. As you see the research that
can recognize all the alphabets (A-Z) only has detection rate at
88.28% to 90%, moreover the remaining research can detect
only some alphabets and most of them are opened finger, which
obviously easier to recognize.

The alphabets with lowest recognition rate in our research
are M and N because they are both very similar postures and
some research referred in this paper has the same problem to
recognize them. However, our recognition rate for M and N still
has satisfactory results and efficient enough for usability.

IV. CONCLUSION

In this paper, a novel approach to hand recognition based on
edge of binary image using 2D camera is proposed. Our
algorithm uses only 4 parameters to extract features from hand,
include Number of white pixels at edge of the image (NWE),
Finger length from the centroid point (Fcen), Angles between
fingers (AngF) and Differences of angles between fingers of the
first and last frame (delAng) then ANN is used to classify the
sign into 26 classes of American alphabets.

TABLE I. PERFORMANCE RESULTS

Reference Feature Classifi- Output | Accuracy
extraction cation letters (%)
Proposed NWE, Feen,
. AngF and ANN A-Z 95
techniques
delAng
Bounda
tracing al;l}:i B,D,F,
1 Fingertips NA LKL, 95
. U, V,W
detection
2 Cannyedge 1 b ) ANN AE 60
detection
Euclidean
Centroid, Area distance,
d of hand Feature AZ %
matching
Average
Height,
Centroid and
8 Euclidian ANN A-Z 80.28
Distance of the
Centroid from
the Origin
Haar features .Edge'
9 anl-skin eolor | 4, Orntafion A-Z 88.26
’ Histogram
segmentation (EOH)

This algorithm is fast and easy to understand in real usability,
moreover the accuracy obtained from the experiments is very
high although some alphabets have errors but are acceptable.
Furthermore, our work can apply with fingerspelling which is
the process of spelling out words by using hand shapes that
correspond to the letters of the word since the fingerspelling is
often used such as people's names, places, titles, organizations
and brands etc.

V. FUTURE WORK

In the future work, we expect to extend our work to American
Sign Language words which are dynamic hand gestures by using
the same webcam. The purpose is to develop the algorithm that
can be used in real communication by using the concept of
inexpensive tools.
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