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Abstract

People with hearing or speech impairments use hand gestures for everyday
communication. The other people do not understand the language. This is a barrier to
communication between people with hearing impairment and other people.
Researchers have developed the concept of hand-translation in Thai sign language.
Leap Motion Controller was applied to detect 5-finger-tip position and palm center in
the form of X and Y axis, then the data will be normalized. Next, decision tree was
created by using the Quadtree technique. The result is a numeric code for each finger.
The finite automata theory is used to create the prototype of the Thai sign language.
The results of the tests can be classified into 42 characters of the Thai alphabet, with
an accuracy of 72.27%. It can be developed as a prototype program for communicating
between people with hearing impairment or to communicate with the public. It also
gives people the opportunity to learn and access the hand language more easily.

Moreover, it helps people practice the hand language movements in correct formats.
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Ul 2.8 daudszneumelugunsalanludu [11)

2.2.2 AuANUA
1) annsonsnduldyndeiiafie uaznanwdhile wiegunsnmssnssuen
2) famnuusiugnluseau 0.01 fadluns
3) dnsINsdetoya 120 wsuAedund
4) s995UMslsulUsunsu 5 n1wn laun C++ C# (Wae Unity) Java JavaScript

wag Python



2.2.3 szuuiisasiugunsnd
1) svUUUURnas Windows 7 3uly wie Mac OS X 10.7 Lion il
2) MheUszanana AMD Phenom™ Il w3e Intel® Core™ i3 Fuly
3) e 2 6B Auly

2.2.4 WMENNNENNTBYAANY figail

1) svgEn (Distance) fimhoilu faduns

2) a1 (Time) fiwasidu lulasiui

3) aua (Speed) fimhodu fadwnssoiuii

4) 3 (Angle) e isifigy

2.2.5 lausnsniwanan [3)

lavsSvesanludusl Native Code Tun1swdainiwrananlvaunsasenly APl

X al o 7 o o
fusruvosdnlutuls lausisinesiudnat
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aelugunsal 19y uawwaavsauasinuneiin Feihlvauwivdrvesiumidluniingiadu

aanassonransindubanaala

Ao ar @ l':; - nl o 49 a Jd Q'J
2) seesndnng : shaunsaltiuilszeraznsiaduninie lausvesaunanludu
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gﬂﬁ' 2.9 fagransidmuaniudu [12)

fhegenssuAmuwnisingden 5 minanlutuntveniuansiil
Frame frame = controller.frame();
if (frame.hands().isEmpty()) {
// Get the first hand
Hand hand = frame.hands().get(0);
// Check if the hand has any fingers
FingerList fingers = hand.fingers();
if (ifingers.isEmpty()) {
// Set vector is zero
Vector pos = Vector.zero();
for (Finger finger : getFingers())
System.out.println("X: " + pos.getX() + " Y: " + pos.getY());
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2.3 A29aN35 (Quad Tree)

v ot

-l o v a a =l a -
AIDANINANWUEAAENU Q-tree LTJ‘L!F]WiﬂWLLUﬂ'IJE]HﬁﬂWWL'NQVIQ tNDBTUIENID

v ]
al 1 =t

o b A 2 Ld
lvdmseideyadusialy Falluguuuunilsves Spatial Data Structures lun1ssauun
v - e l J IJ A o e - ]
Foyanideing nemeaviifunsudsiuigudmasadndaszuy 2 33 eenidu 4 daw
' w - - =t v o el o w ° v v oyw
winq fudusuiedemneuinluGesq Jeeelddugudmasndnia wazdanadaudull

o = L ] ] .J d -] v L o J
anauls mﬂﬂNmmmgﬂamaemu.azmsmmaiwLﬂuﬁu"lﬁmau'lml,ammgﬂw 2.10

Quad Tree Partition

b.1.1 | b.1.2 | b.2.1 | b.2.2
b.1 b.2

b.14 | b.1.3 | b.24| b.23

b4.1 | b4.2|b3.1| b3.2
b.4 b.3

b44|bd3|b34| b33

(i) (i) (i)
Decision Tree

level 0

d ] =l o v Ve a
JUR 2.10 msutsmeaniuazniswunibuguuuuaulifaduls

g
W -

- -, < v a v
INFUN 2.10 90N i gﬂﬁmaﬂmmiaﬁumu wazilulnuniudu (Root Node) 01

L]

2 Vo = d e 1 ] ] =1 [y @ P |
sulsidndulalu level 0 Wiavihnisuuseaniliu 4 dudesuie 4 Inua arldiludaged i die

Wisuiieuiuged iv suuuusiuliidindula svituininuaviewsi (Parent Node) Usznausag

e

. ° ' | -
nuagn (Child Node) 4 nua madruiunsuwusgUamasndna angulnuagnae Level 1
= W PR :
waz level 2 Falnualu Level 2 Wun1sutstugavinelnuagninlatuiienin Leaf Node
fegratu Tudugduuuduliinedulaseiiiuin b1 flvua b ulnueneusd wardinun

b.1.1, b.1.2, b.1.3 wax b.1.4 {Wulnuagn %a‘[wumgnﬁ’anéﬂﬁanﬁ Leaf Node Jusu

2.3.1 MIATIAI00ANT
n1sademleani [13] \Wunisuvsnuiudiiarsuninguudeuriviuvevresgy

a A o e 5 < ' o IJ v Lot @ ¥ o ) A’ J ) J
wasndgFatunieliuanidezun 2.11 dmndeuvivlviinisuusiungesasluisesy
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Tngadlulvuniug wansisguin 2.12

L | | p B D q:
D P
§ Ay | [ Cy ] LA 1 B
[ 1
ot T C
] § 5| = -
l s 5 fo Fal aWi W N
0000pPOO0,8 ©0900p0g,3 SepP

= v A A d w T A
Jun 2.11 nsuwdaiuniensingasluusiasiunges [14]

=
) AN

ah b d

o Y a I @
U7 2.12 madaiuingaduwdazinusvesiulidaduls [14]

#eths Pseudo Code n13as19AIBAYSUARIRAE [13]
void insert (Element e) {
if (e inside root)
recursive_insert (root, e);
}
void recursive_insert (Node N, Element e) {
if (e intersect with horizontal bisector || e intersect with vertical bisector) {
N->list.push(e);

} else {



for (int i=0; i<4; i++) {

if (e inside N->child[i]) {
if (N->child[i] == NULL)
N->child[i] = new Node();

recursive_insert (N->child(il, e);

break;

2.3.2 MIAUMIAUNUIYBIING

13

nmsdilumeansluuszgndldanunsauiuuelanuanudensuasaumsnzas

i o o ' 1 v I at 3 1 aa ' & da ] 1 ]
YDILAALINU AINNANUIVNAULTUAIDENINITATAIDANINUAALWUNUNITUUILDYNT D

=l 1 i al o ' ar 1 L A
vuadinly El']'ﬂll FINUAIUATLUNUINTTINIVBIIAG dUNTAUM LﬁUﬂWiU'I'NIQﬂﬁENﬂWﬁJ’I

v =i a -J
Auvnniglumeans [13] uﬂmmgﬂm 213

JUT 2.13 meavi3ua 300 x 300 Ainiea UssIUATY 1,000 iy

- a
gugie wanadu 1,000 wuiteglunsauruin 300 Winlwa

v 13 2 -4 o
AUY1 wanady 62 duieglunsauruin 75 finiwa [13]

d‘ -J -] 1 -i‘ ni U - o 5 3 a @t -&‘ -Jo 1 g
mng’dﬂ 2.13 LHANINITUUINUNILAINIITUINY UULDUNUNUNUNATUAUIUU

wislil dwnanuliinisdsiunisdvesingluluuatiug eenun uwinnlinuinglulvuae

wlivihnsAulualuungnueslnuatuseluaudsluungaving
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fheth Pseudo Code msumumisuesinquansdsdl [13]
List query (Rectangle R) {
recursive_draw (root, R);
}
List recursive_query (Node N, Rectangle R) {
if (N == NULL) return;
draw all Elements in N;
for (int i=0; i<4; i++)
if (N->child[i] != NULL)
if(N->childl[i] inside R) recursive_draw(N->child[i], R);

at 1] aw oo
2.3.3 fpgnnuitemirieasiuussgnald
Tul 2010 Detlev Marpe wavamy [15] Inunausiuidonisiilaseasne Nested
4 a as 3 -l o J
Quadtree, Leaf Merging uazimafianisuiudgsdeya lunsdudateyanminsimaadeulm
- - = aw | -l - ' ° -
w303nle FaWan1339uwuI1 Quardtree finnudanguaslunisasnuvuitasamsiadeuln
P fa o & o & ) e a
Autniidunuiui sauvsnisuszanasansdnniasranuguanelunivssiviam
Tud 2011 Amitava Chakraborty Sudip Kumar De wa¢ Ranjan Dasgupta [ 16]
Wiaueaide Balancing of Quad Tree using Point Pattern Analysis {Wuguuuuniislums
v & w a & &4 4 a a v 2 v = da ' a
Jaiutoyaidanui iaiialsgdnsnmlumsfumdeya uazladovilsniinaseuszdnsnm
v v = a v a0 g v v ' | v v v
msfumdeya Aensiiudeyamitlirugeveswiulibiauna dwaliialunsdumdeya
- v aw Hw Y ac v v Y vaa
figatumulume ydduilldeenuuudaneifiuaieugeiuliificmuauga
dnllnguarmeaviinlulglunsduundeyanimdeing Wy nMavdiumaingg
-~ v - a & d & v = v g v |
vukaui Auanunsalunisivssandeadanunveany Wuau ensdaiuteyasyi

[ a1 o & JL]J.J 2
Wusruu wavdaneandiuinlunisnsivasuluiunsus nliiieaves

2.4 99lAuAIuUUINg (Finite Automata)

2OIMNINVI BUULTIABINTVINUYBIRRNRIWeS [Wulassdinin1sviudedisiu
ﬁgnﬁnm‘lﬁummﬂanwmﬂauﬁamai wuseanidu 3 Yszian laun eslnuiniuuusiine
(Finite Automata) vg'um'zﬁaaimmm (Pushdown Automata) waeid iy (Turning
Machine)
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awwagarf / eelaumiuvuinin

mMeesuiinn / wenrniselauimn

gandnmwneuiind / viafTauamiu

-
JUN 2.14 USELNNUBINIWILAL DB LIALINN

& < a « a ¢ & <l
MwiugIungaluneeuiames A nwisnats (Regular Language) umwi
lLildmirgarudrlumsviuuinidn dadusslauimuuuitnadavanzdmiunissesiv
g = o =l @ =
awil mwiiimnududeugegadnseiufenwaouingns (Context-free Language) 1u
d o al -l a a a v ] o o e
AMwnduaednesengluaunsalinnuduiusiule wu dwiudidness auar b
v e | w a < ) o e ° w
meludeyafidnauviiu Jseelanmaiannsasesiunimide wynsslaum dmiy
P @ v ‘ & ¢ =l Yo el - o &
amwnfifinnududeugininnimniweeuingds sglivirsiaamduseuiunimnil [17]
- & vy O ¢
05U 2.14 miiulainnmeeunngniniansanieslnunIATaUAgUAIY
isnarsuiseslaunauuudiiauaniinnsasuindivisneandeslaumdaunse
seefumwsganiviesslanmuuudinld wasiissuuniuamisasesiunimae uving-
Wivsewsanteslaunm saanwisganiviesslmnmuuuinialatuiu daluasiile
|

! a ‘tl =4 GJ o A o
IhsSwumiudunimafinnuannsalunisAuiugiign uazeslauiniwuudnindl

AMENNTAluNSANATRENAN

&
2.4.1 i!\!ﬂ“UiSﬂBUﬂ'l«lj"mUENi]ﬂIﬂu"Iﬂ'l

¥ o
WUIBANINTIATIR

v t

wirsawindeyaunds I‘ wisszuana || wisearuddoyadisen

t

wiaEauIIMIUTEulana

= &
JU# 2.15 a3AUsENaUNUEILYBIBBLANIM

P @ 1 « -1 -t i
INUA 2.15 wamspuduiuslunsiavesdusenauiugiulaesin Jauwvweenitu 2

du ot [17]
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1. wiaeuszalana (CPU) :ﬁ'mﬁﬂﬁﬁ'lmmnizmun’uiﬁuﬁﬁumaﬂrﬁmmam% \ou
an au ueus (AND) 095 (OR) 18nARdn-083 (Exclusive-OR) 1Wusiu Famesueelanan
Humhenseuauanugasluiidsuwladumadeyatind

2. wiwAUI (Memory) : uuseanilu 4 @

1) miawarrusrdayatind (nput Data Memory) : WWuteyaaudnusyi
AliUpudludalusunsuuasailudaniedsyinana

2) mingauINsUszanana (Program Memory) : [Wudeyansvinnumie
drunsinfuresavedlusunsy

3) MiNEAINIIHIAT12 (Temporary Memory) : Yimtiiiunadwsdilaly
seminnsUsEinana SaudarUssianvateslnnmiimieausidansniuandieiu 1ng
selmnmuuusitatuduselmnaitliiimheanusidanm

4) wiqsal1ud1¥ayadeaan (Output Data Memory) : Wunadwsiile

waRINMNLUsTINaRAYINIULEASIAY

al ] - - s :
frhegamsynnunsluversuimes aunsnaduiulanail
af v ] o W o 8 [~ - 17 (7 ]

auuAlimirsanudrdeyaindndu 5 Fwrnglddeouidiun waswiienis

Uszananansorasalusunsuiinismuinnadansuad fix) = (x + 5) / 5 9nUumilgUseaians
. o ' o v i o & & |

ssihldsunsuAulilumheaudmsdssinana Wignmheanuddarsniauvisunue
X P78 5 WALATUIMNAANSTAAUNIAY 2 wé’omnﬁuwﬁwéﬁ'méﬂwqnﬁmmﬁuaq

1 o ' o v i o 1 v ] @ - -
wihemnuddeyadsesn ielvmhsuanmaiifildluldnusely fagui 2.16 uavguil

2.17
wiwaudrianim na T, wingawsiaRTn T,
$ t vasarwdriayaiud $ f wisarudrdayatiuda
-l - x=5
wpUssudana wiuUszulana

‘! wiwaruirdeyadeean 1} miwarwitdeyadioan

ATUI X + 5 AN X + 5

AU X/ 5 AU X/ 5

winsAmIINTUIESUIAHA wilsAudINIUsINIANE

U 2.16 MIravINIAIANIRBNTIADS fX) = (x + 5) / 5
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miwanudiansn T, wiwarwidiam am T,
t=5+5=10 t=5+5=10
fd=10/2=5 f(x)=10/2=5
.v 4 wiwarudrfeyaiidi v‘ 1t wiawarmdrtoyaid
ﬁl x=5 ﬁl x=5
WU IENIANR WU TEUIaHA
I’ = fx) =5
4 wimanudrioyadiean 4 wiwarwdrfoyndesnn
AU X + 5 AU X+ 5
AN x/ 5 MU X/ 5
wWianAuTINTIUSTNIaHA neAMETINTUIEUIANA

U 2.17 mssraemsAmnamnesiaunes fx) = (x + 5) / 5 (o)

2.4.2 dauussnauvaeealauin
WanIdIUUTENOUTRI0BlANINIALTINUANIRIFUN 2.18 wuseanidu 3 du fedl

[17]
ar ar ¥ o v o & u o ] at 1
1. wovanEanvseiuld (Input Tape) : vuwiiiudnuss wedeludanuae

Uszana
' o <l T
2. viasuszudana (Processor) : vwthfimuauaauzagluivasuwUadliuniy

Toyari
d 2w o v do a o cd ' o -
3. Miiudaya (Storage) : VimmihndaAunadnsilalussninmsAuiumie

AsUTEIIaNa

wOUAIBNVIZIUEN
alblal . - miwUszunana mp Haang
x|ylz

o 14

o =
naIanuYaya

= |
JU# 2.18 dulsznaureteslnuian

selmunmaunsaunlfiduieiesfiensivasuaugnassnuvaniisinsaives
Tsunsu FeyaindnAeseialusunsy uadwildiudelivislils uensntlanusavreeln

i luyszgndlunsAunamadnmans wu nswmauln Wusu
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2.4.3 Tg1uaalaNIALUUINATINIAUA
alaumuuusin (18] wutesnidu 2 jUuuy e sslmnamuuudinieimug
(Deterministic Finite Automata) kareslauinuuudinadslaininun (Non-deterministic
Finite Automata) 3slufitisreiuneiiisseslmnauuusiindivmun

- & o L - o o =‘
87193AUENDUDBLIANIATLUUIINALTIN TV UALAAIRIEUNITN (2.1)

M=(Q,. 6,q0,F) (2.1)

Tnedl @ \Wuwmanuene (State) Mduendnda
Y Juwnvednuse (Alphabet) Aluendin
5: xS — o Wuiimmaideulugidnaniug (Transition Function)
q, \Juaanuedudu (nitial State) e q, €Q
F o Juenvesanneniseensdu (Final State) nefl FC Quax Filly

Aa o w s a o v o w
ANUENODAN aﬂiﬁuqﬂqLLUU'ﬁnﬂﬂﬂElll'i‘Uﬂ'\EJE]ﬂ'ﬂiﬁﬂL"ﬂu’UaHﬁuq L1

TH1ULHUAIMATAUN1I08 AR UL ALEIAMUA (Transitive Diagram)
WARIFIFUT 2.19 Tnsudazusunmdensmsyyfimmaiivsnause
1§ Q Whuwmvesavanun wasiignastidiigaEusiu
2. fenau 2 WaeuseunngaluF

-y A ) Sy W fo W - v & =
3. fildudonainge p Wiwa g lnedidydnvaiiudi a Geuldidu 0(p,a)=q

4

awsnvsziudn [ Q [1 1

Fiemnaluga ANTUEA9Y
anuzdalu \ /

anuziEusy

Anusn19EaNiy

gﬂﬁ 2.19 LHUNWAILUTENDUVBIDBLANNN

ﬂl R 1] o ar d A L7 1
AMNFUN 2.19 WWushedramsideueslaundnie nglunisiadeuniewluway
ar 1 -‘; ﬂ: dl a' 2 1 i
audnvszurazaitealauImareglugnvesdourlaantusnilnane Walsuiusuteya

o w v & a a v - v o - Y
Uty 0 Fufufirmieainantuziuiu (qo) Jeludanue g, 9ndurdsuiieiuly
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19977 1 909 graunseigudeyandnaiadu uasdmnaniurlegiuegluwnves
@ i w o caly va o v o w & <
A0urN1580N3Y (g;) uanvimadwsnlane veuiudeyadnidnll wagainaunisn (2.1)
v = a &
anunsadeuunulimdu M=({qo’ql‘qz’qa}’{o’]}’8’%’%) FAE WS VHULT UM

I W L] 14 e =
HAPIAIANIUENITIUVIYAUNUIVDY 0 uae 11615!\‘10‘]’1"3‘1\1“ 2:1

d ! L L] v
ATMN 2.1 ANENIUENITIVVBLAUINUIUDY Ouay 1

dnuz / deyanwal 0 1
Yo o)1 Q2
o] g3 O3
G2 = -
Qs - -

aw o v

2.5 UPNINYAVBY
-l i " o aw 4 o @

1wl 2007 Qutaishat Munib wazany [19] WWdnauenwideiewmusyuudmiv
nsulaniniavesntwiiieddnusewuinu (ASL) dnlud@ lagldnisuszanananinuuas
v o ¢ o <l P @ rnlaLv a & P
foyanmiduninnes warlwwisuidisuiunnineinlimataeietislasisyamiiisy
(Neural Network) Tun1sisauigavimneniwiiie laenisuyuimmanislunmiuliiinasie

LY 1 3 i 2 a < « []
msafadeya szuuldivaaeulagldyadeyanmdyyiuiie 300 Meg nansadoUsTUY
@ Wi =4 - L9 € @ [3

annsoiuimnanwiiowariiaugnies 92.3 wWedigue

Tud 2008 Suwannee Phitakwinai warAty [20] laviaues1uide Thai Sign
Language Translation Using Fuzzy C-Means and Scale Invariant Feature Transform 1Oy
msuwlasnwileiduisnessiuiu 15 MuazAduau 10 A1 lesldndesifleludeoya
dndrlunisuszanana Tedaneifuiunlefe FCM way SIFT HANISNIAABINUIITLUY
annsaudaaduidnusligndes 82.19 wWesidud uarudailudlagndes 55.08 wWesdidus

P v v

Tneiiveutiulndldu 3 waz SIFT threshold 1Tu 0.7

Tud 2014 Veronica Yenquenida Flamenco Cordova [21] Iminauanisiasiey
fundsuaziirnausazihiievedliinfimnugndeaniali 41U 12 Mdnes lngdaya
o w - P y oaa W ' 2 - & o -
ddndunmilinwilenaugnlvednuandaiuusazUaisiiaie antuthnmianuen

2 a - i ) F ¢ 1 2 A A a €
Uszianiiafieandvesgniviusdarin warniyafananausiazuaneihile thelinsied
AuduussynIneihile laun svezvinasenineiy yusenineii wazyeAudalt 31nUu

nMsmAmianatafunmduwuuiiduinasgu dwadnsildligndes insasiedey

o 1 - - v a Ve : =
Aundan1eiimsideuludsfirmielalagldisnis Eight Nearest Neighbor haguisses
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Quadtree User Interface
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£

Deaf People

Normalize

®

People
Create FA

®

SL Database

@ Computer

UM 3.1 WNUAIMNISYINIUTlUTUNTY

v

Search FA

Processing
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JUN 3.7 anuuzianNausUAuNITINNUYDYS

) P=]
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AUNIINTIIMITLEEUIENT199AaRIYATuULLUFUATS (Euclidean Distance) (23]

v Pr|
LaRIRIaunIsNn (3.1)

distance = \/(Xr 2)2 +(YrYz)2 (3.1)

lnef distance o sevnszuInalatetianaranunanseile
X,,Y, A unu X was Y Yatelianan

X,,Y, Ao unu X uay ¥ naweile

WalaA1srervineseninlanstianatsnunanshianal 3nUuIfIwUaLnu X
H v a 1 s 4 di -] Qs L3 ci a o 1
way Y Alauvnonsnaiunsaunisn (3.2) iietinaansnnaunisn (3.2) 1ususiunuanny
[ Pe| w H " - - Po v - el
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feiu uaranmuRanainlunsulasnwileliegluguuuuimsnusnwiing

. _ distance,
ratio =——— (3.2)
distance,
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post

Y, =Y, " ratio (3.4)
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_Algorithm: Encode position THSL
1. ex={0,0},ey={0,0}
2. For level = 0 to N and e == null
3.
4
5
6
7
8
9

size table = size table/2
If px > size table, Then

ex={2 3}
Else
ex={14}
End if else
: If py > size table, Then
10. ey={2 3}
11. Else
12. ey={14}
13 End if else
14. e [level] = duplicate value in array ex and ey
15. End for

16. Return e [level]

< @ o v ow
U7 3.9 daneifiumsitnaviaguuuuntwile

d o ° - ] v YW vw a Y
Wanin1suseulanan suaIn LAUIuINeng 3 QZIWEULLUUWU‘INWC’\E‘UIQ LB T

L7 alt s ] s aj
Aaun1wile 3 van LLammaa'ngUﬂ 3.10

Example result “n” alphabet

p o 8 1. Thumb: 422 2. Index Finger: 124

L]
. Middle Ringer

| Thumo @
|

! @Ring Finger
|
Littie Finger @ [
| !

3. Middle Finger: 211

JUM 3.10 sheagrsiuwuuniliidadulassnes “n” vesliailevs 5 13 [22]
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_Algorithm: Search of Order Fingers
1. found duplicate = true, number of finger = 5, finger number i = 1
2. While found duplicate
3.
4
5
6
7
8
9

Set temp finger number = 1, minimum code = 44
While temp finger number <= number of finger
number duplicate finger array = find code of finger duplicate
If minimum code > number duplicate finger array Then
minimum code = number duplicate finger array
finger number i = type of finger

. End if
10. Next temp finger number
11. End while
12. If found duplicate code of finger array Then
13. Remove code of finger in temp finger number
14. number of finger = number of finger - 1
15. Next i
16. Else
17. found duplicate = false
18. End if else
19. End while

20. Return finger number

d o/ Lt o s o : =
E‘U‘H 3.11 2aN83UNITMIATAUVLELIIUIUTDIUIND

NFUN 3.11 Wudunaun1smidndunarituiueasihie Susiudumiainueesin
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wsn lpedeniiusiasenusnagniuuesusasidl (find code of finger duplicate) MpeNaLu
T8 fdnwsn 1 dsvwadu 244 fdnwsn 2 dsvalu 123 faenush 3 dsvwaitu 244
s 5 a W oW : = [=4 [~ 9 P2 3 o W a [
Aeuunsiusiaignesveiinldedatu 244 Wudu LBAUMIATUNNGAIBNYIUAIING

M579daUN NN UNTNTYUIAYDINITIALAUTHAMSNYS (minimum code) unnithaile
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_Algorithm: Create Finite Automata
1.  alphabet = 1, number of alphabet = 42
2.  While alphabet <= number of alphabet
3. finger number = 1, current state = initial state
4. While finger number <= size finger number
5. Read code of finger number 3 integer
6. Fori=1to 3
7. Get code of finger number integer i
8. Find state code finger at current state
9. If not found state code finger Then
10. Create state finite automata
11. End if
12. Next i
13. End for
14. Next finger number
15. End while
16. state automata = final state
17. Next alphabet
18. End while

19. Return finite automata
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Algorithm: Search Finite Automata

! current state = first state of THSL finite automata

2 While EOF of input tape

3. found = false

4, Read value at current pointer of input tape

5 While consider all transition or not found

6 If value on transition == value of input tape
Then

7. Next state of current transition

8. found = true

9. Else

10. Next transition of current state

19, End if

12. Next i

13: End if else

14. End while

18. Next pointer of input tape

16. End while

17. If state of current state == final state Then
18. Get alphabet of current state

19. Return alphabet
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Thai Sign Language Translation
Using Leap Motion Controller

Jirawat Tumsri and Warangkhana Kimpan

Abstract— In this article, algorithm for transforming sign
language into Thai alphabets is presented to fill the gap in
communication between the hearing impairment and normal
people. Leap Motion Controller was applied to detect S-finger-
tip position and palm center in the form of X and Y axis. Then,
decision tree was created by using the Quadtree technique and
the research result on transforming Thai sign language into
finite automata was applied to improve algorithm in creating
finite automata of Thai alphabet sign language to increase
efficiency and speed in processing sign language. The test result
shows that it can discriminate 44-Thal alphabet sign language
at 72.83% accuracy.

Index Terms— Finite automata, Hearing impairment people,
Leap Motion Controller, Quadtree, Thai sign language

I. INTRODUCTION

N daily life, human beings always need interpersonal
communication. Communication is, therefore, an essential
basic factor to be in a society. Normal people communicate
mainly through speaking but the hearing impairment people
use the sign language. One of the barriers in communication
between the hearing impairment people and the normal
people is that the normal people do not understand the sign
language thus making a little difference in a sign language
expression can completely change the meaning in
communication.

The statistics during 2012-2014 indicated that 51.0% of
the hearing impairment people need help [1]. The public
sector has set the policy in helping and promoting the
hearing impairment people to be able to communicate with
normal people by developing Thailand Telecommunication
Relay Service (TTRS) machine or the communication
machine for the hearing impairment people to fill the gap in
communication [2]. However, there is still a problem of
insufficient TTRS machine service as there are only 120
service points available in various places, moreover, there is
an accessibility problem for the hearing impairment people.
When using TTRS machine service, the hearing impairment
people need provided sign language translators.
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The survey on the performance of public sector during
2012-2014, shows that the average of the hearing
impairment people’s quality of life is at a stable level
(35.3%) and that there are 37.3% of the hearing impairment
people who still face problems and difficulties in living. This
shows that the service of the public or private sectors is still
insufficient for the hearing impairment people to improve
their quality of life [1].

According to the problems mentioned above and in
order to help hearing impairment people to be able to
communicate with normal people, this research focuses in
developing computer program that can translate the sign
language into Thai alphabets by applying Leap Motion
Controller. This equipment detects the fingers and then
Quadtree and finite automata for classifying are used in
order to transform the position of each finger into a Thai
alphabet.

II. THEORY AND RELATED WORKS

A. Thai Sign Language

Communication can be divided into 2 types: verbal
communication in which words and alphabets are commonly
used in socialization and non-verbal communication in
which actions, gestures, tunes, eyesight, objects, signals,
environments, and other expressions are used in
communication. Showing hand symbols or sign language is a
type of non-verbal communication for hearing impairment
people.

In 1956, Khun Ying Kamala Krailuek designed the
standard Thai sign language (THSL) by applying the
fingerspelling principle of American sign language (ASL) in
single hand fingerspelling. THSL consists of 44 alphabets
and 23 vowels [3] as shown in Fig. 1.

1-step movement 2-step movement 3-step movement
nB|nd|e® (vl-oind-dud-d |oo-ge-d
wlweg |af-Slgs-dlus-d  |voae-d
vAjnd|28 ng-Bon-Binns  |op-a-d

o o £ 0 o w8 | -
e 8 8 - A 0:
0. e o - | e
b o -

x #“?4'1&:1‘_""'{?'0: g

Fig. 1. Thai sign language diagram.
(This figure is derived from the one described in [4] which already had
a copyright permission from EECON37.)
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Fig. 1 shows the Thai sign language in which the Thai
alphabets are classified into 3 types according to the steps of
movement as follows: Type I) I-step movement in
fingerspelling, consisting of 18 alphabets, e.g., n, », « and so
on. Type 1I) 2-step movement in fingerspelling, consisting of
23 alphabets, eg, v » % and so on. Type III) 3-step
movement in fingerspelling, consisting of 3 alphabets, o, «,
and o [4]

B. Quadtree

Quadtree is a type of spatial data structures, similar to Q-
tree in object-based image classification for solving the
problem of extracting a large amount of data at the same
time. Moreover, it can also reduce the number of irrelevant
data extractions by continuously dividing the area in a two-
dimension square into 4 equal parts in the form of plus sign,
resulting in four and sixteen squares respectively. Then the
decision tree is created from the results of the square
division as shown in Fig. 2.

level 0

N4

level 1

Fig. 2. Quadtree division for storing objects in decision tree.

Fig. 2 (a) shows the square N before dividing. The
decision tree creates 1 node in level 0, called “root node”,
which is the node N as shown in Fig. 2 (b). After dividing
the square N into 4 parts and comparing it to the decision
tree in Fig. 2 (b), it can be indicated that the node N in level
0 consists of 4 child nodes in level 1 which are N.1, N.2,
N.3, and N.4. The division of nodes in level 1 is the last
division, therefore the child nodes in this level are called
“leaf node”. Every node in the decision tree stores the
objects which can be the member of only one node.
However, in each node, many objects can be stored. The
objects can be the members of node N when the criteria are
as follows: [5]

1) The objects are placed in N (triangle, rectangle, circle,
and pentagon).

2) If the objects are placed in any child nodes of N, they
are the members of those child nodes (triangle and circle).

3) If the objects are placed astride child nodes of N, they
are the members of node N (rectangle and pentagon).

The Quadtree is mostly used in an object-based image
classification, such as finding various positions on the map,
providing spatial details of games, and so on. It is good for
systematic data storage and reduction of the number of the
other irrelevant space examinations.

C. Finite Automata

Finite automata is a model for studying the operation of
computer. The overall elements of automata are divided into
3 parts consisting of input alphabet tape, processor, and data
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storage. The input tape stores alphabets and sends them to
the processor, the processor controls internal state that
changes according to the input, whereas the storage stores
the outcome obtained during the calculation or processing
[6].

Finite automata consists of 2 types: deterministic finite
automata and non-deterministic finite automata. The
definition of deterministic finite automata can be explained
by substitution of 5 factors as shown in (1) [7].

M =(Q.%.6.4,.F) ¢))

When @ is any state finite sets
Z isalphabet finite sets
&:Q x L —Q isa ransition function
q, 1s a initial state, for qp € Q
F is a set of acceptance state for ¥ Q and F is

a final state assuming that finite automata accepts the input
alphabet tape

The transitive diagram definition of finite automata in
each diagram is the graph that identifies the direction as the
followings:

1) There is Q as a set of all points and there are arrows
pointing to the starting point.

2) There are 2 circles enclosing all points in F.

3) There is a line connecting point p to point q with the
input symbol a, written as follows: §(p,a)= g

4
Input Tape| 0 |2 |
Initial State

Fig.3. Diagram of automata ¢lements.

Fig. 3 is a written example of finite automata. It is merely
one-way. In each movement of pointer at the input tape,
automata will always be in the set of some states. When the
reading starts, the input is 0. Therefore, the direction is from
the starting state (qo) to state (qy). Then, the pointer is moved
to the right for 1 alphabet. The process is repeated until all
the input is completely read. If the current state is in the set
of acceptance state (q3), it shows that the obtained outcome
is the acceptance state,

From (1), it can be substituted as follows:
M = ({q,4,92»9: }.{0.1.2 }.G,;) Which can be written in
the table format showing the state of receiving the input of 0
and 2 as in Table I:

TABLEI
STATE TRANSITION
State/ Event 0 1 2
@ Q [ -
q s = Q3
G < . 3
3 = - -
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D. Leap Motion Controller

Leap Motion Controller is a sensor as shown in Fig. 4. It
is used for detecting the movement position of hands and
fingers. It can detect the movement of every knuckle and
palm center with the precision at the level of 0.01 mm.

Fig. 4. 3-dimension detecting direction.

The limitation of Leap Motion Controller application is
that too much or too little light affects the precision of
infrared in the equipment in detecting the objects, and it
cannot detect the object within 10 millimeters from the
equipment, also the overlapped objects cannot be detected as
the only largest one can be detected. Besides, the objects
placed too close to each other may be detected as only one
object.

E. Related Works

In 2007, Qutaishat Munib, Moussa Habeeb, Bayan
Takruri, and Hiba Abed Al-Malik [8] presented the study on
the development of automatic system for transforming
American sign language by applying image processing to
transform image into vector and comparing to the vector
using neural network technique in learning the gesture set of
sign language, which the rotation of gesture in the image did
not affect the data extraction. The result of system test, by
using 300 sample images of hand signals, revealed that the
system could perceive the sign language gesture with 92.3%
accuracy.

In 2008,  Suwannee  Phitakwinai,  Sansanee
Auephanwiriyakul, and Nipon Theera-Umpon [9] proposed
the study on Thai sign language translation using Fuzzy C-
Means (FCM) and Scale Invariant Feature Transform
(SIFT), which was the transform of sign language into 15
alphabets and 10 words by using camera as an input in
processing. The algorithms used in this study were FCM and
SIFT. The experiment result revealed that the system could
transform sign language into alphabets and words with the
accuracy of 82.19% and 55.08%, respectively. Whereas the
nearby neighbor was at 3 and SIFT threshold was 0.7.

In 2014, Wisan Tangwongcharoen and Jirawat Tumsri [4]
presented the study on decoding Thai sign language pattern
using Quadtree and using Leap Motion Controller in
detecting S-fingertip positions. Those fingertip positions
were analyzed by using Quadtree technique. The outcome
consisted of the number codes for 44 alphabets, 3 digits for
each one.

In 2015, Jirawat Tumsri and Warangkhana Kimpan [10]
presented the study on code translation from the Thai sign
language pattern to finite automata by creating finite
automata from 1-step fingerspelling codes of 18 alphabets,
one finger for 3-digit code. The obtained result was 1-step
fingerspelling finite automata structure.

In this study, Quadtree technique [4] was applied in
transforming finger positions into finger codes for 44
alphabets, and finite automata algorithm [10] was improved
for supporting 3-step fingerspelling.

ISBN: 978-988-14047-3-2
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[OI. PrROPOSED METHOD

A. Overview of the Method

The methods is divided into 2 main parts: creating finite
automata prototype for Thai sign language as shown in Fig.
5 (a) and transforming sign language into Thai alphabet
pattern as shown in Fig. 5 (b).

I Data Exploration J | Data Exploration |

| Decoding THSL to Quadtree | [DecodingTHSLloQuadm I

| Data Normalization Data Normalization ]

I Search of Order Fingers I I Search Finite Automata I

r Create Finite Automata |

(a) (b)
Fig. 5. 2 main parts of overview method.

From Fig. 5 (a) the creation of finite automata for Thai
sign language starts by collecting the samples of Thai sign
language in the pattern of the position on X and Y axis.
Then, the sample data values are adjusted into a proper
pattern, then Thai sign language is decoded. The obtained
result in each finger is a 3-digit number. Then, the 3-digit
code is used to find out finger order and number for creating
finite automata prototype for Thai sign language in order to
reduce the number of data or fingers. After getting the finger
order and number, the finite automata prototype for Thai
sign language 1s created.

Fig. 5 (b) shows the steps in transforming sign language
into Thai alphabet pattern. It starts by the user showing the
sign language through Leap Motion Controller and then the
data are sent to the program. The value of the data, which
are in the pattern of positions on X and Y axis, is adjusted to
be in a proper pattern. Then, the positions on X and Y axis
with the adjusted value are decoded into Thai sign language
and the outcome of 1 alphabet is found out from finite
automata prototype for Thai sign language.

B. Data Exploration

In order to collect the prototype data or the transformation
of sign language into Thai alphabet pattern, the hand
gestures must be in the parallel position to Leap Motion
Controller. First, hand gesture, open hand or waving hand,
must be shown for 3 seconds so that the hand sizes of both
the master and examiner can be adjusted. After that the
position of X and Y axis on fingertip and palm center are
stored for 3 seconds for each gesture after started. The data
of positions on X and Y axis on fingertips which derived
from Leap Motion Controller, are used in this study as
follows:
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1) The creation of finite automata prototype for Thai sign
anguage consists of positions on X and Y axis of 5
ingertips and on X and Y axis of palm center.

2) For transforming sign language into Thai alphabet
sattern, receiving data value of each finger relies on the
sutcome of finding out finger order and number in the step
>f creating finite automata prototype for Thai sign language.
Tor instance, the outcome of finding out finger order and
wmber consists of thumb, index finger, and middle finger,
while the position of X and Y axis are in the palm center.

C. Data Normalization

The adjustment of data value into the proper pattern is the
naster’s and the examiner’s hand size adjustment in order
hat their hands are in the same size, and determination of
sosition on the same palm center is also done for accuracy in
ransforming sign language into Thai alphabet pattern.

The equation for finding the distance between 2 points in
direct line or Euclidean distance [11] is shown in (2):

df.s*mnce=J(_X1—Xz)2+(Y1—Yz)2 @

Where distance is the length from middle fingertip to
salm center
X,,¥, isXand Y axis on middle fingertip

X,,¥, is X and Y axis on palm center

After the distance between middle fingertip and palm
senter is obtained, the X and Y axis positions are used in
inding out the ratio as shown in (3) and the outcome of (3)
s used to adjust the X and the Y axis positions of each
‘inger as shown in (4) and (5) respectively. This adjustment
s conducted to solve the problem of different hand sizes of
he master and the examiner and reduce the error in
ransforming sign language into the Thai alphabet pattern.

ratio = distance,/ distance, (3)

Where ratio is the ratio between sign language of the
naster and examination
distance, is the length from middle fingertip to
salm center of the master
distance, s the length from middle fingertip to
»alm center of the examination

X pou =X, *ratio @

Yo =¥, % ratio (5

Where X i is X and Y axis positions after
wdjusting the ratio

X T is X and Y axis positions before
idjusting the ratio

ratio 1s the ratio between sign language of the
naster and exammation

In addition to the adjustment of finger positions, there is
iso the shift of finger positions presenting the proper
Quadtree table, which the position on palm center is always
set as a fixed point in referring to other fingers by setting the
salm center position on the midpoint of X and Y axis in the
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Quadtree table. In doing so, it can cover all of the hand even
though there is a shift position or changes of the positions of
other fingers.

The shift of finger position is done by finding out the
distance between the former palm center position (Xi, Y1)
and palm center position after being shifted to the midpoint
of X and Y axis (X3, Y2) as shown in (2). After finding out
the distance of the shift of palm center position, X and Y
axis positions of each finger are adjusted as shown in (6) and

.
X, .. =X, +distance (®)
Y on =Y, +distance Q)]

Where D, A 4 is X and Y axis positions after

> post
adjusting the ratio
Xpl'l"an
adjusting the ratio
distance 1s the length of shifting palm center
position toward the midpoint of Quadtree table

is X and Y axis positions before

The creation of finite automata prototype for THSL starts
by finding out the value between middle fingertip and palm
center as shown in (2). Then, X axis position is moved as
shown in (6) and Y axis position as shown m (7) to
transform sign language into the correct Thai alphabet
pattern.

In adjusting data value into the proper pattern in the step of
transforming sign language into Thai alphabet pattern, the
values of X and Y axis positions on middle fingertip and on
palm center are used in finding out the distance between 2
points as shown in (2). Then, the ratio of the distance is
found out between middle fingertips and palm centers of the
master and the examiner as shown in (3). After the ratio is
obtained, the value of X axis position is adjusted as shown in
(4) and of Y axis position as shown in (5). The next step is
to move X axis position as shown in (6) and Y axis position
as shown in (7).

D. Decoding THSL to Quadltree

Algorithm for decoding THSL by using Quadtree
technique is a method for decoding the gesture of one finger.
The input consists of X and Y axis positions on each finger,
the number of alphabet codes, and the size of Quadtree
square table, whereas the obtained outcome consists of 3-
digit number code of each finger that can be transformed
into the decision tree pattern as shown in Fig. 6. This result
was extended from the one obtained in [4] which already
had a copyright permission from EECON37.

E. Search of Order Fingers

Finger order search is a step in creating a finite automata
prototype of THSL to reduce data storage and increase
processing efficiency in transforming sign language into
Thai alphabets. The data on X and Y axis of 5 fingers be
entered and the outcome will be obtained in form of the
finger order as described in the following algorithm.
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Example result “»” alphabet
., -;m;:—| 1. Thumb Finger: 132 2. Index Finger: 122

2 o - 9
| ek pinc® | @ Linefringee /C)
’%o

- 0O |
o

4. Ring Finger: 133 5. Little Finger: 244

3. Middle Finger: 122

A

09 éa o%o
O Og/j\%oo o‘%

Fig. 6. Example of decision tree prototype for the alphabet “s" of 5 fingers.

oG

Algorithm: Search of Order Fingers

1 found duplicate - true, number of finger - 5, finger number i -1

2 ‘While found duplicate

3 Set temp finger number - 1, minimum code - 44

4. ‘While temp finger number <-number of finger

5, number duplicate finger array - find code of finger duplicate
6

T

8

If minimum code > number duplicate finger array Then
minimum code ~number duplicate finger amay

5 finger number i -type of finger

9, End if

10. Next temp finger number

11. End while

12. 1f found duplicate code of finger array Then
13. Remove code of finger in temp finger number
14. number of finger -number of finger -1
15. Next i

16. Else

17. found duplicate - false

18. End If else

19. End while

20,  Retarn finger number

The above algorithm is the steps of finger order and
number search. First, the first finger order is searched by
selecting to store each finger code of duplicate alphabet. For
example, the codes on a thumb finger for the first, second,
and third alphabets are 244, 123, and 244, respectively.
Therefore, 244 is stored as an alphabet code of the thumb
finger. Secondly, after all alphabets are completely searched,
the algorithm examines whether the initial finger has more
finger codes in storage than the current one. If so, the
number of duplicated code is stored and the current finger is
set as the first finger. Finally, the stored finger codes are
examined whether there are any duplicate codes. If there are,
the next finger or the second finger is then searched. In the
search of the second finger, only the stored duplicate code of
the first finger is considered and the outcome of the first
finger from the initial search will not be considered. For
example, if the outcome of the first finger is the thumb
finger, the second round is, therefore, to consider the codes
of index finger, middle finger, ring finger, and little finger.
This process kept repeating until the duplicate finger code is
no longer found or all of 5 fingers are completely
considered. For example, the final outcome reveals that there
are 3 fingers: the first one is the thumb finger, the second is
the index finger, and the third is the middle finger.
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F. Create Finite Automata

From (1), the factors of finite automata are set to be the
code numbers of sign language in each digit of each finger
and final state is the set of one alphabet. Therefore, the
alphabet is encoded into sign language. Then, each digit is
decoded by starting at the outcome of finger order and
number search, which each finger has 3-digit code.

In algorithm for creating finite automata prototype, the
input is THSL prototype for decoding 44 alphabets. The
outcome is finite automata structure of THSL. The algorithm
for creating finite automata prototype is shown below.

Algorithm: Create Finite Automata

B alphabet = 1, number of alphabet = 44

2. ‘While bet <= number of alphab

3 finger number = 1, current state = initial state
4. While finger number <= size finger number
5. Read code of finger number 3 integer
6. Fori=1103

7. Get code of finger number integer i
B. Find state code finger at current state
9. 1f not found state code finger Then
10. Creale state finite automata
11, End if

12. Next i

13. End for

14. Next finger number

15. End while

16. state automata = final state

17. Next alphabet

18. End while
19. Return finite aulomats

The above algorithm is finite automata creating algorithm,
Firstly, the current state pointing at the initial state and
receiving 1-alphabet code is set. Then, the 3-digit code is
read from the first finger, the first digit code is read, the
current state is searched whether there is a movement
direction toward another state of the first digit code. If it is
not found, the state is created with the movement direction
toward another state to be the first digit and the current state
is set to point to the created state. The process is repeated
until all of three digits are completely done. Secondly, when
the state is created for all 3 digits, the code of the next finger
is read and repeated the same process as creation steps of
automata of the first finger code. Finally, when the creation
is completed according to finger order and number for one
alphabet, the automata of next alphabets are created until all
of 44 alphabets are completely done.

Algorithm: Search Finite Automala

current state = first state of THSL finite automata

1.

2. While EOF of input tape

3. found = false

4, Read value at current pointer of input tape
5. ‘While consider all transition or not found
6. 11 value on transition == value of input tapec Then
7. Next state of current transition
8. found = true

9. Else

10. Next transition of current state
11. End if

12, Nexti

13. End if else

14. End while

15. Next pointer of input tape

16. End while

17, If state of current state == final state Then

18. Get alphabet of current state

19. Return alphabet
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G. Search Finite Automata

The inputs of search finite automata for Thai alphabets are
the examiner’s and the master’s codes of each finger, and
code for decoding in THSL pattern. The obtained outcome
consists of Thai alphabets which is described in the
algorithm of search finite automata.

At the starting, the current state is set to point to the first
state. Then, the value is read from the pointer that points to
the input tape by considering all directions of transition of
current state. If value on transition is equal to value read
from input tape, the current state point to transition state in
that direction. Then, the pointer of the input tape is moved to
the right and the direction of the transition is considered as
done before. This process is repeated until the end of the
input tape pointer, then this algorithm outcome from the
acceptance state of current state is considered. If it is the
acceptance state, the alphabet of current state is retrieved. If
it is not, it reveals that no Thai alphabet is found.

IV. EXPERIMENTAL RESULTS AND DISCUSSION

From the steps of THSL finite automata creation for 44
alphabets, the outcome from the step of decoding THSL to
Quadtree was the code of 3-digit number of each alphabet on
each finger. Then, the outcome from the step of decoding
THSL to Quadtree was used for the search of finger order
which reveals that three fingers namely thumb finger, index
finger, and middle finger, can sequentially classify sign
language of 44 Thai alphabets. The results of this step are
shown in Table II. Finally, these results are used for creation
of finite automata.

TABLE Il
RESULT OF DECODING THSL T0 QUADTREE METHOD

Alphabet  Thumb Finger  Index Finger  Middle Finger

" 132 12 12

w 422 13 an

u 422 132 3
aln+1) -+ 133 +133 332 +422
am+1) 132 +122 122 +133 122 +422
div+1) 422+122 42 +133 132 +422
sm+1) (132+422) +122 (122 +132)+133 (122 +133) +422
@+ (122 +422) +122 (132 +132) +133 (332 +133) +422
alp+2 (22+422)+a2z (132 +132) +112 (332 +133) +333

Table II shows the code of 3-digit number of each
alphabet on each finger. For example, the outcome in the
second-movement group of alphabet “s” was the results from
the mixture of alphabet “n” (thumb: 322, index finger: 133,
middle finger: 332) and the number “1” (thumb: 122, index
finger: 133, middle finger: 422). Whereas the outcome in the
third-movement group of alphabet “s” was the results from
the mixture of alphabet “»™ in the second movement (the first
movement, thumb: 132+422, index finger: 122+132, middle
finger: 122+133) and the number “1” (thumb: 122, index
finger: 133, middle finger: 422).

On the steps of transforming sign language into Thai
alphabet pattern, the accurate outcome in transforming sign
language into Thai alphabets is shown in Table III.

ISBN: 978-988-14047-3-2
ISSN: 2078-0958 (Print), ISSN: 2078-0966 (Online)

TABLE Il
EXAMPLE RESULT OF SEARCH FINITE AUTOMATA

T T [T ET T
L} 80.00% b 63.33% ] 75.56%
L 73.33% 1] 80.00% L] 7333%
U 86.67% ] 83.33% o 66.67%

V. CONCLUSIONS

This research presented the transformation of sign
language into Thai alphabets to help the hearing impairment
people use to communicate with normal people. Two steps
were applied in the study: 1) creation of the prototype of
finite automata for sign language on 44 Thai alphabets
which classified into 3 groups according to the finger
movements and 2) transformation of sign language into Thai
alphabets by using Quadtree and finite automata. The
average score of obtained outcome accuracy in sign
language transformation was 72.83%. The alphabets with the
highest accuracy score, 86.67% were “#” and “y”. Whereas

the alphabets with the lowest accuracy score, 53.33% were

“wn own

o, “a”, and “»”.
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