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Markov Models
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ABSTRACT

This thesis presents the creation transitional gesture model, segmentation and recognition
methods for Continuous Thai Sign Language Translation. One of the problems found in sign
language translation is on segmenting a hand movement that is part of a transitional movement
from one hand gesture to another. This transitional gesture conveys no meaning, but serves as a
connecting period between two consecutive gestures. This research introduces algorithmic hand
movement modeling technique to avoid the necessary of collecting hand movement data for
HMM ftraining process in word level. This technique also decreases the number of collected
HMM's parameter. The experiment was performed to compare the accuracy of recognition
process between algorithmic based modeling method, hand gesture collected based modeling
method and the method without hand movement model. The experimental result is 89.04%,

94.04% and 62.69% respectively.
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3.3 nquuuudraesdaiauninevluaa (Hidden Markov Model: HMM) [13]
wuueesdamumninen Tueaiduuuusiaemiaia éaﬁ'muuﬁauﬂqndwmaunm

manamsodyanalined ﬁuﬁa“lﬂ’ff?114§’m'fﬂnfjmmﬁ'fgwu1mﬁ'l:jg"§ﬂ (Unknown signal) 1%

Teglungulangunilsvosdyanan Fuwuinesdanunsaon Tuaaldgnimlszyndld

3o _ d Yo " T
Tums3uduaya (Speech Recognition) H3011AN13 38191119 (Gesture Recognition)
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° a o = =Y /o w g 9/ o Yo
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- =) L) o dy
Taolinmsimesa1eaaatl
o w &b oo o dw v ome &
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Y A 4 4 ¥ ¥ a ' 4 o ' o o
vosdoyainuyaqnits ey ldiiudoyadsunnludiuves HMM FaSonunui “Siduves
f’hﬂ'i‘lﬂ;]” (Observation sequence)
-N e Swwmanlunuuiiaes ddmualfaevesmenily {1, 2, ..., N} swamise
unuaanialdou Tdawnat tdowaves Q= {q,, q,, ..., a4}
o 1 ! v & @ as 4
-Mie $wanvesnsingiawsaiiull1ddeniliman unudydovaide v = {v,
é o Qs 1 ﬁ' r
Vyr e Yyt BIIDMIIRTZAVVOINMII RO ASURIAMWND (AF) pomiilu 3 szau a2 ldian
vosnnlsinghannsadiu 18 luudazaaniidauilu v = -1, 0, 13
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Tav a, unumséomanain i 1 j
4
p)
aij=P[ql=j[q‘_|=i] ;1<1,j€N (3.2)
- msnsznenImnieaiu vesmsingidunsodu 118 luman: B = (b))
Tagh bk)=P[v, I t|q MIAt] ;1<k<M (3.3)
3 =9 s o o' . ‘;1 .
Wuteumsnsznedyanyalluman jiinj=1,2,..,N
- mamnhesauvesmadumansudu: ©= (1}
1o T, =P [q, M0 t=1] (1<i<N (3.4)
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91999 dzUNUAWTYANY L

A=(A,B, ) (3.5)

° d
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WM iumaNYeuAIAY A
1. UV Ergordic Model n3o Fully Connected Model
msthomanminsoie luSmnqaanvesuiaes fagiii 3.23 (a) iWudedi

° o A ey a o
VYOIV UVIADINU N =4 mQﬂ1ﬂ2’JuUﬂ1”DQLUG‘5ﬂ°ﬁ A lﬂu

=]

= (3.6)

a
n 2p
n @
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B oW

41

(a)

(b)

(c)

310 3.23 nupsaosriiadeanuuitaedamuinine Tuaa

2. WUV Left-Right Model 150 Bakis Model

A

A = Ul o s =
nmsthoaanzinonndiolvn Faelquanifvesdulszantlumstoman

‘DE
=2,

a.=0 J<i (3.7)
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9 d' ] Y d:: - | ar [ -~
NIUUTLAN Lwﬂ"ln1ﬂnﬂ1‘5Lﬂat}uuﬂmmﬁu‘uaﬂﬁm‘nmnun NANIND

a,=0 j<i+Ai (3.8)
[ - 0 L ;L - (r=1 9 9/ = =1
AegUN 3.23 (b) Awes Ai =2 wWudevz lulimsthedweaan lidu 2 san uazl
WAsNS lumsthomamily
alI a!.2 al} 0
A= 0 A, Ay A, (3 9)
0 0 a, a, ’
0 0 0 1

wituNmangaie dudszanimsthomanazily
ag =1 | (3.10)
8 =0 ,i<N (3.11)
wuvraeail winnzfudyanaitdnyusndouawmunmedisderiios
3. U1 Parallel Left-Right Model

Whawusassidandanguunan i 2 uaneddezi 3.23 ©

3.3.3 daymiugmveswusiasdamanineluna
HymvesuuiassdamuninonTuaail 3 do FadesldSaneiuitaenluns
fauitoud il
Jaymidt 1 Wolidwuvesrnling o = {0, 0, 0, ... 0.} naziluuuiaes A = (A, B,
T wdnnummanuivaiiu POA) me&ﬁﬁuﬁwﬂsmmfu"lé’fatiw"ls
Hamii 2 ofiduvasinliing o = {0, 0, 0, ... 0.} nagiiuyusians A = (A, B,
) WANIUMAAUAAN q=1{q,q,q; ... 4} ﬁm:m:ﬁnﬁnﬁﬁuﬁlﬂﬁﬂmfu"lﬁadn"ls
Jami 3 szdfumniinesvewuiines A = (A, B, ) ielilda PO

qaga’ldednls

° A 9 o a o
msfinnaeunilynivewuiaesdamuininon luma
psuddami 1 dumsdnoumiuuiines A lag ilemaz Iimdduiuly

¥
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4=9,9,q;...q; (3.12)
P a kY ~ [} o @ " a o -
iiie q, Wuaansuduine = 1 anminziuvesiiduanling o Admuade

T
PO[q, M) = 1T PO |q,N) (3.13)
Azt lumsifadnlsngie
P(O|q,AM)=b,0,* b _0,*...- b _O; (3.13b)

uazanuizulumsiodman q sxily

P(q | A‘) = nql 'aqm 'alm: .""awT_qu (3'14)
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duuLﬁ'ﬂum’amm%ﬂmmamimﬂmﬂi'lﬂg] 0] llﬂzﬂ’lﬂ?'luu'lilxlﬁuELUﬂ'I5&’1Uﬁlﬂﬂ

w .& oA 1) ci = 3 9 ar 9
q UIFAIUNU muuﬂﬂammmﬂznﬂu‘ﬂ O ung q PEINAVUNIDUNY i]zvlﬂ
P(0,q|A)=P(O|q,A)P(q|A)

= (bw. 9; quOz § e qu Oo)(n, -a,-a (3.15)

- Y )
ez a3 Ty

- ' ‘i‘_l ) ] ﬂ - = 3 9
Tﬂﬂ“lﬂﬂ']'lllu'l"ilz! Hvad O ulﬂiﬂiﬂﬂﬂﬁi']iﬂlﬂﬂﬂ'ﬂﬁl&'l'ﬂzl UN O 1o q INATUNIDU

v £
i TavAnvinynaan q ozl 14

Y P(O|q,\) P(q|A) (3.16)

all g
E T, ‘bql (0) a,., b, (0, By o b, O; (3.17)
q 9297

AmiEudu (¢ = 1) szegiidan q, Avmanuinaiy T, uezunumanuieg

P(O|A)

Wlulumsifaanlsing o, Hmaniidae b, O,

= < 4 l.l o 3) ul o P

nawnvLen t 1ds 011 (=2) sumumséeaanainaan q, 1de g, Areamnny
iy a,, sazumumadunhzdiulumsifeslsngilu o, Awannuieuilu
quoz

WNIZNT & 01 T iswmumstodannndan q,, i g feannuminzily
a, . wezunumanheziulumsfassingdiu o, demnnuminedu b, ©,)

< 1 dnwd o i A = @ [
winuhaumsiiimsannaiguniiesniimsguiuiudmunaluzldvea

o _ ar T o u’: S a o L] 4 1
01U 2T*N ASUUIIUMITAANIITUINIY BINLI‘]JQBBN{IU

1. nszuaums Tudhanii (Forward Procedure); o (i) = Forward variable
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a(i)=P(O, 0,... 05, q,=i| A) (3.18)

Aoanmingiuveimsinadiduvesanlsing o, 0,... 0, uazeghaian q o

b
o

nan t Tastinuusaeuilu A sannsanm o) 1adail
A g e e
1. MSISUAYU (Initialization)
a@i)= Tbo, ;1<i<N (3.19)
a Yy v o ] 3 ¥ 4 ' '
Lsnﬂumum‘smﬂuwmwmimﬂu"lﬂmmuwui‘lummmﬂ:tﬂuﬂmmﬁ
. a sa g

LW 1 Lmzumﬁ]msmxmmmﬂu OI

2. Ma B (Induction)

e 15157
o, () =[;u.(l)a.j}b} B3 = — (3.20)
' e ' )
wineaNuNAan j ina 1 aanseun ldnnmantounthil yuihulyld

9 N qan (qan i o a1t Tagh 1<i <N) #a31) 3.24(a)

t t+1
at(i) aﬁvl(i)

STATE

(b)

FE¥E %

o F
-

OBSERVATION

517 3.24 nszuaums lldranih

nngli 324 (b) samaldiruinmsinamanuhzdiueonlddhanh

(Forward  probability) 31 Iassaduamsmuiuadiondnuuzyeslasewin  uaziileennil
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° = 9 o v ' =] o
INUAAMNGY N aan unudwsu Inualuudazdana t laqglulaswan) $1uau
o o o = U Cl’ o o 1 &
MAvaanzgrIaGoaaslynuamadl Taslunm =1 seimsdnnunives ab) lu
nnqaen, 1 <i <N wagnna t=2, 3, ..., T 32RINISAIUINAIUDS o) 'lmqﬂqam‘n, 1<i
<N Tagludazmazimsiuunin o, () $1u9u N fneuniiil

¥
3. MIAUAA (Termination)

P (O|A) = ial(i) :1<i<N (3.21)

iansan P(OA) TRanwasmwues o i) 1nynqaan
2. ATZUIUMITDUNAY (Backward Procedure); [)’1 (i) = Backward variable
Hony
B.G)= P(O,,0,,...0;|i,=q, A) (3.22)
fie anumhnziluvesdiduanlsingadmumdninnm 1 Ty Tasdmuath
ﬁﬂﬂ@éﬁmﬂﬂ i o tuazduuuiaeadiu A sezdnnm B G) Ead
mséuﬁ’u (Initialization)
Bi)=1 ;1<i <N (3.23)

o ° N
2. M9YU8IU1 (Induction)

B, = Z ab(0,,) B, () (3.24)

Wet=T-1,T-2,....,1 :1<i <N

t t+1

Jaey; B

31 3.25 nszuaumsdeundy

:; oﬂ'. 4!' L ldﬂl " o o 1
1ngUR 3.25 wenvzldanlsingegiamn i m na1 t Tavamanziuandinum
& n % 1 Q’/‘ J Tasr o1
Uinguinnm t1 dusezdesinsannnaan j iuldldimue Tavesiuegivm a

ez b(0,,,)



24

L3 s

msudtdymi 2 19mesidanaiiin (Viterbi Algorithm) tveNsgmidduaania
MR q=(q,q,q, ... q,) Wivdwuvesssing o= {0,0,0, ... 0,} niiey
Taotivw1d

8()= max Plqq,...q,,9=i,0,0,...0,|A] (3.25)

b B Bl L
A oA 1 . - Y & v
19 §(i) AD mmm%ssﬂuqaqﬂ (highest probability) ¥9UTUNI (path) Faoem 14
vnanninziugege  Weivutmanynmanlumsidansingdiulamanlsingi

Amuald Nvazna ¢ 1aq uazninmserfequduifvesnsmiioning 14

8,,,() = [max 8,(a;] -b(0,,,) (3.26)

1
=

° /s d o ' = ' 1 i
Taofmuald v ) Wuensdifudumisvessan #ldmamnhziiugaiigai
o g 1 1 o @ . ¢§ o w Aaa 5
Annaldludaznm  « wazudezddy  j dwzdwnsamdavaenianga  Taold
b4
nszuIuMsae i

1. M35uAY (Initialization)

8,(i)= T bO, 1<i<N (3.27)
w,(i)=0 (3.28)
2. MIdouUNAY (Recursion)

50)= [pn8,0a)b0)  i15I=% (3.29)

Vi) = [arg max 8,,) ) : f;;i (3.30)
3.013 éugﬂ (Termination)

P* = max [8,()] (3.31)

G = arg max [5,0) (3.32)
4. 1idumaAudoundy (Backtracking)

a.* =Y., (q*.,) st=T-1,T-2, ..., 1 (3.33)

v = A Yy ¥y o ) p Y
ﬂ'l'i!lﬂﬂiyﬂ"lﬂ 3 i!’Iﬂﬂﬂﬁ']’)i]']llﬁ']‘ll']ﬂﬂu?'luﬂ‘l_li]']ﬁﬂs‘lﬁjﬂﬂ‘l"l']ﬂ']‘ﬁ’lllﬂvlﬂﬂilgllﬂuﬂ?fj

AMWIees A = (A, B, T) ﬁﬂifmﬁﬂﬁﬁo’lﬁ‘lj"llﬁﬁﬁ1ﬂi1ﬂ§]ﬁ1u’]uﬁ°ﬁ\‘l Wofvziimnadig
HUVH190391989 92ADINIMIAIUIUMIAININTNDS A, B, T Y9V 1004 ﬂ?}w:ﬂgj‘lu;ﬂ
vosmanuminziiy Tavitfiden¥fae 339091-ad (Baum-Welch method) M3 0i30n8n
Fonila11 EM (Expectation-Maximization method) Tail

HeNw 1. fio

Y =P(q=i|0,A) (3.34)
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A . | ' ] “ = 5 a Yo o U
i (i) fie manmieziluiivzogiican i Hvaznm t Tavlrdduvesnilsing

e

kY { o o ' 1 . 3 ar
Aawluaa A Tavndmuadauvesan)sing i aansouaasn y) 1aas

7 =P(q=i|O,N)

P(0,q, =i|})
P(O[})
P(0,q, =i[})

3 P0,q, =il

i=l

u

(3.35)

99990 P (q,= ] 0, L) fifi1iy o)A Kuiuamsadou y6) Wi
)= _GOA0

N

> a,(i)B,6)

100 (i) 559N O,, 0,, ..., O, WeAN i Nat

(3.36)

Tao B(i) 53910 O, O,,,, ..., O, WDIAAN g, = i NI ¢

Heny 2. e(ij)=P(q,=1,q,,5 | O, \) (3.37)

e (i) Aonmninzdluiivzegiann i Hom «uazman j ina w1 Wefmua
npuhaswazdrnuanlsing i

Eo

q :

o : : o)
. ajjb; (Ot+1)§ .
o, (i) W 0)
« P
t -t t+2

1 o o o a o ' &4 P . Vel .
3U7 3.26 AuMIAIAMIIRAMLSINGIWARZOYNANAN § 1701 tLAZOYNNAN j 1981 t+1

o s o < U ' A 1 H
nngluaasmdumsAannamafailngsm Feszuuezegluman i Ml tuay
agiaan j Ma -1 lag o) 5u910 t=1 NAlsIngusnaudaaman q N t uag
Wumsnlaouamaniina ¢ Wil g finat w1 wagl¥awsingidhu o

t+1

a.bO

) t+l
& =Y ar & @ @ . ° @ w
Fanntiomvesdnnls lsanih o6) tazdanlsdoundu AG6) amnsoinnduius

f £(j) 1ailu

354 o P(‘l: =i’q|+l =j’0|l)
500) PO[2)
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- a (l)aubj(owl)ﬁnl(j)
PO}

« (l)a.,b,(om )B..,0)

(3.38)
ZZ“ (i)a,b,(0,,)8..,()
N 1810w 1,6) wd dunduiusy e ) 10t
D= &) (3.39)
‘;' T-l . - 3 . o o 1
e Y y@) =iwuvesmsbhwaannnaan i ludduanlang o (3.40a)

T-1

> i) = dwmvosmsiwmannnaan i 1 j ludrduanlsing o - (3.40b)

1=l

s

9 ¥
ANTUAINTORIUIUNIAIVOINITIINDS 1AA Tl
4 [ o‘: !d. a c;
= Smuniilunmsegnaan i e =1
T =v,0) 1<i<N (3.41a)

3
, SwauasiimaBveamsiwaanin i j

aijf

¥ "
NUIUATINAANVZINBINNAN §

ZS (1,J)

4

Ay (3.41b)

7. (1)

t=l
S o v ul . a ﬂ ﬁ
'(k) mmummmmwwg umﬂmuazmﬂm ‘)"Iﬂ{]l LIVK
b. = v :
J PUIUATINAIANIZDYNAAN
T

> 20

b, (k)= 2k (3.41c)

> 7.0)

¥
nnnszuIumMsedud i A = (A, B, 1) Whiunusaesilopiu uagld A fddwnn

' ¥ L
Tuduvnvesaumsh (3.41a-c) uazluvuiiaesn ldnnmsdnnusuidu A’ = A’ B, ')

o d § & a a d 1
Wunuusaesitldnndudiovesaunsi (G.41ac) FevzldyadngAvesilendunainninng

dhulunsdiii A = A wied A Ganninadhunandwwuiiaes A [POA) > POL)]

o

Aovz lduvudrans A Ind mingildidadwovesanlsng o idnh
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Yo 1 A oA A
ﬂ]ig‘in‘n]uﬂ!ﬂ]‘ﬂﬂ'ﬂ!‘l—!ﬂ\ﬂ‘l—!ﬂ“l‘]&l131'(’)17]5

-~
4.1 szvumsudanuiie ing
nwile Invvzilsznenldae glile, dumisvesile, mamdoulnl, mswuvesthile
= A L] 1 at L]
HAZMSIEAIDDANIIANI FagsouaaIvlszneuvesdnEuEMsHanIMile 14

v
fane il

Sign Language Gesture

Y | Y

Static Gesture Dynamic Gesture

— ;

Sign Movement Transition Movement

55 " 1 A
3‘1.'7] 4.1 m‘iumswﬂgﬂuvwmm5l,mﬂammﬂmwumyma'lm

v
=

1) a.. . 2 . | 1 d‘l - o (]
M114 (Static gesture, Posture) i Msuaasmion liimsndou lvivesiionazdumua
A9

) A . A v A da A - A o '
Vl’]ﬁﬂﬁﬂu‘lﬁj (Dynamic gesture) f19 ﬂ'l5llﬁﬂQﬂTHﬂﬂﬂJﬂ']ﬂﬂﬁﬂu.lﬂ'Juﬂ HIDAUIHNUIVDY

- ' 3 A
e Feasouseonld Ao
4 da _ - 4 da o da
- Mo Inantinumue (Sign Movement) Ao manaou Inafiiluduniinnumio
Tunwile Ine
A ' "oA . A A '
- mandoulmaszninamile (Transiton Movement) fin msndoulnaluszniems
a " A & L= ' P
nasuninmiloniia lgdnnmils

A & o ey o ] q”
TSV m51nJanmmt‘mm'I'uuﬂmmsmmmmuwumwma'lﬂu
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Glove &6DOF Sensorg Static Gesture

Tracker Value Detection
Static gestur

detected

Sensors

Value
SeGrﬁ:tnL;gilon Gesture Class Word/

- g o —— Sentence
and Recognition Saconnibion
(HMM Module) g
Word/Sentence

31 4.2 szuuihinnile Invsiianeriosdn Tuld

szuumsdinnilelnodeiileadnTulid fguit 4.2 Uszneuludududiy 4 da
flo dauusneziimssudeyanngailediannseiinduazginsaingniadumisuny 6 oy
dauitaes Ao n1sasanduitiie Fawanndruiivzgaiinnlfifies ol HMM recognizer
annsnaadumalumsnududn Vierbi algorittm 18 (50n91m13 Pruning) daufiay fie
dmvesmsimmedadamunined Tumanazdmugaime o msswdmlsznouiie
dhdreiuiusmierszTon daludawesluga Static Gesture Detection vuifiums
Antiununnanuddoieunih [6] Tasnszuaumshauvesszuy aunsousneeniudin
myhans1dwade i

misudeyavingaiiediaanseinduazqnsainsiaiadumuauy 6 unu (Glove &
6DOF Tracker) ilumsiudeyannmumesiniinn1iiqilediaansotind daluandsvil
Tanuresvingaiiodau 18 muwesuaziingUniainsnfadumisiny 6 unusmau 6
i3

msutiaenyhiisnnviiadeu’na (Static Gesture Detection) N5zUIMMsTRzmMThlen
vilsoonninviindenna 121935msves Bayesian Estimator iesnnidhaimsiiangalu
Feadadmiumsdsniie

ﬂﬁuﬁuwﬂﬁnﬂﬁau"lm (Gesture Segmentation and Recognition: HMM Module) B
nszvumsiimiunaoulmaifinnumunoesnnamsindeu lnasenhaiilooeninld Tay

= o
1%5ﬂlﬂuﬂ1iﬂﬂﬂiutﬂﬁ
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mssawmdmszneuma hdaemuiiuisz Tun (Word/Sentence Recognition) 1iun191i

wan lannmis luddnguilszneuiuihulse loa

4.1.1 nszvrumsaeudamuninevluna nazmsl¥audamumninenluan
luadeiivsiinauedanszuiumsasudamuminon Tuaa uaznslFausany

minonTuan slumsaeudanuninon Tuaalddi wieutwondyanai lins e

Taomaidygai linsudeegluzdveadriduvesmiilsing vunaeuldunsamu

o ° o (Y o o W J
winev Tuaa Tavnszvimmduneudnsgln 4.3 Taeliduneulumsaoudsil

Initial HMM
parameters
Forward algorithm Re-estimation
P(O|A) ' algorithm

P(O|A) =
P{O|A)

4 = o
3UN 4.3 nszvumsaoudamumninen Tuaa

Backward algorithm

2 1 ' = o - @ '
> riuﬁuﬁaumsqummsmmewmaﬂmumiﬂmﬁmﬁﬁ 1éun A, B, Tt



30

o 1 ] 9 c& [ [
o duammanuiinzdu Taoldnszuauns lddrani ¥z 1dannuiieg
uvesluaasenin
=Y 1 ] "o " ] J 3/ o ot
e sivsanaianudivzidulmidumanuuivzidunounili seiinsUsy
¥ a o a I's 9 3 ar '
fA1s1mesveadauninon luaa Tasl¥nszurunmsdounau ud2l4uiu-
NAABAND3NY (Baum-Welch algorithm) Tumsysuaminiwes A, B, © 1414
' v 0
mmuzay uvdrdeundu liinszurums ldamihdnasunemimianuuieg
Wuwealuaa uagiaanuunzadulnunldiaaaas wieia lundvuulas
ihuszeznau Sezngalsesmssiuam udaufuwinines A, B, 7 lav
= o U qy ar s o o " :; d VYo Y=
wismesmailiudumuvesdnyuzmduvesiisingi 1iitn Tavisns

AanaAAIRIzIN 4.3

4.1.2 mslisamusninelumsiaimlummniienuuhinerios
Tums1dgamumninenlumsiimvilunmwiionuylisoiios (solated sign) 3o
a [ ! 4 1 =] 3 a o
o510 1AR31N 4.5 Fa9nzlurazudonves Probability Computation Yiuumnudamumsnow
A ¥ 1] " o ar .\ﬂ' i =
Tuaa Fawaoz Tumagnadieeinmide 1 M dwmduTuaaii i 151921 A unuTunavesda
s & a ] R N 5 o i
wumsnov Tuna Fwsimesne A,B, T 91 A AD IYAVDI state transition probability , B
A . - P o o S
ABDIFNUVDY observation probability LAE T ADIFAVDI initial state probability TaunamnuoINs
a d = 1 o o o 1 3/ o o -
apudanumninev Tumaszimsdszinaaimsimeiaina Tavlduimu-nadoanainy
Tunsdiveanisduun iavesdoyan3onisonit Observation data 92YNARDONINYOYR
Ao n,: A ad a o & 1 5 .
ﬂiUH1ﬂQHNﬂIﬂBQQMﬂ'ﬂLﬂﬂ‘lﬂiﬂ‘uﬂﬁ mwzﬁ‘]wegmmﬂuiuaa Gesture Segmentation and
Recognition (HMM Module) M31szinminauitnziiugaqalal¥ Viterbi algorithm dmsy

' — = ~ o A | A v -
l,lﬂazTﬂEﬂﬁﬂgﬂlﬂiﬂniﬂﬂunUTulﬂaﬂu‘] ﬂﬂ|1’|1.|ﬂ~|qqqrf]llﬂuﬂ')ﬂ Prnax “3Qﬂlaﬂﬂ

ar 1

4 = 1 =) A []
51 4.4 MrednTn T Tedvesdazdamumsaon Tumauuy 3 mands 1 Tumauni 1 i1
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z Probability OlA")
Computation
27| P
» Probability p(0O)A L Select _-:_nax
Gesture Computation Maximum
~ -
Probability

Computation p(OA19)

31 4.5 ms1FauBamuninen Tuea

ad Vo 4 = J d'l
4.2 35msihimmnile Inustiaserifes
- 3 =) d
4.2.1 msiwendUaanvesdamunsnevluna
E
nmsidensmaumanvesdamuninev uaaiu sznuilyw 2 nsdl fe windisuau
Y a 0 _q ¥ Yo 1 Aa ) 2 & a Yo_= ¥ =
aamioniul) i limsiSminianuadenfoiufannuiirenanld uazmind
Snumamnniuly ©ver fit) Avzithlimsiimndnaiuianainld esnnmsiiile
' > 1 o 1 A - e A my A o
Tundazasiludiuvesmsimiile mswyuile msndeu Inrvesiionivaez hildmiiounu
1 = & @ R A vy = i
aganeAnnass  nlymainanislahmsmisdoyan-iiy  (K-means Clustering) 31
o o ' > ° o '
Uszgndldlumsionsuou man mswisdeyam-Huniuszdessmuadmoungy &) 13
' Y 4 a e dy 9 o ] v 9 @ o 1 o o 9 o
ann g luanddoi ldmmsuinguieoyaluszaud  Tasudaziezihdeyaunims
wenmsmianguesmilu 2, 3 uay 4 Mimsmgouduvessznig 2 aquiiliailndnganso

u

' 3
ixtlzﬂ'lx‘lﬁﬂﬂ‘lflflﬂ (Euclidean distance) Llﬁ']ﬁ'\u‘lﬂ‘l‘i&’ﬂgﬂ‘N‘iSWTNil‘ﬂﬁ?NQﬂ HAIINUUNIT

¥ '

. 4 a
AuWauINVBIM Standard Deviation 5311199av0egadhedy Faewso@ouiluaunms’d

&
JU

D

d

Q=$TD, +5TD,

4.1)
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4 R 1 1 J ' &2 o 3 o
o 14M Q veaudazyavosdoyalunsuiiangy 2, 3 uaz 4 nquuda Jnhamamuauni
v " ¥ 14
311 Threshold 2 A1 tiieYIMTIINguM Q #ildTioanilu 3 nqu ndsmmivhnsnaaey
v v o & v e v < Y & o 1 da
nudeyaluszdvd  enadeuiingulaniinnugndennniiga  udrnaihnguiniian
" ¥
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o ‘i \ T oA
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4 a T UL VoA 1 4 4
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v 1 Ao ' ar = awv o =]
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mswaoulwasznhanileaslugmdeya  udrhmsaeuldiuszuy  dehldgmdeyail
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: Transition gestuns
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and Word B

d.. ' dl! ' L | A 1 i\l o o
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¥
aw

A ] o aed Y o o A
galuanudteiitavaivaus  5lumsadudamuinsaonTuwma  veamswndeu vn
521991310 (Transition movement) @20M3fuIn lavadaluwanuuamnife) Nomsan

o f]j oy d ¥ ¥V & o vy = g = w o g =
anwiuilulunmsideanudeyanslugudoya Fehlideuduiiuinlumsianudeya 8n
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é 5‘: = o | A
Famsadluamivlsznoudromaiiwes (T, A, p, U) Tav T Ao ANTUAUYEINS
4 2 . , 4 P ¢ 4
naou denangausn, A Ao wasnganuiziulumsdeuman, p fe aWesMGY
A a . o 9 = o a o
1Az U A0 A3na Covariance fmuali (T, A, i, U) Wumsiinesvesdaauinined Tuaa
o £ i , = a o a o o o e
woamnounth, (T, A", ', U") Wumsfimesvesdaauminon Tuaavesmidaly uaz (n,
st e W - -~ & 4 ' {
A, n,U) dumnimesvesdamuninen Tuaavesmsndeu lnaszninilen 1dvinms
o A 9 1] d‘ ' - | o 1 ] o ] tdy
A Falunsadelueaveanunieu lnissnnamileszimuaniaiegfne 1
asuduveamsndsumanaz 18
T=1 (4.2)
¥ v ¥
e Tumaduuvamniaedniuannuieziulunmsnldoumeanaz 14
A =1 (4.3)
AnnmesmasiuInnatnanes masluaangamovesminount VINAVA

S A o w 9
nnwesmasluaanusnvesmoa ludmisdae 2 92'lé

— + f

B= Bic vty (4.4)
2

— Uieqy*+ W

BT e LY (4.5)

— —T

Up=Ua=0 (4.6)
O_]Z

. 2

Uxn = o (4.7)

oy
= — A . — <& A o ¥ 4y

VINAUNTT 4.5 Us A0 Mx M top-left submatrix 403 U 3 M Ao mrudoyadalanings

“a a :;dy o o
ilodannseiindlunine 18 luimewudvadu U, uaz U}, A® MxM top-left submatrix
909 U, uaz U, awddu luaumsh 4.6 uaz 47 U, Ux, uag Uz 71D submatrice
= o P Yoy q‘: ' o o 4 o
mAoves Uunanadaglil 47 vum L ves Uz viwwhnudaudeyadaldenglnel

v o ' 4 q dd ' 4

asaviadumiauy 6 unudaluiiiife 6 uazmnnunlsdsmluaunsi 4.7 aunsauans

v
Taasaumane'lii

2

g, = {IﬂJ.Mﬂ' - #{,Mﬂ' /a}z (4.8)
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51l 4.7 uamamsiwunves U eonidlu 4 submatrice

4.2.3 M33916120 Viterbi algorithm
° & ny-ll ﬂ o a A A w g = vy
mseadimdenn Wumsmamavvesnndenmunzaunudeyannile Tavlddeya
dl : A o o s H 1
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5.1 gunsaiillumsifudeya
gunsal 1 lumaiudeyailsznoudae

- 1AT03INOUTNADT PC Intel Pentium IV 1.8 GHz

- puilediaAnIelinduesuTHM Immersion Corporate HUVIBUN 22 1UIEDT

- ginsainsaeTadumianny 6 unu 1 3SPACE® ISOTRAK II™ ¥93135%
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Hybrid HMM for Transitional Gesture Classitication in Thai Sign Language
Translation

Arunce Jaruwanawal. Noppom Chotikukamthorn, and Worawit Werapun
Faculty of Information Tecknology &

Research Ceater for C and Infe ion Technology
King Mongkut's Institute of Technology Ladkrabang. Bangkok Thailand
{E-mail: sS066M5@kmithac.th)
Ahstract: A human sign | i g ih posad of both watic and dynummic gestures. Each gosture is represented by o
hand shape, its position, end hand {for a dynamic gesture). One of the problems found in automated sign langeage
ransl is on _li:md Mumafnm:tﬂalmmrfmnmmmmmm
transitional geswre ‘eys 0o g, bat serves as a @ pesied b wo fve ge Based on the

abervation that many dynamic ;ssmm 28 uppeared i Thal sign iangulg: dictionary wre of quasi-periodic mature, o method wus
feveloped o differentiate b 2 { ingful). dynanic gestore and a tmnsitional moventent. However, there are some

ingful dynamic g that are of pertodic narre. Those g cannot be distinguished from a transitional moyament
by using the signol quasi-periodicity. This paper proposes a_hybrid method veing & combination of the periodicity-based gesture
segmentation mothod with a HMM-based gesture classifier. The HMM classifier is wsed hero o detest dynamic: signs of
nop-perindic nature, Combined with the periodic-based gestire segnientation method, this hybrid scheme cen be used to idemify
segments of & trangitional movement, ln addition, due 1o the use of quasi+ puimtk rature of many dynamic sign gmcs.
dimevsionality of the MM part of the proposed method is significenty J, resulting, in computational saving s comp:
with @ standard HMM-based method. Theough experiment with real measurenent, the proposed method’s recognition performance
i8 reparted,

Keywords: Sign Language, Gestare Recoguition, Hidden Markoy Model

1 lmonucnm was applied to recopnize | Sl mgm droim ﬁ&m the Anmsm-

:-gﬂmwsnas&ammofmewmm;
comanmity of deaf prople: A sign langusge can also be used
nam!&mmbem;nmﬂndam
peisors. memm:medwumofnmmpm
aromasically mumtn “hand shapes and  movements as
kﬁnd\nmmwfflhwmmmﬂ
Hevispie ieoysiion saesnt yoey fiad wicing ) e

i : ivrlus as compared with the speech
mmmmmnmmmmanm

mMymNﬂmnmh&uﬂd-

sign language.
AlﬂuwghiheﬂMMpnmﬁ#aumﬂzwwﬂfm
recognition of time-b vattem '-'-Auwuﬁnm),
the method nqulrd ngﬁ mﬂﬁmémi complexity whien
dnllhgwuhhrupnwmmpmmm MW’M
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and non  HMM-based methods. While computesional
enmplexty af this nbrid mcthod is slightty bigher es
compared with thut of [5], it can desl with 2ll fypes of signs:
static, periedic, or non-petiodic.

The paper is organized as Tollows. Section 2 describes
major modules in our Thai sign language translaticn system.
The propused hybnd scheme based on the HMM principie is
then desenbad in Section 3. Experimental results are reported
in Section 4. Last, discussien end conclusion remarks are also
includad

2. THAI SIGN LANGUAGE TRANSLATION
SYSTEM

A typical stnucture of' a hand gestize wordisemence m Thai
sign ln.ngmp ns shawn in Fig 1. From the figure, cach sign
ok sent: 3 0 s0g! of band ge Those gesmures
are either zumc m-dymumu Asw-cgm_cuahudoh
particular :hre without any movemens. A dynamic geswre is
a hind B monon. A d)wmc gmun- ma be further

categorized into either {app todic and
non-putiodic gestares. Among. the zmepu, mdxt gm:ru. soime
of them poitdt o while some

correspond to non-periodic signs. A ransitional movement
seTve:  as  a conmection  bemwpen  Two conscoutive
gesture/postare, and conveys 1o mending.

Newt, consider the system uwsed in this study. Our sign
hinguage  translation  svstem emplogs n nghz hum
instrumented glove; used in bi
Gmwh«dwm&:chdnmmdsntﬁmsmuwlhn
18 snsurc thet data collecied mé:mkunbnhedmm
aftected by the 3 of the o The
‘mmmnfﬁwmqmwunkmmnlw 2
The sysiem is composed of 7 mwdoles. The fitst module
performy static gestuie detection. 1f the duta cbuwined from the

- systenm’'s sensors is classified as pon-sttic, the ssmpled data is
pﬁsc&!o Ikmnmﬁ! p detect hasd maverent wning
points, When ihis is the case, it i &cmedshulbem

Fig. | Typicul suucturs of 3 kand pesture sequence found in
Thai sign langnage.

Fig. 2 Block diagram of the Thai sign language trunslaticn
syshem

3. NYBRID TRANSITIONAL/NON-PERTODIC
GESTURE CLASSIFICATION

3.1 Use of MM for Non-periodic Gesture Clussification

In Fig. 2. HMM is used th clussify wneng non-periadic
gesture clusses, 35 well a2 10 fdentify a transitionn) gesiure. A
detailed block diagrun of this HMM-based module is shown

in Fig. 3. From the figure, mb.oﬁbbehﬂu ﬁmhib‘my e

Jlion a }EMH del

‘sampies correspond to a moving hand conlain scgmentls)
Transticnnl movement, o nan-petiodic gesture, mpcriodlc
‘gestute, or those combination. mmnfrﬁem
sodale sre the sample nwmbers sshere changs in hand velociry
ceours. ‘These 5 ‘points mie then passed 10 Uhe
*pericdicimon-periodic’ gesture classification madile. lni!l.
Based on-the chéervuiion that most meaningful
gestures in- ‘Thai sign isnguape <an D¢ epprovi

qusiw&)dw (e z“mm‘u’ﬂﬂ'mh hwl-

models correspond to ten non-;lr.rioﬂ: gesture clesses. The:
structure of cack HMM model s showrin Fig. 4.

For the /% model, et 4 be the comespondie set of

HMM parsmoters, which ore- ', 8, ‘}’ Based ‘on the’

oolation s densilad in (6], A" is the st bl state transition

probability, &' i the sei-of observation

x udxmofmm:wpxwmimmmhhgm

these  parar -mre. € “__jdf.n"

+ algonithnt (6] Istwhni hﬂ-
Duning the
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Fig. 3 Dewiled pleck disgram of the non-perindic yestre
classifier module.

Fig. 4 Sructure (ipniogy) of sach HMM model representing
4 non-peniedic gosture class

32 Algorithm using  hybrid m-wnndidperiodlc amd
HAM niodalés.

As:desaribed in [S], cuasi-périodicity as. found in snuny
dynamic gesmres is exploied o differentiate then . fron
non-periodic and. winsitiondl gestares. A segmient of hand
gesture data sareples s elassified ay psﬁm‘.ls‘ itis mo,':um 13
sbta “bv}’bw,triu oulysi A spectml peak that

¢ 4 pre-defined threshold ’ﬂﬂsﬂi&sﬁo&dafpmwdmty

is d&m&h} 2 Ey prwbm  gestuce a8 periodic or

_p-,rzodacﬂws, 10 po-periodi
Al WHMS.

¢ The gesture is neither periodic nor static, When this js
the euse, the caprured dats is passed to the HMM-bused
nan-periodic/transitional gesture clnssifier moduls, and
B9 1o the next siep.
The IIMM module is used to clussify the captured daa. The
obtained maximum  estimawd  probability, p. , 0¥
pared agninst a predefined threshoki, There are the
same nupibers of threshokds as the number of HMM modeis,
us denoted by 7, for the one comesponds 1o the @ HMM
model. The thicshold: concuponds (o the mudel which
achieves maximum estimated probubitity 1s wused for the
comparison. Let's assumethat. p, is due to the K model

Then, if po, > T, , e gesture s classified as
son-periadic and belongs 1o the & non-periedic gesture
class. [f this is nor the euse, o 1o the neat step.

LU p. £ T, the geature is dassificd as ambiguous.

This ambiguity means that the gesture is either Ynssitional
o periodic. The nmbiguity csse nust be resolved by the
subseguent wondSentence recoguition module. (Betal] of
Bow this enn be achieved is, however, outside the scope of
this paper.)

4. EXPERIMENTAL RESULT

'i}:;cg_rs;feﬁmpm_:: were carried out i this study: Details of
the'experiments Ar¢ reponed below.

Fist we  expetimented  with  pericdicon-periodic
segineniation by u;ing ihe- cotresponding module as shiwa in
Fig. 2. ‘The experiment was carricd out w find appropriste
threshald 7, , ns_usad_hllhc sigorithm of Section 3. A wial of

RS0 gestare dama sets were recorded by asking u sigaer to

perform 16 d.muﬁm ‘signs drawn from the Thai sign

ianguzge dicuonary. 'mwnq%s«m they wonsist of 13
3 imd!flm-.mslgm 'l‘i;c :

;ﬁmsxﬁu‘lﬂ for cach datm set, the
a4 J, af s Di,u:rwa imea:




M (EFT (1 SR

Fig $ The normalized peak magaitude for different gosture
types, wnd the so-obtuined empirica! threshold T,

penadic gestares decount for ehoot 20% of all gestures found
in the Thai sign lenguage, by aveiding the need to perform
meve computing-intensive 1IMM module evaloation, this
results m reduced system campamtional complexity.

e second expegiment, ihe classification performmce of
the MM modele wrs evalumed, Ten o ly-used
non-perindic gesture signs were teken fiom the Thai sign
I:wgmge dictionary. Ench sign was performed: by the same

signer for forry times. The resulting 40 data seis for each sign
weare divided it 30 data sers need for MM training, zad the
reimaicing 10 data sets for testivg. All tea MM inodels src

EXPe2
Io this eaperinent, a toal of SUC data sets drawn from sl
dynamic  gesture  types  (periodic.  nnnperiodic,  and

frausitiocal) were used 1o obtain the emipirical valus of 7,

The 500 data sets consist of
» 420 data sets from 14 periedic signs

+ 60 datn sets from 6 ansitional signs
* ) diata seis trom 10 non-periodic signs.

cation efror was categorized into

* Missed elassification: the mte at which the non-periodic
gestures were incorreetly classified (as penodie or
transuional gesture), by using the empirical thresholds
as showstin Table 2.

«  Fulse classification: the rate at which ether perivdic or
wmnsitionnl  gesture was  classified, based on the
empirical thresholds as shown i Table 2, as one of the
non-periodic gestures.

Figs. 68 show the HMM probability veiues  p{014%) for
the third periodic sign (‘b THIHS I ponding o
penedic, non-periodic foxcluding data sets belonging to the
sign Cbewutiful’s, and tunsitosal gesture data sew. The
empirical velue of ¥, 15 2lso shown inafl figures.

Tabie 2 Cuassifivation ervor rates, andd epirical values of 7,

Missed Fab
based on m I-stiie topology as shown in Fig 4. The Sign | Threshold | Claeiestion | Clasifieation
rezogaition rare for all ten pasture classes is shown m Tebiz | § %) (4%
From the wble. it was found st all date seis were comreety Tar 1 . 05 4 Ty
classified. This perfect result is perbiaps doe 1o e limired uni left | -7.13' 10 o o
number of gestores usad fn the r.xp\mwn Eowever. Thus, Turn Li6x 1ot P
mre extensive experitheny miay by aeeded W cosfin the Fright i
wesilt Beautifl | -7.26% 16" 0 9

Tabhs | Recogaition rate for 10 nen-pesiodic signs fmly sl 6 1L67%
Sign Revogaitio Raw iy Nepal S3Fx 4 B i

Tofir lek oo Mysooar | 8220 10 o 4

Tum tight 00 Weater | -1.36& % 10} G &

Beautiful 100 Wi | 934210 o 8

Ity i ; 136100 | o 3

Nepud 100 RERST o B

Myzoamar 100 sutfice

“Weather Jes

Write 100

Fly 109

Walk o avongh

surfice il

Beeanse pos-periodie signs ascount for g saielf perecistage
of it signs m tie Thai sige langisyg, ;\duauonyftéu: HMM
modile 0 claasify those mn,—pm:dn sipis wilh noc
significhntly inctease the systsnt’s overall computitional
complexie.

1109
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Fig. 6 p(0|4") comesponding 1 periodic dam . sofs,
cumpnred against those of the non-periodiv sign *beandfil®
and its empirical threshotd,

L

" e -
R4 A P ¥a

5. CONCLUSION

In this paper, o hrbud appivach o sutonwied Thai sign
I hag been p ed. The d mwthod
cumbines the HMM-bused  claseifir with miother two
non-HMM-based classifiers in previous work,
Bevause the HMM module is used for classitying o relutively
smafl rumber of signs, the hybrid sncthod retains the
wmdvastege of the nom-HMM-bused method in terms of
mmmlmhmmoflhhmm

gesture
c'lmﬁwm This clmlﬁcnnm urmpeﬁodicmhn
been & major weakness in our previous Thwi sign Janguage
uaaslation system. As & resull of this hybrid scheme, the
system can now destinguish both periodic and noun-peniodic
gestures from transiticnal movement. Frture work includes
mere expesiments based on p Iarger number of data sets.
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Continuous Thai Sign Language Recognition usmg
HMM with Transition Models

Arunee Jaruwanawal and Noppem Chotikakamthorn
Faculty of Information Technology, and
Research Center for Communications and Information Technology
King Mongkut's Institute of Technology Ladkrabang, Bangkok Thailand
(E-mail: s5066025@kmitl.ac.th)

Abstract-This puper addresses the problem of continuous T}ﬁs::u:cuddmallmnwdwpmfmmmm
Thai sign langunge recognition. Sign language is typically Dynamic Time Warping (DTW) method. The so-oblzined ¢
wmpuddhandﬂllpummfme_tibylhe nusodlufthMMmdehfwmumm

One of the problem with this method based on con
problems in tumingmhnmslglrw&mh

the construction is its need for extensive training dat to

uidmunrhundnndammn ient in transition b two cover possible transition movement patterns,
signs, This ¢p i ement  conveys no In [2], a lurge vocubulary sign language recognition ¢
mmh%-o:inmur. not “%‘E it into account gr}lh_bgpﬁ sidered. Due w0 a large sign database, extensive Viterbi se
TUeHRn eriormance, Lhis papers prop 2 mnmdﬂ:whmmmu«mdiﬂiljwm ;
; based HMM trunsition movement models within o classification strategy. A sign gesture inpat is first
llh_!.\_!—bmd sign language recognition system. A transition one of the clusters of similar signs, Then. a Viterbs
iniyvemicnt a represeated by a singlestate. HMM model, of performed on a sl subset of HMM medels co
which its model parameters are obtuined algorithmically hased signs belonging to that cluster. Although
o i u peransary ‘;3‘;!" i e oblained, this two-stage elassification mothod is

X srvaids d o cillect fre-tratning search.is perfurmed over a subset of u set of 4l fea
mmm;ﬁhwhk:dﬁonmxwm I o sesuks i poorec ecogifion e e gl
conventional manoer. In g;m realize continuois seurch over all feasible HMM models [1],
language recognition, i paper a pruning strategy for

Most reseurch works in sign language recognition «
languages wsed by people of large population such. s
ond Chinese sign Janguages. However,

language, like ity spoken language

orle region 10-another, For Thai

those of [5-6]. In 15, 6

m sign hn;mxe

miﬁ:mnmmaunnnnm

wi;!knu@tmghnd:ﬁnm
0n, o method wa Mm scgment

mmmmﬂtm rm&--_‘_.

segmentation ‘and fecagnition m}ﬂuﬂyp«fomvdhmﬁbw. o
optimal result, !nlzq.mmwumrmmmd :



lection end pruc.emn; of extensive training data for tansition
_mavements. Also, it can be used to handle transiticn movement
nnywoarhmryuw?olddmummh
of Viterbi search on continuous signs, a pruning strategy
d on the detection of statie signs is also described,

s paper fist introduces a general framesork of 3 Thai sign.
erccommn :.mr.mmSoctiw! Then, a deailed
n " nt is described in
. AV'nuhsembm;yumegamn Experimental
s provided in Section 4, with corcluding remarks given in
Seation 5.

t‘nrljmhm forined by the movenent of bands, anns
ﬁ Wrxﬂmmuﬁmyumﬂmm

Here. only part of the gestures formed by hand
nqﬂimvmnldhnmhmdmmmndmad lnlhu

Dynamic g are further
J mki nwl Stiovements and rEnsition movemnts,

Statie gesture (posture) is a sign of which there is 1o hand
mmnvmt. Oniy. the hand posiors that defines the

Hgure 1. of Thod sign gestunes

mMi view of the Thai sign language recognition sys
the work described here as kzwﬁ.irmmdh

mwmwxnms} hnd&inmbﬂuw.

From the figure, the sysiem is composed of four main parts, The
first one is responsible for acquisition of hand shapes and
movements. Here, an electronic glove with a 6:1D0F clectro-
magadlic sensor is used as an acquisition device. The second part
18 ihe HMM-based gesture recognizer, The third part is the. sttic
gesture detector, The result of the delection is used to assist the
HMM recognizer in selecting feasible Viterbi paths (pruning). And
the last part is the wordiseotence recogoizer, This perl uses the
result from the pesture recognicer, along with a sign language
model, to produce the finul recognized word/sentence. In this paper,
the focus is mainly on the second and, 10 a lesser extent, the third
parts of the system.

T CONTINUOUS THAL SIGN LANGUAGE RECOGRITION WITH
ALGORITHMIC-BASED TRANSITION MODELS

A. Modeling the transition movement

Here, an HMM model is adopied far the recognition of both
static anid dynamic signs. As pointed out by previous work [2 41,
transition moveinent should be incorporated in the mode!
improve recognifion rale. Insiead of direcily troining the model
using data of ransition moverments, in this paper we propose that a
transition: movement is modeled using u single stae HMM of
which its model parameters ars oblained aigorithmically & ren-
time, Thus, given two signs (the last states of the word models A
and B respectively) connected by u particular transition mevement,
1mma;ﬁmmuuﬂdﬂmﬂmm&kmmhyﬁms

e

H,_pm Y. Series of HMM states, connected by a tansitlon siale, to-modal.
continuous signing.

T onur stady, @ single-siae HMM transition model is construcied
a rin-lime bused on HMM parameters comresponding to the Jast
state of Word A end the first stute of Word B, To explain the
algorithm, some notations for FMM models e first inmoduced.
Let (A, sy, U be an HMM model parmneters comespondiog (o
the flst word (Word A §n Figure 3). Here, & s the inifial
probsbility of Being in the fien staie, A is o mamx oF s
transition probabilities. In sddiiion, ji; is the meuns vector of the i
state. puloome and 1, is. the. comesponding covariance. malrix.
Stunitarly; (=", A7, pf.ﬁ,ﬂnm!htmmu
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Word A, remains on the same state. Next, bocouse the model
contins u single sine. A s scalar, is set 10 | - 77 The model
parameters related w the oulcame probability is  obtained
according 10 the following equations,

L+,
- 1_'_1!'._ in
— 1 54 - {0
Gy o Bt "
Ur= Un=0 @
Ch 1
e |
- o) |
Un = * | 4
H
i

S
v b

| B

From Eq. (2), Uss isthe MM top-teft submatrix of U , where
M is the number of data poings ebtined from an electronic glove.
Similarly, U,  aod U are the MM opleft sobmatrice of

U, and U] respectively. In Egs (3. 3). Ua, Us, und U

are the remaining submatrice of U fsee Figure 4, for an
illusieation). The size N of U is equal to the number of data
pouiis obiained from o 6-DOF clectramagnetic location sensar (¥
= ). The variance parameters in Eq. {4) are obtained from he
following cqnu.llan

= A - a1y s

Here, fi, ., is the mean valge ot e third stale in the first word
wnodel, corratponding 1o the i™ dawa point from the location sensor,
In ndditien; 17, should be inteeprescd similarly. Prom the same
equistion, @ is a scalibg factor, axbitrily chosen as 6,

Figure 4. Pecamposition ol U e four submatrice

B. Viterhi search sirategy

Crenerully, pattern recognition: by UMM madel involves a
search for a best pnth (re.; o sequence:of HMM staes) usiig a
Vitechi: - algoritin, . However,  for nmunm sigh.  lunguage
recognitién. with mmedivm 1o Jarge 'y support, the search
complexity and sp&u- . increased. mgml‘muy To maintaia the
seach complexity and WMoy pice eqairement to 4 Iprastically
-mlmc&ckﬂwmmmmgmﬂhnmbdma
staidard Viteshi algorithm. Here, by ubserving that rahy words in
M;gnbaguagemmumﬂmhmpmhnlﬂmaﬂm.
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those static moments ure detected and wilizes (along »
heuristic rules) as part of the pruning strategy in an ot
the number of active puths o an acceptable figore.
strutegy used here is sommarized in Figure 5.
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Two HMM bused sign language recognition lechniques were
wppiiod i the sume data sets. The first one emploved the proposed
transizion models as part of the HMM models. The second one did
not moded e traesition movement. For the Tater moded, each
HMM sign model was simply connected to the next one. The
resuirs are shown in Tables | and 2. From Ihe 1nbles, i‘l is seen that
the proposed method offers
1t is noted, however, that this is ichiuui ‘withowt u&hlhuﬂ watk
an training the (Ensition movement.

V. CONCLUSION

Tn fhis paper, the problem of modeling transic for
Thai sign languuge recognition has been addressed. The 3t
odels, based on algorithmic consituclion al run-ime, have been
described, It has beon verified through the experiment that the use
of the propased transition model offers improved performance over
the sundard HMM-based mwihod without uansilion movement
modelmg. The improvenwnt is aitained without the need Tor

additional - training work for deling  these  sp
MOVEments,
Table 1. Recognition perforniance using the method with algorithmic-based
traniition models REFERENCES
Sonkine : Accuracy (11 E: Gaolin and G. Wen. “A SRNAIMM systers fur signar-independont
: b (%) atino "i‘!:D.Z. pieagellon’s v Face an and Gestore
T Twas borm in Devunark. | o Dearmark 100 71 Mo 2007 oy 357 505
2.1 met him in Denmark. Meet-Hir-Denmark &0 2] G Wea, . WLMMLWW
"3 Ple: 7 MMJWVMMUGMW Language
3. Please, I‘l\‘m MS‘M 100 aca ind O 2 i 2004,
4. Your mem is fine. Muther-Fine 95 Proceedings. Siath 1EER tum-iml Confercrce on, 17-19 May
S, Today 1s Monday. Today Monduy 55 2054 Pugeds);593 - 558 A
5. T1ake a cest on Friday. Friday-Rest 50 131 I“(MMM”YrHOW' ;;R:H: md |, Feng. “Real Time l."g
7. Lhave ten relatives, Relative-Ten BS OPNirerbi Algarithm®, Pattern R ftion, 2006. mmlli
¥ T bave ten goms. GoaiTen i n;.-?aumnummmm. Volume 3, 20-24 Aug. 2006 Page(s):312
i}
9. 1 study English on Monday-Stdy- % {1 . Faop, W. Gao wnd D) Zo, m Vocabulary Contioaia Sign
Menday. English Bancd Movemant . Mnlets”,
Swim-The day after Sm Man ang C‘ybmn Pat A, IEEE m on
it 100 Volume 37, Tesue 1, Jan, 2007 Pageqsy:! -9
< i5] C.Siamand V. Wouichal, “Isolated Thai Sign: « Recognitiun
Oma_’ssonr Sysiem. suvicg Hidden Markey Models”, ol ‘the 25
Elepham-Big 80 Naticmal Elecirical g.:.glmm. Conference M—ﬂ. Hadyad,
g EatFly ' 6] Waorawit  Werapen,

; o (%)
1.1 was born in Denmark Bora-Denmark 75
2.1 thet Him in Denmark. | Mect-Him-Denmark w
3. Please, it down. Please-Sit 85
4. Your mom i fine. Mother-Fine 80
5. Today is Monday. Today-Monday 85
6. 1 take 2 rest on Friday. Friday-Rest 0
7. 1have e relaives. Relative Ten 70
8. Thava teo gootz. | GoatTen L
3. TStedy English on 1 Monday Study. e
Monddy, bt L
10,1l go swinmiing i the | Swim-The day afrer 80 .
'T'TL—'"""_ Urange has a sour taste. | Orange Sour v
&mﬁ&. | Elephiant-Big i
EERT Frpg vatfly, Frog BatFly L

{7} The Nastonal Association wf the Deaf 5o Thailand; The Thanl Sign
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