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1. AIINANAATANLATA (Fuzzy logic)
a ¢ - ° a ¢V Ao “ 2 '

nqufassnenandaquiadagminnldlumsienidayaniianuaquiaia i
snsousniflunguaannniuldadiiaudisassnendaiuuusssua (Classical logic)
al o * o a ﬂlu - 1' ¢ A 4 @ v o ' v ] v '
uanuuzgnviaiie laviali quivdenilailudu  datnrudayadnmsnagludin
oguila oeegludnsswino Sl Uviednszwino ez U dayamaniign
3en1 “WaBiwan” (Fuzzy set)

1.1 AN YIAIINAD ﬂﬂ{ﬂqulﬂ%ﬁl

° = <

assnenaninquiniagmiaualas Lotfi Zadeh lull a.a. 1965 luassnziag
& [ a a1 . ] (4 a 9 1 y o i

vuiupuenuiiuaseiihn  podwulanwienuiiuaiebildiwmziiianuwiveu

v & 1t . ¢ a 4’ ] v A 1 [] - [
iy ualivaedimasmgmsalithezuagelitiewazliuiuau (Uncertain) a1aiu
: 4 < L4 e 1 v Ll v 1 o
FNAqua3a (Fuzzy) Wilddaau (Exact) mateasany liuiuauuE YR UNYil
' & & ' v ' o o ' ay & ' & '
utaandu Fu guuaziou  uddmiumsaaduhgungiisauniaguagludnlaiulbii
mnsaszylaaiedanu  lasgamgiiguannazgndienuhagludie 30 i 40 Memse

o a ' &
35 fie 45 asmnuazgaumgiiiauagludn 45 asenvia 50 avnauly

P ¢ a4 g 4 a_d. o > an =
Fassnmaniaquiaiaiiuesasiiaidelumsdadudayanliuiveuuuudl

1 L ‘J a A U =~ Jd '
anudiangu  lEndnmauaiidzunuuanudantudauresysduaziiansuzning
A5snzUULLTIRaSe (Boolean logic) Aa ansadadudayaludinanuai (Partial true) o

° J L o _ AJ s a
Toamsmmuamszaduanauniiuaindn (Degree of membership) s liszduanauiiusingn

1 0’; 1 1 %4 1 = 1 \ Ca
aglugeaud 0 891 Tmﬂmguz‘fmmtmummlmﬂuamﬁmlaqnqumwmtmumw
= L] U 4 1] U o 4 o = 1
tﬂuaumnwmnquu,a:mnaqizmwquefﬂunumamizmumwmﬂuamﬂnﬂmnqumn
waglUannenuaau

1.2 dafiyeInsInmaninguAta
o~ v 1 ° Yt ° d L4 v
fisnuamaunagate  mldimaheessnenaasinUssgndldinning 98
4 o : o
ansaagUlawadaddsil (aied asum, uaa.)
o 1o v Y Aaa S
1.2.1  dWussuuifenuadssawgs  Lidwdudasldnuiussuuniidunaindl
¥ ) < s 1 = ar =3 Ad
AMuliuaunIaUsmaNNFYYIMIUMY NENABITUUTINITOTONTUBUNG  NUANN
AauLAIe laae eV
v vy do o a v U ) £ g
1.2.2 Usznawasemsldngimuuaviaiiecnuesldviagasnszuy 3
a vd v & 2 o o ' 4 A a
Aafnmy  annduilumsazainlumsuSuudsszuuiaiiudssdnsmw
1.2.3 lLifidaddavasinudunaniaenine  ilinsaanuuuszuy

o Vv s s J 1 L] o L Vv
mnseildwamnnaes  aanselddiesnduilifienuwivdanninuaziisnagnld
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Y o a4 A a o '
NN funaIE (e tiaadssandnmeasszuuluzaznanugiennuasnaTInges

L2
szuulunuy

o ' ' ' o, o
1.2.4 flasasnnsinsouviusniflumhadscananatasle  mivlassuun

fimsnsrnemahau  Hedamsquanazulsunle

Vo Mo al g A Y o q w
1.2.5 annsalgnununlaidhudeady (Nonlinear) la  lviaamsems

o J _ 4 Qv
AMUNAUMLUUABITEUUNNANA A FASNTUT DY

1.3 WuBwtm (Fuzzy set)

Wodire fa mstmuaszavanulusininlinuwazasdaya lasiarad

Tugnszwino a1 datneuisdigalsznaudenn au  Hudazauaziiszauras

anudusninaseaaugs  NuanaiulumudsuaNugeaIuaazAAaMa TN

2.1 nmsnasdiulaanang . ianugs 185 wudiwasiviissduanuduaanin

YBNAUFYINY 1

Tumeassianng o. fenags 142 wudwasaslaszauanidy

a 1 s s A J a o
fnBnuhfiu 0 dmiueuiiienugesenin 142 B 185 wudwasaziiszduaniiu

singnuandeiulumuenugurssdazyana  bimmnseRnsanlahyaaamaiiil

Ql 4 J a v = J J 4 P
anugelussdunil Fisnnmsiinsendgassnzuuuiinasiinguiiuaugeazdasi

ANNGRNNNT 170 wudwastiuisazdaintuaug

A5 2.1 i:ﬁum’mLﬂuaminwmwmﬂuga

szauanmituaanin
#a AN (TA.)
¥ #@atau (Crisp) Wod (Fuzzy)
we n. 185 1 1.00
Wy 2. 180 1 1.00
e . 170 1 0.95
Y . 165 0 0.86
Y Q. 160 0 0.50
e a. 155 0 0.43
Y 9. 150 0 0.28
Y . 142 0 0.00

(arhied @3um, v.1.4.)
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a o v o
Woddhumeniimauwawuuaqueda  mvuald U Wugaenanduimsuasdl
29dUsenay Ao x  waFAIaY A (Crisp set) fisnulaansvladau v,(x) (3and “Wangu
AMANYULYBAYA A” (Characteristic function) 04l
v,(x) : U>{0,1) (2.1)

Toed
1hx€EA
"A(")'{o hxeA

argugeaudiunmsdednnianawduimsludem o waz 1 dmsux laq lu

nanduins U dvsuisdoesansolinaiedtu £,(x) Genh “Wigdudanin”

(Membership function) YD9LYH A 1aeail

F,(x) : U—[0,1] (2.2)

pu
Taahn

1 & X agluia A favue
0 & X liaglua A we
(0,1) & x agluwa A vvdhu (0 < fo(x) < 1)

fa(x) =

@ [0, 1] #a Arszeuanudluandnes x lue A Werdusandndudiuny

gpegaudsluszuy  atumsivuaneifuansndaindudusadmsumsaanuuu
¢ - ° Py o € W v Vel o v

FTUUATINATATAQALATD msivuaidfudnndnludaslignianuzuazany
d o v v & v o @ & a 4 . %
Fenmamnuayaiugssydavanuiiusininrangs  Humsieanuzzes
4 o L 1
diengldllusruuenihldssuumninsodadudayaldadngndas

o o8-
= &
xS
gl & 06—
£ oe g o4-
P £
| -
02 0.2~
cu { o0 | 1 1 1
140 150 160 170 180 160 140 140 £33 370 e 190
AT (rBisy) RBge mniiain}

Mwil 2.1 () wasugwuuiary  (7) weauguuuisd (arhied @iui, nalal.)
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l g @
1.4 Hangudandn (Membership function)

-J a o v a = = ] [ a ~ [~ LA

deRnsanietudnnussudisusevnadanuiuilsdee  wulenwe
FARAUITHNITUUNDULNYBUTADENTAERY  wadmSuNdwezauayausnazling
v L% QI 1 \J .24 J L4 =\ Q L 1
FAUNUNUIEHINTDUTANI DINANNTULANINMNN 2.2 WAFuFNBnianudAyao

o ° v 5 1% o

LUUATINATATAQULATD Fari sz uuaINI0AIANNTY IR TN YU
Rsananudunusasdayaseningala TosneridugangnainsIsafivualovais

' o % o I P & v o ' ' Pz a
JULUY il Samde Smdsuaany Enlusiuudea Wueu  madhagunangudangn

= AJ e cl 1 a
YDIRUNATUUUTNMAENINIWD 2.2 (D) anunTrans A dnenududinin
29910 ANNFureIns W e anullulsduazanugiransv fs szauanuiiu
dangniiagegaumnu 1

Qm‘ngﬂ"fiémm‘ﬁ
,#— e 1.0
& 1.0 % ég i
z 038 g
= o6 g ob
é c.4 % 04
% 0.2 ® 02
* oo " o0
gonadl [°C) pouwngd (°C)
(n) )

A 2.2 Wadduaandn (n) wedary (o) wanyd (anfiad asu, u.U.4.)

Jwandn
(]
[#+]

FERTAITNL

: i =
15 222527 3355 ppund (o)

Mwi 2.3 Widusngnuasaaugll (efiad fium, wal.a.)

N a = nl ° s s
Waridusndnyasgamgiiuuumumasaainsohassanudunussasaue
a s a s 4
enudiusingnzause A Tugduuuisigudadulasesumsi «.3

A= (0, (%) /%5 U (X ) Ry ey UKD 7%y} (9.3)
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1 Y s . 1 e IJ
nnFNMINNILAN x, srfisvauanudusndnoniu u,(xy) MWD 2.3
MansaldsuanuduwusuasiitudnBnuaaiu Masd warsaulanail

e = {1/15, 0.5/19, 0/22)
Wwafad = {0/15, 1/25, 0/33)
Wwasau = {0/27, 0.5/29, 1/35}

1.5 @udsn (Linguistic Variable)
v [ o o ¢l ° Vo
dulsmuiilududsiunumeyazesnyedldlumsimuangunarilviu
assnendasaauade 01 x udgungivasiasid “gungiidan”  axled x
v o o A a ' @ < v AJ J g g
Usznauameiiulsned A aumgiiuazafiuds fe sau TAPNGILIMEIADY

s L4 g o g ] e = A
Mansaldunuananduinsuasadindsuule vy duwdsaw “gungli”  niideg

sewin 0 89100 aseileWaBiaaed Husn By M8 sauuaziaunin  law

L4 o L. L = L) L d ° U - L
asauaquuarduNusivABedereasiudsmm  ahauidiarlllszinaus
aald

1.6 ﬂﬁﬁﬁﬂ’lﬂuﬁﬁﬁwﬁ (Fuzzy set operations)
o a va % < o <) a o 2
GWHTAMS (Operation) Awvandeszavanuiuaandnuasiulslume &
v Y1
Usenaumy 4 wuumil
1.6.1 @uida@y (Complement)
a -l _— GJ o e = L 49’
dududurage A s A Zileszauanailudaininasil

uz(x) = 1-u,(x) (2.4)

1.6.2 ratay (Subset)
mszauanuiluandnreagadasres A ziianisanimIacmnua
seauanuuaindanlue A fieladn
38U = {0/27, 0.5/31, 1/35}
SauInn = {0/27, 0.25/31, 1/35)
azla Sauann c sau
1.6.3 du@asL1Bnyu (Intersection)

k4
v o

a e 4 c‘ =4 g L
SULBTENTUSEWINTN A USZIHA B Ad ANB ZRNANUTUNUSANI
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u,np(x) = u,(x) Nug(x) (2.5)
= min[u,(x), uy(x)] (v.6)
MG = {0/15, 1/25, 0.72/217, 0.4/30, 0/33, 0/35})
30U = {0/15, 0/25, 0/27, 0.4/30, 0.75/33, 0/35}
faed N 38U = {0/15, 0/25, 0/27, 0.4/30, 0/33, 0/35)
1.6.4 qtﬁﬂ‘u (Union)
gl

1 J L %) o dw
WIEUTENINTO A LUBLLE® B A AUB ZNIANNENWUSHIT

u,up(x) = u,(x) Uug(x) (2.7)
= max[u, (x), uz(x)] (2.8)

frd

fMaed = {0/15, 1/25, 0.72/27, 0.4/30, 0/33, 0/35)

?u = {0/15, 0/25, 0/27, 0.4/30, 0.75/33, 0/35}
faed U 38U = {0/15, 1/25, 0.72/217, 0.4/30, 0.75/33, 0/35}

1.7 ng‘ua\aﬁﬁi (Fuzzy rule)

ngrasediluismaihoenuizasuyedinldluszuuasinananinquiaie
nguasiled fa nqamanseladouladh-udr (F-THEN) ugluuudedaluil dhx =
Aumy=B({Fx=ATHENy = B) Tﬂﬂﬁ X Uaey Wumuwdsame & A wae B
Hudndemwn  Tasundudingrasiedazasauaquerzasiulsiiagludeuls
andhathaduszuumuguaamgdimdulule fe du Mduazdou Fufudeulymanse
uaaaladail | |

Rulel:

IF temp is cold THEN output is heater

Rule2:

IF temp is hot THEN output is cooler

Rule3:

IF temp is good THEN output is no change
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1.8.1 Mamdani-style inference
Tull a.@. 1975 @dA519158 Ebrahim  Mamdani W INENae
aauﬂau'léfﬁwLauam'smuﬂum’%aﬁn'ﬂmfmaznﬁaG’i'ulmfw (boiler) IHITMIBYINY
Hofuuy Mamdani FeUsznaudis 4 duasuiingasdsadail
(1) mM3NYd (Fuzzification)
mamizddumsannamarssauanududininzessadiniu
MulsidammrasmulsiBeaazeasdunasiseidusansnuaznguesied  ns
ﬁwmmmdws:é’umwLfJuam"z‘m'ﬂmﬁuwmé’qmwﬁ 2.4(n) mmsnﬁmsmﬂd‘hﬁqquﬁ
-0.67 aveniaaglueay (N) wssiwagud (2) zasvlhituganinamnanuianan
Tagfissavanuiuangneaagaauniiv 0.36 waziissduanuiluandnuagagud
uhfu 0.62  ieRnsandszauemuniusngnisssmandiuldhi -0.67 aeenil
szduanuiiusndnzasaagudinnnnigeay NN 2.4(2) SansoRarsanleh
flgaumgdi 1.67 asmaniiimeglumaguduazmauin (P) sesilsidudanuionma
Tosifiszauanuiluaninuasgansaariy 0.35 waz 0.64 mudeu Tasfianaudy
wawmnnnnEagud Nnmsinsandayarisaasaansoaglugiuuuildiuainan

Vv

lodsil
U(Error=N)(_O'67) = 0.36
U(Error:Z)('—O‘67) = 0-62
U(EITOFP)(_O'67) = 0.00
U(En’orRatc=N)(_0'67) = 0.00
U(FzrorRate:Z)(_O‘67) = 0.35
U(Em!rRate=P)(_0'67) = 0.64
€ &
:
: :
:
P e - § +1.67 45
MATWEANAR (T) sanmaRewwasmanafianma (*Crwi)
Q) (1)

A 2.4 MainWed (n) MBune -0.67 a9 (7) AMBUNA 1.67 axen (a1find @3
um, w.d.al)
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(2) msusudiuamnguadlnd (Fuzzy rule evaluation)
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Jouluwasudazdunmazgnisufiumdisdinsziueiadion 1u AND (aumsi 2.8)
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‘J o a J J r a '
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1 IF (Error=N) AND (ErrorRate=N)
IF (0.36 AND 0.00) = 0.00
2 IF (Error=2) AND (ErrorRate=N)
IF  (0.62 AND 0.00) = 0.00
3 IF (Error=P) AND (ErrorRate=N)
IF (0.00 AND 0.00) = 0.00
4 TF (Error=N) AND (ErrorRate=Z)
IF (0.36 AND 0.35) = 0.35
5 IF (Error=Z) AND (ErrorRate=Z)
IF  (0.62 AND 0.35) = 0.35
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IF (0.00 AND 0.35) = 0.00
7 IF (Error=N) AND (ErrorRate=P)
IF  (0.36 AND 0.64) = 0.36
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9 IF (Error=P) AND (ErrorRate=P)
IF  (0.00 AND 0.64) = 0.00

THEN Output=C
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THEN Output=C
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THEN Output=C
THEN Output=H
THEN Output=H
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COG = 4g——— 2.9
Ja ua(dx -
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Abstract

Communication is essential for man kind in
globalization ~ world  where  information
exchanges at all the time. The common way of
communication is spoken language. However,
people with hearing and speaking difficulties use
sign language whereas hand gesture tells the
stories. This sign language is usually difficult to
learn especially for normal people. For this
reason, nowadays, there are a number of
research and developments on software and
tools to ease learning sign language. This will
then decrease the communication gap between
normal people and those with difficulties. This
paper summarizes techniques, pros and cons of

those research and developments via worldwide
survey regarding learning sign language.

Keywords: Sign language, Disable people,
Recognition, Communication
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2.2.2 An Image Processing Technique for the
Translation of ASL Finger-Spelling to Digital Audio
or Text
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T | Touch between fingertips
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Abstract

Sign language is used worldwide among the
listening and speaking handicapped. However,
the cost of aiding equipment i.e. data glove is
very high. Therefore, this paper has proposed
the experiment, the efficient analysis of sensors
that are suitable for tracking the hands’ gesture.
The use of distance measurement sensors is
applied to track the angle of fingers’ bending
which is the important part of hand gestures
tracking. Two types of distance measurement
sensors have been experimented here, Hall
Effect and Linear Variable Differential
Transformer (LVDI). Combined  with
recognition system implemented via an effective
method i.e. Artificial Neural Networks (ANNs) or
Hidden Markov Models (HMMs), this data glove
could, as well, lower the cost of aiding
equipment for the listening and speaking
handicapped.

Keywords: Sensor, Data Glove, Sign Language
Recognition, Hand Gesture

1. Introduction

Sign language is the use of facial
expressions, body languages or hand gestures for
communication among listening and speaking
handicapped. Though it has been used
worldwide and with different gestures standards,
sign language is still pose problems between
ordinary people and listening and speaking
handicapped. Thus, there has been a research
area conducted with the application of
technology called ‘Sign Language Recognition’
in order to help reducing the gap between two
groups of people.

The recognition systems are divided into two
parts; (1) hand gesture tracking and (2) hand
gesture  recognition. The hand gesture
recognition system compares data received from
hand gestures; transfer the gestures to normal
sentences. The common but effective methods

are Artificial Neural Networks (ANNs) [1] and
Hidden Markov Models (HMMs) [2].

Auslan  (Australian  Sign  Language)
Dictionary [3] has listed the most common
method of describing gestures is in terms of four
primary components - handshape, orientation,
place of location and motion. Whilst handshape
refers to the flexion of the fingers and wrist,
orientation to the angle of the hand, and place of
location to the location of the gesture relative to
the body and motion to the changes over time in
any combination of the other three features.

Vamplew and Adams [4] have developed
sign language recognition in Australia with the
use of ‘CyberGlove’ [5] and ‘Polhemus tracker’
with Artificial Neural Networks. In addition,
these Artificial Neural Networks have been
divided into four subsystems according to four
gesture components of Auslan Dictionary. The
system has been tested and received the accuracy
value of 94% by the system developer and 85%
by other users.

Khan and Mehdi [6] have proposed Sign
Language Recognition system by using Artificial
Neural Networks. The system can distinguish 24
American alphabets except J and Z with an
accuracy of 88%. Khan and Mehdi used 7-sensor
glove from 5DT Company [7] to track
handshape. The first five sensors tracked the
bending and stretching of all five fingers, the
other two tracked the leaning and twisting of
hands. Wisankuna [8] has used CyberGlove,
which costs around 9,836 — 14,396 EUR,
together with Polhemus tracker and Hidden
Markov Model to memorize 283 words and 100
sentences. He got the accuracy value of 84.44%
from word memorizing and 80.8% for sentence
memorizing.

All studies above used high cost data gloves
such as SDT Data Glove [7] from SDT
Company, which costs about US$3,495-6,995.
The glove has Fiber Optic sensors to capture
hand gestures. Five-sensor glove can track
fingers’ bending and stretching. Fourteen-sensor
glove can track fingers’ bending and stretching



better than the 5-sensor one and can also track
the stretching space between fingers.

As a result, Kuroda et al. [9] has proposed
prototype  consumer data glove called
‘StrinGlove’ containing 24 Inductcoder sensors
and 9 contact sensors, to recognize Japanese sign
language with an accuracy of 85% when tested
with their sign language recognition systems.
This paper also proposed an implement of low
cost data glove that is efficient in recognizing
handshapes. The detail and experimental result
of the proposed data glove are on the following
sections.

2. Proposed Data Glove

For this work, data glove is the key
instrument in capturing handshapes. It is the
equipment to track the bending and stretching of
fingers. Therefore, suitable sensors are needed.

2.1. Handshape Tracking Sensors

Sensors for tracking handshapes have to
track the bending and stretching of each finger.
Despite of a huge selection of sensors, chosen
sensor not only has to suitable for the job, but
also it has to be low price to fulfill our objective.

Three low cost sensors have been considered:
Potentiometer, Hall Effect and Linear Variable
Differential Transformer (LVTD).

2.1.1. Potentiometer [10] is a sensor that is
widely used in electronic works. It is available
with low price. But it has low durability and
stability, which is not suitable for the work that
contains a lot of movement.

2.1.2. Hall Effect [10] is used in measuring the
strength of magnetic field. It is also contributed
to certain voltage which can change the strength
of magnetic field. The increase or decrease of
voltage is depending on the distance between
magnetic field and inductor within Hall Effect.
Measuring the strength of magnetic field with
Hall Effect can be done by three methods;
Unipolar Head-on Mode (Figure 1), Bipolar
Slide-by (Figure 2) and Push-push Approach
(Figure 3).
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Figure 1. Unipolar head-on Mode (from [10])
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Figure 3. Push-Push Approach (from [10])

According to Figure 1 to 3, Unipolar Head-
on Mode gives non-linear voltage with the
usable distance of 20 mm. Whilst Bipolar Slide-
by and Push-push Approaches yield a lot more
linear voltage with further usable distance, where

Push-push Approach has more stability
according to [10].
2.1.3. Linear Variable Differential

Transformer (LVDT) [10] consists of 1 primary
coil and 2 secondary coils. Its core is cylinder
moveable core as seen in Figure 4. The input
signal has the frequency of 1-10 kHz that
inductive coupling the magnetic field from
primary coil to secondary coil. This creates the
differences in voltage of the two primary coils
that are in different phase.

Secondary
Coill

. ore

{YYY\ Primary Coil

Figure 4. LVDT (from [10])



When LVDT is attached to signal conditioner
of voltage of the two secondary coils, we will get
linear voltage that relates to the movement of the
core. The positive or negative value of linear
voltage will indicate the directions that moveable
core moves. If linear voltage almost reaches 0, it
means the moveable core is in the middle of the
three coils. The distance measurement between +
0.1 mm to £300 mm will give the accuracy of +
0.5% from the full scale. The measurement unit
with the distance is called mV/mm.

With the above information, these three
different types of sensor will then come down to
only two; Hall Effect and LVDT. Experiments
have been conducted to compare the efficiency
between these two sensor options.

LVDT has been implemented using straws
with the diameter of 4 mm. Each straw was used
as the core to wrap the three coils. Each coil had
to be wrapped 100 times in order to have the size
of 0.15 mm. Ferrite core was also used for
magnetic field’s inductive between primary coil
and secondary coils with AC supply at 5 Vp at
the frequency of 10 kHz.

On the other hand, with the most stability,
Push-push Approach, as seen in Figure 3, has
been used for Hall Effect. The south pole of
magnets was put to face Hall Effect both at the
front and back. The distance between the
magnets was 1.7 cm with DC supply at 5 V.
Increased voltage has been read when Hall
Effect was closed to the front of the magnet.
Whilst decreased voltage has been read when the
Hall Effect was closed to the back of the magnet.

2.2 Experimental Part

Two experiments have been conducted here;
distance measurement vs. average voltage and
fingers’ bending angle vs. average voltage. The
results are depicted in Figure 5 and 6.

Whilst, Figure 5 shows the relationship
between distance and average voltage obtained
from Hall Effect (a) and LVDT (b) experiments.
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Figure 5. Relationship between Distance and
Voltage of (a) Hall Effect and (b) LVDT

And Figure 6 illustrates the relationship
between degree of fingers’ bending and average
voltage obtained from Hall Effect (a) and LVDT
(b) experiments.
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Figure 6. Relationship between Degree of
Fingers’ Bending and Voltage of (a) Hall Effect
and (b) LVDT

From these experimental results, it showed
that Hall Effect provides more linear voltage,
more stability and less standard deviation.
Therefore, Hall Effect has been chosen to
implement the data glove for capturing
handshapes.

2.3 Position of Sensors

After the suitable sensor has been selected,
where about on the glove these sensors should be
placed is the next question that needs to be
determined
accuracy.

According to [8], the movement of finger
joint can be determined via the angle that each
joint can fully bend and stretch. Whilst 0°
represents the center position with positive
degrees for hand abduction and negative degrees
for hand adduction. This can be seen in Figure 7.

90°
Position 3 +15° Abduction
i 06
- ‘ -15° Adduction
/\ﬁ;‘\ Position 2
Position 1 - 45° Adduction

-90°
Figure 7. Abduction and Adduction [8]

in order to yield the highest -
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Considered each finger carefully, it can be
clearly seen that there are three joints for each
finger. However, beside the thumb, only gesture
from 2 joints in each finger; at the knuckle and
the center one, are needed for sign language
recognition.  Furthermore, two additional
tracking areas, on the wrist, are needed to be
measured. Totally, 13 positions are essential for
classifying hand gesture, hence 13 sensors on
each glove are required for sign language
recognition. The position of each sensor is
depicted in Figure 8.

Figure 8. Positions of Sensors

Finally, as a result of all experiments here,
Figure 9 illustrates the proposed data glove with
13 Push-push Approach Hall Effect sensors.

Figure 9. Proposed Data Gloves

3. Conclusions and Future Work

After having shop around to find suitable
sensor and yet meets the primary goal of this
work (low cost) for sign language recognition,
firstly 3 choices have been come up:
Potentiometer, Hall Effect and Linear Variable
Differential  Transformer (LVTD). Then
Potentiometer has been eliminated because this
work requires a lot of movements.

The last two types of sensors have then been
experimented thoroughly. The experimental
results showed that Hall Effect is the right choice
for tracking hand shape.

A Data Glove with 13 Hall Effect sensors has
been implemented as a result of this work. The



next step will then be interfacing this data glove
with the right hand gesture recognition system
and implementation sign language recognition
system respectively. Having said all that,
choosing the right hand gesture recognition
system, has also been a big issue and needed to
be thoroughly researched in the near future for
this proposed data glove.
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