DENTAL EQUIPMENT CLASSIFICATION
SYSTEM USING SUPPORT VECTOR MACHINES

Mr.Teeraphant Sutthitep

A Thesis Submitted in Partial Fulfillment of the Requirements for
the Degree of Master of Engineering in Electrical Engineering
Suranaree University Of Technology
Academic Year 2002
ISBN 974-533-355-7



o d' A kY Aax d' J &’
IZUVNUNATDINDNUANITNAIYITIAIDILIAIADINDH YU

a\
NHINN

o,
)

=
HIIBINH

a a d 3 < (Y] = a v A
Inentnustiduaiunilsvesmsanmmundngaslsyaininssumansaumiadia
I Ianssyinih

a U =S =
uvIngnaumalulaggsus

mseinw 2545
ISBN 974-533-355-7



a d‘i I DY) 94 oS t-"!. J dv
53’1]‘1]"1]1!!‘Hﬂ!ﬂﬁi’N‘M?)‘l‘l14ﬂﬂiillﬂ?ﬂ')ﬁ!ﬂﬁi’)ﬂnﬂ!ﬂﬂ‘i!ﬂﬂﬁuu

3

=S a = = weag Woar e =3 L= - | [} & =
wnrineduma luladgsutd eyldldiuInniwusaifuddluduniiavesnsfinm

aumdngaTlIggumiada

= = o
AUSNITUNTTDUINIIUWUD

T P e

(WA, A3.00A DANNINIAR)

Usgs1unssuns

_:ﬁ___

e o
(WA, 3. 0108 ATuAD)

P = =Y o
AITNNIT (E]'li]’l'iﬂﬂﬂﬁﬂ‘lﬂ'l’ﬂ’]fﬂuwu‘ﬁ)

o Y

(591, u.ﬁfﬁnw q9n95)

NTIUNTI

Ao (s
T = ¢ o &
(iﬂ.u.ﬂﬁi.ﬁéwgm qINY) (37, WD, AT ITHIU UTNA)

) o = oo w oo = L4
TOIDENITVUANILIFING ANUATIUNIVIIAIMNTIUMITRS




Tovtut qnimw ¢ szuuwuniaTesiietuanssudiedtiniewramesinenuy
(DENTAL EQUIPMENT CLASSIFICATION SYSTEM USING SUPPORT
VECTOR MACHINES) 01158#11/5n11 : §esnansngd as.oniiad asud,

108 vi111. ISBN 974-533-355-7

9 ]
A A

Nuded TddnaueMINaN Iz UUIWUNATEI NI LILONFLAVDUATDID
Y [

Yy o o ' A oA A A, v v ' v
‘Wif]ll‘mi%u@1llﬂu0ﬂlﬂﬂlﬂiﬁl\‘m’EJm&JiuWH“VWlNWun],ﬂ I@Eltl"]fﬂ’ljﬂiglljaWaﬂ’IWﬂ']ﬂi]’]ﬂﬂa@\j
an an ° A A cw 4 Y Adas A s & & & ax ' £
3@1@ ’Jﬁmimuuﬂ!,ﬂi’ENiJE]Gl,u\‘nu’Ji]Elumu%Dﬁlﬂiaﬂlﬂﬂlﬁﬂilﬂﬂﬂuu G]NL“]J“L!’J“D‘ﬂﬁ’EJEJNWHx‘]

Aq Y o Y ~ a A Yo o ' o
‘VII"]fiHQ'IHﬂﬁLLEJﬂLLEJZ’JG]Q]’lﬂﬁlEJNSJ‘]J?%’ﬁ“l/l‘ﬁﬂTWngulﬂi‘UﬂﬁfJE]iJi‘]J’ﬂﬁ'nﬂiﬂ‘ﬂ1ﬂ1§!L‘c’JﬂLLEJ$

Y
% a %3

Y A ax A J dy S Ada = 9 o w
G]QulﬂE]EJijJ'I%ﬁiﬁ/]’Q@] ’J‘ﬁ!,ﬂi’élxil,’mmﬂi!ﬂ@ﬁigﬂlﬂu%‘ﬁﬂll umauiuﬂ1igiﬂuguazmi}1 AN
v

o AN YR A A T ) 9 Y] [l 19 Y =~ 9
uuﬁg‘]_]‘]_]‘ﬂUlﬂFt]\?iJﬂ'J']iJElﬂWquqqIﬂEl'f?ﬂllTifl1!'llf]WGUf]ll“a"llﬂﬁ?ﬂ@iﬁﬂiﬁiﬁigﬂﬂﬁ'm'ﬁﬂLiﬁluqﬁj
o Y Qazl 4 awv Qy dy Y o = a o a R £ & ax 9 o
u,azimm"lﬂ UBDNITN uuua’flmmai]ﬂ“vuuhlﬂm!,mﬁ]umﬂﬂaaﬂai‘vm FUYUITMIAUKIM
Adad  a a ¢ o y a 2 A ¢ A A g
?‘lfJ‘U‘VIﬂ‘VIq@l“ﬁﬁﬂiUUiUUWﬂigﬂ‘HﬁﬁJWW']ﬂWﬁﬂi‘U“W']3'lilmﬂisllﬂﬂﬂi@QL?ﬂL@@ﬁLﬂfJWHU wertuns
A a A dg} S 9 9 a 9 o ] A A A
U s2aNTNMWNITUENUEZYDITZUVUYUDNAIY VOYAFUALUASUDYAA U UIVDIUATOINDN
Yy L!y ) Y a Y v A A o A 9 o
lavnszuuiawsai ldlddusunaldnuszoudus weimsiszuananioldauny

A A 09/’ 1 (] ] o A Y a Qy A A dlsl Yo 9
IATOIVUDUU ﬁ’0ll‘]J!,GI)”L!ﬁZ‘U‘]J‘I’];L!ﬂu@]LLEUL!ﬂaL'W’E)Gl?iﬁ"]i]'lﬁﬂ?ifl‘]JGI)'ulﬂii’NiJ’f)VlﬁﬂﬂﬂWiﬁlﬂﬂ‘UQ

E4
Ay A

vy ¥ v Ay Yo & & 0 A A o p

Glslfulﬂ 33‘]J‘]J§I‘HLL‘]J‘]J°VIllﬂWﬁlu']‘lluiu%Wu’Jﬂﬂu ‘l]uﬁz‘]J‘Uﬂ'llluﬂlﬂﬁi‘)\iﬂﬂﬂu@]ﬂiﬁll “INTL!\TI“H

o ' S o v VY ava YA 1 9 Y 1o s Y

‘mmﬂs'immazﬂtNm!,‘ﬂu%m@ﬂ%gﬂgu%wumamm%ﬁmﬂu ulﬂLLﬂVIUWLLWTIEJLmZIﬂGB’JfJ

o 4 9 A 1 B PR o I A a A A [ Y

NUALNNY IﬂEJWU"IVI@EJTQ‘WHQ‘]J@QEJGHUEJT]HG]LLWVIEJﬂ@ﬂTﬁWEllll,ﬂ'iﬂ\illi’]@']ﬂ@] ATUANNABDINIT
Y J o 09}1 Y dy ) 79 9 I a o A A o

VDINUALLNNY ﬂﬂuuﬁxﬂﬂﬁullﬂﬂuﬁﬁJ159”11ﬂﬂ5$§ﬂﬁ1%!ﬂuﬁ$ﬂﬂﬁﬂﬂﬁlﬂlﬂiﬂﬁﬂﬂﬂu@

[ va A A Y o 4 o = Y = a A
ATTULVVOA 1A LWE’)‘VI%%GLWVIHGILLW‘VIfJﬁ’ﬁJ”IiﬂVIN"IUﬂumﬂﬁjﬂﬂﬂiﬂﬁgﬂﬁﬂllazuﬂigﬁﬂ‘ﬁ

an'la

13w aenssy i AMelpYeINANY

=1 4 P
msdnm 2545 Aeio¥0019156NUT A
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CLASSIFICATION/ SUPPORT VECTOR MACHINES/ DENTAL EQUIPMENT

This research is devoted to develop a system that is able to classify types of
equipment and to locate its position within the workspace. The system deploys image
processing techniques as an input to the system and uses the support vector machines
technique as a classification mechanism. Further more, this work also applies a genetic
algorithm, one of the most efficient Al techniques for optimization, to search for
optimal parameters of support vector machines. This allows to improve classification
performance of system. The resulting type and position information of the classified
equipment can then be used in other systems for further processing or directly applying
to the equipment. The classification prototype developed in this work uses dental
equipments as samples for classification. Normally, there must be at least two people in
dentistry workspace: the dentist and his/her assistance. Mainly, the dentist assistance
will help picks up dental equipment upon the dentist’s request. The results from this
classification mechanism can then be applied to the system that allows the dentist to
conveniently and efficiently work by him/herself using the robot arm to pick up the
dental equipment and hand it to him/her.
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Y
[ v v

{ 4 o ] . i aang
g -1 ﬁclﬂgﬁqﬂﬁ”ﬂJQW U ANUUUBUANNHK I (margin) GIJ@Q?%H”I‘LILL‘LNLLEJﬂWa18N@Iﬂﬁ@

o ' { 1 <} {
(d)+d) e drudeyafoguudumuuuivesdunard +1 uaz -1 (duasuanlunind

Y
4

2.2) ﬂxﬁﬂﬂ”jmﬂmaisﬁawuu (support vector)
4
dmSuaumsveaduaad +1 uaz -1 HTuaINTaN IMnnTTIUIenany

Qad'd 1 d' ‘3'1 v
HANNUVDUANNHWNUINNGTAUULDI ANTUNIT (2.2) uaz (2.3)



(W-x)+b=+1  dwmiy y=+1 (2.2)
(W-x)+b<-1 dmsy y, =-1 (2.3)
diosamannsfi 2.2 waz 2.3 Whdeiuez1d
yWex +b-1>0 d@msui=1,..[ duieddoys [ @

A A o ] 9 A J A o ] c?/‘ 1 Y &
mawmimmumuwawaylamﬂu'lﬂmuﬂumiﬂ 2.2) AW UIUUICDYUULTY H| BN

Aeauns
H: W-x)+b=1 (2.4)

(1-b)
W]

1 o [l L J { [ H
daudwrisiduldamannms 2.3) sgeguwdu H, Taoh

Taginnur1eIngan AN

H: (W-x,)+b=-1 (2.5)
=) 1 o a " v (_1_b)
HazlANNHIINYAR UHANINY
W]
Y c?/‘ J 1 o t g 1 )
AY T2EZNN d, WWANMAY d Fanfe W LB UATTINITOHIAINGIIVOIVO AN
3 9
w1elann
' 2

VBUANUYN = m= d)+(d) (2.6)

ez Iveuanurliannnigedadina ldmsuenuezidscaniamuinigadeaaslu

9 A v A

AR 2.3 9d0eld W ouaz b iaideenaatiude

L)



Minimize W ,b: (I)("V)%”‘/V"2

Tagi y. W-x, +b)-12>20 dwiu i=1,2,3,..,1 2.7)

[ [ [ E4 [
Tagh @ unusindesige Tunsudilymiiideddimaiinmsmsrimingan
d o . o . 4 4 a4 .
NgA (optimization) nuuTisunsumasdes (quadratic program) &amsNvg liazainny
9y 9 o o w Y 1 1w A A
msldnudesimuaviavedTlsunsumdsaediaumny N+1 Tasfiar N DAsvuiaves

a o ) @ u’j [ @ J . .
DUNAUUIDY ﬁmsumsuﬁ'i’]mmuuﬁm13a1€%’waﬂmam’Jﬂmmﬂimfu (lagrange multiplier)

€

v
=1
N

l
LW, b, A)%" W - > 41y, (W-x)+b)r] (2.8)
i=1

o)

0

~ ] A ] 9 1 9 1 R Y
NINN 2.3 (D) M3 Iaeniianureos V) st Iaalvanumeaunn ezl

szansamnani

{ P J ] 1 Y
Taoh A=A, A ... A) fenawesnimwizaiuinlilimavvesdigo

-4 a 9 A o ~ 9 S % o o [
a1n31ud lagilnanne gevetoyaniimsiseugaziia 1 muizdiveuives uazdmiuge

) R s & Ay A 9 9 ' & S
m@%ﬁﬂlﬂuwﬂlﬂ@ﬂﬂﬂﬁuuﬁﬁﬂﬂlﬂgaﬂ@gﬂulﬁuﬂl@Qlﬁum@ﬂﬂ31uﬁ1\1 H1 L (FLG H2 HHUANUDN
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s 1 1 9 A 3 =W 1 W 4 Y A
A aglimwnnnd 0 drugadoyaduiiveziiawiny o lasyalszasnvesmsudilynie
9 o A o Y A9 A A @ 4
apammaenvesdumsnilvaves W ouag b tanisengaluvusiaivesdigaainsiug
1 { % o 1 v J ! o 1 -
(N Tawnnga  FoildTasmsmmeyiusvesaumsi (2.8) nazdmualiiauiiny

Aud ag1d

OL(W,b,\)

1
= Ay (2.9)
W le Y,

A 9 ' Aaa YA
waunauMIveansoria W ‘V]Wl/l'q@vlﬂﬂ@

6L (W,b,A) !
— = Ay, x, =0 (2.10)
ob 2.4y
waziilodmiuald * inumiafigass 1@
* ! *
W = >, yx (2.11)

v *
NNAUMIN (2.11) 9 1NTarImved b 1ano

b - yf(W*-xi) (2.12)
wazannsodeuaums 18a
1 * *
f) = signQ A,y (x-x)+b) (2.13)

i=1

0o q ¥ ¥ Ay Y1
nnaumsszi iiausaszydoyandesnisasaenlaiedluaaiala Taog

4 Ay v <
%1ﬂlﬂi@\1ﬁh1&lﬂ‘lﬂﬂ1ﬂﬁhﬂﬁﬂ (2.13)
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] 4
nsdiutianen 'l (non  separable) iledoyariuluawisaldnisudawny

duasdldsutludeaiudwnls & i=1,2, .., I @11 luaumsaail
(W-x)+b=+1-¢ fmsy y,=+1 (2.14)
(Wex)+b<-1+¢ dmsy y,=-1 (2.15)

1 ] = a A a dgj Y qg./’ A
ATUDN éi AZUNUDNIIAITUAANAIANISINAUYU AIUUAQATIUUDI é:i NADAIU

a A a ~ 9 3 o a a = 9
HANDTIANINAVTINNITLTEU wmzaxuumﬂmimﬂ1mqmﬂn1uaumw 2.7) A

MG

Minimize W , b : CD(W)=%||W ||2+C(§§i > (2.16)
Taud y, (Wex+ b) > 1-¢ amiv i =1,2,3, .., (2.17)
GE & =20 (2.18)

5 1 I Y { o 1 { 1 { 1
a1 C uag k Wudnlsndestimamviuaauerld Taendia ¢ niauinayle

o o ] a A Y [ o Y o o
FIHIUAIANURAWAIANUATNINGAIY AIU K Iﬂﬂu']ﬂ‘ﬂggﬂﬂ'lﬁuﬂalﬁlﬂu 1 ﬁ'lﬁﬁﬂﬂiy‘ﬁ']

9
Yo A

TysunsunleAnIIAn (quadratic program) @auauMIvesaInIUIaINTawen lddail
1 o I !
LW .,b, A, )= 5 ” W ” - z/li [y, (W x)+b)r1+¢1- Zyié +C(Z‘§[ X (2.19)
i i1 i1

{ o o d
Tagnawals A=, A, ... 2,) waz I' = (v, r, ... r) A® drg@aIng e dau
A

o { Q’/‘ L} { % i { o 1 1 $
fMAoDveIauMIN (2.17) Huazeghwaansnild ladwes W uaz b iadeefigaluvasi

' Y J A A £ 9 ' v J
ATUBDIAINWUATNTTUY A uag F UANINNEA G]N’GTHJﬁﬂ‘ﬁf’lﬂjﬂElﬂ1iﬁ1ﬂ1ﬂlgwuﬁ5llf]\‘]ﬁhﬂ1i

4

= o Y [ %
N Q2.17) LLﬁ%ﬂWWuﬂiﬁNﬂWmWﬂUﬁuﬂ
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d' 1 an ~ ] n 9
DINN 2.4 MTUUNTSUID 2 Nﬁﬂimlmﬂuﬂﬂllmllﬂ

dmsumsasaeuaaavesdeyaansam lannniesnuevesauns 2.20 fe

f(x) = sign(zl:li*yi (x-xl.)+b*) (2.20)

i=1

d’ d & 1 & a Y .
2.1.2 w3eanama sneriyuiulaiidus udu (nonlinear support vector
machines)
A 1 Yy g ] Y Y c?/‘ o & 9 =
GlfL!ﬂiﬂ!ﬂhlhﬁWNﬁﬂal‘]ﬂﬁuﬁi\ﬂuﬂﬁ!miﬂﬁWﬁ‘ll@\iélJ@iJ”ﬁVlﬂuu %uﬂu%@mumi

v 9 1
ad =< <

nlasuiidvesdeyaduwa (0 liiluidfuniu Feiideniiauiuetiud laodinaldiladdu

a 9 1 9 an c?/‘ (% d‘
wadulumsutanen 18 i@t daaalunini 2.5

O . "R’

(-xl’ XZ) _) (Zl’ 2, ZS) = (-x12 ’ 2x1x2 H -xzz)
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Z3
X A
A X X
X X
>< >< /’, \‘ ><
X I RN O)N
>/<z’ C O\\\\ ,’/ \\ ><
e \ X < Oy X
‘\ b ’l » \\\ m \\\ ><
X~ P X \ O~ 4
X \\\~ ——’/ \\v/ /,, »
>< //l \\\\ ,//,
>< >< /' \\,/I
Z, e
»

aa o

A 2.5 msuldeudiann 2 4@ lilu 3 Savidannseldiduasdumsuidoya 14

x— Ox)=(a, P, (x), a,Dy(x),...a D (x),.) (2.21)

u‘a 4 { ] QQ' -4 aa {
unenaes x vgnilasu lleglulianuiniun dalaeh {a } n=123,..,0
A o a A Jo o a [ 3 a =S o 9 (% a
apdusswaz (D ) Aeilsnduimausie duiulumsinsaniddenaldnanmaauves
4 4 g 1 { o a < L [} % @
inIpanamesnonywisalasudus x aulihilunaweslmine Ox) e ldas

auns (2.22)

ko) = O (0@ () = Ya2 D) D) (222

vy
Jou AR 1

wiituhauauitvesilidfuiivuediuragalugluylnifidenhiladduly
nAN (Kemel function : k) @1etaves k fitionldde
WHUIWY s k(x,y) = (x.y + c)d
FNUOY . k(x,y) = tanh ( k(x,y) + ©)
orstenl  : k(xy) = exp(-|| x-y |7/ (26)

HAZANTIHIAINOU IAINAUNT(2.23)
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f(x) = sign(ili* k(x-x,)+ b*) (2.23)

i=1

Y d‘ d &’ o (v .
2.1.3 mtlszgndlfinseanamesineriyudmiunisannes (regression)

v o A ¢ & M o 29

NaNNIIMNUVBUATOIIAME TN U NI ot szgnaldlugluuy
4 [ ) v [ o Jd o

ouq 1adnau 1ddmiuilymvesnisoaneslagldndannisvesilandugudo (oss

. % d v J § o 1 o Jd o { { @
function) FeflanduiiazldieTaszozianndoya Tavilandunldeeiaziunndwansly

NN 2.6

(M LUV (V) uoQaa1ioefga (least modulus)

(,) gl‘].l@i((huber) ) g-li'l (E-insensitive)

~ J v a
NN 2.6 NaNFUgade

U o

9
Yo A

s A A a A o
Handunuaaaluami 2.6 awnsoesuielddall  swmd 2.6 () 1w
9 Y] 3 A o w ~ 9 A 1 ~
A0ANARINUAYUITIMIG AR IaIaaUDNUeeNga (least squares error) aIuluUNING
c?/‘ 3| Y v . . § {
2.6 () vuaziilumsgadonvuilsiduan)andeu (laplacian loss function) @aiinau'lan

v D) v 1 o w 9 o J v A Y J
AT NEAUITDVUUDINUDYNIULUUNAIADY ﬁ1ﬁiULLUU§LU@iﬂQﬂWWﬂ 2.6 (M) %xi%ﬂm%u
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£ Y aA 9 13 9y v 9 A 1 ' A
HUUNY (robust) Favz lanadngadmsumsmimidumisdoyan  lunsiwar nmi 2.6 (1)
S o do { ' o do s ¢ X { '
Wuilsdduves Vapnik Mldmslsznamvesiliddugwes lnsldnamesinonyuntosni
79 ¥ A s & o w H ' v
Tunsznumsilszgndliasesmmesinenyudmsumsaanestivaunsouiisesn laiy
1A Y A 1 Y
aeulsznnIvgqfe uuuduaswaznuun lidluduass

- MIDANDILUUEUATI MNToyandoan a1z

U

(¥, %), (Y,,%),...( y,,X), X ER", Yy ER (2.24)

waznlanFuduns

f)= (W-x)+b (2.25)

=

Jd v A A 091’ 4 Ay o o
W\iﬂ“]f“ﬂﬂﬂ@UﬂWHJ'13ﬁuﬂq@uu%ghlf"‘llﬂ%'lﬂﬂ13ﬁ1ﬂ1ﬂu@ﬂﬂﬁﬂﬂl@ﬂﬂﬂﬂ“ﬁu

q

[

dWEp - %||W||2+C( £y J (2.26)

i=1 i=l

~

A & 1Ay A o 9 Y o o o Ao Aq ¥ A g
I?’]EW] C Lﬂuﬂ']ﬂ@l@\ulﬂ'lﬁﬂ'lﬁuﬂvhﬁ’g\‘lﬁu']ﬁ'lﬁiﬂ 5 Ny é: ﬂ@@nuﬂﬁﬂi%iﬂﬂ%ﬂulfn%m@

UDNITUY

i 2.7 ?T’J@Eh\iﬂﬁﬂﬂﬂ@ﬂmﬂﬂﬁ}uﬁiﬂ
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[~ 9 o 1 9 dy 9 o
-mynaossuuy Tuilhuduase davazveanmsaanosuuy luithaduasatiazadieny
A o Ay AA 1o \ ' v Y ¥ =
Py lwFesvesmsuenues uasdoyanioginluamwisontiwen laTasldiduase 39
o & 9 =\ ~ 9 Y ] 1 Aas ]
suiludesinisnlasugiuuvvesveyalieglugiunuvesresitanarslianozaiunsoni
9 Y 9 & A ] S v VoA Y Y @
TaTaeldmduase aannemsledansulanareesran lananuiudniumea

Qe

Y
Voyany

A 1 g a Y v o o
NINN 2.8 ﬂTﬁﬂﬂﬂ’E)EJLL‘U‘U%JL“IJHL‘]NLﬁuiﬂ&l@1ﬁ81’\|\‘]ﬂ“ﬁuw1{iu1h

{ v A o < o o
A 2.9 Maaanesuuy Tudluradu Tasodeladsueis o
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Y A ¢ A v
2.2 msszgndldaunsesnamesnevylusiunusg
Tuilagiiuldtimsdneunadiaveunieanames neryuni 193 wiumadanisdiu

§)
o A 9 Yo Yy Y o & o
msﬂaxmaaaﬂmpmmw maﬂixqﬂmhmmmmluwmmmumaﬂu R REVRERA LIS IRISYAT!
1 YA 1 A A @ Y 4 1 o 1 o
ﬂqullﬂﬂﬂ ﬂquﬂlﬂﬂiﬂﬂ‘lﬂﬁu”miéﬂﬂ ﬂqmmmmﬂmgﬂ;mu HAagNauUaIN1IIA
= =)
YU VYU
¥ A ¢ A A o v d
2.2.1 ﬂ”li‘ljizqﬂGﬂ‘U!ﬂi@ﬂ!?ﬂ!ﬂﬂi!ﬂ@ﬁﬂuﬂ!ﬂﬂlﬂ‘lﬂ‘U‘ﬂHﬁﬂé‘Hﬂ
Ao Y 9 a’dy v A 1 Y o 1 Aav
mmﬁwmqmuﬁlmﬁmmgyauiuﬂﬂ]ﬂguuuagﬁmagﬂgmumaﬂu LY UITUIDY
. | o 7 : 7
(Edgar, Robert, Federico, 1997) vzifgndosnumsmloniyudluginim degailszad
aw Y aAa A v s Vo Y 1 Yo o =
GUE]\‘NTL!%]Elﬂ1uuﬂ®!1/‘|’6@Ii?‘ﬂ‘ﬁﬂﬂﬁuﬁlﬂx‘mu‘ﬁEmﬂg‘ﬂu@gﬂﬂﬁﬂWWLL?ﬂﬁ@N@lNﬂVlﬂ ANUUIN
Y =\ 9 a A 4 Lﬂy 3| A ) o ] = 1 ]
@IENlJﬂﬁi‘lﬂmﬂuﬂﬂl@ilﬂi@iQﬂm@i!ﬂ@‘ﬁuu WUATEIF NS VLIV NDIANVUANATITEHIN
9 o A Y v o o o 2 Y A ~ Yo o A
UUIAUNUFIULINADY muu“lwuu@]aumimmmmﬂmiaugmqmﬁdmﬂmﬁﬂa A/ +1
Yy = v Y &£ & ) Pz A
(class +1) mammﬂmamagamaﬂuwm %QLﬂHﬂ1W1UWH1N1§B81MWﬂW”}EJ}IEJ@Q‘VIEJGUM”IQ
Y
v W o @ v I @
1Ny 19 X 19 PANIN VIUIUNIHUA 50,000 NN FIUAAET -1 (class -1) @’fauﬂumwmmmq
Ay 191 9 A ~ Y Y =R o Ay v = P o A v
m”lu%wmﬂu LllﬂN”I‘L!ﬂﬁljEJ‘L!qﬁlLm’JﬁN‘L!1NﬂTlllﬂi]”lﬂﬂ”liliﬂugu”lﬁiﬁilﬁﬂﬂﬂ‘]Jﬂ”IW‘I/]EJGhJW‘L!”I
T A A 9y o 1 A A Y a 9 c?/‘
AUoY Lll’e]llﬂWi@iﬂ‘ﬂWUGlUﬁHWﬂ‘ﬂzﬂWﬂﬁiNﬂiE]‘Uﬁmaﬁmllﬁﬂinmﬁlﬂﬁu1uuc]

& v I £ oA a a ¢
ﬂ1iﬂi$Qﬂﬁﬂ1uﬂ1iﬁ11ﬂ‘ﬁu11ﬂ{ﬁU@ﬂllu’)‘ﬂﬂ‘ﬁu\i ADNITAANTULASIUAIICH

Y
=

4 . 2 3| a o { o 1 Ao 1
lunihuywd (Vinay and Tomaso, 1998) Fuiluaiuiteniauiniiaiuidoneuninion
A Y 9 9y A @ a 4 y= 9
amane awninaisulunhuyudldnnamidaTenazdeamnsnimsgigluoylddndae
S A a o = ] a =]
Tl gailszassioanaiulunihuesuybddsie1an191nndedin loAUd UM TIN5 0019
Nas dYY Y o o s ' Y WY 1 =
waInvanueda lon 14 udnihinmsasavsvesndsezneuaegveslundr1dun a1 ayn uagh

9 @ A

@ = 1 Q" % @ 4 J
difgyfons1TesmveImsavesiinuienduansoy FHanN15vUAT0UINNDS
{ o c?/‘ J 2
eryuzgninnlsluduaeuvesnsusnues luniveswyydesnvindaundon tazns
A371911A 1N dIuMsasvanyuzveainez lHmalianianisannes (regression) WNY

o Y 3 09./’ A
Tagmsinuamnsatenesn lduauiuaoune
1) avMmazszYRHLweIndunadeundudou
o 1 { 1 [ J 1
2) avrmeszydumiitanaiuvesesnlsznouulundusu A
ayn uazihn

a 4 4 d' Y d' LY J d'
3) ’Jmi”lzﬁﬂﬂﬂﬂigﬂBTJV]llﬂNWLWBW1ﬂW]’JLLﬂW]N‘] NHUIETY
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4

Y 4 { [ o I ) 12 o
wennnilinieanamesnenyudiausaiiulszgnalddmsuniseat

lunthvesuyud1ddndlo (Guodong, Stan and Kapluk, 1998) @4MaAnA19U89n1THA

o 7 aw &2 A4 A qu a A s & Y
lunihuywdlunuitesuiine weldmatinveunsowamasnonyu Tunmsszyluninmn

Y

g Ja 9 Ay o A v o vy < v A 2 v A
lumiiaedlalasideimuanegillunihiuazdoutlumwluviinaedg luduadeuiu

v
=3

v Y
vasngnauan Tasranmsfeneimae vesluniouldun Aun szeznie uazyuaiee
A Yo o v D] o & v o
g lddmsumsszyluni luvateqyuvedlunih nsawduiludoyammizvesauiiueg
Y o ~ Y o w 1
udihimsiFeudludrauaela
o [ s A o 9 0'05: v A @ =3 A
dmsumsiszgndionisaadr lundhuyediu Selimswauidnaaianonts
o 4 { 1 ] H .
amnsnvas luniuyud 1dTash lidesegluaniwiignaiuan (John and Daniel, 1999)
o A o Y d'dy o 1o & Y I dy ~ a o Y
"upeansom la laginundsvesnn lusuiudeaduiuGen maiiavesmseadrlunih
av -Qy dyu av 1 A o ~ 9 9 9 o'c?/‘ [P}
TuanuAteFuiiaennauideneude simsEeus Taeldnwlunihvewwysdnaniniaeg il
4 1 1 { o oa/‘ 1 o 1
M3ueneenlsznoua1e uanmivzinseudiiu Muudagn Mz gMIAIUNTZUIUNS
1 v 9 [ [
nadumslszunaranmilo At aenuMsuenuezilauFaiiga (most expressive
features) wazuuUdIUALANA19AGA (most decimating features) W11 lag1udoyads 16

ANEI0U FIaAIAIBAINN 2.10

Mean MDF1 MDF2 MI!F-‘.’:- MDF4 MDF5 MDF6 M'DFT MDF8&

NN 2.10 mwm%’%ﬂﬂﬂﬁﬂui’ 16 MM (John and Daniel, 1999)

A Y ¥ Y oA A o w s 9
UBNIINNNAINIMAIVNAY SAUmMATATINTUNITHIIAYTTNRVYRINIILAE
o 9 Y @ A o'dy A a .
Myvad luniuYEIAIenaNNIIV0UATOINAMDTINOYYUDUDN (Dihua, Igor, Seong-

1 v ' Au A an <3
Whan, 2002) G4ivaNuana1991n1u398duae inslessuvadaveanlias (wavelet) 11
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4 9 9 o q ¥ o ’ s ' Y oY 1
AeIve3A28 M Inmsmdurusvesesntseaeuaien luluniik 1ds1ai590u Tagaunse
.2 sy 2 a2 ¢ g 2
uUavuasum It laaestunouds Tuniniodndiznoulassruveluninianualae
qg;‘ qg;‘ o <3| = [ qg;‘ A = Y o aa o
nanuatudasniugnimgilifeadiu Juaeunaesvelsnanadaveadviaa uiviins
° ' Y] Ay va ° Y 1a o ]
nenuezuazszydwmisvesamazilin Tasdeyan lanszii lidhgiuaounssaiilaelsd
a A o’dy 1
mAalnveunIeInAnesoyuae 11
A Y o A Y] 9 as/‘ =\ A A d? 9
e lvmsaasudernulunindulilszansomunvy uazaivisalsauly
v A NYae o & Y o a oy A P ) v A
ammedonaslaiu Suludeshimssoudinioanamesinonyudiegluuulumihingu
aa . A Y A o ~ 9 9 1
oy (Huang and Heisele, 2003) Tﬂ8mmwmeﬂuwmﬂaumzummaug%mmmu
v v Y
ATZUIUMITVOIMIAI 1IN INauLAnoY asuaadluning 2.11 Falumsadranmmiiuaz 1y

9
mwﬁ’mmmﬁmﬁmmwgmﬁu

A o 9 Aaa
NN 2.11 ﬂ”l'ifl]1?1ﬂﬂl!ﬂﬂiﬂﬁu?iuzﬂuﬂﬂﬁTNNﬁ

o W I3 ) 4
uon1InM3sIas1nig lumsuenuezmaninlumihuyudnauisaitennie
4 g . 7 A

namosnenyuu 1418 (Baback and Ming-Hsuan, 2000) Taefigailszdniioszimanin

9 o2 o Y Aa <3 A A
mwvoslunihuywdseedonmuesluninnlyma@nuin Aeflvia 21 X 21 301N

w a s g A e v v oA s ya

Uszneununsiniizresdlszneuiuananuaeslurianenundge Tagn1siFouiiu

o o
Sutluazdealdningda 1,755 mmaleny
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: ¢ A ° [ o
2.2.2 mstlszgndlfineanamesinenyudmiumsaadiziuuy

4 ' o aa o« eqs
miﬂixqwi%’amqLgiﬂﬁammﬂmgﬂgmuﬂmm (Massimiliano and

Y

&£ g aw A @ v A J A A o o
Alessandro, 2000) G]NL“IJuﬂuaﬁ]mﬂmﬂ‘UmiﬁlﬁmﬂiENmﬂmE)im’emumwmmmmwmmmn
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a 1 4 4 o (% 1 Q' o
FUANIE) imﬂizmmﬁaﬁ%’wﬁm%yammmmmwmmqmm TagI3u1NNITHININDIN
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Abstract

Normally, there must be at least two people in
dentistry workspace: the dentist and his/her assistance.
Mainly, the dentist assistance will help picks up dental
equipment upon the dentist’s request. In order to allow the
dentist to conveniently and efficiently work by him/herself,
this research is devoted to develop a system that is able to
classify types of dental equipment and to locate its position
within the workspace. The system deploys image
processing techniques as an input to the system and uses
the support vector machines technique as a classification
mechanism, Type and position information of the
classified equipment can then be used in other systems for
further processing or directly applying to the equipment.
For the examples, the robot arm can use this information to
pick up the equipment and hand it to the dentist.

Keyword: classification, support vector machines, dental
equipment

1. INTRODUCTION

Classification is a very common task in many
applications, especially an object classification. There are
various techniques to achieve the object classification.
These include an artificial neural network, one of the most
widely used methods. Recently, the interest of using
technique called support vector machines [1] has
dramatically been increasing. Its ability to optimally
classify at high accuracy with less training time and
training examples makes it become more attractive in the
object classification field of study. There has been great
numbers of research using support vector machines for
many classification applications, such as face recognition
[2], object recognition [3] and hand writing recognition [4].
This work presents the dental equipment classification
system using support vector machines as a classification
mechanism. Typically, there must be at least two people in
dentistry workspace: the dentist and his/her assistance.
Mainly, the dentist assistance will help picks up dental
equipment upon the dentist’s request. In order to allow the
dentist to conveniently and efficiently work by him/herself,
this research is devoted to develop a system that is able to
classify types of dental equipment and to locate its position
within the workspace. The system deploys image
processing techniques as an input to the system and uses
the support vector machines technique as a classification
mechanism.  Type and position information of the
classified equipment can then be used in other systems for
further processing or directly applying to the equipment.

For the examples, the robot arm can use this information to
pick up the equipment and hand it to the dentist.

2. SUPPORT VECTOR MACHINES (SVMs)

Support vector machines are widely used for
pattern classification/recognition applications. One of the
common uses of support vector machines is to classify data
(objects) into two-class. Each class is divided by optimal

separate hyperplane. For classifying L  samples
represented by vector x; € R",i=1,..., L into two-class
C= {+1,—1} represented by y, € C,i=1,...,L, the
separate hyperplane can be derived from

(w-x)+b=0 (1
where the input pairs to be classified
(x;,¥;) (%, ¥,) . There are two types of SVMs: linear
SVMs and nonlinear SVMs.

are

2.1 Linear Support Vector Machines
Linear SVMs can be used for linearly separable
problem where objects can be classified by a linear separate

hyperplane. Equation (2) shows the conditions of
classification in this case.
(w-x,)+b2+1 fory, = +1 @
(w-x;)+b<-1 for y, =-1

Equation (3) is a sign function used to determine
which class that the input vector x belengs to.

fx)= sign(i Ay (- x) + b‘] @

where A, is Lagrange multiplier and 5" is optimal bias
of the separate hyperplane.

2.2 Nonlinear Support Vector Machines

For a case that is not linearly separable, higher
dimension of input x is necessary. This dimension could
be infinite but can still be separated by a linear function.
The kernel function is then introduced to transform input

X to anew vector P{x) as shown in equation (4).
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n=1

The product form of the kernel function can be
used the same way as in linear case:

f(x)=sign[il?K(x-x,)+b'J )

i=l

3. DENTAL EQUIPMENT CLASSIFICATION
SYSTEM

The dental equipment classification system
developed in this work simply consists of various dental
equipments on a tray and a CCD camera mounted on top
of the workspace at a fixed height for capturing grayscale
image of equipments. The light conditions are controlled
such that the captured images have no lighting effect (the
non-reflect black tray is used). The size of the captured

image is 352 x 288 pixels. The details of classification
processes are described as follows:

3.1 Preprocessing process

There are 50 images of each equipment taken at
different orientations are used for training process. The
transformation, called normalized 2D-spatial-image to
ID-radial-image or NSRT, is applied to the input image
in erder to reduce the size of the image. This process is to
simplify the problem and enhance the efficiency of
classification mechanism. The transformation begins
with noise reduction and edge segmentation. The edge
pixels are then converted to /N x 1 vector where N is the
number of edge pixels. The distance between the center
of each object in the image and its edge pixels is
computed for 360 degree around the object. This process
typically yields a shifted vector that has the same shape
from the same object with different orientations (see
figure 1). Next, the resulting vectors are sorted and then
normalized in order to eliminate the effect of different
positions of the object within the workspace. The final
vector, namely NSRT vector, uniquely represents each
object to be used in training process. This version of
input data has much smaller size and less effect of
different objects’ orientations and positions which is
more suitable to achieve higher performance for the
object classification. Figure 2 shows the similarity of the
resulting NSRT vector of the same object with different
orientation and position.

3.2 Training Process

Each NSRT vector is used for training SVMs.
The vectors that belong to its object class are assigned by
value +1. The vectors that do not belong to the object
class are assigned by value -1. The kernel used in this
work is RBF (radial basis function) kernel. In additions,
for this work, the optimization technique called genetic
algorithm has been applied to optimally determine the
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value of C and X which are the initial variables of the
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Fig. 1 Shifted vector of the same object in different
orientations

multipliers that have some influence on the classification
performance. Figure 3 shows the process of using
genetic algorithm to search for optimal SVMs’ value of
C and K. The conceptual diagram results of training
are displayed in figure 4.

Fig, 2 NSRT vector of the same object

Cand K

Conﬁdcnt level

Fig. 3 Using genetic algorithm to search for C and K
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Fig. 4 Two-class classification by SVMs

3.3 Testing Process

After SVMs have learned the sample objects,
new input images, which are not in the training
examples, are tested. The classification confident level is
calculated to determine which class the input belongs to.
If the object is located behind support vector line of class
+1 or -1, then the confident level is 100% (yes) and -
100% (no), respectively. The optimal separate
hyperplane is considered to have confident level of 50%.

3.4 Locating Process

The final location of the desired object is
determined. Each object in the image is segmented and
tested by SVMs to calculate the confident level of each
object. The object with highest confident level is then
selected and located.

3.5 Software Implementation

The software test-bed of this work has been
implemented using MATLAB program. The SVMs
toolbox is in [1] and the GA toolbox is in {6]. The screen
capture example of the software test-bed is shown in
figure 5.

418.bmp Edga Object
-
Dimention & Angle Rearenged

00

!

mann |

Fig. 5 Main screen of software test-bed

4. EXPERIMENTAL RESULTS

Various dental equipments used to test the
system in this work can be categorized into two groups:
the obviously different objects and the very similar
objects.

Fig. 6 Obviously different object examples

Fig. 7 Very similar object examples

The example images for training process are 50 images.
This work also performs on the image of the objects that
have different sizes (X 20%) by setting the camera at
different distance above the workspace. Figure 6 and 7
show examples of the dental equipments used in this
work. Examples in figure 6 show the objects that are
obviously different in shape while examples in figure 7
show the objects that have a very similar shape. The
results of classification confident level of the testing
image set are shown in table 1. Figure 8 shows the
example output of the desired object that is segmented
out with the highest confident level.

Table 1 Resulting confident level of test equipments using

SVMs approach.
. Confident Level (%)
Object Same size | Different size
Obviously different 08 95
shape
Very similar shape 83 65

Fig. 8 Object segmentation

In order to compare performance of the SVMs
system to other approaches, the well-known and the most
acceptable neural-network-based classification system
has been implemented for comparing proposes. The
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network deploys back propagation as a main training
algorithm. Hidden layers uses tangent sigmoid transfer
function while the output layer is pure linear transfer
function. Number of hidden layers and number of nodes
in each layer have been empirically chosen to find the
best performance of the network. Table 2 shows the
results from the neural network classification system.

Table 2 Resulting confident level of test equipments using
neural network approach.

Number of Confident
Layer Level (%)

5 85

10 90

15 96

20 92

25 93

5. DISCUSSION

The results of the classification show a desirable
confident level. For the obviously different objects, the
confident level is averaging at 98%, while the effect of
different object sizes results in confident level of 3%
lower. For the case of the very similar object, which
could be the case for any dental equipment made by
various manufacturers, the confident level is only 83%
which is considered as low efficiency. Especially for the
case of different object size, the confident level is very
low at 65% which is practically unacceptable, The results
of the classification in table 1 arc from the system that
incorporates genetic algorithm which show a slightly
improvement by 4-5% better than the system without
using genetic algorithm (results not showing). Additional
image processing techniques or other improving
classification techniques would be required in order to
overcome this classification performance limitation of
the very similar equipments.

Consider the comparisons between the results of
SVMs and neural network approaches. Not surprisingly,
the results from the neural network classification system
which has the best selection of network topology show
the confident level of 96%. Comparing to confident level
of 98% from SVMs, both results yield very same level of
performance. Obviously, the selection of the network has
significant effects for the network performance.
However, many researches have shown that the
performance of the network can be improved in many
ways. The neural network approach used here is merely
the common use of the network as a simple classification.

There are still active researches that emphasis
on improving the performance of SVMs, One of our
current work is to develop a new SVMs technique to
improve the performance of the classification, especially,
the case of very similar objects.
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6. CONCLUSION

This paper has presented the autematic dental
equipment classification system. The purpose of this
work is to develop the assistant system for the dentist.
The system can be applied to other systems such as robot
manipulaters. Such system can use information of the
objects, which is type and position, for the robot arm to
pick up the equipment upon the dentist’s request. Support
vector machines have been proved to show the capability
of the object classification efficiently.
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