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xO=O Qy =OD@= 'CU= hwQat R}v 10q=@ x@ u}}=B x@ xm VwQ u}= QO 9%OQivt Ovw}B "1
'sD} Qwor= l} |Q}oQ=m x@ =@ xt=O= QO "OwW|t xDiQo Q_v QO xWwN l} u=wva x@
w OvwW|t s=eO= Qo}Om} =@ sy x@ l}ORv |=y|oS} w |=Q=O |=yxWwN Q=@ Qy
hQYt w R} wv x@ VwQ u}= "O@=}|t xt=O= =RHt |xWwN OvJ p}mWD =D Q=m u}=

&CU= T=UL x_i=L O=} R
s=tD =OD@='CU= hwQat R}v 11u}}=B x@ q=@ VwQ x@ xm VwQ u}= QO %pt=m Ovw}B "2
Q=QmD sD} Qwor= l} |Q}oQ=m x@ =@ w xDiQo Q_v QO xWwN l} u=wva x@ =yxO=O
|=yxWwN x@ OQ=O Qo}O |=yxO=O =@ =Q Cy=@W u} QDsm xm |}xO=O Q=@ Qy 'xOvwW
xt=O= |w[a l} xWwN OvJ =} l} p}mWD =D Q=m u}= "OwW|t s}UkD =RHt

[21]"OQ=Ov =Q p@k VwQ CqmWt w O@=}|t
sD} Qwor= ltm x@ |OOa |xDUO Qy =@ \@DQt |=yxO=O 'OQ=wt u}= x@ xHwD =@
|xWwN wO u}@Cy=@W |x@U=Lt |=Q@ "OwW|t |Ov@xWwN 'pt=mlv}r |Ov@xWwN

%OwW|t xO=iDU= 1 |x]@=Q Q=}at R= 'B w A
dAB = Maxi2A;j2bdij (1)

xOW xO=O u=Wv pt=m Ovw}B VwQ =@ |Ov@xWwN s=QowQOvO R= |}xvwtv 1 pmW QO
[22]"CU=

PAM |Ov@xWwN "2"1"4
xOW xDN=vW R}v �=yxWwN u=oOv}=tv� k-medoids s=v =@ |Ov@xWwN VwQ u}=
k-means sD} Qwor= |xDi=} <=kDQ= |xNUv xm CU= K]Ut w sQv |=yVwQ R= w
|=[a= u}ov=}t R= xO=iDU= |=H x@ 'PAM sD} Qwor= QO "OwW|t ?wULt R}v
?=NDv= =@ "OwW|t xO=iDU= =yxWwN |oOv}=tv w pkF RmQt |=Q@ =yxvwtv OwN R= 'xWwN
R} wv |=yxvwtv x@ C@Uv VwQ C}U=UL 'xWwN l} V}=tv |=Q@ |ak=w |=yxvwtv

"O@=}|t Vy=m xOwOLt R= GQ=N w
xm 'xWwN RmQt x@ C@Uv xWwN |=[a= R= l} Qy |xrY=i sD} Qwor= u}= QO
xWwN C} RmQt u=wva x@ |}xO=O w OwW|t xO}HvU 'CU=[a= u}= R= |m} OwN

[22]"pt=m lv}r VwQ =@ |Ov@xWwN s=QowQOvO "1 pmW

xO=O x=o}=B u}= Q} w=YD pm O=OaD "CU= xDiQo Q=Qk u=QoWywSB R= |Q=}U@ |xO=iDU=
l}miD |W}=tR; w |WRwt; VN@ wO QO Q} wYD 80000 xm xOw@ skQ 102352
VRwt; |=Q@ xm |}xO=O 60000 pt=W |WRwt; |=yxO=O VywSB u}= QO "CU= xOW
MQv u}}aD w sD} Qwor= j}OYD |=Q@ R}v xO=O 20000 w CU= xOW xDiQo Q_v QO

"OwW|t xO=iDU= �V}=tR; |=yxO=O� |U=vWR=@
|=yQ=my=Q |rm sD} Qwor= '5 VN@ QO w |Q_v |v=@t 4 VN@ QO 'xt=O= QO
"OwW|t K} QWD |Ov@xk@] VwQ wO w |Ov@xWwN VwQ xU T=U= Q@ xDi=} xaUwD
G}=Dv '7 VN@ QO ,=D}=yv "CU= xOW G=QNDU= |U=vWR=@ |=yMQv '6 VN@ QO
|=yO=yvW}B &OwW|t xU}=kt =yVywSB Q}=U =@ w OQ}o|t Q=Qk |UQQ@ OQwt sD} Qwor=

"OQ}o|t Q=Qk EL@ OQwt R}v |D; |=yVywSB

|Q_v |v=@t "4
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|r=L QO CU= xWwN l} \ki w l} x@ xO=O x]kv Qy X=YDN= |DvU
X=YDN= x]kv Qy |=Q@ =Q C} w[a hrDNt |=yxHQO '|R=i |Ov@xWwN xm
hrDNt |=yxWwN |wQ |m =QDW= Q=Okt Q@ |vD@t x]kv l} C} w[a "OyO|t

"CU=
|R=Uxv}tm |=Q@ sD} Qwor= u}= 'OvW=@ xDW=O |QDt=Q=BC}y=t =yxO=O xm|Dr=L QO
l}� u x@ C@Uv '3 |x]@=Q QO OwHwt xv} Ry `@=D "Ovm|t VqD xv} Ry `@=D l}
��=yxWwN Rm =Qt� xvwtv k R= xawtHt l}� c w �xO=O xawtHt R= |R=i |}=D k R=Qi=

%CU= xOW xv}tm
Jq(u; c) =

mX
j=1

kX
i=1

uijd2(xj ; ci);K � N (3)

%x]@=Q u}= QO xm
&1 R= QDnQR@ |k}kL OOa l} %q
&|Oa@ n |oS} w Q=OQ@ u}t= j %xj

&s=i |xWwN RmQt %xi
&xWwN u}t=i x@ xj C} w[a xHQO %uij

&ci w xj u}@ xrY=i %d2(xj ; ci)
&xO=O \=kv O=OaD %m

"CU= =yxWwN O=OaD %k
&CU= |Ov@xWwN G}=Dv uOw@ |R=i xHQO pQDvm w uij |xOvvm h} QaD uRw q QDt=Q=B

%R= CU= CQ=@a |R=i |Ov@xWwN VwQ sD} Qwor=
&x}rw= Rm =Qt ?=NDv= "1

xO=iDU= =@ =yxWwN |xty QO|oS} w |=yQ=OQ@ |xtyC} w[a |xHQO |x@U=Lt "2
&4 |x]@=Q R=

uij =
1

d2(xj ;cj)

1
q�1

KP
k=1

1
d2(xj ;cj)

1
q�1

(4)

26

Q=mt
yw

|Q}
t|

ra/
"""|

UQ=i
T}

wvC
UO

O=Oa
=|U

=vWR
=@sD

}Qwo
r=|

xaU
wD



1|
xQ=t

W'
39

|xQ
wO'

�14
02

u=DU
@=D�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt

[25]"|Dq=tDL= |@Ya |xm@W R= |awv Q=DN=U "4 pmW

|=ypOt |awvYt |@Ya |=yxm@W "OwW|t p}mWD |irDNt |awvYt |@Ya
|U=vWR=@ p�=Ut |=Q@ 'xR=D |=ywor= |xO=U |Q}oO=} p}rO x@ xm OvDUy |D=@U=Lt
14'(MLP) x}qOvJ uwQDBUQB x@ u=wD|t =yVwQ u}= |xrtH R= "Ov=?U=vt wor=
|=yxm@W 15'(SOM) xOv=tR=UOwN |=yxm@W '(SVM) u=@}DWB Q=OQ@ u}W=t

"OQm xQ=W= Qo}O `=wv= w 16 (PNN) |Dq=tDL=
|=ysD} Qwor= PNN w MLP VwQ wO R= l} Qy ltm x@ VywSB u}= QO

"Ov@=}|t xaUwD T} wvCUO O=Oa= |U=vWR=@
|Dq=tDL= |@Ya |xm@W "1"3"4

xm CU= |awvYt |@Ya |=yxm@W R= |m} PNN =} |Dq=tDL= |@Ya |xm@W
xDN=vW R}v |R}@ |=yxm@W u=wva x@ w CU= xOW =v@ |R}@ s}y=it w u}v=wk |x}=B Q@
|Ov@xk@] VwQ l} u=wva x@ xO=iDU= '=yxm@W u}= |=yOQ@ Q=m R= |m} "OvwW|t
xm@W u}= 'CU= xOW xO=O u=Wv 4 pmW QO xm u=vJ "CU= |w=mxO=O p�=Ut QO
"Ovm|t xO=iDU= |HwQN |x}q l} w |iNt |x}q wO =@ 17xOvwQwrH |SwrwB wD R=

[25]"CU= `tH |x}q w wor= |x}q pt=W |iNt |=yx}q
xm CU= Q_=vDt |OwQw |xO=O l} =@ uwQv Qy '|@Ya |=yxm@W R= ẁv u}= QO
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QO xYNWt u=mt |oS} w x@ C@Uv |Ov@x}L=v |oS} w ltm x@ O=Oa= |U=vWR=@

�98 5 w �complete linkage |Ov@xWwN =@ MLP xOvvm |Ov@xk@]� �98 9
xm pY=L G}=Dv "OvOQm |U=vWR=@ �PAM |Ov@xWwN =@ PNN xOvvm |Ov@xk@]�
MQv xm OyO|t u=Wv 'CU= xOy=Wt p@=k 7 pmW u}vJty w 4 w 3 pw=OH QO
C@Uv |Ov@xWwNCr=L QO|UQ=iT} wvCUO O=Oa=|W}=tR; |=yxO=O|U=vWR=@

"CU= xDW=O |}x_Lqt p@=k Ow@y@ |Ov@xWwN uwO@ Cr=L x@
VR=OQB CQOk =@ |tDU}U QO 'Cr=L wO Qy QO sD} Qwor= |=QH=
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"=yVywSB G}=Dv |xU}=kt "5 pwOH
|=yxO=O |U=vWR=@ MQv xO=O x=o}=B sD} Qwor= GQNDUt |oS} w `HQt

�OYQO� V}=tR;
99 31 |Oy SVM 1 =Qo s=QowDU}y [8]u=Q=mty w xO=R|O=W=QN

93 |Oy j}ta |Q}oO=} lHwt 'x} Qwi [10]u=Q=mty w |NQi
98 93 |Oy CNN pvQm [11]TOk w u=}v=kyO
99 39 |Oy CNN Q} w=YD Tqm p=tDL= Q=OQ@ [12]u=Q=mty w |k}kL
98 4 |Oy |Ov@x}L=v |Ov@xWwN w PNN |Ov@x}L=v [14]|DtON w |Q}t

96 8 |Oy |oS} w |=yQ=OQ@ O=a@= Vy=m w MLP |Ov@x}L=v [28]|Q@vk|rY= |=yxir-wt |x}yD VwQ x@

97 1 |Oy 2RBF xYNWt u=mt [29]|t}rU w |O@a
97 3 |Oy KNN pUm}B sHL w xQiL |r=oJ 'xQiL [30]|}=}t}m w |}=[Q
97 7 |Oy CNN 3OCR [31]u=Q=mty w |v}t=QwQU
98 9 |Oy pt=m lv}r |Ov@ xWwN w MLP xYNWt u=mt w |Ov@x}L=v |rai VywSB

1:Histogram of Oriented 2:Radial Basis Function 3:Optical Character Recognition

"|Ov@xWwN uwO@ w =@ |U=vWR=@ u=tR w =]N |xU}=kt "8 pmW

ẁ[wt Ov=wD|t VRwt; |=yxO=O |U=vWR=@ QO sD} Qwor= CkO w |v=tR |oO}J}B
"OW=@ |D; |=yVywSB

|@Ya |xm@W 'O}OH |Ov@xk@] |=yVwQ|UQQ@ =@ u=wD|t xOv}; C=ar=]t QO
R}v |Q_v w |Q=mD@= |Ov@xk@] |=yVwQ Q}=U w 23j}ta |Q}oO=} 'CNN uwJty
xawvtt |wHwCUH |Q=mD@==Qi sD} Qwor= R= xO=iDU= "OvQ}o Q=Qk V}=B w |UQQ@ OQwt
|=yxWwN O=OaD u}}aD sD} Qwor= |v=tR |oO}J}B Vy=m CyH QO |v=}=W ltm R}v
u}vJty w xOvvm |Ov@xk@] ẁv uDiQo Q_v QO =@ '|D; |=yVywSB QO =t= OQm xv}y@
xHwD =@ =Q j}kO w |Q=mD@= '|Q=mD@==Qi |=ysD} Qwor= Q}=U u=wD|t '|Ov@xWwN VwQ

"OQm |UQQ@ QoWywSB hOy x@

xO=iDU= =Pr "OQ=O |QDy@|U=vWR=@ MQv w xOw@ Q=OQwNQ@ |QDq=@CkO R= Cq=L|t=tD
PNN w MLP |@Ya |xm@W |=yxOvvm|Ov@xk@] Q=vm QO |Ov@x}L=v |oS} w R=

"OyO|t x�=Q= |QDy@ G}=Dv xYNWt u=mt x@ C@Uv
|Ov@xWwNltm x@|U=vWR=@ MQv QO Ow@y@|UQQ@VywSBhOy xmu}= x@ xHwD =@
CU= xDiQov Q=Qk |UQQ@ OQwt xOvvm |Ov@xk@] w |Ov@xWwN |=yVwQ Q}=U 'CU=
OwHwt |=yOv@xk@] =@ =y|oS} w Q}=U j=@]v= u=R}t 'xOv}; |=yVywSB |=Q@ u=wD|t =t=
|U=vWR=@ |xRwL QO Q}N= |=yVywSB G}=Dv 5 pwOH QO "O=O Q=Qk |UQQ@ OQwt =Q
|xU}=kt |=Q@ 5 pwOH QO xOW QmP |U=vWR=@ |=yMQv "CU= xOW C@F O=Oa=
|xO=O x=o}=B V}=tR; xO=O 20000 w |WRwt; xO=O 60000 T=U= Q@ |oty 'QDy@
x@ xm VywSB u}= QO xDi=}xaUwD sD} Qwor= 'xOW x�=Q= G}=Dv x@ xHwD =@ "OvDUy |Oy
p@=k Ow@y@ xDUv=wD OR=OQB|t |Ov@xWwN R= xO=iDU= =@ T} wvCUO O=Oa= |U=vWR=@

"OyO u=Wv |Ov@xWwN uwO@ |=ysD} Qwor= x@ C@Uv |U=vWR=@ MQv QO |yHwD
|=yVwQ x@ C@Uv 'VywSB u}= xOW x�=Q= VwQ QO �98 9 |U=vWR=@ MQv
w xO=R|O=W=QN w [12]u=Q=mty w u=}v=kyO [9]'u=Q=mty w |k}kL \UwD xOW x�=Q=
xDW=O |QDW}@ |=]N �0 41 w �0 03 '�0 49 u=R}t x@ ?}DQD x@ [8]'u=Q=mty
u=tR QO xr=kt u}= QO xOW x�=Q= sD} Qwor= '|Ov@xWwN R= xO=iDU= Cra x@ =t= CU=
'pL u=tR QO Ow@y@ u=R}t x@ xHwD =@ xm CU= xOQm |U=vWR=@ =Q Q} w=YD |QDsm Q=}U@

"OwW|t ?wULt |[=te= p@=k |=]N
8 pmW QO 'xOW x�=Q= |=yVwQ |v=tR |}=Q=m xU}=kt |=DU=Q QO T=U= u}= Q@
uwO@ w �xO=O 60000� pt=m Ovw}B |Ov@xWwN Cr=L QO |U=vWR=@ |=]N w u=tR
sD} Qwor= \UwD |Ov@x}L=v |oS} w |=yQ=OQ@ ltm =@ xO=O �xO=O 5000� |Ov@xWwN

"CU= xOW xU}=kt MLP

CQwY|WRwt; |=yxO=O R= xO=iDU= =@ pOt|HvUQ=@Da= '=yVywSB R=|NQ@ QO
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1. Support Vector Machine
2. Convolutional Neural Network
3. Complete linkage
4. Partition Around Medoids
5. Fuzzy C-Means
6. Clustering
7. Unsupervised
8. Cluster
9. Single Linkage
10. Bottom-Up
11. Top-Down
12. Zoning
13. Loci
14. Multiple Layer Perceptron
15. Self-Organizing Maps
16. Probabilistic Neural Networks
17. Feed forward
18. Back forward
19. Rosenblatt
20. Under Fitting
21. Over Fitting
22. Tabu Search
23. Deep Learning
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