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QO O=} R CQB |xO=O O=OaD OwHw \}=QW QO |O=yvW}B VwQ |};Q=m w C}ty= "CU= xOW

"OW xOy=Wt TwULt Qw] x@ '=yxO=O |xawtHt

alirezapooya@um.ac.ir
ali.yeganeh@mail.um.ac.ir
somayehfadaei@mail.um.ac.ir

p}rLD 'nv}rDy T2 pQDvm Q=Owtv 'xQ}eDtOvJ pQDvm Q=Owtv %|O}rm u=oS=w
"|@D=QtxrUrU |}xWwN

xtOkt "1
[1]"OQ}o|t Q=Qk xO=iDU= OQwt |}xOQDUo Qw] x@ |r=tDL= pra x}HwD w |Q=O}=B=v
|=yQ=Owtv R= xO=iDU= |x}rw= hOy [2]"CU= pQDvm |=yQ=Owtv SPC |rY= Q=R@=
l} R= xO=iDU= [3]CQ=ywW "CU= p}rO=@ C=i=QLv= QD`} QU xJQy |}=U=vW 'pQDvm
u}= =@ "OQm O=yvW}B OL=w C}i}m |oS} w Q@ CQ=_v |=Q@ =Q xQ}eDtlD pQDvm Q=Owtv
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L=Q]Tv=} Q=w T} QD=t w u}ov=}t uwJ ODi=|t j=iD= |Q@uwQ@ w |Qw;uwQO |xO}OB

R= xO=iDU= 'CqmWt u}= pL |=yx=Q R= |m} [10]"OvDU}v C=@F=@ Tv=} Q=wwm w
T} QD=t w C}akwt |=Q@ |}xv} Ro u=wvax@ 3 w 2 CqO=at |=Q@ C=@F=@ |=yQoOQw;Q@
[16w15]'nv}rDy T 2 Ow@y@ =@ 3xDU=Q}B VwQ pt=W =yQoOQw;Q@ u}= "CU= Tv=} Q=wwm
KqY= w OvwW|t xO}t=v SW1 xmCU= [17]p=Oww w u=w}r=U|B QO|B hqDN= VwQ
xm 'p=Oww w u=w}r=U swO OQm} wQ u=wvax@ [18]=Q}rwt w uwUv}mD= 4C}Dm q=DU= KQ]
Ow@y@ =Q nv}rDy T 2 Ovv=wD|t `k=w QO xOW QmP |=yVwQ "Ov} wo|t SW2 =Q u;
QF-wt =yxO=O QO OwHwt CQB \=kv R= |O=} R O=OaD X}NWD QO Rwvy =t= 'OvWN@

[8]"OvDU}v
VwQ pk=OL w 5 (MVE) Q=w|[}@ sHL pk=OL VwQ wO [19]w�UQ
|O=} R O=OaD X}NWD |xr�Ut |=Q@ =Q 6 (MCD) Tv=} Q=wwm |xOvvmu}}aD
Q=}U@ C=@U=Lt x@ R=}v VwQ wO Qy 'p=L u}= =@ "OvOQm O=yvW}B CQB \=kv R=
MVE ?} QkD OQwt QO |Q=}U@ |=yEL@ xDWPo |xyO wO QO "OQ=O u}ovU
xO=iDU= C=ar=]t R= |NQ@ QO 'Q}N= |xyO QO =t= "CU= xOW s=Hv= MCD w
"CU= xOW R=e; xQ}eDtOvJ pQDvm Q=Owtv Ow@y@ |=Q@ |}xWwNp}rLD |=yVwQ R=
R= [20]s}m s=@ w nv=m 'uw}UQoQ |}xWwN p}rLD R= [10]|r= w nvw= p=Ft |=Q@
|@D=QtxrUrU |}xWwN p}rLD R= [8]Vv=Q=mty w u=i 'k-means |}xWwN p}rLD
|Ov@xWwN |=yOQm} wQ "Ov=xOQm xO=iDU= SW2 xQ}eDtOvJ pQDvm Q=Owtv |=Q@
=@ =Pr [8]"CU= pQDvm Q=Owtv |=yVwQ R= QDOt;Q=m |D=@U=Lt ^=Lr R= ,qwtat
QO [8]'CU= T=UL CQB |=yxO=O x@ C@Uv |}xWwN p}rLD xm u}= x@ xHwD
R=i QO pQDvm Q=Owtv |L=Q] QO |@D=QtxUrU |Ov@xWwN l}vmD R= VywSB u}=
w OwW|t xO=iDU= C=Oy=Wt R= C=@F=@ |}xawtHt uOQw; CUO x@ |=Q@ 'pw=
CQB |=yxO=O |x}rw= QDr}i u=wvax@ |}xWwN |=yOQm} wQ R= xO=iDU= Q@ RmQtD

"CU=
CQB |xO=O u}OvJ uO=O MQ 'Q=Owtv uOW pQDvm R= GQ=N G}=Q pt=wa R= |m}
C@Uv 'nv}rDy T 2 pQDvm Q=Owtv QO ,=YwYNt P w � |=yQDt=Q=B OQw;Q@ "CU=
pQDvm Q=Owtv R= xOt; CUO x@ |=yxQ=t; =t= Ov=T=UL CQB |xOy=Wt l} x@
'OW=@ xDW=O OwHw CQB xOy=Wt u}OvJ xm |Dkw =yQoOQw;Q@ u}= T=U= Q@ 'QwmPt
|=Q@ |O=} R |=yVywSB QO OW xDio xm Qw]v=ty [21]"Ovm|t pta h}a[ Q=}U@
O=OaD X}NWD QO Rwvy =t= 'CU= xOW s=Ok= 'nv}rDy T 2 pQDvm Q=Owtv Ow@y@
p}rLD R= xO=iDU= p}rO =Pr [8]"OvDU}v QF-wt =yxO=O QO OwHwt CQB \=kv R= |O=} R
u=mt=|@D=QtxrUrU |Ov@xWwN xmCU= u}= Q[=L j}kLD QO|@D=QtxrUrU|}xWwN
=yxO=O |t=tD uwJ u}vJty "OQ=O =Q =yxO=O u}@ QO hrDNt |=yxrY=i R= xO=iDU=
sy=Qi hrDNt |=ywor= =@ CQB \=kv |}=U=vW u=mt= 'OvwW|t xU}=kt Qo}Om} =@

[10]"OwW|t
l} X}NWD T=U= Q@ =OD@= |O=yvW}B pQDvm Q=Owtv OQmrta |@=} RQ= |=Q@
"OwW|t xO=iDU= [22]T=oQ=w C} RmQt sOa XN=W R= xO=iDU= =@ w CQB |xO=O
R= GQ=N u}ov=}t Q=OQ@ Q}}eD COW |xOvyOu=Wv (ncp) C} RmQt sOa XN=W
"CU= 1 |x]@=Q j@=]t (�0) u}ov=}t pQDvm CLD u}ov=}t Q=OQ@ R= (�1) pQDvm
xDUv=O =yxO=O QO p=vo}U l} smCUO X}NWD =Q VwQ CkO Q=}at T=oQ=w

"CU=
ncp = (�1 � �0)0

X�1
(�1 � �0) (5)

T=U= Q@ OQmrta |@=} RQ= R= 'T=oQ=w |@=} RQ= VwQ Q@ xwqa j}kLD u}= QO
u}= QO "OwW|t xO=iDU= R}v [11]=oDQ= w wQ=ir= CQB |=yxO=O |xawtHt X}NWD

G}=Dv x@ QHvt CU= umtt xQ}eDtOvJ |=yOv}=Qi QO xQ}eDtlD pQDvm |=yQ=Owtv R=
[6w5]"OwW ?wr]t=v

|=y|oS} w QO Q}}eD pra OwHw |}=U=vW 'xQ}eDtOvJ pQDvm Q=Owtv |rY= hOy
xawtHtl} R= 'l} R=i p}rLD w x} RHD |=Q@ 'X=N Qw] x@ "CU= xQ}eDtOvJC}i}m
Q=OQ@ QO C=Q}}eD |}=U=vW |=Q@ �hr= %OwW|t p=@vO hOy wO '|N} Q=D |xO=O
h} QLD =Q Tv=} Q=wwm T} QD=t w pQDvm Q=OQ@ u}ov=}t OQw;Q@ CU= umtt xm u}ov=}t

[7]"xQ}eDtOvJ CQB \=kv uOQ@ u}@ R= w |}=U=vW �? &Ovm
'xQ}eDtwO Cr=L QO "CU= xO=U CQB |xO=O X}NWD 'xQ}eDtl} |=yxO=O QO
'|QwQ[Q}epmWt OwHw uwO@CU=umtt xO=Ol} '=yxO=O|oOvm =QBV}=tv s=ovy
Oa@ wO R= V}@ xO=O xawtHt xm |t=ovy 'xQ}eDtOvJ |=yxO=O QO "OUQ@ Q_v x@ CQB
nv}rDy "CU}v Q}PBu=mt= |QY@ |=yODt \UwD CQB |xO=O |}=U=vW 'OW=@ xDW=O
QO T 2 pQDvm Q=Owtv QO xOQDUo Qw] x@ xm CU= |}xQ}eDtOvJ |xOW xDN=vW VwQ

[8]"CU= xDiQ Q=m x@ |Oa@OvJ |=yxO=O xawtHt
xQ}eDtOvJ p=tQv `} RwD |=Q=O =yxO=O xm CU= u}= Q@ ZQi T2 pQDvm Q=Owtv QO
m O=OaD =@ |i}m XN=W p pt=W Ov}=Qi Qo = "CU= � Tv=} Q=w w � u}ov=}t =@

%OwW|t h} QaD u}vJ xQ=t; 'OW=@ |}=D n |xOy=Wt

T 2 = n(x� �x)0S�1(x� �x) (1)

S w �x "CU= P w � R= |OQw;Q@ S w �x w x = [x1:x2: : : : :xp]T 'u; QO xm
"CU= Tv=} Q=wwm T} QD=t w xvwtv pm u}ov=}t R= |OQw;Q@ 3 w 2 |x]@=Q j@=]t

X = 1
n

mX
i=1

xi (2)

X
= 1
n� 1

mX
i=1

(Xi � �X)(Xi � �X)0 (3)

`} RwD |=v@tQ@ =Q 1 R=i |rQDvm OwOL [9]nv=} w uwU}t 'CU= n = 1 xm |Dr=L QO
%Ov=xDiQo Q_v QO T 2 pQDvm Q=Owtv |=Q@ 4 |x]@=Q CQwYx@ �8<:UCL = p(m�1)2

m ��; p/2;m� p� 1/2
LCL = 0

(4)

1 |x]@=Q QO xm CQB \=kv w u}ov=}t Ci}W Q}}eD X}NWD |=Q@ T 2 l}Uqm VwQ
CQB xO=O l} |=Q=O \ki xO=O xawtHt xm |DQwY QO CU= xOW xO=O K}[wD
QO CQB xOy=Wt l} R= V}@ xm |t=ovy 'OwHw u}= =@ [10]"CU= ?U=vt 'OW=@
Vy=m |yHwD p@=k Qw] x@ =yl}vmD u}= CQOk 'OW=@ xDW=O OwHw =yxO=O xawtHt
xDW=O OwHw Ov}=Qi QO CQB |xO=O l} R= V}@ xm |t=ovy |DQ=@a x@ [12w11]"O@=}|t
[13]"OwW|t pmWt CQB \=kv X}NWD 2'|Q@uwQ@ w 1|Qw;uwQO QF= p}rO x@ 'OW=@
CQB u=wvax@ |ak=w CQB C=Oy=Wt X}NWD xm ODi=|t j=kD= |t=ovy |Qw;uwQO
CQwYx@ C=Oy=Wt xm ODi=|t j=iD= |t=ovy |Q@uwQ@ xm |r=L QO "OwW|tv sqa=
C}r@=k 'hWm sOa CQwY QO 'CQB |=yxO=O [14]"OwW sqa= CQB u=wvax@ CUQO=v
nv}rDy T 2 |xQ}eDtOvJ pQDvm |=yQ=Owtv Tv=} Q=wwm T} QD=t w u}ov=}t h=QLv=
xm CU= u}= h} QLD u}= Q}F-=D "OvQ=O =Q |OQi C}i}m |=y|oS} w Q@ CQ=_v |=Q@
w |Qw;uwQO QF= |=Q=O =Q} R 'OwW|t O=tDa= p@=kQ}e u; R= xOW xDN=U pQDvm Q=Owtv
Q=}U@ =yxO=O p}rLD w x} RHD R= p@k CQB \=kv |}=U=vW 'u}=Q@=v@ [10]"CU= |Q@uwQ@

[8]"O}rwD Ov}=Qi pwYLt C}i}m Q@ CQ=_v QO XwYNx@ CU= syt
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Ovyt |R=Ux}@W |=yl}vmD R= xO=iDU= =@ T 2 |}xU}=kt |xar=]t l} QO [22]T=oQ=w
XN=W R= xO=iDU= =@ w CQBxO=O l} X}NWD T=U= Q@ =Q |rQDvm Q=Owtv OQmrta
O=O u=Wv OQmrta |@=} RQ= w xrY=L G}=Dv "OQm |UQQ@ (ncp) C} RmQt sOa
(MVE) |[}@ sHL pk=OL |=yQoOQw;Q@ R= xO=iDU= =@ T 2 pQDvm Q=Owtv xm
O=OaD |}=U=vW QO SW1 VwQ w CU= QF-wt CQB \=kv O=OaD |}=U=vW QO
=@ |}=yxO=O p@=kt QO R}v SW2 VwQ "CU}v QF-wt |i=QLv= \=kv R= |O=} R
xDU@=w x}rw= |iO=YD |xvwtv x@ u}vJty w CU= Q}PB?}U; 'O=} R xO=Di=QwO \=kv

"CU=
VwQ R= xO=iDU= =@ T 2 |=H x@ C=@F=@ QoOQw;Q@ l} [16]=oDQ= w wQ=ir=
Q=OQwNQ@ T 2 x@=Wt Q=DN=U R= O}OH pQDvm Q=Owtv u}= "OvOQm O=yvW}B xDU=Q}B
x@ V}=Q}B R= xO=iDU= =@ Tv=} Q=wwm T} QD=t OQw;Q@ w C}akwt Q=OQ@ =t= 'CU=
p=Ft l} R= xO=iDU= =@ =Q Q=Owtv wO u}= OQmrta w Q=DiQ =yu; "O};|t CUO
xU}=kt CQB |=yxO=O |xawtHt X}NWD T=U= Q@ |R=Ux}@W xar=]t l} w
p}rLD |=Q@ |R=Ux}@W |xar=]t l} [11]QoVywSB wO u}= Oa@ p=U l} "OvOQm
QO =Q xDU=Q}B QoQw;Q@ w uwRwtR=@ MCD 'MCD 'MVE |=yQoOQw;Q@ OQmrta
?}mQD Q@ |vD@t T 2 Q=Owtv [14]u=Q=mty w u=UL= "OvO=O s=Hv= hrDNt |=yC}akwt
x�=Q= \rDNt |}xDUO w xDUw}B |=yxO=O |=Q@ pvQm |r=oJ pQDvm OwOL =@ PCA

"OvOQm
|=yVwQ R= xO=iDU= Q}N= |xyO QO xm OyO|t u=Wv C=ar=]t |xv}W}B
w CQB \=kv |}=U=vW |=Q@ xQ}eDtOvJ pQDvm Q=Owtv Ow@y@ |=Q@ |}xWwNp}rLD
KqY= R pQDvm Q=Owtv [28]pQ} w w =Q=mv= "CU= xDi=} V}=Ri= 'xQ}eDtOvJ pwtatQ}e
[29]|@ wHm =B w ?wH "OvO=O x�=Q= Ovw}BlD |}xWwN VwQ R= xO=iDU= =@ =Q xOW
OvJ u=v; "OvOQm O=yvW}B =Q |}xv=}=Q |}xrLQtOvJ |xWwN Q@ |vD@t VwQ l}
|}xv=}=Q xWwN Q@ |vD@t OQm} wQ l} '|Qw;uwQO QF= u}= Q@ x@re |=Q@ R}v Oa@ p=U
|xWwN Q@ |vD@t sD} Qwor= l} =@ =Q uwRwtR=@ mcd |xQ=t; xm [30]OvOQm O=yvW}B
SW2 |xQ}eDtOvJ pQDvm Q=Owtv [8]Vv=Q=mty w u=i "Ovm|t ?}mQD |}xrLQtOvJ
xm OvO=O x�=Q= |@D=QtxrUrU |xWwN CNQO R= xO=iDU= =@ =yCQB X}NWD |=Q@
pQDvm Q=Owtv [20]s}m s=@ w nv=m "Ovm |}=U=vW CQB |=yxO=O Ov=wD@ QF-wt Qw] x@
`} RwD =@ TFT-LCD |=yOv}=Qi |=Q@ k-means |}xWwN sD} Qwor= Q@ |vD@t
|}xWwN s}_vD T=U= Q@ =Q pQDvm Q=Owtv [10]|r= w nvw= "OvOQm x�=Q= uotyQ}e
xQ}eDtOvJ \}Lt l} QO |OQi C}i}m C=}YwYN Q@ CQ=_v |=Q@ uw}UQoQ �
s=v x@ CQB |xWwN X}NWD sD} Qwor= l} [31]u=Q=mty w nv=wy "Ov=xOQm x�=Q=
|xR=Ov= ,qwtat xm xO}ka u}= =@ w p@=kDt x}=Uty h=Qo swyit T=U= Q@ =Q ROCF

"OvOQm O=yvW}B 'CU= |rwtat |=yxWwN R= QDlJwm Q=}U@ xO=Di=QwO |=yxWwN
Ow@y@ x@ s=Ok= Cw=iDt |=yVwQ =@ |OOaDt C=k}kLD xm OyO|t u=Wv xv}W}B |UQQ@
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CQB xO=O CQB xO=O |xQ=t; Q=Okt u} QDW}@ =@ xO=O ?} Q[ Q=Okt x}rw= CQB |=yxO=O xrLQt|a]k xOW ?=NDv= T 2 T 2 |xQ=t; |v=Uty=v
26 26 9 646349015 26 1 1 26� 27� 28� 29� 30 1

29(30) 29 9 012696519 29 1 1 26� 27� 28� 29 2
28(29) 28 8 972811765 28 1 1 26� 27� 28 3
27(28) 27 9 010020917 27 1 12 26� 27 4
26(27) 26 13 83132402 26 0 707 26 5

� � 5 450034731 16 0 707 15 6
CQB |=yxO=O hOL R= TB =yxO=O Tv=} Q=wwm Tv=} Q=w T} QD=t CQB |=yxO=O hON R= TB =yxO=O u}ov=}t Q=OQ@

0 64 �0 0187 0 0075 0 0415
�0 0187 0 5876

CU= xOW x@U=Lt 3 pwOH sQ=yJ uwDU QO xO=O 29 |=Q@ T 2 |xQ=t; xrLQt u}=
|xWwN QO xm CU= xQ=t; Q=Okt u} QDW}@ |=Q=O |rY= 30 w |rai 29 |xO=O w
|xrLQt "�x} wv=F CQB |xO=O� OwW|t hPL =yxO=O R= w OQ=O Q=Qk R}v CQB |=yxO=O
29� |rai 28 |=yxO=O w OQ}o|t s=Hv= pmW u}tyx@ R}v sHvB w sQ=yJ w swU
=yxO=O |xawtHt R= �|rY= 27� |rai 26 w �|rY= 28� |rai 27 w �|rY=
x}rw= CQB |xO=O =Q |rai 15 |xO=O s=QowOvO sWW |xrLQt QO "OvwW|t hPL
|=Q=O 16 |xO=O QO xOv=t}k=@ |xO=O 25 |=Q@ T 2 |xQ=t; |rw OyO|t X}NWD
|xO=O |x@U=Lt R=i CtUk u}= QO "�3 pwOH sDWy uwDU� CU= Q=Okt u} QDW}@
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|}=U=vW x}rw= CQB |xO=O 5 sD} Qwor= u}= QO xm u}= p}rOx@ "CU= xOW VQ=Ro
QO CQB x} wv=F |xO=O 5 |=R=x@ pQDvm OL 28 5� O}=@ pQDvm OL Cr=L u}= QO 'OW
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OwW xO=O p=vo}U xm |}=yCr=L |R=Ux}@W 5000 QO TBU w OwW|t u}}aD �q=@
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29 w 28 '27 '26 |=yxO=O xrLQt u}= QO "�CU= xOWv xO=O u=Wv =ys=QowOvO Q}=U
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"CU= xOw@ QDy@ ?D=Qt x@ |Ov@xWwN Q=Owtv OQmrta ncp Q=Okt V}=Ri= =@ R}v pwOH
"CU= xOW xO=O u=Wv p = 10 |=R=x@ 'CQB xO=O X}NWD OYQO 6 pwOH QO
=@ w CU= x@=Wt =@} QkD (ncp = 5) QO 5 w 4 pw=OH Ovv=t Q=Owtv wO Qy OQmrta
"CU=xDi=} V}=Ri= |Ov@xWwN Q=Owtv OQmrta C} RmQt sOa XN=W Q=Okt V}=Ri=
Qy OQmrta =yQ}eDtO=OaD V}=Ri= =@ |rm Qw] x@ xm CUv}= Qo}O xOy=Wt p@=k xDmv

"O@=}|t Vy=m Q=Owtv wO

CQB xO=O VwQ xm |}=yCr=L O=OaDC@Uv w OwW|t xDN=vW K}LYCr=L u=wvax@
|xU}=kt 5 =D 3 pmW QO "OwW|t C@F |R=Ux}@W pm O=OaD x@ OyO|t X}NWD
'MCD 'MVE =@ CQB \=kv |}=U=vW QO |Ov@xWwN T 2 Q=Owtv OQmrta |@=} RQ=
QO "CU= xOW x�=Q= p = 2 w m = 30 T=U= Q@ |rwtat T 2 w SW2 'SW1
"CU= xOW xOQw; CQB |xO=O 7 w 5 '3 =@?}DQD x@ OQmrta |@=} RQ= 5 =D 3 |=ypmW
4 pw=OH QO |rwtat T 2 Q=Owtv =@ |Ov@xWwN T 2Q=Owtv OQmrta |xU}=kt
T 2 pQDvm Q=Owtv =@ T 2 Q=Owtv OQmrta |xU}=kt 4 pwOH QO "CU= xOt; 7 =D
"CU= xOW xOQw; P = 3 |=R=x@ CQB |xO=O X}NWD OYQO Q_v R= |Ov@xWwN
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ncp

p = 3
Methodsm = 30 m = 50 m = 100

K = 2 4 6 2 5 10 5 10 20

5 0 076 0 076 0 05 0 093 0 082 0 059 0 121 0 084 0 045 T 2

0 089 0 076 0 059 0 092 0 09 0 063 0 133 0 107 0 064 T 2Cluster

15 0 263 0 077 0 044 0 447 0 137 0 057 0 441 0 137 0 039 T 2

0 42 0 257 0 118 0 406 0 356 0 104 0 586 0 284 0 0588 T 2Cluster

25 0 449 0 08 0 051 0 761 0 182 0 038 0 688 0 171 0 045 T 2

0 741 0 497 0 246 0 772 0 701 0 212 0 896 0 566 0 098 T 2Cluster
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VwQ CkO 'OvwW |}=U=vW CQB |=yxO=O |t=tD Qo = VwQ u}= QO "OvwW|t s}_vD
QmP |Ov@xWwN T 2 w T 2 |=yuwDU |=Q@ OOa wO 7 pwOH QO "CU= O}}-=D OQwt
|x}rm CU= xDUv=wD VwQ xm CU= |D=aiO O=OaD C@Uv pw= OOa "CU= xOW
"CU= Cr=L u; QO =]N p=vo}U MQv swO OOa w O}=tv |}=U=vW =Q CQB |=yxO=O
OQ=Ov |Dw=iD� CQB Q}e |=yxO=O QO VwQ xm OwW|t ?=UL |t=ovy =]N p=vo}U
p=vo}U �OwW QO=Y p=vo}U xO=O |xawtHt l} R= xO=O OvJ =} xO=O l} QO xm

"OyO

QiUi xO=O xawtHt T=U= Q@ VwQ OQmrta "3"4
O}=@ =OD@= 1 pwOH j@=]t [34w33]"CU= p = 2 w m = 18 xO=O xawtHt u}= QO

"OwW u}}aD =]N 0 05 p=vo}U |=Q@ pQDvm OwOL
CQwYx@ 0 05 |=]N K]U QO pQDvm OwOL xO=O xawtHt u}= QO
|=QH= QO "CU= [10 07; 47 2; 57 39; 49; 44 5; 53 5; 33 5; 20 5]

OL O}=@ xm CU= 4 w 8 '1 '6 '17 ?}DQDx@ x} wv=F CQB |=yxO=O xawtHt 'sD} Qwor=

"CQB xO=O xU =@ p=vo}U |}=U=vW p=tDL= "3 pmW

"CQB xO=O GvB =@ p=vo}U |}=U=vW p=tDL= "4 pmW

CQB |=yxO=O |xawtHt X}NWD T=U= Q@ VwQ OQmrta "2"4
VN@ u}= QO [2]"OwW|t pta u=Q=mty w wQ=ir; VwQ T=U= Q@ CtUk u}= QO
Q]k |wQ Q@ 1 Tv=} Q=wwm Tv=} Q=w T} QD=t w 0 u}ov=}t =@ pQDvm CLD |=yxO=O
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Ovyt "C} RmQt sOa XN=W hrDNt Q}O=kt |=R=x@ |Ov@xWwN T 2 Q=Owtv w T 2 Q=Owtv QO p = 5 |=R=x@ CQB xO=O X}NWD OYQO "5 pwOH
QDt=Q=B p = 5

VwQC} RmQt sOa m = 30 m = 50 m = 100
2 4 6 2 5 10 5 10 20

5 0 068 0 075 0 062 0 076 0 071 0 062 0 094 0 074 0 045 T 2

0 0844 0 063 0 069 0 0636 0 0608 0 042 0 09 0 0792 0 065 T 2Cluster

15 0 169 0 076 0 049 0 27 0 11 0 05 0 267 0 093 0 05 T 2

0 233 0 149 0 087 0 226 0 158 0 053 0 355 0 148 0 059 T 2Cluster

25 0 28 0 084 0 053 0 53 0 118 0 046 0 456 0 155 0 06 T 2

0 499 0 309 0 124 0 509 0 374 0 076 0 727 0 272 0 067 T 2Cluster

"C} RmQt sOa XN=W hrDNt Q}O=kt |=R=x@ |Ov@xWwN T 2 Q=Owtv w T 2 Q=Owtv QO p = 10 |=R=x@ CQB xO=O X}NWD OYQO "6 pwOH
QDt=Q=B p = 10

VwQC} RmQt sOa m = 30 m = 50 m = 100
2 4 6 2 5 10 5 10 20

5 0 061 0 049 0 048 0 056 0 058 0 063 0 068 0 076 0 058 T 2

0 059 0 059 0 052 0 066 0 058 0 059 0 065 0 061 0 054 T 2Cluster

15 0 062 0 056 0 055 0 133 0 071 0 053 0 138 0 07 0 052 T 2

0 129 0 069 0 054 0 173 0 098 0 059 0 159 0 095 0 06 T 2Cluster

25 0 1 0 057 0 057 0 275 0 082 0 059 0 229 0 072 0 048 T 2

0 26 0 089 0 064 0 41 0 146 0 061 0 357 0 117 0 059 T 2Cluster

"|Ov@xWwN T 2 w T 2 Q=Owtv wO |=Q@ m = 25 QO =]N p=vo}U w CQB |=yxO=O |t=tD K}LY X}NWD OYQO "7 pwOH
p k

T 2 T 2Cluster
X}NWD OYQO =]N p=vo}U X}NWD OYQO =]N p=vo}U

2 0 � 1 1 � 1 56
2 1 63 12 0 34 51 94 1 76
2 2 0 18 0 24 31 66 1 56
2 3 0 0 02 23 16 1 64
3 0 � 0 22 � 0 3
3 1 31 8 0 1 20 82 0 32
3 2 0 04 0 08 7 0 38
3 3 0 0 2 3 98 0 6

Rv}mw=y xO=O xawtHt T=U= Q@ VwQ OQmrta "4"4
xO=O xawtHt u}= QO [35]'CU= Q}eDt Q=yJ =@ xOy=Wt 75 pt=W xO=O xawtHt u}=
|rwtat T 2 Q=Owtv OwW|t xOy=Wt 8 pmW QO "OvDUy CQB |}=OD@= |xO=O 14
T 2 Q=Owtv xm |DQwY QO CU= xOQm |}=U=vW =Q 14 w 12 |xO=O CQB xO=O 14 R=
w OyO|t X}NWD x} wv=F CQB =Q 14 =D 2 '1 |=yxO=O 9 pmW QO |Ov@xWwN

j@=]t |Ov@xWwN w |rwtat T 2 |=yxQ=t; Q=Owtv "CiQo Q_v QO 53 5 =Q u; pQDvm
"CU= 7 w 6 pmW
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"OyO|t VQ=Ro 20 5
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1. masking
2. swamping
3. trimming
4. stalactite
5. minimum volume ellipsoid (MVE)
6. minimum covariance determinant
7. Subsampling
8. reweighted minimum covariance determinant
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