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|k}@]D VwQ Q=yJ 'xar=]t u}= QO "OW=@ x=Qty |@ wN G}=Dv =@ R}v =yp}=iwQB V}=B QO
hwmQ=t |xQ}HvR R= xO=iDU= =@ =yv; OQmrta w xDiQo Q=Qk |UQQ@ OQwt ' T 2Q=Owtv |=Q@
=yp}=iwQB V}=B QO "CU= xDiQo Q=Qk |UQQ@ OQwt Q=OWy u=tR \UwDt |xU}=kt w

%OQ=O OwHw xvwtv xR=Ov= |=Q@ swyit wO
Q}eDt Kw]U O=OaD |DQ=@ax@ =} 'p}=iwQB Qy QO xOW |Q=OQ@xvwtv Kw]U O=OaD "1

&X pkDUt
"|Q}oxvwtv Q=@ Qy QO K]U Qy |=Q@ xOW xDiQo Q_v QO |=yxvwtv O=OaD "2

xO=iDU= Q}eDt |xvwtv xR=Ov= =@|k}@]D |=yQ=Owtv |=Q@ pw=h} QaD R= xr=kt u}= QO
|=ypOt R}v w C=}@O= QO OwHwt |=yp=Ft QDW}@ QO Qo}O CQ=@ax@ "CU= xOW
xm CU= 4 =@ Q@=Q@ w C@=F X Kw]U O=OaD 'j}kLD u}= QO xOW xO=iDU= OQ=Ov=DU=

"s} R=OQB|t Kw]U u}= uOQmQ}eDt x@ V SS |k}@]D |=yQ=Owtv QO

V SS T 2 Q=Owtv |L=Q] "1"3
'OwW xO=iDU= n0 C@=F |xvwtv xR=Ov= R= OQ=Ov=DU= T 2 Q=Owtv QO xm u}= ZQi =@
xm |}xvwox@ OwQ|t Q=m x@ n2 w n1 |xvwtv xR=Ov= wO Q=Owtv u}= |L=Q] QO
|=Q@ |Q=}at u=wvax@ R}v (0 < w < UCL)w Q=OWy OL R= "n1 < n0 < n2

"OwW|t xO=iDU= |Oa@ |xvwtv xR=Ov= u}}aD
|xQ=t; Q=Okt x@ s=j + 1 |xrLQt |Q}oxvwtv QO xvwtv |xR=Ov= |rm Qw]x@
QO xvwtv |xR=Ov= x=ov; 'T 2

j < w Qo = "CU= xDU@=w (T 2
j ) j |xrLQt QO |}xvwtv

|xvwtv xR=Ov= x=ov; 'OW=@ w < T 2
j < UCL Qo = =t= &Ow@ Oy=wN n1 Oa@ |xrLQt

u}vJ Q}eDt |xvwtv |xR=Ov= =@ Q=Owtv QO xvwtv |xR=Ov= u}=Q@=v@ "Ow@ Oy=wN n2 |Oa@
%OwW|t h} QaD

nj+1 =

8<:n1 if T 2
j < w

n2 if w < T 2
j < UCL

(9)

"T 2
j > UCL xm OwW|t xDN=vW pQDvm R= GQ=N |v=tR Ov}=Qi u}=

QO |Q}oxvwtv MQv \UwDt xm OwW|t ?=NDv= u=vJ w x=Qtyx@ n2 w n1 Q}O=kt
%Qo}O CQ=@ax@ "OW=@ �C@=F Cr=L QO xvwtv xR=Ov=� n0 =@ Q@=Q@ pQDvm CLD Cr=L
b1n1 + b2n2 = n0; b1 + b2 = 1 (10)

|xOvyOu=Wv p=tDL= u}= "CU=w Q=OWy OL Q} R|atHD p=tDL= b1 '10 |x]@=Q QO
"OQ}o|t Q=Qk |RmQt |x}L=v QO xQ=t; 'pQDvm CLD \}=QW QO xm CU= |ak=wt OYQO
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|=y
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wQBV
}=B

"V SIFT VwQ QO |Q}oxvwtv KQ] "1 pmW

pY=wi R= |m} QO |}xvwtv Qo = "OwW|t xDiQo Oa@ |v=tR OL=w tf '|Oa@ |xvwtv
u}rw= QO |Oa@ |xvwtv x=ov; 'OQ}o@ Q=Qk |RmQt x}L=v QO xQ=t; w OwW xDiQo |v=}t
xO=O u=Wv 1 pmW QO VwQ u}= |Q}oxvwtv KQ] "OW Oy=wN xDiQo |Oa@ C@=F u=tR

[18]"CU= xOW
Q=Okt x@ VwQ u}= QO |Q}oxvwtv u=tR Cio u=wD|t C=L}[wD u}= =@
OQ}o Q=Qk |RmQt |x}L=v QO xQ=t; Q=Okt xm |DQwY QO "CU= xDU@=w T 2

j

QO "OW Oy=wN xDiQo |Oa@ C@=F u=tR u}rw= QO |Oa@ xvwtv '(T 2
j < w)

(w < T 2
j < OQ}o Q=Qk Q=OWy |x}L=v QO xQ=t; Q=Okt Qo = CQwY u}= Q}e

QO xQ=t; uDiQo Q=Qk "OwW|t xDiQo Oa@ |v=tR OL=w ts QO |Oa@ xvwtv 'UCL)

pQDvm CLD Cr=L R= Ov}=Qi GwQN |=vatx@ R}v (T 2
j > UCL) s=Ok= |x}L=v

"CU=

|xQ}HvR R= xO=iDU= =@ ATS OQmrta Q=}at x@U=Lt "4
hwmQ=t

u} QDsyt R= (ATS) Q=OWy u=tR \UwDt w (ARL) xr=@vO pw] \UwDt Q=}at wO
xm |t=ovy "OvDUy pQDvm |=yQ=Owtv xU}=kt QO xO=iDU= OQwt |=yQ=}at u} QDQF-wt w
QD?wr]t QDnQR@ ATS w ARL 'OQ@|t QU x@ |Q=t; pQDvm CLD \}=QW QO Ov}=Qi
|=vat x@ xm QDmJwm ATS w ARL 'pQDvm R= GQ=N \}=QW QO xm |r=L QO 'CU=
QO xm |}=Hv; R= "Ow@ Oy=wN QD?wr]t CU= Ov}=Qi QO h=QLv= QDa} QU X}NWD
'OW=@ ?U=vt Ov=wD|tv ARL XN=W Q}eDt |Q}oxvwtv pY=wi =@ pQDvm |=yQ=Owtv
Qw_vtx@ =t 'CU}v ARL R= |D@=F ?Q[t Q=OWy u=tR \UwDt Cr=L u}= QO =Q} R
T=U= xm s}vm|t xO=iDU= ATS XN=W R= Qo}Om} =@ xOW x�=Q= |=yVwQ xU}=kt

"OyO|t p}mWD hwmQ=t xQ}HvR =Q u; x@U=Lt
h} QaD p@=kCr=L 3 'hwmQ=t |xQ}HvR R= xO=iDU= =@ATS |x@U=Lt Qw_vtx@

%CU=
"CU= T 2

j < w |xOvyOu=Wv xm |Dr=L "1
"CU= w < T 2

j < UCL |xOvyOu=Wv xm |Dr=L "2
?wULt 6?P=H Cr=L l} w CU= T 2

j > UCL |xOvyOu=Wv xm |Dr=L "3
"OwW|t

Ci}W u=R}t |=R=x@ Q=Po Cq=tDL=T} QD=t 'xOWh} QaD Cq=L x@ xHwD =@ p=L
%OwW|t h} QaD u}vJ d

Pd =

0BB@ pd1;1 pd1;2 pd1;3
pd2;1 pd2;2 pd2;3
0 0 1

1CCA

|Q}oxvwtv |xrY=i w xvwtv xR=Ov= |rm Qw]x@ "s}vm|t xO=iDU= (w) Q=OWy OL l}
"CU= xDU@=w (T 2

j ) j |xrLQt QO |}xvwtv |xQ=t; Q=Okt x@ s=j + 1 |xrLQt QO
w 'Oa@ |v=tR OL=w lt0 QO w n1 |xR=Ov= =@ |Oa@ |xvwtv x=ov; 'T 2

j < w Qo =
|v=tR OL=w st0 QO w n2 xR=Ov= =@ |Oa@ |xvwtv OW=@ w < T 2

j < UCL Qo =
u}vJ Q}eDt |Q}oxvwtv |xrY=i w xR=Ov= =@ T 2 Q=Owtv u}=Q@=v@ "OW Oy=wN xDiQo Oa@

%OwW|t h} QaD

(nj+1; tj+1) =

8<:(n1; lt0) if T 2
j � w

(n2; st0) if w < T 2
j < UCL

(15)

|=Q@ xwqa@ "OW=@ T 2
j > UCL xm OwW|t xDN=vW pQDvm R= GQ=N |v=tR Ov}=Qi

CU= sRq pQDvm CLD Cr=L QO Q=Owtv wO |xU}=kt \}=QW uOw@ u=Um} R= u=v}t]=
%OW=@ Q=QkQ@ 17 w 16 |=yx]@=Q xQ=wty

E(n(T 2
j+1)jT 2

j < UCL; � = 0) = n0 (16)

E(t(T 2
j+1)jT 2

j < UCL; � = 0) = t0 (17)

%CW=O s}y=wN \@=wQ u}= \U@ =@
b1n1 + b2n2 = n0

lb1 + sb2 = 1
b1 + b2 = 1 (18)

11 |x]@=Q R= xm CU= w Q=OWy OL Q} R |atHD p=tDL= b1 '18 |x]@=Q QO
wO QO u=Um} |Q}oxvwtv MQv R= u=Wv xm 18 |x]@=Q uOw@ Q=QkQ@ "OwW|t x@U=Lt
wO Qy xm Ovm|t u}t[D u=Um} ATS x=Qty x@ 'OQ=O pQDvm CLD Cr=L QO VwQ
=Q =yv; u=wD|t u}=Q@=v@ w OvQ=O |v=Um} ,qt=m \}=QW pQDvm CLD Cr=L QO VwQ

"OQm xU}=kt sy =@ pQDvm R= GQ=N ATS ?ULQ@

V SIFT T 2 Q=Owtv |L=Q] "4"3
'CU= Q}eDt |Q}oxvwtv pY=wi =@ |=yQ=Owtv R= |awv Ck}kL QO xm VwQ u}= QO
|Oy=wW |xOy=Wt CQwY QO u=wD|t 'C@=F |v=tR pY=wi QO |Q}oxvwtv Q@ xwqa
|Q}oxvwtv wO u=}t |i=[= |=yxvwtv R= 'pQDvm CLD Cr=L R= Ov}=Qi GwQN Q@ |v@t

"OQm xO=iDU= R}v C@=F
pLt x@ |Oa@ |xvwtv uDiQo u=tR V SSI w V SI |k=@]v= |=yQ=Owtv QO
"CU}v |v}@V}B p@=k V}B R= =Pr w OQ=O |oDU@ |rai |}xvwtv |xQ=t; Q=QkDU=
|DL=Q=v x@ CU= umtt |Q}oxvwtv pY=wi QO |Q}PB Q}}eD u}= '|}=QH= Q_vx]kv R=
xQ}eDtlD pQDvm |=yQ=Owtv |=Q@ Q=@ u}rw= Q=Owtv u}= [19]"OwW QHvt |oDiW; w

[25]"OW xO=O \U@ T 2 Q=Owtv |=Q@ TBU w [19]'O=yvW}B
pQDvm CLD Cr=L R= Ov}=Qi GwQN |=Q@ |r}rO xm |v=tR =D Q=Owtv u}= |L=Q] QO
|xQ=t; Qo = p=L u}= =@ "OvwW|t xDiQo tf C@=F |v=tR pY=wi QO =yxvwtv 'OQ=Ov OwHw
|Q}oxvwtv wO u}@ |xrY=i QO CU= sRq OQ}o@ Q=Qk Q=OWy |x}L=v QO |}xvwtv
|xrY=i O}vm ZQi Qw_vt u}tyx@ "OwW xDiQo R}v |Qo}O |i=[= |=yxvwtv 'C@=F
|Q}oxvwtv |=yu=tR CQwY u}= QO "OwW s}UkD ts u=Um} pw] =@ xrY=i m x@ tf
u}=Q@=v@ "(m�1)ts; :::; 3ts; 2ts; ts %R= Ov=CQ=@a tf |v=tR |xrY=i QO umtt
x=ov; 'OQ}o@ Q=Qk |RmQt |x}L=v QO xQ=t; w OwW xDiQo C@=F u=tR QO |}xvwtv Qo =
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"""w
|Q}

t=u
}UL

Q}t=
'xO=

Rs_
=mu=Q

O=Q@
=[Q |xO=iDU= V SSI Q=Owtv QO w 21 |x]@=Q R= xO=iDU= V SI Q=Owtv QO '20 |x]@=Q

"OwW|t O=yvW}B 21 w 20 |x]@=Q wO R= |m} R= x=wNrO
w = F�1[(n2 � n0

n2 � n1
)F (UCL; p); p] (20)

w = F�1[(1� l
l � s )F (UCL; p); p](0 < s < 1 < l) (21)

=@ |RmQt |=m `@ Qt |atHD `} RwD `@=D F (x; p) = P (�2
p � x) \@=wQ u}= QO

Q=Owtv QO 'ATS |x@U=Lt |xwLv "CU= u; Twmat F�1 w |O=R; xHQO p
xm O}vm ZQi [25]"CU= x@U=Lt p@=k jwi VwQx@ |D=Q}}eD lOv= =@ R}v V SIFT
s}UkD ts pw] =@ u=Um} |xrY=i m x@ =Q '(tf ) C@=F |Q}oxvwtv wO u}@ |xrY=i

%s} Q=O u}=Q@=v@ &s}vm
tf = t0=m (22)

u=wD|t xm CW=O Oy=wN OwHw hwmQ=t |xQ}HvR pOt QO Cr=L 2m+1 Q=m u}= =@
%OQm s}UkD xwQo xU x@ =Q =yv;

Q=Qk |RmQt |x}L=v QO xQ=t; xm CU= |Dq=L Qou=Wv u; w &m =D 1 Cr=L ��
"OwW|t xDiQo |Oa@ C@=F u=tR u}rw= QO |Oa@ |xvwtv w (T 2

j < w) OQ}o|t
Q=OWy |x}L=v QO xQ=t; xm CU= |Dq=L Qou=Wv u; w 2m =D m+ 1 Cr=L ��
Oa@ |v=tR OL=w ts QO |Oa@ |xvwtv w (w < T 2

j < UCL) OQ}o|t Q=Qk
"OwW|t xDiQo

s=Ok= |x}L=v QO xQ=t; u; QO xm CU= |@P=H Cr=L u; w 2m + 1 Cr=L ��
xDiQo Q_v QO pQDvm R= GQ=N Ov}=Qi Cr=L u}= QO "(T 2

j > UCL) OQ}o|t Q=Qk
"OwW|t

Q]U u; QO xm Q=Po Cq=tDL= T} QD=t 'q=@ QO xOW x�=Q= Cq=L h} QaD T=U=Q@
%CU= xOW xOQw; xt=O= QO CU= xOW hPL ?P=H Cr=L x@ \w@ Qt uwDU w

\@=wQ� CU= j x@ i Cr=L R= Q=Po p=tDL= |xOvyOu=Wv Pij 'Q T} QD=t QO
"�24 w 23

|=R=x@ j Cr=L x@ i Cr=L R= Q=Po p=tDL= |xOvyOu=Wv pdi;j T} QD=t u}= QO
|x]@=Q QO ,q@k xm OwW|t x@U=Lt p� CQwYx@ R}v d "CU= Ov}=Qi QO d Ci}W
p=tDL= xm pd1;2 |x@U=Lt |xwLv 'p=Ft u=wvax@ xt=O= QO "CU= xOW h} QaD 8
V SI 'V SS Q=Owtv xU QO ?}DQDx@ CU= d Ci}W |=R=x@ 2 x@ 1 Cr=L R= Q=Po

"CU= xOW u=}@ V SSI w

P d1;2 = Pr(w < T 2
j < UCLjn1; d) = Pr(w < �2

p(�1) < UCL)

P d1;2 = Pr(w < T 2
j < UCLjl; d) = Pr(w < �2

p(�0) < UCL)

P d1;2 = Pr(w < T 2
j < UCLjn1; l; d) = Pr(w < �2

p(�1) < UCL)

xO=iDU= ZQi =@ [w;UCL] |x}L=v QO T 2
j |xQ=t; uDiQo Q=Qk p=tDL= 'pw= |x]@=Q

QO T 2
j |xQ=t; uDiQo Q=Qk p=tDL= swO |x]@=Q '(n1) QDlJwm |xvwtv |xR=Ov= R=

|x]@=Q w '(l) QD|vqw] |Q}oxvwtv |xrY=i R= xO=iDU= ZQi =@ [w;UCL] |x}L=v
R= xO=iDU= ZQi =@ [w;UCL] |x}L=v QO T 2

j |xQ=t; uDiQo Q=Qk p=tDL= swU
"OyO|t u=Wv =Q (n1) QDlJwm |xvwtv xR=Ov= w (l) QD|vqw] |Q}oxvwtv |xrY=i
x@U=Lt x@=Wt j} Q] x@ R}v Cq=tDL= Q}=U "CU= �i = d2jni '\@=wQ u}= QO

"OvwW|t
[20]"OQm xO=iDU= 19 |x]@=Q R= u=wD|t ATS |x@U=Lt |=Q@ xt=O= QO

ATS(d) = b(I�Qd)�1t (19)

|Q=Po Cq=tDL= T} QD=t Qd ' ẁQW Cq=tDL= Q=OQ@ b = (b1; b2) 'x]@=Q u}= QO
CUO x@ Pd T} QD=t QO ?P=H Cr=L x@ \w@ Qt uwDU w Q]U hPL R= xm CU=
OwW|t Qw;O=} "CU= 2 |x@DQt |v=ty T} QD=t I w '|Q}oxvwtv pY=wi Q=OQ@ t 'xOt;
=@ Q@=Q@ V SS Q=Owtv QO w (lt0; st0) =@ Q@=Q@ V SSI w V SI |=yQ=Owtv QO tT xm

"CU= (t0; t0)
R= 'pQDvm Q=Owtv ẁv?ULQ@ u=wD|t R}vw Q=OWy OL |x@U=Lt |=Q@C}=yv QO
R= xO=iDU= V SS Q=Owtv QO Qo}O CQ=@ax@ [26]"OQm xO=iDU= 21 w 20 \@=wQ R= |m}

Q =

state

1
2
3
...

m� 1
m

m+ 1
m+ 2

...

2m� 2
2m� 1

2m

26666666666666666666666666666666664

1 2 3 ::: m� 1 m m+ 1 m+ 2 m+ 3 ::: 2m� 1 2m
p11 0 0 ::: 0 0 p12 0 0 ::: 0 0
p11 0 0 ::: 0 0 p12 0 0 ::: 0 0
p11 0 0 ::: 0 0 p12 0 0 ::: 0 0
...

...
...

. . .
...

...
...

...
...

. . .
...

...

p11 0 0 ::: 0 0 p12 0 0 ::: 0 0
p11 0 0 ::: 0 0 p12 0 0 ::: 0 0
0 p21 0 ::: 0 0 0 p22 0 ::: 0 0
0 0 p21 ::: 0 0 0 0 p22 ::: 0 0
...

...
...

. . .
...

...
...

...
...

. . .
...

...

0 0 0 ::: p21 0 0 0 0 ::: p22 0
0 0 0 ::: 0 p21 0 0 0 ::: 0 p22
p21 0 0 ::: 0 0 p22 0 0 ::: 0 0

37777777777777777777777777777777775
P11 = P21 = Pr[�2(p; �) � w] �23�
P12 = P22 = Pr[w < �2(p; �) � UCL] �24�
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|=yCi}W QOhrDNt |=yn2 |=R=x@ V SS T 2 Q=Owtv OQmrta |xU}=kt "3 pmW
"2 + �� x@ 2 R= ?}W QO xO=ONQ

QD`} QU X}NWD ?@U QDnQR@ xvwtv xR=Ov= u}= R= xO=iDU= 'Ovvm|t =O}B Ci}W Ov}=Qi
pY=wi =@ T 2 Q=Owtv OQmrta |UQQ@ Qw_vtx@ w Oa@ VN@ QO "OwW|t h=QLv=
Ov}=Qi QO OwHwt |=yCi}W `=wv= QO ATS XN=W |x@U=Lt x@ Q}eDt |Q}oxvwtv
xar=]t u}= QO "s} R=OQB|t �� OQ=Ov=DU= h=QLv= w ?}W '-=O@t R= ZQa pt=W ��
1 =@ Q@=Q@ CU= |Q}oxvwtv C@=F |xrY=i xm t0 Q=Okt 'C}twta uO=O CUO R= uwO@
%R= Ov=CQ=@a s w l |=Q@ xOW xDiQo Q_v QO Q}O=kt u}vJty "CU= xOW xDiQo Q_v QO
C=}@O= QO Q}O=kt u}= R= xO=iDU= s = 0 1; 0 25; 0 5 w l = 1 25; 1 5; 1 9

"CU= pw=ODt
Q_v QO lJwm u=mt= OL =D O}=@ (s) QDx=Dwm |Q}oxvwtv |xrY=i |rm Qw]x@
OQwt Ov}=Qi x@ |Q}oxvwtv |=Q@ R=}v OQwt u=tR u} QDx=Dwm pta QO =t= "OwW xDiQo
?=NDv= |}xvwox@ s Q=Okt =@ pt=aD QO l Q=Okt Qo}O |wU R= "OQ=O |oDU@ |UQQ@

"Ovm O=H}= =Q Q_v OQwt |Q}oxvwtv MQv xm OwW|t
|=R=x@ V SI T 2 w T 2 Q=Owtv wO |xU}=kt x@ \w@ Qt G}=Dv 2 pwOH QO
xOW O=O u=Wv s w l hrDNt Q}O=kt w Ov}=Qi |=yQDt=Q=B QO hrDNt |=yCi}W
w |UQQ@ OQwt QDt=Q=B xU Qy QO V SI T 2 Q=Owtv xm OyO|t u=Wv G}=Dv "CU=

"Ovm|t pta T 2 R= QDy@ =yCi}W |t=tD |=R=x@

=@ |RmQtQ}e |=m `@ Qt |iO=YD Q}eDt Qou=Wv �2(p; �) '24 w 23 \@=wQ QO
"CU= � = d2 |RmQtQ}e QDt=Q=B w |O=R; xHQO p

xO=iDU= 19 |x]@=Q R= u=wD|t ATS x@U=Lt |=Q@ x@=Wt Qw]x@
Qd ' ẁQW Cq=tDL= Q=OQ@ b = (b1; b2; :::; bm) 'VwQ u}= QO "OQm
Cr=L x@ \w@ Qt uwDU w Q]U hPL R= xm CU= |Q=Po Cq=tDL= T} QD=t
2m |x@DQt |v=ty T} QD=t I 'CU= xOt; CUO x@ Q T} QD=t QO ?P=H
Q=OQ@ tT = (mts; (m� 1)ts; (m� 2)ts; :::; 3ts; 2ts; ts; ts; :::; ts) w
ATS Q=Okt 19 |x]@=Q QO 'd = 0 |=R=x@ CU= |y}O@ "CU= |Q}oxvwtv pY=wi

"OwW|t x@U=Lt pQDvm CLD

=yVwQ |xU}=kt w |OOa p=Ft "5
s} R=OQB|t |OOa p=Ft R= xO=iDU= =@ xOW x�=Q= |=yVwQ |xU}=kt x@ VN@ u}= QO
\UwD Q=@ u}rw= xm xO=U |]N |=yp}=iwQB C=}@O= QO G}=Q p=Ft R= Qw_vt u}tyx@ w
Q=m x@ |R=Ux}@W |=Q@ =yv; xm |rOt "s}vm|t xO=iDU= OW KQ]t [4]u}=@r; w nvm
p=tQv `} RwD |=Q=O " 'u; QO xm CU= y = 3 + 2x+ 4 xO=U |]N p}=iwQB OvOQ@
"8 w 6 '4 '2 R= Ov=CQ=@a x C@=F Q}O=kt w CU= 1 Tv=} Q=w w QiY u}ov=}t =@
u}= x@ xHwD =@ "CU= n0 = 4 =@ Q@=Q@ =yVwQ |xty QO C@=F |xvwtv xR=Ov= u}=Q@=v@
xm |}=yQ=Owtv |xty QO =Pr OQ=Ov OwHw Tv=} Q=w OQw;Q@ u=mt= n � 2 |=Q@ xm
QO 3 =@ Q@=Q@ (n1) QDlJwm xvwtv xR=Ov= 'xOW xO=iDU= Q}eDt xvwtv xR=Ov= R= u; QO
|xty pQDvm CLD ARL xm CU= |}xvwox@ =yQ=Owtv |L=Q] "CU= xOW xDiQo Q_v

"OW=@ 200 =@ Q@=Q@ =yVwQ
=yQ=Owtv |OQmrta |=yXN=W |x@U=Lt |=Q@ 'xDiQo CQwY |=yxU}=kt QO
Q=Ri= sQv QO |U} wvOm R= xO=iDU= =@ G}=Dv |xty w xOW xO=iDU= hwmQ=t |xQ}HvR R=
\w@ Qt |=y|vLvt Kw[w Qw_vtx@ OwW|t Qw;O=} "CU= xOt;CUO x@ 2008?rDt
=@ CtUk u}= QO =t "CU= xOW xO=iDU= u; sD} Q=or R= =yy QwLt |wQ ATS x@
|=yCi}W |=R=x@ V SS T 2 Q=Owtv OQmrta |xU}=kt x@ n2 |=Q@ Q=Okt 4 ?=NDv=

"�3 w 2 |=ypmW� s}=xDN=OQB Ov}=Qi ?}W w -=O@t R= ZQa QO xO=O MQ
|=yn2 |=R=x@ w O@=}|t Vy=m ARL Q}O=kt n2 V}=Ri= =@ xm CU= |y}O@
|=Q@ Q=Okt wO ?=NDv= =@ =t p}rO u}tyx@ "OvwW|t l}ORv sy x@ Q}O=kt u}= QDnQR@

"s} R=OQB|t V SS T 2 w T 2 Q=Owtv wO |xU}=kt x@ '1 pwOH QO n2
xO=iDU= OQwt u}ov=}t Q=OQ@ V}=B |=Q@ ,=U=U= T 2 |xQ}eDtOvJ Q=Owtv xJQo =
xO=U |]N |=yp}=iwQB QO Ov}=Qi h=QLv= pQDvm QO u; R= xO=iDU= =t= 'OQ}o|t Q=Qk
OQw;Q@ QO |Q=PoQ}F-=D u; Cra OUQ|t Q_v x@ xm CU= xOw@ x=Qty |@ wN G}=Dv =@ R}v
OQ=Ov=DU= h=QLv=V}=B xmCU= |r=LQO u}= &CU=?}W w -=O@t R= ZQa |=yQDt=Q=B
xJQo = p=L Qy x@ "CU}v jiwt =yp}=iwQB `=wv= Qo}O QO T 2 Q=Owtv R= xO=iDU= =@
\UwDt w lJwm |=yCi}W X}NWD QO xvwtv xR=Ov= Q}}eD =@ V SS T 2 Q=Owtv
u=Wv |R=Ux}@W C=ar=]t 'CU= x=Qty |O=} R C}kiwt =@ ?}W w -=O@t R= ZQa
OQ=Ov=DU= h=QLv= |=yCi}W x@ \w@ Qt ARL QO xvwtv |xR=Ov= Q}}eD u}= OyO|t
Q_v QO 10 =@ Q@=Q@ X Kw]U O=OaD u; QO xm |Dr=L |=Q@ ẁ[wt u}= "OQ=Ov |Q}F-=D

[27]"OwW|t xO}O R}v xOW xDiQo
x@ w Q=OWy OL 'QDnQR@ |=yn2 |=R=x@ xm CU= u}= Qo}O xHwD p@=k |xDmv
'Ov}=Qi pQDvm CLD Cr=L QO CQwY u}= QO "OwW|t QDl}ORv UCL pQDvm OL
|=yQDt=Q=B xm |t=ovy w CU= sm Q=}U@ QDnQR@ |xvwtv |xR=Ov= R= xO=iDU= p=tDL=
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"""w
|Q}

t=u
}UL

Q}t=
'xO=

Rs_
=mu=Q

O=Q@
=[Q "V SS T 2 w T 2 VwQ wOQO ?}W w -=O@t R= ZQa |=yCi}W CLD pQDvm R= GQ=N ARL Q}O=kt "1 pwOH

A1 A0

T 2 V SS T 2 V SS T 2
�

T 2 V SS T 2 V SS T 2
�

Fixed (n2 = 9) (n2 = 5) Fixed (n2 = 9) (n2 = 5)

166 0 165 4 165 8 0 025 137 7 135 3 137 0 0 2
105 6 101 3 104 2 0 050 63 4 53 5 60 4 0 4
60 7 52 5 58 2 0 075 27 9 17 8 24 6 0 6
34 5 25 5 31 6 0 100 13 2 6 8 10 8 0 8
20 1 12 6 17 6 0 125 6 9 3 6 5 5 1 0
12 2 6 9 10 3 0 150 4 0 2 4 3 2 1 2
7 8 4 3 6 4 0 175 2 6 1 9 2 2 1 4
5 2 3 0 4 3 0 200 1 8 1 6 1 7 1 6
3 7 2 4 3 1 0 225 1 4 1 4 1 4 1 8
2 7 2 0 2 4 0 250 1 2 1 3 1 2 2 0

CLD ATS Q}O=kt xm OwW|t xOy=Wt "CU= xOW xO=O u=Wv -=O@t R= ZQa QO
Q=Owtv CQOk mV}=Ri= =@ w Ov=l}ORv sy x@ Q=}U@ m Q}O=kt |xty |=R=x@ pQDvm
|=Q@ pQDvm R= GQ=N ATS Q}O=kt p=L u}= =@ "O@=}|t V}=Ri= Ci}W X}NWD QO

"Ov=l}ORv sy x@ Q=}U@ m � 5

'V SI T 2 'V SS T 2 'FSR T 2 |=yQ=Owtv |xU}=kt "1"5
V SIFT T 2w V SSI T 2

|x}=B Q@ |k}@]D |=yQ=Owtv `=wv= R= |}xawtHt p=L 'jwi C=L}[wD |x�=Q= R= TB
u=Q@ Q=m j}qa w hrDNt \}=QW uDiQo Q_v QO =@ u=wD|t xm CU= OwHwt T 2 Q=Owtv
|t=tD u=}t |}xU}=kt s} Q=O Q_v QO VN@ u}= QO "OW OvtxQy@ u; R= 'hrDNt

"s}yO s=Hv= p@k VN@ QO xOW x�=Q= |=yVwQ
|k}@]D |=yQ=Owtv `=wv= pQDvm R= GQ=N w pQDvm CLD ATS Q}O=kt 6 pwOH
u}= |t=tD QO "OyO|t u=Wv -=O@t R= ZQa QO hrDNt |=yCi}W |=R=x@ =Q T 2

|xrY=i \UwDt '4 =@ Q@=Q@ pQDvm CLD Cr=L QO xvwtv xR=Ov= \UwDt =yQ=Owtv
QO 160 =@ Q@=Q@ pQDvm CLD ATS w 0 8 =@ Q@=Q@ pQDvm CLD Cr=L QO |Q}oxvwtv
\UwDt w 200 pQDvm CLD ATS |=Q=O xm 3 uwDU RH x@ 'CU= xOW xDiQo Q_v
|Q}oxvwtv C@=F |xrY=i =yv; QO xm 5 uwDU =@ u; O=Oa= w xOw@ 1 |Q}oxvwtv xrY=i
wO u}= |xU}=kt |=Q@ Qo}O VwQ "CU= xU}=kt p@=k 'xOW xDiQo Q_v QO 1 =@ Q@=Q@
CLD Cr=L QO |Q}oxvwtv |xrY=i \UwDt w pQDvm CLD ATS uOQm |m} 'Q=Owtv
=yxU}=kt "CU= Q}PBu=mt= 5 w 4 |=yuwDU |xU}=kt =@ xm CU= Q=Owtv wO QO pQDvm
"Ovm|t pta T 2 R= QDy@ V SIFT T 2 Q=Owtv =yCi}W s=tD QO OyO|t u=Wv

hrDNt VwQ wO R= V SI T 2 w V SIFT T 2 Q=Owtv wO |xU}=kt |=Q@
V SI VwQ QO QDOvr@ w QDx=Dwm |Q}oxvwtv pY=wi 'pw= VwQ QO "s}vm|t xO=iDU=
|}xvwox@ w Q=OWy OL TBU "OvDUy s = 1=m w l = tf Q}O=kt |=Q=O ?}DQDx@
VwQ wO QO pQDvm CLD ATS w |Q}oxvwtv |xrY=i \UwDt xm OwW|t ?=NDv=

w |Q}oxvwtv pY=wi =@ T 2 Q=Owtv OQmrta |UQQ@ Qw_vtx@ w Oa@ CtUk QO
QO OwHwt |=yCi}W `=wv= QO ATS XN=W |x@U=Lt x@ Q}eDt |xvwtv xR=Ov=

"s} R=OQB|t �� OQ=Ov=DU= h=QLv= w ?}W '-=O@t R= ZQa pt=W �� Ov}=Qi
u=tRty uOQm Q}eDt x@ 'CUq=@ VwQ wO R= |k}irD Ck}kL QO xm VwQ u}= QO
n0 = 4 uDiQo Q_v QO =@ Qw_vt u}tyx@ "s} R=OQB|t xvwtv xR=Ov= w |Q}oxvwtv |xrY=i
ATS |x@U=Lt x@ 'C@=F |Q}oxvwtv pY=wi wC@=F |xvwtv xR=Ov= u=wvax@ t0 = 1 w
|Q}oxvwtv pY=wi w xvwtv xR=Ov= R= hrDNt |=y?}mQD w hrDNt |=yCi}W QO
xm OyO|t u=Wv G}=Dv u}= "CU= xOt; 3 pwOH QO C=U}=kt G}=Dv "s}=xDN=OQB
R= QDy@ =yCi}W |t=tD |=R=x@ w |UQQ@ OQwt QDt=Q=B xU Qy QO V SSI T 2 Q=Owtv
|xrY=i uOQm QDx=Dwm w xvwtv xR=Ov= V}=Ri= =@ Ow@y@ u}= u=R}t w Ovm|t pta T 2

"O@=}|t V}=Ri= s |Q}oxvwtv
Q}=U =@ u; |xU}=kt w V SIFT T 2 Q=Owtv OQmrta |UQQ@ x@ Oa@ VN@ QO
R= GQ=N w pQDvm CLD Q}O=kt '4 pwOH QO "s} R=OQB|t T 2 |k}@]D |=yQ=Owtv
b1 = 0 6; 0 7; 0 8 0 9 w m = 10 't0 = 1 'n0 = 4 |=R=x@ ATS pQDvm
|=yCi}W |=R=x@ �pQDvm CLD \}=QW QO ut}= |x}L=v QO xQ=t; uDiQoQ=Qk p=tDL=�
pwOH u}= QO u}vJty "CU= xOW xO=O u=Wv -=O@t R= ZQa QDt=Q=B QO hrDNt
R}v t0 = 1 C@=F |Q}oxvwtv pY=wi =@ T 2 Q=Owtv ATS Q}O=kt 'xU}=kt Qw_vtx@
xDiQo Q_v QO 200 =@ Q@=Q@ Q=Owtv u}= QO pQDvm CLD ATS "CU= xOW xOQw;
hrDNt |=yb1 =@ V SIFT T 2 Q=Owtv 'OwW|t xOy=Wt xm u=vJ "CU= xOW
"OQ=O |QDlJwm pQDvm R= GQ=N w pQDvm CLD ATS ; T 2 Q=Owtv =@ xU}=kt QO
QO Ov=wD|t |y=@DW= Q=OWy MQv QO lJwm V}=Ri= V SIFT T 2 |=yQ=Owtv QO
=@ xm CU=O}B u}vJty [17]"OW=@ pw@k p@=k 'pQDvm R= GQ=N ATS Vy=m =@ xU}=kt
p@=kt QO =t= 'O@=}|t Ow@y@ =yCi}W X}NWD QO Q=Owtv OQmrta b1 Q=Okt Vy=m

"CU= x@=Wt R}v =yQDt=Q=B Q}=U |=Q@ G}=Dv "Ovm|t O=H}= |QDnQR@ Q=OWy MQv
V SIFT T 2 Q=Owtv pQDvm R= GQ=N w pQDvm CLD ATS Q}O=kt 5 pwOH QO
Ci}W hrDNt Q}O=kt w m = 2; 3; 5; 10 w 20 't0 = 1 'b1 = 0 8 |=R=x@
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|=y
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wQBV
}=B

'� ?UL Q@ -=O@t R= ZQa QO Ci}W �� V SI T 2 w T 2 VwQ wO QO OQ=Ov=DU= h=QLv= w ?}W '-=O@t R= ZQa |=yCi}W CLD pQDvmR= GQ=N ATS Q}O=kt "2 pwOH
"�CU= Q=}at h=QLv= QO Ci}W |oQR@ 
 w � ?UL Q@ ?}W QO Ci}W �

� A1 A0
l sT 2 T 2



T 2 T 2

�
T 2 T 2

�
V SI Fixed V SI Fixed V SI Fixed

36 1 39 6 1 2 164 4 166 0 0 025 134 9 137 7 0 2

1 25 0 5

12 7 14 9 1 4 101 6 105 6 0 050 58 6 63 4 0 4
6 5 7 9 1 6 55 8 60 7 0 075 23 7 27 9 0 6
4 2 5 1 1 8 29 9 34 5 0 100 10 2 13 2 0 8
3 0 3 8 2 0 16 4 20 1 0 125 5 0 6 9 1 0
2 4 3 0 2 2 9 4 12 2 0 150 2 8 4 0 1 2
2 1 2 5 2 4 5 7 7 8 0 175 1 9 2 6 1 4
1 8 2 2 2 6 3 7 5 2 0 200 1 4 1 8 1 6
1 7 2 0 2 8 2 6 3 7 0 225 1 2 1 4 1 8
1 5 1 8 3 0 2 0 2 7 0 250 1 1 1 2 2 0
33 8 39 6 1 2 163 3 166 0 0 025 133 0 137 7 0 2

1 5 0 25

11 4 14 9 1 4 99 0 105 6 0 050 55 4 63 4 0 4
5 7 7 9 1 6 52 6 60 7 0 075 21 0 27 9 0 6
3 6 5 1 1 8 27 0 34 5 0 100 8 4 13 2 0 8
2 6 3 8 2 0 14 1 20 1 0 125 3 9 6 9 1 0
2 1 3 0 2 2 7 7 12 2 0 150 2 2 4 0 1 2
1 8 2 5 2 4 4 5 7 8 0 175 1 5 2 6 1 4
1 6 2 2 2 6 2 9 5 2 0 200 1 2 1 8 1 6
1 5 2 0 2 8 2 0 3 7 0 225 1 1 1 4 1 8
1 4 1 8 3 0 1 6 2 7 0 25 1 1 1 2 2 0
31 9 39 6 1 2 162 3 166 0 0 025 131 3 137 7 0 2

1 9 0 1

10 3 14 9 1 4 96 6 105 6 0 050 52 7 63 4 0 4
5 0 7 9 1 6 49 9 60 7 0 075 18 8 27 9 0 6
3 2 5 1 1 8 24 6 34 5 0 100 7 0 13 2 0 8
2 3 3 8 2 0 12 2 20 1 0 125 3 0 6 9 1 0
1 9 3 0 2 2 6 3 12 2 0 150 1 7 4 0 1 2
1 6 2 5 2 4 3 5 7 8 0 175 1 3 2 6 1 4
1 5 2 2 2 6 2 2 5 2 0 200 1 1 1 8 1 6
1 4 2 0 2 8 1 6 3 7 0 225 1 0 1 4 1 8
1 3 1 8 3 0 1 3 2 7 0 250 1 0 1 2 2 0
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=mu=Q

O=Q@
=[Q

"V SSI T 2 w T 2 VwQ wO QO OQ=Ov=DU= h=QLv= w ?}W '-=O@t R= ZQa |=y Ci}W CLD pQDvm R= GQ=N ATS Q}O=kt "3 pwOH
� A1 A0 parameters

T 2 T 2



T 2 T 2
�

T 2 T 2
� n2 l s

V SSI Fixed V SSI Fixed V SSI Fixed

36 1 39 6 1 2 163 8 166 0 0 025 133 4 137 7 0 2

5 1 5 0 5

12 7 14 9 1 4 99 2 105 6 0 050 54 5 63 4 0 4
4 2 5 1 1 8 26 4 34 5 0 100 7 8 13 2 0 8
3 0 3 8 2 0 13 6 20 1 0 125 3 8 6 9 1 0
2 4 3 0 2 2 7 4 12 2 0 150 2 3 4 0 1 2
1 8 2 2 2 6 3 0 5 2 0 200 1 4 1 8 1 6
1 5 1 8 3 0 1 7 2 7 0 250 1 1 1 2 2 0
33 8 39 6 1 2 162 7 166 0 0 025 131 6 137 7 0 2

5 1 75 0 25

11 4 14 9 1 4 96 8 105 6 0 050 51 6 63 4 0 4
3 6 5 1 1 8 23 7 34 5 0 100 6 4 13 2 0 8
2 6 3 8 2 0 11 6 20 1 0 125 2 9 6 9 1 0
2 1 3 0 2 2 6 0 12 2 0 150 1 8 4 0 1 2
1 6 2 2 2 6 2 3 5 2 0 200 1 2 1 8 1 6
1 4 1 8 3 0 1 4 2 7 0 250 1 1 1 2 2 0
31 9 39 6 1 2 162 1 166 0 0 025 130 5 137 7 0 2

5 1 9 0 1

10 3 14 9 1 4 95 3 105 6 0 050 49 8 63 4 0 4
3 2 5 1 1 8 22 2 34 5 0 100 5 5 13 2 0 8
2 3 3 8 2 0 10 3 20 1 0 125 2 4 6 9 1 0
1 9 3 0 2 2 5 1 12 2 0 150 1 5 4 0 1 2
1 5 2 2 2 6 1 9 5 2 0 200 1 1 1 8 1 6
1 3 1 8 3 0 1 2 2 7 0 250 1 0 1 2 2 0
36 1 39 6 1 2 164 4 166 0 0 025 133 4 137 7 0 2

9 1 1 0 5

12 7 14 9 1 4 98 7 105 6 0 050 50 5 63 4 0 4
4 2 5 1 1 8 22 8 34 5 0 100 5 5 13 2 0 8
3 0 3 8 2 0 10 7 201 0 125 2 8 6 9 1 0
2 4 3 0 2 2 5 6 12 2 0 150 2 0 4 0 1 2
1 8 2 2 2 6 2 4 5 2 0 200 1 4 1 8 1 6
1 5 1 8 3 0 1 6 2 7 0 250 1 2 1 2 2 0
33 8 39 6 1 2 163 8 166 0 0 025 132 5 137 7 0 2

9 1 15 0 25

11 4 14 9 1 4 97 4 105 6 0 050 48 9 63 4 0 4
3 6 5 1 1 8 21 5 34 5 0 100 4 9 13 2 0 8
2 6 3 8 2 0 9 7 20 1 0 125 2 5 6 9 1 0
2 1 3 0 2 2 4 9 12 2 0 150 1 7 4 0 1 2
1 6 2 2 2 6 2 1 5 2 0 200 1 3 1 8 1 6
1 4 1 8 3 0 1 5 2 7 0 250 1 1 1 2 2 0
31 9 39 6 1 2 163 5 166 0 0 025 131 9 137 7 0 2

9 1 18 0 1

10 3 14 9 1 4 96 6 105 6 0 050 48 0 63 4 0 4
3 2 5 1 1 8 20 7 34 5 0 100 4 5 13 2 0 8
2 3 3 8 2 0 9 1 20 1 0 125 2 3 6 9 1 0
1 9 3 0 2 2 4 5 12 2 0 150 1 6 4 0 1 2
1 5 2 2 2 6 1 9 5 2 0 200 1 2 1 8 1 6
1 3 1 8 3 0 1 3 2 7 0 250 1 1 1 2 2 0
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"""R=
xO=i

DU=
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|=y
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"V SIFT T 2 VwQ QO hrDNt |=yb1 |=R=x@ w '-=O@t R= ZQa |=yCi}W CLD pQDvm R= GQ=N w pQDvm CLD ATS Q}O=kt "4 pwOH
b1 = 0 9 b1 = 0 8 b1 = 0 7 b1 = 0 6

tf = 1 0 � n0
w = 4 5171 w = 3 1793 w = 2 3847 w = 1 8176

180 0 160 0 140 0 120 0 200 0 0 0

4

121 6 106 9 92 7 78 9 137 7 0 2
52 9 45 0 38 0 31 7 63 4 0 4
8 8 6 7 5 3 4 3 13 2 0 8
4 0 3 0 2 4 1 9 6 9 1 0
2 2 1 7 1 4 1 1 4 0 1 2
1 1 1 0 0 8 0 7 1 8 1 6
1 0 0 9 0 7 0 6 1 4 1 8
0 9 0 8 0 7 0 6 1 2 2 0

"V SIFT T 2 VwQ QO hrDNt |=ym |=R=x@ w -=O@t R= ZQa |=yCi}W CLD pQDvm R= GQ=N w pQDvm CLD ATS Q}O=kt "5 pwOH
m = 20 m = 10 m = 5 m = 3 m = 2 tf = 1 0 � n0
160 0 160 0 160 0 161 3 166 7 200 0 0 0

4

106 9 106 9 107 0 108 1 112 5 137 7 0 2
45 0 45 0 45 1 46 1 49 1 63 4 0 4
6 7 6 7 7 0 7 7 8 9 13 2 0 8
3 0 3 0 3 2 3 7 4 4 6 9 1 0
1 6 1 7 1 8 2 1 2 6 4 0 1 2
0 9 1 0 1 0 1 1 1 3 1 8 1 6
0 8 0 9 0 9 1 0 1 1 1 4 1 8
0 8 0 8 0 8 0 9 0 9 1 2 2 0

"T 2 Q=Owtv |k}@]D hrDNt |=yVwQ QO -=O@t R= ZQa |=yCi}W CLD pQDvm R= GQ=N w pQDvm CLD ATS |xU}=kt "6 pwOH
V SSI V SS V SI2 V SI1 V SIFT

FSR2 FSR1
� n0

l = 0 887 w = 4 3160 l = 0 975 w = 2 9735 tf = 1 0

t0 = 0 8 t0 = 1 0
s = 0 1 n1 = 3 s = 0 1 l = 1 0 m = 10

w = 4 3160 n2 = 12 t0 = 0 8 s = 0 1 ts = 0 1
n1 = 3 n0 = 4 w = 3 1793 t0 = 0 8 p0 = 0 8
n2 = 12 t0 = 0 8

w = 3=1793
160 0 160 0 160 0 160 0 160 0 160 0 200 0 0 0

4

105 5 107 4 107 3 107 1 106 9 110 2 137 7 0 2
36 7 39 9 45 7 45 4 45 0 50 7 63 4 0 4
3 4 4 6 7 2 7 0 6 7 10 6 13 2 0 8
1 9 2 6 3 2 3 2 3 0 5 5 6 9 1 0
1 4 1 9 1 8 1 7 1 7 3 2 4 0 1 2
1 0 1 4 1 0 1 0 1 0 1 4 1 8 1 6
0 9 1 2 0 9 0 9 0 9 1 1 1 4 1 8
0 9 1 0 0 8 0 8 0 8 1 0 1 2 2 0
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"""w
|Q}

t=u
}UL

Q}t=
'xO=

Rs_
=mu=Q

O=Q@
=[Q "T 2 Q=Owtv |k}@]D hrDNt |=yVwQ QO ?}W |=y Ci}W CLD pQDvm R= GQ=N w pQDvm CLD ATS |xU}=kt "7 pwOH

V SSI V SS V SI2 V SI1 V SIFT

FSR2 FSR1
� n0

l = 0 887 w = 4 3160 l = 0 975 w = 2 9735 tf = 1 0

t0 = 0 8 t0 = 1 0
s = 0 1 n1 = 3 s = 0 1 l = 1 0 m = 10

w = 4 3160 n2 = 12 t0 = 0 8 s = 0 1 ts = 0 1
n1 = 3 n0 = 4 w = 3 1793 t0 = 0 8 p0 = 0 8
n2 = 12 t0 = 0 8

w = 3=1793
160 0 160 0 160 0 160 0 160 0 160 0 200 0 0 0

4

131 05 132 16 131 16 131 04 130 92 132 8 166 0 0 025
36 34 39 6 43 43 43 11 42 72 48 56 60 7 0 075
15 37 18 08 22 70 22 42 22 04 27 6 34 5 0 100
6 67 8 56 11 97 11 76 11 44 16 08 20 1 0 125
2 17 3 04 3 78 3 68 5 53 6 24 7 8 0 175
1 62 2 24 2 37 2 31 2 23 4 16 5 2 0 200
1 34 1 84 1 64 1 60 1 57 2 96 3 7 0 225
1 17 1 6 1 25 1 23 1 22 2 16 2 7 0 250

"T 2 Q=Owtv |k}@]D hrDNt |=yVwQ QO OQ=Ov=DU= h=QLv= |=yCi}W CLD pQDvm R= GQ=N w pQDvm CLD ATS |xU}=kt "8 pwOH
V SSI V SS V SI2 V SI1 V SIFT

FSR2 FSR1

 n0

l = 0 887 w = 4 3160 l = 0 975 w = 2 9735 tf = 1 0

t0 = 0 8 t0 = 1 0
s = 0 1 n1 = 3 s = 0 1 l = 1 0 m = 10

w = 4 3160 n2 = 12 t0 = 0 8 s = 0 1 ts = 0 1
n1 = 3 n0 = 4 w = 3 1793 t0 = 0 8 p0 = 0 8
n2 = 12 t0 = 0 8

w = 3=1793
160 0 160 0 160 0 160 0 160 0 160 0 200 0 1 0

4

28 90 31 68 27 84 27 62 27 30 31 68 39 6 1 2
10 04 11 92 9 45 9 33 9 13 11 92 14 9 1 4
3 18 4 08 2 95 2 91 2 84 4 08 5 1 1 8
2 31 3 04 2 15 2 13 2 09 3 04 3 8 2 0
1 85 2 4 1 73 1 71 1 69 2 4 3 0 2 2
1 40 1 76 1 32 1 31 1 30 1 76 2 2 2 6
1 27 1 6 1 21 1 20 1 20 1 6 2 0 2 8
1 18 1 44 1 13 1 13 1 12 1 44 1 8 3 0

x@=Wt G}=Dv "Ovm|t pta =yVwQ Q}=U R= QDy@ =yCi}W |t=tD QO VwQ u}= OyO|t
"CU= xOW xOQw; 8 w 7 pw=OH QO R}v OQ=Ov=DU= h=QLv= w ?}W |=yQDt=Q=B |=Q@

|Q}oxH}Dv "6
|]N |=yp}=iwQB V}=B QO T 2 pQDvm Q=Owtv OQmrta Ow@y@ hOy =@ 'xr=kt u}= QO
V SIFT w V SSI 'V SI 'V SS |k}@]D Q=Owtv Q=yJ R= xO=iDU= 'wO R=i QO xO=U
Q=OWy u=tR \UwDt Q=}at T=U=Q@ jwi |=yVwQ OQmrta "CiQo Q=Qk |UQQ@ OQwt
|=yp=Ft "OW xU}=kt sy =@ w x@U=Lt hwmQ=t |=yxQ}HvR OQm} wQ R= xO=iDU= =@ w

=@ w xO=O Q=Qk ts =@ Q@=Q@ =Q V SI Q=Owtv QO s Q=Okt 'swO VwQ QO "OW=@ u=Um}
?=NDv= |}xvwo x@ =Q l Q=Okt s}vm|t |aU Q=Owtv wO QO w Q=OWy OL uOQm u=Um}
"OW=@ u=Um} VwQ wO QO pQDvm CLD ATS w |Q}oxvwtv xrY=i \UwDt xm s}vm
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"OUQ|t Q_v x@ QDCL=Q Q=Owtv u}= R= xO=iDU= R}v
u}= |xU}=kt "CU= xDi=} X}YND V SS T 2 Q=Owtv x@ '6 pwOH QO 8 uwDU
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1. statistical process control
2. signature
3. waveform
4. �xed ratio sampling (FRS)
5. average run length (ARL)
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