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Ov=wD|t Cw=iDt |}xw}W =@ '?=DW `@=wD |xvt=O V}=Ri= |xO}= R= |Q}oxQy@ =@ VwQ
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"hrDNt |=yu=tR QO ETA20a01-03 ?=DW `@=wD MU=B u}ov=}th}] "4 pmW
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u=tDN=U Q=DiQ ?} Q[ R w u=tDN=U C}ty= ?} Q[ I u}vJty "O};|t CUOx@
5 |x]@=Q j@] hOy h}] u}=Q@=v@ "CU= xOW xDiQo Q_v QO 1 Q@=Q@ xm OvDUy

xv}W}@ |=y?=DW x@ xHwD =@ C@=F CW=ov?=DW G}=Dv '|]N `@=D uOQ@ Q=m x@ =@ xt=O=
u=tR p}rLD C=@F= |=Q@ =yCW=ov?=DW u}= "OvOW|t xOv}=Ri 'hrDNt |=yu=tR QO

[5]"CiQ|tv Q=_Dv= =yv; R= |tyt |OOa G}=Dv =t= 'OvOw@ ?U=vt s=wO
=@ =yCW=ov?=DW u}= QDy@ j=@]v= CyH 's=wO u=tR ?=DW `@=wD swO pUv QO
u}= "OW xO=iDU= MU=B h}] swyit R= ,=t}kDUt 'xt=vu}�; |L=Q] K]U |=yxrRrR
|=yMU=B 'tT arg et ,qFt <=v@t u=tR QO xm OvOW s}_vD |}xvwo x@ =yCW=ov?=DW
|=yxR=U OQmrta u}= OwHw =@ "OW=@ xt=vu}�; KQ] h}] =@ Q@=Q@ =yv; |m}t=v}O
h}] 'O}O u}= =@ "OQm xU}=kt sy =@ u=wD|t =Q Cw=iDt ?w=vD |=yxQwO =@ hrDNt
|v=tR QO |va} 'Ovm|t =O}B V}=Ri= u=tR =@ ?U=vDt s=wO u=tR CW=ov?=DW MU=B
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%OwW|t h} QaD 1 |x]@=Q
saT (Ti; tj) = tj

tT arg et
sac(Ti) (1)

SaC(Ti) w ?w=vD u=tR T 'tj u=tR QO hOy ?=DW MU=B SaT (Ti; tj) 'u; QO xm
xm CU= |tyt QDt=Q=B |}=H@=H MU=B u}vJty "CU= xt=vu}�; |L=Q] ?=DW h}]
u=tR CW=ov?=DW QO hOy |}=H@=H MU=B "OQ=O |oDU@ ?=DW MU=B x@ Q=}U@

%OwW h} QaD 2 |x]@=Q CQwYx@ Ov=wD|t s=wO

suT (Ti; tj) = tj
tT arg et

suc(Ti)� T 2
i

4�2 (2)
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Minimize F (ag) =
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mX
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f[sai;j � saTi;j ]

2
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MU=B T=U=Q@ ?=DW x@W uwJ xm CU= sRq QmPD u}= "OwW|t xDiQo Q_v QO 1 Q@=Q@
pw= CtUk |=Q@ |R=Uxv}y@ xm CU= |i=m \ki 'O};|t CUOx@ |ak=w |}=H@=H
pw= pUv |=yCW=ov?=DW R= "�OwW xDiQo Q_v QO 0 Q@=Q@ �� OwW s=Hv= 3 |x]@=Q
|=Q@ Ov}=Qi u}= [5]"CU= xOW xO=iDU= |R=Uxv}y@ Ov}=Qi |=Q@ x}rw= |=yxO=O u=wvax@
?w=vD u=tR 200 |=Q@ w x}v=F 0 01 |v=tR |xrY=i =@ hOy |x]kv 211 = 2048

[6]"CU= xOW s=Hv= x}v=F 5 =D 0 u}@ =t hrDNt
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|L=Q] h}] =} 2800 |xt=vu}}; |L=Q] h}] Ovv=t "CU= xOW xDiQo Q_v QO
Qy |=Q@ xm 'xrRrR |a}@] |=yOQwmQ MU=B h}] u}ov=}t =} w ASCE |xt=vu}};
u=tR ?=DW `@=wD swO pUv R= pw= |QU "Ov=xOW O}rwD `@=wD R= |}xv=o =OH |QU s=Om
w CaQU '?=DW `@=D ?}DQD x@ 3 =D 1 pmW QO xm OvDUy ETA20a `@=wD 's=wO
'OvDUy 2 ẁv l =N 2800 |xt=vu}}; h}] =@ Q=oR=U xm '=yv; R= xvwtv l} |�=H@=H
|=yu=tR QO ?=DW `@=wD u}= MU=B u}ov=}t h}] u}vJty "CU= xOW xO=O u=Wv
?=DW `@=wD u}= QO =v@t u=tR "CU= xOW xO=O u=Wv 4 pmW QO x}v=F 20 w 10
syO |x}v=F =D MU=B h}] 'OwW|t x_Lqt xm Qw]u=ty u}=Q@=v@ 'CU= syO |x}v=F
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|ra QO xOW|R=UR=@ ?} QkD w C=}�RH ?}=Q[ ?}DQD x@ Aj w Dj '\@=wQ u}= QO xm
w s=j K]U QO ?} QkD ?}=Q[ ẁtHt R= u=wD|t =Q |rY= `@=D "OvDUy s=j K]U

%�12 |x]@=Q� OQw; CUOx@ QDu}}=B |=yK]U QO xOW|R=UR=@ C=}�RH ?}=Q[
f(t) = Aj(t) +

X
j�J

Dj(t) (12)

QO C}a[w w OvwW|t |UQQ@ p@=k QDx=Dwm |=yOt=U@ 'QDu}�=B |=yR=QD x@ uDiQ =@
|Ot=U@ |=wDLt `@=D '|wQW}B p@=k |=yR=QD O=OaD "OwW|tXNWt u}}=B |=yOt=U@
QO C=}�RH ?}=Q[ |Ot=U@ |xOwOLt "CU=t |Q}oxvwtv \=kv O=OaD w p=vo}U

%O};|t CUOx@ 13 |x]@=Q R= s=j K]U� 1
2j+1 �t

; 1
2j �t

�
(13)

14 |x]@=Q R= s=j K]U QO C=}�RH ?}=Q[ ?w=vD |xQwO |xOwOLt u}vJty w
%O};|t CUOx@h

2j �t; 2j+1 �t
i

(14)

Crw} w p}O@D R= =yxO=O |x} RHD |=Q@ 'Q=DWwv u}= QO "CU= |v=tR s=o �t 'u; QO xm
[11w10]"CU= xOW xO=iDU= �db10� syO |x@DQt Daubechies

R= xO=iDU= =@ s=wO u=tR ?=DW `@=wD O}rwD |xwLv "4
|R=Uxv}y@ |=ysD} Qwor= w lHwt p}O@D

R= x_Lr Qy QO =Q p=vo}U |Ot=U@ |=wDLt lHwt p}O@D 'OW xQ=W= xm Qw]u=ty
T=U= Q@ u; OQmrta xm CU= |WwQ s=wO u=tR VwQ Qo}O |iQ] R= w OyO|t u=tR
hOy h}] R= |]N C@Uv MU=B h}] O}=@ u=tR R= x_Lr Qy QO |va} 'CU= u=tR

"Ovm |O=} R ltm Ov=wD|t s=wO u=tR VwQ w lHwt p}O@D x@=WD u}= 'OW=@
OwW|t pta CQwY u}= x@ s=wO u=tR ?=DW `@=wD O}rwD |=Q@ Q=DWwv u}= QO
TBU 'OwW|t xDiQo Q_v QO QiY u}ov=}t =@ |iO=YD |xO=O |QU l} =OD@= xm
x} RHD |i=m K]U O=OaD x@ �11 =D 6 \@=wQ� lHwt p}O@D R= xO=iDU= =@ =yxO=O u}=
VWwB =Q 14 |x]@=Q R= xO=iDU= =@ Q_vOQwt ?w=vD |xQwO |xR=@ xm |Qw] x@ 'OvwW|t
"OvwW|t x@U=Lt �Dj� K]U Qy QO xOW|R=UR=@ ?} QkD ?}=Q[ u}vJty w 'OyO
K]U Qy |xOW|R=UR=@ C=}�RH ?}=Q[ 'u=tR |xRwL QO =yxO=O KqY= Qw_vt x@
QO |v=tR |=yxR=@ u}= R= s=Om Qy w OvwW|t s}UkD |w=Ut |v=tR |=y<RH O=OaD x@
O}OH p=vo}U '?} QkD ?}=Q[ QO =yQ}eDt ?Q[ R= TB "OvwW|t ?Q[ Q}eDt l}
"OwW|t x@U=Lt 15 |x]@=Q R= xO=iDU= =@ x}=B |=]N w x@U=Lt 12 |x]@=Q R=
xm OvwW|t xOQw; CUOx@ |Qw] |R=Uxv}y@ |=ysD} Qwor= R= xO=iDU= =@ =yQ}eDt

"OwW xv}tm 'x}=B |=]N
xm � 15 |x]@=Q R= xO=iDU= =@ w O}kt=v pmW x@ |R=Uxv}y@ hOy `@=D u}=Q@=v@

%OwW|t h} QaD �OwW|t xO}t=v R}v x}=B |=]N

Minimize F (xi;j) =

vuuut nP
i=1

mP
j=1

[sai;j �saTi;j ]2

n�m (15)

�Dj� s=j K]U R= s=i |v=tR <RH QO O}=@ xm CU= |Q}eDt xi;j 'x]@=Q u}= QO xm
Q@=Q@ =yQ}eDt O=OaD u}=Q@=v@ "OwW ?Q[ ?=DW `@=D |xOW|R=UR=@ C=}�RH ?}=Q[
QO ?w=vD |xQwO \=kv O=OaD w |v=tR |=ys=o O=OaD ?}DQD x@ n w m "CU= i� j

"CU= |R=Uxv}y@ Ov};Qi QO xOWxDiQo Q_v

%O};|t CUOx@

Sac = 0 35�

8>>>><>>>>:
1 + 1 5( T0 1 ) 0 < T < 0 1
2 5 0 1 < T < 0 5
2 5( 0 5

T )
23 0 5 < T

(5)

?w=vD |xQwO T w g ?ULQ@ xt=vu}�; |L=Q] ?=DW h}] SaC 'x]@=Q u}= QO xm
"CU= x}v=F ?ULQ@ u=tDN=U |rY=

lHwt p}O@D "3
QO=k w CU= Ot=U@ |=[i x@ u=tR |=[i R= |[=} Q p}O@D l} 3lHwt p}O@D
p}O@D R= xO=iDU= "OyO V}=tv p=vo}U l} QO =Q Ot=U@ |v=tR C=Q}}eD =D CU=
Q=}U@ 'OvDUy =DU}=Q}e u}vJty w OvQ=O R}D \=kv xm |}=yp=vo}U p}rLD QO lHwt
Gwt 'lHwt l} "CU= QDpw@k p@=k x} Qwi p}rLD R= u; |=y?=wH w CU= ?U=vt
=@ =Q u; 'p=vo}U l} Q=DiQ p}rLD |=Q@ w OwW|t RmQtDt u=tR QO xm CU= |mJwm

[8]"Ovm|t xU}=kt p=vo}U `@=D
xO=iDU= QPou}}=B w QPo q=@ QDr}i wO R= p=vo}U p}rLD |=Q@ xDUUolHwt p}O@D
|=yQDr}i w p=vo}U |rm pmW w u}}=B |=yOt=U@ 4QPou}}=B QDr}i `k=w QO "Ovm|t
`@=D wO R= QDr}i wO u}= "OvvR|t u}tND =Q p=vo}U C=}�RH w q=@ |=yOt=U@ 5QPo q=@
R= j K]U QO f(t) p=vo}U C=}�RH ?}=Q[ [9]"Ovvm|t xO=iDU= lHwt w T=}kt

%O};|t CUOx@ 6 |x]@=Q

cDj(k) =
1Z
�1

f(t)'j;kdt (6)

%O};|t CUOx@ 7 |x]@=Q R= j K]U QO f(t) p=vo}U ?} QkD ?}=Q[ w

cAj(k) =
1Z
�1

f(t) j;kdt (7)

p=kDv= w `=UD= lHwt |wQ p=vo}U Q} wYD uOQw;CUOx@ QO lHwt p}O@D T=U=
`=UD= w OwW xDiQo Q_v QO p=vo}U pw] s=tD xm Ovm|t u}t[D p=kDv= "CU= xDi=}
\@=wQ QO "OQ}o Q=Qk p}rLD OQwt OwHwt |=yOt=U@ s=tD xm CU= u}= |xOvvmu}t[D
p=kDv= w s=j K]U QO T=}kt `@=D w lHwt `@=D Q@=Q@ ?}DQD x@ 'j;k w  j;k '7 w 6

%OvwW|t x@U=Lt 9 w 8 |x]@=Q R= w OvDUy s=k

 j;k(t) = 1p2j  ( t� 2j k
2j ) (8)

'j;k(t) = 1p2j '( t� 2j k
2j ) (9)�

J = 1; 2; :::::; j;K = 1; 2; :::::k
����j � logN2 ; k = N

2j
�

%OwW|t xO=iDU= 11 w 10\@=wQ R=?}DQD x@ C=}�RH w?} QkD?}=Q[ |R=UR=@ |=Q@
Dj(t) =

1X
�1

cDj(k) j;k dk (10)

Aj(t) =
1X
�1

cAj(k)'j;k dk (11)
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swO pUv s=wO u=tR ?=DW `@=wD O}rwD |=Q@ xm CU= sRq QmPD u}= "OwW|t xO=iDU=
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1. endurance time method
2. white noise
3. wavelet transformation
4. low pass
5. high pass
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