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C=@U=Lt CkO Q@xwqa xm OwW xDiQo Q=mx@ |DW=ov?=DW smCUO 'CU= xr�Ut
hOy h}] Q@ u; h}] xm =QJ 'OW=@ xO=O R}v =Q |m}D=DU= Cr=L ?=wH '|m}t=v}O
X=N |}xk]vt x@ \w@ Qt h}] l} xm s}=xOQm pw@k Qo = |va} "CU= xOW j@]vt
xOwOLt u; pw@kp@=k |awvYt |=yOQwmQ u=wvax@ =Q |}=yCW=ov?=DW O}=@ 'CU=

"OvW=@ hOy h}] x@ l}ORv MU=B h}] |=Q=O xm s} Q}PB@
|}=yOQwmQ u}vJ O}rwD QO Q_vOQwt |=yhOy R= |m} 'OW QmP ,q@k xm xvwou=ty
QO xO=OMQ |=yxrRrR x@ \w@ Qt |=ywor= R= |OwOL =D xrY=L OQwmQ xm CU= u;
?=NDv= =@ '=yOQwmQ u}= O}rwD VwQ QO =Pr "Ovm C}a@D hOy |xk]vt =@ x@=Wt j]=vt
l}ORv |R}NxRQr C=}YwYN ^=Lr R= xm xk]vtl} x@ \w@ Qt |a}@]CW=ovl}
=@ u; MU=B h}] |WwBsy u=tR =D u; KqY= x@ s=Ok= 'CU= Q_vOQwt |xk]vt x@

"Ovvm|t hOy h}]
|=Q@ Q=@ u}rw= |=Q@ VwQ u}= "OQm xO=iDU= xm@W l} R= u=wD|t Qw_vt u}= |=Q@
XNWt xm xvwou=ty |rY= hOy [7]"OW xDiQo Q=mx@ |awvYt |=yOQwmQ O}rwD
|=Q@ w Ow@ Oy=wN CW=ov?=DW |HwQN w h}] |OwQw =@ |}xm@W VRwt; CU=
wO pt=W xm CW=ov?=DW |x} Qwi p}O@D R= |HwQN w |OwQw |=[i uOWu=Um}
u; pmWt =t= "CU= xOW xO=iDU= |HwQN |xrRvtx@ 'CU= |twywt w |k}kL <RH
,=twta 'CN=OQB xm@W VRwt; x@ u; =@ u=wD@ xm |}=yOQwmQ O=OaD ,qwtat xm CU=
R= u; \=kv O=OaD x@ OQwmQ l} O}rwD |=Q@ s} Q} Ro =v =t xmu; p=L "CU= OwOLt
TB u}= R= xm \=kv |xtrm R= Qw_vt 'CU= QmP x@ sRq "s}vm xO=iDU= |HwQN pwrU
=yu; O=OaD ,=twta xm CU= OQwmQ l} |R=UxDUUo \=kv O=OaD 'CiQ Oy=wN Q=mx@

"Ci=} Oy=wN V}=Ri= wO R= |v=wD x@ uO}UQ =D
212 = 4096 =D xm@WVRwt;|=Q@ OwHwt|=yCW=ov?=DWpw] xmO}vmZQi
QO "CU= QU}t OQwmQ Qy |=yDv= x@ QiY uOQmxi=[= =@ Q=mu}= "O@=} V}=Ri= x]kv
u}ty pt=W R}v u; p}O@D |twywt w |k}kL |=yCtUk CU= |y}O@ CQwYu}=
<RH wO u}= x@ \w@ Qt Twmat w s}kDUt uQ=kD R= Qo = xm Ow@ Oy=wN x]kv O=OaD
�hYv R= QDW}@ |m}� x]kv 2049 pt=W =Q <RH wO R= s=Om Qy u=wD|t 's}vm xO=iDU=

"CiQo Q_vQO
\w@ Qt |wor= 'OvDUy |Dw=iDtC}y=t |=Q=OhrDNt |=yOQwmQ xmu; x@ xHwD =@
"CU= Cw=iDt R}v 'CU= CmQL |Ot=U@ |=wDLt Qou=}@ xm =yu; |x} Qwi p}O@D x@
XNWt ?r=e l} R= =yu; |twywt w |k}kL <RH wO R= l}I}y p}rO u}ty x@

"OQm Oy=wNv C}a@D
xm|DQwYQO sm |WRwt; |QU w O=} R |HwQN O=OaD =@ |}=yxm@W u}vJ s}raD
s}v=O|t xm xvwou=ty "CU=pmWt|Qt= 'OwWv xOy=Wt =y|HwQN QO|YNWt s_v
x@ C@Uv K}LY MU=B Q@xwqa xm CU= xO}O VRwt; CUQO xm@W l} xm|t=ovy
Ov=wD@ R}v CU= xO}Ov VRwt; u; =@ xm |OwQw Q=OQ@ l} |=R= x@ '|WRwt; |=yxO=O
'OwW xDU=m |HwQN |=yxQo O=OaD R= |wLvx@ O}=@ =Pr "Ovm x�=Q= pw@kp@=k |NU=B
u=Um} |HwQN w |OwQw =@ MLFF |xm@W l} VwQ u}= QO Qw_vt u}= |=Q@

"CU= xOW xO=iDU= C=aq]= |R=UxOQWi |=Q@ �RNN �
O=OaD "CU= u=Um} |HwQN w |OwQw |=Q=O w uQ=kDt |}xm@W u}vJ Q=DN=U
|xOQWi C=aq]= pt=W w |HwQN w |OwQw |=yuwQv R= QDtm Q=}U@ |v=}t |=yuwQv
|twywt <RH |=Q@ Q=@ l} w |k}kL <RH |=Q@ Q=@l} xm@W u}= "CU= |OwQw

"O}O Oy=wN VRwt;
|k}kL |=RH= pt=W xm |HwQN |QU wO =@ uwvm = 'CU= XNWt xm xvwou=ty
O=OaD xm s}DUy wQ@ wQ 'OvDUy CW=ov?=DW |x} Qwi p}O@D x@ \w@ Qt |twywt w
uOWxOQWi R= |rY= |xm@W |HwQN QO 'u}=Q@=v@ "CU= xDi=} Vy=m Q=}U@ =yu;
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"""R=
xO=i

DU=
=@|

awvY
t|

=yC
W=o

v?=
DWO

}rwD

|O=yvW}B VwQ
xO=iDU= u=Q}= QO xO=OMQ |=yxrRrR x@ \w@ Qt OwHwt OQwmQ |O=OaD R= =Hv}= QO
pw@kp@=k OQwmQ l} u=wvax@ =yu; x@ u=wD@ xm xOWC@F |=yQwmQ O=OaD "OwW|t
|=yOQwmQ O=OaD Ow@tm =Hv}= QO syt ẁ[wt 'u}=Q@=v@ "CU= sm Q=}U@ 'OQm O=vDU=
|x} Qwi h}] xJv=vJ "CU= |HwQN w |OwQw |=yuwQv O=OaD =@ xU}=ktQO |WRwt;
|YNWt |wor= w s_v I}y xm OwW|t xO}O 'OwW x@U=Lt xar=]tOQwt |=yOQwmQ
pmWt =@ =Q pwtat j} Q] x@ xm@W VRwt; ,=trUt ẁ[wt u}= "OQ=Ov OwHw =yu; QO
Oy=wNv |@U=vt |xH}Dv OQwt u}= QO RNN R= xO=iDU= |va} "OQm Oy=wN xH=wt
x�=Q= |@ wN |xH}Dv OW|t |v}@V}B xm xvwou=ty |}xm@W u}vJ VRwt; s=Hv= "O=O
=@ xm@W MU=B |WRwt;Q}e |OwQw Qy |=R=x@ 'RNN uwtR; QO |va} "CU= xO=Ov
u}= VRwt; QO xm|DQwY QO "CW=O Oy=wN |O=} R Q=}U@ hqDN= u; |OwQw Q=Okt

"OwW|t xO=iDU= u=Um} |HwQN w |OwQw R= xm@W
C=aq]= |R=UxOQWi xm CiQo xH}Dv u=wD|t 'OW u=wva xJv; x@ xHwD =@
w |U=U= |=y|oS} w G=QNDU= "OW=@ xDW=O =Q sRq |}=Q=m Ov=wD|tv jwi VwQ x@
xDN=OQB u; x@ =yp=vo}U VR=OQBEL@ QO xmCU= |OQ=wt R= =yp=vo}U |R=UxOQWi
&OW=@ OwOLt |=[i l} QO C=aq]= |R=UxOQWi 'hOy Qo = u}vJty "CU= xOW

"OQm xO=iDU= 6 HA u=wva =@ |@Ya |xm@W |=ysD} Qwor= R= |m} R= u=wD|t
"Ovm G=QNDU= =Q Q=OQ@ l} x@ \w@ Qt |U=U= |=y|oS} w =D CU= QO=k VwQ u}=
xO=U |D=@U=Lt Ov}=Qi l} |] Q=OQ@ l} |xS} w Q}O=kt |x@U=Lt RH |R}J Q=mu}=
|R=UxOQWi |=Q@ =Q Q_=v uwO@ |@Ya |=yxm@W R= |awv u=wD|t u}vJty "CU}v
xOu=tR=U OwN |=yxm@W u=wva =@ |}=yxm@W u}vJ "OQ@ Q=mx@ |OwQw C=aq]=
'|OwQw l} |x�=Q= =@ \ki Q_vOQwt |HwQN x@ |UQDUO uwO@ =D OvQO=k �SOFM�
|R=UxOQWi |=Q@ xm@Wu}= "Ovvm x@U=Lt Q_vOQwt Oa@ Qy QO =Q|}xDi=}j}@]D|HwQN
|R=UxOQWi |=Q@ Qo}O |WwQ "OQ=O |}q=@ C}r@=k R}v �|Oa@ wO |=[i� Q} wYD l}

[14]"CU= xOW x�=Q= =yCrw} w |xr}Uwx@ |vqw] C=aq]=
'CW=O Oy=wNv |rw@���kp@=k |}=Q=m OQwt u}= QORNN 'OW QmP xm xvwou=ty
"CU= |WRwt; |=yOQwmQ |Ot=U@ |=wDLt |t_v|@ QO R}v Qt= u}= |rY= Cra xm
QO OwHwt |t_v|@ R= u=wD@ |k} Q]x@ Qo = '|R=UxOQWi ẁ[wt uOQmp=@vO |=Hx@
R= u=wD|t 'CU=m =yCW=ov?=DW |x} Qwi p}O@D |twywt w |k}kL |=yCtUk
|wor= w s_v l} p=@vO x@ =Hv}= QO |va} "OQm xO=iDU= VRwt; |=Q@ =yu; OwN
'=yxm@W |WRwt; |=ywor= QO s_v xm =QJ 's}DUy xm@W |=y|HwQN QO XNWt

"OQ@|t q=@ =Q |Q}o =Qi C}r@=k
u}OvJ x@ =Q |v=tR |QU Qy =D OvQO=k =yu; '=yCrw} w |=yOQ@ Q=m R= |m} u=wvax@
C}=yvQO w s=Hv= xar=]tOQwt |=yOQwmQ |=Q@ Q=mu}= xJv=vJ "Ovvm x} RHD =RHt R=QD
R=QD Qy QO jwi p}O@D xm OW Oy=wN xOy=Wt 'OwW x@U=Lt R=QD Qy |x} Qwi p}O@D
'CU=yCrw} w RQ=@ |=y|oS} w R= u}= "Ov=WwB Oy=wN =Q XNWt |xOwOLt \ki
u=wD|t '=yOQwmQ |x}rm |=Q@ X=N R=QD l} |x} Qwi Cq}O@D |xOy=Wt =@ |va}
l} Crw} w R=QD Qy '`k=wQO |va} "CiQo Q_vQO u; |=Q@ uyP QO |QwY |wor= l}
|=yCW=ov?=DW O}rwD QO xmQw]u=ty 'OQ=O |Ot=U@ Cq}O@D sQi QO?U=vt |wor=

[17�15]"CU= xOW xO=iDU= =yCrw} w R= |awvYt
u; |HwQN w MU=B h}] =yu; |xty |OwQw xm 'xm@W u}OvJ VRwt; =@ p=L
|x@U=Lt x@|k} Q] x@ s}=xDUv=wD `k=wQO 'CU=Crw} w R= X=N |R=QD |x} Qwi p}O@D
'jwi |=yxm@W |HwQN `tH CU= |y}O@ "s}vm s=Ok= p=vo}U l} hrDNt |=yR=QD
FFT sD} Qwor= R= x} Qwi p}O@D |x@U=Lt QO "O=O Oy=wN x�=Q= =Q Q_vOQwt OQwmQ

w xOQm R=@ =yp=vo}U VR=OQB EL@ XwYNx@ w l}vwQDmr= |UOvyt QO =Q OwN
|Q=R@= |xrRvtx@ xm |}=H =D 'CU= xOW QDxOQDUo x} Q_v u}= OQ@ Q=m |xvt=O uwvm =
C=W=aDQ= x} Q_v |rY= EL=@t xrtH R= Ot=U@� u=tR |xRwL p}rLD QO OvtwQ}v

[12]"CU= |iO=YD
C=}�RH R= s}v=wD@ =DU}==v |=yOv}=Qi QO =D OR=U|t QO=k =Q =t =yCrw} w |x} Q_v
OQ=wt u} QDOQ@ Q=mQB xrtH R= "s} Qw; CUOx@ |D=aq]= |v=tR |x_Lr Qy QO |Ot=U@
'CU=RHt |QU u}OvJ x@ |v=tR |QU l} |x} RHD 5�WT� Crw} w Cq}O@D
uO=OQ=Qk =@Cr=L u}= QO "OQm |R=UR=@ =Q x}rw= p=vo}U u=wD@ =yu; `tH R= xm|}xvwox@

"OQm s=Ok= p=vo}U l} |x} RHD x@ u=wD|t QPo q=@ w QPou}}=B QDr}i wO
G=QNDU= x@ QO=k \ki xm CU= u; x} Qwi R}r=v; |U=U= |=yp=mW= R= |m}
l} QO u=wD|tv u; =@ w 'CU= xrRrR sw=OD COt pw] QO CmQL |Ot=U@ |=wDLt
u; h} QaD QO R}v Qt= u}= Cra "OQw; CUOx@ =Q x_Lr u=ty Ot=U@ X=N u=tR
|xOwOLt �f(t)� |x} Qwi p}O@D� F(!) x@ \w@ Qt p=QoDv= QO `k=wQO 'CU= xDiyv
x@ \w@ Qt C=aq]= G=QNDU= x@ QO=k =Pr 'CU= (�1;1) |xR=@ |Q}op=QoDv=
X=N |}x_Lr QO Qo = CyH u}O@ "CU}v XNWt u=tR l} QO |Ot=U@ |=wDLt
x} Qwi p}O@D QO =Q OwN Q}F-=D u=Uwv u}= 'OyO MQ p=vo}U pw] QO |rLt u=Uwv l}

"CiQ Oy=wN CUO R= p}O@D u}= QO u; uO=OMQ u=tR =t= 'O=O Oy=wN u=Wv
|=yOt=U@ "CU= |Ot=U@ l}miD 'Crw} w l}Uqm sDU}U pY=L '`k=wQO
l} =Pr "Ov=`}Uw Ov=@ |=vyB |=Q=O q=@ |=yOt=U@ w l} Q=@ Ov=@ |=vyB |=Q=O u}}=B
"OQm s}UkD C=}�RH w ?} QkD VN@ wO x@ u=wD|t hr=1 pmW Ovv=ty =Q p=vo}U
wO u}= "CU=yxO=O |R=UxOQWi '=yCrw} w OQ@ Q=m OQ=wt R= |m} Cra u}ty x@
s=Ok= ?}DQD u}ty x@ Qo = "OvDU}v QPo q=@ w u}}=B |=yQDr}i RH |R}J `k=wQO <RH
xm x} RHD pmW u} QDxO=U x@ C}=yvQO s}v=wD|t 's}vm ?} QkD CtUk |x} RHD x@
R}v QPo q=@ |xN=W |wQ Q@ =Q |Ov@s}UkD pta u=wD|t "s}UQ@ 'CU= s}kDUt |]N
C=@U=Lt xm CU= pt=m |} wOwO CNQO l} x}@W |rta u}vJ Q=DN=U "O=O xt=O=
"CU= |w=Ut,qt=m pY=wi =@ |Ot=U@ |=yl}miD 'u; |xH}Dv w O@r]|t =Q |QDW}@
xOWx} RHD p=vo}U 'xrLQt n |] R= TB &OW=@ x]kv 2n |=Q=O |OwQw |QU Qo =
p=vo}U n + 1 ẁtHt QO C=}�RH VN@ l} uDiQoQ_vQO =@ xm CW=O s}y=wN

"s}t=v|t Crw} w R=QD l} =Q s=Om Qy xm O};|t CUOx@ =RHt
Mallat sD} Qwor= R= xO=iDU= Q=mu}= s=Hv= |=Q@ =yVwQ u} QDxO=U R= |m}
Crw} w ?}=Q[ s=v x@ |@}=Q[ |x@U=Lt x@ s=Ok= =OD@= sD} Qwor= u}= [13]"CU=
`@=D QO ?}=Q[ u}= ?Q[ R= "CU= xOW xO=O u=Wv ?1 pmW QO xm Ovm|t
|x}=B `@=wD hrDNt O=Qi= '`k=wQO "CN=OQB OQwmQ |x} RHD x@ u=wD|t '|@=NDv= |x}=B
w Haar �db 1� `@=D =yu; u} QDsyt xm Ov=xOQm x�=Q= Crw} w |x} RHD |=Q@ |OOaDt

"CU= �n� hrDNt |=yxHQO =@ Daubechies �db n�

"QPou}}=B w QPo q=@ |=yQDr}i R= xO=iDU= =@ p=vo}U |xv=oOvJ |x} RHD "1 pmW
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"""w
Tm

wrw
Q=m'

xw=m
|ra

'|o
Q@wQ

UN OvJ x@ |UQDUO =@ xm |}xvwox@ 'CU= p}O@D s=ovy QO p=vo}U |SQv= |=wDLt ^iL
[19]"OQm s=Ok= u; |R=UR=@ x@ u=wD|t xv}W}@ |x]kv

R}=tDt |=y|oS} w =@ xrRrR OQwmQ 40 ,=awtHt 'xm@W VRwt; |=Q@ Q=DWwv u}= QO
|v=tR pY=wi QO |oty =yOQwmQ u}= "CU= xOW ?=NDv= u=Q}= hrDNt j]=vt R=
|=Q=O =yOQwmQ |x}rm =OD@= 'xm@W QDy@ VRwt; |=Q@ "Ov=xOW |R=UxDUUo x}v=F 0 02
|=yOQwmQ |=yDv= x@ QiY uOQmxi=[= =@ Q=mu}= xm Ov=xOWN = 211 = 2048 pw]
Q=Okt u}= R= QDW}@ x}rw= OQwmQ pw] xm |OQ=wt QO u}vJty "CU= xOW s=Hv= QDx=Dwm
u=m lt h} QaD ltmx@ xrRrR |wk sw=OD u=tR COt swyit R= xO=iDU= =@ 'CU= xOw@

"CU= xOW xO=O Vy=m pw] u}= 'CU= OQwmQ |SQv= Q@ |vD@t xm x=W w
w Ow@ s}y=wN wQ@ wQ =RHt |xm@W 24 =@ =Hv}= QO 'OW QmP ,q@k xm xvwou=ty
|OwQw "OW Oy=wN pY=L Qw@ Rt |=yxm@W |HwQN ẁtHt R= |}=yv CW=ov?=DW
uOWu=Um} x@ Q_v CU= |y}O@ "CU= CaQU x@W MU=B h}] =yxm@W |x}rm
0 1 g |xv}W}@ ?=DW =@ \@DQt |oty xrY=L |=yh}] =yOQwmQ |x}rm PGA

0 05 |}=Q}t OYQO =@ 8Rov}vH w s=o}v VwQ R= OQwmQ Qy MU=B h}] "OvDUy
|xOwOLt "CU= xOW x@U=Lt �|tD} Q=or T=}kt QO� |Ot=U@ |x]kv 100 QO
100 R= =yxm@W |OwQw |x}q QO "CU= RDQy 100 =D 0 01 R= Q_vOQwt |Ot=U@

%OwW|t u=}@ 2 |x]@=Q CQwYx@ |OwQw u}= "OW Oy=wN xO=iDU= pwrU
SV =

n
SV (j; !h)� ; h = 1 : 100; j = 1 : 40

o
(� = 0 05)

SV (j; !h)= ! max
t
jaj(t)j �a (t) +2�! _a (t)+ !2a (t) =��ag (t)

(2)

"CU= Q_vOQwt OQwmQ |xQ=tW j w |Ot=U@ T}Ov= Qou=}@ h '2 |x]@=Q QO xm
R=QD Qy |x} Qwi p}O@D |twywt =} |k}kL CtUk R}v =Q xm@W Qy |HwQN
pw] |=Q=O =yOQwmQ |x}rm uwvm = 'OW xQ=W= xmu=vJ "OyO|t p}mWD Crw} w
pt=W R}v =yu; p}O@D |twywt w |k}kL |=RH= =Pr 'OvDUy N = 211 = 2048
|=RH= u}= x@ \w@ Qt uQ=kDO=B w uQ=kD C}Y=N R= xO=iDU= =@ "CU= x]kv 2048
?=NDv= pwrU 1023 w 1025 pt=W?}DQDx@ |twywt w |k}kL |=yxm@W '|HwQN
=Q C=@U=Lt sHL 'OQw; OwHwx@ xr�Ut QO |rrN xmu; uwO@ pta u}= &OvwW|t
R=QD |x} Qwi p}O@D Qou=}@ FW (l) s}vm ZQi Qo = ?}DQDu}O@ "O=O Oy=wN Vy=m

%CW=O s}y=wN 'CU= s)=l
FW (l) = FWr(l) + iFWi(l) l = �1 : 10 (3)

p}O@D |twywt w |k}kL |=RH= hQat ?}DQDx@ FWi(l) w FWr(l) u; QO xm
p=vo}U l} |Ot=U@ |=wDLt |xOta xm CU= QmP x@ sRq "OvDUy s)=l R=QD |x} Qwi
"CU= xOW VN@ u; |v=}t |=yR=QD |xOwOLt QO 'OQ=O OQ@ Q=m =yxR=U R}r=v; QO xm
Q=mx@ hOy h}] =@ Q=oR=U |=yOQwmQ |QU O}rwD |=Q@ ,=Oa@ xm CU= |aw[wt u}=

"OwW|t xDiQo
l} 'CU= <RH wO |=Q=O OwN R=QD Qy xm R=QD 12 uDiQoQ_vQO =@ ?}DQD u}O@
|}xm@W l} Qy |=Q@ xm CU= u; hOy w CU= xOW s}UkD VN@ 24 x@ p=vo}U
x�=Q= 4 |x]@=Q CQwYx@ u=wD|t =Q Qw@ Rt |=y|HwQN =Pr "OwW xDiQo Q_vQO =RHt

%OQm
Wi (l) = FWi (l; 2 : 1024) ; Wr (l) = FWr (l; 1 : 1025) (4)

w VRwt; |=Q@ wor= 34 O=OaD OwHwt |=ywor= OwOLt O=OaD x@ xHwD =@ =Hv}= QO
"Ov=xOW ?=NDv= uwtR; |=Q@ |k@=t

%CU= 1 |x]@=Q CQwYx@ xm CU= xOW xO=iDU=

A (!) = Ar (!) + iAi (!) =
Z 1

0
exp (�i!t) �xg(t)dt =

N�1X
t=0

exp (�2�i!t=N) �xg(t)�t (1)

|}xvwo x@ 'CU= u; hrDNt |=yR=QD x@ OQwmQ l} |x} RHD =t hOy 'xYqNQw]x@
|YNWt s_v smCUO =} OyO VWwB =Q |Ot=U@ X=N |xOwOLt l} R=QD Qy xm
|=y|QU x@ =Q OQwmQ Qy u=wD|tCrwyUx@ DWT sD} Qwor= R= xO=iDU= =@ "OW=@ xDW=O

"OQm x} RHD XNWt |x}=B `@=D l} R= xO=iDU= =@ Q_vOQwt Ot=aDt
"CU= xOW xO=iDU= OQwmQ |x} RHD |=Q@ Haar T=}kt `@=D R= 'Q=DWwv u}= QO
x@ u=wD|t QwmPt OQwmQ |=Q@ x]kv 211 uDiQoQ_vQO =@ CU= XNWt xm xvwou=ty
syt Q=}U@ |=yQDt=Q=B R= |m} \=@DQ= u}vJty "Ci=} CUO =RHt Crw} w R=QD 12
|SQv= Q_vOQwt |=y|oS} w R= "CU= xOW |UQQ@ u; hrDNt |=yR=QD =@ 'OQwmQ Qy
'CU= \@DQt xrRrR |=yQDt=Q=B Q}=U =@ s}kDUtQ}e =} s}kDUt xm CU= u}= p=vo}U
"CU= xDU@=w u; |SQv= h}] x@ s}kDUtQ}e Qw]x@ xm OQwmQ l} MU=B h}] Ovv=ty
p}O@D R= |WN@ Crw} w R=QD Qy |x} Qwi p}O@D xm CU= xOW C@=F u}vJty
CrwyUx@ R=QD Qy |Ot=U@ |xOwOLt =Pr "OyO|t VWwB =Q x}rw= p=vo}U |x} Qwi
x} Qwi h}] =@ Q=oR=U |awvYt |=yOQwmQ O}rwD x@ s=Ok= VwQ u}ty =@ w XNWt
|=Q@ |HwQN |=ywor= |R=Uu=Um} 'Crw} w R= xO=iDU= Cra u}=Q@=v@ [18]"CU= xOW
wO |twywt w |k}kL |=RH= R= |}xvwtv '2 pmW "CU= xm@W QDy@ VRwt; CrwyU
CU= XNWt xm xvwou=ty "OyO|t u=Wv =ywor= |x}rm |=Q@ =Q Crw} w hrDNt R=QD

"OQm xOy=Wt =Q =yu; s=tD QO OwHwt X=N s_v w wor= u=wD|t |DL=Qx@
s}y=wN p=vo}U Qy |=Q@ Crw} w R=QD 12 x@ 'N = 211 = 2048 ZQi =@
x} RHD |twywt w |k}kL CtUk wO x@ R=QD Qy 'Ot=U@ |xRwL QO p}O@D =@ "O}UQ

"OW Oy=wN
u; RQ=@ C=}YwYN R= xm 'OQm xQ=W= 7 DCT x@ u=wD|t Qo}O Cq}O@D R=

"=ywor= |x}rm x@ \w@ Qt Crw}w hrDNt R=QD wO |twywt w |k}kL |=RH= "2 pmW
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|=yxm@W ?}DQD QO xHwD p@=k |xDmv "CU= |WRwt; |=y|QU x@ \w@ Qt T}Ov=

"CU= x}v=F R= QDtm GRNN Qy VRwt; u=tR COt xm CU= u; jwi
'|twywt w|k}kL Q_=vDt|HwQNCiH Qy R= Qw@ Rt |xm@W 24 VRwt; R=TB
Q_vOQwt R=QD IFFT sD} Qwor= R= xO=iDU= =@ xOWx@U=Lt \w@ Qt R=QD |x} Qwi p}O@D
|OwQw h}] =@ Q_=vDt OQwmQ l} O}rwD x@ QHvt '=yR=QD |x}rm `tH "O};|t CUOx@

"OW Oy=wN
u=wD|t 'OW=@ xm@W uwtR; |=Q@ Q_vOQwt |wor= T}Ov= k s}vm ZQi Qo =

%OQm |iQat 6 |x]@=Q CQwYx@ =Q |}=yv |HwQN

AN (k;�1 : n� 1) =
n�1X
l=�1

IFFT (WGNNr (l; SV (k))C +

iWGNNi (l; SV (k))C)

AN (k) = AN (k;�1 : 10) (6)

swO QDt=Q=B =Hv}= QO 'CU= xOWO}rwD |awvYt CW=ov?=DW hQat AN 'u; QO xm
"CU= SV (k) |OwQw |=R= x@ xm@W |HwQN |x@U=Lt hOy xm CU= u; Qou=}@
u}= "OwW KqY= |wLvx@ O}=@ xm@W |HwQN xm CU= u; |xOvyOu=Wv c T}Ov=
|HwQN =Q} R "CU= Cq}O@D uQ=kDO=B w uQ=kD C}Y=N R= xO=iDU= ?@Ux@ KqY=
2048 x@ O}=@ 'OvDUy xQo 1023 w 1025 |=Q=O xm |twywt w |k}kL |=yxm@W

"uQ=kDtO=B |twO w uQ=kDt CQwYx@ |rw= 'Ov@=} V}=Ri=
KqY= 0 1 g ?=DW |xv}W}@ |=Q@ O}=@ OQwmQ u}= AN(k) |x@U=Lt R= TB
|=Q=O pY=L G}=Dv '=ywor= |x}rm |=Q@ u; uwtR; w xm@W u}= VRwt; R= TB "OwW
"CU= hOy h}] |xOvQ}oQ@ QO =yu; R= pY=L h}] w OvDUy |@ wN ,=D@Uv CkO
|=yxrRrR x@ \w@ Qt xOvwWuwtR; |QU wO |=Q@ xm@W |xH}Dv 4 w 3 p=mW= QO
xOy=Wt MU=B |=yh}] |x_Lqt =@ "CU= xOW x�=Q= xvwtv |=Q@ u=tQm w wm =t
xm CU= |iOy u}= "OvQ=O \w@ Qt hOy |=yh}] =@ |@ wN ,=D@Uv j=@]v= xm OwW|t
|=yCW=ov?=DW xmv}= w xrRrR uOw@|iO=YD x@ xHwD =@ xm =QJ "OW|t p=@vO =OD@= R=
^=Lr R= xm |OQwmQ x@ u=wD@ xmu; `kwD 'OvQ=O OwHw u=Um} MU=B |=yh}] =@|irDNt
=@ u=wD|t =Q Cy=@W u}= "Ow@ Oy=wNv 'OW=@ xDW=O j=@]v= u; CW=ov?=DW =@ pmW
x}rw= OQwmQ =@ Q_vOQwt pmW xm uwvm = "O=O V}=Ri= |WRwt; |=y|QU Q@ uOQmxi=[=
ẁvDt |=yOQwmQ u=wD|t xvwoJ xm OwW|t O=H}= uyP QO xR}ov= u}= 'CU}v u=Um}

|=yOQwmQ |xawtHt u=wD@ pk=q xm |}xvwox@ 'OQm O=H}= u=Um} MU=B |=yh}] =@
u}= "OwRi= R}r=v; u=v}t]= Q@ xr}Uwu}O@ =D OQ@ Q=mx@ |m}t=v}O R}r=v; |=Q@ =Q |O}rwD

"CN=OQB s}y=wN u; x@ Oa@ VN@ QO xm CU= |aw[wt
'OwW|t xO=iDU= KQ] h}] R= |awvYt OQwmQ O}rwD |=Q@ C}=yvQO xm =Hv; R=
=Q Q=m |xH}Dv '5 pmW "CU= xOW uwtR; R}v KQ] h}] l} |=Q@ Q_vOQwt |xm@W
OQ=O KQ] h}] =@ |@ wN j=@]v= xrY=L h}] xm OwW|t x_Lqt "OyO|t u=Wv
"CUv=O |WRwt; OQwmQ OvJ =} l} R= xDiQoQ@ u=wD|t R}v =Q |O}rwD CW=ov?=DW w
p}YiD x@ xJv; j@=]t =yCrw} w w GRNN |=yxm@W ltm =@ ?}DQDu}O@
w x�=Q= hOy h}] =@ Q=oR=U |awvYt |=yOQwmQ O}rwD |=Q@ O}OH |WwQ 'OW u=}@
"CU= xOW xO=O u=Wv KQ] w MU=B |=yh}] |=Q@ xm@W uwtR; =@ u; |=yC}r@=k
xU}=ktQO u; VRwt; u=tR COt O}OW Vy=m VwQ u}= RQ=@ |=yC}r@=k R=
xOW xO=iDU= C=aq]= |R=UxOQWi |=Q@ RNN R= u; QO xm CU= |}=yVwQ =@

|oty 'OvDUy MU=B |=yh}] pt=W xm R}v |}=y|OwQw '=y|HwQN Q@xwqa
C}a@D pwRv w OwaY s_v l} R= pk=q w OvQ=O |YNWt pmW w sQi l} ,=D@Uv
QN; w pw= |=yx}q =yu; QO xm |}=yxm@W u}vJ VRwt; p}rO u}ty x@ "Ovvm|t

"CU= QDu=U; ?D=Qt x@ 'OvDUy |}=y|oS} w u}vJ |=Q=O
u}= |=Q@ "s}vm hPL =Q |R=UxOQWi |xrLQt |wLvx@ s}y=wN|t =Hv}= QO
Wr(l) w SV \=@DQ= |=Q@ ẁvDt |=yQ=DN=U =@ |irDNt |wQW}B |=yxm@W Qw_vt
hQY OwHw =@ CiQ|t Q=_Dv= xm xvwou=ty =t= 'OvDiQo Q=Qk V}=tR; OQwt Wi(l) =}
|=y|QU x@C@Uv xm@WMU=B '=yxm@W R=l} Qy VRwt; |=Q@ O=} R ,=D@Uv u=tR COt

"OvQ=Ov |@U=vt CkO xOvwWuwtR;
x@ x}@W |OwQw |=Q=O xm |}=ywor= \ki xm@W xm CU= u; O}it VwQ l}
xm CU= |R}J u=ty x}@W u}= "Ovm s}yU |HwQN |x�=Q= QO =Q OvQ_vOQwt |OwQw
h}] =@ OQwmQ l} ?=NDv= |va} 'OW p=@vO |awvYt |=yOQwmQ O}rwD VwQ l} QO
q=@ |=yC}r@=k =@ |}=yxm@W "u; |wQ Q@ C=LqY= s=Hv= w hOy h}] x@ x}@W
|HwQN u=wD|t |DL=Q x@ w OvQ=O =y|HwQN x@ C@Uv |QDW}@ C}U=UL ,=twta
=@ |=yxm@W "CUv=O |WRwt; |HwQN OvJ =} l} Q_=vDt =Q |OwQw Qy x@ xDU@=w
|=Q@ uwQv Qy ?=NDv= =@ w OvyO|t s=Hv= =Q |Q=m u}vJ �RBF� |a=aW |x}=B `@=D
|=y|OwQw =D |OwQw |xrY=i |=v@tQ@ =Q MU=B |iNt |x}q QO |WRwt; |QU Qy

"Ovvm|t x@U=Lt |WRwt;
|=ywor= |}=U=vW x@ QO=k xm CU= u; =yxm@W ẁv u}= |q=@ |=yC}r@=k R=
MLFF R= QDy@ Q=}U@ =ywor= |Ov@xDUO QO w OvDUy sm Q=}U@ u=tR COt QO Cw=iDt
QO ,=trUt 'Ovm|t pta |R=i QoG=DvDU= pO=at xm =Hv; R= jwi |xm@W "Ovvm|t Q=m

"CW=O Oy=wN |QDW}@ |}=Q=m Q_vOQwt |xr�Ut x@ |} wo@=wH
CkO pY=L G}=Dv '=ywor= |x}rm |=Q@ u; uwtR; w xm@W u}= VRwt; R= TB
hOy h}] |xOvQ}oQ@ QO |OwOL =D =yu; R= pY=L h}] w OvQ=O |@ wN ,=D@Uv

"CU=
R}v RBF |xm@W x@ l}ORv |=yxm@W OwQ|t Q=_Dv= '?r=]t u}= x@ xHwD =@
=@ |@Ya |xm@W '=yxm@W u}= R= ẁv l} "OvW=@ xr�Ut u}= |wo?=wH Ovv=wD@
u; RQ=@ C=}YwYN R= xm 'OvDUy �GRNN � |DWoR=@=Qi =} Q}o =Qi CWoR=@ C}r@=k
Ea=@ pta u}= "CU= u} Q}=U x@ C@Uv 'xm@W VRwt; QO =y|HwQN QDW}@ syU
=@ x@=Wt |NU=B xm@W |va} "s}UQ@ s}y=wN|t xJv; x@ QD`} QU s}v=wD@ =D OwW|t
u}= "OW=@ l}ORv hOy h}] x@ u; h}] xm |}xvwo x@ Ovm x�=Q= |WRwt; |=yMU=B
xm |OQ=wt QO w Ovm|t ?=NDv= =Q |OwQw |wor= x@ wor= u} QDl}ORv CaQUx@ xm@W
?U=vt |@}mQD =@ 'OW=@v |WRwt; |=y|QU R= l}I}y x@ x}@W xOvwWuwtR; |wor=
u; uwtR; R= pY=L G}=Dv w xm@W u}= ?=NDv= "Ovm|t x�=Q= =Q |rw@kp@=k |HwQN
Qy |}=U=vW C}r@=k |DL=Qx@ GRNN "Ovm|t O}}-=D =Q QwmPt ?r=]t CLY

"CW=O Oy=wN =Q MU=B h}] =@ u; \=@DQ= w R=QD Qy x@ xDU@=w |wor=
ms =D l} R= T}Ov= |=Q=O xOvwWuwtR; |=y|QU O}vm ZQi Q=m |DL=Q |=Q@
m = 40 w ms = 6 =Hv}= QO "OvDUy m =D ms + 1 R= |WRwt; |=y|QU w
w |k}kL |xm@W wO R= 'R=QD Qy VRwt; |=Q@ xm =Hv; R= "CU= OwHwt |=ywor= O=OaD
|Q=PoO=tv 5 |x]@=Q CQwYx@ =Q =yxm@W u}= u=wD|t 'OwW|t xO=iDU= =RHt|twywt

%OQm
WGNNr(l) : GRNN (fSV;Wr (l)g ;ms+ 1 : m)

WGNNi(l) : GRNN (fSV;Wi (l)g ;ms+ 1 : m) (5)

|=yT}Ov= w 9Crw} w s)=l R=QD |xOvvmO}rwD |xm@W hQat WGNN(l) u; QO xm
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O}=@ '=yOQwmQ u}= uOw@|awvYt w 'xrRrR uOw@|iO=YD x@ xHwD =@ "Ow@ u; x@ \w@ Qt
xR=U l} |m}t=v}O p}rLD QO =yu; |oty pQDvm =@ =D OQm O}rwD =yu; R= |O=} R O=OaD
"CW=O xOv}; QO xrRrR Q@=Q@ QO u; C@Ft Vvm =w x@ C@Uv |QDW}@ |Q=wO}t= u=wD@
=Q h}] l} =@ u=Uty hrDNt |=yOQwmQ |O=} R O=OaD xm CU= u; hOy =Hv}= QO

"OQm O}rwD
R}r=v; Qy |=Q@ h}] l} =@ Q_=vDt |=yOQwmQ |xawtHt uOQ@ Q=mx@ 'u}=Q@=v@
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=@ x=Qty hrDNt |=yxm@W R= xmu; Qot 'Ci=} CUO |Qo}O OQwmQ x@ xt=vQ@ |=QH=
QO "s}vm xO=iDU= 'OwW|t OQwmQ l} O}rwD x@ QHvt s=OmQy xm Cw=iDt |=yQ=DN=U
"OQ@ s}y=wN Q=mx@ Qw_vt u}= |=Q@ =Q |Qo}O VwQ Crw} w R}r=v; R= |Q}oxQy@ =@ =Hv}=
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1. peak ground acceleration
2. duration of strong motion
3. frequency content
4. Kanai & Tajimi
5. Wavelet transform
6. hebbian algorithm
7. discrete cosine transform
8. Jennings and Nigam
9. Wavelet Generator N.N.
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