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f (t) =
1X

k=�1
aj0;k�j0;k (t) +

1X
j=j0

1X
k=�1

dj;k j;k (t) (11)

�(t) 'Q}N= |=yxrO=at QO "CU= xOW u}}aD V}B R= T=}kt QDt=Q=B l} j 'u; QO xm
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[35w34]%OwW|t h} QaD
CWT s;� (f (t)) = 1p

s

Z 1
�1

f (t) �
�
t� �
s

�
dt (1)

"OvDUy lHwt `@=D  w p=kDv= QDt=Q=B w T=}kt QDt=Q=B ?}DQD x@ � w s 'u; QO xm
Q_=vDt �s < 1� u}}=B |=yT=}kt w 23C=}�RH =@ Q_=vDt �s > 1 � q=@ |=yT=}kt
=Q =y|oS} w u}= O}=@ '1 |x]@=Q QO lHwt `@=D "OvDUy p=vo}U 24|=y?} QkD =}

%OW=@ xDW=O
%�2 |x]@=Q� [37w36]OW=@ QiY O}=@ lHwt `@=D p=QoDv= "1Z 1

�1
 (t) dt = 0 (2)

:�3 |x]@=Q� [37w36]OW=@ OwOLt u; |SQv= "2Z 1
�1
j (t) j2dt < +1 (3)

[38�36]%Ovm jOY 4 |x]@=Q QO O}=@ "3Z 1
�1
j	 (!) j2

!
d! < +1 (4)

x@ `@=D '2 |x]@=Q QO "CU= Ot=U@ Qov=}@ ! w  |x} Qwi p}O@D 	 'u; QO xm
lHwt |SQv= u} QDW}@ xm CU= |vat u}= x@ 3 |x]@=Q "CU= |v=Uwv CQwY

[38]"OwW|tv OwOLt=v 'x=Dwm |v=tR |xR=@ l} |=Q@

xDUUo lHwt p}O@D "2"2
'p=vo}U l} |wQ CWT s=Hv= 'p=kDv= w T=}kt |=yQDt=Q=B |xDUw}B Q}}eD p}rO x@
x_i=L |xR=Ov= w x@U=Lt u=tR 'xH}Dv QO w OwW|t |i=[= C=aq]= O}rwD x@ QHvt
hrDNt |=yT=}kt QO lHwt ?}=Q[ |ovwRi= Vy=m 'u}=Q@=v@ "O@=}|t V}=Ri=
QDt=Q=B |tD} Q=or |R=UxDUUo R= xO=iDU= '|ovwRi=Vy=m VwQl} "CU= Q_v OQwt

[35]%�5 |x]@=Q� [35]CU= u; x@ p=kDv= QDt=Q=B uOQm xDU@=w 'TBU w T=}kt8<:s = sjo; so < 1; j 2 Z
� = k�osjo; �o 6= 1; k 2 Z

(5)

R= xO=iDU= =@ f(t) p=vo}U |xDUUo lHwt p}O@D '�0 = 1 w so = 2 ZQi =@
[36w35]%O};|t CUOx@ 6 |x]@=Q

DWT j;k (f (t)) = hf (t) ;  j;ki = 1p2j
�
Z 1
�1

f (t) �
�
t� k2j

2j
�
dt (6)

xm OW=@ xDW=O OwHw DWT j;k (f (t)) lHwt ?}=Q[ R= |awtHt Qo =
[35w34]%OW=@ Q=QkQ@ 7 |x]@=Q O}=@ 'Ovm h}YwD =Q f(t) p=vo}U pt=m C=aq]=

Ajjf (t) jj2 �X
j;k

jDWT j;k (f (t)) j2 � Bjjf (t) jj2 (7)
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%�13 |x]@=Q j@=]t� CU= QiY w 1 ?}DQD x@ MAC Q=Okt u} QDtm

0 < MAC � 1 ) log
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MAC�1� � 0 (13)
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"Oy O|t
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Cr=L Owt |xQ=tW
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D1 ?}U;
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"D3 ?}U; w ?}U; uwO@ |=yC}a[w Owt |=ypmW p=Owt |oDU@ty Q=}at sD} Q=or |ivt Q}O=kt "6 pwOH
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Owt VW ?}U; |}=U=vW |=yXN=W w G=QNDU= hrDNt lHwt `@=wD lHwt
x@ \w@ Qt |Q=Owtv G}=Dv "CU= xOW x@U=Lt D4 =D D1 ?}U; |=yCr=L pw=
j@=]t xm OwW|t xOy=Wt 6 |r= 3 |=ypmW QO db10lHwt `@=DlHwt p}rLD
'xOW|UQQ@ |=yOwt |t=tD QO '|Oqwi |xQ=OH R= uD@ |oOW=OH |xk]vt QO u;
j]=vt xm |wLv x@ &OQ=O OwHw ?}U; XN=W |=yQ=Owtv QO V=WDe= w |t_v|@
xmv}= x@ xHwD =@ 'u}vJty "Ov=xOW |}=U=vW |}q=@ CkO =@ w |@ wN x@ ?}U;
'CU= xOW h} QaD D3 w D1 ?}U; Cr=L wO ẁtHt CQwY x@ D4 ?}U;
ẁtHt =@ Q@=Q@ D4 ?}U; Cr=L |=Q@ ?}U; XN=W Q}O=kt xm OwW|t xOy=Wt

|xU}=kt 'u}vJty "CU= D3 w D1 ?}U; Cr=L wO ?}U; |=yXN=W Q}O=kt
D3 w D1 |mD ?}U; |=yCr=L R= l} Qy =@ D4 |}=DwO ?}U; Cr=L |=yQ=Owtv
|=yCr=L R= l} Qy x@ O}OH ?}U; C}akwt l} uOW xi=[= =@ xm OyO|t u=Wv
OwHw x@ |oOW=OH |x}L=v ?}U; XN=W Q=Okt QO |Q}}eD 'QwmPt |mD ?}U;
u=wD|t w CU= |WwBsWJ p@=k xm OQ}o|t CQwY u; QO Q}}eD u} QDtm =} w O};|tv
R= pkDUt |oOW=OH |L=wv ?}U; |=yXN=W '|DQ=@a x@ "OQm Q_vhQY u; R=
QO xm =QJ "CU= |O=yvW}B ?}U; XN=W |=Q@ C@Ft R=}Dt= l} u}= w OvDUy sy
|}=U=vW QO |oOW=OH |xk]vt l} |}=U=vW sOa CU= umtt CQwYu}= Q}e
uD@ |oOW=OH j]=vt R= |NQ@ 'xH}Dv QO w OW=@ Q=PoQ}F-=D |oOW=OH j]=vt Q}=U

"OwWv |}=U=vW |Oqwi |xQ=OH R=

?}U; ?=}u=mt XN=W Q@ ?}U; COW Q}F-=D "3"5
COW w K]U 'jta Q_v R= ?}U; Q=Okt x@ O}=@ ?}U; X}NWD ?U=vt VwQ l}
?=}v=mt XN=W '?}U; Q=Okt V}=Ri= =@ xm |vat u}= x@ "OyO u=Wv C}U=UL
?}U; |=yCOW |=Q@ =y|UQQ@ "OyO u=Wv =Q |QDnQR@|@Uv stQDUm = Q}O=kt?}U;
C}OwOLt x@ xHwD =@ "CU= xOW s=Hv= D1 ?}U; Cr=L |=Q@ OYQO 45 w 30 '15
7 pmW QO swU Owt x@ \w@ Qt |Q=Owtv G}=Dv \ki 'Q[=L Q=DWwv |=yxLiY O=OaD
?=}v=mt |=yXN=W '?}U; COW V}=Ri= =@ 'u; j@=]t xm 'CU= xOW VQ=Ro

"OvyO|t u=Wv =Q |}q=@ VyH w V=WDe= 'C@=F |v=mt C=YDNt QO ?}U;

?}U; ?=}u=mt XN=W Q@ |y=ox}mD \}=QW Q}F-=D "4"5
u=wD@ O}=@ xmv}= Q@ xwqa '?}U; X}NWD |=Q@ ?U=vt VwQ l} R= xO=iDU= =@
|wo@=wH O}=@ 'OQm |}=U=vW =Q CQ=UN hrDNt Q}O=kt =@ ?}U; |=yC}akwt

%?rDt |D=}[=} Q
U = xlsread

�0UndamagedSignal:xlsx0� ;

D = xlsread
�0DamagedSignal:xlsx0� ;

%�L� uwDU pw] |=v@t Q@ xOW |v=wN=Qi |=yp=vo}U |@=}uwQO s=Hv= %2 s=o
x = linspace (0; L; numel (U)) ;

xi = linspace (0; L; n� numel (U))

Ui = interp1 �x; U; xi;0 spline0�
Di = interp1 �x;D; xi;0 spline0�

"CU= xOW xDiQo Q_v QO 20 =@ Q@=Q@ n Q=Okt 'Q[=L VywSB QO
?}=Q[ G=QNDU= w 2 s=o |=yp=vo}U |wQ xDUUo lHwt p}rLD s=Hv= %3 s=o

%lHwt
[cAu; cDu] = dwt

�
Ui;0 wavelet function0

�
;

[cAd; cDd] = dwt
�
Di;0 wavelet function0

�
;

"CU= xOW ?=NDv= db10 |r}rLD `@=D 'QO=t lHwt `@=D 'Q[=L VywSB QO
p}rLD C=}�RH ?}=Q[ |=v@t Q@ 26�DLI� ?}U; ?=}u=mt XN=W h} QaD %4 s=o

%3 s=o R= pY=L lHwt
if acosd

�
dot
�
Ui;Di

�
=
�
norm

�
Ui
�� norm�Di�� < 90

DLI = cDu� cDd; else

DLI = cDu+ cDd;

end

%?}U; |}=U=vW %5 s=o
xx = linspace (0; L; numel (DLI)) ;

xxi = linspace (0; L;m� numel (DLI)) ;

"CU= xOW xDiQo Q_v QO 5 =@ Q@=Q@ m Q=Okt
DLIi = interp1 �xx;DLI; xxi;0 spline0� ;

figure; plot (xxi;DLIi)
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