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|OOa pOt w |y=oW}=tR; pOt =]N OYQO OwOLt =RH= pOt |Owt p}rLD G}=Dv |y=oW}=tR; pOt |Owt p}rLD G}=Dv Owt�x}v=F� ?w=vD �RDQy� Ot=U@ �x}v=F� ?w=vD �RDQy� Ot=U@ �x}v=F� ?w=vD �RDQy� Ot=U@
2/24 2/67 0/174 5/76 0/178 5/61 1
0/73 1/08 0/137 7/29 0/136 7/37 2
9/23 8/58 0/071 14/17 0/065 15/50 3

[24]"u=RQr R}t |y=oW}=tR; |xawtHt QO u=tDN=U |rm |=y=tv "4 pmW

"sr=U |xR=U |=yOwt pmW "5 pmW

|va} �135 R= Qw_vt� |y=oW}=tR; �135 � u=e=v |xRQr R= TB xOW O=H}=
xDi=} V}=Ri= �35 'u=e=v |ak=w |xrRrR |}=Hx@=H w CaQU '?=DW |=yOQwmQ
|xk@] QO xrRrR |SQv= R= |}xOta VN@ u; j@=]t xm 'OwW|t xOy=Wt �CU=
|]NQ}e |x}L=v x@ xR=U uOW OQ=w =@ swO |xk@] QO |QDtm VN@ w pw=
Vkv swO w pw= C=k@] 'xR=U |DNU Vy=m OvwQ QO u}=Q@=v@ "CU= xOW hrD
xm 'CU= xR=U T=UL \=kv R= =ywWR=@ h=Q]= u}vJty "Ovvm|t =i}= |QDsyt
"CU=ywWR=@ h=Q]= QO VvD RmQtD OwHw u; p}rO w OwW|t ẁQW =Hu; R= =ylQD

|D}wkD |=yQwD=tQ; w uw}U=Ovwi 'u=RQr R}t C=}�RH w xk@] 4 u=tDN=U uqB "3 pmW
[24]"�QDt|r}t x@ O=a@=� xOW T=}kt

|y=oW}=tR; pOt p=Owtp}rLDG}=Dv 'OwOLt <=RH= pOt|HvUCLY Qw_vt x@
QO xR=U |v=QwO w |r=kDv= |rY= Owt 3 |=Q@ sr=U |xR=U 'OwOLt <=RH= pOt w
Q=QkQ@ pOt wO G}=Dv u}@ |@U=vt Ck@=]t 'u; j@=]t xm 'CU= xOW x�=Q= 2 pwOH
sr=U |xR=U |v=QwO w |r=kDv= |rY= Owt 3 pmW '5 pmW QO u}vJty "CU=

"CU= xOW s}UQD

|Owt pmW w |Ot=U@ C=Q}}eD |UQQ@ "4
w |Q}oxR=Ov= j}kO |=yQ=R@= ?Yv =@ hrDNt |=yxRQr CLD xR=U ptar=Tma
|=ylQD '6 pmW QO "CU= xOW OQw;Q@ xRQru}tR CLD xR=U |ak=w Q=DiQ TBU
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"|y=oW}=tR; �135- u=e=v |xRQr R= TB xOW O=H}= |=ylQD "6 pmW

"xO}O?}U; |xR=U OwOLt <=RH= w |y=oW}=tR; |=ypOt |Owt p}rLD G}=Dv |xU}=kt "3 pwOH
|OOa pOt w |y=oW}=tR; pOt =]N OYQO OwOLt =RH= pOt |Owt p}rLD G}=Dv |y=oW}=tR; pOt |Owt p}rLD G}=Dv Owt

�x}v=F� ?w=vD �RDQy� Ot=U@ �x}v=F� ?w=vD �RDQy� Ot=U@ �x}v=F� ?w=vD �RDQy� Ot=U@
0/40 0/50 0/249 4/02 0/250 4/00 1
1/02 0/78 0/198 5/06 0/196 5/10 2
2/25 2/27 0/130 7/67 0/133 7/50 3

"=yOwt pmW |oDU@ty Q=}at Q}O=kt "4 pwOH
xR=U |kQW |=tv xR=U |r=tW |=tv xR=U |@wvH |=tv Owt
0/973093364 0/996386030 0/997336972 1
0/999190116 0/881158639 0/955781953 2
0/967777825 0/990025298 0/984454411 3

"�xHQO� xO}O?}U; w sr=U |=yOwt pmW Q=OQ@ u}@ |x}w=R "5 pwOH
xR=U |kQW |=tv xR=U |r=tW |=tv xR=U |@wvH |=tv Owt

9/4410 3/4465 2/9580 1
1/6308 20/1655 12/1388 2
10/3409 5/7319 7/1624 3

"OvDUy s)= i Owt |xO}O?}U; w sr=U |=yxR=U Owt pmW Q=OQ@?}DQD x@ �Ui w �Udi
|xOvyOu=Wv 1 Q=Okt w xOw@ 1 w 0 u}@ xQ=wty Owt pmW |oDU@ty Q=}at Q}O=kt
sOa |xOvyOu=Wv '1 R= QDtm Q}O=kt w �?}U; OwHw sOa� =yOwt pmW pt=m j=@]v=

"CU= xR=U QO �?}U; OwHw� =yOwt pmW j=@]v=
|=Q@ xR=U hrDNt |=y=tv |Owt pmW |oDU@ty Q=}at Q}O=kt '4 pwOH QO
QDtm Q}O=kt s=tD OwW|t xOy=Wt "CU= xOW x�=Q= |v=QwO w |r=kDv= |rY= Owt xU
pmW Q=OQ@ u}@ |x} w=R '5 pwOH QO "OwW|t O}}-=D ?}U; OwHw w OvDUy 1 R=

R= TB xO}O?}U; |xR=U OwOLt <=RH= pOt w |y=oW}=tR; pOt p}rLD G}=Dv
pwOH QO xR=U |v=QwO w |r=kDv= |rY= Owt 3 |=Q@ �135 - u=e=v |xRQr
Q=QkQ@ pOt wO G}=Dv u}@ |@U=vt Ck@=]t u; j@=]t xm 'CU= xOW x�=Q= 3

"CU=
xvwoI}y 'xO}O?}U; w sr=U |=yxR=U |=yOwt pmW pt=m j=@]v= CQwY QO
|=yOwt pmW |oDU@ty u=R}t u=wD@ xJv=vJ Qo = u}=Q@=v@ &OQ=Ov OwHw xR=U QO |@=QN
|@=QN OwHw |xr�Ut x@ u=wD|t 'OQm |UQQ@ =Q xO}O?}U; w sr=U |=yxR=U hrDNt
|=yOwt pmW |xU}=kt CyH VN@u=v}t]= |=yQ=}at R= |m} "O=O MU=B xR=U QO
R= xm 'CU= 26 �MAC� Owt pmW |oDU@ty Q=}at 'xO}O?}U; w sr=U |=yxR=U

[25]%OwW|t u=}@ x@ 2 |x]@=Q j} Q]

MACi(Ud;D) =
(
nP
i=1

�Udi �Di )
2

nP
i=1

(�Udi )2 nP
i=1

(�Di )2
(2)
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wt`
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=NDv
="OwOLt <=RH= pOt |xO}O?}U; w sr=U |=yxR=U |a}@] |=yOt=U@ Q}O=kt "6 pwOH

xO}O?}U; |xR=U Ot=U@ sr=U |xR=U Ot=U@ Owt xO}O?}U; |xR=U Ot=U@ sr=U |xR=U Ot=U@ Owt
�RDQy� �RDQy� �RDQy� �RDQy�

11/398 11/911 8 4/0226 5/7680 1
11/820 11/958 9 5/0606 7/2992 2
11/888 11/965 10 7/6659 8/0177 3
11/906 14/166 11 8/1618 8/2685 4
13/351 15/690 12 8/2261 8/3226 5
15/350 16/026 13 8/2428 8/3270 6
15/777 16/088 14 9/9213 11/709 7

n1 = 2 � numel (x (:)) ;

xi = linspace (0; L; n1) ;

Ui = interp1 (x; U; xi; Interpolation) ;

Di = interp1 (x;D; xi; Interpolation) ;

|=y=tv R= l} Qy w sr=U Cr=L s)= i |=yOwt pmW hqDN= |x@U=Lt "3 s=o
"xO}O?}U;

Signal = Ui�Di;
C=}�RH R= pY=L ?}=Q[ G=QNDU= w 3 s=o x@ xDUw}B lHwt p}O@D p=ta= "4 s=o

"lHwt |=yp}rLD
c = cwt

�
Signal; Scale; 0wname0

�
;

� wname = wavelet name

|x}L=v|}=U=vW�?}=Q[ `} RwD wlHwt?}=Q[|@amtu}qBU=|@=}uwQO "5 s=o
"�|@=QN

xx = linspace (0; L; numel (cD (:))) ;

n2 = 2 � numel (xi (:)) ;n3 = 2 � numel (xx (:)) ;

xii = linspace (0; L; n2) ;xxi = linspace (0; L; n3) ;

ci = interp1 (xi; c; xii; Interpolation) ;

cDi = interp1 (xx; cD; xxi; Interpolation) ;

figure; plot (xii; ci)

figure; plot (xxi; cDi)

lHwt p}rLD R= pY=L QwmPt `@=wD |=yQ=Owtv '13 |r= 7 |=ypmW QO
hrDNt |=y=tv x@ \w@ Qt |v=QwO w |r=kDv= |rY= Owt xU |=yOwt pmW hqDN=
xR=U hrDNt |=y=tv QO |@=QN |}=U=vW x@ \w@ Qt G}=Dv "OwW|t xOy=Wt xR=U
G}=Dv x@ xHwD =@ xm OyO|t u=Wv xR=U |v=QwO w |r=kDv= |rY= Owt xU x@ \w@ Qt
C}kiwt =@ 8 T=}kt QDt=Q=B =@ coif5 `@=D ltm x@ |@=QN C}akwt '|y=oW}=tR;
|=wDLt =@ |Ot=U@ Cy=@W Q@ xwqa 8 T=}kt QDt=Q=B =@ coif5 `@=D w xOW |}=U=vW

|r=kDv= |rY= Owt xU |=Q@ xR=U hrDNt |=y=tv |xO}O?}U; w sr=U |=yOwt
pmW u}@ |=}=wR |t=tD 'CiQ|t Q=_Dv= xm Qw]u=ty "CU= xOW x�=Q= |v=QwO w
?}U; OwHw R}v ẁ[wt u}= w OvDUy QiYQ}e '?w}at w sr=U |=yCr=L |=yOwt

"Ovm|t O}}-=D =Q |rv=B u=tDN=U QO
|m}D=DU= |=yMU=B QO Q}}eD Ea=@ =yxR=U QO |@=QN 'OW KQ]t xm |Qw]u=ty
xR=U |D=P |=yT} QD=t QO Q}}eD R= |W=v C=Q}}eD u}= "OwW|t xR=U |m}t=v}O w
QO C=Q}}eD |wQ R= u=wD|t 'u}=Q@=v@ &CU= �|}=Q}t w |DNU 'sQH |=yT} QD=t�
T} QD=t QO Q}}eD u} QDlJwm "O=O MU=B |@=QN OwHw |xr�Ut x@ xR=U |=yMU=B
pwOH QO "Ow@ Oy=wN x=Qty |a}@] |=yOt=U@ T} QD=t QO C=Q}}eD =@ xR=U |DNU
xO}O?}U; w sr=U |=yCr=L QO |rv=B |xR=U pw= Owt 14 |a}@] |=yOt=U@ '6
|=yOt=U@ C=Q}}eD "CU= xOW x�=Q= OwOLt <=RH= pOt �135 - u=e=v |xrRrR CLD

"CU= |rv=B |xR=U QO |@=QN OwHw Q@ |O}}-=D |a}@]

u=tDN=U hrDNt |=y=tv QO |@=QN ẁkw pLt |}=U=vW "5
\UwD xO}O?}U; w sr=U |=yxR=U |=yOwt pmW hqDN= x@ \w@ Qt |=yT} QD=t
'bior 'db 'Haar %xrtH R= 'lHwt `@=wD `=wv= R= xO=iDU= =@ xDUw}B lHwt p}O@D
w xOW |mHwt p}rLD gaus w mexh 'morl 'sym 'dmey 'meyr 'coif 'rbio

QO coif5 w db45 'Haar lHwt `@=wD G}=Dv 'VywSB sHL uOw@ OwOLt Cra x@
K} QWD |@=QN |}=U=vW sD} Qwor= |=ys=o '=Hu}= QO "Ov=xOW |UQQ@ Q[=L VywSB

%CU= xOW
Q=Ri=sQv \}Lt x@ xO}O?}U; w sr=U |=yCr=L |=yOwt pmW |v=wN=Qi "1 s=o

"?rDt
U = xlsread (0undamaged signal:xlsx0) ;

D = xlsread (0damaged signal:xlsx0) ;

"=yOwt pmW 27 �CSI� |@amt u}qBU= |@=}uwQO "2 s=o
x = linspace (0; L; numel (U (:)) ; �L = Length of beam

Interpolation =0 spline0;
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u=Qt
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UOv
yt xDi=} Vy=m lHwt ?}=Q[ |xv}tm '=y|@=QN COW V}=Ri= =@ w xOW |}=U=vW

"CU=
|Qw] x@ 'CU= QDTwULt |@=QN COW V}=tv QO QDq=@ |=yOwt QF= ut[ QO
QDW}@ |@=QN COW w QDnQR@ lHwt ?}=Q[ |xv}W}@ 'xR=U |WJ}B Owt QO xm
COW V}=tv QO QDq=@ |=yOwt QF= '14 pmW j@=]t xvwtv |=Q@ "CU= xOW u=}=tv

"OwW|t xOy=Wt xR=U |@ wvH |=tv pw= |xk@] x@ \w@ Qt |@=QN

|Q}oxH}Dv "7
`t=H |xar=]t |=Q@ xkqa OQwt|aw[wt x@ =yxR=UCtqUC}a[w R= `q]= xRwQt=
|=yCQ=UN Ovv=wD|t =yxR=U QO xOt; OwHw x@ |=y?}U; "CU= xOW p}O@D =yVwQ
w =yxR=UCtqU |xRwL QO C=ar=]t wQu}= R= 'OvQ=Po |=H Q@ =Q|v=w=Qi|r=t w|v=H
|DvU |=yVwQ =yC}OwOLt x@ xHwD =@ "CU= syt w |QwQ[ =yv; QO|@=QNX}NWD
|=yVwQ '|i=Qow}O=Q w l}vUwQDr; |UQR=@ '|tWJ |=y|UQR=@ %Q}_v '|@=}?}a
xHwD =@ "Ov=xDiQo pmW |m}t=v}O w |m}D=DU= |=yMU=B p}rLD |=v@t Q@ |@=}?}a
|}=U=vW ẁ[wt x@ QDtm '=yxR=U CtqU V}=B |xRwL QO xOW s=Hv= C=ar=]t x@
QO p}rO u}ty x@ "CU= xOW xDN=OQB |rv=B |xDN=UV}B |=yu=tDN=U QO ?}U;
Q@ pt=m |rv=B |xDN=UV}B u=tDN=U CtqU V}=B w |UQQ@ x@ Q[=L VywSB
hrDNt lHwt `@=wD p}rLD w u=RQr R}t |wQ Q@ |}xRQr |y=oW}=tR; G}=Dv |=v@t
"Ov=xOW p}rLD w |@=} RQ= 'OvyO MQ =yv; QO CU= umtt xm |}=y?}U; w xDN=OQB
%CU= xOW x�=Q= p}P QO QYDNt Qw] x@ Q[=LVywSB R= xOt;CUO x@ G}=Dv |xOta
w Ovvm|t =i}= |QDsyt Vkv swO w pw= C=k@] 'xR=U |DNU Vy=m OvwQ QO �1
w OwW|t ẁQW =Hu; R= =ylQD xm CU= xR=U T=UL \=kv R= =ywWR=@ h=Q]=

"CU= QwmPt |=yu=mt QO VvD RmQtD OwHw u; p}rO
ltm x@ |@=QN C}akwt 'hrDNt `@=wD p}rLD w |y=oW}=tR; G}=Dv x@ xHwD =@ �2
xOW |}=U=vW C}kiwt =@ `@=wD |x}k@ x@ C@Uv 8 T=}kt QDt=Q=B =@ coif5 `@=D
x@ &OwW|t xOy=Wt |@=QN ẁkw pLt QO ?}=Q[ R= |QDW}@ V=WDe= w CU=
ẁkw pLt QO 'lHwt ?}=Q[ QO VQB |@Uv |=yxv}tm w =yxv}W}@ xm |Qw]

"CU= xO=Di= j=iD= =y|@=QN
|@=QN pLt R= pkDUt |@=QN |=ypLt R= l} Qy lHwt ?}=Q[ C=W=WDe= �3

"CU= hrDNt |=yCOW =@ Qo}O
O}rwD lHwt ?}=Q[ |xv}tm w xv}W}@ 'Q_v OQwt pLt |@=QN COW V}=Ri= =@ �4

"O@=}|t Vy=m w V}=Ri= ?}DQD x@ C@=F C}akwt l} QO pLt u; |xOW
ẁkw pLt QO xOW O}rwD lHwt ?}=Q[ |xv}tm =} xv}W}@ uDiQo Q_v QO =@ �5

8 R= QDtm |=]N =@ =Q =y|@=QN RmQt u=wD|t '|@=QN RmQt u=wva x@ =y|@=QN
"OQm |}=U=vW

QO xm |Qw] x@ 'CU= QDTwULt |@=QN COW V}=tv QO QDq=@ |=yOwt QF= �6
u=}=tv QDW}@ |@=QN COW w QDnQR@ lHwt ?}=Q[ |xv}W}@ 'xR=U |WJ}B Owt

"CU= xOW

|=tv pw= |xk@] x@ \w@ Qt |@=QN COW V}=tv QO QDq=@ |=yOwt QF = "14 pmW
"xR=U |@wvH

|DNU x@ xHwD =@ w OQ=O R}v |}q=@ |Ot=U@ |=wDLt 'Q_v OQwt u=tDN=U |Ot=U@
QF= QO xOt; OwHw x@ lJwm |=yV=WDe= OwHw CQwY QO Ov=wD|t u=tDN=U |q=@
u}vJty "Ovm |}=U=vW |}q=@CkO =@ w |@ wN x@ R}v =Q =yv; 'xR=U |=yMU=B QO?}U;

"OQ=O OwHw =ypmW QO lHwt ?}=Q[ R= |QDW}@ V=WDe= '|@=QN pLt QO

G}=Dv Q}UiD "6
|=y=tv |=y?}U; pLt QO xOW O}rwD lHwt ?}=Q[ |}xU}=kt |=y|UQQ@
|@=QN hrDNt |=ypLt lHwt ?}=Q[ C}U=UL xm OyO|t u=Wv xR=U hrDNt
xOy=Wt coif5 `@=D x@ \w@ Qt '13 |r= 7 |=ypmW xHwD =@ "OvDUy sy R= pkDUt
=y|@=QN pLt QO lHwt ?}=Q[ C}U=UL '=y|@=QN COW V}=Ri= =@ xm OwW|t
'|@=QN R= pLt l} lHwt ?}=Q[ QO C}U=UL 'u}=Q@=v@ &CU= xDi=} V}=Ri=
V}=Ri= =@ \ki w CU= hrDNt |=yCOW =@ |@=QN |=ypLt Q}=U R= pkDUt
hrDNt |=y=tv |=Q@ Q}N= |=y|UQQ@ G}=Dv "O@=}|t V}=Ri= pLt u; |@=QN COW
8 T=}kt QDt=Q=B =@ coif5 `@=D |=Q@ |v=QwO w |r=kDv= |rY= Owt 3 |=Q@ xR=U
xJu=vJ Qo = 'xOW |UQQ@ |=y=tv |t=tD QO "CU= xOW VQ=Ro 7 pwOH QO
|xOW |}=U=vW RmQt u=wva x@ =y|@=QN ẁkw pLt QO lHwt ?}=Q[ |xv}W}@
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23. details
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25. MATLAB
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