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1.   Introducci�n
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2.   Transformada Wavelet
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2.1     Transformada Wavelet Continua (CWT)
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2.2     Transformada Wavelet Discreta (DWT)
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2.3     Wavelets madre

F-$,&+(#2/1/#-"+$,%&%$(+-!"&)/&$B%.#*#"!$6%!#$!#$

3)-2%1#-"%$#-$)-$10"+2+$2/&#("+$#-$#*$2+1/-/+$

(+-"/-)+$2#*$ "/#1,+@$ #*$ ()%*$ )"/*/:%$ *+!$ %N/+1%!$

2#*$%-=*/!/!$1)*"/&&#!+*)(/8-$>)#$!#$,)#2#-$2#4-/&$

por la escogencia de una función especial para una 

%,*/(%(/8-$2%2%@$%$"&%.0!$2#$2#!,*%:%1/#-"+!$5$#!-

(%*%2+!$2#$)-$,&+"+"/,+$!/-7)*%&$2#$B%.#*#"9$ !"+$

con-ciencias

36 Tecnura   año 12   No.24   primer semestre de 2009



es de gran importancia para la compresión de datos, 

#*/1/-%(/8-$2#$&)/2+$5$%,*/(%(/+-#!$!/1/*%&#!9

Para el proceso de descomposición es necesario 

!#*#((/+-%&$)-$,%"&8-$+$B%.#*#"$1%2&#9$ -"&#$*%!$

1=!$/1,+&"%-"#!$!#$1#-(/+-%-Y

 !!`%)6#(?/#!Y$#!$1)5$/1,+&"%-"#@$,+&>)#$,&#-

senta un momento p$2#$2#!.%-#(/1/#-"+$1)5$

,#>)#;+@$ *+$ >)#$ ,#&1/"#$ "/#1,+!$ (+&"+!$ 2#$

computo. La construcción de esta transfor-

1%2%$,%&"#$%$,%&"/&$2#$*%$&#!,)#!"%$4-/"%$2#*$

(+-V)7%2+$2#$)-$4*"&+$#!,#V+$$h
n
= h\n]9$D#$(+--

!/2#&%$)-$4*"&+$(%)!%*$h\n]@$*+$()%*$/1,*/(%$>)#$

#!"%$!#&/#$2#$U+)&/#&$#!$&#,&#!#-"%2%$,+&$)-$

,+*/-+1/+$"&/7+-+10"&/(+@$"%*$(+1+$!#$1)#!-

"&%$#-$Ze[9$ -$*%$47)&%$_@$!#$1)#!"&%-$.%&/%!$$

(*%!#!$2#$B%.#*#"!$2#$*%$3%1/*/%$`%)6#(?/#!9

 !!$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$Ze[

 !!W/+&"?+7+-%*Y$#!"%$3%1/*/%$2#$B%.#*#"!$#N?/-

6#$ *%$,&+,/#2%2$2#$ 3%!#$ */-#%*$i"%*$ (+1+$!#$

1)#!"&%$#-$Zg[i@$*%$()%*$#!$-#(#!%&/%$,%&%$*%$

&#(+-!"&)((/8-$2#$ !#;%*#!$ #$ /1=7#-#!9$K+&-

1%*1#-"#$ !#$ )"/*/:%-$ _$B%.#*#"!@$ )-%$ ,%&%$

2#!(+1,+!/(/8-$5$ +"&%$ ,%&%$ &#(+-!"&)((/8-9$

 -$ *%$47)&%$g$ !#$1)#!"&%-$.%&/%!$ (*%!#!$ 2#$

B%.#*#"!$2#$*%$3%1/*/%$W/+&"?+7+-%*9

 !!L+/b#"!Y$)-%$B%.#*#"!$#!$**%1%2%$L+/b#"$7#-#-

&%*/:%2%$2#$+&2#-$l Z2#-+"%2%$,+&$f
l,t
[$!/$,%&%$

algún t$>)#$,#&"#-#(#$%$R@$*%$B%.#*#"$f
l,t
$5$!)$

3)-(/8-$2#$ #!(%*%1/#-"+$ Z2#-+"%2%$,+&$f
l,t
[$

!%"/!3%(#$*%!$#()%(/+-#!$ZT[$5$ZQ[9

$ $ ZT[

  

ZQ[

para p j$P@$S@$999@$*$k$S9
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Figura 2.$a%.#*#"!$`%)6#(?/#!9

U)#-"#Y$\Sg]

Figura 4.$a%.#*#"!$L+/b#"!9$

U)#-"#Y$"+1%2+$2#$\Sg]

Figura 3.$a%.#*#"!$W/+&"?+7+-%*9$

U)#-"#Y$"+1%2+$2#$\Sg]



 !!!D51*#"Y$!+-$(#&(%-%1#-"#$!/10"&/(%!$%$*%$B%.#-

*#"!$2#$*%$3%1/*/%$̀ %)6#(?/#!9$<%!$,&+,/#2%2#!$

2#$#!"%!$2+!$3%1/*/%!$2#$B%.#*#"!$!+-$!/1/*%&#!9$

 -$*%$47)&%$O$!#$1)#!"&%-$.%&/%!$2#$(*%!#!$2#$

B%.#*#"!$2#$*%$3%1/*/%$D51*#"9

./)))0!"#$% "1',)2"3-#$"('

 *$ ,*%-"#%1/#-"+$ #!"%2'!"/(+$ 2#*$ ,&+6*#1%$2#$ *%$

(*%!/4(%(/8-$#!$#*$!/7)/#-"#Y$!#$"/#-#-$N elementos 

>)#$ ,)#2#-$ ,&+.#-/&$ 2#$ 2+!$ +$1=!$ ,+6*%(/+-#!$

distintas de un universo dividido en K clases. Cada 

elemento x$!#$,)#2#$(+-!/2#&%&$(+1+$)-%$.%&/%6*#@$

#*$,&+6*#1%$(+-!/!"#$#-$(*%!/4(%&$x$#-$)-%$5$!8*+$

)-%$2#$*%!$,+6*%(/+-#!$+$(*%!#!9

<%$ (*%!/4(%(/8-$ 2#$ *%!$ ,+6*%(/+-#!$ !#$ &#!)#*.#$

2#$1%-#&%$%)"+1="/(%^$)-%$3+&1%$2#$?%(#&*+$#!$%$

"&%.0!$ 2#*$ &#(+-+(/1/#-"+$2#$,%"&+-#!@$ &#%*/:%2+$

,+&$2/!,+!/"/.+!$>)#$?%(#-$2/(?%$(*%!/4(%(/8-$2#$

1%-#&%$%)"+1="/(%9$A%&%$2#"#&1/-%&$ *%$#4(/#-(/%$

2#*$(*%!/4(%2+&$!#$?%(#$-#(#!%&/+$#!")2/%&$*%!$,&+-

6%6/*/2%2#!$2#$#&&+&$2#$(*%!/4(%(/8-9$

 -$#!"#$,&+5#("+@$*%$(*%!/4(%(/8-$2#$*%!$,+6*%(/+-#!$

(+-!/!"#$#-$1/-/1/:%&$*%$,&+6%6/*/2%2$2#$#&&+&$2#$

2/(?%$(*%!/4(%(/8-9$ *$%*7+&/"1+$2#$2#(/!/8-$6%5#-

!/%-%$#.%*d%$#*$,)-"+$2#$(*%!/4(%(/8-$2#$(%2%$)-%$

de las funciones discriminantes construidas para 

(%2%$(*%!#9$D#$!),+-#$>)#$*%!$(*%!#!$"/#-#-$/7)%*$

,&+6%6/*/2%2$%$,&/+&/$2#$%,%&/(/8-$\_]@$\g]9

4.   Extracci�n de caracter�sticas

 !" !#$%&!'" (&%&($!%)*$+(&*" !*$&,)*$+(&*" ,!" -.*" (.-

!/(+!'$!*"0&1!-!$",!"(&,&"2'&",!"-&*"3&4+-+&*"!'"
(&,&"'+1!-",!",!*(.45.*+(+6'7"8&"3.%4&",!"!#$%&!%"
estas características se presenta en las ecuaciones 

9:;<"&"9:=<7

" 9:;<
  

9::<
  

9:><

9:=<

?.',!"@"!*"-&"4!,+&A"B"!*"-&",!*1+&(+6'"!*$C',&%A"
E es la energía, Max"!*"!-"(.!/(+!'$!"4C#+4."D"j  
es la j–ésima escala de descomposición.

E*$&*"(&%&($!%)*$+(&*"*.'"2$+-+F&,&*",!"4&'!%&"+'-

,+1+,2&-"D"%!&-+F&',."(.4G+'&(+.'!*"!'$%!"!--&*"*!"
.G$+!'!"-&"(-&*+/(&(+6'7"8&*"4!H.%!*"(.4G+'&(+.'!*"
,!" (&%&($!%)*$+(&*" *!" ,!$!%4+'&'" (.'"G&*!" !'" -.*"
4!H.%!*"5.%(!'$&H!*",!"&(+!%$.7

5.   Base de datos

I&%&"-&".G$!'(+6'",!"-.*",&$.*"!#5!%+4!'$&-!*"J2!"
5!%4+$!'"(&%&($!%+F&%"-.*",+3!%!'$!*"!-!4!'$.*",!-"
!'$.%'.A"*!"5&%$!",!"2'&"G&*!",!",&$.*"!#$%&),&",!"
K*$!A"2$+-+F&',."2'"*!'*.%"2-$%&*6'+(."%.$&$+1."2G+(&-
,."!'",+3!%!'$!*"5.*+(+.'!*"D"&",+3!%!'$!*",+*$&'(+&*"
,!"-.*"!-!4!'$.*"5.%"(-&*+/(&%7"L*$.*"*.'M"5&%!,A"
!*J2+'&A"G.%,!"D"1&().7"
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Figura 5."N&1!-!$*" D4-!$"
O2!'$!M"$.4&,.",!"P:=Q



Para evitar el elevado costo computacional, las 

*!R&-!*"5&*&'"5.%"2'"5%.(!*.",!"5%!(-&*+/(&(+6'A"!-"
(2&-"(.'*+*$!"!'"*!-!((+.'&%"2'&"G&*!",!",&$.*"J2!"
&5.%$!"2'&"4!H.%"(&%&($!%+F&(+6'",!"-.*"!-!4!'$.*"
J2!"*!"1&'"&"&'&-+F&%S"&"(&,&"2'&",!"!*$&"G&*!",!"
,&$.*"*!"-!*"&5-+(&"-&"$K('+(&",!"!#$%&((+6'",!"(&-
racterísticas presentada.

El sensor ultrasónico rotativo consta de un par de 

(C5*2-&*" 5+!F.!-K($%+(&*" $%&'*4+*.%T%!(!5$.%" J2!"
$%&G&H&'" (.'" 2'&" 3%!(2!'(+&" ,!" U;" !"7"?+(V."
*!'*.%"*!"/H&"*.G%!"2'"4.$.%"5&*."&"5&*.A"(.'"5&-
*.*",!":AWX"5.%"5&*.S"!*",!(+%A"!-"*!'*.%"2-$%&*6'+(."
5!%4+$!" !#5-.%&%"2'" !'$.%'."!'"2'"Y+%.",!"=Z;XA"
.G$!'+!',."5.%"(&,&"Y+%."(.45-!$.">;;"*!R&-!*",!"
>[Z"42!*$%&*"(&,&"2'&7"\&,&"*!R&-"5!%4+$!".G$!'!%"
+'3.%4&(+6'"52'$2&-",!-"!'$.%'.A"-&"(2&-",!*52K*",!"
2'"5%.(!*&4+!'$."&"5.*$!%+.%+"5!%4+$!"(&%&($!%+F&%"
la información contenida en ella. Como parte del 

5%.(!*.",!"5%!(-&*+/(&(+6'"D" $!'+!',."!'"(2!'$&"
-&" +']2!'(+&",!"&(.5-!"4!(C'+(.",!" -&*"(C5*2-&*"
ultrasónicas, las primeras muestras se desprecian. 

\.4."!H!45-."*!"$+!'!"-&"/Y2%&"Z"-&"(2&-"!*"2'&"(2%-
1&"*!Y4!'$&,&",!"U;"*!R&-!*A"!'"-&"(2&-"!-"'^4!%."
,!"*!R&-!*"%!5%!*!'$&"2'"(.'.",!"_>X"!J2+1&-!'$!"&"
-&"F.'&",!"*!'*+G+-+,&,",!-"*!'*.%"2-$%&*6'+(."5&%&"
(&,&"52'$.",!"!#5-.%&(+6'7

8&" G&*!" ,!" ,&$.*" !*$C" 3.%4&,&" 5.%" *!R&-!*" J2!"
5!%$!'!(!'"&"-.*"!-!4!'$.*"J2!"*!"1&'"&"(-&*+/(&%"
9U:(.'H2'$.*",!"*!R&-!*"J2!"%!5%!*!'$&'"!*J2+'&*A"
5&%!,!*A"G.%,!*"D"1&().<7

8&"/Y2%&"Z"5!%$!'!(!"&" -&" *!R&-" %!]!H&,&"5.%"2'"
G.%,!A"-&"/Y2%&"_"&"2'&"!*J2+'&A"-&"/Y2%&"W"&"2'&"
5&%!,"D"-&"/Y2%&"`"&"1&().7
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Figura 6." !R&-"(&%&($!%)*$+(&",!"2'"G.%,!7

Figura 7." !R&-"(&%&($!%)*$+(&",!"2'&"!*J2+'&7

Figura 8." !R&-"(&%&($!%)*$+(&",!"2'&"5&%!,7



6.   Metodolog�a propuesta

E-" 5%.(!,+4+!'$." %!&-+F&,." 5&%&" -&" (-&*+/(&(+6'"
,!"-.*",+3!%!'$!*"$+5.*",!"*!R&-!*"*!"5%!*!'$&"!'"!-"
&-Y.%+$4.":;"91!%"/Y2%&":;<7"a'+(+&-4!'$!A"*!"$+!'!"
2'&"G&*!",!",&$.*"5%.1!'+!'$!*",!-"*!'*.%"2-$%&*6-

'+(."%.$&$+1.7"8&*"*!R&-!*"&,J2+%+,&*"*.'"$.4&,&*"
,!"(&,&"2'&",!"-&*"*25!%/(+!*",!"-.*"!-!4!'$.*"J2!"
*!"1&'"&"(-&*+/(&%7

E-"5%+4!%"5&*."!*".G$!'!%"-&"$%&'*3.%4&,&"N&1!-!$"
,!"(&,&"2'&",!"!*$&*"*!R&-!*"2$+-+F&',.",+3!%!'$!*"
(-&*!*",!"0&1!-!$*",!",+3!%!'$!*"3&4+-+&*S"?&2G!-
(V+!*A"b+.%$V.Y.'&-A"\.+]!$*"D" D4-!$7

E'"-&"/Y2%&"::"*!"42!*$%&"-&",!*(.45.*+(+6'"%!&-
-+F&,&"4!,+&'$!"-&"$%&'*3.%4&,&"0&1!-!$A"-&"-!$%&"c"
V&(!"%!3!%!'(+&"&"-&*"&5%.#+4&(+.'!*"D"-&"-!$%&"?"&"-.*"
,!$&--!*7"c"5&%$+%",!"!*$.*"(.!/(+!'$!*"-&"*!R&-"52!,!"
*!%"%!(.'*$%2+,&"(.4."*!"42!*$%&"!'"-&"!(2&(+6'"9:U<7"

  
9:U<

E-"&'C-+*+*"%!&-+F&,."(.'"-&"$%&'*3.%4&,&"0&1!-!$"*!"
1&%+6"(&4G+&',."!-"'^4!%.",!"'+1!-!*",!",!*(.4-

5.*+(+6'"D"*!-!((+.'&',.",+3!%!'$!*"0&1!-!$*"4&-
dre. En cada nivel de descomposición se procedió 

&"(&-(2-&%"!-"(.'H2'$.",!"(&%&($!%)*$+(&*"5.%"!*(&-&S"
(.'"-&*"(&%&($!%)*$+(&*".G$!'+,&*"*!"5&*6"&-"5%.(!*."
,!"!'$%!'&4+!'$.",!-"(-&*+/(&,.%"G&D!*+&'.7

7.   Resultados

I&%&"-&",+*(%+4+'&(+6'",!"-.*",&$.*"*!"2$+-+F6"2'"(-&-
*+/(&,.%"G&D!*+&'.A"(.'"(&%&($!%)*$+(&*"0&1!-!$*7"8.*"
%!*2-$&,.*"*!"5%!*!'$&'"5&%&",+3!%!'$!*"$+5.*",!"0&1!-
-!$*7" !"2$+-+F&%.'">["(&*.*"5&%&"-&"G&*!",!",&$.*A"(.'"!-"
_;"d"5&%&"!-"!'$%!'&4+!'$."D"!-"=;d"5&%&"-&"1&-+,&(+6'A"
%!&-+F&',."1&-+,&(+6'"(%2F&,&",!".'(!"5%2!G&*7"
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Figura 9." !R&-"(&%&($!%)*$+(&",el vacío.

Figura 10."?+&Y%&4&",!"]2H."5&%&"!-"5%.(!*&4+!'$.",!"*!R&-!*7

Figura 11. Proceso de descomposición.



I&%&"!-"&'C-+*+*",!"%!*2-$&,.*"*!"$+!'!"J2!"-&"(-&*!":"
(.%%!*5.',!"&"2'&"!*J2+'&A"-&"(-&*!">"&"2'&"5&%!,A"
-&"(-&*!"="&"2'"G.%,!"D"-&"(-&*!"U"&"1&().7"8&"$&G-&"
:"42!*$%&"!-"5.%(!'$&H!",!"&(+!%$."5&%&"-&"(-&*+/(&-
(+6'"%!&-+F&,&"(.'"(&%&($!%)*$+(&*"5%.1!'+!'$!*",!"
-&"0&1!-!$"?&2G!(V+!*7"E'"-&"(2&-"-&"J2!"5%!*!'$&"
4!H.%"(-&*+/(&(+6'"!*"-&"3&4+-+&"?G:7

8&" $&G-&" >"42!*$%&" !-" 5.%(!'$&H!" ,!" &(+!%$." 5&%&"
-&" (-&*+/(&(+6'" %!&-+F&,&" (.'" (&%&($!%)*$+(&*"5%.-

1!'+!'$!*",!" -&"0&1!-!$"\.+]!$*A",!"!*$&" $&G-&"*!"
.G*!%1&"J2!"!-"4!H.%"5.%(!'$&H!",!"&(+!%$."5%!*!'$&"
5&%&"$.,&*"-&*"(-&*!*"!*"-&"3&4+-+&"\.+3:7

8&" $&G-&" ="42!*$%&" !-" 5.%(!'$&H!" ,!" &(+!%$." 5&%&"
-&" (-&*+/(&(+6'" %!&-+F&,&" (.'" (&%&($!%)*$+(&*"5%.-

1!'+!'$!*" ,!" -&"0&1!-!$" D4-!$S" !'" !*$&" $&G-&" *!"
42!*$%&" J2!" -&" 3&4+-+&" (.'"4&D.%" 5.%(!'$&H!" ,!"
&(+!%$."5&%&"$.,&*"-&*"(-&*!*"!*"-&"3&4+-+&" D4>7

8&*"$&G-&*"U"D"["42!*$%&'"!-"5.%(!'$&H!",!"&(+!%$."
5&%&" -&"(-&*+/(&(+6'" %!&-+F&,&"(.'"(&%&($!%)*$+(&*"
5%.1!'+!'$!*" ,!" -&"0&1!-!$"b+.%$V.Y.'&-A" !'" !-"
(2&-"*!"5%!*!'$&"2'"4&D.%"5.%(!'$&H!",!"&(+!%$."-&"
3&4+-+&"b+.%:7:"5&%&"$.,&*"-&*"(-&*!*7

8.   Conclusiones

E-"K#+$.",!"-&"(-&*+/(&(+6'",!"-.*",+3!%!'$!*"!-!4!'-

$.*"J2!"5!%$!'!(!'"&"2'"!'$.%'."+'$!%+.%",!"%.G6$+(&"
461+-"*!",!G!"&"-&"+45-!4!'$&(+6'",!"-&"$%&'*3.%4&,&"
0&1!-!$"5&%&"-&"!#$%&((+6'",!"-&*"(&%&($!%)*$+(&*"4C*"
*+Y'+/(&$+1&*",!"K*$.*7"E*"+45.%$&'$!"%!*&-$&%"J2!"-&"
&,!(2&,&"*!-!((+6'",!-"$+5.",!"0&1!-!$"4&,%!"5&%&"
-&"(-&*+/(&(+6'"5!%4+$!".G$!'!%"2'"4!H.%"%!*2-$&,.7

?!"$.,&*"-&*"3&4+-+&*"N&1!-!$*"!45-!&,&*"5&%&"-&"
(-&*+/(&(+6'"-&"J2!"4!H.%"5.%(!'$&H!",!"&(+!%$."5%!-
*!'$&"!*"-&"0&1!-!$"b+.%$V.Y.'&-":7:"E*",!"Y%&'"+4-

5.%$&'(+&"-&"!#$%&((+6'",!"5&%C4!$%.*"!*$&,)*$+(.*"
,!"-&*"*!R&-!*"V&--&,&*"&"5&%$+%",!"-&"$%&'*3.%4&,&"
0&1!-!$A"D&"J2!"5!%4+$!'"(&%&($!%+F&%"-.*"!-!4!'$.*"
,!-"!'$.%'."(.'"5.(.*",&$.*A"%!,2(+!',."$&4G+K'"
los costos computacionales.

Clase G+.=7: G+.=7= G+.U7U G+.[7[

: __AZZe:>A>; _WA;;e::A>[ _WA==e::A;> __A==e:UA:=

2 =>A;;e:=A:; =>A;;e:=A_[ =UAZ_e:>A:` U`A;;e:ZA=_

3 W:A==e:;A>W _WA;;e:;AU[ W>A;;e:=A:; W[A==e`A_;

4 U>A;;e:=AU` =ZA;;e::AUZ U[A;;e:UA;> U_A==e:[A[U

Clase G+.:7: G+.:7= G+.>7> G+.>7U

: `>AZ_e_A==U WUA;;e`A[` _ZA;;e::AWZ W;A;;e::A[=

2 `[A;;e[AW` `=A==e_A`W =ZA;;e:[A=[ [ZA;;e:`A;>

3 W:A;;e:;A`; W:AZ_e:;A_Z W=A==e:;AU` WWA;;e:;A_W

4 WZA==e:;A:_ _ZA;;e`AU> [UA==e:UA>[ =_A==e:UA;[

Clase  D4>  D4=  D4U  D4[

: _WA;;e::A`` W:AZ_e:;A>; W:AZ_eWAZ_ _:AZ_e:>A_=

2 Z>AZ_e:=AWU [UAZ_e:=AU: =UA==e:>A=U Z;A;;e:WA=>

3 W_AZ_e_AZ[ W>A;;e:;A`U W:AZ_e:;A>: W=A==e`A;;

4 UUAZ_e::A`` U[A==e:=AW= [>A==e:=A>W U=A;;e:>AU=

Clase ?G: ?G> ?G= ?GU

: `_A=="eUAZU W:A==e:UAWW W:AZZe::A>W W[AZ_e:;AZ=

2 `UA==eZAZW [`A;;e:UAU> UZA;;e:;A_` =_A==e::AW:

3 W:AZ_e:>A[ W_A==e_AZ[ W>A==e:;A>` W=AZ_e`A__

4 WWA;;eWA;; UUA;;e:;AZ= U[A==e:>A_[ [UA;;e:=AWU

Clase \.+3: Coif2 Coif3 Coif4

: WUA;;e`A>` W=A;;eZA[W _UAZ_e:=A`> _ZAZ_e:=AZ:

2 UUA==e:=A`_ U=A;;e:>AZZ =UAZ_e::A`[ >_A==e::AU>

3 W_A;;eWA=Z W_A==e_AZ[ W_A;;e:;A>= WUAZ_e:;AU;

4 [>A==e::A`> UWA==e:;A_Z [UAZ_e::A=: UA;;e:=A>U

con-ciencias
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