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p=vo}U VR=OQB T=U=Q@ |WQ@ |=y?=k QO |@=QN |}=U=vW |=Q@ QF-wt |WwQ Q=DWwv u}= QO
"CU= xOW |iQat (SCW ) R=i uw}UqwOt w \rDNt |xQHvB =@ S p}O@D R= xO=iDU= =@
Ot=U@ � u=tR V}=tv QO lHwt p}O@D |D=P |=yC}OwOLt Q@ uOQmx@re |=Q@ S p}O@D

=@ S p}O@D 'p}O@D u}= |xDi=}s}taD ẁv "CU= xOW xO=O xaUwD xDWPo p=U OvJ QO p=vo}U
|R=U|a[wt QO |}q=@ C}r@=k xm 'CU= (SCW ) R=i uw}UqwOt w \rDNt |xQHvB

SCW p}O@D Q=DWwv u}= QO "OQ=O p=vo}U |wQ Q@ Ot=U@ � u=tR |xRwL QO |Hwt p=mW=
Q=Qk xO=iDU= OQwt CQ=UN Q=Okt u}tND w pLt X}NWD QO u; ?wr]t OQmrta p}rO x@

w |OOa p=Ft wO R= xO=iDU= =@ xOW|iQat VwQ QO SCW p}O@D OQmrta "CU= xDiQo
xU}=kt "CU= xOW |UQQ@ lHwt p}O@D VwQ R= xOt;CUOx@ G}=Dv =@ u; G}=Dv |xU}=kt
pOt QO lHwt p}O@D VwQ w xOW|iQat VwQ R= xOt;CUOx@ CQ=UN Q=Okt w pLt u}@
T=UL CQ=UN Q=Okt w pLt x@ C@Uv VwQ xm CU= ?r]t u}= Qov=}@ 'xOW|R=Ux}@W
QO |@=QN Q=Okt R= |@ wN Q=}U@ u}tND 'xR=U QO ?}U; pLt X}NWD Q@ xwqa w CU=
"OyO|t CUOx@ =Q xOWC@F |=yp=vo}U QO R} wv OwHwsOa w OwHw Cr=L wO QO xR=U
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p}O@D '\rDNt |xQHvB =@ xDi=}s}taD S p}O@D 'CQ=UN |}=U=vW %|O}rm u=oS=w
"|WQ@ |=y?=k 'p=vo}U VR=OQB 'lHwt

xtOkt "1
Q=Qk xO=iDU= OQwt |}xR=U CQ=UN |}=U=vW QO |Q=}U@ u=QoWywSB \UwD xDWPo

"CU= xOW xQ=W= =yu; R= |NQ@ x@ =Hv}= QO xm 'CU= xDiQo
\=kv G=QNDU= |=Q@ lHwt R}r=v; |xOQDUo |}=v=wD '2000 p=U QO |WywSB QO
'xOt;CUOx@ G}=Dv |xU}=kt |=Q@ u; QO xm 'CU= xOW xO=O V}=tv p=vo}U R= u}mD
|}xR=U |xO=U pOt l} |OOa |R=Ux}@W R= pY=L |=yxO=O |wQ Q@ |D=ar=]t
?=k l} s=@ R= xOWC@F |ak=w |=yxO=O u}vJty w CUmW p@=k |R=wt |=yQvi =@

[3]"CU= xOW s=Hv= xrRrR ẁkw u=tR COt QO
p}rLD |=Q@ Ot=aDt lHwt R}r=v; R= '2001 p=U QO R}v |Qo}O VywSB QO
|}=U=vW Qw_vt x@ 'l} QDmr=wR}B |=yQoUL \UwD xOW|Q}oxR=Ov= |WvQm |=yxO=O
[4]"CU= xOW xO=iDU= |r}]DUt |tw}v}twr; |xLiY l} \Uw QO lQD OWQ
|=Q@ lHwt |xDU@ R}r=v; Q@ |vD@t |WwQ '2002 p=U QO |WywSB QO u}vJty
=OD@= 'QwmPt |O=yvW}B VwQ QO "CU= xOW O=yvW}B |}xR=U CQ=UN |}=U=vW
=yxir-wt u}= |SQv= TBU 'x} RHD lHwt |xDU@ |=yxir-wt x@ xR=U |W=aDQ= p=vo}U
xOW xOQ@ Q=mx@ ?}U; |}=U=vW |=Q@ |@Ya |xm@W |OwQw u=wvax@ w 'x@U=Lt

|=yCiQW}B x@ xHwD =@ xDWPo |xyO OvJ QO =yxR=U QO CQ=UN |}=U=vW
MU=B |=yp=vo}U C@F |=yx=oDUO CN=U w p=vo}U VR=OQB |=yVwQ QO Q}N=
xHwD w CU= xDW=O |Q}osWJ OWQ '|}=Hx@=H w CaQU '?=DW p}@k R= xR=U
,=twta "CU= xOQm ?rH OwN x@ =Q xR=U |UOvyt QO u=QoWywSB R= |Q=}U@
"2 '?}U; OwHw X}NWD "1 %CU= xrLQt 4 pt=W =yxR=U QO CQ=UN |}=U=vW
|xOv=t|k=@ Qta |v}@V}B "4 '|@=QN COW |R=U|:tm "3 '?}U; pLt X}NWD

[1]"xR=U
CtqU V}=B |=yVwQ R= |rt=m w `t=H |xJN} Q=D '1998 p=U QO u=kkLt
|=yQ=R@= xrtH R= [2]"OvO=O x�Q= =yVwQ R= l} Qy ?}=at w |}=Q=m u}vJty w =yxR=U
� u=tR |x} Qwi p}O@D 1'�FFT� `} QU |x} Qwi p}O@D x@ u=wD|t p=vo}U VR=OQB
4'�WPT� lHwt |xDU@ p}O@D w 3'�WT� lHwt p}O@D 2'�STFT) x=Dwm
|xyO l} pw] QO lHwt |xDU@ p}O@D w lHwt p}O@D u=}t u}= QO "OQm xQ=W=

pw�Ut xOvU} wv �
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=vWVwQ QO SCW p}O@D OQ@ Q=m xm OvyO|t u=Wv |OOa |=yp=Ft R= xOt;CUOx@

CQ=UN u=R}t u}tND w X}NWD |xr�Ut QO Ot;Q=m w |wk Q=R@= l} xOW|iQat
G}=Dv u}vJty "CU= p=vo}U QO R} wv OwHw uwO@ w =@ Cr=L wO QO =yxR=U QO
xOWO=H}= CQ=UN x@ C@Uv xOW|iQat VwQ |q=@ Q=}U@ C}U=UL |xOvvmu=}@

"OvDUy

S p}O@D "2
|xDUw}BlHwt p}O@D u}=Q@=v@ "OW=@ u=tR =@ Q}eDt p=vo}U l} 'x(t) xm O}vm ZQi

[20]%O};|t CUOx@ 1 |x]@=Q R= xO=iDU= =@ p=vo}U (CWT)

CWT(�; a) =
Z +1

�1
x(t) w(� � t; a) dt; (1)

"OvDUy lHwt `@=D w(t) R}v w T=}kt w p=kDv= |=yQDt=Q=B ?}DQD x@ a w � 'u; QO xm
%�2 |x]@=Q� CU= xOW |iQat [13]'1996 p=U QO |WywSB QO S p}O@D

S(�; f) =
Z +1

�1
x(t)�� jf jp2� � exp

��f 2(� � t)2

2
�
� exp(�2�ift)

�
dt

(2)

p=vo}U l} x(t) 'u; QO xm 'OyO|t u=Wv =Q x(t) p=vo}U S p}O@D S 'u; QO xm
C}akwt |xOvvmpQDvm QDt=Q=B l} R}v � w Ot=U@ f '2 |x]@=Q QO "CU= u=tR =@ Q}eDt
u=wD|t =Q x(t) `@=D S p}O@D u}=Q@=v@ "CU= u=tR QwLt |wQ Q@ |Uw=o |xQHvB
lHwt l} ?Q[pY=L CQwYx@ w xDUw}B lHwt p}O@D R= |a@=D CQwYx@

%�3 |x]@=Q� OQm h} QaD 'CU= R=i QwDm =i xm |i=[= CQ=@a l} QO XwYNt
S(�; f) = CWT(�; a) exp(�2�ft); (3)

[13]"CU}v lHwt p}O@D ,=k}kO S p}O@D wQu}= R=
"CU= QDy@ Ot=U@ � u=tR |ywQo OQmrta |=Q=O S p}O@D QO |Uw=o |xQHvB `@=D

[12]%CU= xOW ?=NDv= p}qO u}= x@ xar=]t u}= QO |Uw=o |xQHvB
� u=tR |x]kv pwL |OQix@ QYLvt Qw]x@ =Q Ot=U@ � u=tR swO xHQO Qw=DWo "1

"Ovm|t xv}tm Ot=U@
|Uw=o `@=D l} R}v '|Uw=o `@=D |x} Qwi p}O@D� CU= uQ=kDt Ot=U@ w u=tR QO "2

"�CU=
l} S p}O@D jr]tQOk QO |@Uv |=yxv}W}@ R= s=OmI}y 'u; R= xO=iDU= =@ "3

"OvDU}v ẁvYt
=@ |}=y`} RwD 'Q}}eD u}= "Ovm|t Q}}eD 1= jf j =@ xQHvB ZQa 'QwmPt |xQHvB QO "4
C@=F 1= jf j Q=Okt 'u}= OwHw =@ "OR=U|t =Q hrDNt Ot=U@ � u=tR |=yKw[w
"OwW s}_vD p=vo}U Ot=U@ `} RwD =@ Q=oR=U Qw]x@ Ov=wD|tv xQHvB ZQa w CU=
|=Q@ u=tR R= |Oa)@ l} `@=D CQwYx@ 'S(�; f0) 8CwY l} '2 |x]@=Q QO
pw] QO R=i w xvt=O C=Q}}eD |ovwoJ Qov=}@ xm 'OwW|t h} QaD f0 C@=F Ot=U@

"CU= j}kO Ot=U@ u}= |=Q@ u=tR
u=tR l} QO Ot=U@ R= '|Oa)@ l} |a@=D R}v S(�0; f) |a[wt h}] l}
|=Q@ u}=Q@=v@ "Ovm|t xO=iDU= Q}eDt ZQa =@ |}xQHvB R= S p}O@D "CU= t0 C@=F

|}=U=vW |=Q@ =Q Oa)@ uwO@ |@=QN XN=W Q=OQ@ l} R}v u=QoWywSB |NQ@ [5]"CU=
'|@=QN XN=W Q=OQ@ u; QO xm &Ov=xOQm O=H}= |D} RwBt=m |=yxR=U QO CQ=UN
|W=aDQ= MU=B lHwt |xDU@ R}r=v; R= pY=L |=yxir-wt |SQv= C=Q}}eD T=U=Q@
�2004� |Qo}O VywSB QO [6]"OwW|t x@U=Lt CQ=UN ẁkw R= Oa@ w p@k 'xR=U
|=Q@lHwt R}r=v; |}=Q=m w xO=iDU= =y?=k QO lQD |}=U=vW |=Q@lHwt p}O@D R= R}v
|NQ@ u}vJty [7]"CU= xOW |UQQ@ |OOa |=yp=Ft R= xO=iDU= =@ lQD |}=U=vW
u=wva =@ =Q CQ=UN |}=U=vW XN=W l} '�2005� OwN VywSB QO u=QoWywSB
Q@ =Q QwmPt XN=W w |iQat �WPERI� lHwt |xDU@ |SQv= C@Uv XN=W
|Oqwi |=yQ}D |wQ Q@ u}vJty w xO=U |=yx=ox}mD =@ xOW|R=Ux}@W Q}D l} |wQ
j}irD R= R}v 2007 p=U QO [8]"Ov=xOQm |@=} RQ= x=oW}=tR; QO CQ=UN |wor= xU =@
xR=U MU=B QO C=Q}}eD |}=U=vW |=Q@ lHwt R}r=v; w |Owt |@ QHD |x} RHD VwQ

[9]"CU= xOW xO=iDU= xk@] 4 |WQ@ ?=k l} QO CQ=UN |}=U=vW |=Q@ R}v w
QO ?}U; OwHw X}NWD |=Q@ |WwQ �2011� |Qo}O |xar=]t QO u}vJty
w |iQat lHwt R}r=v; Q@ |vD@t CQ=UN x@ T=UL |=y|oS} w R= xO=iDU= =@ =yxR=U
G=QNDU= 'Ov=xOW C@F xrRrR ẁkw u=tR COt QO xm 'xR=U MU=B R= QwmPt |=y|oS} w
CQ=UN|}=U=vW |wor=l} '�2012� OwNVywSB QO R}v|v=QoWywSB [10]"Ov=xOW
Q_v QO lQLDt CQwYx@ =Q =yQ=@ w 'xOQm |iQat =ypB QO lHwt p}O@D T=U=Q@

[11]"Ov=xDiQo
ZQa uOw@vTQDUO QO Q}_v |Y}=kv lHwt |xDU@ p}O@D w lHwt p}O@D
|xtRq xDmv u}= xm 'OQ=O xOy=Wt p@=k |=yOt=U@ |t=tD |=Q@ Ot=U@ � u=tR |xQHvB
|WywSB QO wQ u}= R= [12]"CU= pta QO xOvwWs}_vD ZQa =@ |}=yxQHvB R= xO=iDU=
p}O@D |=yC} Rt xm '5�S p}O@D� OW |iQat O}OH p}O@D l} '1996 p=U QO
p}O@D hqNQ@ S p}O@D [13]"OQm|t ?}mQD =Q lHwt p}O@D w x=Dwm u=tR |x} Qwi
u=QoWywSB R= |NQ@ \UwD p}O@D u}= w xOQm ^iL R}v =Q `HQt R=i C=aq]= 'lHwt
|UOvyt QO [15w14]"CU= xOW xO=iDU= |U=vWxRQr p}@k R= =yxRwL R= |Q=}U@ QO
[16]'xO=iDU= Q}D QO lQD |}=U=vW |=Q@ S p}O@D R= 2009 p=U QO Q=@ u}rw= R}v xR=U
|=yp=vo}U VR=OQB Qw_vt x@ S p}O@D T=U=Q@ |QDr}i 2012 p=U QO u}vJty w

[18w17]"CU= xOW |iQat xR=U MU=B
p}O@D w lHwt p}O@D Ovv=t Cq}O@D Q}=U x@ C@Uv xm |}=}=Rt s=tD =@ S p}O@D
'|Hwt |=ypmW |x} RHD QO p}O@D u}= "OQ=O R}v |@}=at 'OQ=O x=Dwm u=tR |x} Qwi
Q@ x@re |=Q@ wQ u}= R= "CU}v ?U=vt 'Ovm|t Q}}eD u=tR pw] QO \w@ Qt Ot=U@ xm
l} xm '7R=i uw}UqwOt x=Qty x@ 6\rDNt |Uw=o |xQHvB =@ S p}O@D 'pmWt u}=
[19]"CU= xOW |iQat 2004 p=U QO |WywSB QO 'CU= xDi=}s}taD S p}O@D ẁv
|=Q@ =Q x} Qwi |Uwv}U |vLvt 'R=i uw}UqwOt x=Qty x@ \rDNt |Uw=o |xQHvB
QDy@ |R=U|a[wt ?Hwt Q=m u}= xm 'Ovm|t xrwOt XNWt Gwt pmW l} uO=O

"OwW|t |v=tR |=y|QU |wQ Q@ Ot=U@ � u=tR |xRwL QO |Hwt |=ypmW
X}NWD Qw_vtx@ \rDNt |Uw=o |xQHvB =@ S p}O@D R= xO=iDU= Q=DWwv u}= QO
|iQat ut[ =OD@= =Pr 'CU= xOW |iQat |WQ@ |=y?=k QO CQ=UN Q=Okt w pLt
|xQHvB =@ S p}O@D 'xt=O= QO "CU= xOW u=}@ lHwt p}O@D =@ u; Cw=iD 'S p}O@D
|=y?=k QO CQ=UN|}=U=vW Ov}=Qi w|iQat R=i uw}UqwOt x=Qty x@\rDNt|Uw=o
VwQ QO SCW p}O@D |}=Q=m "CU= xOW xO=O K}[wD p}O@D u}= R= xO=iDU= =@ |WQ@
CLD xk@] 8 w 4 |WQ@ ?=k wO pt=W p=Ft wO QO |@=QN |}=U=vW QO xOWx�=Q=
QO lHwt p}O@D uOQmu} Ro}=H =@ u}vJty "CU= xOW |UQQ@ |}xRQr |Q=PoQ=@
|xU}=kt l} '\w@ Qt p=vo}U VR=OQB QO SCW p}O@D |=Hx@ xOWx�=Q= sD} Qwor=
G}=Dv "CU= xOW s=Hv= |}xR=U CQ=UN |}=U=vW QO p}O@D wO u}= OQ@ Q=m R= |rm
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R= xO=iDU= =@ u; Ot=U@ � u=tR V}=tv w |tD} Q=or AQ}J |v=tR |QU "1 pmW
"xDi=} s}taD S p}O@D

|QU |w=L xm CU= xOW xOQw; 1 pmW QO \rDNt |Uw=o |xQHvB =@ xDi=}s}taD S
QO "CU= x}v=F 1 |Q}oxvwtv |xrY=i w x]kv 256 pw] =@ |tD} Q=or AQ}J |v=tR
u=Wv � = 6 ZQi =@ \w@ Qt SCW h}] w xO=iDU= OQwt |v=tR |QU 'pmWu}=
RmQtD p}O@D u}= 'OwW|t xOy=Wt QwmPt pmW QO xm Qw]u=ty "CU= xOW xO=O

"OyO|t u=Wv =Q Ot=U@ � u=tR |xLiY QO p=vo}U u}= |SQv= R= |QDy@

SCW p}O@D R= xO=iDU= =@ |@=QN X}NWD Ov}=Qi "4
=@ w p=vo}U VR=OQB T=U=Q@ xm 'CU= xOW |iQat 9 SAD XN=W =OD@= =Hv}= QO
VwQ l} XN=W u}= R= xO=iDU= =@ TBU "O};|t CUOx@ SCW p}O@D R= xO=iDU=
"CU= xOW x�=Q= xR=U QO ?}U; u=R}t u}tND w pLt |}=U=vW Qw_vtx@ Ot;Q=m w QF-wt
p}O@D \UwD |WQ@ |=y?=k QO CQ=UN |}=U=vW Qw_vt x@ |Ov}=Qi =Hv}= QO

%CU= xOW |iQat SCW
Cr=L wO QO xR=U C=k@] |t=tD QO u=mtQ}}eD MU=B |=yp=vo}U |Q}oxR=Ov= "1

&|}xRQr |Q=PoQ=@ CLD xO}OCQ=UN w sr=U
p[=iD CQwYx@ xR=U R= s)=k |xk@] |@Uv u=mtQ}}eD p=vo}U |x@U=Lt "2

&s)=(k � 1) |xk@] u=mtQ}}eD p=vo}U R= s)=k |xk@] u=mtQ}}eD p=vo}U
|x@U=Lt w SCW p}O@D R= xO=iDU= =@ 2 s=o QO xOWx@U=Lt p=vo}U VR=OQB "3
O=OaD ?}DQD x@ N w M xm '\rDNt Q}O=kt =@ SCW p}O@D M �N T} QD=t

&OvDUy SCW T} QD=t |=yuwDU w =yQ]U
Q=OQ@ l} u; |xH}Dv xm 'SCW T} QD=t uwDU Qy jr]tQOk u}ov=}t |x@U=Lt "4
T} QD=t jr]tQOk R= s)=i uwDU u}ov=}t 'Q=OQ@ u}= R= s)=i |x}=QO "CU= 1�N

%O};|t CUOx@ 8 |x]@=Q R= u}ov=}t Q=OQ@ "CU= SCW
MeanV ector(1�N) = Mean[abs(SCW �matrix)] (8)

CU= uyB u=tR |xQHvB 'sm |Ot=U@ |=vyB QO QDq=@ |Ot=U@ Kw[w uOQw; CUOx@
|xQHvB 'q=@ |Ot=U@ Kw[w uOQw;CUOx@ |=Q@ q=@ |Ot=U@ |=vyB QO 'Tmar=@ w

"CU= l} Q=@ u=tR
QO Ot=U@ =t= "OvQ=O xv=oOvJ |Lw[w C=}YwYN 'lHwt w S p}O@D wO Qy
'lHwt p}O@D "CU= Ot=U@ w u=tR R= |@}mQD S p}O@D w OwW|tv u=}@ lHwt p}O@D

"OQ=O Q=}U@ |=y?=NDv= 'lHwt `@=D =Q} R 'OQ=O |oQ=B OvJ
|DQwY QO 'OwW|t C=aq]= uDiQCUO R= x@ QHvtlHwt |=}L= 'u}= Q@ xwqa
xDmv u}= QO p}O@D wO |U=U= Cw=iD "CU= Q}PBTwmat w ?QNtQ}e S p}O@D xm

[21]"CU= R=i ?} Q[ |xOvQ}oQ@ QO S p}O@D xm CU=
|xQHvB uOQmu} Ro}=H =@ w |rY= S p}O@D R= xO=iDU= =@ xDi=}s}taD S p}O@D

[22]%OwW|t h} QaD 4 |x]@=Q CQwYx@ xDi=}s}taD |xQHvB l} =@ |Uw=o

S(�; f; p) =
Z +1

�1
x(t)wgen(� � t; f; p) exp(�2�ift)dt (4)

"CU= xDi=}s}taD |xQHvB pmW |xOvvmpQDvm |=yQDt=Q=B xawtHt Qov=}@ p 'u; QO xm

\rDNt |Uw=o |xQHvB =@ xDi=}s}taD S p}O@D "3
(SCW )

[19]%OwW|th} QaD 5 |x]@=Q CQwYx@\rDNt|Uw=o |xQHvB =@ xDi=}s}taDS p}O@D
SCW (�; f; �) =

Z 1
�1

h(t)fwCG(� � t; f; �)� exp(�2�ift)gdt
(5)

xO=iDU= =@ R=i uw}UqwOt p=ta= =@ xm 'CU= \rDNt |Uw=o |xQHvB wCG 'u; QO xm
%OwW|t pY=L 6 |x]@=Q CQwYx@ ?U=vt \rDNt QwDm =i l} R=

wCG(� � t; f; �) =8>>>><>>>>:
P exp

h� f2(��t)2
2

i
expf�2� if(� � t)

+2�i sign(f)� log[� + jf j (� � t)]g
; t < � + �= jf j
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1. fast fourier transform (FFT)
2. Short-time fourier transform (STFT)
3. wavelet transform (WT)
4. wavelet packet transform (WPT)
5. S-transform
6. complex Gaussian window
7. phase Modulation
8. voice
9. sum of the absolute deviation (SAD)
10. absolute deviation vector (ADV)
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