Downloaded from http://journals.tums.ac.ir on Tuesday, January 17, 2012

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

YO-YB AYAZ N oplasd N7 095wl s SSb 33 pole ollituls (sl 55 0 Al - ulivh 2l siuks

o3\l b (1555 (61,35 diBelp (Fowo (S JUKew ;5 295 (AR (o) 2
Sage cwlo b @ilgs §f

"

" i dwgs ¢ laeal Lople 585 T dusdlgl dlga deswe 553 a5 03l le cons

Ol ol (Kb, pole ol Sy wtine 1)) ol S
ol e (K55 pole oISt (S (podine 9 Susid 095 ol
.- & & o & . .4 g o ¥

Olrl el (b pole oltily (Sbjy (owdine 5 o3 09,5 bkl

S5 S5 5 e i 5SS ] pale 51555 s

oS

DA Al o Sege 50T Sl ealiol b o JiSws (S5 iz T 55 o 2,008 9 oSS 51 (o295 42 dlite Sag0 4l @l Sy ke 18D g e
o=l 3 g 03l 56 b IS w5eSily (S sl JenS SIS 4] 4 dog b A3l anbly abgye sla Ui (3l 03,88 g jugp (RIS, (5 e
o ) o3l Uy 138 a5l e S (sl Ui cslys (shing dolsio Sngo drly b o sindss (gl o) 51 ot | sl 005 _snus oo

28 Bl b i cpl > ynde <L) g o Uogd (2l s S8
2 Gkl Jos 8.5 g0 algid S sla i (55) Sase b el S 0 Jor Sago ale (ldl plsid i &5 o8] Sl om0 9
9 5k SOb sl @l ol SaSTL g 035 Ao bl (sl Sage I elie @ pldl il 5B g 0jlul g9, 2 A ©jgo ) dlsje 5
ooy jloslisl Uy JiSws oS 5 aloyo )3 5298 Sil a2l ISVl 5 538 0l sl il Sl (Sgo slosn JiSew oS 5 g 54U

ol o 03l (il Sloj

b s el o680 Jlasl b cams o oLt |, CoifletS wl ab sl Sege 50T 4 Cond WS (gjlojle 13 390 0 plol 501 :aaiBly
Sl 39 b owd VB | 5255 d Jiw G g o0 Sloj (sl iy olsl 2 005

5 S8 S5 (i b gualed 53 Sage Bkl b g el Sl Bl el 9 Sl go &) ad Jlos oo Nl (1 ol Sge 36 5 ot
205 o Sl gyt €8 L g sl S (il B = loj elinl 3IUT «Sago (gl 5IUT 5 o3litl

5295 Gl Slej 025 ((SeSB Ay ST (el Sago il @b ¢ 2lsid S slaizio )35 w Sl Spe oS 1S G5l

Ll Sy zge 3 39290 SlopdlS B 0 Sgo safens
(Vo)).zdl oo

- JUS IS a5l Sge laenS S bl

o3gll s (315 g (2B (slajg Aoy 4 Mita i (sl

L 1)35 4zl (Fao slodes & g Lol plie 2igd o0

i 45 Jaza g o0 b Glapg ) as)le 1S e 09l

.

dodo
Ldlie o5 a8 b glalis 1,35 asSily (See b Jous
o ME B (85 dhwg i jloxin anlp (b oS
S Sl e 3)9 > (ele Clxeog (pdgl g
2 89 b e Kemp lawgs VAVYA Jlo 13 )38 4z Sl
Flal 5 LS aiseSily Joo slo uS 15 Skia ilalie
(VF)895000 o J b idbise Gl (2l 8l 5 aseie

E-mail: abolhasan@sina.tums.ac.ir ;! (s (Kbj pole olfuisly (S5 0aSuisly Sz (owdieo 9 o5 05,5 1 g Bt 95



https://journals.tums.ac.ir/aud/article-1-153-en.html

Downloaded from http://journals.tums.ac.ir on Tuesday, January 17, 2012

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

Sage camlio a4l @l Sl oslatul b GbsS AT Aty Ligo sl Juus Jikaw )3 juss G Lwyn  TF

37 09
o OleYb! g3lwodlel g and
LS aseSily Lo glb e o oslizul CleMb]
< o9 (lisee sl jlon L) slow 9 )lxin 3,3 obxiy 5l ol
Otodynamics JlkeS célo ILOZEDP oKy 3l odlaiwl b
randy Gljlon g Bl 9 (B SR 5 @y (LS
S5 pole oKl (o)) redplal (Sl jlows goione 4 iy
A5 (6yglaer ol
I lgd (il )8 S8 slasonio 4 bgype Sl
o=l 319 45 g (A) gy oBtily (] ol 03l oSG
S2ge a0l @ (Ahb ulp b JiKew s 4 b o
23,5 odlatl
Sage (Prb g dolaie (S iy 54U
eS8 i I el 00,8 5 Sage s )55
Sl ade Ciyguo 4y g A 031D drwg SIS gad b UK
ol gl S ol il il slagi s () 28
s gy ol AL 3 )05 g s LS 30T (4 Sage
L L 3l 5 pons sloSago o (0,8 i b ol o0
) 3 48 gy gl Gy |y dise @ i 3,90 JiSiw
Sla i sl Sage anl @S 4 ) gl e
by 48 Cnl oo by @l S s > StsSTo
0l diuge i oSl oyl 53wl 0 Dlpiiy  Rao , Chapa
o JuSem b 5LS 5 0jlasl g9y 2 Sage il @ ke
(R)2,5 oo ©yguo &l & jo0
s olate SSE i 3T ) el Lz
s—, (Orthogonal Multiresolution Analysis: OMRA)
g 5o
salais (S5 iy U
U Sy cdalate (S5 223 U S, 50
5 9 ) e e @ dsde ) f () €V
(Vo58) 55w {g, (x)}

FE)=Y g, 0 ]

= (X)) 595 ysmai b S o0 alsye 4l
- Sypo Wi 9 V) salxio (subspace) (slas y5 93 59,

OlFe by ool dhea lgd e all Gl (slagpils 5 )
hoo g (S lopg (uld & ogp Gille (it glae
o=l 45 YL (iS5 ooy (Fo¥h)2 pU 1) 095 by
S5 el I (36 el aiS o 039l 1) L JuSws
o maiio Lansgs U i 3T 5 b calliy o))l oo
oo s oY gl o 595 S

JiSims 3 5255 ol g U1 (gl lisee (slog by,
i g b el cel ok ) LIS 5ol g (sl JunsS
JUSm 3 (ilisee lan Saiagg (loj b (il 3 eljal 4G
50555 (g oloj b YL il elipl iy g oo ol
“e Vgl gt (Stie oloj b omly S5 €l
Pl o pegad ao Gl (2loid s 3 Slee ol
(VJSs) e )3 s ) Sorge by b oy SOb S ailon
sz LT gy Sl edlisl L lySioe cnlplis (90
b o a8 )N wSily Sge oS JUSew (S8
S35 5=t 3T il b U ol sl cuslio Sage S
Sy ials gyin cEd L) 9390 g5 g 3> ploul gl

aiz 50T gjloorly gl (iliee Sargo aly slagl
LT eyt Jghite 4 ol o olitl o JUiSiams ol LSS5
cals bk 4 ol ol Ol sl e Coiflets 4l b
bl IS a5 Sl Sse oS i b ol JSS
JUSm )3 3295 GEaLS (coy p cadlllan cpl San Lol (V57)
by @l jloslinal b (565 (51)35 w5l (Sgo s JouS
Cawl S g0 caunlio

=2
=t
1

o
=
T

60 F

&
T

Stimulus Magnitude (dBSPL)

D - B A

o

=

1 10
Frequency(KHz)

g Olas] | Jols uilS 13 S sl dodie —) JSU

VWWAZ ) oplodis A7 0095 - 0l g (S5 js f,lc L RIE TH PLF NN 4] K F R PN )


https://journals.tums.ac.ir/aud/article-1-153-en.html

Downloaded from http://journals.tums.ac.ir on Tuesday, January 17, 2012

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

Yy OIed 5 a3 o3l jule s

Do oo Rike Do W lp pjlalyy 4 balys opl oS

<¢f,k’¢j,m> =0 %]
<¢j,k "//j,m> =0 [V]
<V/j koY im > = 5]’ N Oy m [A]

> |<I)(a)+27rm)|2 =1 (4]

m =—0

s p(x)eV V4 S\ >3l 5|
L_i_»g.))a_aocbl) LQj ulyu.a A.H.ul.’u.a I//(X)EWO CV71
()csg V| sladp; gac glaal 5l s oS 5

$x)=23 h p(2x —k) h)
J—
y()=2Y g,42x —k) M

i)l ol 3 059 )3 4

®(w)=H (“5—)@(‘2—) ]
e (P e (2
¥ (o) =G (50 (5)

iy Gl W) g Ve Yol 3 gy 5 Ty sl
(Quadrature Mirror Filters: QMF) x5 (clan] (sl yild
hls 48 S e pasie (S sy 3T G 6l
sl (o ) oely>
|H ()] +|G (@) =1 [\Y]
H(0)H (0 +71)+G (0)+G (0+7) =0 Y|

9 Ml &4 9 My a8 b G(@) 5 H(w)

@ &y hy e ol 3 (M) sl glie 277 0p93 L
Vo]

8 :(_1)k+1h1—k <:>G(a)):e‘[“’H(a)+7r)

il e gy Sl K D GV =V B, 4 5,5
3 omle 0599955 Lt omess S fo(x) €V ol g
@ f (X)) poas | & conl S5 cgo(x) €W 5 f (x)
0S5 pigmai L dnjod Jos dabl im0 s 1 f ()
) aalste glal 55 o 0yp0 Wy 5 V) g, f(X)

D)8 Ly Gl e ps Syge W LW GV

v, =27 (27 x — k)

b =272 x —k) a

o S Px) 5 Sape a2 S Y (x) S
Ll 5 o baslyss § aib o (Scaling function) wlde

[w(x)dx =0 w(0)=0

(]
j¢(x)dx =le d(0) =1

W(x) asy bas ey 4 O(w) 5 Y(0),

o0

g,(x)= 2 d/ 2V y (27 x -
' ¥

K=o

dkj =<fj—1(x )71//_/,k>
fi(x)= i c,{Z’(j/z)¢(2"/x -k)

k =—0 [a]

C,'(/ = </j—l(x )>¢j»/‘>

(o) 5 pslas calps ¢f g dj] b c¥olao )5 S

i WUV} 55 5 cladly milie S5l ops
oSS i 5] S, 4t el imd e St |y LSS5

WSl L8y 5 bl il cul Y b delsio

Josyamaboaba b g 5w, -
ALV oW, slalad

W )‘)§)g Wj J_Wk dlw‘) ] +k PLoJ d‘)‘.’ -y

W, 1V, s-¥

YWWAZ O\ oplass N7 0095 - Ol pug S5 3y [e}J.c olSils iz 51 93 0 a8kslS - Sl 5ol 9o


https://journals.tums.ac.ir/aud/article-1-153-en.html

Downloaded from http://journals.tums.ac.ir on Tuesday, January 17, 2012

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

Sago cnlio a4l @ilss Jl oslatl b b s SIS Al iz sl JuuS JiSu 3 55 GholS swo e TA

oolaie @l 5 Srgo @ o gy 291 oy JSio
&L 9y il h e 2 Gl 48 )5k 4 cunl (55905
(3)-255] oty Sargo
Sago arly @U (59, 31 wldle U (939 Cowy

acy doleie (SS& Atz GIUT Lyl Jlos! abs o oyl
Ol 48 Cl ol (355 My Serge b @l i o5l
by 29l ooty Srgo anly @6 1) olie @ (o s,
W Jge b 5l ooliisl Ly olide @ 5l Sge iy 25 (9,8
ASlps pSae ol S (g asl iy Sl

Kz U1 S bl Y (X)) (sl Wy ¥ Ly
53y5) o |y SVE Lyl 50T ol o S slon) elaie LSS5
azi ly pjanle Gl o WY 5 VY Yolee l edlawl b a8
(V+o) :cé)s
@) =|¥Qo)[ +|®Cwo) \

Bobo 5k 21 Gl [DQ* @) st (s il

2yl Cawdy |y 05 @yle e (V)
- 2
() = Z‘\p(zf a))‘ [YV]
j=1

I[P o el oy e e 2l b Js

b s a5 3y9] Cawnds (y9b Iy |‘P| Cawl p3Y Dyl vy |‘P|
039132 1 V.,- bbb o5 0 ¢j,k Lol glp 1y (S g p5Y
oleie @b b a5 29800 428 byd oyl Jpa ol S
L Gl yao (g3900m0 dlasi (glyld g dgume (S )3 WL (glyls
oy ya a)e[—a)m,a)m] 039ae 3 |y D(@) 55 oy

148 oS o0

T
o, <rta OSaﬁg [VY]

S bl I 5 25 Ly [ Q@) sl 5 Ll
(A) somal &ild dgdzee (wslS )3 Wb b Soleio ywlide &b
[Y¥]
(@) =1 for
‘d)(a))‘2 + ‘CD(27r —a))‘2 =1

\a)\ <r-a

for 7r—a<‘a)‘<ﬂ+a

St Sers0 44ly @5 ! byl
o3l s (5 s Sl S, 3 odlnal b oS 33
S2ge S (o Jooe S2ge i S olul 2 &5 0
Ol g Conl oad (ohb 1o d)50 JUSw sl dbgiye
ilao Glgien sl s 1) jlade oy s SSb 5l (25
S g Canl 0del ¥ dblre > &S UKo Sldse glp 1y poas
Parseval’s gl alaly 5l odlawl b cowl Job o ys

by p Gygo & wilS )8 0je> > 1dentity
dl =(f )y, )= (F@) ¥, (2 0) 5]

Sl Wy (x) )6 J’A-’-’\ij (2j W)
3l oo g Cygo &k JUly J elie ) d,f

aif =F@ny, . @ o) W]

slas el B 32 55— (535 cssbusl Jlc
cusld fb...ta|9> A\

(F@.¥,, @ o) <(F@).F@) M

<1P/'0»k0 (2j0 C()), lP/o»ko (2j0 a))>
@S WS o lag gplp s 8y YU (g9lunol

F(0)=KY, , (2" ) V4]
.2
G oS 33 | ke gyt By [l
() il f(X) il il Bt W/ (X))
0l oo (guadal 03508l pl 0 VA dolee 4y s gi b
IS wilSyd i b S0 b ml (S 3 cads sl
bl (58,5 5la 3 b Babad ol g 39 03l el Jlas 390
cole, b sl byd 3,5 & )jgm tolaie  SS85 win U
(4)39 o Jloc! Gk 0l 55y Lai (ygulsy xo3) & dlslas
b 2 b e Gulad O I S0 (S
s 3T Lol a8 el ol i 300 i g Singo
Ol Ol @ox) L8bioe e &b (59 Solaite (S5
JUisl S g0 a0l 25 4 (wlde @ 59 5l el by L

> lp 035 (0 ©yp0 g0 &l () Bl Jg 295 03

VWWAZ ) oplodis A7 0095 - 0l g (S5 js f,lc L RIE TH PLF NN 4] K F R PN )


https://journals.tums.ac.ir/aud/article-1-153-en.html

Downloaded from http://journals.tums.ac.ir on Tuesday, January 17, 2012

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

ra OIed 5 a3 o3l jule s

b 85151 Gaabas — )

i ol e Sago 4l o5 i o) e

5 slbd @b e o ieS” (gl sty b s 590 JUSe
ol 48,5 Oy 00

EY ,a)=[[W (0)-a¥ (@)]do [

a,Y (0)= LW (o) =|F (@) s

aDleo 5 &S Y () gl ceslio o asly g0 oo s

(A).cewl 2 Sygo 4 bl o vty YA
[Y4]

Y (@ )_———[W Q2 -w)-W (o) +W Q) -W (47 -20)]
lac) diwge cdls diilod b mb Gubs (cly s cls

P[50, @] glot o gy & ol (ke 78l 2 (one
ol 15 Sygo 4 YY) ddlre dtunS b 9] Cons

[v-]
D92 8lS ) Oygo & Jols o & 9 oo

> 37 [Zee2m)] =

p=0m=-o0
where Y]

2 (k2m)

2 ‘

Z % for

=0

k#0

201 /3< <2"?/3

ol i o1 YR ahilee o 5 %) by cole, |y oS
(1) el Gt Srgo il

b 5B Guli-o

B 3y50 JUSw 4 Soge wl ol 6 sk (ol
5 Srgo 0l @b (29)5 p3b (Al b Cusl 005 n
(least squares) clasye oy y5eS (o) 5l y1ai 3)90 JUiSw
L aS oS e iy ) 7 sllad jglate opay 2355 @900
(Vpadisn plosl ) b (636 Bk o) slbd ()5 4ieS

o e @l 48 Aalite S5 Atz 5T S, 3
ol Gl Snge anl @l sl dgame (uilS b 1L Lyl

ole|lr—a,2r+2a for OSaSZ[Yf]
of <] | :

4
Al o ito Tﬂ)s‘l’(a}) 252 & 425 b g VF doleo

(V)98 00 oy 2j 90

[va]
|¥ ()| =|¥ (47 —20)| for  m-a<|o <4Tﬂ
(o) +|¥Qr-0) =1 for  m-a<|d <4Tﬂ

Sage b 5B olys

dolad by a8 0 00 uusel 8 Cuand )d ax 31
G sl g 9800 Jlosl ol @ 0jll (59 2 Laid
02 (g 10l )3 oS o0 S 5o 35 & ol 5B o9y il @
295 735 5 D(@) g8 L5 o (hidaly el
IV sl 13 V0 dadslee (6,iKls L oryel cowts V(@)
1l paples 36 il
[v#]
0,(0) ==~ Oy (@+27) + 0,3+ 1) +0,(3)

S o0 iy ) Oygo & |y (@) (25 553G

[Yv]
Ay (0)+ %

1 0] 1 1)
A (0+270)+—A_ (—+71)+—A_ (—
ol ) 5 @(2 ) 5 @(2)

do.
s Ay (@) = “’(a)%w Vol

Bttie Ay(@) =% @)
Sag0 &b gmdai

~Ciamud jd Jslaio (SUSE A )JLI Sy s sl
JiSw & Solsite Sargo @l Saadal (gl 0D (g0 (LS slo
DS s )8 odlil 550 f ()

Ly (o) =
I'y(0)=

o pa—s

YWWAZ O\ oplass N7 0095 - Ol pug S5 3y [e}J.c olSils iz 51 93 0 a8kslS - Sl 5ol 9o


https://journals.tums.ac.ir/aud/article-1-153-en.html

Downloaded from http://journals.tums.ac.ir on Tuesday, January 17, 2012

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

Amplituce

-D.1D

Sago nlie a4l @ilss Jl esletul b b s SIS aiSl s G JS JiSh )3 jasi phals w1

-o.)l.:g: dl): g§>9‘o U»L.o.n é:l; 9 4;1: é)b ulw‘.) l: Jl>
5 ool L el (3LS solaze | SoSa5 i U1 SO (o5l
81 oM gy hy cloykd gl Job mls o oS dslone situs
ol oa 5 03,91 B S5 > e 0jg— 4
2 AV S0l claild cp 4 gy ol eyl
ASVL 5 )80k lajild g4 g 1y slayild g 3T Aoy

Wavelst Function
0.8

w(x))

o4k -

0.3k =

0.2k B

o1k B

) fo— -

g 0 20 0 0 &0 B0 7C
Sample Number

s (2lyb Sage by U YIS

Scale Funclion
06

u (%)

=
=
1

o
w
1

o
L.u]
I

o
=
1

) ) . ) ) )
10 20 30 40 &0 E0 7t

Sample Number

Sage lide @b -F S

Normalized Amplitude

N /2-1 2

V= Z (FF(n)_r\y(n))

n=-N /2

[¥Y]

298 23U iy 4 Ty(n) o Tp(n) Vb Jsa b o o8
ol Sgo b @l (29,5 5306 5 Jlai 3,90 JiSw
Sage U 25k

=8 iz 3 48 Sarge (b e )oSUl S ool L
&b gl 4 2loid (il (e QL] g Ab 02l sy
Jade jl 4 cwl onds pbdl Sog0 S (@) 4 590
ol 04 ookl jolaie ply &Y JSS doie (gdAs

G y5 5 (YA) adskee » F(@) jlade ol 51, 8L,
1 ooliial U s oyl e 38 4 3 E (V) olis
- Coands Sog0 b &b ojlul gose Hlade (YA) dolee >
holeo )3 oy o gllad jlado (3,8 a8 L riczan ]
ol lsid (e 5 Sage b @b (531 Budas VY
b @b plyis @Y JSS odie (308 e 5,5 o0 g0
Yo Jgeys 5l oslizul b o silae g il e 0ns b Soge
Al ¥ JSS ©ygo 4 Job ulide b

1
1 2 00 =i

Freque:;lc y(Hz)

(A) ! (g 2s Jlo 33 il 58 i =Y JSU

VWAZ ) ooladb A7 095 - 0l pus Kb o pole oliuls skl 5 0Kl - ulish ol gisd


https://journals.tums.ac.ir/aud/article-1-153-en.html

Downloaded from http://journals.tums.ac.ir on Tuesday, January 17, 2012

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

™\ OIed 5 a3 o3l jule s

03
@
=)
= Nz
=
[=%
E (=l
=
. T e
<001
o 10 =0 30 40 S0 =] 7O
Sample Number
0.4
o3
ar
3
Z o0z
[=
= o
<=L
B R
01y 1n an 40 &0 o] 70

=0
Sample NMumber

=
- oIl Te
=% W T
[=
-( =02
¢
U 10 20 =0 40 50 &0 7o
Sample Number

0.4
oo ‘H
= . e
= B T

048 1n =0 an 50 &0 70

20
Sample Number

(8 7 S w9 500 U Tyo 138 VU 5,35 oy (s ik ~O S

Sage anly @bl oolitl L 1) JUSws il Sloj sl oy
- Syl ay IS e (SS5 0 30U S gors Sk
UK (w8 3 035000 4y dagi b g 03,5 s il suuslS'
Shes sbo oy S (oo &8 b JUSw (abjb  Sloj sl
Y sl uilS )8 edgame jd (ol SOb slaadlis 4 ond Jlasl
5 5o LS VAL /YD 5,me LS Y L5 V0 (5,0s LS # LS
B YOV Sloj slaalols o iy 4 35,25lS /YO L+ /YYD
WA L5 AIYEY gl Lo A/YEY b O/YYY gl Lo O/FYY
03gd eyl 4" Wld 1,8 asl Jee YoV B VY/A 4 adl Lo

(A JS5) ol odel Cawnty (Siags oloj s 69, 5 Slej

16 | : . T T
BE e [ eddme) __
- 12 L - i —— 10.2f\(-0.68)+0.5
E10tL
gt
s 8¢
E -
w 6F
<
O 4t ) .
of ]
0: 1 L 1 i
0 1 2 ] 4 5

f(kHz)

(S o sioin 5 S

o (gWo iy 3l 22l b 3193 (yidlS'y JUSws 51

18 a5Slyy Sgo slb oS JUiaw Lol eliie
SLb o 455 & 5 Ll o SIS g3l (i
ol (gla sk 5 L Ceanid 3 YU (slo S 3 & ol
95 0= 31l 48 gl el cuand )3 iy (S 5 &
S 4SSl Spo ladins JUSew jorbs 5 295000 L]
oS sl ylo; 0 &5 Cudyi s g 0y oy (Siuwsly
9 Sy Sl Oloj 42 b g 39 yalb Vb (iS5 Zly
9 Caol ol an aag L (W)ak ol 50 Gl (S 3
i WUT 51 s 48 Sloj slmo oty 3l oalisil b cpien
Olse 305 o0 Jlasl iz gloplide 4y JUSw (S5
5155 311y LS a5y g S i (5t B
Lgle ) ool ol 2 2 1 alb (o) (loj 2y 1o
(¢ Js=s) (latency curve) Siags ojloj (—ocio jl odliiul
cla s 5l e ol 959] vty gl (V)3 )gl Cows
A LIS 4 Sy Gee b JenS JiSew (55, i
A a0 0]y Frawly (slaald ¢ oud oalaiwl jlwa 5,8
S ) ol Aol sl 003 i 2 5550 S 0
(VY) il oo YV dbleo &ygo 4 blas ol L
7=10.2f **®+0.5 (YY)

4as Mbu_,o ‘_;LJQ:_M o o3lawl Ls’L‘) oo >y
Jlas! (sl il o sy (Siig oy oeio ) 3l gl oo

YWWAZ O\ oplass N7 0095 - Ol pug S5 3y [e}J.c olSils iz 51 93 0 a8kslS - Sl 5ol 9o


https://journals.tums.ac.ir/aud/article-1-153-en.html

Downloaded from http://journals.tums.ac.ir on Tuesday, January 17, 2012

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

Sago wnlie 4l @ilss Jl esletul b b SIS Al Liso S JUShs )3 jags Ghals Luwy e  TY

6-12 kKHz
3-8 KHz

1.5-2 KHz

07515 KHz

0375-0.75 KHz
0-0.375 KH=z

)35 a5l g0 Sdams JUSow 5001 g1y (55 SO VIS

A USCs bl oo S ol )0 dgsks Joawd VB Y s L
dn g B LIS asSilyn (e denS JiSKew sladiges
1S wslon oy o L 1) 1o ialS 150,68 Jles!
i (Siason B g A JiSms 93 Canl bles o S5
Sgme e ) 59 (RalS wiyoSl Jlesl I 8 4 s
i s Jlasl 5l iz b Ui ool 33 5299 40 JUSws s
Al oo Jsawd Vool

o Jlosl dbus 595 ply )3 a9 5 Shos (prizman
el s Lis jlows 3,8 G ol jgud sl JURw 4
S99 S g QLR Cle il oo w2y oSl cpl 093 3 Slee
~JiSw AV JSS b e 55 ol 3 slapuilS B poled
9> aiald 1o > ¥l o] aisld 45 M g b oas o3¢l (cla
La WS cpl @ g Jlasl b &S sy oo i |y a0 JUiSmw
Ly 5 ool sl G018 s s U 5355 4y JUSs g i
S b MY Jlade & Cos (pl g8 (S 026501 Lo
ol o3 lS GV e S 3 505 il e iy

IDmittedI

0529950 3,508 (o5 slere

488y 15 )3 o )8l 3 ySdes gy (Sl 8T (5lne
g badlie g UK o Rl Glie sl 0
Lo JUSew polo b cglite b JuSw ol )3 295 iy 4SSl 4
Oz & b WS ol 0 g 4 JiSw Cons lre il
o=l el e 3l 4 el 0008 (ay pm  Sglaie
“JeeS JiSw oS Csl ©jg0 (ol 4 485 O)90 b JUSiw
Ol 2 S Cjgo 4 065l odd Cud w Sl (Sseo sl
BU ya ) IS dig0d AV Dl 4 B g A cglato (8L 40 5o
Ly > B JUSw ol 3l (655 560le 5 g g 005 035
2 B0) g AM) 68 Sl ) Jools JiSams 43 oy OS]
Pl o IS JiSaw S5 3l (g3905 &5 395 0 oy 1295 (loie

azdly
~JiSew g Sl 0yl Jlesl jl axy &S (o0l

5 Sog0 4l U 5l edlaiwl L 1,38 45Xl Saw JuuS sla
P R u».mlf 9 dguk ool Cawdy 0 L;>|).L> L;Slo)‘ Lgl.mo);d.‘i
crl 3 ng Sl pwyp e dad o (LS ) b JUSw oy
04 plot] wwyp 4SS Cunl 3o d UK Comd dguty allio

|Time Windowi
|Time Windowl

T2 pur Co—v
e o]

Ploj ey Jlosl jl ar 1,35 ABuily (o (SBJmd JUSw 5w 1y (6 SOL A IS

VWWAZ ) oplodis A7 0095 - 0l g (S5 js f,lc L RIE TH PLF NN 4] K F R PN )


https://journals.tums.ac.ir/aud/article-1-153-en.html

Downloaded from http://journals.tums.ac.ir on Tuesday, January 17, 2012

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

ry OIed 5 a3 o3l jule s

Cirginal A & B Signals
T T

i)

Sound pressurs(uPa)

1n 12 14 18

Ti%e(mszf

' Bafor
After
g et

L 1
o 1000 2000

Frequency (Hz)

JonS S JUSanw (0 595 (DI ot 1551 Jlosl 1 Jud Il 565 B g A (1,58 ditsesil g Sgeor S (g JUS (i1 -9 JSUU5
295 RIS @i 5N Jlas! 513 5 U g i (2 -299 (80 0,001 Jlos! 31 an B g A (51,35 il g

Skl b jg Lials g o3g Coiflets al b b Ksg0
Sg-diee JiSew (551 pr Jolds &5 VP Dsla polide ()
L g dn JUSiw ol (03900 2 e sl 485 )50
3UT 48 oy 53 iomen (YoF) wcml odd s wd VIS
&y CONfletS &l @l b Sago Lo 3 olial b S
0l odlatwl Jloj (slroyoxiy il 395 ialS (gl g Cunl a8 )3
0l odalie Jyob dy JUSow Camnd pd i owd OFY (639040 Cuns!
oy o s |y cll S sl JUSw VY S (V) e
S5 Sl Ly (oolaiin oy alio oS L a5
e ilodds 3900 ¢ 53Ul Soge w0l &b leie 4y Coiflet5

2000

Sl 02lital U 48 i o s 3o ol 5 ol gl
S 595 1= 530 3 (gm0 (b Sogo a1 b
oialS’ g U (il 3 Slojelipl (il b b5 )S Jlos]
JUSmw 895 e (b oy Wl o0 ol plgid j295
sy Gl i plodil )5S 4Kl oo slo oS
oS oo b Slllas gl & (gloLil (golpguiny ol 5 Slos
Soo a5l JUiSws 3 g GRS (g o edes
F o 099y o=l Lo &8 il oo (655 (0S0lee 1 oalitl os5
oS Jo o YIV U ) 5255 olgiise (655 0nke )l OVY
a2l 2 S T 020580 47 (6503 gy 52 (Y5))3ld

Drginal & & B Signals

-
1007 - i =] |
= fanhihafa Y ; N
= -] =-1‘~<:r~-«'—.~r>,-v-ﬁ-.'m~"¢-"‘,__|' u \J-’] h\r'—.‘. ‘.,,-*'\, 'Ijﬂ,f\_/“ "\f‘ N e o o e S AT e g i o b ]
=
5 =1000 1 1 1 1 1
g_ o 2 4 H -] [] 12 1 T ] =0
z Dioraised Signsls by Desigred vevele ime(ms)
2 e
....... -
El B
& y .
R TY11 P SRPRpEN -
—eet Y v,r\, L i i
o0 L L L L L
1_0_3 2 2 & ] 1 12 14 15 18 20
— Mo Spectram Tlme(mS)
= ia
= ' ! Brfor
— . . Ater
— _| % Ta¥ s / T — =
; B ‘\'-' o~ o
- gt L L 1
= % 1000 2000 =000 4000 £p00 E000

Frequency (Hz)

B g A sldUSiuw (0 Wil oo JUSumw diold ¥ 3295 diold .ol 005 0391 s 1095 b a5 B g A (gl JUSunwr (<BI1 Y » JSC5
729 0B ok ol Jlost jlan 9 S8 g5 b (7 95 (8 51 om

VPAZ ) oladb A7 055 - 0l s oS g o ske oSl skl 55 08l - uwlish ol i


https://journals.tums.ac.ir/aud/article-1-153-en.html

Downloaded from http://journals.tums.ac.ir on Tuesday, January 17, 2012

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

\_:;}A ouwslie 4l &»|9.:)| oél.a.uu”.‘k)“u; BT Al S Bl Juus JiSuw 0 ).:}.»k)iuhlfu.m))) Y’f

Orginal & & B Signals

2000

T T T T —
1000 |- . . &

5 a—mmﬂﬂﬁqfv\mf\wwwwwwm. uw

= 0o - —

g 1 1 1 1 1 1 1 1 1

m 73:mu 2 4 =] a o 12 14 16 e i)

ﬁ - Dienoised Sigrals by Cotlats wawelet Time(ms)

= T

2 i

w

500 - 8|
ofb— A _-"\/\—\/\f\/\/\/\m\.w«——w———- SN -
500~ 1
. 1 1 1 1 1 1
2 =1 :] 10 12

Moise Speclum

14 16 _IE i)
Time(ms)

! Befar
Adftar

L
Eliun) BO00

s0a0
Frequency (Hz)

S0 §BnS JUiSw — ] . Sago 4l &b olgie 4 CoifletS b g odliniu pis 1951 51 03Ul b jrg5 Lials 2 Y S
A 51,58 &xilys (Fgo SmS JiSww — 0 3198 GRS i 18 Jlos! 51 LB wllus 555 B g A (51,8 el
29 o 1,080 Jlos! 1 axy 9 JB 5199 hab g 599 (RIS ok oS! Jlos! 5l ams B

L o) o (biorthogonal) (cseleigs 4l (lagl 4 &b oy
@Sl Fyo JeeS GiSew ln @y ool 09,5 ane
(wavelet (glaiw Sge s anl p U1 Jlesl 41,38
slalide p 1) Ji&w —wilS 3 - Jlaj ¢ljsl packet)
elial il ola wliie 90,5 zlseiwl (o uin s b iz
el 35 e S 5351 e ] o8 1 i
S sbooyaxty Jlosl g 03,8 djow gt slaadlid

A il b S tol 53 sy <B L) g 5SS

&35 ol

SaSage 4 dnd o o2yl pl I Jols S
Ly csdolss 93 o mas b cgy el 5 ible (sales 0
U« Sage sl UL Sl oslial 5 (uilS )5 SsS ovin
cB Ly oo ladins JiSw (uilS b - Sl el
235 (o pAglal (6 iy

8lise s YA 3300 nl )3 5298 4 JUSiw Capnd a0

AU lyse o=V e JSb g o m @ S5 dulis |
oL ool b awlis 1) oad digy Sog0 aib pb ol
iy 3, Slos dunlio .3, S osnlie Coiflets al
oLt YL plo p3 0dd ey lata sl b ookt
e VB oipgSl cnl )3 a9 4 JiSw S dga00 02
Sloslaiawl L a0 d JUSKw Comd )0 dgutp ol cde .l
255 i 3)90 93 3 Ol |y ey ool

b Kbl g Soge Joas 3 )Sles calus —ll
5 S S Ui 05 (lgis 4 Gjls 3 See Lo
P 2 Sye G iSew (owil8 m Sloj 0uilS SSE

$95 3 oad (b Slej slao oyl oslswl
Lo il S 3 jomda Glej oaimd )i & (595 (S ot
bl oo 95 (Fgo 45Ul (o JiKew 5> i

Canlid g odd dingy 290 4l @l 4 K> (2L

VWAZ ) ooladb A7 095 - 0l pus Kb o pole oliuls skl 5 0Kl - ulish ol gisd


https://journals.tums.ac.ir/aud/article-1-153-en.html

Downloaded from http://journals.tums.ac.ir on Tuesday, January 17, 2012

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

YO ubles 5 5 s osliude s

REFERENCES

1.  Whitehead ML, Stagner BB, Lonsbury-Martin IEEE publication; 2006.

BL, Martin GK. Measurement of otoacoustic 6.  Janusauskas A, Sornmo L, Svensson O, Eng-
emissions for hearing assessment. IEEE Eng dahl B. Detection of transient-evoked otoacous-
Med Biol Mag 1994;13(2):210-16. tic emissions and the design of time windows.

2. Otoacoustic emissions (OAEs) Portal [Online]. IEEE Trans Biomed Eng 2002;49(2):132-9.
2006 [2006 Nov]; Availble from: 7.  Janusauskas A, Marozas V, Engdahl B, Hoff-
URL:http://www.oae.it. man HJ, Svensson O, Sornmo L. Otoacoustic

3. Abolhasani MD, Salimpour Y, Sarkar S. Editors. emissions and improve pass/ fail separation
Reproducibility enhancement of otoacoustic using wavelet based denoising. Med Biol Eng
emission based on multirate signal process- & Comp 2001;39(1):134-9.
ing. Proceeding of Xth Mediterranecan Confer- 8. A Virtual Laboratory for Auditory Research
ence on Medical and Biological Engineering; [Online]. 2006; Availble from:

2004 jul 31-Aug 5; Ischina, Italy. URL:http://earlab.bu. edu/.

4.  Salimpour Y, Abolhassani MD, Ahmadian A, 9.  Chapa JO, Rao RM. Algorithms for designing
Barin K, Editors. Multiresolution analysis of wavelets to match a specified signal. IEEE Trans
transient evoked otoacoustic emision. Proceed- Signal Process 2000;48(12): 3395-406.
ing of 2005 IEEE Engineering in Medicine 10. Daubechies I. Ten Lectures on Wavelet. Phila-
and Biology 27" Annual Conference; 2005, delphia: Siam;1992.

Sep 1-4; Shanghai, China. Los Amalitos, USA: 11. Mallat SG. A theory for multiresolution signal
IEEE publication; 2005. decomposition: the wavelet representation. IEEE

5. Salimpour Y, Abolhassani MD. Auditory wave- Trans Pattern Anal and Mach Intel. 1989;
let transform based on auditory wavelet fami- 11(7):674-93.
lies. proceeding of Engineering in Medicine 12. Sisto R, Moleti A. On the frequency depend-

VWWAZ O\ oplasds N7 0095 - 0l pag S5 3s [e}J.c olils (s sl 93 0 38l - Suolinds 5ol gy

and Biology Society, EMBS 06 28" EMBS
Annual International Conference of the IEEE;

2006 Aug; NewYork, USA. Los Amalitos, USA:

ence of the otoacoustic emission latency in hy-
poacoustic and normal ears. J Acoust Soc Am

2002;111(1pt1):297-308.


https://journals.tums.ac.ir/aud/article-1-153-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

Audiology/Vol.16/N0.1/2007

Study of denoising in TEOAE signals using an appropriate
mother wavelet function

Habib Alizadeh Dizaji*, Dr.Mohammad Djavad Abolhasani’, Dr.Alireza Ahmadian®, Yousef
Salimpour*

L. M.Sc. Student in Medical Engineering, Medical Physics and Biomedical Engineering Dept. Medical Sciences/
University of Tehran, Iran

2. Associate Professor of Medical Physics and Biomedical Engineering Dept. Medical Sciences/ University of
Tehran, Iran

3. Assisstant Professor Medical Physics and Biomedical Engineering Dept. Medical Sciences/ University of
Tehran, Iran

“_ Ph.D. Student in Cognitive Neuroscience Research Center of Sciences and Technology in Medicine, Medical
Sciences/ University of Tehran, Iran

Abstract

Background and Aim: Matching a mother wavelet to class of signals can be of interest in signa
analysis and denoising based on wavelet multiresolution analysis and decomposition. As transient
evoked otoacoustic emissions (TEOAES) are contaminated with noise, the aim of this work was to
provide a quantitative approach to the problem of matching a mother wavelet to TEOAE signals by
using tuning curves and to use it for analysis and denoising TEOAE signals. Approximated mother
wavelet for TEOAE signals was calculated using an algorithm for designing wavelet to match a
specified signal.

Materials and Methods: In this paper a tuning curve has used as a template for designing a mother
wavelet that has maximum matching to the tuning curve. The mother wavelet matching was performed
on tuning curves spectrum magnitude and phase independent of one another. The scaling function was
calculated from the matched mother wavelet and by using these functions, lowpass and highpass filters
were designed for afilter bank and otoacoustic emissions signal analysis and synthesis. After signal
analyzing, denoising was performed by time windowing the signal time-frequency component.

Results: Aanalysis indicated more signal reconstruction improvement in comparison with coiflets
mother wavelet and by using the purposed denoising algorithm it is possible to enhance signal to noise
ratio up to dB.

Conclusion: The wavelet generated from this algorithm was remarkably similar to the biorthogonal
wavelets. Therefore, by matching a biorthogonal wavelet to the tuning curve and using wavelet packet
analysis, a high resolution time-frequency analysis for the otoacoustic emission signalsis possible.
Keywords. transient evoked otoacoustic emissions, tuning curves, matching mother wavelets,
multiresolution analysis, time windowing, denoising.
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