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ABSTRACT

The work is orientedowards theanalysis of mefrequency cepstral coefficients as speaker
features used in automatic speaker recognition. Indirectly, the walsaoriented towards the
practical realization of automatic speaker recognizer. All nmeddudre implementeih C++
programming languagdmplemented automatic speaker recognizereid-independentFeature
vectors contairthe mekrequency cepstral coefficientslultidimensionalGaussian distributionf
feature vectorsvhich belongs to a speakisrassumedThe shape of assumed Gaussian distribution
is determined by appropriate colarce matrix. Thereforgpeaker modeling was performed throw
determinatiorof covariancenatricesof feaure vectors which belongs to a given speaker

Testing of recognition accurgc was conducted over speech databasmdier deeloped
within the AlfaNum project. Onespeech datsase contains 121 speakevhile another contains
utterances of 44 speake®7 speakers are used for tests in this wadthke differentquality of
recordngs in thesespeech databases was used for testing of recognizer on speeadmgscof
differentquality.

Different parameters of recognizer and applied environment are vpaddof used speech
datdbasefor testing of recognitionthe shapeof auditory critical band, the influence othe
proposedenergy corection inside audity critical bands appliedAlso the difference between
models of training and test speeadf the same speakers monitored In order to reducehis
differenceand to improve the recognition accurapme transformations are applied.

Keywordsi automaticspeaker ecognition,auditory critical bandsmel i frequency cepstral
coefficients,exponential auditory critical bandsultidimensional Gaussian distributiaovariance
matrix.
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sfdseo dzy GMsBddzj ¢ dzOMO: T GUE RO tcf @ Czigg dzi d I8 49 dzd
fsBkHdzgy ©OLHEMNdDzg Mlstckz" j] d BB O dgO BHtej ' j ded d
Ccotoqegtf® Bic ftoj HMISO? O Mdzsy jdz OSEMsdysd Mmde dzO
LO" j Hdzd yS ts@ WJJWW@Q’" dzddze o dMisdys dr, Otlsd¢
(CampbellP. JosephJr., (1997.);r 4 dzd ¢ dZ|O HEs d Hto.f a@®Os01g .dAs)nls W tstc d3c
Csac®OH tcj ' 2 | dzOl{q’dz ftoj Mdzd € O OF O Isftewy Jts fifulats o @iy Is @<
Mk o kzMmisdys O Hy Mlso©® (oo j defplse j dzts f simdzy Hd YO
fsMBOteOdse ctotsteddS O, LOdd HO Mk OtBY Yk dd ks
fte@Qdzd BO dLEeBotstc® COfs cf HO Mk Mmj BOdzelsdysc © d dz
ftesyj MO & yb.ogdispjsdgsmisd <d&tso stedzesed Md e zZO@D kL te
SHGESo Btedzgd n L O EMjdastyd Ode®@Mm i GdgBGLZ EOE s O 6 tc B <dfCY i3z B .
smdeseo & B[ dinj Bsedzts otch dilsd kMY | bisizdsc Of &lsjizg € tes C
HiWddzedmMOlsd BSHEBO OO <O o ddzO dzO tsfipdatgeaddy 3¢ ©
CsoptOD.d "Nlsts Bts? j] ftejHMISOo ] ¢ €OStcded COHYto® s sts Hz
tcOH Ol jitf@) L O Okzlts®iOlsMets ot lfisL d@EARQT j@ B dng o tsttctsthflE (
M dzd HL XAfIqM@gdardL Lasseetal., (2005); KinnunenTomi etal., (2010)):
T dnf s? Ca QP ¢ j 3" oo stwdgPasi) ot@OBIdzdPYM M
fshBOtcOdse ctotstedd§ O,
‘J HisBdndzts ] BEEOz sdndasjotizd e L 3OIstcQdatsc 6 5o St
MisOBddzdzO Mk IsCdR ot BB dzO s .6 Sdpjs tcdEHE O O
HzelsteO ' dzj  tcisjdsy = dg tscde@ff Ez
Hijh o Ok Mj ftdesHdts d yjMmMs k csettl,
BOdEzs Mmj i O k& { tdyicddiCets dis WtadAsidif‘HE Oclisoz tslis ff
Hl Mlsets kRO, d dqLtBdZJYl ® O
T HO dr "J bjhets dddlsdteOlsd
[H Ited MsBddzi ¢ d&ZzOMO: ddzlstqulles, o dmddzO ¢
ZOo jHjdzgi EfMdzse | tsMmisOo? j dajit §Gc ] ¢ dzGHBQ dzj Ho e iy dz p
:Otsd313dch‘ﬁjgtsdzOﬁmﬁmifsom@Ldzqqq’lsc[: Cotstedzd € O M dBts
sHdsMhdts ddisj dLdlsjlssdd LOsdds d dhissd aq’fr]q’dztsd3 Is
Odzd twOMytstejH d o dzZduyuddzO oadhdr ~Otedissded T@° jj Mo
SH Gtotstedzd ¢ O viDE OB O RGHBRBO s Stcdzed C O Mz MOH Y OcC
Gso Bedzts e fMd ¢ dzO dzO.
ltcdtesHO dOMsOdZC © ¢ dzOMO CO sy MOt cicszOBE
Gsostedzse IstcOS SO B Oz jf tcde® ts5 1§ EEOdAABEsEStEOAZ S s frfigigiOcsdis
fs5° Qpddls OdzC Gz cHIRRIGZE HJdME ) Isdzd n Md e dzOdzO0O &y j
Csdzo sdzz ydtsdesdyz * j H dzOyd dzts o3
s(n)=eln)*4(n) (2.2)
ftod wh)dficj HMis O *dRiY g S tete @ Md e dzOdz, en) § tcj & iyl © OUWP
fsBkHdE o OL HJkg(n)zaL GBtWE@o @ d i3 zdzidzd HL d.g o § wge O dz
fteszOMS sds § oo 5B d Istaz0 ¥ iRy COazOc dzPUB & 3 Bzl ¢ 6
Ctso stodets G, BZOL Odzdzs e ISt OC s O kds ¢ & lip@dz0 |, HISIPSRLOD O
BsHJW JCOYdz G isitc Odgda® o3° H i dfp filglz O dz dzdf toJs @O Pz
M j CIstcOdzdets sB o s tsdzgpysd . [CEZOMOL A IsA j Bdets J HIS:
sBoats  dzdyd M J < Istcq Bd Hactstelflztpd fifdcdda@delz Isd o dzz  ff te d to
MdzjHd HO B tsd BT BEdzsdf dzd S Olsdodzgz ftedtctsH Iz, HO
Mistelz " j *Jj OBy dzd Is bz HisSoly] S ageHCA disc frie@dty ot jds fiis te & O 2O e
S(w) = E(w)@(w). (2.3)
d My &BseOts kL jlsd E BBLdtK kIS0 Badna ¢
CljtedmMisde gzts s tclQM)EOIsBIodis * J dL o toh dilsdlz] daDUsO9 (
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Cs'j Gfjums0e? 0k jCoade Ody
ke Otdls iso OSlss g SHlg m dzd ) O dzts

221. s jf stk d

15 O3 € jlf Ms@iz@Es '  dz@VRgaarals kssegtal., 2005)° j H j ¥ d dzd ¢
@O fdzj Hj<d dzOud dz
cs(n)=F "~ Hiog F{s(n)i}, (2.4
ftcd F ehec o OO jhugdicj b |s clFGn Y SRt ddgc ¢
deddzO HF1lftjHimsOo? ODFT Mg J GE oz L O BHo O®E ] j C 5
SHEtSo OO 2 ftsBlzHdR Mdec dzOdzk HdsMds fttj dshdats®
4o dLr ouyd©jddyj HO hdagje O%etsdsiosizifdassid L fottsjHOM s O ° O |
Codsf sdzj 20O, Isj feddsj desds dzsc OtedlsBO 20 Oy dzg
MoeBd©eOj d HtBd O fj OHdldo kO CtdeddOyd O d
¢ Y 5dzj dzOIs O:
log|S(w) = log| E(w) @(w) = log|E(w) +10g|Q(w) = Ce(w) +C q(W) (2.5
s 5 dzO y dzts ftodd3] desdz ddzo jteL dzgj ARted jBoj IstcOdzm¥W s
Gsasmwsa fd ¢ dz0 dzO :
cs(n) = F~1{Cel) o= Heelwh +F- e () =cel) +y(n) (29
L B dzq’Q £ cifn] &ds@d&@oj Mk Stss H@HPs dH tiad f&fdePo O dzj
d &Y 2 dzfdzj o OL e fn) teaj daty fipdztiz H Gisi3Y USuizt oizts & dzd Fc, (1th.te ds@ da@D
dsf Zdzindzj o OLHEMNd] (BEH] o ts sy deDdsqfimfc’ xdsj das Off to

.
odhd CJifMmbbte@izgedls§ s & Qo dzsds datsfyj d dalv tdste df@updfizdlz ¢
CdzOmBAstsc® MdzjHd HO " J ®©WOHd dLHOO OO HJEZO Cf
:
s

i tsd3d dzlzIs d & HJ G

dzls j
COts S jfMmsilkd.

fsMBOcOdsd csosed dL SjimlseOdd f§jHmsos |
Otec b des @ Gopd@tz dgscbz<j *Jj Htoddj dzgsds BHEBO OO b
qLHOO OF ) BBjdjy O S0 dshj JdWstedOyd & & B

222 [ jdtejCojdeGd e Odzdzd S EFEREN ] ‘ j dals g

ltejlsntsHdets 5§ detip@def 5§ ) 4 gl ePEAsdf fifthg dsudp@ds® o j L Od
Okzlss®BOIsME s ffdotg df tste PO @ °jz s sdzOh O 0 * EHMC e d
tcOL dzdydlsdr Eyj mMlsOdesMmisd EZdzzlsOte MOBsE OkZlstsdzOIls M
fsMBOLEO" £ dkz® Oss @) daz®G Pdzj W s €Q If dndBiB] MY 5 WP zdiO
20 dfmlsd doOydd ¢O0t & jdmstistzdgs s JinOdal isO disid 0 s ts
Wtcj CojdasdzO MECOdZO btcOdzMW sted3d MO0 Ek d&3j iz ¢ Odzlz .

[jd MOz " EMCd&O' jdzO0 MO Uismiddsd &isfBsd O zjud
nd detseigl * OF j Jf§imtaj ez dzls O dzdzts, Mdzzh Otsykz MQYOOHs  ff totst
d ¢O T jeseats LOJOYOC ]  odMmdddpo0mel tscts olsGs dalts jfrHjdztsE
Cufdnlsd ¢ Ot &3 6O Efjtstey S s PBFOOdzjO0. MBI d d3 M Eyy
] <090 MOGOY sz Mifred di3j sd HO bid St d Mz 0
9 desfylsd d IsO o dfMmd dz@2000mel i az®Yy O O©d deted tf dAs ) <tz ts dz
H Of O tsiis OdizdiiRS odigjj, H dEAflstE] L © 160 mehsiEsthds P o Iy & 4§
o tegmmLOH O Mmj EyJ MsOdesMmls MBOT " j] Mej HBC daf to.
sH tjWjtej dsdzse d IO 50Beh dadsfipts | g dafdLERON @ @dzd OHsO
B4 ' MsEdgsnbe d3j zO d =« j teHy @ srdidrjdas dz@ (1099)) HHD
dL d&z0H o j EyiMmkOdsmisd " JjHEZOSdHR f totdi dzOdEs d3j dzO
LOosdMmdesMmls sMi<O O oadmddey LokSCO Ek d3j dzd gg@®O] ¢ j G
Hz ddzdf ted B dzd 3 dzts dAPRRHZD tc af® WeCs1  tso d m 2y J M ishipsdzshijls dd3ttse.

1C



MB3OIstcOIsd  tod B dzd 3 dztgJ fipls 8 O fg g Is O'RjgHESER EVEREECEDh R. B.,
(2001); MgaardL L etal., (2005)):
, fIHZz| &
f[mel = 2595@0910%+ 7[001_
10 tsmdetsoz HjWddedyd® j§ Q;l]’fnlstclzdﬂDCs * g BP0 C g Iso t&
ftoddgsd desdz HME toj Isdzj Qtsfr]cfdzlzfndzJ Istc OdzMW¥ stedBOYd * J
f csd3OIstcOdzed » tc O d3ts o Wolaw Srkotetaldzts ¢ 2 0) § & dzP zCo gelsjdzd< jts i ¢
sH ddzsj ey MO HJ dzd OEH (s tdeeddbred d (PGOF.1Lsnd RichasdFMm J L d o
et al. (2010.); SiafarikasMihalis et al. (2007.)).} sfplsts® ©¢ J] OkZHdbkttcdzdr Ctcd
sOC' ] 6GhRtOJddEO) s O]t MY d dIsdr g Hmld GdztOhg l<Od
94JLOZO LO yk ' dd HByde’ O fizizd L sdydoy difisted] disftLds@i dt
Zyd MisOdetsls d &30 .M Jr Grfdelzj” OsCytizdzdfffletdd BAFInts $@z iz dzO dzOL d
sfMmMick ISOHO MAzEh OzOy dBO Hyde? Od o dhdars s s izl
VEBdzd $ 8 MmJ ( tzthis Isitedz Glgts de@f gdif rHyQ@ MLssOasdrpds dH 53 d 9 ? C
LOoadMmMd tH ' EmMedy WtjCoJjdzlsdzj BdIMEBMisd o C
tcOL dBUzs9 O H BSolsOGEs HIED Al dz2OdzOL § Inizlz Bz@ &) j=fdadsusds ¢
HY 5° 09§ ®KBOME PwOYO y  jazls's tizf &alj 6 @t ) @ Mmdzts ils d
Ciettoalk dLottedzk e dzOMdesMmils Ek MC dzOH kf,, N On OfXEIs tsIs Ok

Eud Msothemisd s@ Gzl Pdiis s j <O O ¢ dzOffdets gl sldzf 2@
Wtej Cojdelsded tcOL BOS Bodrn btsdtseoO oj<d H " dtddz
Ho O bktsdzO dO BHEBI OO EZ<dd HtojlshitsHdts f tsd3j dalzlsd
MOt fshdijHd yoOssd | Mif stEOd&jHO k& lslSL[ikcjlsq’HGslde
111394<Odzc1 C zOBdets fytiz® tf &g dzfQafdsifd: tHf MigfteaRO Cts° d - J
d tsH d&j' szntssdztsc sz O° O toldtEj ds@ diSm s B el e 5 § o
SHtg] ' Jdesdy Yk desdyz Stedlsdydesdz sfmjekz tdts hIss °j
¢ @OMdzsmlsd Stk td &tyj uklsd, Bk dEdkS tzdls ¢ idd d
M ftojBO bsdkj dBseclkz s dMols WildtrmgthiRj B, 2001) o3 eOE ‘diz
dL cOylz dgogj@kte C o j dzelsded m € j f Mls to © dzdAdeRFre§uencyeapsirdl © j dzO
Coefficientsi MFCC9 f e B ¢ j 2@ ' j € sfd dzlz aiz®c OsteefOstetiitibts jodz Oty
BHEBO OO  E<dd3 OkHdltedddd Stedlsdydedd3 s MmjLddiO

(2.7)

Cn:éx cosen% gg n=12,...M, (2.8)
k=1

ftcd Wifdglzj HMIsOo > O Bteis Cstedh <j X, Azs¥ izl @ @RS dj z]
Iz dalz kBt d dzls Ot ¢ jA dipglCualiSdimin j&B) ' e dzs dflsy M dted
MdBzdzdtc©O" & OkzHdlststedzy SCtdlsdydzij ts§ffMmj ey

[BLdttsds HO M OkHdbtttdd Stedlsdyded tsffmMjLd Yt
W d dzls@ez$ ts d3, LO dLttOykzdzOolsj CsiWdyd® J dzls g f sliEs<
dzd Is § tc O ls@ucdffo dJd3jder Ozt d2ls Etg § M Is tc © dzdzdMelCFitey-adk Cgpdalald  ( J
Coefficientsi MFCCg . VU BOLAEZJUdIsdd t©WOHBs dBBZO sy J md d
hdteddey WdazsOwmMidns BjSCydes@uies’ j jMj dEsRPBets 0L,
HO ‘Wildetmot{R. B.,, (2001)) SCttcedh <jdets 20 WddzsOtwemMmSdr Mmj <y
300melf ted yJ &k ﬁﬂlﬂfdzfafamQQBdeUZJJCm"ilzandeBlHDﬂB&BﬂNBJdZ»J
(MBlgaardL L etal., (2008)) fteddzj ¢ J des 29 W d dzls Otc iBkidzd MW &< y d
2.4) , IQQHéIrterlFJThOMas(ZOOZ))HGIS ftcj Hdzce EftslstejBy 24 W
s M AkHzEHs OCB8 " jJ HtdsOLOdets dzO Mmdzdyd 2. 4 Od3f dzd
Md e zOdzO MmJ Wc[dzlstgq’tso ddL sd3 Wddzisotems dnj @dzimhs dycdo
ud' ¢ Mk yjdsteOdzdzy bkyj MmsOdesiisd o fGtetsfkzmded ¢
sfMiLddz0 fHjlsfsmMisOe? jdzddz L O  ted d3d dzlz 74 HOIstsC
OB dzd IszH M & § COtcOCIsjtedMmisds i -HBO¥E O Mud Cds tc df 1f ldztf s
ftcOQo sz @Ezzdzd IskzH ME J§ i tc j dztsliped£jhulh&e@tica®, (2003 d M IS\ & dizls d(
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CifMmsteOdzded c, 54§ Muffidsebdsy @dzj dzls Mtej HE J MdzOc ] ¢ s
ftodddCsd3 HJ W JddhPf B i@ dded- df sjfifti d Wedts tg ddafldsjo  Cass
jCmMydzdydlsdzs &OotsHd HO dd fj o 0O° CwjWdyd' j dzs
fj sd di Ssedhmsd £ sSCodik ojCksicd B j HLPBO 6
Gt BOdd L Oydsded MROCHS s s W ccgdiji@ugS sk j ftj cOMny st
qLBj' & oadhda d ddudr bkuyjmlsOdshsd HESS thsodd
HilkO? ] ©OBO §sMEOOdse ctotstedse Mdc dodko.

A(F) -

"W” MR,

| |
| | | | | \ |
:.:-} I ' [\ | ‘ | | | .
b | [ { {f | | | 1 | \
a ‘ (11 | i | F| oy ' | L o\
1200 2000 3000 4000 £000 &002 7000 £000

sdzd240 1twddite tcOMY stey HO 2 YMMUggackl WefalziR@B)N S d » M4

RBO <d bk odHEZMFEM ddtzkzh ddizdd § sfiss® OF j &5 MY s

OHdlsdodzse h b BRIFCCE " ¢ H @& j Bl dEP° Pl s kO MS s § ©j
Ccottelzd q@° £ fsMmisdL O° © BB? dr MPHCGRES fHEdd Bd Oyl
Cdhtots { tsdeH iird g IYPSEL (st fiy B8 dg GVilderdgothR. B., (2001.))

w =1+ MsindM8  m=12..M, 2.9
2 ¢cM =

uq dsjo 30 d o O jdzdfistqQ® * o MFGTs.d -

Yy J MisMFCCsC OtcOC Isj tedh 2 RJOmMsC tdze(BinthEir®@ic et al., (2004.))
Cs' O Mk o jdimse jds §tsfdziHdYyO . © kBl & d RdzOs fik
COkjetstedL Oydy tetc jsiB jJEA H O O dd NS ¢ § tag b 5@OJ *Hif WA
sBjdzj O odMC 56 sdaf ezfp - MA Ly el M E Istsdj
HsBd Ok &0 hdseolk M jCkwOdd) OdOddLj StOlsS sk
Gsotstedzed d3 Md ¢ dzO dzd d30 . SttOIsS Bistc OQAEF oo dsfedi €z@ dzG
dLHe O O & MmJjc oLt tecda] 8 s tdiPdderdzOiAOd dig Ldfshigis sdf WABRFe O dzj
WikdeS yd- J GO dditOkz odHbkz ot d3j dzMC & Md c@BdgisYs 3] d
i fejismsOoadlkd S jcso0 CoOLdMsOYydtdOEdshls
so OL dfls uq’lsdz@tedztsfr]ls 2 tsotsd3 MdzEyo' ' £ §fsHtcOL zZd3j o ¢
Costc® C° O ‘j fobtejBdts dLeOYURZA&Od, MFAPS ZOH Lz
f tod B dzd ¥ dzts QtsdzfnlsOdzlsdzJ zdzlz Is Ot v dsdfG o dzsd3j dfy jJdzl L d ~te
fteddizi 5EO] O ] toadnrn MmJj ¢ dHRWO MBsBKindudas J. tdaithdzit .,
(2010)). v 8 L dBOUYYG HWBIStcj Bdzs L 9 tohzdOf dztf & ts Lot dSidcQUE =@
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SHEB OO E<tsdz ftoytdteNSCtsgs @S 9 jsds o] Isn tSH dzts
ddzls j oo QWS yd * O btejBO HO dMfs? OO hists BBOC j M
“d HOtHsHdAs B s Btz Jf oL, 5BQHEH WHBOBIC) ¢
MdecdzOdzO. [90° kffdzsce LOHBIaB? O 0 2 MmOy @9 O fsH

. A2m g
=0.54- 0. N-1 2.1
w(n)=0.54 046caos(a§\mg o¢ne : (2.10

sj My SOt SOCO0O tdO ostdzs yYjmMbs Cstedmisd § toddzd ¢
ROCtd (B) feletsL stemS j CWddlS yd toff i3j dzgz § sfylskf OC O
Is tc © dzf W ts to d3 ORqsf Foyrier Trgngdfmmi FFT) L dzgOyO‘ des kBtL O O &
sBj dzjof @ k2 dL o jdpliusl t @RjAp@3Al tsBj (zPH O MHdsBiHtges OF C
Esdyo 0 ftosLtstedtcO O d&O Bjdijy O ¢80 IttjBO
fto] CZOY O ] MBI % Hictse sB®O” 0 0. [ot Mmji § sl
Mo OC ] dOtjHdzj fHtetsL stemMC ] WEkdSyd jJ bk nsH el dz0
10 o O dzOyd dz fe OF td Olsg) s o tHftdalix]. Efp] SYdspfEpOEstdadzii g M d G
ftej HMBEEESO Ot Sls<tfiaip 3 | GBpzdzlsdzdr S J I MisteOdzdzd » S 5§
sO fsMmdzjHdyO dokzyjddr d BIMOsdds fsyjno,
dzd o Binbot FrA&®ic et al., (2004)), €8 © £k BLdtt ELdBO E COC
o stedzd € Qtsteq’fr]lsq’QJlsO@ﬂstSBqJdzjstﬁ]tiSthsHﬁ)qJ‘msm HG sYp dsde jO
| 6 d3j dzOIs © Gfrﬁs;ats@&@oﬁqb_cﬁteo tcMFCEs d HB®O WzddzOMH P ™H
B fsLsHd I]’tsfnd3®[sts®dztsG Cso5teO
' Cdn CBFCBJdOSz: Mds@usd dd wPudhdasalty © d
4 dzd Is i fr) ddzCOdfiatstaie » Gl[atﬂr]”djﬂ[blste@dztse‘i BoLISth tdsticdfzd € @ . tsB j dzj
f sMizOtcOdetse G 59 ts
dLrethdlsd Mmftejck Yo'ty Hddkzeg o) L Ot
i MOBse cBotscO.
qdzde sz JjSMYfjted dizdi dzOs 0 Cladstdip@iia]is Gt d3fh fidcQ HGESL o
j ZE B @ tsfdmMkz 2 tBet dzdykz M jSClstcO ctso Stedats@
C LOoadMmMj d tHdBEG ¢toMEE@POOEEGHEOE c@O shdse kz
LOoadMmd BH Jjdgjteed J bkdzzlsOte § shd3OltcOdzedr OF
Jddykz HO 90O tBjdziy O ddmMkz LOsdmMdd MOBRs H
E desfmd 6 o stoxiad tdQfipfdeday HLEO oWddd] 3O & ¢ j &z, Is°
BOlstcOdzts § SHEjso FHEO.syYj S do Olsd HO dig-HifhchhlS o @ diaz@zd
MsHOkgGl QKO delsd uJ zO0 f so js@fn] SBQLAHdFPC & OF
s
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tbded € ©, udd3d MmJ ksH] LYotganstas ' dz@R) jtef) distsHeh) IsLzGHOls J ¢

5B dzj ¥ vQ@zjcitsfo HOZKFA.Cs dzd Mk dHj Odzdz® tsB j dzj
hdlsd tOL d&zd S BdsB®CO dFo w@EHMPSBHE] Ofc MCEY O ¢t
SoHthHs@Isdzj s tcOo€PYHAROISJ o MBS df sdBEs<lz ° j Hdz
ygdz0 My tedzjHO k2 ftedd3j ded tHtj ' j dzdm st @uzm? stc
Dalei et al.,, (2008)). v Mdzj HP&x?IHZ PFEEUOL Odz * § ElsdyoO* i tod
G zOo dzd » ¢ A3t wideipalzCdsn@oneftAndlisysi FEA). rtezed smsikzf OC
Bdlsd LOMdzso Odz dzO HJIsO? dzd J d&3 tcOL @ZOIstc O & EkIsdyoO*
COts hilsts OpizH elewigfdkd »n Ctodlsduyudzdr BIMicO d Jdzj ecd

223. 1 dZOBIUS O BB jdjy O

o Bd Mjif tsGMER@ER otcj di3j dzgz ko jH j dz2O Mk HddzOdid
ZOoyddz SCtedh <jdzO BB jdzjy O Hdwj Slsdets dztsmy o d dzh
cOBSo O cEtottdtsed Mde dqdad® uElds eiiZP y o dz0 dzd | d i@ H e,y
MFCCslsOSts HO fjd d3sq jMis jkddzOBd ysS © B j dzj 4t OH dnlz o o
dLteOykzdz0e O O Cotafdm IdsiB jifg) N Odzd dets d3d * Odzdzy Of tetsC M «
CifMstcOdzdzd »  ¢Bisnpdt FfAIRIC etpld4@064D):
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(2.11)

10 90O BZOYyddz HddOBdYUE O BBjdzjy O Mk 20+1j HMlsC
MFCCs ftdlftjdinsOe” O tjH ftoddj  jdd dzddzj Otedzj 16

Vv twdhidBO OklstsdiOIls fiEEdzdf ©] S ‘dED o OB V(J fipldsio o
LOMdzseo Odzy dzO MFCCs (J fiffiglis o dodz Cola tottiizo fEetis dzfijls O 1 2
MFCCsd fts 12 ¢“dratsodnms fHftcodr d HtlkZedrmr dLpds® 036 Is
J dzj B3j 2O @GO j i3 &z tBL 6 J jddzdsds'c] il d Mus@ Ojdadftaly 1§ @&
d Htczeddo §€ B tigkalzsOO3 9 | dzi d&3j dzOIs O.
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mlites)) = (8 & 15.(i.K)- SualinK). (4.21)
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38



S.trrvfjuouvsr Tl fr11elond

Isd o OO g Is @SSt dzO o O YOte hatgsdr §itc dAfEHO Ho J G 5o
Ols ftojf sL OO O O ] Hdtej Slsdz® ¢ sMdzj HJ YO
tMECCR<Q@ts tsB j dzj BSP] Gfgp stEP<d H O SipkO dzlsfdrlstplsjd ot
i s . S5Gdzj HO  IzR MOz AAMEEEESTYESS H do J figzd yde@zd 1 t
dzdrn bOdmi steddOyd O dzOHns § tf GEdfdsods tc @ glzdz® o dac
0] [ OCdzj MOBO (MFCERsES H O difste E©NIFEERMY dichUig) 4z tc @ (
dyk ddiO otej dizgj degmMCk (tosd3j dz’ d o tsfylse jfi§ds@SctOe
d ZAO QzsC Odzdsds ddotskz, dotskz OdOddL JttOdse KO
s MFCCsfnj ditsckz MB3OItcOIsd tBjdzjy dBO St 0 fdhmiz" |
CsotstcO. 1 SfiflOtsac@SEE JdzO yJi s fMd e dzOds COa@zOs B 9 5° dad

]l sdzOL j <d fsH ks O HO tOL d&diydHstsd3] fdakzc dapdicd ki
M jiOdzrdzd MOH oy O frp Grfdt) H dits sHEOM IS'C ju ‘ddrf HoasigdfAEC O dzd © o
dzts i Mdzd € O dz0 MdP €& O gzdzds © MOH ey O ddzd E L Ooadmdatsmls
f sBBcOdte o tstedatse Mde dzOdzO MmdzeEh OdzOy MOL dzO° j ©
ftojMdzd C Co OMY j Y tRP tzdzse MOHELY O O EBoat® d ¢ j Gt
tsB s fls tc O dzts Cd HdzsL dzOydzts S H dats ydats "dHOd dzO C jH
1;[13fnd3®lsdc;@ed2tﬂstc§dztsc Mda@ROZOSEsERr dZgjndzs f EHEBEd dePlsd s 86t

hists fMk: kjSMiszOkdO MOHtE Jdz0 cotste®, dzd y dat
dzdn shje®Of O] GMsBddzj] cCcottce® HMdZzdC Qo O k&
mkdzdmt j Sste® Is° .. MBBOs CQitrsjodzj yE® X5 0 s dhk"
s dzdykz fshMd3OlicOdse ORBO cEotedzse Mdc dzOdzO
So@HOEBOF R FHIGEZ O o jLO0ddd3 L O cteotstedd MJdce d
| f sL dz209 Oy dad@sftadydrj CjtatdadIlsj sy BsSH| @zse ©OF O, B d dz
ddz e stce® ddzd ffiigij<H@EiGsE Hiftda]j df AL 200 © S H dzts
Aalsjts HO drLrekzyj dL {hd3OltcOdzsd EtsotstcO.
jHdsMisd ®Bjdzjy O Ct°0 Mj dL 1o HedGo @ tdzj B
0O Mdc dzOdzO L O azpiedz® d g © dztf Hn d iy $O APz Qs thatafsm S |
 6BE6! | d WMECLCsfdasiids@lstcOdzse ctso stedzsse 6 OBO
O QB o A elpiitts Mfias] sH O®RSe O §wBdtf B Hgz§ M
d dz f sMdzOIstc Odzts G IIGUSISIJTSIZG@EGMLSBGG@JE‘USJBM@@M]@B
Lctzmctcm@iqugt@Jdes ZLd IsifO HzteytefEsidgdizd = Mdzd 3O O o
Mz otch jded SBEZCO dBHjdZzO ctottecdzdC O d Isj fMmls

l to@sostedz® BOHO? j B IsjCMmisOy tsn 6 tc dg@lzd EOFS@ ¢ B o
Cso 5t 6O ¥ j dzMC 56 d 60 . BEOHdeS dezxns & todgfi&f@Byd Mk
CtoktRjlsj @YW ted jtud. ©o0OSCO thif jtsaOHld 6 * jHOdM
Isj &Plszdzi MODtcy  dzfzts ¢ o tsamEiOdsdcfO@zsd Is ts:

TRAZj dzO j HOdz fMded B@RF Yydzed & Y SEOISOCO BHES OO k&
“dHddzMlse jdets ftejHMsO? O & E SCoadtk | o sted
LOodMmd BGH, cfsted tctgz0Dt h Is sdzOts B dzdndstd o dftlsyj S Ot
<dHjdlsd¥W S Oydsdzgd Btos® cEotstcdzdC O E tCodts
o Stedad § O>

TAdWtBHO O MddBEC O dqLESoatstcO dzgdL O ydwWw OtcO:

1. ' JHOdz, HOO, Isted ydlsdted, §Jls;
2. hjMmls, MiHOBREEHOR, HJojls,

ﬂthCfJHOdzOanls fndzdd3O€Oc{fndZJH4<c{” dzdL 59 O ted Y

Qtsd3®dh1®dz’lz§2 BHJQJqJ BOIO? sdz, yYJIlsO, s
BOIsjted O, fjttOyd O, "hlsOB, HjMOdzs, ¢t
Hcj' ©°, dOf OH, o©jL 0O, tsHBItOdAO;

HOdz, YyoOfm, d&Jdkzls, ;e  dgd¢, ©OCjIsO, Oodt
dgfted Oj?, eoetLddts, BtsH, dqLojhIO , MM

[
1
)
)
L]
)
ts
m

©QROGHE O
Q@ﬁnwwho
:Q—IOO

2

*Q—.I&%ﬁ_h

N S E 0T
N ONON Ry
=g T O0F
1IFX O o

agrwnE

39



6. izlstc®, tCtdyOdets, L OMj ded, EfEklsd, tcj tsdz
7. d®Df e H,HOO,dzj, BH;
8. d®L OH, dz2O, dL, HB, drLeotwhd, ctslstsetsMmls;
9. fc@o Oy, Htd Jd&, yd?, Izdzq’h ddz, LOHOIOS
10,z O, ©OL i 5, IsOuQO sf OfmdesMmils, ° JjHd
11.dg sj s, MJdedzOdz, B  j ¢ Ols.
tdzd Bajgo stcO® L dzxls®istcdzit z BiOW @ j &3 Isj € Mishdig sjo s tcd
dLegaswts] ' Jdd Y QPtodecOydf L. sH o] cotstcdzi B
Mz BOC O E BCodtk Httke] ctottcdzd, B QPicfl ooy ddtrehidyy
dimisj Isj ¢ MiskzOdzdzj I Osi%eodftatly) oiiad iz Oz d,” Or 1% Brdsfk .dj<e d -
al, 2009).) sotstedz®O BOL O MOHELYd Mddd3¢jy cBotstcO 44 Gctsot
fr]dzddz,OQO LO fsmMBzOtcOdetsc ¢ t§o0s teadgd<C Oz lzn OcH ey twtc dAd2X Of
Ctso Stodzlf sfRlOtB jj Mded A3y dr Lizo jHMjliRidls Bfigjtdn) d fcDs|edys tg dida| SO t5'¢
BOC j ¢ Bte® BGOMFthafk O jig3tH j dzO d IsifMmisdteO® j o] it
Glso tstedzd € O.
| setstedzgj BOLJ 1 d 2 Mk MdddiOdei Ek tOL dzd ylsd o3
MszHnd MSCdds kmMdztcead®BO HBE “J L O W@OL zd SOdzgYy dzO 1§ d
Edzso 30 Ctstedh <j® jd3 teOyYykzdzOtemMCtsée didC tots? sdzO, L
r seted " J oefal, 2009). v . |,

SL vrawuv [ [frrr vreguv Admf o

JMdteO® | oL OO0 k Coadtk | totstedzj B
BEs®ECo dqegzHEfdziH bkiMsso O " jJ Htj' jd Mfdnms s
tedzf OL O Ct5°d dzOff tfQjff 5L dEDICBOE RS gtodzd S ©
tles®¢ 0. dblstsdi3OIsMEd G4 dzj edmMOdz My dmMOC CGtso s
ey O j 3@ Db B | sotstedzO BOLO 1 MOHEYd 5 14
jfMstsed ftojftsL dzZ0o O O Mk wWOLoteMlsOded k 14 ctki C
J BHdtsM] dO0 lsOoydsMmls ftojtfsL dzZ0o O 0 cisg HisdEOO | t
sOydesflf L flz@ o0 OF © Okl sBOLME e ftoj fsL dzZOo OYO CEts9 K
CtetsL l14tchy figthk) Osd3 U ol @ D) oRufthylsk{ 4O°¢ | OklssdOlMS ¢
Ccotstedzd C © dzOH | tSotstcdgsdz BOLtSA 2 dLoteh jdegs * j ¢
Isj Mistse O.

tdHded |uj CMiszOdzdzO MOH ey d dzO
Is j Mls ¢
1. "jHOdz, HOO, Isted, uilbdtd,
2. hjfmls, MjHOA, MO, HJjojl,
3. <dHjdsd¥ dCOydisded Btets , dd&
4, CEdsOdeH Odals, flC, BHi?JC ],
5. BOIjted O, ffjttOyd O, hb@
6. Biljts, MdcdOd B jS Ol
7. Ftcj' O, d&@OJOH, ojLO, BHBTI
8. HOdz, yOm, dddzzls, ots' ded ¢,
9. dzj ftcd " Olsj?, otLddzis, BIiGiSH,
10. Mizlste®, Sdyods, L Oodj dd,
11 ZOftcjH, “j, MO, HO, dzj,
12, dzOL OH, dzO, ,J LG lsHs®, tsfiglst 9 toh
13. ftcOo Oy, ftoed jd&3g, yd?, kdedh
14, Ctozf O, ©OLEABj B, kOYSO, f§

UOBj O 5.1. (kdchEhisdePhEssOdgiizs@isys3dzd. | o
40



RBO E<d E odHk HO "J EyimbOdktshbtctisOB ¢1BOYO 2
Hd HO Ek MCA&ZOHEZ MO Ikjttt]j B SHOBJELO® O Witoj ¢
stedzd &3 Mdc d4O izdldxHz]d L tesisd ey © dBsec k< dtsmls O
sdydedr BfMjceO hdteddzgi 300 dBj &zO OO Ml d3jj |
COLOds P Omdzd O BQP<Q OydesMmisd JMFECsY Lk dz0o
tcjBdets “J E tBLdtt EZLild Me] ttOMmMftdtsydod { tst
i60O0 EyjMmsodsmisd. v ot fndzlzuOi‘slsznjsds@BIdz@tqq’l]’t
Oyl dd@RCOs ktcj ydL dgsfids des toj L sdzkyd " 0 ftcj HMisO

HOISOC O OMjctst OYDOwEHEBHEPtc® GHizd MisBl dzf HFMHEGOIE

HOIg@Xs@z fiisj MisdteO® d 3O {tis8 jdaisj SHO oF) @ datsicd©d dz ) d
OMFCCs ) toj (30 Eftegisds Mz yO E 6] Bls tdOQL @) (SRddEY h < j o
d Sltsted tsBj dzj o Bz dMBREC, d IMPIFHHEE YH]O “ j ISOH O dzf &b thtc
f oo YRCCADO Yz dzOlsdr 20 BMdse z dsaeObBdBOdkO- | LHEE
fmMjeO k£ MSdkzOHE MO ‘JHde)Qtsh<Iz 4.19. ,[ISHJdZCf Gt
tcj HMIsOo? jdzd Mk BHetos Ot E<ddz ¢ B200tcd * Odzffded &3 3

S0 0%+

ttSO

NSt O F s 0 Q3
FA-2EEET G

u:nmg,m

2
AA

1

0| 150 300 450 2850 3150 f[mel

0 f, o0 f[HZ]
ddzd ¢ O 5.1. (1OMftstejH Htoedds ® jdedr ftcOotslzc O

100
90
80
70 -
60 -
50 -
40 A
30 -
20 -
10 -

01
m2
03

A I I I I I I I I I

1 2 3 4 5 6 7 8 9 10 11 12 13 14

g dzd €O B OYdetsfls JEOHY (9 Lz OotcQii@Q petdintsdf IsH f sy dzO s to (
WO, ddDdzls WFACE 20 fwOotsbkcOsddr Ctodlsdydsdq
1if2dz0 C s 0Oted " OdzMdzO BwOBtcd yo ¢ Ot dt

21 200K 590 dzi dzO® HEOL PR, dL zL jo j dzj d3j dz

3iBjL dMFEEEMFCCd @O0tk € @Y kRiBidALcO.

v Mz yo & | o stodzj BOL J 1 dodHJ dzlsdzO ° § d
ftoj f sL dz2ZOo OF O ftocd IsjMlsdicO* 'k ftoj f sL dzOo O° © dzOH
dL e cwbkzfj HzJSE B M] &O CBOSd&ZdEBOY @Y sis
e A dWtcid W, {. dd dBO £ dzO° GFPOH tc > @ZOM Sp das 1€ dzts fy iz
fifed B O BOHT EMf jhdetse ftoj f s5L 2O OT O csotstedzd C O

41



JClstcOzdz®MOMOH
dilsd ¢ jeot ftof
Iz MY J € IstcOdzdets &3

s IstcOdzil s

Ctsdzd yd dzets 3 d dg¥ jtscicwip®s) f  @rddeEfipdzts s
RO thdsekz ¢t j “d dsek<j dLoe
G 5o stc g fzj , fsmMizOtcO E<d ¢ dzOM
MOMlsOodzed Hits E MEEZOHE MO  to
¢ ZOffteolsAs j B dgs * j § 5L dz@o Olsd H | MCEftej kn
$s°'d Mk ©OLddudlsd L 01 twQu@d bdlsk)y dsa)stgdasd) ctso s
sHdZzdC k' k& HdMCtejlsdedds MY JjClsteOdzded 3 ¢ S dBY tsdzj dzls O«
fiJtcdsHdmdBM] SHBEYdo? OO COt Leokydesmls, HGY teddats
1 56 0IMisots ettt | dzj d3] dzlsde@Oy B s€ ) dzdztBO H Q4 dizd L & & g
Csostedzd C O f to] s usdp@isdzo 2O dy 6 D G Jisls @ thzdstUc@ESR | 6 59 5
dLetsabtod taBifdpd RzG ZOo dzgs 3 BBsckz § sMdBZOIsStcOIsd ¢ Ots H
HojJ. 10dd3dd dLeotste Mdztsy j dzed - B fgistsj a ® O n@gffijddsts Bipas
MisOdeso dh Is O inclalz) OB YyOOts * jHABO tojy. 1 O0ddd J dets g ud
Btots®* © My LS9 OO 2 " JHAZO . L Qo Btchgthds sB Jej L H dzl
JdLesoastetsdy SH BEZBBdUYUO jdzse dJdzd MIsOdzH OteH dzgtsc ¢ OH
LS OtcOdzO Y tsMmjBdets, deftc. L O ftcj Isn tsH dztsO tf :ts dzff leiziz |Is
HoOHjMils, Ited, SOt hksts ' jJ G8CEHGEZzYP dizc st d |
d &3j 20 uj Mmists ey lapy n sWsO o 'jj Hds@ffsdaddds wdts  dlsdsjcdag Hafiejts iR
SHdzdC k' Lobkydzdds MJed3d dzZlsd &3O M tcOwHjjdescB Ols tg O SO
Cstedh <jdz tOHd BBES] BsH]| ZO cz0s ©Omdzd § O .H tsHils Ols g g b
fstejh dg SHEZESCE ftod ftoj f 5L dzOo OF & Rdgtiaas tolrlzd € 1O dztEAPE
ftoj f L dz0g @O0 SCHPWw © Mk M SO Isj Mmis yifdedfd3ysdf det§ Ots tc
dazdd ud .
gdzd Byd dAd WdstgztiiOHtey ] dLcetsetstej s fjls BHtej ' J
tcOL dzsdzd S sfls o drmr MzddBOS O iz deddbink Rax® ‘Midzed toj L
ftso j<0Of jd3 sOydesmisd (o] f 5L dz@a5%, O. fgHrtEs8s o Hte@C tsczqjL
Sk b tOLddudlstsd ¢ koMo dsd ©OL dsddssh <k
JiBL dZOo OF O LiI@. vdzdde shapgd G Oy g% Otc ©: M j Mmls, Mmj H O
Msts"d 9 o8CO0dZO HBS Mmj dLetottc a0 tHE&PEL
Mts' O jd&3 8 o tsC OdzO. ltej] B3O T Bsdfjsmubtsyg ste j datf L
Zydesmisd dz0 tshdesez yjeoO ' j dBseck<j ©Oydsd j dL
ltoj f sL dz0o OF § csotstodzgd C O dzOH ¢ jsq @ tc dzg o3 z dglstay iy
ftsoj<BGOUdgtsMisd bk BHdshHEz dO Is] firsly adddddy O fdad fl¥s d
ftejfsL @000 j MOHO k 2 I jsifPsQktsimsdzG dnjlsod@. Codo@b
{ ©dHJ dzlsdztsj dzQ ¢ B10@RZ2O  Is © . Is 5 sy sl @dzdizO Gadf Ay dfithizds Gy
dL dstiee® @Stefud: d&jlsj s,d Mplczdf@ROE jagied ;j ¢ Qls, ¢ HOOHD,
SHdsMMEz dO0 JdL ¢bejsis K sfcd® <l G dets B K Jlsj OO degB® ¢
SHdEME &0 kOydsnksk shlse 6tz dlg d zjcusfo e OO §t] dastz j d
siMmMsdteO® j E tCodthk slajdEtes @ 4, Sizj 65,9 j.L.Odztsh <4 o
iy & SCodttkz §sMBOEBOdsdH,] nHdPwOO | &k ts€®odtddj dzts
LOMjBdets Is° . dgjL OodMmdes Lk tsHYdsEHPE tc Qs d3 g Qedagiss B s 6
LdzOyd HO Mk ttiyd dqrLesettejdsy yYydmilsd |J BGHdsMdes ¢
2O dLcEto StRiB] O EBLEFEc 0 Mdd Byd csotsttd dzOH C5°
sCodiek Isj g @z 6k do MO dzd dg® Slas dzd yd{dd’ & o ez jucdzfst Is d
CsdkBddzOyd d MO * Offdsh <k dLEBSoBLO ©jLbEdsk j L
ftojfsL ZOo 0O 0O cottedzdS O k BHdsME dO kOydshls {ts
10 CsdeWdekztcOyYyd & Okzlsts B3Ol MiRYe 4tk PsdzdzP o ©® 6@ Is
sfMjcO &0 shdsesk Ct°'di Mk ©OykzdOkd o JMFGAsted B
ZOH |se@. s 1 (shisEOdbdds@ls * § tc faPS 1 RDOT O toj +
sjifMmMlssea® 8 d 13. sdzd Byd dLcetsotstcPtede] g d @3ls B f bzt
MOHY ] LEBEO®OYO9B&RO&O oz ctoHEftc& i@ Gotedh <Jjdzj &
sjMmMstsoaddkO (lsOBjdzO 5. 2). RYOC ftoddjlsdes “J HO (

42



ot5C @i SOUdshls b kdd sjhisse d 60k dafc Qo dast f g e
sse® MmMdzjHd HO Mt O j 9j<jG Bt O ot OdzO

CcottdzdSOULVEEyYP< O zydsmisd dz0 tc@uk®d &ts as@h js j digj 't
4§ =@ dd afnls 9 Otc dzO Zd yddzO0 Lo fdsiged Bletstic PH 9 Is®
LOodMmgd d BSH SdRsodi §oLdyd © bk tj ud B0 H dshdts
kOC' j fwdhklsdd L uq’d3o d Sts°'d k& Mmkhisddd, oc¢
ko), ftodekhb b Lobkydsimls fedmkzlsddr osS§ 0&O.

Cts
tG

t Jdad
Btets | 1 2 4 5 6 7 8 9 10 11 | 12 | 13 | 14
Isj Mg
1 tots”

8 9 14 | 19 8 10 | 12 | 14 14 7 10 | 13 | 19
9 ts¢ (

OB jd&O 5.2. 1t dj i O wEOO &ds o HOj W & d SR o Lz

10 ©OLdd¢kZ BH |tettedzy BOLJ 1, | i tciEby @)QOfLde
dLceBo e dzj S H fls tc O dzj " JHdzsE sOydes tSHtej ' j dafs
Wisdzj s tsds teOL deso tefydetsh <Lz 49 0Cd ¢ jdz Mmded BOS M
tcOL degtso tefdesMmls " JHdese cCctotttdzdC O BBEZRo9O<jdzO ot
MdzP&EO dLetsatLO " JHdd dMmisjy IjSMiskzOdzdzi MOH ey d dz
Mded BOT O Mk oth jdz2O0 E ot &3j dzgMSCdd3 ttOL BOYyd BO. | 0O
Hjdzceod E ftmMdB3OtcOdsds ccotstclz BHdsMds HjdEspd ¢
£l sHOyd St d Mji idOktcd & tod O s tsdiy) lsidy I tisddzOtfiAc
o jCtMEALs 1 totsyj dzO tOMftsHjdzj S50 ftojHMISO? O K

ddzd fsMdzOtcOdese MCEZY O cEtcottedzdr Mded BOCO dLotch
LBdtO ftosdL o MFCBslko tésjCHodgtdcizls s H 59 Otc @ <dnr Hd d3j daL ¢
SBjdzjy O SOt hilsts ‘j bkt §ttdSOLOdts * jHAOSEN <k
Cs'"'d Mk My SCSstdmisddzd LO tBkSE ddd M @O iPdzd d
ftocjHMIsO0? jdd " MCkYytsd otcjHdtsMmisd Y @EFdoPdefigd * figC
CjimMtcOdzdzgdr HBjdeL d O COts d CtsoOted  Odgd dL d3j
otej HdzsMiIsd o9 0Otd Odzifd d Ctso Oted” Odzmd L © MotE 56

ftcjHMsBOe? O & tyj Sdo Odzj SHdsMdes Mtej HE o tcj H dz
Btes dzgdr otcjHdzsMIsd E ®SHEB OO k<dda HJ®BPdLE]  Oc

Gtso steded d M dzed d3ysfodsie dgjo CedAfLisjj Is2 | j dzsh ffs odfs taalzj s HBADE fij
l sils@® | h"EZdBO k cteottdd 3 Mded BYyd BO klsdyuyj dO o
CsoOted " Odzend fsd3j O E<d ¢ drtoj otjHdsMisd k& tsH
Bdt ftodmkls Odz. U LOadMmdesfisd tsH Co0OdzdlsjlsO BH dzt
Cstdh< dfted ®ekyd d bkjMisdeosk &syj HB<d HE L
BsH | ZO fshdizOstcOdese cBotstedzgd C O HtsBd Jjdese ftod S
GjLEdstso Olsd dzj sOydzd s ftej f sL dz0o OF j .

ltesy 20 ftojsf sMisOo? jdese Isdf Osd@h j i d B] tedzd & tC
MCkf ojCktte® dOH St ddk Mj kO fsyjdd othd. v
tcOMmMf sdzsy dodnr 9 tej H dats fls MFGALCS ) dsOtsQe@dizff = B plg s stc @
CeotedzdC O dOkOL | Mj bk hdtejd MfjCHEBORSTZ g ED
BOLd 2 bkt Mk MOdBs ydWtj d fesdj 0 ostjHddshlsd
tcOL dzdydlssflsd s jHddzedr otC0dZO Ek tjyddO k2 ot
ftcd dBsHjdZco Ok MddBOLO ctotstcd® ¢t Bz &OWwj Y
cdkOmtsoad bk tjyd RBj' Esedts klsdubk  jHdd &O HtEkza,
tjud. [90 LOsadMmdasils M sy BEdMOsd &L ddBO" j
f shdizOtcOdets” tjyd Is°. HJSCEZOtedmMO® j dgjthis zOdz] tog nutdJ

43



btetsL d20C bk Ctdj L &OC fshdOkicOdse s5S0dkO L OkL d:¢
fjls ®Bsck<dh o9BSOkO kb |Gottds BOLd 2 &Y Mj

10: d&zO_, HOdz, 9 0O_ H Od3;

T4: " dH, udb, fil hifm, MmjH;

Td: twd_, bdt, td_

T sf;

Te: dzlz dz.
ldHd Mj HO Mk oet8¢0dd ''t'' d ''k'' {ftdhmizlsdd &
HO E IsjMmls Mdd®kSk tej tjuyd BkHEZ fttdmikzlsdy MOds
Zlsdyd dO ftd3j O’ j SJQBB&®¢¢$@¢de@%@@‘Hd@H%B»
fsetcjhdese ftoj f sL dzOo OF O. sOts ftodd3jtc Bo0OCote f
csosl@pf®@®®d Isjfmlskz 1 d IsiMmls dMEOLE '' dzdzO MmMjHO
sjfMmls MddddkStkz (oMbt ] MOkt 't k" jHOM 'ELusttOC d Lt
ftostf dzOo O O ftod ¢ OL OEasE tOdEEPC] Hdzdsgde j B dBds §toj §f sSL dzOIs

80,
70
60
50
40
301
201
10;

0-

01
|2
O3

1 2 3 4 5 6 7 8 9 10 11 12

sdZdC O BOJdsMls sl z0o OO L &6 g Mpdsdts g dztsdg & G s
O O, MEGEEdRBISFE®sddr Ctdlsdyudds ©§ M

1lifzdz® CtoOttd Odzdz® ROLdy® €Ot &St

2ifzdz® (5o Oted  Odzdz0 BGSLEdYO dL kL jo jd

3iBjL dMFE@BEMFCCd 20 ftOotskcOsddn Stdlsdydd

10 OLddSE tH IOy gdEsoifdsafdzstln s GRlsdd) qliapts ifsO HY toJ f SL
|t stocdzs d2 B Aucmds i3 MCEf 2 BifMHlsH O O( iz 5 j2 HESMIsSO
ftoesmj Sk odhj dzjets HotsMistcZCHS IO ¢ flpdzadsddiztstdn Ists o tis'O B
@Od3d © jdd tBlZYyd d bifmbkizlsgdhighz @dets) o dzj H Gdidg H f 3G
mMfs” O0hd EldyoO" By J HBsojMisd HBs ttOLddEBo OF O
@RS H j dZzO. dlstsc O Mi @Gsxsio OL @GS’ suefiEdd BHI@ Bfc dzlz  tsEH @atsth
sMilk?”doeod” 0 dzO f tod Mz frpsLodezEnff 2 O & Lj e hozjdsO dzd o s
Isostodets’, BAEA dsfiRdzso 2 f toj Ish SH dats 30 wc® L 3O txBRIDds fydzj
ftoj I sL dzOo OF O dstb sdazdt @ Oz £ Byj ¢ do 0dz0.

oy l esd ydzO© Is O ydzts i
J | o tstedzO | | 59 516 dz0

1 80.87 37.387
2 87.190 46.88
3 88.488 55.18

5 OB j 2O 1503 ydzO0 kOydtsimls {§ thRCES dz@alO® <@ ity 2t O
ftcOo scOsdzd s Ctedlsdudeds SiMjcO E L OsdMmdsils

44



t § ZOIsdoded BHdsM §tetsmj yded » Gy dis fifistefo tHfdis | fiff Cisla ik

ZOH cCcBotstedzdds BOLOBO 1 d 2 HtodBdzdydes fj L OH
ftoj i sLdZOo OO0 LO IsjMmMssoj dLoath jdzgj dzOH o j HO J
ftcosdy MCEfE Is] fiplotsac@zj dzBHOLH j B LIS B jolzminfed BHS O
dz,O‘94<Iz otoj HdzGMIOC o3 H @ tcd HFlsdzs t6OL dzd S5 OF § z
ftojf sL 209 OO dOH o Hoj] cBotstedzgy BOLJ ESCOLJ¢
tc@f Cso O O dBtsHj ZO HtsBd jdedr Htod IOEWOYd d EBsH | dzO

Vit B k<d jdzj kjdas) CtoOted’ O dzmitzdiffis ojdsCusstdapyd®

g

sdteO® &z Etyjdz Mk §tod i lsds,, Je@i dgifdls O iz o tisy ¢ tHaks
Otcd  Odzfded d3 HBOItd yOBRBO [k tsH datigf) Hz0 D * te QjLddFddE =
j HiNlsOoa ? O o OMRLC ®ulalgtz i dizik dAs ts 5 H Bl dcad@ | 8 @is @) Is dzlz dzls d -
BOIsteOdzd » tc Od3ts 9 OH jedrottaid CHsfizOgiz Odisds € 5o Ote
zi tdz ftcjHMIsOo? O Ek{ tots i MEGCAEEz ¢ Qdf)ots @dj  th§tz ‘fjdzdL
COCts ©SH CdzOMsedsy MOHLYddzi §sMBEOLOdSE EGo KO
G sSteded d3  Mmidas(igzigid iz dats o t6 j H dats fiMsF C € dzjdgtssyd]’ § fy jdzlz e
tcOL d&zd Cts9 Olsd Bk CBoOted Odaiz@ts s Mdz®ds s d W z HoPAL @i ds(
ZOij ¢ jdzdn BEZyYyd & SGHdshEz d&O otjHdshls &O Jf
ftestcOYkdzOlsts® dzO tshdeseo &z Isj Mils [Mskd]jdk Oc & oOs tdf dadirfd$d IsSi
CjetoaE G dzOMO Istej B d dets ted®Ozd ‘Mjj B Upilimittcys dgO a @O
L@dndeiH Isj CSMiszOdzdzi MOHyddzad, §hists k tj Odzded d3 f
CtoBtedzdC O BHEEZCO OkktsdkOMStse ftjfsL dz0o OYyud ¢ o
EmMdzse? j 20 MOHy ddesd3 Isj S MisO ctsotstedzd S sotse LGSO

dlstsc O ] Bk fdzj HgiOL O3 dCL ot Cj nztsisjdidgdfoff e d of G&°j jf tsls @z
COHO Mj LO dMmlkz HJ&] dL dsdOddtshls o j ¢ lsjisdPdisdzlg ddp
SHES9 OO  E<dds S B9 Oted Odzmdzd d3 BOIStd yoOdizO f sMisOe
LOdzj BOtedo O j ¢ jesotsci Oz GFRIJOOIRNHEPB T BOK EHF O &30
sBkyd tHddthds kjMisdcOkz ttjLizdkzlstss Od®H  jsSBf S& 5o @
BOLj, hlts Mj Esy0e 0O k fsMmisdedzlsdds IsOydutsffls ddiz@
i2)C0s d E Mhlse OtQiydssmlist]te ttn j iyddsy & Isls j dnlsfple ©O5 2 dz@® |
Cho Stodgsdi BOKZISER Ols € jiL sSOydesh <k HAB%,tcjls @Uts'tsjp Ok
sOydetsh <k ftojl 55 9. dwg MMlsOdz dZOyddz ftslseotc' &° J
csotstcdzgd Csoatsdy dMEOL gL (i) iyis0slyg Ifisk Midaida®OC dL  Isj
2O 9ji<d BllsOB pdO OERABSo Bitcdds | BOLd 2 ftodimkzlsOdz
qBqusqadzO fsfdzj HdYyO dLEZLd®BO® O fadsyg MizO0dd,| £

J Mmlis tsaq’ﬂg,é)tsmdzad:ﬂBOL sd3 2.

v qu@zlstb’tWCISHtc;Oxqu’dzO@ms@ Jd dzj a3 dzls d OB s P& d ¢ © d
HMIsOe?> O £ (o Otcd OdzMMFCGa 3] v B el dzIs®OE€ sy | s«
Ndded® 5° B tog dzje®L A€ B o O OOtcd * Odzglmded »  dBwBOIsted Y ¢
sz L @o i el Otsd d d3 B, B ls.d. B0, BH dats Bde® .....Sy.10)
sz dzO 13 i eRiEE Qs ids<Qdzd i3 &3 Misd BO k2 S t5° &GO dzj
gL dztsy J detsc  MWEQCH (fzO® " desdzls s f tod detsfnd BHMisEzY O° k2
BOtcOdztsc sE6 ptpgtled ¢ @ tcd GBlIEZALS du Of tod] IsdjLirpistdzh j dz
II
f
s

S0 I
OF s F
NP o0 F

ftcd
dwo
Is
SH dz
R

f s

ftojf sL dzOo OF O MBGCLH O ezl deltpq ') dzs © &) tod  deus & jy©dzd
jCMmszOdd MOHty ddzj ¢ shMBOlstcOdscl et o fstsPf 1 2O o
Ctso stedzd € O.

) 5Ot O E<d Cds@IOuefy OdzinEa d  j Hzj MifledL B PR sg
COHO ‘j dL ojSIsBtcOMRSE] dzj ®1 By G dzlz L fMECRiAG -8 B 1 9
HO Mk otjHdshisd jdj B OO &0 dhisddk &j hMisd B3O d
B ZIMBRCOC 8 ) jLbdsseo Ot dzO° 9 j<dd5 otj HdsMmlsd o
BOsted yOEBO osHj &ZO d MOdidd Isdidkl Lzt c§tsn G0 oHj=Bjd
sBkagdlsjMmls &sHj &O. uvOydshls OfHt ekl daOmeOS OdzjM j B QL)
B d dztis fipfsLOe Oy j dzds'o jts teddsds (fg d2d Gsji3, 831,325 O j &zO 5. 3)

45

tc
ic
d
H
L
s
tc
d
s
O]



10d.dzy fteo ObymbdPedgOmdztgds B OL sd3 1 IIsOydetsils Mmj &
SHdtsmMEz d2O0 Mmdzzyo* COHO "jJ E dsHjdJBO L Odzj 3Ots,
Hdtej € Isdg@] HHd yO MRRE dzls 8 &30 j Cd ZO° dL Oy J dzd * §
Csotstodzgd C O dzOH THES ff S HYQ[ W' Qjte AGs Ay dets s dzj h Ists 3OS O
COts ddsHjdzd SCtstedh <jdai fkdzi SoOted Odgmdzi dBwBOIstedy
4 BdjzO9 j<O &k Is@uaktlizls d®Mise Otcj dsn j &PH Q sl h <jClg)
Ctso Otedfj” OdiMis tcd yJ . [ MistOatas(tc dety di) SESO LS BzOH tgj L Zdzlstso O
“d BddZO dzO dzedotskz ddzd J fHtojoOLdd&zOLddzO IsOydss
f zdzi COpfifkid 3OIStedyd BJL ftocotse HJ O sdgOdzdztse | dzj

vjMmMstse o @ Hztisgy ROY sCOL k' £ MO ' j HOK, M&OyO
dL EL d3O0¢ MFAEHfdelstitsate h Odzts IsOydesfils ftoj f sL dzOo O O k&
BsHJ O dLiELjls MOdsts jjSdejdde) dAdsj el Of f'sidzy 6 d yO. l
tcjLEzdzsso Odzd Mk B?h O jdi3 Oydsmisd uzj MsH desmiz ]
fsCOLdoOB otchdzz otcj HdesMIs IsOydetsMmisd ftoj f sL dzgOo OF
fsBs?h O] LO odhj tH 3D Qi GsH dgs iz adgOL Iftdrpdsdddz As j &
dzz cMBFRCCd C Ofts dBsH jdzd Cstedh <jdzj flzdzgj StsoOted OdzMmdz

lted OdzOdzdL d otej Hdesisd | dzj di3gi dzOIs O Cts9 Oted * OdzfMmc
sBjdzfjy O C8°d MEMFOORtyjOMs dj daz@zIsfisGfie OL @O @5 d
Hd O tdzOdzdzetse j dzj dzgd dels © E Cts9 Oted " Odzmded &3 dZOIstcd y O
dMlsOC dzzlsd * j tOL dzd S 59 OF j ff s5fdzj HSj,Q HEOBS "Qf6 5'dg0O dedzfs
f smdzj HBBFCCO. [ j' EMtsBdzO BOJ & JHAg @) dZOISO Cts9 Otsc
LO dmisj d@izo HftdagoBSdid 4 dets dzj Ssdzd 5 f ZIsO BOT O &
H " OctsdzOdzdetse jdzj o3 dzls©. R BO"  2<d E odHEZ iy k 1
tcOMf sdzsy dJosdy Mk & tsB j dMAFQC-dO t5j A of L @aPH | ddefryids sie
W dedizts g Ot d s OdsME-Y J Gels tc @ griizf) € 15 gzis @ O e d 15 Axgsty B gzs 5O 7 J
2O odhdds kZyj MsOdsmMttPdBR &4 tisth@0 6 tc @ @dsts oldfazisdi;
md ¢ dzO dzlz L O tcOMBERLCH, HHIsq dgfdsi@rsipgds] tc Sd2d dff sB 57 h OF |
dWd< omdtshpls/d < J dzd A 5B j Py O s@®wdtbtcPC OklstszOIs ¢
Cso stodz@ § @y BdFGC, IsOCBs HO “j ojSlststc MBBG dzj 3y O
d
l

5.2V [1fpzdny vsdpyl JHUR bt 1191 ond 1
J1JRsG stRrRurRY L[] [le(rl10
vV fmMszfCk Okbt®kOMSteE ftojfsL dz0o OF @ B dzd § C

flso Otcj dez s Oydesfls ] fsL dzOo OF O. njct

s

s°d uddigf s didag sQHEODH. v Maezkyo' k
CEB®RICO o H

Q

i MO Coou s dhjityo s dzd & OR LY SHieROMs ezt
COL BOIe@HQ dzls dzts  * jH jHdBs oL dOSHQ O d L f SMdOls ts O ded -
ddfmMkz HdjSkdO fomMdzjHdyOd cdPHe H 8MHdiM tc @dstscH  dst

dL ¢ sdeSt€JjO B d tSH ftcd mMizls dzs @ h 230, o BHJ COo {1
ftoj f sL 209 O O ctsotstedzd € O.
stedh < jd2O " jH&ROSCSMIs 4.19 LO0 (qJdt
Hdtej Clsdegs L OoadMmj GH dscOtdlsORBO | dzj to
EdzOtfHojjHd dzd MOdz tcOMf stcj H Yk " ddes Ctedlsd
B ZO fted ydiBBze "0 Mo OCd dOtwjHdd E
EdzOftcjH LO 150 d3j dzO, MOHtY Odzd dzsc O
HdWsidBO ] fsmMdzjHdyO tBdZdSO §tsMisOs? j dzd sf Mj ¢ 0.
g9 Miso Bic fuyizd WeEETE SSHfjMjigiO sedzj HO k dgj di3sc z< dats
te OL dzd ydjlsSdong daytd - © O S°d M dOdkzOoL j e diplks izt g dis
HilsjCyd j LokCO HAJE 26y tejffjj] dipjdiz]ishfosdds "zt | @)ds
94JLOZO LO Mj<0O0" odiidids  sk@EB0j Bdzf Mf 8 ] 2@gO M
Ho O BdZdMEO bdkO. [MtejdtsMmls 5" Qo BOMEJqLO® O ¢t

46

CoR FordokorAchiyl e
cd° 0 k §sf
Yded » s Mmjc
H



B Zyjuis QdzsiQtisdg BAPBY dzd szHO o j <O fted Y Bk
zzh OdzOy ykz'j fshmdjHdyd o&Gj' Mt desd MdzOG ¢
s f sid3OtcOdets C Ot jSCodoOdzj dzls ¢ dzOfmdetsfls d
Bdzd M¢ sMisd tsclalztdattn Isia] i@yl fipddlt tsdig O° © ¢ d - so d A
‘d k tBLdtt Sttt Ctdzyd s OkzH J lofidpddded ¢ dedids d
ssdzsco © Cts°d My dOkOL ] Ek ¢ oldGtz Ilgthds sdz0® ydzc

o)
i Is
J
O &0 o j<jd cuwiQfkdesmils dk SYltdf dz0 ¢ ZOMdesfmls S & fc
fnkz
Is
(]

g

kR kodso ©. [0Sdj, LO oj< oMbt j<d B
qudzse BYMjcO BEdjHO fj bk ¢ dofdsd sy Sk wo &
5dzj dzldzj SEBOOEOdatsds Yk ‘ desds SBEO o ges 5 B ki jzd
jejlsMCO Mot  Miso jdsMls yk‘ dse¢ Cwdlsdydse G§ M
L dwscOwdlsd) Jjditcd 0 bk sSSodtk bdOftjiH ©
L 8OYL Gz00 OF j 5 MFELCH@LPEO od Eestste® § 5MOL 6 OMse ¢
J Sltsted di3O fiffBsSdzjh O o@D iﬂ]@@ﬁlﬂ’%l&dﬁs@@ud O 8 cto tstodad
ydejts (d Bsclz<d MdzEh O0dzOy St df tcj{f SlOk®' ¢ addt

HOY ¥ O &tz &Obstscz) f L

Bd¢ Uk dse Cwdbdudse sfMjcO HjWdddhj o
ted O ' jHdddr Ct®kfsdj OO bkdzlksOk © jcO.

Cliugfmtzg€ j Ctod S tHeASEL |BdBJn%@O*f@HdZDSﬁ4]|SZOﬁ]9d" my
OO kdkzlsOte ¢ jeO. 10 90O dzOyd dz dzd ° z |
JHMtei Hd d2O BHG] dz,pdzqufnldzﬂsdzlzuq’dzl;tGdgfb,@gzﬁzm.Hq@q’dE
ddz sMlsOdzj MY jSClsteOddej Stdysdej desj bkdzzlsOte f
jlzj tejlsMCd Heftoddsh b BHdshkz dO HskddzOdsdd s
[fMic yk' dse Stdlsdydse sfiMjcO ojL0dk ‘j LO I

9
z

RUESTA-GE IR

OT O DN~ NI FO N~ NW

1

|
sCtsdzddzz " Ists L dz2Oyd HO Ijtsfr]d3®lsts@ﬁjlis<9cﬁztscﬂj®qlzq’Wtcp§1'g
Y &ulz’ detse S tedlsd ydeth)a] d3is g 4f € O dg g ‘Els@@dﬂﬂ%lﬁllzﬁtdz@dud
&ZOdzOL d Istsdz H tsd3d dzO dzls dzd JdZJtB d : VEBdJEB My
Mddsj stced ydetsmls & oij zd B3O k& sH fr]Iz 20 yj dzls te © dzdzlz
Utgjlsalﬂzmd@zﬁlsdfnddsjlsmwmgdzlsjndzlsdﬁm MCOdzd dL O j dets*
dzj HsB] ZOdEs dzd 2 MY j S lstcOdzdzd s S sdzj dz2OO bk f MO
ZO HtsdRddzOdzlsdzgd Istsdz Sts°'' d L OkZLdBO yJ dastcOdzdzlz ff 5L ¢
OB dzd s isia Y iz 5 yke* detse S todlsdydese sffmMjcO ifhlod O k<
s 0 dOyddz SEf O ¢ kzOmMdesMmls EdkzlsOte Yk dtse € ted |
COHO “j ftoibftsmMsOo? jds HO Mk yk dd Ctodlsdydsd
SHtc]  Mlzstlz] dzz 3O k2" j d ddeots " 30 tyfdes{dmipdstoddz tizff fif,
RLIcOYyjdad jJ fHtedmkzMmlsats hkzdk0O k MmMdddyd kO ctsotsteO
kOydtsls OkktdkOlMEtse ftojfsL Z0o 00 ctotteddS O t
o tstdzj dB Az fHs@dgtej S ko' j'k ftjkismMsOos i
SHdsME dO $ jesot MejHdM s .

5211 tod 3j dz0 bttskzceOtddr Yk ddi Stedlsdydsd -

sOts fftcod dOyYyddz OftesSCMdBOYd J HIOHO k<] f§ted
O d3j <fitc dfiffi dz©@ dzd dgp Otc dzd As HAEBANEZ dz2O Mtcj Hd N Isj f tsfd3C
s Mi1c@®. s O°  dzOy( dz Y@ frlRtishyffig@ts i HPc © dL o jH]dzO
stcskze Osdese tsBdzdC O, hlsts Mj k ddlsjttObikzted yj Mist

lted dmMfdlsde O & & Hfay@ts dad ~ff teq 2] diaf =  IsUADJ IdsofOuddrts-m |
OkzlssBOIME e ot 5L 200 O O ctcotstedzd SO L OHtey Odz
WizdeC ydijded € & OF. 4d) fted IsjMmstsaddizO COHO Mk fHtojlsy
CStedlsdyded ftsPfpj tude ded Ctedlsdyded tsfmjLd {teddgd" Jjdzaj
CoOHOIO OB dzdlskHME ] COLOCIjtedMmisdS J:

47



oot k) K eketert
=1

k2,n_ ki,n
2 - k1n+k2n

-k, ), 2 cggk,
’fkl,n_ k2,nC@( Zv”) 2 ) 2"
ftod MPpBEETOYUOs O tjHdd Bt fsMdOlstcOdone={l2z20se ¢
gktsL dzZ0yO®oe © HdMCtej lsdzlz Eyj Mls O detsfiipbiz t @z d@D Is' Q)  zdlzGh € twthf
“jHdRZOCh <k 4.20.

A?(Kk) (5.1)

ld

2
Ay

1

0|/ 150/ Y00 %50 . 2850 3150  f[mel

) , et f1,20 f2,20 1:[HZ]
sdzdCO 5.4. (OMisEin fddi jddr ktskeosd

© &

jLEzdzsOl] OkktkOsMSte fkjf st
P dded ylz' dzd € tefftsdf{dgda{O i ity 2 afC
Is j & Bots] i disdelr QE&Oj 0 O o j <C
| f O dO@H o stedzdd3 Mdzd 3yd 3O L tBJ GO tStedzi B O

01
m2

1 2 3 4 5 6 7 8 9 10 11 12 13 14

4dzd C O OS5 dzsils foEHI 1§ LRSS GOd fisds s d H  f s ds
% O° d&ZGIFCCY 9 2t Ot dzgd R Ctedldudzdn s fMjcO
lidsj BsH W S0 Odzd Stedlsqduded s§MmiLd,
2iowijdzsmisd jdzjtecd O E Ctdbdudsds sffjck Cstddt
s fj ¢O

vOydtsils fjfcLdz000° 0 £ fwotsd d ktej<jd Ilsjfmls
BOC O k GHdAsMkz &GO soydtims od sl At ad s jofi b & ozt 50
©j90% d dL dzOw jEsGodkdbs@. 8 tjLizdstse Odd Mk sOyd
d 13 &0 MCbkifk BH 121 cooteddCO 120 ccottkddCO
kOydsmisd ftjfsL dz0o O O flso Ot dzj §toddsj desds 4§ tot

48



Ctedhgdzdr SIMjcO IsOBJj &zOtedzts ' j] HOIL ftedCOL tOL dz( ¢
s90 HOO UMBOBY dB. Mk §tej' jdd mMdzEyO Jod, SH dzts |
sOydesflsd Okzls®BOIMEE ftoj fsL dzZOo O O cEto tstodzed € O,
MFCCstc Oyl dzOlsdr dz0 hdsekz 20) stz 2 0( fjzPd® B 2
Ctedlsduyudedr TP O (Mdzdc © 5. 2

t d Hded
siflsd | 2 [ 3|4 |5 | 6 | 7|8 9 |10 11| 12] 13 | 1

1l tets”
ftod f SL
Clco Stod
fted {ted
0o 5k d 72 98 48 | 105| 121 | 119 | 113 | 120 | 118 | 119 | 115| 114 | 121 116

ykz* dzd
Ctedisdy

sfMmjc

{ OL dzd € ¢

57|115|41|41| 0 | 08 | 41| 08| 08 | 08| 16| 24| -08 | -1.6
Is © y dz {84 I

5 OB j &0 {50L &z S50 OF j kOydsmisd ftjfsL dz0o 0° O e

Uk Btz n S§Mjc Oyt tsydimsds 0s0E0s &gelH ¢ O o j C S5 te
Cstedh < MEGCSL O St ' j°J fwdCOLOddRl fifdls OO d

10°90j<j §BB?h0O° )] fwamsdedkss ‘j k Htekzetd
MOH Y MFCCsT &3 Mists 98 Gtoj f 5L daPisaf & decs o (st Eaf € O G todgd -
sfjcO, ftod §toddj2ddd |ofidifdsitscO sdmi’ Ouks ‘ded 5 S tedls d y dzd
SH EZCEkfdtse Bt B ehiBedwd®ies Llety, sfOoL®d §isE
E SI0@ j @ 5hdz O 5 %L desfi@C tojs dily j M tej <d
qdz0 §sftcOoCj LO IsO Y &sfj Mysts didighdis(s fitc Op Bk & B
RIEsBY MEgOr M@l dME OF®N * j dL EsHj ZO dL B
00?0 o OBECCOgME HRdlEsd ' j° MO Isdd
sOydetsh <z f toj MRECHEOD O d@O IsSYOHARO frimdetseo 2 Istots
dzd % ozth i ) K doESL df@SB@s? b OF | s fyls oCRkmf] digwD 6zt s ot
ftod d3j dzaj 1 ttOo tskc OtsHfiAf § ey A @t = o =Bl tinf & dzdo
4GMBEGCs| OdBj bk Mizky0' & SMREGD< #Z0@ 4 J oz dzls s &
] k GSCodtkkz §oMBOktOddn &SHj O ¢ o tsisdz
" O dzFCQl dfidasfc C stedh < j ¢ I dyfte ClotsiafeRio s @ dzirds d
5°d ttjLb@sOkd (OB j kO 5.

SONNINOKINO O
NOOWRGHF* & §—o
FIFNAN—OQT
oo r@FITan
Toag3ac
e e

[ deff tste | ls1 jddtpls 1 Zdzlsd MRCC4 9 {
ftod Stedh <| 1 kdzMECC+ 19 Yj Bz Qs @&
ftcOo ke O dzg MFCCs J ozj d3j dzls G ts°
CtedlIsd ydzd SH G 59 Otc MFOEZ

19 MFCCs

1t IsOydzs
G Btedzd C O L
ftcOo skc Ot dz
CtedIlsdydzj w

82 89 72

{ OLdzd S s OF j

(%] -2.4793 -8.2644 5,7852

v OB j 820 (501 dzd YBHE OS] B@lso Ot te) Sledzs 5B DL b d&3dzOH Iz 4
by slstejB] btskeOodar M@ £ cEbdsnz @O Mok yo:
Uk Tz edlsdudzd 2 Y fMjcoO.

49



t OLdzdCts9 OF O IsOydzts fyls d4 9§ Setedg jO L OHAPdz L O GDs° jzdzdl t650.9
lsOydetsmisd f tdzj flis) OB HOI BD® 3Isdds &) Misso dBO fted 4 ted
Yykz dedr defedisdfgj c O dzO Bts? O IsOydetsfyls ftoj f sL dzO0o OF ¢
BsHj dZO dME? Eyjde Jdzj o3 dzls € 5° MFCAs H cus@Edadm Ise O'tgjd
Mz yo  joddkO BddZO L O ¢t 2 HB 3% MRECPL ko ST Isst
sBJ dzi 3y O BREOSC KL Gtplpdsd udzd Ftothf nj &SR Mz o C stk
MOHtc) OBFELCCSIZ9 ts9 O HiB PL Mooz " IgOoydesh <k d E sH
fteddzj dzgij ftOQotskzeOdedr Yk ' dzdr Stedlsdydedr ®ffj O
SHEESo Ote Of o RUMFEC®aLM B2 h OF j IsOydesmisd j k 90 H

s Oydesmls ftoj f sL dz0o @10 ELIz) flesoldjdffls ©5 7 dzaj
sHiMisEf O O E BHdAdshE d&O IoOydsfls §shmisdedkziskz {§td
sfmMdeeOs?h OF O dls @ tedet fipls dz0Oo OF O I tsldf jtohigflskty edzfod An B7s & g d3iR2
51 13lsOydesmifL &z@m §f D W) dzls dzO BORZO fsetsteh O O E IOy
0.8% BHsMdzes & IkjifMskz 14 t©WjHO 1. 6%, hists fMmj &
EBOS j Sk L O ° jHHOOES GG toHESH®RED, §s$O0LEZ 2 HO k dL
s Ot Ctdydf qtcOdedr bteskzeOsdedr Yk  ddr SCtodlsdyd
ftej 5L d000° 0 SHdSHAGS ECOLE j &0 Of sdede
WddzlsOtemC d ~( Wbzt 6. 1) .

1U8d34¢4d2»0f O stej H Yk dzdr~ SCtedisd-bded iz sgzff)j COJE
f mMierd,2, 3, € ,2DHtcOL d3j 9 O o] ¢ &zOf OF j tstffthg g Off td dztsHota
s dzts o d dzj ¢JGtsatsG ftoj sasddg@C OO0 ( fHtkthezj HE Yyl HtcpMmd
d qglzj tcc d ° dL ftojlbrantsHdse &k §shdOltcOdsd Yk dzd
O dfmd ISH ftojlsf sisOo? jdetse BBdZJSCO Yk ddr Ctodl
4SO bydedilsoUtIPls d ydzd ~ 5§ Mjue O Qo fyfdztdifyls dYf tagiHe d
Was s 6 Mded BSOS H dats Middsk ds HE % jdaist) OB P dIOFz ¢ 5o 5t
CtecOHdO  E<ts' Bjted St ' k& kdtshmd ftoj ¢ dzof 0 j yk-°
cOyYEPEE O f sidizOlstcOdzd O o stedzese fd ¢ dz@zO. 1
toj ' Jdese HJjd&ZO jdzgjteed j dL fHtojlsatsHde kzhmesc
Msts j<j Mdigils® j Hs  { tsifds tcP tztf gz ISVQadg € 0 | dzls des 3 ¢
atstedz.isG1t®Oc§GD‘ dZzOyddz Misduyd M4 daj Mise OMEREs Mmdzd ¢
d M OykkdkzO' £ L O fcsmMB3OlstcOdzd 6o tstedzd tcOs.
RABO"  <d Bk odHEz dLNtORQ tsldftsS ig detf 'tc JeEB@Nds 9023 ¢ OB d 1
‘090 "EBO k ctottedtsd® MddBlE & &EseO Bdld
fdzd O dits cdzj<aftss df 5° @@ Isdej tk] Az ¢ tso tstoded € O,
s00 dMfdlsde O © lsOydetsmisd OklssBOLME e ftoj s
dqudzedr BiMicO drLethjd i d MSEYf IjMmlsse O
OltcOdzd n Yk dzdrn O dzdfusd w @G dstf dntg tc @R L OO0 B®.dz
teddzsj ¢ j 2O St Cyd 0 MOMsts  OdzO Mj tH Isted € St
T d cOyYkzdzOo OF j dztse OHg)SIOBO MG @A dec flzOded Ctod

f sMBOtcOdats ¢ &ats{o Is, eAizsés, 2RO
1 sHtj' doOF | O &O° | &, dSrOmE/He{ Jd2kéd29)
1 CstedEso 0 ] dscOtedksOBO jdjteecd © vyk  ddn

@O BOC j& dscOtedk®BO jdjtecd j KOst Ods

ftcotsBdlsdats dLteOYUZzdzOlstse dzsecOtedlsdBO j dzj tec d °

E|og(k)dzts a:tsE|og(k) - min{Eiog(k)} : (52)
[ @” ] dL tcOMRCEsIs GfSjzOHE MO “ jH&OSEh <k 4.19 oteh j
Boguas$ OB o tcjHdzsMIsd ke Oted lkds®cj daiztc dlaf'c € ot fiy af Qsiais @
sOts hlsts ftedSOLE j] RdMmstsctcqdf ¢G0O dsd®tedlsdDBEO §
ftoejlsatsHdzd s dMOded dzOyddz dzd " J L dz2Oy0O" dzes EkliIsdy¢
ftojf sL 209 O O cEotstedzgdC O k2 BHdshHEz d&ZO0 Mdzzyo® ¢ OH
SfMiLdBO dd § fteddj j &z0 Cstej Cyd O.

5C

nasFoOIT I I F

IHIHIHI"“—

P =
A~ 00F

Is
Is
03



tdHded
siflo L | 2 |3 |4]|5]6 7 |8 9 10 | 11| 12 | 13 | 14

ltets® Is
ftod L
G 59 fstc dad|
ftoddd ®
Csted Sy
Jd dzj @

79 | 112 | 53 | 110| 121 | 118 | 118 | 121 | 117 | 120 | 117| 117 | 120 | 114

{ OL dzq S ¢

Is © | dzfS4 & 0 |-16|08|24| O 0.8 0 0 -24 | 0.8 0O | -08| -0.8 1.6

v OB Jj 620 {501 dAf SHdsEfclsrydzsBls ] Mistsa Ftcdiz®dg g OL sd3 1
stesze Otsdzd » Ylz' dzd &) @ St dlg G U wE Al iz fole G5 g dets iz dzO 1y
COHO SCttej Syd O dzd " §J ftedd3d ¢ § dzO

RL lkO®gtzy j5Mj LOS?Ekydlsd HO " jJ MjH® OOFf Btsd3j
RrdRBO E<d E odHE HO ©OL&JCBo O] LkOydshlsd s
ftojf sLdZOIsdr cEctcotstecdzgd SO L O 1, dO 9j<j o j<0O°]
“iE3sCodilkz kjMsO 4. 10 dmlsd Bt Mj (HEOftgds -
Isj Ms®OYdetsls k tCodtek IsjmMstsa® 5 d 8 tH 100% ¢
ke Otedlsdsy jdagjteed O k tsCodtelkz ykz ddr Stedlsdydsdn
s di30 " j fteddd f jdzO0 (st Cyd O dzscOtdls FdsQ f jsazfia
“sh jHOdR csotteddC kOSEKs HO ‘j d k sCedtkz
ftejfsL ZOo O O cEottedzdSO 100 %.

) sz OC S dd ‘j MtesojHjdd SCskjSyd 0 d&
CtodIsd yded sfMjcO oo jdeMlse j dets Ovyjdesiizleod H jaiz Is teBE
jf 5L dz09 O O G o tstc dgdsle (s thdzE=IEy s % H d5@ difds@niis'tsj’ O° |
Nddd je NEdkO, hEzRO O fGisoaksddn ifdsifdinfi@d
Md L dOYyO ded * 0 Hlsts 'ts° 18 @ @ fipls df Asfrsgdiifcisizdal® o ©®O Ofs
i SHEICHEEKB] dfashtsd " zd® b dizH deEndits tczz 1B OL Iz
O teoj Jjdjtwed MCJ € tstejfflapddeielz B Andzioedjh fij dzd o
dz0 f tod fisOIS dzts a1 Oh I FOAER L jE dild @ P s @B o O°F O.

01
|2

1 2 3 4 5 6 7 8 9 10 11 12

sdzd S Qv Byudsmis § td@@EL (z00 B s d3 GOd fipdsBlsd ©H § fi)ds

%O ZOFCCE 9 2w clOdzd T Ctdlsdyded” GY§fjco.
lidej BsHdW S0 Odzd Stedlsquded sSEMiLd,
2iotj HdzsMisd j dzj e3¢ s @ j e S € Glesd¢dste Odzj J dzj tec¢d‘ sd

s Mj ¢ O



tdHdd Bl 1 2

11 | 12

Jtes® Is0O
ftoj f 5L dz(
ctso stodzd €
ftedd3j deq
ftcOQo slzce (@
Yk ddns ¢t
sffmjco

15 | 15

20

18 | 20 | 16

24

23

26 | 24| 23| 21

{ OL @6 o 15
ftoj ff sL dzC
G 5o thtefied
freqdjad 5 | 4
stcskzc Osd
ftcOQo slze @
Yk dedrs €
sffmjco

v OB WO SC OL

tcOL dzd S 859 OF ©

B to 5 ©J { fotg f d3i diaP Isl§ € ts Iz ds

feOotskzc Osdd R Yk ddn
9 j ClsEssigi@izj 3 * © 9 tets YPMRQCHA st J
5611 @i %

) o d B dzO
0 Mk

TE OO O

)

festc kS 5 gOS j @
s t5 0f QO g
q Is d dad
L d

dz
)
s

fd ¢t 2 %,

FRAOWNHFISRGHS OO

nE- oO8%

%6 lsOC G j

qded Mzzyddl§ b OO0 z0 ° j

hilsts

32

f etsyd dzls z O dzdzts
B totiso tOic dzZtEs'e tsEc@zdd 02 .2 R OC
E GHdts Mo skOdztdsd Mas@Letgi ddd.H stpts 2 ¢ O s dzd
sffjcO EklsdyoOdzO zO0 f ©f tefHS s B to it
( B)OBgFaRIs 5O dzdzO ff s tc O 9t§ O s ASENG L] S5 dBzOH
Cso tsted

d

ftcd S OL Odzq

Gsostedzd C O fSH
s 0o ? j dzO

HO

¢ to d Is | e € dztsdR HEDE LOSE) b I i ls & ¢
6] L kdls G

steskc OB dzdsy MG B @ls gy dis S o f o to dstg digy s b5 © O s otz
< {0 j <0 jd5 bBtctisH @ fifls j ff db
H fted s sMisOo”? gugded { EPHFELdO R B OB JWDIs Hts §/ts ¢
JjfsLd&Zz00 O 0 ©MshOK] dZO] ' 20k dzj fisthdsj dzj
Yydes ftoj f 5L dzOIS s

ydesfls & sotsd Isjflsk * j
s

o)

stesze O

6 z ff dz)ezOB tc ®
LO B¢t

21.

Bidz0 b tHAdSNE SOydehled <i &RhlsE®ds 6 s Ggo ¢ GO
B j deGs j H)lsd 2ded € &

o jwO® 9 dMje] dzfk

s “d B ftsmij3Ck
stcdgdd@s  oidz® s tcOo GOl Mgdgs Oz OE $ j <O,
h SHGEtSO Otc® ftso j <Ok

Btets O ftoj s

ZO 9 j <O

gt

B
i tc
L d

1d

ltetsmd ydz© IsOyd

zO Isdf yk  dzts | BoastedzO B O | BostedzO B O
5fMicO [ %
ftcOotslze Otsd 88.488 55.18
stcts iz ¢ Ots dzd 90.732 62.387

vOB 5RO
BOL J

1 tod d3j dzO

¢stej Cyd' J

dz0

Jd dzj ted  J

ltesfyj ydz© Ik Oydesmls OkzlstsdizOlsMEtse fftojf sL dzOo
d sdfoO fteddij ¢ j desec ylk  dztsc

b uk' ddd Sted

Cted Isdn

Blots JOH gOls g7 Oc ko ot dsdfiiz®, S gL jD1l 5 5@)sp @O Z 6 Isfj <

f tetsd3j dad
9.5 OHO " j
stctskzce Otsdzj

dLoth j dats*

50 <0

jdzjecd MEts°

52

CBtey Cyd

Biets' O ftoj f 5L dzO ¥ R 9Fspifaiiafiity £ f @O sk Grplsjtsa Gd
Biets° O §toj ff 5L dzOls (=
Yk dzj cOeg B ydefs" s hdaf B f s j <O jd3

@O ltetskc Ot dzj

Ctso tstedzd

L (



tdHded ¢
5] fls© 1 2 3|1 4] 5 6 7 | 8 9 |10] 11| 12

l1tets’  Is ¢
ftej f sL d
G 5o tsteded
fted g ¢ g
Cstej €y
J dgj b d
t OL @&dE6ts
ftoj f sL d
G 59 ts tetfdze(g
ftoddsj dg 2 2 7 4 3 7 -1 7 3 2 -1 1
lete;gu
dZJtGGq’
ddzj fto

08 | @OEEG) O BEE’ O f 16]UDS iS¢l o jwuiinds fadLOs d 2
ftod B dod bteskzcOsddrn Uk Odztf 3 PLid P U AbHS df feli o @
b sHdshk @o Mz yO° SOHO CstejSyd: O @q

171191 19| 20 | 23|16 | 32| 24 | 29| 28| 26 | 24

tedd3j 20 CttejCyd j dtscOtedsOBO jdjtecd O k f s
juaptze®@ dh j “jJ e j<OdkzO Bttt ftojf sL dzOlsjd ~B tEtEs's
jf sL dz20Isdr cE o tstoded € OR Lz otfj t& PUO LL Glzd7n  Gidsj oL tiAaiAE]IsER
B4 20 jdzjteed MCJ Sttt yd § ©OLdZJudlts dhnyts?
stedzgd CO k2 twOLdZdydlsdd Isj mMistse d izO. [ OQ dzls, . sOwn
ey ddzj Coted® dz0 shmdselz St j Mj othd ftjfsL

5 oK J l sy ydz® Is Oy dzts ivs
| SostedzO | | B9 5tcdzO

1 90.732 62.387

2 90.791 70.27

v OB j RO b tcts iy dgeidPls Istote | § U tsld®Ocp hO< JB ez w2P0E dzdff s d y dzd -
BGMJ@@JK1Utslﬂ'fbﬁdzﬂtedd3c%df§§®zg)Qdﬂst@?ci@tslﬂdS‘d:iJ Jdzjeed” O 1
s fj e .

I s LOydesmisd ftsg tf tsdzidzB o ®O Os dgOR z fp 820 A3 O 3 dzts
ftcj  sLdz0Oo BoB®Btcdzg®dg g OL sd3 1. dlIstsc @ -~ MJS siE § dpgf dzP ,
steskzcOBdzdr yYybk dzdr SCtedsdydzdms tSfMijcO O LOLdd d
f shdB3OtcOdets o dh j tsHOFdE] € 1O Qdztk ) lz0 i tdsjo tipticLdziz@p B G sC
(OB jlozO SHBOItcO" 2<d { 59 jf<sQ dED o OO QA Idffs ugfstdy bz Is §
COHO " § E MFCCdcotetend h kK9 dz MFCQlzE dz6 1 O | ylfidsthis] idaH
|Bo BB d; 1 dL dzsd 20 s&Ws &7 BOOdBOA B7. 387 % k2t
Elsdy®d d3jffded dL oteh j dzed - 5L tistiedet€dg d B Otc sl Bl < dodflssO Is
sOBj ZO5531 WO @J MsOydztsmis sy tff usdzsiad o OO IO A0 {f |
ftodBdzd ydzts 32. 883 % |sEItdgsdyf BOL @ jl dfQHzsd dzts  f te

yqd©jddyo HO " j ftedd3j dzO bteskzec Osdzd m P QEdE ¢
sOydesflsd ftoj fsL 209 O O cEtsotstedzdC O dOH B Cso st
bdzj My dzO ftedd3sj desdz tso OC o dn ylkz® dzd - CtedlIsd ydzd n 1
ftoj f sL 20O OOBdZ0 COtOSCIjtedMmMlsde O Ctedlsdydetse s
s sdzj dzOISO £k tsHdthk &0 Ctiftsds dzlskz E ¢ jetsotsd
Qtedlsq’udzc[: sfmMjcO ftistej B dets € gd3HtisdrjOCdz@iEsO MaizOS Jsdfd
s mjc 10 thdtsek o0 MdzjHd HO °§ Of esC Md
Clel)(If.‘ISCf ftod d3j detsas dzj dzd dzj Otedzd = W EZdzC yd = OMozp Ofs< jWdg

53



My f jjedig] dzOSO t©OHd o j{<EhdDIs P ded T Is dCotaigisipisug:
fteddd ®J 20 ° Jdzde@ M isdig) wialy ' dO© .0

5221 tod Bj dz0 j S My tsdzj deyd  Oczdzgdn Yk dedm Stedls

[ S sfzjQEgz0 Y &S yd Q=&( Ok p@j Beztzfi®@ dzj L O d e
xXi (e +Jddsy jf 50 tc Ols d( figdzdi @ @ 51.j 1O

LHjHBS dL @j(9,0/fted wj Bz WEdCyd O dgDOBdEG] H dshisd
2Hje st d G f0B)fted yjdsk ¥kdyd O Jdy@ (@) Hdesisd d

g4y

-1+

eSO 5.7. [SMYtdy dzyd Oz YbcSyd O C OB 56t
5§ MG OHdsnt dd dRdodj G dzk

10 Mmadyd "§J HOb kftstjHdd ftddypre (e sl days” @)d

dd dzj Ot dzj Wy;:e%@qﬁ (0 O B O, =3Hlds I detj O B

| 5MBOBEO  k<d cLOYdS &O fddyso 5t win(mehieeal i s

JChysd dyd Oddi Ctdoj (5COLE' | -tk dei g Clsde

SHdshdGs &0 M kY dzquoz;%\memﬁ{ 2, 2 4R,y d 1] At eilzo Ot O

oo HAdSTlED €fsf d M) (chHdoked sHdhdshds §od Ofcs!
bteskc Osded ds WbEaass O §sdsoddd $Sjcesoj hdedd
jCmytsdy dgyd - Oczdzj WkdzSyd j k0 oj<k Mmtekddk st
Hits JjCMmytdejaziyd d&@dzp jSted Mj dzj Slsdo desils k& tHdshE
Vg =BG+1,B{ 1, 2, HtwdélyjdBkz Bd BBHECSEBHEDHE S jodils {

54



dMmlsOC dzzlstsmisd MtejHdh T ] Cod3f sdzj delsj bk § smd3Bls tc O dzk
5L dzOYOo Ofiytusdgfodnjls dzd dzj Otedzj  Wilztedg @IS t§ O dzj § Sty j<HOd hj ¢
CEdRf sdzj dzZOISO k& ¢ j dels* ¢ tsdzd dzd , HSS J Sy sdzj dzyd
B sdzgj ZOISO £ dL OBtcOdzts” s ¢ tsdzd dzd fl"thJHthUISO s H
) dzsmisd H d dzls@Leh OE2OG zd3jCddsdy ififif  de@zr dzy d ° © dzdzd
<d MmjuSesdefEsd gy . Mied Hidd i d@s maidp | HCdBREE Isgsted f
Yy dzts ¢ BljfnJGO 9dNd LO LOYyctkE £ ¢ t5° J‘;fnt]’ts
MdBOoyd" 0 yk' dede" o tofustddudgzdihd dsdf) JJcSOm Y © gzp 82@ d -
0" | lsOuQ; ftoj desmdzdr COtOCIjtedMisdS O Yk  c
dzd dzyd  OdzdzO W EdzeCS yd O dd&BO otcjHdzsMIs 1 ISOHO
Gote dd3 HJ dzSE d BOMEBdFEZQEOOwdezdr Wlkzdt yd O.
VEBsdZdS B8 SO ¢ j Is OlsSsid) Iz i tzty d3 0 IsCtaddisgdey dzts 6 st mj
dzstc BOdzd L 59 Oded d3 kiz Wik ldsGaiatCh IsSiIf@O0 sL dyd " k& Mtej HdM IsC

+k
sffmjco kc’n:Isk1®—2\:t§ﬂq’Qtstec{h<J¢cj HSS dn HJj Zs9a O tSHGES9 Ots (

Wkad O ©OHd S jcmejh QassCfddoOyfiz i <d doudd:

g (k-keq )@
_fe vk Ckek,,
Aézxp(k) _lIe- (k- kcyn)é’ kC’n <k ¢ kzyn, (53)

ftod YjdBkz O 9j<0O otejHdetsils o] desfdzj € Ote @Shjdsj tod f
“jHdzOC & B). (Chytfde 1€ O GOk Isd o desflsd fedd® j dese ykz
bojHjd ‘j WOCktt Mmbtedddz 1§ tsinds@istds O dzj H dp@ Sy fisiciz]
159 j<0O° ) WYWOCktstO Misteddds j SeojjLdelsizadzs j € tzdifoR d@jodad |5
Ctedh <j*0 HBSj¢ Hjd&O jChmysdy dyd: Odedzj Ctedogj, ¢
HES Mj bk fMdkyd b fddjdi ¢66° j¢ Hj&O jSnfsd
@O odhj HEBHOds dhisdu) b sHusfsg nss dsHls0dEo
Of 656 oW dzd R Swdlsdudedn SIMjcO HESdd HJ dse d
WESCdyd 0 kOSEt d ftd Sstedh <ajhl disd R e (B Y stdsjaf ds
EsdyO 0 WOSktstkO MittddedRjda & oudtsidss@fedf O ¢ 5o &t da
A,

s
o fn
s

te d
f et €
i tg
¢y ts
te

¢
L
¢
¢
O]
M
J
9

s 5L
oSN @ Fo o

1

0| 50\ 800\ 450 . 2850 /31%0 f[mel
0 >
0 f, f o fi20 for  f[HZ
udzdCO 5.8. t(OMisteijn foddi® jddr S sdidyd" (
Ctedh @456 HjdzO jCMytdsi yd Odzdzj W bk dz$ 1

d Hit jCMmYfcdidy®f Gdgde j € B9 ji daf0)=el=1¥ Iz dzC y «
M sdej dzyd * Odzdz®@ S tedo O ‘4 fsesHdzO L O Ofts
d k& o diHddnsio® ? § (200 fld3j Isted ydetsls ykz dzedn S to
'k MijCltcOdzdze Ctdiftsdy dzskz HjifMmdzz doadyk
Of oS Md B e Aisd Q &dgyf dsyizle OEdR HO L Ooteh dz®@ IsOYC O

sffMmjcoO, jC0,d o€’ j B0 otjHdasMls * jHdOSE 1.
bk dese Ctdlsqudse sfMjcO ke j<Od Mk LO 1 k &
Codlsdydeds ©fMjecO (MkdCO 5.4). lwjkfsnmsOk? O° kz-

55



QOB o 2O © FH ZOC sk 4.20 bk IsjMmlsseoddO - j
bvj ftjdshdj COwOClkjtwdmisdSj wyk' ddf Ctdl

S (k' kl.n)(.é
2 _Fe ’ kl,n¢k¢kc,n’
A\exp(k) _fe- (k- k2,n)@, kcyn <k ¢ kzyn, (54)

ftodj dpzsL dzZOYOo O tj Hdzd Bt  c5HBEOk EEERE20E © dsd
SHdtskz dz0 dLotstdzk jCMftsdzj deyd Odzcze W kdeS yd “ & k&
Of s MdBOYY & k' dad & ¢ Edgjddsls] ydzif 7 § t5@GaaEEDAEON @S st
Ly st diedlsdo OF OF O i@ Ohj diE@ Is & O dptiel B 07 20o 1 o
WOClktstelz fj dza€ds @Y tesBEG B tcOdzd Yk dzdf s 1§ sdhs ik & dzd
Mj dzj Clsdgezigs d L MG O] d§ 5 Y ls day ez Ml zOY tshinds@isizg © dz
Yk dzsdzs € tod s i yRlatog SO fpjtajln dzsfls € 9 OH todds PO RBdididia( s iz
Ctedigded n S MjcO dA.detsipd 1 ( MdzdS O 5.

Ay

maxo

maxz

maxy R
1
O

e 120 220 f[HZ
0 150 300 450 2850 3150  f[mel

g dzd CO 3 OMY sted HaJ i tind dsidd] Jdadf d B dzdgdzd = O fsdeth)gd @@ = d2O ¢
Hy ke jCMmYtsdz deyd Odzdzj W lkdzS yd  j

tOHd dMfdlsde O O EdyO 0 Ctedlsdyddr ffMjcO Y
IsOqQOd3€) s OHOId O dkdlskz otjHdsMis, COt Kkt ]
sfMjcO (" jHdBOCMIs 05 C1s," d Mz € X sFcddisdlsd ctstc’ j
" b dzC WS Edh < ded b Uk’ dzd  Cted s d wdsd @) JE .1 Gdzj W <

fetarJa cke
2il)=f S T OOl 59

it gl g <k,

50¢ 5'nF{12..20.
A’

maXeg-1

max-1 ce

max;-1
0 0 450 2850 / 3150 f [mel]
0 >

0 f1,2 f2,1 f2,2 e f1,20 f2,20 f[HZ]

o dzd €10. 5t. OMY stoj v Miff tizd d3jj ‘ddddzd oj ¢ M § 8 dzlp day detf © dztdzetf ) j G
LOMmdetseo Odagd »  dzO ¢ tstoc’ Qdgdzf j Wzlz dz§ Q il s daj dzy d

56



sOt d k fwjsisHnddd sjMscoddkO SOHO Mk ftjlsy
fted kjfMsdeO’ & d&OH jSMytds doyd Odzdzd &5 € ted Is d ydzd o
diistse jlsdzj) SttejCyd j wscOEdlsdO | daj edd S figdOs
sOydesfyls ftojf sL dzOo OF O.

100 : =

90-

80- ml

70 a2

40 05

30 06

20

10

O L

1

2 3 4 5 6 7 8 9 10 11 12 13 14

udzd CIR v BDYdesMis gz B L (2o B lilsdy @] fipdgsfisd tH § shd

WO ZOIFCC4 9 20 ffdny@sdaid n Ctdlsdyded n @miEM| A, g @C i

HiB JCMY sdzj deyd  Obdesgtc Wz dat jytf dij COTHRMRIdEIN £ d2C yd * 4 MY
JHOdzI ¢ Stcdd 6H mou‘iﬁmdmdzmlzdzﬁud‘i)-

1,3,50 dzj dgtsH d W q aodzor Ctedisduded sfmjLd,

24611tcdd34¢4 Cted Syd O Jjdej ecd

10 ;

90

80 m1
70 m2
60 O3
50 m4
40 a5
30 o6
20

10

0

1 2 3 4 5 6 7 8 9 10 11 12 13 14
4 dO1255.0ydes s § tdz@mL (200 B s d3 @eOq figdlgs fils S H t]’tsfr]of
O ZOFCCY 9 20 Sdf@dazd & ¢ ted,ls QYOS s tREBYIc @ d2 H 55 C
Hit JSmY tsdzj dzyd  Odatigte Wz daf jyt) djj COntifetasahief4 § My 2" Isj «
I RO® dse’ d HJ trd COfdridz)Y 2 dz2C yd - J
1,351 dzj BsHdW S so Odzd S o Is d ydzd Bl]’fr]JLq’,
2461t i’ jdzO0 StjCyd O jdzjtecd:® j

) 5Ot O jeds O B0 d WOt Mdzd $ OBREO . 1) df o5 dAd2y dzls 5
sOydtsmls k& &6 @LEO HiGh Isdsde’ jls jf e B3 ¢ j &z0 S stej QL < O

57



Bz Mtedddkz fwjlsfsmsoOs? jddn j <MY s dy@gyss  jo dz
Hidelsdets * jJ dz@@ GslzfsgdRisesgdgmdidr , Hdd BBE® d ZdE
Bsh <k f tw)jCds 1,534 18)s.A v Isj fipEdd Od® 'Hj s Oy dzs fl
5%, k kjmlskz 1 kOoydssfl ‘j BddkO B 2AD% dacsd €
Blzdy dzsi 2 ( % s®&®BS @8k SHdsME d&O ksOoydshks fejfsL

S
1 2 3 4 5 6 7 8 9 110 11| 12| 13| 14 44

a=1 74.4193.4|1529| 95 | 992 |975|98.3|992|99.2| 100 | 96.7 | 98.3| 99.2| 96.7 | 92.9

a=1mo
Crstej € 769|89.3|58.7| 97.5| 99.2| 96.7| 97.5| 99.2| 98.3| 99.2| 96.7| 96.7 | 99.2| 98.3| 93.1
d dzj 6@

a=2 76.9]94.2|1529| 94.2| 99.2| 97.5| 97.5| 99.2| 100 | 100 | 98.3| 98.3| 100 | 99.2| 93.4

a=2mo
Ctstej ¢ 79.3]92.6|53.7|98.3|99.2| 97.5| 98.3|99.2| 99.2| 100 | 98.3| 96.7 | 99.2| 99.2| 93.6
J dzj 6@

v OB p@O viYtstej Hdzd RIS A O f disirfeislafel d OdEBHsig dzs d3 B OL 5 d
ftod OftsSMdBOYyd d ykz' ddr~ Stdlsdydds SfMjcO HE
LOodmdesmisd tSH Mlstedsddzy SCSttedh <jdzy J ¢ MY tsdz

S
1 2 3 4 5 6 7 8 9 110 11| 12| 13| 14 44

a=1 72.7193.4|529| 95 | 99.2|97.5|97.5|99.2| 99.2| 100 | 96.7| 99.2| 99.2| 96.7| 92.7

a=1mo
Ctstej ¢ S51.2|86.8|37.2|96.7|98.3| 94.2| 98.3| 99.2| 97.5| 100 | 90.1| 95.9| 100 | 97.5| 88.8
J dzj .o @

a=2 744 95 | 48.8| 95 | 99.2| 97.5| 96.7| 99.2| 100 | 100 | 97.5| 98.3| 100 | 99.2| 92.9

a=2mo
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a=1 56.76| 59.46| 70.27| 62.16| 64.86| 64.86| 78.38| 75.68| 91.89| 83.78| 78.38| 64.86| 70.94

a=1mo
Cstej € 64.86|67.57| 81.08| 72.97| 72.97| 72.97| 86.49| 86.49| 91.89| 83.78| 67.57| 75.68| 77.03
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a=2 62.16| 64.86| 70.27| 64.86| 67.57| 62.16| 78.38| 75.68| 91.89| 81.08| 83.78| 72.97| 72.97

a=2Mmo
Cstej € 62.16| 70.27| 81.08| 67.57| 75.68| 70.27| 86.49| 89.19| 94.59| 83.78| 78.38| 81.08| 78.38
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a=2 67.57| 70.27| 72.97| 67.57| 67.57| 64.86| 81.08| 75.68| 91.89| 78.38| 78.38| 75.68| 74.32

a=2Mmo
Cetej € 1 62.16]| 62.16| 62.16| 59.46| 54.05| 62.16| 83.78| 78.38| 78.38| 81.08| 67.57| 70.27| 68,47
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1 2 3 4 5 6 7 8 9 10 11 12 %2

a=1 56.76 | 59.46| 70.27| 62.16| 64.86| 64.86| 78.38| 75.68| 91.89| 83.78| 78.38| 64.86| 70.94

a=1mo
Ctstej €y 5135|59.46| 62.16| 64.86| 54.05| 56.76| 81.08| 67.57| 81.08| 75.68| 59.46| 62.16| 64.64
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Ctstej € 59.46| 62.16| 59.46| 59.46| 54.05| 62.16| 83.78| 75.68| 78.38| 78.38| 64.86| 64.86| 66.89
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fted YjidilsLf®C ] fsMBOtcOdse jdj &3j dzls© bk Iste Ndzd dze
‘] BhbBddE Bstuse stedzs’ BOL] Ek SCodtekz St j Mmj othd
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dmin 348 223|254 219|181 | 223|201]206] 1.68| 1.97| 1.67| 2.12| 2.09| 1.62

Dt(0,0)/dmin 3213| 2238 | 2060 | 2065| 3113 | 2367 | 2809 | 1860 | 3218 | 2413 | 3136 | 2195| 1576 | 2555

Dt(19,19)/dmin 722 | 1008 | 593 | 263 | 221 | 260 | 215 | 160 | 274 | 302 | 602 | 242 | 183 | 451
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tcOL BOtcOdzdd3 IsjMissa dBO ftod ftoddsjded 20 ftcOotsizaC
Oninf 164 H M RG] B3O dzdzts Of s dzzlsdzts COL dzZd S 59 OF j E KOs
Isj Misse O.

v OB | 80d 6%.C OL | tdg jHidEH{OYdED (1819 sHE 5o OO E<dn d
cOL &ZdC 5900 E MzEyo' k& ftoddk jddr O skzc Otsdzd
Sy jtedd3j dels Ocdzdzed tojL zdzlsOlIsd Mk f5COLOdzd HO ftets
stecskze Q@Odzd & MY sdzj deyd " Odzded &3 Hisf teddesd ftsoj <O k& |
tcOL &z Cts9 O O jdzj di3gj dzOIsO IsjfMmils d Istcj dzd dz¢ BtsH j &zO
KB MstfB3A 59 Oted * OdzMmdad s OB Y A dg@ s @tzH j tgdH detsc  d M ls
Cho stcdg OO dqupEA<dgd C 59 O O ftod HBBH | dzt ROEOZ Zte@L dzd Wl
Mk CO wBjdzjY O cettottedzdt © Ctstedh <jdzd MFCCs tcOn
sots ded j dqLdzj &2O' 2 <O yd©® jddyo. 1 0dd3j MFCCs t
sH OMHidltsd&z MY j CIstcO® tOL BOtcOdese ¢ 5o tstgdesicts ciigd Oz
Csostedzgse Mdcec dzOdzZO fstcjH IBEO hiss LOadmMdE OB ¢ d
Mokt stedzed § Pesose IStej dzgzlsdetse dzOyd dz©O dL Oy O OF
Cdetse dAsdstE] dsliipjOLE" @G, sMdzjHdyO " J d Igjo freshid@sisdi)
soj ud® jddyj d3tsy j MAGEs C OGS *mypipdis il ¢ @ MY ¢ O O
fslsfdsmisd HigsPo kst ¢ dn &O hhessk Stc¢
sHdEZdSC o Ols®C Jddgtf 82 @l € dr  d3jc' Ok dlas[« Ot dff B &d = 1§ tots d3,
f shBOtcOdse [ &jso thipdd § Oczdzsfylsd MFCCs fj ftej fidzd ¢
Ccsotstcdzgd C O Is° .  CtsoOted  OdzMdzj BOIttdyd Ct° dBO
ft5° j Hd &zOYdzd Mded BOE s tsidzPS @ O

JtekBts tjhj®j fHftosBdzj BO tWOL &ZdS 50 OF O dBtsH j dzO
Elsotc' o OF jd3 J dzd d&3j &zOIsO Cts° d My LdzZOyYyO dets tOL dz
jdzj B3] 2OISO k2 CtsdzOydesds i3sH j dzz s steded QL@ S R [ I©OF
COts IOCod dsyj Mj wij<d HO ddmkz HdtejSlsdz® 1§ tsfc
JLo jMdze Ctsdduddkz Jd¥WsttdOoyd 0 8 ctotsttddSlk i
fsCOLE " B LdOyo dzz ftetsdzy dz? do tsfls tSH dsSH ] dz@dH s d3
dzsj toJ dzOIsdo des BOdzE € sdzd yd dzz d dgW¥ steaRdy ) dziz  fgdzif i
L dzZOYO desfls tsodnm jdzi d@3i dzOISO dBsHj 2O ftod HAEZEYTS
BsHjdzZO Cts°' d fsCOLEz'E BO‘E ftosdj d dotsfls. wistsa
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BsHjdzO d ftod btsdj Mo OCd Jjdzj Bj dols BsH | O { tsfid3e
BsHj dzso O £ e tso stedzd € O, Is * . FoJMmlsd BSHEB OO k<
Ctso stedzd € O.

[0 o0Oydsmisd ' jHdddn jdzj i dzo,|)sus jddaf ds
BHEBO OO £ fMajndyd Mz o tsjbidpskh lsdfO st s Dis®f) lizts
zlbts ' j &OctdB3d dOBEsHEPN ds@& i Msk k &Oltedyd o
kiyddhmetse Ssj¥dyd j@sO, Sk KBk BSHEtS OO

D(i,j)2 D(k,1) ¥ W(,j)ew(k,I). (5.7)
10 thdsok tote O dz® Off BAsE)Ba? jids) | dzd B O dzdnj §
BOIted y4 :

D(i,j)>%x Y w(,j)=00s, (5.80)
max ..y Mmax o\
E<D(I,j)¢? Y Wwi,j)=03, (5.88)
max ..y Mmax o\
E<D(|,J)¢E Y Wwi,j)=0.s6, (5.89)
max .y max oy
E<D(|,J)¢E Y wi,j)=10, (5.8¢)
DG, j)e ™ v wi,j)=109. (5.8H)

LteOdzdyj Mk HjW¥Wdddmod bt tmagthbtsHEGs RGOS <z
OL dzd § B.of QLG dzls O dzls dzd | d&F kj)dels BRI fz@B®, ] C OB fto
ftootsBdldats ftotsyj Si,jdai PefrHedasMHBGEO <] otcjHdsflsd
w(i, j): |

s®2(i, )=sli, i)ov(i. ), (5.9)
lted i3 dz0 totse sMiskzif O thisdts Otsjlzd §L ayz! fzt® C@RJB G
YiBz “J o9jCkttc sBjdziy O MOHtYy Ot dkzdzZsd d ftcodn

1005
901
80
701
601
501
4017
301
2011
101

1 2 3 45 6 7 8 9 1011 12 13 14

sicg H dzd O zftfiBL § tsL dzOo OF O ff s o stz dudBfsdla] m2 0

T O sfMjcO O o) MOEEQ s zdgsy J fLo@r 19

o dzts ¢ dzO\@f d@D fdsiptsi<dizs € 5o Ote (f WOdialggiapjdzin 6 E P Y G
j d&zj B3 OO &sH | &O

Hijdelsdets " J L dOyO dets §tsBB? M O] Is@uedOndd j§
OsdPld S 55 L 8OykdzOe OF © MFCCs f§toddsj © j dzq
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vsifmls 1 " j fodtse? jdz L O fr]dzlzuO‘ fteddgd dzgi 20 j St
HES J &3 W ddiz ] Oy dzjt 2 dzC yd ° fted yjdkkz "§ dreteh
Jd dzgj e d " Gd3@fr]dg®zl$ztis@di;q’ﬂﬁecf4§zq'ldm¢” sf mj ¢0O. 1 tco tsB dIs dats
Mz yod& mdzdyd 5. 17, t]’tsfr]lsq’GdzIzlsO “d bkOydesmls 1
ftod d3j dzaj IsteOdzmW tsted3®‘qcf ] dz20 di3tsw,j dzs O g dzte fisls dzfl € P 5L
s <Ok dzP1 0D/, DBP2H X hlsts sO¢ts' j HtwjHMsOa?> O (
Mz yo0® fJteddzjdzj oJ ClsstcO tsBjdzjy O BBH fftcadms 18 M

v Medds ftejlsn t5H G WRAztisfh i iIsfs® ff RO, dzQo OF d2O UO * lsigish s
sOydesmisd b iBlstsOdidids dL Hsg @)IsO SO0 ' sH j MOdz d toj t
dmy dls defdjjh ddgdpldd< d » StcOdzmW stedzOyd * © dzO0 B H J dzj L
COs BBjdzj Y O cGtoatstedzd C O.

651
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551

50
45

40!
1 2 3 4 5 6 7 8 9 10

udzdSC O 5.18. uvOydsshmls ftojfsL &z0o OF O b Isdpl@skdz@ dz
BESH,] Zso OF O lédsBmicdad§ @ | dLokh jdes S50 Od Odeded o
pjCltste] S®B jgzifOHLY j dezdzls d2id teffisg § dzi 9 sMP@&B)Y s 6 ¢

i H A0S STHs JdgB j Bzj 8 O B Hi' (B | daj st @ @it ks EOYJ

‘i H dzOC s fillOHORE @205 BElH4idn d dfjL’ j dz  dzEcdmtaddoCidg et | 2o
max/11; 51 § toq d5j M4 deBs d H W b dkdOnjiafs 6B a gz@@aiiv; 67 § tod d3j S j dzO
MdecdBsdH Wk dz$ jg3f ‘daB Odz@3tdfiye) JBOFCEs81 18MFCCsd M d ¢ difisaf H  dzO
YdzOdzs o | OKIBMFCEsT; fMd e dssd H dz® Y dzO dzts o JLOT ABMRQCEHD o j < |
fd ¢ dtz@ EzO dzs 0 j o i j @) ma xR L jdes ‘' j 20 S My tsdaj dzyc

SfMjcO LOMmdss Odedn  dzOO dedzf j ¥k ey dztr © ji S W@ & lizs Wz |

RIEOYULZ&ZO9 OF | ftjlsnsHdts HjWdddmody &EOstedy]
kjfls MCkfO. [ot ‘jJ dLoBH?dot bk Mekyd k& IsjfMisd
HiWddedhkz btejdeddze d Isjfmls MCEkYy, Odzd dzgj tHEts9 OtsC
oo Btdad SHEfBS O csote® LO Sw'd Mj bdOfwjH daj L
stcjdzgddzc d Isjfls dBsHjdz dMisse csotstcdzd S O tcOL dzd € ts
COdso OF j hiss odhj Ed&OS d.

VS sddSts jdzj Bj dzls BsHj 20 dBO QHOLE®OS sHP §EOo g
HO d&zO0 ks &j Misk Istej dzd dec o ddef & fipls (tc@®is ez BOPE G O L B
COL S8 0° 0 dqLdj' & IsjMmls d Istj ded de¢ BsH j 2O d fyls d
] &0 mHt' jdd dOuddz b BO° dslsig Hab iz GL db s dzn i dzds RO
i dMSOLOdRO ddLEd IsjsH dAE sffgs d BSe @O §shisd<d 1 t
“jHA&OSEMIsd Odd MOHO O Mo OCd ®oHjd& §sdOshss

s(i, J)>%X Y wii,j)=005, (5.100)

max max
— — Y W .
1o <Sthi)e= (i.j)=03, (5.108 )
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max max L

E<S( J)q:E Y Ww(,j)=086, (5.1 )

max max .

20 <sfi, J)¢E Y wi,j)=10, (5.10¢ )
s(, J)¢E Y wi,j)=19. (5.104 )

4 OHO MEz Hd B dif{HOdzd & SH dztsf)lzmaxz® ddiEDd Otg G’ Az <otS6 j HOgEHd
(50 ftojHMisOo? O s ulpdzEfgls SEB | § tsif @ alpGls®) | ‘dg0sL 6
SHdsME &0 kOoydshls { sk’ st e e aeos 5 .
StcOd? SOy d O LS jteimjlsddy i HBsh s 3Hdd 6® Mmj d &
b0 jS bk YdkOdtso O BH | &zO GHdshds Sso Od  Odhdaj ¢
9j<j bEdBOT jSj oj<dn jdzj i3j OO dBsHj &O. 1} sdj dzkls s
dzj dzd dzj Oteded & W bz dzSelischi'j @zOdz0O € jOdsj djsdsls jfnk dzsc Otd s Odsf €

UnSHdE bk HO ftddj dz0 dscOtedlsOBdNS ] WkdSyd:
2 5O § € j &5 § GOL daf § dsjodi) HUES®GE ] OGNS J N dl yd
s § 1 daRO | dzj d3j dels qWiBP" Gi3tssi jj daPy d dz& j B dzdelj iz daz@)lsafj § s
BESHj O &0 MdzjHj<d doudd:

0¢ t(,j)"° ST ¥ s, j)* " Flog, (s, §)"*°) (5.11)

10 o0t jddabd®ls ftoj f sL &ZOoOC O ' jJ otodzt BOEs f i t
ZOC sdz f tod dsjsdg Y ds‘tcCiz). L 8 O & fdgjjHSE sz § od i3j gz dz
WikdCyd ' j, dz0 Mmdzd yOdze dzOyddz ftedasd ©* Jdz06 " § d Mmded
s o gdNaAX s s\dzs o ts 1
0¢ (i, "= o ¥ s(i, j) o (5.12)

J 150 {BEEeE0AENEO 5. O&d Tk u0 EOsO " df
Ungngf@B tsfntisd d3fs dets B3dzeid & d3j dzO Mo §  j dzj d3j dals
Y :
vsOCts' j dMmfdlsod “j t(slsfkzd SO d HJ dddidyod
jddls ] dBtsH | ZO esotstecdzgdC O COHO “j o9jSlktstc tsBj dzj >
YO jodrod@yj &lsigs @@ Mk yo' ' & O 9 j<j ot tsL d

H dzd Bd ydzj fJteddgjdzd MdedsdH WkdSyd J doO |
kOo? jddds k dMSCOLE 5.12. [0Cdj bk Mkekzyo  k
jdzjy " 0 ¢ (d fr]OHtGXJCSdZIZMQ'S Is{ O W deofigfls: {19 9AMIdERZO 0 C
B3 desd3 Mdedssdn  WikdCyqg: dfCe difer Jj  dzfsdr JOd3 Jz dzlss s o dg it
sokz ojCIsO ISBJdZJ)| 0] Qtsaq<ﬁ30+ls@mﬂztsﬁ]tsadfs:ﬁ]8®&‘
Bts d H lstsOdzantstGd:sOud Qs dgO q’Jﬁ]JIKJIzdSJGJIzlsQ; Edzdzamjdds®» 5
Jdzd ctottedzdC O Ct5°'d BHEBSOOWLO k2 9 jClststed BO ¢
OLdlbts 9 jddSj Jjdidkids] JjJodHjdsdes “j HO fdad
Bjdzelsj BsHjZO dzj ¢ 5 M@K C &0d sty § dzd kg dzdzd © a3
BOIstc Odets 3 RS @O dzt€ O£ 55 .°1j2 HtsB d  j dats ' dzO s fi)dat
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6.1 ¢snpuvyY s

MFCCsf)j &tsck bkmfjh ds Csttdhlsdksd SOt Bj djy
o stz O] JothPBdessk odHE ftedesHE S JRite e
dLiOYydz0o 0" £ dz0 sfdsealz (O slstcO dzdrn o tcj d3j dzm¢
Mo @SOSt |’j* Ok BH MjckjdO HE MjcdjdsO co ts
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