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USTltAC"t 

Th,S article i ntroduc •• a comparison bet~ean tnree di".rent 
proceSSing tecanique s for the sele ction of speech f eature~ 

These featue as can be used for spea~er recognit i on or speecn 
recognition A c~r~.on between the pertor..nce o f a system 
based on t h a linear prediction code . a syste" baseo on one 
cepstrua .nd a sy.t~ based on tne short t l me energy is 
introduced Feature select ion 1$ very effective f or recognitJon 
",cc~racy. TIl)' wor;.: i llustrates where .. aeh of these f .~t ... r l!s 
are ~re e ffi cient f or spe.~er recogOltion or for spee~h 

recognHiOl\. 
Tha rei'ults Ihow that the anort t i JtC e nergy in tl.no.e domain 15 
very ef f ect. ve for speecn recognit.on vhere its accuracy is 
found to be 9H. 10 $ pea~~r i deo t.Ocat i on. the ac~ura~y of 
ldennflcat>on for the f eatures depending on energy ,n .a~h 
f~a.. ,. found to be &0\_ I t may be recomnended tnat the 
fea tu r es b . sed On the energy per (~aml! ~y be uaed for .~ch 
r e eogn.tion. The f ea t ures based On tne Cep. t n .. g ,ve .ccuracy 
o f ~H ~nd 96t for apaech recognal0n ancl spe",ker 
toentil.cation respactively Tne accuracy o f linear prediction 
code feature 15 foun': to 0 .. 95\ for 'PI!a~er identlf1e"'t:i.on . $0 
t~.e f "","ures depend on cepst""l1 ""'Y be rec~nded f or spaaker 
id.nt~~l~r or spe.ch r ecognit>on. 

• 
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~ recognltion IYlt.. foc lpoken digltl ICe glven uling the 
atGve 'Iaturl' ~lth neur ll networkl . ~ neural netwo~ n.1 
oeen .,Ied a. I tool in thil cempari,en. 

1. INT1I.ODUC':'ION 
~ll tne IppilClti~ 'CI.' of splech tlchnology . including 
lpe.ch rlc~ition. speeCh synthes'" I~.ch coding and 
lpelklr rlcognition require ,~ !o~ o f prll,.inlry In.1Ylll 
of UII .pe.ch. Spae"" analy,il tlclullqull ""'y be br0a41y 
Cll",fied " either f r~ency domain or tl~ doetln 
.ll9roac i'>l • • 
The ~jor 90;11 in splech analysis i, to .Itlmatl thl {~~.ncy 
r .. ponse o f the voc.1 t".Ct. 'fbi technique. of procl.ung the 
lpaech lign.l uling • multiple blndpa.1 fil ter . discrete 
fourilr u·anlfo...auon (oFT).nd Clp.trum c.n be .. ead to 
.chil~ thll goal. Time domain me.l.,ral , .. ch.1 t~ ... to 
corrltation function. ,I ro -croe.ing rite • • nd I l gn.l Inlrgy 
c.n .110 be "lid to extract ullful In!o,,,,,,"unn oU>oUt thl 
epalcn signal . Tne p. r.~terl conlidered by waIf 11] ~erl pltch 
at .. leetld point in "Oedl . lpect r. l char .ctlei'tiCI of nIIl.1 
consO<\;lnu. spectral chirlctirutici Of lellCtld voYeli. 
IUUOIted slop> of the e"clt.tlon 'paCt"' •• nd duration o[ • 
selected v~eL . Recognlt~on errOr ratll ot 1 .' pe~clnt wlt~ 
oI> .... u'led The [ •• ture. COI'Ilidl'ld by S....our[l] _rl v~11 
~ono.an~ fraqu"ncy .nd t>anclwldth Ind g l eu .. l lource poles . 
loco.tl~ of poLl frequlncil' i n n .... L conlonant . pitch 
contours and tiRdng ch£r.ct.riltici S'~u r found th.t the 
-olt i~rt.nt f •• tu rls w,re ti~n~ char.etiriitici. pitc~ .nd 
Lew · ordec fer.antl MI oI>t.ined .n Irror o f ) pe rClnt. Li and 
IIrench {)J ."tl_ Wlkit.· e tetMlqul by C""P.ring all the 
vowel. in the ~ftkn~ uttlr;l4cl with III the YOW.II In each 
rlCl r lnc. I.t. They oI>t.lnld rlcaqnitlon accuuey ranglr.g 
fra- 19 plrclnt to " parcent . 
'-.artl l end o.ovis(4] Ulad . d.ta of .pproxl_tlly )6 hrs. ot 
.pa~ch. tal<ln tr_ Intlrviewi . The ~Iaturl' uled _ra pitCh. 
enopl~tw:ll. and 10 reflection COl!flci_tl . Manl and Stlndard 
devlatlonl tor III the •• par_ter. _r. c""",,utld [or v.rylng 
nU.lOber ot VOiced tr._ • . 

2 . EUUnttBll AID ~Q'O"1: 
2.1 Lic.lr PrldlctioD ••• DOd 
The bellC Ide. behlnd thl linear prediCtion .. tnod II that 
l 'mpLI vilul ot speICh. Xln] can b •• ppro"i _tld .1 I lin •• r 
CQllblnlltlon of the pas t p Ip .. eCh s-.ple •. I'IItll ..... tic.Uy. the 
linllr prldictor ie dl.cribed lIy thl <tqIlltionIS] : 

x [n].1 1X (n- 1J .a2 1 In-l l • • • .......... . ..... ' .pl (n _p l 
or Ill. Iln-k! :k ot .l •. .. .. P 

.. nere 
lin] i, the pradi.ctld IImpl l 
the predictor coefficients. 
.Ipi I""'PII .... ctly .nd 
llnl .t ,.ch 1~le Instant . 
£In) • lIn] - X-In] 

at Inatant nand '1, .a2. 'p .re 
It ~I impa.,ibll to predict •• ch 
thil l.ada to a prediCtlOR errOr 

'" Wlllra X' (nl 11 tJt:e .. ctud speeCh 



'" 
By ... ~n,,";';ln .. the _an aquared arr:)r bet ~e .. n tile .. en •• l speech 
u mplas and tbe l ~ .... ny pred1c~.d """', t n. pr""" .. o r 
eoechcientl can bot .s.".nuned by 'Diving" Bet DC hnea .. 
....... uon.. • s et ot predictor coeff icients ".n predict TOne 
ape..:h t •• S"lWIbl y accv.rl .. ely over stadonary poniont HI 
ord u to lUte!> th~ th.., v,"rying propert"., o f ' PMcll, .. "'_ 
.et of predictor Co.!!;'c •• n... • .. c:.l~l.ted every 10 - )0 
aslil . ~e ptobl .. ir. 1.n .... prediction is to dete~ine t ne Ik 
coeff ic,~nt $ 10 al to .u.~iMi1e t/'le .. an squa .. e error , E over .. 
• ~c,{,ed nu~r of .~l •• 

! a 1: Elln! • I 1 . ' [n ) - l lnJll 

or dt/d'j •• 2 r Xln-JI! X[nl- Don Xln-Itl) ... 
'0. 
l:a"txln-jlx{n - k J_txlnj Xln-j], k_jol,l. . p 

• '" 
TwO dlfte .. ent ef f ic ' ent ~thodl ex ... t o r finding the .ol ut .on 
of thl, IVI.... Ot equat.on. The,.. arl known .s tne lutO 
correl'tion and cova r iance ~thod.I'I .~ ~leipl"cI o t t~ 
au co.f ~ 1cientt ~~ the cignt+~nd I .~t o f t~e Iy.~ea o f 
....... t iQO:l I I I Cln I>e put 11'1 the t ono o f lu t o·eorrela t ion value s 
o f tn •• pee cn .igon.al t ot" .peci H c ."'ple I lutt i. 1"l\ese are 
comput&d- b y UrlL _luplying the speech ligna l Xln ] by ~ lo t t 
... i ndo>< functi on o f ~"ration N s""",les, an~ the luto­
cor relation v.lues .re c llculltee! tra., 
Ill k l .I:{" [nl X In) oWln ok l X[n okj , k. :t, l , 2. . . . p '. 
Tn. lutO corr~llt.on ( unet.on gives I ... . ute of tne 
cor~el.uon of •• ignal "' t n. dehyed copy ot Itl .. U 1'lIe.e 
preQietor co e ff ic.entt .. ill 0. cont.dered II t~ fe.t ute of 
tne speecb •• mple. fo r eacn f c ... 

J J Sb.ort Ti»e Energy ""'eU .... 
The tnor t time ene r goy f unCtlon o t tpeeen ~y be COMPUted by 
.plin.ng t n. .p •• cb n9".1 ,nto Ie..... o t f\l ""'Ille •• ..., 
eOlllP"tl ng tn. tOul ,<;'Uared v.lu •• o f tne 'i'in,1 11".,1 .. . n 
•• ,,1> tra",. . Spli t t.ng- tn. ngn.1 Into fU_. ".n 0. ."nievltO 
by .... l dpll' . n9 tl>e si9n.1 bit • luit.bl. " ,ndo>< 
W Ir.I,n.O.I,~ " N· I , "",en 1, 'ero for n eutli~. tn. range 
!O, n ) A 'i"'Ph u·cc.nguhr "!~ of duution 10· 20 •• is 
.... t.Oil ter t nit purpcn For ..... ..00.. ItlrUn .. at .Implt .. , 
tn. Inert· tim' enlCIIY f unedon '111 My be .. r i uen .s111 

t._ !!X(n) " (n·II\Jl~ '" n.. .n • .-'ll' p. r fum~ .. ,ll De co ... "dered u .. f enurt t o r tb. 
speecn "9~1. 

J . J Ttwl CepI U ·U. 
Tn. cepstru. o f • signal i . tn. ~ri.r tc,~. fo~ o f ~t>e 

l"'i.riUz or its power speCtruoo Ltt Xle' denoc. ~n. SPlcnum 



vo.::"'" .pe~,,~ "9""1, PI'" ~I:e .peeU"_ of .t ... pHCh 

'M HI'" the l~ctrutO of tho 1'0(:<11 t Uc~ ~hlcn 
Uhool ot U'e !Jloud ~.ve f a"" n.o 

betvtln th. ~gn'tudo ot t~.e thr.. .pIC~r. c;on 
. i "'Ply u tOllo~.rl l 

<el •• ion.'", 
1>1 l "Puued 

Toklng tnl 109~r~t h~ Ot t h lo ~.tl0n 9'v~, , 
Log 1 . 1.1!1 ~ 1.09 !P I .. J!' t.og IK, .. iI «(I 
Tt>~., u. thl log"aritluo o f ,,~ (.,11 tt.. contribut,on i <l.u, t o p("! 
.n4 ~I .. I In add"". no. CODHiE>u.ion trooo HI.I. voleh .. 
IUlnU. ll'f oltte ....... n.<l. by tllo> prope ~ tlu of tn. voca l '"~. 
IUIH, undo to v.ry 0'"",1.,. "Hh fr..,..,I"CY " hill u.. 
ccntriE>ut!on fr"" pho l tl,-dl to va ry ""'I •• p,dly and 
plriOdlt.l1y .. >tn f req'l!'ncy The o.. t ve """"""nent .".,.,14 .... 
Mp.nl>h try ..... nS of • Hnur filt lrlr,g opora " on ~v"''l 
pitCh ripple from equa.ion Ulleaveo only the vocal tUC t 
tUnUcr fun" .. I ..... Ta l<;c.g thl r""rilr tr.uto ... ot i t. 
C.~.t r'\J. can ". otltUn tH!.. 
1 . ' TlIIZ IIOaJ<AI.U ... nOM 
ly t;..o nottI.J.Hut>on, I ..... nt thl pro" .... .. !-.orl ti ..... v.ryi"'! 
f u tu ... .. nhin the """, . a~e broull-'~ .nto U ... . n .• cl .... icd 
<",""ique h .. ~ly to 1«U::h o ~ """"' U .. tn. unl<:>ow~ ...,rd 
'IMfor"Olly =a1 Ot att.~n. Ule ._ langul u d ... rot..-en<:e . 
This p~oce.. depond. tor iel a"curacy on . "cur ... e Ind point 
1<1~~t'flc .t1on Ti .. no ..... l1~aticn h "" .. ' r"II<fIl'\ntly _ I»' " 
pr acul k-,> u ti ... w I~pinQI.1 'Ti_ .. erp il">!j el"tul lque i. 
"sed i~ t hlo >lo rk t or time no"",lI .. u ... t or .pok.n <1l.gi u 

1. S ENllP01 1I .. IoJ;. I <'IlI><!:>I"r 

The f,rlt "'ep In recO<jnltion o ~ .~nti f'c"tlon 1. t he p~bl~ 
at e r>dpoi nt a llg" ... nt l"" ' ''''' " e <he IOClt ion o~ U ... spoken 
""r 4 <hiring ene reconling '"tero-d l.''''' d;arte,. UON t C 
de.lnoIn. thl Indpo,n t hu ~ ... n ducr .".d fly hl>l,.,. • • M 
5 ... 1>".-1101 TTl. en<! region .. dlfined .. tl\Oo ragl ... fro- the 
and ot the vo<4 t o thl po i nt at ~ hich (hI .nergy f,rlt exceld_ 
10 por~.nt of . boo !T\Ixo""'" C""'9Y . ~v.l ... tly , I n initi.1 
~lon il d. t i ne<!. froc the bo'lir~~.ni ct tn . .. e rd to t he p~nt 
It ,m,,,h .he eurOW f ir •• u Ceedl )JP percUt o f thl _d_. 
1ho ........ inlng section i. e.~ tbe _h reg.on . Th. IOl ddlo 
r eg ion is tn. desire<!. s .gnal 

1 .f U?CIUKDrt5 
51"'.1<e< id • .,dtl e • .,on boe ....... ..,r-. <l.U!1cult as the du of 
the . pea ker population i nc .... se. , the i nput coapl .. t. muS t be 
c~re4 •• en with ."ch Itore<!. • .-pII.I . U.ing neural network 
t or.lp •• ~ er idenol ti"" tion .. y lolve .hl . probl ... 
rl~ per.on. nave recorded ll5' ~'ll~cont.lni"l ".&D ie .poken 
d,!'lu . The .. t Uu _n <l l vl<1&<l. Into ,_ .au . 0..1 .I~ 1& ".od 
tor l .arning ene n.ura l nat_ork and ~bo Othl' t o r <ea~l ng It 
!""t ovi.ng th~ . ccuncy o f n. pertermu>~. of tn. n ..... ro l 



n.t .. orl< Ca .. O. f.chi.,.,ed by u''''g • cr •• nrunured nn ...... ~llll 
So fo .. 'peu..r ;d~nt.H;Cf.don lOner .. f.r' 'lin .. .... _rl< •• n.u ... l 
na. worl< for ev.ry d.g >t PIg_ I .nows tn. blocl< diagram of the 
h,,'d .. a... '~I_r.tat1on o f lOne neural _."Orl< Ipt .. k.r/l~ch 
ncOlJ""'O"- sylt_ . !ltt, r ... opo.... .ll", ..... t .nd t>1ftII! 
no..al.utiorl. thes" Hies , re used f o r pr.paring tlla tutur,. 
of ... eI. di'ili' Th •• h don. us,,,,,, • PC " itll Ip_ch c.rd "nd 
progu .. HI C·l .. ngo,.lge ,,",VI beln .. ritten for thu p r opo .. The 
futur., which hI'Yl been CUeul ... ed ar. energy d."s'ty ptr 
tr_ in c,. dofiIln &lid c.pstru. '" tl_ for Ch. 'p@eeh 
d\lDal The t r" .... length i, t"k.n .. )0 •• 
Mt.l' _leniOll of tutur .. , the lu."i"g o f tlte n.u r al 
n.tworlt i. Ikl". i.n I .uper'<' .. ed t .. h,o .. co eOMp. l" the 
ptdo ..... nc. o f •• c:h f uture Fo r I gtv.n cOlle"tion o f 
Input/output pal[' of daU ! l<\.Cll . .I"'n.tn)' the 
pro ........ r" l,' r ni:>g modltiu tM pan_t.n 01 the n.t .. ork 
llUu.1u"'l the gi'Y, n perfo ... nc •• ndex 0 Tt>e g ... u. l .ch_ 
ot l •• rft i ng can be concl.e l y:.~ ••• "" •• 

"he~e g oenotu the l .... ~n'ng ute 111e par_ten of n .. t..., ~1t 

1[. acI)'ateO (oll""ing th ••• ine~_"tl 

1 II.EStn.TS .t.Kll DISCUSS t ON 
In put...... '.<:ognltIDl'1. • cc-paruDl'1 h ... d. b.t .... n a c.lt 
plnern. rep[ .un t i .... the unl<"""" to b. r.e~ .. .o or 
id."tlf,ad and on. or .o .. ~.r ... nc. pa t Lern ... hieh .un in 
the patt.rn library_ 11101 c~rllon taltu t . .... d'p.nd'ng on 
thl eor.t'ntl of the 11b[,'Y ~ n.ur.l n.tWQ~k l •• ~nl t.h, 
I.atu r u o f t he pattern. ' So . it cal<es • very .hD ~ t t._ fO ~ 
•• cogni t,on o r id~nt1 t leatlon . 

The nD~l'l.d t.a turet 1. [ . Ippl.ed a. '''put.1 to th . n.u •• l 
"I.tWO~ For the ''''rw f . atur •. the (r_ leng t h is uk~n as 
)0 _ U t.r ti01' nOAI.IlaauOII the longest ....... IwIs ~ O fn... .0 the "",rei ... t_n 111.5 40 inpuu . rig l . hows 
."",,1., o f .n.rgy - tutur., Of the d,H.rent 'p:>I<.n .rabie 
d'lIitS ~ th@ .... tpe,I<. . Th •• "e r !JY· tutur •• of digit 

"Ihoed ' (or '"ttt .... t lpell< ... i. g ' ''''' In PIg ) ",,"y spe.ch 
CDI'1tllns idonutlo" .::.out th. word b.ing ' pok.n .nd abOut tIM 
ieSer-e , cy of th. lpeak.r I n tpe.ell rec09"HiOt1 "'! .. i,h t o 
select the Unt type of (.uurn and r.duc. th. ,H'ct of the 
sKond Th. intOAl.ltlon abOut tt.e word baing .pelt.n e ln not be 
olOlat""- rr Ol!l the ~ntoAl.ltlOt1 about t h. Id."tity of. t he 
speak.r. 111 .. ne~~al ",<worl< us,"", [ o r spaeeh recoqn i t>on Ills 4" 
inputl ... th 4 OUtpu t S and 01>" h'dd-en lay.' " Hh 20 nod • • 
Atnr lea::-ning the :o.ec"""I<.nO adJu.t,"9 the neursl p.: .... rk 
"'"u .... t " ... I [ecognitlon ~ceuucy o t 92 l ,s abU,ned "­
neural ~'lO"".k " >til tl\.ol •• _ . nput,.nd l OUtputs .nd on. 
h~dden llyer WIth 20 node. ,. us. d to .d-.nt i fy the speak.r 
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n.u network may be cOMected to the cecognition net.work 
through an actlvated logic , witch . The fic.t netNork 
recognue. the digit .. llile th, .econd ldentiHa. the apeakar . 
Table. 1 and 2 .v~ri1e t~ learning c,svlt • . FrOB the.e 
res" l tl i.t is reCOIIII\IIodttd tnat energy pec fn ........ y be vied 
for .peech r.cognition . ALia . the Celponl. of tlle voc.l cord 
Can be expres.ed by c.p.trum .nalysil .. llicll is consid.r~ .1 
.n afHci.nt fe.tur • • Th. cap.trum co.fflci.ntl ara obt.in~ 
in 12 fr .... . So tlle n.ur.l natwork for spe.ch recognition hes 
12 . nputs .. ith 4 outputs and one llldden layer .. ith 16 node. 
while fo r speaker identl!ier • neur.l netWOrk witll 12 inputl. 
1 OUtputl. and one hidden l.yer witll 16 nodes. il used . The 
.ccur.cy of tne f •• ture uling tlle cepit rum .1gOr,thm i. found 
to be 9H .nd 9n for recognition .nd identihcnion. 
respectively . 

T.ble 1 T'lt"reiultl ueing anergy f •• ture, for spe.ch 
recognition 

oig.t " •• 'rrOrl ". •• te.ted Hlu , , 
'" , 0 '" , 0 '" • 0 '" , 0 '" , 0 '" , 0 '" • • " • 0 '" 

It is cl.ar t lla t ~lle !ea ture o f the cep~trum analysis .s more 
.ccu~te than t h. t o f energy per frame e,peci.lly for speaker 
identH ication. Table. 1 .nd 4 sUlmIolrize th" t eSting r esults 
of cepstrwn f.stures for speech recognition and spe8ker 
idRntificnlOn. rigs. 4 ~nd 5 show samples tr"", the cepstrum 
fe8tures of diff.rent spo~en arabic digit5 of the same speak"r 
and the cepstrum of digit 'wahad ' of differ"nr speak"rs 

Table 2 Test r "sults usiog energy features for speaker 
;"d"nt i f icat ion 

Speaker ••• o f errors ••• •• tested files 
speakerl , , 
speaker 2 , , 
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