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From the past to present, speech recognition systems have been continuously developed 

in order for them to achieve possible maximal accuracy. Speech recognition systems can be done 

in many ways such as improving or adding some parameters into the recognition process. 

Vowels are the nuclei of syllablc_ Their locations in speech utterances can help 

segmentation to obtain better perfonnance. Furthermore, the number of vowels in a speech 

utterance can be used as additional speech recognition constraints. In this thesis, a method of 

vowel landmark detection based on two acoustic measurements is proposed. The first 

measurement is the maximal autocorrelation value of speech signal in the equivalent frequency 

• range of 60 {1~ 320 Hz. This measurement is used for classifying speech frames into voiced or 

voiceless frames. Another one is the low frequency removed energy. The convex hull algorithm is 

used for picking the peak of low frequency removed energy profile to mark the location of a 

vowel landmark. The evaluation of this method was done on three corpora. 

In Large Vocabulary Thai for Continuous Speech Recognition Corpus, it performs with 

84.98% accuracy for clean speech data set and 85 .33% accuracy for office env ironment specch 

data set. In Spoken Digit corpus, it perfonns with 95.80% accuracy for clean number data set and 

84.22% of accuracy for telephone number data set. Also, it perfonned with 86.16% for TIMIT 

corpus. 
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'U fltH '\191 'Ufl-3l1 11 1V L ilt.r-u ~ \J Vi V\y 'lfU:::~\J ff 'i::: I L fl :::l1Uiy'll'tJ::: l1'1 tI fll 'i 'H T"n\J ill::: rilf1ty'\J 6 -3 L fftl-l 

(Feature Extraction) fi fl fl1 'i U U fl 'Uit)!tyl W L fflJ-3 ~ \ln~'fll L ,j -3U"" 1 il1' 6~' \J 11.1 fflnJ 'i::: if't1 i'IJ fl ~ I L flU 

tll1lJ~ ~.:J th~'l n ~ 11 ~::: il'U'tJ 1fl L~n L 'I1lJl::; ff lJ~ ~:a Zlu #11 LI l'1lJ'U fN ffiy t1!lWlfflJ'l 1 III ~ l..l {I [h -1 ~ I ~ \J 

'. ' , " . ' ~ , - ... .. i fl 'U mu 11'U.:j'll tH if'i::: \1::: 'lflV 11 m ZUlU fll 'i 9WI U lJ'll1J l..I 11 'U lmi1'tFl 91''111.1 lJ n 'i::: lJl'IJ fll'il114 '1 'U fI1 'i 

r ~ 11 ffV'll'jfl jj fl l1lJ tJfl ll tH lJ 1 nt'l ~'U L~ 0'1 \11mil U 11"j '1 'U V'l ff'i::: \1::: {)~i \1 flfl l 'l'U tNY'l Vl 'l tl, fflJV J '\J 
fi V ff'i::: \1:::11 tHflllJ l1 ~ 'lYl U\y'lfU::: ~1J 11 fl::: m \1 \1:::11111 U ll'tUfY'lfU:::""l{J ri '1 ~fl , tf n l 'i ~~ I I 'lh t~tJ 

'H\.hmffv~ itJ 'j~UUr~lLffV~UUUIIU"HhtJ (Segment-Based Speech Recognition) ijfll 11J\!fl~U~ 

" J 1JlflU~'lItJ 

" " , , 
~ ~17tJ 1." vlilVitJ 1i'\1 ~~ij1V'1Q1.h~ ff ~fi';] ~~ffml1 1L"~~9lJ \J 111lflU;ii ~l tJfl1 'jV'l'j 1~\11 

~111 'HtJ ~'lI6~ ff 'j ~ 1 tJL ffU~~ V'I ~ 'tIL d {l~ nl'M 11l'1 V Lvi ul M'nflll1J \!fl vr tN1J lfl ~ t'!V'I 

..... _ I ~ .,. .... 
1V1 iJU1~ il-3fl'll tum l 1iUJ 

I. IvifJfffl'tJl ~fl~W~~ l1J'YI1~ffltJifl'lfllffV'l{ ~1.r1 tJfll'jV'l'jl~'Hlff'j~ ltJLffv~~~ 

2. L ~ mIl ' tl ff~ 1~ 'j~u'U~l.n tJ fl l 'j m 1 ~'H lff'j~ 1 tJLffV~~V'I~ 6L d U Ull'M 1 , l'l v~ij 
• 

tl 'j~ if'Yl i flTW 1 ~ v 1 ~~ fl~ ill ~ ~ l1Jl'll~ n'VIfll ffV'l {L 'Hri 117 tJ ~ 11J titJ 

. . , 
'UH1.JI'lIVI'UEI-3m 11't1tJ l"''r4\Ui 

• 
I. fl1HI 'j 1~ \11ff'j~ 1 \Ji 'Y1m ihnJ'ri-u L~tJfl1HI'j1~\11ff'j~'lIf)~Lfftl~'Vj~ hJfn'tJl1 'YIV 

, . 
2. ! ltJ,j'f)'JflLffV~tll~ltJi'Y1ulilYm1i'iHifl ! 1'U,j'fl\!" lffV~fn'tJl1'Y1V Lotus [2) u,,~ 

jl'U,j'{l\!fllffu~g'U~ ~ffl1J1H\1V'1~ (1) 1~ 

3. 1'V1 mil 'r4 \J 1i'ifL n tJ fll 'j V'I 'j 1~ \11~ 1 IL'H tl ~'IJ 6~ff'j~ ~lflLffV~'Yj ~~ md fl~ Lyh ,j 'U ~ n ~ 'un 
, . 

m" ZlJ i ,'; 11111"" ",11,.>;",1 ~ u" .1'1" II,. fl" , , 
, . 

4. tl'j t ifl'l i fll'W'IJ f)~ 'j ~ u u i1l.r1 \J fll 'i m 1 ~'H 1 tl'jt'll {l~ ~1 tJ 1 ~ vii ~ ~..; 1 fll'i L ill m.Jltluu 

tl'U'jtu'U~lfltJflwm1~'Hlff 'i~'lIf)~ Howitt (3] LdfH~lfl tl'jtii'Ylimyt'IJf)':J'i::1J1J~ 

Lfi'U fll 'im1~'Hlff'i~'IJU" Howitt d 1~~,,~,fiu~tJ1V{l1)i'1J ,rlmtnV'UL;]VUtlU 

~ lui ~ u~ ,fi'U fll 'j V'I 'i 1~ 'H1 ff'i ~ 'II tN l! fli ~ V-nl u tu ~ 
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I . flmn'nq1J~ 1l'C\:::1~f11~~'rtUfl1'i~'il11\11ff'i::: mfi.:I1\Jl~U~\J~ 
2. ffmn~mHUdl1J"I11-1ffltnY"l1fflffVl{ t1\J'~lLn thVn;-1HU tiU)91ffl1fflJVi"'.l £~lJln 

~~~ '\J'lh-1fll1lJ~ 60 0-1 320 19'1VlCJ1 'UmmfJtlfftytylW LffU-l~ L~\JLffU-l~tH U'ftZ 

'" Ii I V 
IffU-lllJnfH 

3. ffnl:l1111m'i'IJ'EHfl1'l"\h::lJ1Mfflfftyty10Hfftl-l':1Vl (Speech signal processing) . . 
4. {) El OUtl 1.1 oUt..! VI £1\.1 Vi 1 en \J f11'l VI 'j 1~111 ~n:: 

5. ,JUfiflLffU-l UftZ";1fl1'it11t11.J'lJ6'UI'UvuiYrJ-l (Manual Transcription) lit6'~1~'\.J. 
v ..... ... " ... 

~1\J'\J6lJlU""HJ-l "I1\J DfUl1UOlllfljl'lJ'U{)\!fl LfftWUf.l'l Lotus 

."... '" . 
6. 'VItHHl1J l1i fl1 'i 'VI \J llff\HI 

... .. " .. :: d l' " ... ..; 
7 . 1 l fl'il:::11 Nft n l'i"l1 'ilflfH 'iJ 10! l U '1.1 ()\! fI L ffU'I 'VI'Il1lJVl ttl" 'th:: ntl'lJlfl1U j l 'U '\J 6\!,mHH'VI 

... .s v .. " ... 
L91'WlJ'Ut.mu j l U'U6\!ftlffU'I Lotus U'C'l::~p\J'IJ()lJfl1tHFl TlMIT 

8. ');mJ"Lltl1, 

9. !I.,j ".~M 

1. 'VI 'i 1\1 0 "ii fl1:J wd llJ 'VI lU'I'1U ffl1ffl ffVl {~1"1 ~ihh ::ih'lt fl1~ 1 '\.J fl Wi l 'i 1\1\11 ffn:: 
• • 

2. ffl1J1'anl,9i l U 11 tl 'I'll 0'1 ff'i ::;.y;Vl 'i 1 \1111 H;ii 1 tJ 1 '11'1 U fll 'l 11 \h ILvm ffV~ ovm ~ U ff1 U '1 
• •• 

3. ff11J1Hl 1.rtu f1WUt1f1~lU 1U\,W1~ti'''O~tJ'l::: lVt'lljU'l n1t1LvhJfl11lJ~fI~t1~ 111O'u 

••• , '_I 
m:::U1Ufll'll 'il1LffV~X1Yl\1HJ 1 U 

• • • 
lUiY1V1ih'i\J,f\1VUU'il:::LLti~It1t111 11\JflWihlff\Jtlt1t1m~tJ 4 thtJ flO 1tJU't1'Vi 2 'ilZ 

fI~ nii ~ Y1 q1::l fivn~$ltJ tll1::11fl'lM11 ti fill WZ'\] t1 ~lffV~ ff'l Z II q 1::1 fi ~ 1 i1 \J fll 'l 'H 1 ti flllWZ dlfi q,"{1~ 
IffV~ d1 'H i' U fll'l m 1'0 'H 1 ff'l Z 1 \J L ffv~~~wi 0 ,,1 mmll 1 1 II V LlftZ 1 $n~ 11ii ~ 1 'l'l tu m 'llJ~ L~ [J1<U' t1~ . . 
0' \J fll 'l m 1 'il'H 1 ff'l::: 1 tJ Lff[J~~Yl91 t1L {1 o~ tllll 11 VI [J'\] t1 ~ ill V Tn 'Vi \J ,f ii 

'\J\J'V1~ 3 '0::: 1$fl~nii~ ijv1lJ'\]t1~vi 1U'Ht.i~ff'lZ i~fll'lltJfllHI'l1'il111villL'Ht.i~ff'l::: 

1 Yl [J'l1lJ LIft::: i~ fll'l fll'l 111 filtiml w::: ~ d l fiq, '\J O~L ff(J~ ~nh:::n t11J ~ 1V til flY! 1'1'11 d'lJ1:j'tJ,f ~ 1Jln 

~q:Yll\J'lh~ i'l11lJg 60 ii~ 320 1~'lY10J1 LU'Izfi1'Viti~~ltJ"JO~d'q,q,UUlff[J~~1Jlfln11 300 Lii'lY!OJ1 
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luu,,~ 4 ,.1"'",,,1". !lu.r"~.~Hlum"mh.ii,,;;m" '.UlJm'",1'111!r>.lu . . 
L fftJ ~ 'l::jVlllm ii fHf111111l'1 tJ'\J fJ ~ 1" tnUVi 'IJ 1i'i1 

''lJUVl~ 5 L1f1t:1Jl'1~ 6 ~:;'~ncil1il~11im'mfl:;~UmnJ''lJm'iVlVlfffJlJfl1'iml~m 
0;) 11 L 11 ti ~ 'U V1ff'i Z ~ 1 t1 Vl1 f) 1 'S' U 1 n::lJ'u n 15 111 'j 1 'i1 'll~'hu 'tnJ -3 ff'It 1 'lltl 'j::: ~ n~' ~ 'iI fltl'il 'i1 '\J m 'I 

• • • 
l.huy'IJ t1 ~UUlfl:::l lm 1:::..1 F-lfl n 1'r\'1 fI fftl U 11 fI::: ff~ 'lhrcrti , ~ 'i11fl lV1 tJ1 ihnnl il 'I l1J'tl1 1 ,r,r fJUYl..,[ fl U u::: 

• 
, \Jm'j..rl'lllJl~llJi~millJfll'j\91 '11\1111ff'1::: 'lJLfftJ1~'ilil;it1 11.1 



, 
4 

UflY12 
, , 

"" "" .... "" "" ~ nqlltllla~~nn~~nln~1'110~ 

• • • 
1" u ~ ii '" 1,'(llIh L il al1,aa ",1'1" ~ri1" . . .s.. ~ .. 

ff1'\.JU'jf1mn1(l~'VIq'\>lQ'VI1 ~Ull1:l1ffUWI 'j'VI . .... , , , 
I fit) 1,j'V ~ ntJ n 1 H111Vl (J1tJ 't'l '\.J 1i'i1 1 t.l fflU Vli1'mn ci 110~ I ~ O~ 'j l1Yi Ln rn;J 6~ti 1J I ~ U~tl'j::; lu ",11'\..1 Vi 

fl'11Jfl ri 11 0 ~'VI q\l~ ~ 1 ~1 'U 011 11fl n:: ~ un:: 'H l~f1\1W:: fflfi qf'U 6'U iYtJ~ ~ ~1.h:: fmtJ~ 1 u fi WH\ ~.au 

u",::fi n)I'lf1'H fflJ ~lJ; ~ ~I ~ 1.J fil~ '1 ~~h "ti'tJ n 1 'j 11ft n:: l'i' ff~f1! lWlfftJ~ ~ leW' '\.J 1" tniJl1U tid' LL fit . . . 
lu ri1l..1 -q1'l-n'ltH)t 1 $n rill ii ,nn ill m 'j 1J -nln Vl,j' 6~ flU fl1 'j m 1~ »1~ l U Mll ~ tl'l:: '\I D~ 1'V1 U lih'l'IJ fiii 

f1q1:la~,~tn.u6 -3't11-3~ nlfll1:1lfll iJVl i 

1. 61t11::~';11,"lnYllatl ~ (The Organs of Speech) 

Iff tmnl'l ~ lf1 fl1 'j 5u ff:: IVI £I \J 'U 6-3 61f11ff ~h\J dlfl~~ I fh-l U mnfl 'Uv,ufftJ-31 ~uri 1I)J \11 tJ '1 \l 
• .; , . .1.1 •• • .1 1 .; 1 

'H'iElm::UffalJ (Air Stream) 'VIr-ITWL'UlfJfJfl\llf11JfJ<;} 1JfWI I~HJ-3'::1'fl\l::Lf1I'l'lJ'U 'U'UW::'VI'Hltl 'IlDfm 
• • • 

LL ft::: '1 '\.J. 'II w::: Vl alJ 'ill ntlfl'fill1 11 ~TU fJllJ1:::~h -3'1 1 th.i'U a lJ 'H ~ fin 'i::: 1I ff'CllJ '\l::: \1 f1 tl fl ntJ l1l fl\1ni'hJ . . 
U~ ~ mn n fll(I1::111 ci TU't..l 1 M'hl1 \J fi fl"Y11~ ~ 1 '1 n'U ~ 'l111 1 M' In ~ I ffU 'l;; 111'1 n~l~ n'U 6 fln , tl 

, . 
fllUl::;;1fl'Un1'IflflmffU'ltl 'I::nfl 1J ~lU iYl'Uri1~ty 3 iYl'U v1~ij 

l. i.il'''U~lJv1U (Initiation) l1l.J1 Uii~ ri1\J~1111M'ln~m'Itfl~fl'U1111"fl'linJ l1lfl 

~~I~1J~tJ"6'l~1J '~uri 'l11'lih~1 4'l01Ul::~ih1'ityfiotlfl~ 4~11111,rl~ri'H'I1J00n 

,,"tJa" 111111."",1,I.,"a'01 •• "1 

2. i.ilu~'h1t1l0YllnU~ (Phonation) l11J1Uii~ Ol(n::~'fl'lJn1'Iltlci~ l ffU-1 V'lJl~lLri rff'U 

IffU-1 (Vocal Cords) 4~1~'Uih\J~riltit1!'tJnTiflflmffU'l Lvt 'I1:::~l tl'ilff'lllmtftJLffV-1 

•• '~ff'""mtl';,,~o,aa"m 1,j1.'{ . . , 
' .01_ 1.01 _ I .... .01 <I ~ , "'0"1" 

3. alU'tlllJllmUllJ1:'I~ilmn.u::llru~ (Articulation) l11J1U€H 01Ul::ffl\JVlVl1 ~l1n1'I00n 

IffU'llllln~l~n\J ~~l~uri 'l1{1~flO 'l10n)Jn m l::'l1onl1n fiflVll~"fl-1~1J"fl~~1I111'M' . . 
1 fftl-1fil tl ci~ flfln1J 1t1' \J lIVI n~l-1 ti' \J L'lf'lJ n 'I:: I L ff~ 11 oon'V1 1~ '\J l,!nl1l {IV11~tl1n U~::: 

,ll m m n m 'I 1ft ~ fl'lJ , 111" 0-10 oj Ul::: ~ 1~ ~ 1 tJ 'lhn~~ 111 1 M' "'lJ 1\9l1m::pH 1-1" O~ tl1 n 

ItJ~01J1tJ 

U1J1J ~lf1t1~"tNn~ i n 1 \Jn1'I L1Jci~LffU-3 lLif~~ '~~~ltl~ 2.1 m'I Ltlci-3lffU-3 .1~1I~tJ ~:l1n 
" " . . 

mi'l1lL 110fi o~' 'lJ tl o~ fH; mmfi 0 ~fl1U 1 \J tl tlfM 1 M' ~1 \J , tJ ~ -3 11 ~ t1IiH'I1J (Trachea) LVi 0;:; 'II:::I,j' 1~1 fftJ 

1 ffU~ m 'I Lm UUI;:; U1J m 'I , 11~" 0-3~ 11111 U 1 'II~ oon '111ntJ fl~ VtJl ~ \J mnJ ltJ nTi 1 tJ n 1Hl fln I ffU-3 

nUnl'IVlfMJ1L,j'1'lJ1 ff11J1'i0'l1luiM'nl'H~1 i '\Jn~ 1nnl'I ltJci-3lffU~ ~lU~~~'lJ ~~ii' tlfl~~-3ln'lJ 
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" , ,. " 
'H ~W~HnJ 1m (I'U ItlijmnhYi 1 t1 ~ , tJ 1fI1lJv1 fl1 ~ fH ,j'l~1.n E ~fi ~ 'U 11,unl ~u mfl 6ln'tH ffvn! 'I.mn lJ1.J 

.. .J .. " .. 
"'InUlh.~11 1 ",", ... ll",ril~ 1~i 11'111 ,,,",;,u "i'Vlll. i .r11,.,U hl1.o '~ll.nul1i' 00,.,. 

• • 
tl~ hiaiJ'Yl vmJ hl\hr-hlJ 1 tJl~,j'l~ 1~w'-NU'j -1 ~\.jll1fl1 l;jom::m,.mHl1ntJ t1\f1f.h\.l~nu L'mfit1 

Uy'tHffM ffl1Jl'HlUtJfl 1tJl~ 2 Viffl'l1~ fif.lVllHJ:I.!nl1~tlVIl,rthn Ol f)tln'VI1~~lJnm:::UtlmJ~:::fhl.,! 
.. .. • . .; i' . • ,.,. . • , .. . .,.. 
1~1J (Velum) '1f'lI'U'U"b'O'l 'tHJ::: 11f1lJ N1\H'Ul 1JtJ~ 'IIlJ'l'llJn l1n) lV(j'l~l.! n '1f'l llJ'H.I 'lJ lffllfJ'U\fITU . . 
l1~fl'1.h::::o;1\jlL1'1,hi1"'HH 011'CilJUIfI m:aLffftmnmJOyHl:::: l,jffllJ l'Hl ~l1Jf)f)n"nnlJn'~ \i'l~t1'1 • • 

t1t1fl'YI1'l'1.hn 1Lf1:::: l1Jn·it)l~nlJf)6n'YI1 '1ihn ~ff'lii~lUl1~ m.h::::~JltimI11 '!"rId" fit1~lJ "thJlfl 

Trachea 

. 

'Vocal 
cords 

Pharyngeal 
Cavily 

..., ... , .... ... 
2 . 'I:IflllW::::flUVlflVlHfl'U'UO'l'''fJ'I 

Tongue 
Hump 

Nasal 
Cavity 

Oral 
Cavity 

. . . 
16fl"t'i" 6~ ~I 'j 'U"I11 [5] 'j l!H n d l L ihN l1lJ ~\I m '*1 t.I fnlll"1;!lfIti \J 'l::::ii 'Ci Oll w::::i1 LIIfI n ~ 1 'I flU 

v 11 " '~<i ... '" • '" . 1 .d . 1 i. . .. 
1J1f1 'UVlUfltJ'UH fltJ1~ Lmm1J~t1JrlmmJtff1f1qJ'lJl~u'jtf)l'i CJI~U 'j1 f1 t1 UL~H.I~lJ~11r11mfftl~ CJI~ 

• 
61 ~H~ un 1 J1111 ~ t..lfr n~ wd 11J ~ 6~1 fftJ~lJ~ ~fl1>j wd 11J '1.1 fl~ lffU~lJ~ij11 rl1 tJill t L11l'l ~ ~U 

1. tlln.It)6~'l116',Jn6~'U6 ·UaU-l (Voice or Voiceless) 
• • 

f1 111Jn' fl ~11 ~ [l11J n'6~'1.16~ L ff m 101'l 'ill m 6Ul fftJ '1 tlijii' f1 1>j ru:: L -nu L1~U f1 a l1J L i1 [I 2 

Ll~U 11'1 '1.111 '1 [I ~m '1fl ri 6'11 fftJ '1I'lH U '" 1 tJvi 6m''I6<;U11J 1 1Jn fl l~ 11JlJ 1'l161J L fftl '1 'iltflQ 

";1~ ~ l fl OUL1'l 'iI 'l:i6'1 'j:: 11 'h~l n\UfftJ'111 ~ 6'l:i6'1f1 [111 [I tJ (Glottis) 1,r '" 1J 111tJ 1 'il ~l1Jl.,j' 1 
• • 

flfm 1~1'i1tJfft'il1n 1~Um61J LfftJ'1 l 1J#hU\1t.i'1U-h lff1J lff U'11U'iI l1J'I.Iwttlfl[lflLfftJ'1lJ'iI 
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: " .. }', <Q dl! " 
1J 1,:j FI'i ~l"(1'\j I ffU~ Ell 'iJ ItJ~ n' n~ fl l111f11111V 1 'lJV11lJ,j flto1f) I Y1 

" . 1'1' ..... 11 .. . 01"" 
til fla llJ IU t1 'VIlff'U I ffV~l1 tJ VlJ 'ilZYll 11 L ff'U . .. , .. . 

lffrmn Y1 nl'i 1'1'\.1 II L"I:: (j'1 n f11lJlihJ'Yhtf\HffV~ ~ ,H):: h iffllJ 1 nn;h 1 '11' l.ff\.l l ff (mY luiu 1 ~ 

fl ll A'u 'UtN I ff'U I ff tNI ~ lJ ~'l..l1rltlU1l..1 L Uti ~ Qfl~ ~ , l1il~1 '!i'1"r! 1 t1'U UY1 ,rlfl fl 'iZU fffllJ 'iJ 1 n 

• .1 .• °1"2"'" 1 • .1 , • ,jVYlifltJ'U'UlJ1t1fJ1'1l'lJU'j'l fH1Z'VI1 l1LU'Ulfftl'lllJifl6t1f1 'U fl fl fJtu:: l'fin I 'H1ILfI::fftJ 

L11 '1~ lJ'II tHm ::UfftnJ 111mJVYl ~ ~ 1 , '11' Itl',.uihFH1'lY1l1 fI:: A'u if 111 1 ~ anY'! ~\J tl~ Liilul 

c$ """ ...... .,, fl'iJ::Yi tJ1UUJI'\JllJl'l1lflfl tJ'il'l I'illJILfI::m::Ui'H'IlJ'iJlt1 

t1 tJifl ~ 'iJ:: ~'U i '11' I au L iYtF1 IUifl t1 fJ f)an 1I,u'l illl1 ~Y1 V t1 fU fft! 'I 
" 

I'H'Itl iflL lf11 ~n'lltu::ilifl"l IUY1"l ij 'iJ:a1'1u hJmhnliflL~l~Y1~ t1fi'\Jmijt1'U fl1 'jm::Vi~tJ 

Wl 

" l~tJfUffU -3 mril'u'hLiYtJ'I'llti'o'l (Voiceless Sounds) l'lhmTHHlfUffrJ'Il'tUty'lfUZ l't VI ,j 

!l1um"ni~0 L1'IU.'!U 
" . 

ii OfJ tu:: '\I tN I ff U'I n{)'1lm~afflN hh~tl 'I il ffllJ1'i {) ~hm\t11 ~ ~nfl,,j fll1\Jl fftJ~ &'1 L ~ \J 

L fftJ ~Il V ~ fl ~\JL fftJ~ ~::lj~ mJ W::L ~ \J fl ~\J Lff tJ~U 'IJ 'IJ'ntJ fll'IJ ;C ~ ~::L ~ \J 1 tl fl~\J~lj 
" . 

, tl,,,"lil01 nULn"";lnU .~,tl~ 2.2 1umw.""ffO~'~~"~I1;VLffO""ii''lI.U' .. " 
ff1Umn 1umm 1>.0 ""UlffO';; iJi .. ii,tlutJtJ '~";11"~ uo.ii,,],,, i~L1'IU 

,..;;0" ""tl~ 2.3 

0.5006,--_ ____________ ,---______ , 

o 

-0.2307-1----"---- ---'-----''---------'---'---- - ---='::' 
o mn (1\.11;1) 0.0125 

ttl~ 2_2 ~fl1:lW::tl~\JLfftJ~,.V~LfftJ~f{m 
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25 

. . 
2. f1l1'JJUll'Utl-3UTfJ.:J (DuratIOn) 

L at! ~~ ~ 1nu fftJ~ (J 1 \l \I:: L tJri-1 {)enlJl~'fl~ milJ , Jlu 1'\..1 l'lft..! I afN tY'iZ Lfftl.:JVi ~t'!!'lflJ::: 

\.nfffl lfftJ ,n'tut'!!')j''U::: lfftJ ~lI LYlH) L~h.J.~'\.J IL~Ul ·:nfftl.:J hhn1Jl'HH1:::LUa.:.l lJ1ul'u ,,r'U .. . 

lihJ.:JVi V(IJ'I1'W::: 'i::: 'oU'fl 1 lin' 'fI~ ,.n ",vi' '\.J 1 lJ fI1'td 1 1 ,., m! lJ fl1111 au tJl1"tFl L ff WI \1::: I L u.:J L fi lJ 

<!t ~ 11'" d " "'l :: cj ... '" '" 
2 'U\Jl'flflfl ffUILfl:::tnl 1 lJf11'td 1 L 'YImfftJ.:j':1'fl~'l \l:::'flfl'l~VlO~fl111JfflJUl1mJn·tu'llffm 

•• • 
"(1'') ::Lvil11 'W fl111J ff'\.Wl1'1.1 V '1 1 ffu'H'n:;u 'U jj fl11lJ ihflt1J lJl n 11..1 fI1\ll hw l11n::: \l:a.n lJ 

~.:j~Lwnfl1 1lJ"rIlJ1U'Uo'lfil~ 1 'l '100n\l lnnlJ'~ l'liU fhh "~'fl" n'Ufh1, "~'fl" \lzjj 

f1'l11JU11 '\JflTS [)VntffU'lUVlflvil'lnlJ l'flutiTh "~'fl" \l:::iit11'iin mfftJ'l 1 'I1'tI11fl 11fi l 
• 

'h "i!'fl" Vi l1 M'tilfffl .:jtil {jjjfl 11lJ"rIlJ1VU'fln~1'ln'W 

~ 1 ~ \1 1 n f1~'W I ff VI! fl ~lJ I@ V 'l ~iifl11lJ m 111 10 i1ZiiflllH 1f11 1 \J fl1 'i Ln'fl \J llJ n 11f1 g lJ 

lffV'l ~ jj fl11lJ Vll-u' {IV Vl1 mh.:J ~ lli lJ 1 JI i'fl fiu ff'j :::LfftJ'l i'lJU a::: ff'i:::L ffV'l Vl1 ~ .:.Iff'i::: . , , 

LffV'H1l1\1:::iim'lJ11"1 1'U f11 'Hn'il'Ul'Ufr"llff'i::lffV.:J ff'U ~.:J iLrr'fN 1 'Ul1H; 2.4 1m:: lUVi 

2.5 



0.4323,------------,,--------------, 

f. 

'" A . 
lo . . PJ\11 f\~.. .. ·hV f.\J1 

\f\ ~ 
• . :m1',r----------'':--=:-''---- ---;;;;!, 

o I1nl (ill1n) 0.03825 

0.4776,lr---------------------, 

f. '. -s 0 = 

-a ,3904p--------=::-;;=;;--------,~ 
o L'1n1 (h,l1ii) 0.10125 

, _. . 
3. 1'::: ~'lJUffJ~\l~m (Pitch) 

. . 
AI"" ...." t u Yi 2.5 mn...!UH.J 'I 'litH! ffnf)l 

9 

I ffV 'I ~:: ij ~::: ~'lJ1 iTtFl il 'I ~1 e ~~fll11J aLiYV'l ({ lfl l11lg~ 1 L *U'l~ V a 011 111:::1 ~ UI * th1 

~1 tll1lJg'UtNlffWnnJltJ~'1 t1~lln1'rt4'\Jff:aYlau'Ua'lf}t.lmWjhtiJ'il1fftl'l lumw 

'U fN L ff U'I 'l1'l frY rn::: fflt..1 ~ -vh 1 tf IfftJ 'IU 'r:: ~ iff! '1111 a ~ 1 fi m &\J1 Uti 'I m'j~1 ~\J IfftJ 'I ln~ 

m 1 iu ll::-rh 1 -HI fi~t1 ~ \.j LiYrNU 'IJ 'IJ ItiU 'j 1 t1mu ;'1 'j :::~'IJ L ff(J'I ~ '1~lif ~ lJ D~ntm l11Jg 
,,' ." 

'U E1'1 f'1~ \J1fftJ'I 'fi I flfl1l1fl fl1 'j fflJ 'liD'll ff\'u fftJ'I ~lfll11J u'U t1 'II u\a fftHi1 fflll 1') (l1 1f1 'j 1:::"" 

11 lfl 1 f) fJ flUl1 ~1 ~ (Jltl f11 an'! fl ill" f11 ff" { 11 j fJ fl1 'j tlltl 1 tJVl ff11 ff'lJl1U ti'tt \J I fJ 'I 9t 'I ~H' 
'Ufl'l'i ::(J:::lh'l1l1 fl ~ ~I~lJ~1J'Il fNfft'Yt1!lW 1tJti'l~lu,.,l.h~ihh5mn1ffmil..l~~fl~~ 11::: 

I ~ U tl ltll'Ullal~V1,f 11a::: ,rl mj l t1 1tll1J11a 1~ 'YI4~ ' ~ 11 1~ 11..1 lW t1Utl l 1lJ g~ l-til 1J I'm 

~1J9i'lt)(h:j ~,,~ 1~\1:::l'fl 'U'j:::vl\JLiYu~fl ~~1 'H~f)~l~~lnltlf1~'U ~:::tl>:j1f1~ 1~mnf1~'U 
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, . 
l~tJ.:JILtJtJrtlu'jltJm'IJ.y;ln'il~ln~lntJ'\JfHl~tJ~""'"'j:: 

m 'UHn.n! 6tJ1~tJ nf t! 'il::: ih:::~ 'U L fftJ ~ 11 ~ u~:::m .:n)'U 'Ii' llJ L ff U~ , VI ~ ii m 1J nlll '\J mm 'j 
, , 

.. .. .. .., 0 

11 'j 1.1 'j {l l.J lJlfUfftJ~ 'U tJ 'Il::: lj'i:::'iI'lJVll 

· • u • 4 . Ul11Un'tl£FUi.TfH (Stress) 

" ' .. .,;.,;, ..." :... "I!/.K,.... 0'" d" !/1 
tJ fl tJ n lWi tJ l~f16tJ 'VI t1 ~lfI (h1 'tn~ n l'l iHtJ 111l.J 0'V'l tll~fl '\} '1'\1 \J V gnUf11i'1'1l L 'j ~V1 l '11 \J n 1 'j 

, " 
L tJri'lliltJ'I 'U {l'll't rn'l flU ~ a:::'Vi (11 'I ft ~'1 11 tJ t'l'llJl'!i il min 1 ~ -hm'i iHU111,r nfi {I n 1'i L YilJ 

1156 m'HWl fhu mJtJ ~ ~ 'ill Ufl ~uLiYtJ'I L'Vi 'j 1::: 8, 1 ~m 'I lIlJ 1 \.J n l'mJ ci'lli1 (H lJ1 fHl::ll1 1 11' 

LltIlJtJ ~ ~ 'i\'tl 6'1f1 gUL Uti.:! ii ~ llJ lf1 8 u'I·nl 111 t1 fU l.Jl11 ~ 6 hi fi {I (JIll' \JLihw~'11 ~LL H a 1J 

ti'vu 'IlZ111 'l1'f1g\J1ii[J'I~'~ihhu6lJtJfi~V1 '~lJ1n 

5. f11UJ~-1 (Loudness) 

f111lJ~'1 fitl fhutllJuii~'iI'IJ tHflgU IUV.:! t11utllJtlii~V1'UtHflg\JLiitJ'I~ '~~\Jtl~ti1J 
d. l , .. .f '" . 1' d, .1 ' 1 ' " U 'j 'I fllJl'l L u ri 'IV tl mJ 1 91'1 11:::'lJU fig 011 u 'j lJ It\J. 'IJ tN lI lJ VI ~X'! 'ilL lJ f\'I tl6flm \J "lf1'! 11 \J '1"1 , , 

'j llJ n'trci' fliJ Wt \.h::: ~1'; 1'\J f) ~ Iff lHlI 'Cl Z rn ~ 'Cl~tl111,r mffv~ ~~,r \j 
.. -d .. , .. , ...... 

11\jfl,\}~ 1Jfl1fl111J<fI~1J1fln11vttl1~fl'YI'Cl~IffU~I'U1 

· " . 1Jfl111J<fI~\j6V 

" , 
~~,r \j f1111fl1J-U ~ ~ ~,.. 6 ~ fl t;tJ I n un Z ii f11 1 un" 1t1lJ U'ClZ '\}ZI -U~ VtJ 11 -Ufl ~ 1 1.191 'Cl D~1 nv~ 

• v 3. nn.l~'t'UJ'Y'lfuz 

1 nv~vt v~ 'If'U Z l~ U LnV~~ln~ ,\} lfl 'CllJ~>l H1'UlffU Ln V>l Uft 11J1\1 mi<fl u -Ufl >l~ 1UD i V1Z DD fl 

"'" '1.1 0 '1""".1 ........ 1 "'" .. 
lffV~ff1\jm>l '1 1 tJ1J1fl ",11 'H1fl~lffV>l'\J'U LffV>lViV~'lf'UZ1J'H'Cl1V1J'iZlflVllJflfl~WZrn~6DfllffV>l 

UVI fl ~ 1 >lt1lJ 'H 'Cl1 VlI 'U 'U fl 111J I LVI fl~l >l'\J f) ~lffV>l 'IlZ iifl11mhTi ~~>l~ tJlrl 6fl111JU91 fl~ 1>l J tJ"; 1 1 t1' 

fl11lJl11J1V'\JD>lti1 1 UIl1~ 1~1>l O''U l1l mlvn 1~11 1~'Ufl11lJ L1V1fl~1>l~";11 MlfftJlffV>lffD>llnV>lYi1 
, , , 

mh)iI~'U ffD>ll1tbUlnU>lfi~l>lO'lJ i'Um~lu 'U mhUlnU>3Vivty'lflJZ 1'Um~1 1'Y1vii 21 mhUlffV>3 

l1t.hUlnV>lvtvty'l1'UzlummlVlu ff1lJ1Hl-U~ln!l i'U"'hUl1U>l~l>l'1'~ 4 9i1LI'HU.:J fi6 

""00"" 'I .. .J~ ' ''''' '' 
1. 1fl~91'Ufl1 'U 111U1IffU.:Jff~z llJvtU1>lfl'H'U.:J'l L11U'HU1U1ffV>ll1Vty'l1'UZ91U 

2. Ln<fl tl11 nV>lvtvty'lf'UZ t'U ~ flI nV>ll1 it >l 1 'U 9i 111 'H U >lJl U ti 11l vn 11 vtvty'l1UZ fl111 

3. In ~ 911lJlffV>l 'Vi vty'l1'UZ t'U i 'U JI wh fi mfi ~ fl1t1 0'1.111 U 1U1 ffV.:JVi vty'lf'U Z 'lfU ~ ~ 2 

4. lfi~mlJl1ii>lilu.:Jff~z 1~'ULffV>lvtVty'lfUZffZn<fl 
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• aO\lW:::'UtNltTtJ~ ; lJ'fhhn ~lJn1~6n • mGlnniell unnnull I'Y4Gl1\Ul'll~ 

hiytlti''lJ ,j , "0' , n' 

l'Iuty"ll",,::nn 
, 

YtlHUJ "~n ! 'lH1J fI VI ti •• W '"~ 
No. " o· 

• 
"' uW' , ' uurn 

• 
"~ ItfUGlUYI-:i O ')jfllUI' ~, 

Viuty"lll.!:::'linn "1:::Y1U 'q . • • 
'Ul'UI\·~ ow 
, 

• noun::: 1 ' " , , 

m'll~~ 2.2 ILff~·Hi'VHj'mrHnnfl 'lJ6-1l1'lhmfffJ-ll'tvt1J'II'1J::~1JhUlTI:l11vw mU:Yl1'j1-1~ 

2.3 Hff'fl'i-ffl'10flll'ifflflfl 'IltHl1U1tJ1ihJ-ll'lvty'll'UZli'lV1 Utlllll 111t1 

" 

.... Utyyu:::v1u1u5lltil'nU u u 
~l6mrJ ASC II a''t18f1'W 'li.Tl nn 

1.1 p p 

.~ t I 

,., e c 

n k k 

" 7 # 

"ft" p" ph 

..,TiI'JJ"YIflj t" Ih 

'DIU e" ch 

"'IJ k" kh 

1) b b 

"Q 'It d d 

1) 111) m m 

1J W 'HlJ n n 
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fiVOJ"U:: ~u'Uilnn'n£J 
u u 

~18n1n ASCII ln ltlfl1l 1D'lna 

.,,, 
~ ng 

~ ~ f f 

i'f A \I Ill!' 'Vll t'fl ffl S s 

". h h 

'''' q r r 

• W ". ~ 1 1 

1 '" w w 

tJ qj 'Ii tJ 'H t1! vtJ j J 

vtU'Y"u::'rl 1£I1uilllll '11U 
u u 

vllentn ASCll Cl'11o n'Y1G'lna 

"~nn (n , " 'II) k' k 

"~n" (0 .. 'l1 Q U 'II 9lJ " " 
t' t 

"yt."" II) 
tt~ntJ (tJ tl ft " ~) p' p 

u~nu (u w ty 1 ~ 11') n n 

"~n' (,) ~ ng 

tt~n~ M m m 

tt~In"U (U) j J 

tt~In"' (1) W w 

.. ~......;, ... • , ,, G I .. 

U'HHll1wqn~ 'tUJ1VtN l::~lJltrrH1J<II~l Ufll 9f-3'YI1 'Hf)11)j'H1J1lJ'UmfllU~f1~l-3n\J 

lihHl11wqn~ l-nUffl\J~rllnty'UtHtll'ljl1JHfl1l:11 \lom'tn10 't1~lmiY[J-3Vt~ty'b'1J::Ut'l:::li1U-3ffl::: . , 

h;11~:::lfllJtlll:11'~~mlJ 'fftJ>1llfimit'l:::,atNt1\J~:::ijl::~tHntJ>1fJ>19ilu~n~hu)'U ,,fU ~mY>1 u""':: 
• 

L~ n ij,;U! 1 \J 1::: ~1.H ffU'lfi trw.u 1>1 fJ >1 011 ~'1f1tJ un:: ~~¥1 L~ tJ 1nu ~011l 1 ~l::: RtJ Iff U>1~ 1>1 flU , ~ 
• 

l:::RtJliYrJ>1-n'Uj',HI:::mJ,nHln '~Ilh.l 3 1"::R'U ;:6 l:::R'lHihnfJ'l l:::R1J lffU>1~ 'fI1>1 ILfI::: 

l::yj1.HnU>1~l ua:::'\JlI~m:nyjuLffU>1~>1lLti'H)6n'vWn 3 LfftJ'l mlJ~nl:lw:::mHI>1lffu,nl'ltJfh lilt) 
• 

'Hl'llih.wIJ6'lU~fI:::th Yi-3U 
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'" ... ... ..... '... ~ , ... 0 I 
1. 'HVl1fft.r-31i1')J(lfllJ. 'H'Hl'V11'HJnl11fflJ-3f1-3ltfltJ 1"t1t.! 'H 1-31"fftH'UfHfl111 01 , n:: 

.. .1. '" 0'''''+ 
2. 'HHLfI'U-3f11fl~-3'IJ\..II"t1\l '1nUfftJ~'1HHfl111 fll , fl1 

3. 'Hl-3lfftJ~l'lfJflfI~ 1'lf'lJ 'Hl~Li1U-3'Utmhil ~1, fh 

" lttfJ.:JtT"ft (Vowel) 

mll{JL fftl.:J~ crl ti t1! 1 \J fllllll'J flfll'l::llti t111U llJL fff! -3tl':i:: liYtJ.:J ff'j :::1 ~ '\..11 fft.r.:J ~ \l m U n>!l tlt"! mJ 1 
• 

'V11.:J'lftl'l1.hnl1ltl'tfV'l ~lJn 1f1VLliijElitl1zrhu ifl 1 1Jth mJlL'fl'U~th"'j'jflilflnU'V1''lfl)J' ~ tlllJ1'j(1 

·i·-~" "i" .. J 12i " -,-" ~- .. , . 'VIl 111flfl1lJUIUU·,uY'j::: lfflJ\! f1U'HN'H'tJ'l'IJ'lJ '1>1 UlffU'l't.;1Y1Uflfl li'frJ'liY'j:::U'Ulflfl'illfH'IlJ91'lr·mm'fU 

IfftJ'l 1 U ~lU 11 U 'lil ~un611 rru l'l mU:fllJ ~ ~ tN~ \J ~ lt1 t1 nlnYi 11 11 l1lUlfft.r'l i'U I fi f1lfl \.J I ff {N~'l ~ \J 

I~ V011 lfft.r'lOV'l I ff U'l~lj uo'"h,.fIul fftl'l ff'j ::: 'il:::11 tH \l nnJ ri '1 t1 t1 om "I'll '11.ho1 fI tI~ hJ ij () it! l:::{hu .. , 

i. iUU1ftmil.nu'm"~ H """1V1< 1uu1mrU U1 .. ""~i UlUlIlIU>1,m'ILO".,11111"""1 ~ 
1111 M'lvn ,nJ 1 nih; 01:1 w::: ;h'lfiu 111 mnUL11JlI fllJ~ ~lU tl Uflm ~ ,:unfllfl 'lJ I aV>!l9l 1'1 ~ n U fll'j 11 OllJ 

'fhJ1nl1~o hi";OllJ'fhJ1n fll'j {ln~u fhul1i1~fhu'~ fll'i{ln~Ul1 ~~1~1~~ IflUfhu ihflt'!J~Yh' M' 
...,. ,.1 
lmUinJ~i'f'i::m~~ 'lJU 

, . 
fll 'i mJ ~ '11'\1 ~ 'IJ O~i'I''i Z rr1lJ THHI U ~1I1lJfll1lJ 11 '1~1'IJ El 'It; W"ll tI , U thn 11"':: 1 t.I ~ .1'1'IJ 0 nh n 

, " , ok ....... : .:..:. 
, U'lJWZlilt.l-ci'1lfftl'1 'i llJll'1t.1'ilJlW'U0'1f1lJ-Yir·hl.!00n l1hn.HllJt1 9I"'1f>Jw fflJ1JlI'YI'111lJ~U llJO 

'i 1lJ nu ~zi'I'llJ 1 'i (UW fiI W:: Ifftl'1 ff'iZ 1 o;)'t1th~ lJ 1tllJ 1t1 1 ~ tI 'i l{l"f\Z16t1~ 'U [1'111 ~"f\z"fi tl'tl wz ~ ~'\'11 1 M' 

" """ lff{l'1ff'jZl1'111"f\lt1Ul'ltl~l'1nU Imz lf1ufll'jtl~;~-3i'1''iZ'~ ~ tiu ii~-3~ [I h JoQ 

1. tT"n'\"lI0--3~u;h,nUt11 11'lhi--3 lil[l ..:J (Place of Articulation) 

~lnft niln~ 1m)'(ri1v~ i Ii ~ 1ft ft 11U 1V~ ,(Mft'li'. ",'liv, lhft~lj~ 6 i IJ ,Ill" ~ 6" ft . . , 
IffU-3i'1''iZ~l~ ~ UU '\'111M'1'i1l1'jl1J11 iiiiUl1"f\lt1ihuo;)'1t1nuYil flUfllHl{ltllfftl'lff'i:: 

" " " " ".1 1~1U::lflut;Uff1Ul1t!1 iitJff1Utlfl1'l 11~tlt;tJff1U11"fi'l 1~lUiitJffltJUtJ ~ ~::tltl'IJtJ 

1 2 i";'" ok .;..%, , ,,;.1: 01· 
tlal't1l'lltJ1.htl U'lJWtVlOtltlli'l'tI'li'f'i::l1tJ '1 "1 9f'latJU""f\::i'I'1tJVlUtl'IJtJtJtJ~::'t11 11 

" . 
lfi~Lff{l'1i'f'jt-fiu"n~h'lntJ ;'liY1lJ1'j(1VitJtuti'l1l'jt1f1V1'IJO'llff{l~1'1'i~"llJff1tJ'IJ[I'liitJ 
" .1 1,.. ... .: ~.:, ,.. ..l i • '1 2 d d.,. 
V1t1tl'IJtJ ~~'ltJ \ ITf'lUrr1Ul1U1\1tltltl'UtJ l1~'ill1'l~'iloy tlm't1~ ltJU'IJ'l l~ltl'\l::I'jtltl 

.,. :,.,. , d....,.. , .,. 
IffU'li'f'i::UtJ11 li'l'tI'li'f'i::1'1ltJ l'V'I'iIltJU'IJ'l l1Hl1'1'jZl1tJ1 (Font Vowel) l'lfU ff'jZ tl 10 

lItl lfltJ,ru U~Olfll'itlOtllfftl~1'1'i:: l'il ',*~tJffltJ\1-cl~ 1'i1U'fi1fll'jtltl~tJ ri1Ul1"fi'l~tJ 
• 

111' ~~ 11 '1 ~'ilO ~ltl ~1't1 'ill tJ eOtJ tJ:: Ll tltllfftl'l ff'j:: 11 tJ 111 fI tJ Ifftl'l 1'1'j:: ffltJ I 'Vi ~ 1tJ 6 tl tJ 

111tl1'1'jZm;'l (Back Vowel) l'I1U rr'it fJ 10 Of) lfltJ~tJ ff1'Uti'1'tJfll'iOf)tllfftl'lff'j~ 
• .1 • 

l~ ii'U riltJ tla1'l\1ntltl'Uu It.1ff'l ri1Utla1'l'IJtl'lI'Vi'il1u1l1tl '\l~I~tltllfftl'l1'1'i::11tJ 11 fl"i~ 
. ... "" ,.. tla1'l (Central Vowel) l'lftJ 1'1'jZ tltlLOtl 0 1 1lJUI'lU 
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2. 1~u:::'h~1::: 11 "h.:jaULU.1 :::mmU'l.hnll;aHl1'JJ \l>3 'Ua~~u (Degree ofStruc~re) 
1 Ufll'Hlhhlff(J~ffn;Ju 'l:::u:::,h~:i:::1111~ifulLfI:::I'W~1'U thn ~~1~ i~~lflm')~ 

ifu L fl ~ eu~ fI ~ 1 un u 1~~ J 'U ~::L ~ 'U li' fl~ w:::~ rl1fr~6th~ 'Hit ~ 1 \J flll mJ .:j'lfU ~'IJ t).:j . .. . 
,i'i'tI-lff'i::: nnl1t;O 'j:::v:t:t11n:::l1 'h~fiutitH'Vi~1'Ulhfl 'U~lILl1ti .:i 9l''I au i~YilnU[m 
.... .1 .d 'I AI ' ''' d ~... • , .. ! .:'I 
~l'IJ1J~.:j'V1t!W1l'Unl'Hu·'F.uff(j-1ff'j:::l1\H 1 ~:::L1J'UVllfl1'HU 'ill1LffU·H'1'l :::tn.j ., tJ:::lljU . . . 
fr'i:ail9111l0ff 'i:::iJfl &'lmmht1l1u-1'IJo-1ii\wQ,h~tJlflL"t'l'il1\J'UlmJ1n 'Hloiiu6ylu 

'i:::~'U~ 1 \111 ,.r'litN 1'Vi'i -11 utJl flLiJfln~l.:j fl1J~tJ:::ffl1Jl'i\1r-htJofln1J1 l v1'lutFilJlw 

lJln lff(J.:jff'j:::~loA\1:::1~tHff(J-1rr'n:lil<;l (Open Vowel) L'lftJ ff'i:::V1 h f YIVlY1Ht1U,j"lJ 
• • 

01111milU"rTti.:j'IJf).:jiiutJQln~n1JI'Vl'il1'UthmJ1n 'I'll t1ihwQhn:::~1J~.:j 'ltV.:! l"t'lH 1 tJ 

• 
tJln~Ufl1J 'l'il111'fllJr·h\HJOfllJ1i~,ru(J 'il:::I~ Vnff'j:::'\.h,l'jlLrJ'\.H"''j:::tI'iI (Close Vowel) 

,'tiu ff~Z fl UV fJ l~lJl'i'lJ 4~&15Z(J::'1h~~::,."h~ilJuft::l'WV'!llJthf1 l1lVf111lJ~~'UV~ 
.t ' 'I '?I ?I d "Ii" "".. .d " ftlJ6~ IlJ~::'I111~ff~:::u~lI r~:: ff~::Lu~ ctf~~:::lJ 1~'I1 "mn::~u l'lflJ Iff(J~ff~::'VIli:lV'!f111~ 

'V"v. ~,~ V·dV nl 1ff~:: ~lIam.,[ v(J ~::I~(Jf1ff~ZlJlJl1 IUlJ""~Zmn~ ~'\1Hlf1~ ~ (Close ~ mid I Half 

, 1 ~ v ' ~ V v J. ., ~ 
~ close Vowel) l'lflJ ""~z IV IVt) 6 IUlJ91lJ 1191\111 ~nl1~'UlJ6n ~::L~(Jf111 11J'\.,[""~:: 

... d , "" ,.. !.: nft1~1i:l~l1Hlf1~liJ~ (Open ~ mid I Half ~ open Vowel) 1'If'\.,[ ff~:: 16 {H) LlJlJ91'\.,[ 'VI~lJ 
.1 , ~~ .: '1 . 1 ., 
'lIlJ V~nlJ~::~lJfll1lJfJ~'U6~ft'\.,[ ~ lJu1nlJ'\.,[ItH 

3. nTl 'tiflllJ';hhn (Labialization) 
, ~ , . 

f11ni6'ilJ~thn l1lJ1(JO~ fl1~;i'ilJ~thm1~{f6~lflt;VlJ 1 'I111~wtjlJY111t1,j1~l1U1 

ulhtl6nalJ1J1f1U6uI'W(J~ LV'! &1 'ilJHlhn~'\.,[6vn 1tJ,j"'~l1U luti'1t1VnftlJlJ1n Iff(J~{f~:: 

~1~~ZI~lJff~::m' lJ (Round Vowel) l'lflJ ff ~:: fJ lv 60 l~lJvi''\.,[ lla:::1lJ't11~91Hn'\.,[ . , 

0({ '" 01;" flll,n,;, 1'IO'~"" 0 nll; 0 1~1i ono" 1 14 ,,\I .Ill", Iff"' 1'1' d; 10\', .,1'114 1'1," 

11.lnfllJ (Unrounded Vowel) l'lfU {f'S:: D IIV Ell U616V ,nlJvi''\.,[ 

4. a n'l:lW::Ul a n (Nasalization) 

• 
~huoon 'U11 1~~lJn lvi' lI~n~1J1J~v(Joon1J1'V11~1.hmi~l1lJ~ ffllJ L '\.,[f11'SIUri~Lff(J~ . , 
{f~ ZlJ 1crnu '\.,[ I'W 9l1'\.,[ ti VlJ ~:: a ~~ la~ uftZ1.hi V (J L Htl1n 1ff~·hlJ V V 01'11 ~'lio~ ~lJn L lJ • 

.. ~ , ~" • d , • .. ' &, 
11f111~ (JlnlJ ff ~ r-l a I '\1f1lJ ffllJ'H '\.,[ ~ MllJ V 6nVl H'lftl~ ~ 1.1 nllflZ ftlJ{J f1 {fllJl1lJ ~ MllJ V V n 

, . 
Vl1~'li{J~'lhn 'Ul't~fJlJ '1 nlJUU16~ ff1l1i'lJ 1 '\.,[tl1'1n 'Vl(JU'\.,[ 9l1lJUn9;lI"tl'l 11.lflnn 

t1fl fUff(J~ {f~:: lJ 1ffn ILYl 1 lJ 1J 1~f1 f ~ ,rlt1iinn I U ri ':Uff(J~ {f~:: lOll !'If::'i llJn1Jl'tuty'lflJZ . , 

tnffn IffM{f'S:::~Ell~~::iiamltu::lJ1Enu'\.,[1J1~l(J 1'If'\.,[ 1Uf1r l1 U'\.,[ LfilJ~lJ UYlUlJ~ 
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, .. .,. ,.... .,. 
'U 1 rrnl'1 LI 'VI 'ill ~"(J ~1i"V~ 61:: 

5. fll11JU1'l1'Ufll16f)miYll~ (Duration) 
, , 

fllllJ ff'U tIll'IJ tVUffV~ ff'iZU '\.,!lifll1lJ fflfi'qJlJ lfl 1 'Wfll1l11 'Vw 

L1Vnfll 1lJl1lJlV'IJ (J':lf'h~1~ '1 66n'lllflf)'U. '~ L'If'U fh-j, 'IJ~ O'1.lfh11 ,!:!ifl 'IlZijfll11JtJl1 

'\JmmJri~Lffu,mvlfwh~ti\J lvW~Til 'l/ifl 'Il::ijnTn"nLffV~ffn:il1'(Jl1fl'hfh11 "lifl , , , 
vb ,,rfhfff),uhuijfll1lJl1lJ 1ULL'ilfJlfh~n'\.J l'Uil11:n 1 'YIUU\J fll1lJff\Wl11Jfl,:jff'i::: '11:: 

, 
UU~th:af)l'1'\Jfl-H"'j:::fHlm~'\J 2 th:::Lfi't1 flV ffn:LffU~ff'U (i't'I't'I'l::) lv1Lui ffn: tl tj ~ 

m::: 16::: UV::: 6::: lfll ::: 1I'C1:::t'I'l:affV.:JtI11 (cYi'J.Ji'1 'J"Z ) '~un 61::; 6 flfl ~ Lfllflfl lout) 

m u'C1::: fl'f) 

~ ,.,. d 
'Ht.hmff tJ .:Jff'l"Z h.1f11111 \h1lJih;~l1lJ ifl 2 1 l1lhtllfftJ.:J th":::n El 'U.,)l U 11l..11rJlffU.:Jff 'l"ZLvHn 

Lfftl.:nf''U 9 l1thmffrN l1'\.hmfftl.:Jffl:a~lJ1dh.l.:JUll 9 '\1 '\.hmfftl.:J ILrI:::m.hmihJ.:Jffl:::'lh":anJ 3 
, . 

'I11nVli'I11-.l 
, , 

11t.ilV1ihJ .:Jff 'j:::L~U1LfftJ.:JffU 9 11lJlmfftl.:JUn:nO'U.,)lU 11tJlt1lffU-lffl::: V 1m: um: ti tn; tJ 

1v::: Ull::: U'C1:::11,jlt11ihJ"ff'j :::I~rnlfflJ"Ul1 9 'HU11I1UtI~ '}n: m)'lJ~1t1 l1U11I1UtI~ff':i::: D IVILV OV 

Lflfl 01 ~ lVlm::: Vfl 1~tllI~~:::m.hlI1UtI'I'Umff':i:::lfftl'l l~tl1 ih1mHU:::I1'l lJ~'Im':i 1'1~ 2,4 

"""".''''hh" • ,h] • 'UJ 101 '" 1hl ' 'U J 1mUl 

• • • • • 
i:ln'Mw ::: '\lEl~i:I'U m" nliH "., Q. •• 

Il' 0" " 0" ~~ 

m ll'l w::: IV IVV::: !flV 1""1" ., uv::: IIV V::: 61 161::: vv 

, 
'" ... ... .,..,. ...... '" ... 
ffUUfl:::ff';j:::Lfftl~tl11flV ff':i::: IVtI::: Lfltl LVV::: Lfl{) V1 ::: UfI::: Vl 

I fftl ~ff';j::: I1'lu I U tI'IfI V 'I~~'Ifl ';j::: ~ 1t1 1 1.1 1 ~ fl fI fll11 Uti ~ ~ vty'llu::: I UtI'Iff':i::: ~'II1'luuflU'\J V 'I 

,. . , ...; i ,t ,- 12 '. i' . 
~m'lf1 9ITn1 11lfftl'lVU'l U~tl1'1flUUff1lJ 1H11~tI\J '/'1 1I\J1t1Lfftl'lff':i::: Um'l:ll l'Yl tl ffl lJlHHMI 

~ 111 n'lJl':i ':i tl1~ fl tJ. ~'l flllU 1U IIl'hn~~ l11l1li 'Ill U llI1UtI'I~ vt)!'lfU::: I'1lJlm:::-u 111,j' l llU 1 tIL Uti ~ 
• • 

~ tlt)!'lfU:::'Yll U 
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'~fJ 'I ~nm ffV'I ff'j:a ~ \Jlfftl'l ft 6'1 ~'1 Ln~ ~:nnm'j.&u 'U 6 '11 tf'UL Uti 'I ~1'\.J. viti l~n~ tllJlmn 

L Uti'! 1 l.I'tftN 'YI 1 'll~ l.J L if (l'lU "",~{){)fl 1 U Vll 'I U 10 1 'flU i ,jih) 1l11:: ~ 1J 1 V1lJ 1'tJ 11'1 'YIl 'I tHIn'IJ ij,:jLffV'l Lrl fJ 

Vi 111 'j W '1 11 fl~'U 'U tN !Utl'! ff'j:: 11 ::,..u '-h ~ \J l Ufi ~ 'U ~ L ~ 'U 'j 1 Vfl1U 1 'iI tJijt1~ \JLffV'l~ iifll1lJ ~l111fllJ"'" 

tl '1~,m 1 M'ihllfll1lJ~ ~1{lJt)11 nffg\J~ ~1'U6{)mJ11rJ1lJ lfl~6uYil'1C'J tiu U\Jl'Ul itlti1Jfl ~\Hff(J'l\11n 

UVULfftJ 'I ~'lln~u~'Ufl*\JLffU'l~cHl.J~6'U ~'lltl~ 2.6 

0.2116 

·O.272Q 
o 

- -

~ ~ 
----- - ---

... V d 
I. nq\j-tlllun1 tT'H~ltTfHtT''i:: 

- -

~ (I (LJ 

- ..... -- --- --- - --- -

• d 

n01 (1lJ11'l) 

, . 
1. ff~qJ1Wlff{l'lliLfiUff'i::li\J ~fl 'l Lfi\J ffqJ tylWUtlUllUfl1U 

r~ 

- - .- --

0.03210215 

2. l.cr V'l11 1fl ff'j ::LffV'U~tl1ti'U ffllJ l 'i ~~ 11:: fJ fJ nlihJ'li ~ \J 'j:: ~1.H Uti'! t! '1~ 1~ vi 1'1 flU 

(Pilch) u ft:::: fl l'U fJ 'I 'j:::: ~'U1 Uti 'I t! '1~1 ~ I"t1 11 flU ti \J ~ fflll 1 'j \l ff~ 1'1 ff'j:::: ~UVl fl~ 1'1 ti 'U i rJI . , 

~ 1 till! ~ U f11'U f)'l 'j:: ~ 'lJ LihH\! 'Iii 1;" i U'CI'l1J1'i (')1.1 f) flfll1lJUI'lfl Yi 1 'l'U f) 'lff 'i ::LfftJ'l~ 1'1'1 

i~ ,'til.! nl'Hltlmihmn fJ, 61 e1 01 ~:::n1l.!-htll.! 1~V'H"''j::: l~lnnl.!fitlff'j:::tl1 U91tltlO 

1 ffV ~ , l.! 'j:::~ 1.1 ~ ij lffV~"J ~~ 1~ 1~ fil.! 
, . . 

3. tllVl:::vhh'-Hln'l1ffV~911~'l ~r-H'Ill11-HlffV~ff'j:::lL\9ln911~fit..l~~il 'j:::~'U~v~iil.! fitl v~ . .. . .. 
il'~ mn~ 'I11tl ~1 (H igh, Mid or Low) 'fhl.!~t1~iil.!Vil'*1l.! nl'jtltlmffv~ fiv l-ti'iil.! 

• • ,,. ... , "'" ""' , .... .... "" ff l l.!'I1l.!l (Front) ~l.!ffll.!mn ~ (Central) 'I1 ·H)~t..Ifflt..1'11~~ (Back) ~mHlJ.:::~t1~nJ 
, . , 

7hhn fiv n~lJ 'I1~v 'JJ n~lJ (Rounded or Unrounded) Uft:::lffVH" 'j:::Vi911~ nl.!illijo 
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~ ~ 1') tu UYt1! 11P WI iYtI~ 1 \J 'VI 1~ fllllJ ~ llZVftrl' ff'j ::~911 ~ nUlldj LLVlJtli;!'fI '\J tNtl11lJ~ 

9l1~" hH'1'lt1fl fli'lJ (Spectrum) ~~Hti\J 

.. v .. .. 
fr'" lUI i1 vii UU f1:: mi' um'l m.hm n ~ ~ 1 \J 'IJ rutl tlfi~ liltJ~ if'):: LiYtmn ttl' \J ~ 'fIL ~u ffl:: 

• • • 
d " " • • ". _I i ' d d. ~ lflH (Tense Vowel) ILVlmflallJ1UVf!1JUflZflullJnHJulfl lJlOH fHl'flLlJ'Utl'S"ZflnltJ 

(Lax Vowel) ril'U1l1t1ff'j:an~ -31Jn ll:: 1~'Uff'j:afftJ-3tJn ff1lH"')ZflfllUii'fllltdh-lff'iZ 
• '" ... , .... dj '" .. 

UHJ'IfflJ L'lf'U ffl"::fl:: ffl::V ff'j:::~ ll::LlJ'l.m'H,hHI"S::f1f11t1 LLfI::ff'J"::61 ff'i:::fl 'fY'j::~ '\It 

L1h.lLiY{J"ff'j::lfl~ " L~'U~U 

. , . .... " . 
2. lI1.JtH1U'Ia-1U't1i:1.:Jml'\.lfHllfl, a.:J (Source-Filter Model) 

iJ fl 1:1::11 tJlJ 1 ~u tJ 'IJ ~ 1f1 V'I ~ I~ unll U1J1J ~1 fI n·m "'II 'In llU ~-A'm'j 0'1 cih I 111 1J ~ lf1 V'I if 'iJ::fi'iJ n tu 111 

~h\Jth:::flm..lffV·Hh'U '\I 6"U1·fci"nlLi1'il1fftl" (Source) un:: 9ilfl'Hl'UffV'I (Filter) ~"L;~hHh\J~.yh 

i lY L ilu'l UVI fl~''1 tlUVlllJ t 1.1 ~ 1 'I '\J f) ,,'liv ,!'VI',! LA UI fftJ'I 111 fi lJ rilu ~ulJn{) vn ~ 1 0 flUU~Z llh~tJ1,j' V~ 

flU ..; 11'11' L 'i l 'C1'llJ 15 (1 ~ \1 Z 1'f1 U~ Z1J V mJ~ lJ lW 'U V~ # ~~m ~ 10 LLl1 ri~ filL U 'fIL fftJ~ I LUO \1 1 OIPl1m tN 1 ~ 

1u fil 'j ff! 1~ lfftJ~ ff'j Z ~u fi llU 'fI 'U tm fftJ~ 'CI''j Z fi tJ V1filff~ 1 muh UlffU L ff tJ'HI ~ Z vh 1'11', ffU 

L fftJ ~ I n 'fI fil 'j d'u n V t '11' I n 'fl-d'qJqJ lUI ~ ii -50'IJ W Z I r1u 'j 1 tJm\] LnvYi \1 1 'j ru l -d'E!!qJ1W 'j ltJfl lU;i'1u l'1 H 

fl1 1lJ ~ ~ Z Yl1J ':htJ 'j Z 0 [1 1J~ 1tJfl11lJ~ 11J "1~1i 1~1 lJl o m tJ UfiZ ~ziiYl-5~~ l1JlJ 10 1 U 'lh~ fl11lJ~~1 

';" 1.1 2.7 11."ml~~~.jl"~lii.~" "mii"'1!'''"'~~1" 1.",t1i,j •• "~i"'lh' 100-200 

L~'jIPlCJi' Lmz1u~l1iY~~zvy1u';1~ 150-300 Li'ilPlcH 

flow k-=:l..c-:1 ~ ~ , time 

amplimde 
(dB) spectrum cOlltains mOllY 

harmonics, with more 
energy ar lowel',ft-equencies 

LLll-LLL-'-'-L-'-'--'-'- frequency 

'tu~ 2.7 ffqJt1!ltu'iltJm1J1'U'Yml1~ 1 U~Z'YI1~fl1 1lJ~ [6] 

. , 

~10HHlff[l~ 1u fi1'jff!l~ LfftJ~'CI''jZ fio , U ~l~'UV ~'litNl'11 ~ L~h.ILff[l~ Vi'~l1lJ'fI fitlY'iz,·dl~ 

Lff1J I ff tJ~UflZ~ lJ 1-JtJl n ~alPl fl1J ff1J m L tM ~ fl11lJ~'U fl ~~ 1m fl~;i' ";11'11' Ln'fl [lV'fl ~ t! ~ Lvl U ~'Um 1 u 
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1JlrUUfll'lJ~lllttfu\J.\J.'l'l (Resonant Peak) .yji~[Jnl1 fll1lJ~~fl{UlJ'\.n1' (Fonnant Frequency) 

mlffmnil~f111lJ5vJo{ulJlJ"""aiYtJ>1rrl:;~~1-.1nU 't'l1J ':hfl l1lJ-&lJ~U~'j:;'H'h~fll1lJ5~fH 

vJfl{mJ1Hi'~'H~>1U"::UtFl (F I, F2) ~~l-.1nU I):: .,;' hrpJ ~1 >1 ~f)>1'lff),n11~I~hJl~[J,mj~tJu 11.J ~-l ltl 

2.8 I Ii'!:: u tllJ 11 ii! ~'\J fH U'ty tyl W L fftJ-l ~ fllllJg~ w'l ~ \l:: rtl~ tJU LI tl" >1 1 UmlJfll1lJ gyJ f) {H1J'm1 ~ 
... .1" ... _I.oJ 
'fl~'lJUfll[J f1-l , uYl 2.9 

Re'sp 
C lo\e' I FrOLlf 

A 

Fl 

1kHz 

Source 

Laryn.x 
buzz 

" 

Open I Back 

Fl F2 FI 
F2 

Freq 1kHz Freq 1kHz Freq 

Filter VO\ve1 
. 
l: 

R A 

'------ F I~HIJ11IJJL F 

__ +. ~v~~ I _~' Vowel soulld 

l 11 ~ 2.9 11 reI'! >11 ' fl1J tlii ~f1'\J iN fff\1t1jlWI iY U>1;1fll11J g I'll-l'l ii,11 guuu 11 a.:j '11 m 1J fl l 1lJ g"hJ {mJtft1 
..; "" .l 
I'll""'" [6] 
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.,. . '" ""... ... .... .., .. 
lfftJ~ ff'itU ~H'::V11'il::1H' 0 1::1 W:: IU Vil::: 'i11'1.1 6'lTll11J mfftJ'lYlVl VI flU 

0'1\11 ill:: ~111'l 1J 111ft '!i 1:::,..r 'Hl fHfi'tJ 'i:: flUUVI1I1f111lJ g ~ 'ilZVi Ul1 ff'i::: ~1 '1'1 'iJ:: ij 1 umJ1J'IJ fl 'I 
, .. ". , 

f1111J(iyJ6{UlJt!,;'Vi~1'ln\J IUtN 'iJlnltJ~1'l'U6'l'lftNVll>1I~\J LffU'lii'il::I-nlJ~ltil"t1U~f1111J(iVi'il:: . . . 
In'fll'i 19fuuu,;' 1 1~:::ltJ~1'l 'U fN';~Nl'11-1I~ULiYll'lij 'iI:::IU~tll.IILtl~'l 1tlmlJUlIfI:::ff 'i::: UUflU '0:::';,1,., 

fllf1111J5vlo{ulJl-l';-'UE),H"'i:::1I1 'l'l Uflll1Vlf)'U ltJ~ 2.1 0 ILff'fl'lf11 1lJtllJ~'U.fi'n:'1dl'llil{l,nn:::u1i 

fI~afftlllti'1J fll1lJgyJ6{mJ'\.!'ri'6'U~lJ~ 1 1m::: fll11JgyJ{l{Ul.n..l't'i'a'U~1J~ 2 UfI:::fl111Jfflll1'Un 
• • • 

'i::: 11 'h~1 fftl 'l'C('i:::UO;; fI::: l«tl il t1tHhU 'lJiN11 'U Vi ,~, 'U nTH) 6 mihJ'! ffl::: 11\.1'1 

-;; 

Q 3.0r-----,_--7>-r----~r_----,_----~ 
>
u 
i.5 
§ 2.0 
0: 
u. 
I- 1.5 
:1 

~ ... 1,0 

• 

---

, , , , 
a 

c u 0- -
z 

§ O "-----'*~---.~----~n_----~~--~. 
U') 200 q()Q 600 eoo 1000 

fiRST FORMANT FREOUEN~HZ~ 

I_ I F1 ~r:-Lo=:-wC"l1 

ltJ~ 2.1 0 ILff'i1 'l fl111Jd'lJ '.~'tnr·gl1·h~l(1t1-H"'i :::IL;ifl:::~1n1Jfl111Jgvlfl{UlJlrri'e1J~1J~ 1 LU'I:: 

fll1lJ5~6{UlJ,.nle1J~1J~ 2 [7] 

. 
mll~ofi 2.5 Ufffl~ffl'1ef)'Ml"nnll (International Phonetic Alphabet) 'Um'H,.hmihHffl~ 

ilJm~l1vlU 

,,,.ilJ~,.n'n" - - oll8fl1n ASCII Utl6flUnnno 

• i ' " , 
• i: " " 
l6~ e 

, 
e 

'" e: ee 

Ll6:: f x 
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tt'"' .. "'"1'''" • • ~lan'll1 ASCII lfYlemni.nna 

lie E: xx 

• · " w v 

• 
"" w: vv 

mf)~ a · q 

LO" a: qq 

"" · a a 

m a: aa 

· ~ U u 

~ u: uu 

16" · 0 0 

16 0 : 00 

lt11:; · @ ) 

"" ): @@ 
• i . LOU:; a 1a 

• ia: LO" l1a 

• · L{HJ:: w a va 

• m" w: a vva 

• 
{n~ ua ua 

Ih ua: uua 

• 

"' am am 

'" '" aj aj 

1m aw aw 

. , "" 1 ~tI'\'h 111 L:U oVi;) 1 'I tlJ.l0.:J f111lJ LL'1l tlv11.:J 'i:;l1'h~ t1 \J 1m ffv,n1~ ff6~tJ 'i tlf1l'1l! 'U 1lz-d' ,un~ 

11111 LffV>l ff1:;,j'n 1lZ ij a m,/W::: ~fflti t"\!fl a L .fIUL ffV" O'O-1lJ m-n.~ 1tJ1 ffV.:j Ll fI::: ,.nlJ m 'i 1 U "'-1L Uti.:! ~ fill . . 
ffllJl'HHhw f) t1 fllJl Hi'1 '1l V ff:::!f"l1 n nl'HtJ~ ,:uiYrJ,uYl"::ti tJ. ffl1J1'j(l{) fJ milt!" , ~ Vl1t.l1l.HLfI ::i~u i)U 

1'f1VanlltlJ.:::'lJ0-1LffU-1ff'i:::t!U ;):::~lJt1~nlJ iu ~lJ7hhn UllJ1tU'lJf) "a1J~ ~lUf)f)fllJl ua:::'i:::V:::lf11 
• " • II 

tum'nUfi-1Lffv.:j tlJ'lJtlJ.:::Vil'ffV,,~ffty'lf\J:::uu lia'nllw:::nffltit"YflfJ Lfh.l '';;...t-1 LfflJ.:intF1Utu:aff{J'lhi 
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n~N II~:: Ith..l fl1 ~ I tlri ~ I ffU~~ flU r-hu fl EI n JJ 11 ~'hj 6:: 'illfl fll'j l tl ri~ L ff lJ.:j'l"l Vty'll't.!:: ffllJ 1 OS (16 umffu.:J 
• • J 

, v'iloW tJ.:j ~t.! '1 u",z 'Ui'~H m . ..1 1'i1 m\' 011 w:: 'IJ tHlihJ.:jf(vty'll''U::,r 'U 'tJ U tl ~n'U t11 rJ1:: mimUflfl 11 fftJ'l 

,nIJU"orll"'II 
LI'CI::LrttlVi\11'jWlii'lfl11lJU91n~ 1-.l~ Ln'il~'U'j::11 ·h~&tytylW'\JtWt"t.ilmfftJ'rt'f1ffEl1\h::1fl11 

" ... .d '''' d d ,11'" ... .,. 11 U 1I 011 (It:: 'VII 191 fll'l 1-1 m.l C}f.:j ffllJ 1 'j (l1l1 tJ '1'1 'lI'~ L \1 'U '1:11 flffty,!:!lWI rw'l 
• 

",""'IJiiii" 
1. fI11::I~h.fnfJflltJ (Periodicity) .. 

nn::: I'fh,rntlfll'U'U EI ,:rff'tyty l UI f1 fl fi 011 01::: 'U O'HY\!.!\l!lW -fl911 n \J lln'"l fI1 'U nt'l 1 

'U tl-l ff'tyty lW,f U ci1'l fln:a fit.! 'j llJfll'U'tJ fj.:itrtytylW,f U \1:: fflJ~U ,r n'U'H ti 1m ff{J'l fffJ.:J 

• 
,.h:::IflVlfio Iff ~FlnfYl Ufl:affV.:jhit1fl.:j ~.:ji1 

• .. .. . "" .... " .. ' ''''... , 
'VW()J'l1U:::U ""'n l'I 'U ltJ1ffU1'1"1 tJ\y'lfW:::'IJ 1-1 a 'U 11'\1 1m"C'l'tJ.:j Yl tlty"tlu::: m::: fI'lJ I LlI::l1 'U 1t1 

• 
IfflJ'lVfUru'l1U::: tim L l.J1.JO fl1 'H l-i 1UL ffU.:J 111 ,h il \1:: ii fll1:::f111lJ1 t'lu 'j 1 t1fll1J ff -1 mi 11;) EI 

" . 
Irt Off .:iUWI fi 011 w::: 'U fl.:j 1 tJfl~ tJ VI 1-1 111"1 \1:a lttJ ':h t tI~ ~ 'U,f nl 1J ~if 'U lj t tI ~ 1 ~ fll\ 1 V"1 

• 
n'Ulfi~iln'U 

''Uvn'l~ 'j~n'U~l1J IcrV'l1Uflfl'l tl n;OfluJ!"W Icrv.:jViiJty'U::nnuuul~n~H 1m:: . . 
IcrV'l'n Vty'ij'U::I iYv~ II 'YI 'j fI ",t.l1 m cr V'l l 'H.c; 1U 'il::ijm 1::tl111J Itl'U nVtl1lJ~ 1 fI a 11flfl 

•• • 
'il:: n1 'U i 111l fl ~'U 'ti'l111J~,r 'U lj t 11 ~ l'llu I tl u 

• 'j::IUVlJ 

If! t tl.:jlh)~l ~rlll1 i' lJ 1~~ 1 1UL tl 'U 'j 1 VfllU 'U a 'lti'ty tyl W fl a 
'" "'., 0' 

f11 a ~",,"ml1JViU Ti 

• 
'jlV"::lvv~'Ua'li1ifl1'j"'lfh 6111'1''Hti'1J~U£,ru 'il:: 111flal1~a' tI 

UNUfl1ViOatl'l (Boxplot) Irt'UI"flUf!~'l1nva:::1VV~I~V1n'Un1'jU'ilnU'il'l'IJfl'l 
" . ... ... itt , , '" _I 0' d <'101 o'"j i"'" ..; 
'Ufl\!flfllffOVl ~uo fll1JTiVjlU lu'f)'jI"tl'UIPII'YIfI'VI 25 1m:: 75 " ":: 11fll'Ufl\!"" 

r.i~t1f19i,r'Ufifl f11~1'1''l1J1f1l1rV~11J1f1 (Outlier) 'illnfl1f1"1'l liO~W:::'Utl .:jUN'Uml1 • 

n.""nIJ""IJ~ 2.11 

lIJ~ 2.1 2 111'1' ~ 'lUN'U fl1 Vi OatH 'Ufl'l fll 1::f1111J Irt'U 'j 1 Vf1 1U 'IJ tl'l m tlU 
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o • Outlier 

• 
• 
• 
• 

fl1a'flfl~ 2 1118 nJe{l~u911'tlti'~ 50 't11a~,,j1iOj'U 

tnt) 'Y1fl~ I l1ltllllafL~'UVl1rH'~ 25 

• 

•• 

'.' 

.. 

fh~ 11l~~ tl ~,j'tll,J ~~ '1i~All n9i 

l1J~ 2.1 1 ~nlJW~'lJmIlN\JflWlflci6~ 

-
" l.h :: unllffV~ 

ltJ~ 2.12 Ufl\JllTrtf1citl'lun~ 'Ifl11lJl.n\J 'lltJfl l1J'lJ6'rff~qJltluihJ'IntH (V) U~~ 

li!Jj!Jjl\llliiu~ ltitl'fl~ (U) 

~1t11tJ~ 2. 12 \l::n~\.jiJl~l tillU~tJm1:ath..lntJm1J'lJ6'1lffrJ'lhinf)'l (U) ijtil 

oJ 6Ufl'",j, 1'1 11\1 gUlll1:: I.flU 'j 1 tJfl l l1'UO'l1 fflHntl 'I (V) . ., 
2. tll'lllnl'jVl~~\JtJ (Zero Crossing Rate) 

... ... ~ .. .1 ....... ...... .... 4. ... . 
nTl Ln~'Y1t;1t;1t:f'\.W\l:aml'IJ'U \l 1 f1m'j'V1ntyqptlJ.lJm'j~wln'UllnUI1~1 '\.J. UfH) fll'IJtH 

tltyt)!lw'iI::iim'H,jgm..lffty1inlJtU'V11'lfltUlIf11t'f91f (Algebraic Sign) t!uUJ'l tlmln1l 

~ Wltl'U 6 fi tl ~ llJ 11J 1 ~~~ tlu61u tlit 'l'lh'lnn 1 un:: l-fll.H fI ~ m;j{J t1 V, '1~ ltJ~ 1.rt lJ m 'j 

1m 'j 1::," l11f111lJU91 fl ~ 1'1 'j:: l11H fftytylWlfftJ'I 115 tl vii 1JltJ fll 'j ItJg m,m tJ ~wu' 6lJ fI 
• • 

'u{I'Ifftytyl W l~W,th',j o91'jlfl1ni~t!\J6t1lJ~mlllJ 11<N1\.1rn'l~~ff\.l1lff~fY10U*U~ 

J \.I L rI\.I ff~~ lOU iYv ~ O'fN11 ~ fl ff~~ lWLfftl~ ,~ 0' fl~ L i1 fl ~ ~ lfUiYV ~ O'a~ ri1tJ 111 tY ~~ ij 
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hW~'i~nl.J fl1 11Jg'\JV~-aqf~lW ~~J'U~~ff1t1'~11 tr~tylwli1v,rn~ fllt1~nrn'j~1iI 
t;!'U 61110 ~:a ~ 'Uliyv~ llJ n'fl~ U~~ff(1J~lW I i1lH~ijti 1 V ~ 'I lfll'; ~ liIt!lJ 6t! fl V~:: L rlu L ffV-3 

, 
tI 'i:: Ifll'1'IJ {l~ til (I,n! 'U 2.13 LLff~H 

Ufru fl l'Vl nti tl'l'U fl ,ni~ 'i 1 n ll9i IiItl'U V'\ItJ'I m Vll fftytyltuLi1fJ 'I n tl 'l (V) ,Ui'!::n 'j tnJ 

ff'l!'l! l\u 'ffV,i~t'l", (U) 

250 

200 

'!', 150 
.~ 
~ 
~ 

~~ 100 

50 

o 

--

T 

v u 

~tI~ 2. 13 UH'UflWlm;t1'lUff~Fl-VIiI'j1f)1'j9iIilf;!t..I6'\J6,m'jfltJfftyt1!lWLiltl'lnm (V) IIi'!:: 

ff'l!'l!lIl!'ffV,ilit'iv, (U) 

~lnltl~ 2. 13 ~::n1\Jlvl'1 1 tilL~gutJ\9l'nnn9iIilt;!'U6'\1tl,uiY[Flhjnt1'l (U) ihh 

1Jlnn1' flll\lgtJalil'jlm'j~IiIt1u6'\Jtl'llilu'lhjnfl~ (V) 
, , . " "' . ... '" .. . ... '" .. 

3. V\Ol 'j 1 ff1t.l 'U fl'lVUI '1'll'U l'1f111lJillillU"::'t'i fI '1-11\.1 't1 f1 11lJ CltJ 'I , , 

fllYH;'l 'l1'U UlHI:: Q fnh1J1 1 .n 'U fl1 'j 11m 1::ri' fftyty l tlU ffU 'I hllnl1 h i 
.; 

L'Utl,Hl1 tl 

ffllJll m; 1\.1 1 fU 1 I{ ~ 1 U , 'U "'l'll'1qlJ~"t'i ~'l -11 \.J ~fl11lJ g~ 1'\1 fN fft'\! tyl tu L ffU'ln fl 'lll::ih·h 

lJ 1 n n 111'. ~ 'I -11t.1 ~ f111lJg ~ 1'\1 tl 'lfftyty lUll ff {l 'l hi nfN U nz 1 \.I Yll~Y1 '!i ~ fl'U;; llJ Yi a ~~ 1'U 
, , 

...,,, I '" ... ... 

\1::: lJtn'U e {J n1TW ~ ~~ 1'U Ylfl11lJt1 i.! ~~ EI ~ 
~ , , , " 

fft1J t1J1 Wl ff{J ~ 111 O'fl~ ~ ~ '11 'U 5~ '!i 1 ~h'U ~ EI ~Yi a~ ~1'U fifl11lJ (i~ 1~ E1Yia ~.:j 1'U;i t111lJ (i ff ~ 
" " " , , 

~fl~fft'Yt'Y1Wlff{J~O'O~ ~~ij f'i1lJ1nn115Y1'!i,.ri1'U~fl ~Yia.:j~1'UVifl11lJ(i~1~ E1Yia~~1'UVi 



f111lJaf,{ ~~ v ~ri't"\! t:y, OJ ,n V" 11J oV ~ 
2. 14 

i :f: .· •.. i· •• tj~~tm[tliijI6t ..•• i .·. I·.··1 
• _ u _ u _ = _ _ _ . 

'..roe(. ) 
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, , ..... ' '''' ... . ,. ' '' ' .... 
fl111JClf! -3'\Jf)~VHJry'ti'W::: I'HI (mn.mCltJfffl l ) lJfI1lU)Vn110ml1'f1W'\JtNl'i(N~1'.n'l . , ,. 
fl11lJ~ '1i 1~ vVHi'~,m . .j, Yifl111J () tl ~'U6~ ff'j::: Iv 11 (11 ft ,m (l'Uihl,) 

4. Vf!i'H1U'UfJ'HYt1J1.Y1UllaV~~1J lflfl'h 300 lib'11CJ1 

L ~ 6-1~ lfl tTt"\!t"\!ltul ffV'I no'! umh::: f1{J m)1 vfhw tl ,; :::ovtJ'U t)'1fl111J~ ~ 1 i '1111 111' 
, . , ~ , '... .. .. fi, l'i ft'l '1 1lJ Yifll11J()"; l 'IJtHfft] t'\ptlllihJ'u) D 'I t! uihhll'l UflH1J{)'Vt1ll'J"(\IU'1'(N'I1U'UfH 

ffll!ll! lrulfftH~1Jl nn11 300 18'l'flcH vt1J11 Li1V'I i'f 'l'::: ~'1llllaaV'lntHlh:::tnY1l1ct'l \ld j 

fi''t'ttT'I'I 1 W~fJ·w·haV'lYlJt1!'lfW ::: ~LllWth:::lmllaV'lOfJ'II~V1nW ttl~ 2.1"5 ILrfm 
, 

U l . 1 • • 
tlHi'f 'lHfI11lJtl 

~ .. ..: d ..:.. "'..; , .. .. .Q 
~ fJ 1" LUJ1.J 'VI 'YI11 U 'II Li'I :::fl111J tl~tJ 'j LUJ W 'VI'V1 fI'(I'1'Uu '111 \11 mn' ll'l'Vitlty'lfU::: lui \1 ::: l'j 1J 

..: ' " ..;.. ...,j d .,j...,j.,j ..:. J nJ i1 trw U UfI'I fJ 1 m '1f1'll'1t1111J frrb) 1" Ll1JU 'VIYll1 U 'I UfI::: no·n, 1Jfl111J(l 1'11 'VllJ tj ~'\J U'\Jtl ~ 
, ..i , " ..i " " ..i ..t 

l1U lV1fftl~ ""'1 ~ Itl1! Ul\~1tJ fI tlUII,j M "" 1 tl'i ~ ""51 ~fll111 (l \~ 'f)'i n11U""'" l1U~Ufl~ ""fl~ • 
~ ~ ijfll111 ~~1 fI~V nflr ~'\J tl ~ 11 11 1 Vln tI~\'I Vq)'l1U~ ItI! J11V111 fl if ~~111 1 M' Vi ""H1U '\J 'f)~ 
t1q) q) 1WI ffV~ ""'1 ~~ ~ij fflU 1.1 '1 ~OflU 1'1 Hfll111 ~ ~1~"'l ~ 01 1 II~;) ~ij fi1'i ~ fl 
rflu,.h !:OtllJ ~fI1111 ~ ~1{ltl 0 i 1.1 ~V~f1 ~ ijfi 113 ~ n1 1lfftlH'i Vq)'lIU ~~I tlU 1h~Ifl1'1lffV~ 
F{f)~I~Vlnu~~ijrflutl'i ~ ntJlJ1'11~fll111~~ 1~~101 1 IffV~""'i ~ 
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5000 Hz 

OHz 

_ I "; "; _.1 ~ 0'...'" ..;" 0'.. . . 
lUYI 2.15 tl11JJrrnD'lLUJ'UYI'Y1l1W"'IH'~mllJ(lrl{)1 1 IlJ'UYlYlfHl"''\J()'Ul'11 till.! 

Ur-ll.Jfll'~ flnfl -111 ff'il -1fll'rrti 'Hll.l"lltHtYry t"\! ltul nv",~ JJl no-h 300 lih· ~ ';'UfHfl '.i (I1J 

fftyt)!ltulntNff'l :: (V) Ua::mm.Hi'l\!tylrulffV"'~D",~·hi1'1ilff[J"'ffl :: (NY) urr~N 1J1ti", 

ltl~ 2. 16 

1,:;0 

.• ~ '.00 
·,0 , , 
.~ O.7S ... 
E 
' . 
• O~ 

000 

Vowel Non-Vowel 

lh:l1\mau~ 

lU~ 2.16 Ur-lUnTrtnn[l"''\J() .:rVn;-l''' 1t1'\J fH'fYtyt'\f1tu1i1l1'''~lJln n1 1 300 18'i'ileH'U0-1 

IfftJ-1rr'l :: (Vowel) ua::lntJ",ti'().Ij~11i&fftNt'f'i ::: (Non-Vowel) 
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l1'll:l~Yh,nUfl"'t11anllOJ :::ri lflfY'UO-llatH 

timHu:::dlfit1J'UO~lnV~fi6 fll~nn~~lnd't1JfY1QUnV~ '~f)1~'~\J911Ul'l\J'U{}~,nv,nf\J" 
, . .." 

tI fill W::: 'chfi f'\!';;~ ~ ::: jj 'll 'U lYl,g flU '(I :: 1~1J1'fTl tYli l Yli'fvh ~ till 'Ywi W fl1'nJ -l;j- 11'(1:::1 LV mW!::t ittl,nI U'1 

""n,, ",il"'~UM 
• • 1. f1nU'IH1U (Energy) 

l'l H-l.:n II 'lit) 'HTt1Jt1J1WI tlu It flllW ::: ri1tlt1JO VHl1 d -i ~ Jj n~ ::: fJ n1<tt1 U 01'l11f1 11 :al fft1Jt1J1W 

li'1'l1u 191Vy .. !i''1'11ll'UtNnt1J1.1J1W s[n] lf1'l ~LlU'j'i1 1JJnalffllJl'jflUtJ1lJ1~',h 

-E~ 2; s' [n] (2.1) 

tiTH i'1J ri't1J t1J ltulnV'l ~'1 L 11 U fft1J fY 1tu ~ II tl'1 ItJ~ flU O~iI iH)~U 1fll 1liii, rfOm fllyt91 UJI1fll 

l'i 1~ :::<% f) 'II L ti 'InC\! t1J l W (J tJ f1lJl~ ~l'HU 11 till 'ti1,uan'l 9'1 UmflUI1ft 111; {l1~ vn .. h Lti 'lfltl mt! 'U m ou 

l'lfU moun:::th:::lJ1w 10-30 finiiilt1l1 Yi'l,ru t1"lJl'Hl l11'Vta'l'llU'U{J'IlnV'lhHI~ fI :: t1'imJ 1li',uu 

N-' 
E(m) ~ 2;[w(m)s(m -n)]' (2.2) 

. _0 

l~v~ w( m) fif) iU hrl~'1 n.gtl~'tti nf1JY11u-iH 'lI f1l'j~~l'iUl l'Utl 'lnt1Jt1J lf.UlnU'l 

s(n) lUll a'lmtlu In'l::: N fi{l~lU1'UYi1fJt.h'l'Uf)~ri'qJf\J1QlIfftl~~{)Yh,mfJ\Jl1ltHllt11 WO'HnJ 

.":'I .. ., )I . 

'Il 6~l'i~n'llUl1Ul\>1 1~ 

1U1U~ 2.17 Llff rl~'\"n;~~lU'llfJ~ri'qJtyl\lllfftl~f1 "'l l "rll" ~::1'I1U'~11 1t¥U'llfNytft~ ~lU l1:: 

InUqrfNfl'j61Jf1gulntl~ 
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' .... ... OJ ~ 
2. f116V1ft l1l1'lJl1l1fi (Autocon-elation) 

V~ fl'11 t'hniu 'Ii' l1hufl~ 6~iitl ~, ttYl l1 i' U1Ylfn 1 lJlih .. 'l l tJf1 1U,.fHnt1Jt1J1W l1l6 nnlJ OJ ~ 

1JV ~ d't1J tylOi ~41ti lJ 11 fl'l tl11J L 1~ l'\JfHffilJ qpon! U ffll1 f tHYqJ t1Jl 01 L nlm! u t'iqp.1/1wLiYV>3 ~-3U 
fh6'11trl1nlJli\Jti'~lJl n~q'ill \J'h-3f111lJ~lJft!'\.,l (Pilch) lJ lnlLft~iiftnl:JOI~ailW'nufl11J 'ilzlilu 

ft fill WZ'IJ [H ntyty l Ui L fftJ-3 fln-3 11ft:: 1 U nl-3 t1 fttJ n \J tit] t1J UUlfftJ-3 ~-3ij fllti9l1HI fflJWU Ii' ~lJ 1 n~ qYl 

, U 'lf1-3 f1111J ~fI1 1lJ rl", fI! l U U fJ tIlm:: 1li ,ilw '1' ltJf1111 ,ilt!"fi Of! ru ::: 'U tHffty'lpnUfftJ-l 1,j ntl-3 

flU)'11fflH;miui' ffllJ l'Hl\1l'~~ lmUJm'j~ 2.3 

I • 
r. ('1;m) = - Ls(n)w(m -n)s(n +1'II)w(m - n + I'll) (23) 

N n=-«> 

sen) 

wen) 

N 

, 
'" ..... 0 , 

ILl1W fft1Jt1J1WUTV-l'V1111Ul1U-3 n 

1I'V1 \r~-3nciu l1ulfil-3 

u'" Uf11 UJ n 'h~'\I 0 -l-N -3 nil! 11 11,0;;1-3 

, .. 
flUJ1f11lJtl 1} = O,±P.±2P •.. . 

rin' i'1J1rimYjYl~,il \..llffU-3fl'O-l fhv'11ffl1nlJ~tnj'il:::ufhlJ l nl1n'l ~lUl1ll-3~lillJ~lU1U 

l~l'\JfJ-3f111JYiYl'l1 V)-3I U~ 2.18 

I tI~ 2 .1 8 n. UfI''iI-ltYt1Jt'lP WlfftJ-lth"h " fll" I tI~ 2 .1 8 'II . IIrr~~f;'V~H"l1nlJ~\J.£'IIt1~ 

nqJtyl\1HiTv~ ru ~~~1E1dl~~ 2055 filt1~i1Mff1J~tnr~dhlnllru :::~11ilWfl11.J Ui'l ::: 'j :::tI::: th~ 
" , ...... ' ''' ... ... 

,. :::111 l~ fill! ~llVl\1::: 1 'mn W C)f~ 1 'mn1Jtlll.J'lJn~rrcy tylW m m 

..,; '" ...;... II "..,; ... 
IVi t1ftVlfl1llJr-IVll'lftlVl'YIln ~ 'il lntl1llJ IlJ91t1I\J. t1 ~'lJt1 ~'IJ t1 ~ ft 

, ... . ...... ...... 
\J. tllJ fil'ilVl trey tylW 'YIlJ 'IJ \J.1Vl 

lIt1lJtlft~~~ 1~~tl1Vlil 'il ::: lrJ\J.neyeylW"l.J n1\J.t1f)n ~1t1fil"'IIftl.Jmm (Central Clipping) neytylW 

Ilft::\llncyeylw~~1\J.fill'IJn1JlJlfll\J.1Wl1lfilV91tr'HnlJl-'\J.n 1"tl11in l1'IJft1Jnfm;j~~n'l1\J.~~ 

,,"m,"" 1tlif [9) 

{

sen) - c · , sen) > c· 
C{s(n)} ~ 0, C ~ sen) ~ c· 

s(n)-C , s(n)<C 

(2.4) 
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lY1tl~1'tJ fh\l()~ C+, c- '\I ~iitll1h:a.J1f;u 30% 'lJ(I~t111l>1r{'iI'lJO.:J fhnJJ\!'itU'Il tHnCl!t)!1ru 
ua: Lrl mIl rfqJtylW 1I1~ lOTI 'IJ all f1 C\ l>1n () w ~ \1 ::; II UJ1l11t110fl ff't1 thniu i '\I::li 11 Mt11 11 >1 rrVl~' ~ 

, ..,,1 ' " .., .. ~ II 'oJ' 
If! Wlf'il'IJU ffl)Jl ') 11111 ~ 'ill! >1 f!'iI'UD >1t11tJ'1I ffl1 tYlJl'tU '6 1'iI LUJ Utll"U 

J 
. 1 

Time (5) 

'itJ~ 2.18 thU91t'nt ffllliW-H 'lJ6>1fftyl1!ltulihml1il ")Jl" (maaO) tu L1(n~ 0.0375 i 1.l111 (0) 

, , 
•• • 1'l'lW01'UJ'n1 fl[J1'IJ0>1 . ... 

iii 011 1 1..1 fl1'i m 1'\1 'Hlff'l' ;::o;l.:)uo;i {l ~91il U ii 'Ii] 'iJ~}j U ihJ1 flmtJ C1I >1Uvi t'I::ii U \,l ~ii nT' 1 ~fJru 

fi \J tu:: VlT':)1 ft m LI ft tili 011 ~I 'VI nvi 1'1 n w miT.:) 1 'i ~ VI UJ fflJJ n t1~ '11 ::1 L U'IU 'i :an 1'I'U t1 'I f11 'i Vl 'i 1'11111 

rf'it 911lJ1tif1l'i~1.rlwt11'iV1n'\l111n'i::'v1'ltlu 2 ,,h-::aflYl flfJ 
• 

I . fll'i'il'i1'\1111ff'it l'i1tll~fju!lunl'Hi~rfiu l'iJtnnn(l (Rule-Based Method) 
• 

2. flT'i91'i1 i1111ffn: l'i1t1i~11\J!lUnl'i91'ilii'U 1'\1'\11nnn1i (Statistical-Based Method) 
. " , .. 

,,, fJl1uvi atth :::I fl VlU \.,l ih l tH'Itlfl V'iI LlrI:::ii 011 li 1 ~ u n n 'il51 1ll11ff5:: ~,ui V , tl il 

, . . 
ilim5 1 w m'i~'i1\l'M1ff'i:: 11~~ '.x1 1v~lwtl5::lfnlilfiv lun15~n\ll11n5:: tT\'HI :: ij 

l1nnm5l1j'viim51~W'IJV,ni1lV~ ',w~l1finnTll1j'v11in15'IJV~9i1lmd' 1l::~wv~nmi1utl5IffllJ 
(Parameter) ~Il :: 1oVlwmHlnlll11n5:: ~~9i1utll 1l1~lJwll ::ij l1nnm5 'IJV~9i1uulV ~ 1 Wn15~Il:: 
l ::'411 o;j1Ul1t1~ 1~'lJV~fftyqJ1rulfftJ~I~U n,. :: ~u~fi9i1~nu 
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• • 
l'i ~ ~ .:nUl 1lJ "';,m UfllUlt f111lJ tJ l 1'11f.J ~ 'H t.i 1mn V.:at; 'H 11 'i'lV ''Forward-backward Divergence 

• 
Algorithm" 1Wfil'i91'i1'illlln'it l'id'~~lu'llf)>3uvin::mouil'J12ml1nm'iYilUJ"C'Itl'lnrt~f119'1{J{utJ"f1' 

(Mel-scale Filter Bank) n1JtYtyq!1Dunll"~r-hwm'im{)"fl1'lJ~nom~'U 2 ~lUf1111J~fl{) lill! 
..; ; ..... ... ..... , ..; .." ... ..."..i. 

fl11lJfl9Il (300 11!"1C!f 0>1 1,000 1111"1'1) m'l:::lI1Ufl11lJfltJ" (1 ,000 UJ'i9'l'V n.:a 3200 UJ19'1"b') I,.,OU1 

~Hlft"r'l1i'~'tltlthu1W'Hl."n""lU~"'U~lUfl1111~~1 U"C'l::V1Ufl11lJ~tJ" U"C'l::'~D9'I'i1fhu'llO" . . "" . . ," 
'Wfi "",1.1 1 U Vlttfl11lJ59i 11'fi tJ1J ntn'fci" -1".n 1lJ';.:a 1111 fl (li-1f111lJn,j l' aa:::f111lJ n tJ,,) 1l"691'iln1 U 

'litH Vi n.:a" 1'\.1 U 1'1 ::::fl11lJ tn I'll V-l11111mn fH 'il::: 111 , un.A [lUl'Vi lJU nll fi,;i 9'1 LI ti" (Threshold) L ~ ()~ 'II::: 

~ 1,'; 11111 11.:aJ 1.4'11 (l" ri'ty l1P Dllihm 111.11:: n'lJ ~'il ::: L ~ U In :::111 f) iJJ ! 1 u.uOlJ ~u nll'l~' tl un" 
• • • 

l1flftVUfl'l"iiflV OGI TS [11] flnmHl'1'il 111rrn;'J1f111lJnn~(l" 75% '\.I .nu1ivil'~jjml - . 
• • 

16 v n 1 ~ tl11lJ tll1~ V~l1,j 1l11atl~l~llJ 1,f1t1 h! m 'j'; Y! ntJ 1 ~ l'i 1,,r11,j 1111 ntl~ ;;iifl111Wl1d'tJ'l l,ftJ 
• 

Intl~l:a UY! 'tJ ii An O'j : flmimilJfw tJ 1 lJ mnl'j1'1l 111~ 111lf,j ~~v~n'j: vth~ 1 'j OVi llJ tl111J 

N'fIYinl'f1~ln'fl~tJ 1'f1[J111lJ '11eY InYl'lllnfillllt,j~~O~ ,ntl-3lfftlYlIlYil n Iln:filUl1t1~~O-3lnV~~O-3 
~lJ" l'lflJ 'ftV-3tJlnn l1~O laV~~~nl : liltJ~u 

pfau lin: Ruske [12] '~VO'fl (Peak) ~O~fl11lJ~-3~~'fIU1.h (Modified Loudness) 1Ufl11 . . . 
1 'fIV;; fl111J~-3il~YlI n.hil tfllJl1' flf! llJ 1W 1 ~ 'Ill n 

(Loudness Function) ~fl11lJ a~111f1:fl11lJ ~ rj-3 An'iil-3~O-3i'h n'l7lJ fl11lJ~-3 1 tJ -31tJ ii' tlOfi ltJ 1D.1 111 

'IllnHn1'1lJ~V-3fl11lJ~-3 'Illn1I'iin:'lf1-3fl11lJa'lJnmn1J1{n (Bark Scale) 1'f1t1~fh~0-3fl1111~-3~ . . . ... . .. ... .... . ...........'... .... .. ... 
fl111J(1V11Ln'fl'll1nr-lnl1lJ~{)-3fl111J'fI-311 'I11-3fl11lJfll1 3 (1-3 15 un::fl1fl11lJ'fI-311fl111J(1'fj-3Ln'iHl1n 

, , . " 
HftnlJ~0-1f1111J~-1li 'li1-1f111lJ~1l 20 0-1 22 ILft:1~,ju~ou1im'mlJ0'i1 (Peak Picking 

Algorithm) 'lJ nl'jVl'j1'1l111t1V'fl'lllnHnviw'm-3fl11lJ~-1~o;l'fllltl1'~fl111J~~1I1n :fl11lJarJ-1L";O 

Ul'tl l'"vlJn1Jfil~'fIlIl.l-1 ~nll1lJ'fI;ftJ~ln'll'fl~OlJnlln (Training Data) \wn~lnii U-11~~t1ml 
nll';YlfllJV (Zero Crossing Rate, ZCR) liltJ ';1I1tllltf;lJfln';111it-3I";vil D~nlJlnV-3lfitl'flIlYim 

!lu,j01Jnlfttl~~1.nufl1lYl'flnOlJflf-3ii~o Gennan Verbmobil tll :nOlJ~1V 'Il'fl~D1Jnlln 50% 

IIn: ,jD1Jnl1'f1tfOlJ (Test Data) 50% 1110 'IlYl""o1Jfifln 694 tl l : lt1fl (nl: 17,040 ';1) lin:: 'l1'f1 

~01Jnl1'f1nDtJ 693 tl'i: lt1fl (1'1'1: 18,539 f11) 1If1: 'Afl11lJ'.ln~m 77% 

1 i ":: - ".. " Zhimin X ie fl'i1'i1l11ffl::: 'fItlfl1'i 'I1~ lJflOlJ11ifl1'jflotJI1nt]f8nn (Conven Hull) ~O-1 

Mennelstein [13] e:-3nnllD.l :::"'Hlntl-3~Hiu~,uiivO~o tl11lJlUUllt1flllJ (Periodic) ~O-3I1'iin:: 
mOlJd'tytylW ILn:tin~.ntJ~fl11lJ~~1 !1u,j01Jnlntl~~1.nufl11"''fItf()tJflf-3ii~v TIMIT ~~Lilu 
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liYU'ltill!~,juiif11'Unfll1:::1"S(I'U~th :: fl{J'U,x1tJ ~YI,j'()lJf,.tln~lu1u 253 1.h" ::: lt1f1 U~::'lV1,j'VlJ(1 

'YIV1rrD'U~1\,11\J 152 ,,], :: 10ft '''''tl1 1 1J\1n~t1'1 86% 

. . . ,,-,. -, . •• 1 ' • • 
Howitt ''flu1lJul 'l1J1JlItJU11im, (Algorithm) 'UtH Mermelstein l1lJ L'Vm'YI~ ::lnrJ[lV1'U tH 

,.. ,.. .. ,.. ...".,. 
fl11lJ I'lJ1J (Intensity Peak) un::fl111J L'\J UYl 9'l fl (Intensity Dip) hl'l11'1fl111JfI 300 taHI<)f "fl'l 900 

liHl<t1 lV1u~tllfhfl111JL.fI1J~9'lnif,ulm(l'ULnutln1Jfh;jV1ut.i'l ~'1ii'UlJlV1 2 LV1 ciiI1Jn ti'lfhfl11lJ 
,. , ~ , 

,'Ii'lJnVl n ii'llu 1919; 1 o1,,1,;j V1 Ut.l 'I li ~V1,r 1J1J:: at) 11 Iilu '\I t:l1J (Boundary) un::: uv IPlli 1 "",,::ii 0111 ilu 
- , 91 111 'H'U '1 '\J{I·un:: 

! It.l,r{l lJfUffU'l~ '1.rl \J fill Y1fl l1'n 'Uflf'l if fin TIMlT ~ 'I L iltHff 0'1 fh'\.l~ UU Vi f1 h.l i'I' flll::ilmJ 

lh" ::: mJU.,)1U 'lV1,Jij1J~'il1fl 619 '1.h:::l[JfI (7,585 f!' 'l:::) Uft ::: 'VlI'Ii'tll,fnlWlfftlU 373 l.h :::lu~ (4,404 . . . 
fl'n:) Uri::: '';;H"'''j11J'U tNfl111J~9'I'VHI1'f1Lrhn1J 15% ·nuiiuu li'mllJl'Ii'lJt;9'lfl'1.U'lb'lfl111/ii 300 

. . 
'1\ nl u 'lh 'Iii l'i, 1l1' ~ 111 11'11 ~'116~ 01191' 1~111 rf, :::~ 1 ofi 1~ ~ oft 11 n' <Ii' 1 ill flu 'Ii lUl1 t1 ~'116 ~I ffU~ IffU<;l 

IIll,n 1I~f1 11lJH<;l'Vu'1~~ Ln"~u Ln"~ln~11l11t1~'IIU~15Mfl'fJ~~U"l l'lfU ,5u~~~rf' :: l1lfJ 15M .. . 
\J1~n LflutA'u 1]j6l~'i1nW1~lu1iuiltim1u1'1iu'UfJ~ Zhimin Xie 'Yt1J11 ~lU1iul'l~rffJ~)jnn 

ll"rffJ'UtJ, ::fill ii ftl'Yt'Um01' 91' 1~ 11111', ::1" U 1 '*! 1U ~ fJl;jfl L5u~ L~ U1nu ti fJ !lU~ ijl;jflL5u~ 

TIMlT II~ ~lU 1 i uti' i,*~ fJ l;j fll5u~ 1 u O1'll'fl rftl'U lJl nn .. h L flutl~ ~11i1 ~Irlmm u'U lnu'Un'U~lu 1 i U 

.. " '1 ,. . .• 1 '· " , 'litH Zhimin Xie 9!'~ lo;lf111lJ~fWl fJ~ nt1 Ltlu~nU nfl11f1 U U~lU1~U'UfJ~ Xie 1.." tl11lJ\1n91ij~ 86% 

LLfI :::nu1iuti' '.Ji'f111lJ\1n<A'tl~ 85% .Ji'lU1l1~r-lflvt~nftll ~lU1iuti' ~~~n1H1U1iu'UtN Xie 

l l[JfI :aVU'fl 1~UrfltJ'UtJ~U~fI:::m::'U1un 'U tJ~ 01l91'1~'H1rf' :: l'f1ui,*vf'u ! lU fil l 

.,r"fiuh~lnntl rf1lJ1HI1I11''fI~1.Ji'~~91n1~~ 2.6 

, , , ~ 

1I1'Hl1 2 6 1"wm'lJlilnU1~6~O'1J fillfll1'i1'H111" ::: l"u ',*~u!1'u01,o;i'lIfiu 1~~lnntl 

• • • fl1111QflAtn OflllQl :::l1HllI"tI~ f111m19111l1"1::: !lW\I (llJIHlI"tI~ 

I. Ofl';lff1U'UtJ~'Vf"'~~lU 

Pellegrino iUtilU f111lJ ~~ l in U'U 
fh~'fIILU~ • OGI JS 88% 

0'11 'Yt "fh·nu '; 1lJl'l ~'H lJ'fI 

2. tl11lJU11'UtJ~'Ht11U1ii'U~ 
• •• p rau 1. UfJ"'IItJ~tl11lJo;i'~~"lItJl 'liU91tJu 11i 01l Gennan . ., 77% 

2. fJm1m'91"fl'UU 111U6" Verbmobil • 



31 

• !lU.,JfllJi)latl~ fmIl9n~6>1 nfl\ltu:::m~llf(J>1 f11 1A11~l1Un::; 

Xie I. fl11JJ li1unVtlllJ •• 'litJ.~()'\J1 1inn 

" 
.. TIMIT 86% .. , - , 

2. Yii;~~ lU 'Ylfl11 UtWll flOUI1f1918"" 

• • Howitt I. YH;~~l'U "u.·lh>1fl111J~ 'litJ.91t1U11ifl11 . , ,- , TIMIT 85% 
300-900 L@J'lWll fltJlJL1flctl'~HH'I 

.. . 
nfln l'UfI1'jm1~111ff'j :: fil1fi1 '~·;htJ~ltJ.th :ailYliifiv itJ.fI1HI 'S1~l11ff'j ::: '1 ::: Hilifll'l-n 

.,; "'... .,. t ... 1 " • '111 
.... "'"" IflU1'lJtHflllfll'H'HlUt'lltJ'Ilfl'HFI (Machine Learning) ~HJ fl1 'j mHllJYl1191Vl 'IInTHHllJl '11'1 'Ii 

ffn~l,j'llJl'lh u, 1I fill rr~ HU UU~1fIt) 'I'll 'fHI aU'! lJ1L flu ii f11'J ~ 'il ::: l-rt 1I nn 9111 {J 111 en:: . 

Sirigos, et al. [14] ~lU'Uflmt11J'lJ tHtYl1ICYltlui1V'lt)t1mil'U fl'j61J~ ,ilurf'i :a1fl:: mD1J~ 

't.ihhn :: Yi'·m,jlv .m.ah::fflfllfiVl./~jjn'f[l{LC!1tJ91'Hl1.nHm.lilJ (Multi Layer Perceptron) 'IJ\.llfil 4 . . 
-»U ~llnU 2 9i'1i11Jt1Uf1111JVl1'U{J>1lf\.l1mnU-3 nTHltJfI1'HI'n'il'H1f1''i::: lfi1Ul1 L'VW1'<til.l91HIU 

11f1 1Uill9i1~ I Ht 'nrl'9l1 ~1Lt1"~ (RASTA PLP) ,rhU1nL'1IV{ ,j'OlJHloU1 (Input Vector)"1ill1i'1J 

tnlij UtJ. rUlI ::: lYi f){I<)ftlmf)tJ.11111uitJ.911~ 2 t~ fl11lJ~""f){lIlJtJ.l'i'1I11:::1I1JtJ.~1"....r'\Jf)>1""f){lIlJtJ.....r 
• . ",. - .,. " (Fonnant Bandwidth) lutJ.11m~ f)l'\Jf)lJ lI l'\J ltTll1l1Jfm l'I UtJ. t t.I{Jfl'illfltJ.fl11lJU11'l1f)>1tTl::: "1\1fl 

unn Hl1~tJ.";1U1h ItT;lJDfl";111rl>1 I~f) lt1'AlIf11l ~'I1'ill11tTl ::: \1 fl ~f)>1lJlf1~tJ. ~>11tl~ 2.19 . .. .. . 
!ltJ.oUf) lJlIl ihNli li'l tJ. fl1ll'l" tTf) 1Jfli' >1 il fi tl TIMIT lil~tJ.LltJ UlilU>1'fhtJ. 

Speech Feature 
Extraction 

Rasta·PLPI 
Met Cepstrat 

Analysis 

Formant 
Tracking 

Look BaCk! 
Ahead Memory 

.------1'.. ~ II VoweV 

'------V ~ ~ .u. N" V,w,' 
G ~ I Dod"" ~ =, ~> ¢aJl '[J 

ltl~ 2.19 IltT">1I1AtJ.fl1l'l'\Jf)~flU"tlfll1ti1U1nU>1f)f)m~\..ItTl:::/'tJt'liffl :::'\J f)~ Sirigos {I 51 
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Wu, el al. [15] l~'nt'l'~l ~LlfH\fj un::lJtJ~~,nil!rrl1.Jn 1911UnnJ (Modulation 

Spectrogram) ,ihm nL9I 01 ~61Jn ,,r uh 11 i' unn il till fl"; nu ';1U ~1 \.1 1.11" ::rrnufi tllJ~ih,.,tJ l''lIU91 

nrU'HfmJ.fu~n'\JlJUl 3 i u ;~'~'thm''YI~U'(l>3ti1J!l\.1,rtJ1JfUnu~~ltl U'\J tN OGI Number95 
• 

., 1(1 i'I:ail U~ 1 Yl UtTll.l'IJ O-lU9i 1'I::m ::1.11'u 1i 

~91fiu l'i1'i11nrri1~ t'l' l lJllflUnYl'l '1l~.:j9l1'1'1~ 2.7 

'\JO-lm19111'i1lflnl:: lYlll'~nu!lum' 

• • • fl,,)111Qfl~8'1 nn'Ww::m ,ucl'll'l fll1f111'1l111trl:: l1wu8lJalt'l'tl'l 

I. •• • Hff9l1 'VI U{lfn'i ,jlU-n'\.nJl ::fI'l'YI 

2. ~ ' , OllllJUYI 
. , ~ Il'WlJ (I'vu:m<ll 91 

Sirigos • • •• TIMIT 77.8% 
lOUl1fmJ"6UYllJ 

• 
'\1\11914 W) 

I. •• • llfl'911 l'lutJa'l'i oUlrJ'I'Ut.! , ::fI' l'YI 

lJtl9l~lftiurmJn 1911 . , ~ 
2. IYWlJ (I'VUI 'HClI 91 OGI 

Wu, et a l • 79010 • •• unnJ 10umn(l"6tfYllJ Number95 
• 

'U1JWI3 iu) 



~mtl~nttLt1.~~Yt::~Urt ::nA.fu£l"t-Q~u}Lrt~nQl1 o~u ~.b~Ulrtnr::t.ut'namtr-I.u'Ql\,l~~'llttj 

U.nLt-N!t.I.C'GMijrtu.mtl.mn\nl\,~UI::l\ ::1.uNlI\,Utlll~nI!11 tt.ll.l nnt-n.L11fKftl·U1Lnn.lJultp. 
!" ... , .. !" .. r'" I' I' 'Z"" r 
~ ~h~~,g.n~l~t-n~lmLibfu¥t-Qn.}IUILU1A'pntQC'llA.::mf\U!1IJ~mtt:nullwo~,UU:;t\U,Ct n.ttNl~1 ,. , ,~ 

ntr-lU'Q"'U}LIl~mmnfJllftUG~lUl\~ L..H~Ll!tl~t'f}elfllLfufu.pt-Gl\,t'rUi.11Ll6 f\Lt~f}~l 

::M.funM.NlIloU1ln~mm "Z 
. " 

::t.LlN~n.Utlll'HHm "[ , , 
au l..mli.\lA.lll::tn l nnIUIlGNl.1TtltLrtlJJN! NlLllrtnfhfuun\nn.~U'lA.uunl!\mm .. , '" IP' .. 0;; ,. r'" f" I' , 

to Ill\,lA.lll:: £of\ n!1t' ~ :: tt.ll,fuQ M.N2S IDtfL "::1111:: tutas If}t!1'-u, L~ a:: tH!6U 161trtltY G!.! l!\.b ~l!\!o n~1 . . 
~LIbUlt-p~ l,l'l~t'n!:!mtrJ.U'lpt::.tH~UI611llltlJ l~nM. l!\M.N)!:!HtJlfufu.k1.lm.tl{l,~G~T 

~.b IA.UUt ton" IA. tum 'O/4UftllY t-GI\l!\KIlf11l Gmy flU. :: U1 t'!l.umt ft" !" r f"1' I'!" ... ... ]'" ~. 

nv·n!:!'mdbfu'pt-Gn.Ultlt-LlA.t-rUt11L~ O)t::.t,I.H'!lfloU}Lrt1ftI!11 L~tL~U~ [81] lOlt) 1l1'tn~m!'o1 

ft,tt;: 1.ul'n~mt !tl-tft ~1~ mdh fh,!3 ftL 
. . 

I.dt IA.U l rtt-ft J.l. IA.IA.ftrt111 GtAllrtlt lJt-tJl. n L ~i.tu rtrtG11llJ ~ r r"I' I' ~ , ... , 

~~t-fLl-tl1l~ G!t::tJJt-G~Uflrt~nlll1l~X~;:1.uuflrt~nllmG~rtLn!}l"llLYL [LI] SU3"'~IS 

n,ttl ~ltn ~ll'!tl-t T1l ~ t-n~~L U} l rt~nulTt!1l tlrtlJJ 
• 

n,ttt-n~ mt !t1-t;:1.!!6l1l'n~mt fL"~n ~ 1 tL ,tt~"t-n~1 mLibfu,P nL t-n~mt!1 J.l.;:U ~11 t-G~tLU.l1t!to n~I.H 
~ . ' .. 

GM.l utt\I\,Uau.1UUIA. \"H~LU.tl m t-nI11mlfufu.ut-al\,t-nI-t11l~ alJ (}jlllwpuel) u.tlrt~t\lm 
"'r·~· ..... , .• "" 

;:.tJJ l'tUt.Tllt6 l'O JI. rtUlI1, 
.' . 

o t-~ nu. L l R.LU~M.l'n~mL ;: t.u t-ru.1.11l ~l "&t t~ tlU 1ll-l-tl!l,H~ tlU & ;:UI1 no ~ n]ol' a I\, 
• •• 

~n2,;:unl!; ;: .t.ul' !tnl ~l'o I\,rttn~ ()t1,Ull tt~L ;:& !}1A.1l t1 ~H kl'lfttl~U ~~n 21;: Illll.tnt ~ 
. . 

~16.t@1 00£ l~uuUl~l'n~lmlfufu,!3l'GJl.t\lt-t-!lM.l~~Ln~l ;:.t'ul'QI\, 

l'!1" 11L~ n~l;: (l, ~ft.u :::lrt "l~ t-11" III ~l "&t t~ rt L l [\ ~L ~t-().v t-n~ lmlfulb,!3 IlG tu U l& :::Ull !'~ .t!1 

on t-~ 09 ~ftlt lJt-t~ ttL l;b ~Ulrt~,!L tt,!:l.rt,!l"'u ~9l ~nt~t-n~ll'o I\,N}~ ~ L G:'"t-a.v rtlt lJl" tLU Ul& 

ft~ll~m~l ttl'rtt~tl~ul'~fu14lp;:mRu~~L;:& OJtu.l.!.}LnIA.~tLL ;:1.ut-fL"11ll6l"&t1~1lU ~IH!1 . . 00£ l~UU l rt~l'n~lmlfufu'p t-GJl.t1lt-t-ll"U~ Ilt~IlGU:: .trtt-~ tt~lA.lll:::1 rtt-().vl'n~1Ul &U GG;: Ul 

un11tLUtL1JoL~t-n~1t-G~fu~lp:::mR.Ull:::u.Tl !'~.t!!1 OZL t-2 09 ~ftltyt-t~ttL~.b~Ulft~,!Ln!l.ft.!lJ.l..L1 

~9l~ a~ t-G~flLt-n~IG;I-tt-G~t-n~1ttfJlft,ttl'll~'mlfufu.!lnGr.u l~uallt-fl'LunUL~fu14LP . . 
:::mR.Uul'Ao t-()Uftl l'n~,;:ulll'Glll'll'ulHt":::1ttUt-lIlUIlI1IA.:::mRUu. t-lltlllUMl Z IA.lA.nnL ... f" ,{, II ,{ ..., .... ~ ...... .l"II!" 

=t,Ut'I1" 1IllAl H.llttlA.tLU g t ,. .. ... 
t: 1A.1A.n. 

r 
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• - - .. YWi'!!')j'U::UU llJll91U 

vr~,j'U unu<;{lJ11nl1; t:l";lLll1U~'\ItJllrf'l":: lu1Y1tnurn..rfid' fin 9l1Ut1U.:,m':'I1f11'IJ 'tH 

1YtytylW Li1tFI ~ ~ ma () fl~'U 1Jl 'ill n n fill W:: fll':'ffTU 1YYlfflfr91{ ~.:, L -nu fl'~!J' ~~ t'J¥l'IJ (l~Yi n.:J ~ lU'\J t)-3 

1YtytylW LfftFI ~lJl OWll 300 181 910{'U {) 1ll1\.h [JI~Mff'i :.ar 'U UfI :: 9l1L1l1,j.:,~ \1 flLiitln~ 'l.um! 'U \1 :: ,,)tlll 

6Ql U'lh:j L 1a,~ L tll.! 'UflUl1J91'IJtl':'l1 U1lJ1ffV':' rfl :: 1 'U 1 vl n'n 1 nUl nu.:, (T ranscription) ~.:j \1 ::1{lU LlfI'U'ti' 

m{ n~\1 nil tH 1 flV~'U OUI'll 91'111·m ill'll {J -111111 UlffU-1~l-1"l ~1::1J 1 tI 1 vln filnu Lihm! u In91~U 'ill n 

f1 11 Ii 1 nUl'au.:,l fltI~I:;U1'lflty'Vll-1fl1111ffUHI{ 

fill 1 ~ 111'\1 0-1U \.J.1fl ~ rl' Li'lu fil l tll11111-11 ::11U flll91 'j ') 'II '111 rf'j:: 1 t1'ihh :: ff'YI~ n TVi~~'U 
1 fl tim, 111111 111~ 'U tl-1f1111J ~filfi fI1Y'1~lnfl~'U 'ill 0-11U iiul U tl~91 l11J~ -1ii tnl '\J fH Howitt 

d~fl ~ 'iJ::thlJl1H' 1Jtll -1 in fll'I hWl Hl 'i1 1311l i'!',,:: 1 t1'~~u 91 tJ 1 11 
.... 
C)j'ntifll'l"~'l"1'1111ff'l" :: 'Ufl~ Howitt 

• • 
uunl""OnltlM ",il 

Howitt 1Al-rtVin-1Hulwlf1-1fl111Ja300 0-1900 lih91o{ LlfI ::: tl111JU11 Latl-1Ltlunt1l:lw ::m~ 

1ihH~ 1 ill! m HI 'l" 1 'il111ff'l":: 111~ NlI~lftfl miflll til ::m~lntl~~ ~ ml 1 1J l! n1 fl ~ 'ill flfl 1UJ ~~Yi lIl~~ 
lfifil~l! 'ill n ~ 1l! 1~ tI'U fl ~ Mennelste in 1J 1 'ill fl fll'l" ~ '~fi lYi ~~HU 1 WIf1 ~f1 111J a~ i ~ll11Jl :: ff1Jfi fl 

'wlb~ 500 i1~ 4000 lij'l"~4 ~~Jl! Howitt ~~'~'-t.illffl!fl fll'l"m 1 'ill11qjlUl111~ff'l" :: 'illnYift~nl!~ 
.d : , ~ .. ... , .d '" "' .. d A ,. . , 

fI 11 1JO~ 1 un:: 'rlm'f) fl'Vi tH~ 1l! ll! 'In~ tl111J0l1fl'l" 111Jl!VI Vll1l! ~ L l!1H'ill flL'U 1 filVll fll 'l" VlfillID ~Ufl 1 . .. ~ 

'ViUil Ilill L 11 11 ~li ff11Jn 01 ~ l!9i 1LLVll! 'Utl ~ 11 11 1t1Lfftl~ ff'l" :: li~li1'ffilu l! fi 'f) UtlY1 fJ' ~IYil!'U 'f)~Yi ft~1l! 

ll!'1f1~tl111Ja~tl{U1Jl!n~11~~ l1ltl1l!'I1'Nfl111J~ 300 i1~ 900 16'l"~'; ;j~Nnfll'l"'V1fi1l1fl~~'~~9\'l"~ 
nUfi1Utl11J'\I'f)~~lUl1U~ff1 ::~ Stevens '~flril1 Hi1 IInl!~1J1{ fl'Utl~ff'l"::fiij 9il'll1u~~iifi1U{J 1J 
11ii ~Y1 1 l!'I11 ~ tl1 1 1J ~vlij{' L1Jl! n~l1~ ~1Jl n~ 1l1i1 1 IiItI 1 ~ n 1'l" 111UflY1 tJ ~I~l! 'ill m ::Iij UUnfl Dl!D n4 

ia ft Illl! 111 fll1 '111 1'1111 ff'l" ::: ~ ~Irt fl 11fl 'l" 1::,.(i1 ~ fflll1 'tJ'UD ~fl111JPl~'V4nl~~ Lftfil~\,l Jl! 'ViU i1 

nf11'l"'f1n'ill11ff'l" :: 'Ufl~ Howitt ~l~thmi~~1l!'l!'1b~tl111Ja 300 161'f1'; fh 900 18'l"'1I411ll! 

fl flllW :: Vll~lnl! ffVlf'l1f1''1I {il! flll flfillfttl n9i 111 l1U ~ ff1 :: ~~Irtm~ '1l'l" til lfll'V4fl ~.ljll! 1 l!'I11 ~fl 111J~ 

300 18'l"'1I'; i1~ 900 li'l"'1I4'U{J~m{J'lJfff!!f!!,oHiYtI~ff1:: UlI::: fil'W fl~~1l!1l!'I11~tl1UJ~ 300 li1114 

i1~ 900 li'i9\4'UD~m{JtJ1Trurul0HiY{l~l!lfifl LiYtI~~~ff'l ::: Iff[Hm::: Vl1J Iff[HflfluuuOtH lia:::LiY{l~ 
" " 

.rJN~l! ~~llll!fhl!11~~'U1HliY{l~OD~lIa1 'V41Ji1iifl' 'ti~1~nl!1Jlfl ~.ljef ~Na iM'flnfl~lft{Jfl . . . 
9i 111 l1U ~ff'i ::Ul! iil1U 1t1Ln {l~ti'tl ~U 'l ::IIlVl Ul! li' til 'I1l1U 1t1Ln {l ~ffn:Ul! L.rJ 1 1Jlltll! ill!1l! 1Jl n Vi 1 

"'" ... .. J ~ ...d ... J -... , . ~" 
111Iflfilfl111JNfilYill1fi1'Ul! IIlI:::'fl1{lfflLl1'tJ'U{J~fl 111JNfilYifl1'f1V1lfl'fl'Ul! 'illn1ti fll'l"'\Itl ~ HowItt Vll 111 
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. . 
hI. m 'j fj\ 'j 1~'H l t1'l :; '\J f)~1'Y1 [nihm 1i'ii Liiv fin n1;1(U ::Y1 N ff1U ff'YIfll rr91{;;~ :: '111111 1 on \l fllHl11'il111 

.. 1"-1 ...... ...1 ... ~ "! pO' ': 
ff'l :: I'rW 11 ul:: t'I''YI 'Ii tllY'l'llfl >l'l ::1J1J f1l 191 'n'il1111f'l :::~'lJU lYlm l lJfI:: Lfll! t;1U '\J ffllJl HI ffltl J.'tl9l>lU 

ttmltlJ:::ll l~I*V~~1i'tJ 'l::: mJ1JA1U tiltl91t'fl1n1Jlh.li~1Jlfl~fl~ h.l'lf'Nf'l111J~ 60 g>l 320 

18Hl'l1 Lln:: 'rH"l~lUhah>lfl111J~~1Jlnfl'h 300 18191.. lY1U1l1'1Jf-lfl~Li;{JmimHu::'YIvlLffU>l 

~ >l nril1J \.I ,,1 v >l 'II 1 n.J11Uf'l11lJ f.iY'lYi fI1Y'1~lnY'l ~ 'U 'ill nnu 1;) v, \.l 01'i 9111'0111";1 LL 11,j >l'U tHiY'i ::: 1 u 

f)~V1~~1'U'l1Jl111Jii~"tJ>l Howitt l'llJ'j, tl111JH91l'ifll911 Y'1 uth'U''Hqjln91~U'iJlmhul1tl>l~ ln'U ~>l 
1.11 u ii lU 11U -3'U fl>ll ffU>lYi 6f'!!'1l"u:; ~th ::flf)1J~1t1 lihJ >l l iYu~lI l'''''j n I ffU .:1\.11 nn 11 r tuffU >l~ -lrl'1 :: 

tl ::: l.h..u.u l1Jll u o;i lLi 'HU >l~ U filii f) fl -llltlu ii 1U 11 U >lfl'l ::: ~.:jJ u l~lJ 11~ n l~U>lfl nm ::'YI 1J~ln91 'ill n 
• • 

";11111 11 >llnWUf) >lY'l !it1J'liu ::: ~.:jm' 11 1:: 1] 1] fln fj\ 'j 1'011 1 ff'i ::rJI1unu ;.:j , II f)f) fl U 1Ju'liu 91fl U iii fll'j 

iUfl1'jfj\'j1'iJ'Hlf1''l::tJflflLtl'U 2 ~'U~ tJ'U fitJn1'l~'l1~111fl1UJnfl 'mlt)fl11lJ 1linflll'tltJllLihH nit) 

11 H m~ Ull fl 1 'l Lii\ill iTu IlliTU\ilU 'Y)j fl~I'Ii' llmJ::u'U flU'1i 11111 U Il~ LU'U fl'n: nn 1::l'd tJ Il Ul fl 'h L iTU ~lLiTU\iI 

U Yl'l m tl U LaUIl U'l ::lflYll1it >1 it! ~ l'U 1 'U '\J flllLaU,J 1 li nflll J' >111lJ iii ~ 1Un1 'l '~fi16~1'f11 tlJJ~u,r~ JJ1 fl 

~il\il'lt'lh,Jfl11JJ~ 60 0'>1 320 18HI'; 'Un1'l'PlnUl1lfl11JJnfllll1lflLlintH'tIfl>1mflUtltyq/1WLaUIl 

• • • 
un::' 'U,j 'U91tJU Ii iii JJ1fifl fln fiYllfl fl fl'1i lU mill'\J tH1'f'l :: ~1fl m (lUtfty tylWI nu Illl (1)1 , U ,jU9IVUU 1 II 
Jj fl1 'l , ~'Vi H>1>11U'\J V Il m VUtftytylW Intlll~Jjf111 JJ~ lJ 1 fl fl 11 300 lih ~';LU'U H fllJW:: 'fI 11l1ffU>1 LlitJ 

11 n m~ UIlUtyl1 1~ I filii U 1 m tYU,J ntJ>1U'l ::111 'fI~U ~ 1lihh ntl,J1'f'l :: c; Il,j fl~ ::U 'U L'Ii'1 lJ 11 tI'U ~lU l1'\J 1l'\J tJ,J 

fI''l::~,JU 'l :: flfluII1U Lffllll'U 1 fifl IffUIl ~Il fI''j :: 1,1 V,J~1 fl L llVi U11 Vi H>1 Il l U'\J tJ,J m tJu tltyqpw IffUIl~ 
Jjfl11 lJ ~JJl fl fl11 300 li'l"'; vil,lf IffU,J n(l>1U 'l ::IflYl g 'U~ 1li' 'lilff U>1 fI" :: Jjmllllllu U' flUfl111ffUIl 

• 
1I~1l'VI H,J,J l'U , 'U 'li1,JU U:: 

,jYlUUllflU'li11l'VIH >1>11U ~ Howitt lhlfl'U tJ I~ tN U 1 flJj'l'l H,J IllU , 'U 'li1>1fl1 1JJ~ rJ ,JL'Ii'1JJ1111U U ~LrlV 
• 

fi~1'l W l !ll 'Vil:: m tJu ihyC\l lW LffUIl nOll 'VCU11 m tJ U tlC\lC\l1WlffU,J nv ,J111 an! U l liJj ff1U U 'l :: fmu 

'UflllvtH Illll'U ~fl11JJ ~ ff Il A',n! U ti 1'ViH IllllU~ 1 Yi'lu fl'l fJ1J tl'ruru lWlffUIl , 'U'li1 1l f11 lJJ ~~JJl fl fl11 300 . . . 

n1,91 'l1U 11 1 fI''l :: LUI iT UIlX11i1 ~1II~ tJll tn'lll 1 YlU lu 1'Y1Ulii'Vtu 1i'rl' 1 IIntJ flU 11U' If' ~lfu! lU . .. 
fl1 'l ';V1ffU , U ~1 fl fl tl L tI'U ii n1, 'ii'.rt 'U fl1 'j 9'1 'l 1~ 11 1 ff'l :: n1 0 ,J~1 fl11l fl1 'lU ~::I tI'U n1'l il U'U i H fll,JW:: 

~LY)'U'l1Y1~ fflJJl 'j fl1f11 111 iii U'Pl'l >1~ 1 fltl'C\ltl!1Wlffllll 1 Y!lI l lioX fl>1Jj fl1'l Ll lI'Ut'li' tJ \In fl fl un::.1'fl lJl'l f.1 

. '- '1" , ~.; J,..; • .1 • • , 
U 1 I U ~fl11!lU'tlV 1,!flL"Cl UIlYl 'H n1fll1 flll1JJ1fl'\JU un::V11 Ut111lJ ~Y1'W fI lY1YlI flY! '\JU m fl>11'U 1~lI IU fll' 

9l 'j 1~11 1"; 1 U 'HU >1'\J tJ ,J1'f'l :: , UV~lI ~ foilUC1 JJ1 ; 1l'Vt'U 1 1 f111lJ AIiI'VIfi lY11 ~ltIff1U , 11 qj U:: InY! ~'\J U 1 fl 

fl 1 'l~Jj IlilU 11 U 1l'\J tJ,J Iff lI,J'Vi Vt'\! 'J)"U ::~ nl '1:: flflUIi' 111 Iff lIll l fftlV1U l1'l fl Ifftln.llff fl l1l Vlff tl,J ~Il "fn :: 
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• • 
Pi lUl1 U ~"{l':l'rt Vty'lfu::ft~n~ 11 ~hHJ1l1'rtu';il ; ~, ~ Of) nu l1U'1iu PI {lU 11 flU 1 U flll PI' 1~'H lrr,:: 

vnmtlu 2 ,fu~nu finOlHln~111fl111JntN111tlf1'llJJ'UnD~'IIn ·3La(H (Voicing Detection) l~tl 
l1nm~tHnnln~lnU~lnUYlllmn~l,j'l1mJ::t1utimi,u'H,j~~t!mn()nillih.J9i'u111l~'IID~rfl :: 

l'rn 1:::1'0 tl 'I 'i) lwh lihH ,ihJYlu\'I'j ndjulifrHth:: UlYl'H it 'I 1u ~lU ') U1JV 'l LrrU'l , 1l nf).nr.m lJ~ ml:: 1 u 
• • • 

'liU9\Vl.Hi'9\lnflV nllfi9\IHtln9ilUln.h'lltl'ltn:: (Landmark Picking) 'u,jU9\t)l.rU'~jjnn'" 

l'iii'l'llU\ltHnt1JqpOllnV'l~lJlnwh 300 &19\'1i'ltlu~nllW::Yn'llffV'lIYitll1nm~u'liltyl11~lfi9\91n 

,nV'lnfJ'llln:In\'l~u~'J..ihhnu-1rfl:: ~'lU1::nt)1J~1U InU'lnlt,.,U ,a{W~\-1iu LtYtm,Jlnn InUil 

~ 'Iff 1:: 11; mnlN om L utJ no 'I ~9:: I,j', lJ1liJU 9i 111 'Hll-1~\! mnu flilltiU 9i l Ll11l1 -1'\1 tHffl:: Ii! D'l~:nfl 
'~fnrh ~fl111J~~1J'f101' 300 tg,9I'* InV'lm::\'IlJ Iffll'l,j'Hiu InU'l~'lrn :: Uti:: ufI:aiftJ'll.ni'in 
.... " ' ... \1 ::lJ'Yi'fN'lllfUfltln11U'HNffl ::: 

fh"fl~Z; nll W:::l1l ~ Lntl~9i H'l Ll1lhtl tl'llJ l' milU 1W 1 A 'illmi'ty tylwlnu~~ ~ij~ hI 1 YlllJU 

11t11 (Time Domain) l1un ::: lOUYl"ij~nl ::: U1uml~1.num'~'1'il111rn:::1u~tlut.i~lilu,fUPlijU 

V' , ' ¥ • 
I. n,.,m11l111fl1UJniH,ntlfnUJ )Jntl~"tl~ln[l~ 

ri1u Ul n"ij~ nnfl'l 1{J 111 tn:::1 ~ lJ'ill n m, Ul ntytylWlnu~~ oy1u 1 YlllJUL1"i11 1 1.1 
• 

9IYI Llt.i~Ofl mil 1..1 m flU 'illot1' 1..IUlufi"i1::: m OU" 6 ~ ntytylwlntl~ 1 tl~, 19111fl11lJntl ~ 

l1l ij 111fltl~ 1 Ylun m'l 111f} ui'" ttl1 ftlJliu; ~ ~tTty tylWI nu~~ ~iiti 10'" ttl1 d'~liu; ~ 

lJln~tlYl1wti1~fI11lJ~ 60 18191'1i' (i~ 320 18''IIcllJ1n l\]uz;nllW:::"fl~d'tyq!1Wlntl~ 
IIfl~ 11"::: 1u l1Hn Z;U liu fttytylW lau~~ ~ iifhv9I ttl1 nlJliu;~ lJl n~tlfl f111lJ~ 60 

• • 
I~'''''; (i~ 320 IH191'1i'U'VtJ 1\]'lJZ;nllW ::: "6~fftyty1WLnU~111flij~ ~~uu ,hUll::: 

111lJ1 1 t\u m'l II 11 ~ m tlU fft)! ty1W Intl~6 v milu Lntl~ flV ~ LI" :::lntl~ 1 11 1If)~ t U 

f111111l1u Lntl~1.Il:::lfll1lntl~IIf)~ 'il:::tl':::nfluA1t1lnu~tinuuullv~ La-tl~m :::l11J Inu~ 
" .. .. . 

~l~nu Intl~n'l::: Irw~n~tt'::: un:::Latl~Ulan Inu~tl'j:::Lfll1lnU~111ti'f1~ 11::: 

1.I, :::nflUA1t1 Inu~nnlluu111116~ un::: InU~LnU<;lLLl1'n U6n'illntl 'In'lmo'U'IJ:::ii 

m, tilU 101 ,il" fl ~'l'ta~ ~11..1" v n;tyt\l 1WlnU~~lJ1 n nl1 300 18,,,'; L~O~'il :::111Ioh 
'l'tZ;~HU~ 1AtTu 1 1.1" 11'911 1~ 111"HU ~~llt lJ1::: t1lJ 'I}:::llIu fi 111 m1~" tHtt'l ::: 

........ , 
2. m"flVllrltln~111111H"tl~n., ::: 

mflu,nu~~,ilu,nu~lIo~,vil,fu~\1n111lJ11.nu,fu9l6url' ~~tl'j:::nflUA1~ mtlU 
~ .. " .. ~"':d .. ..I. .. .. 

"tl~LnU~nml1J1JmH Iffu~n':::l1U 1"C1t1~"NnU Irw~t1':: Inmmtt,:: IIn ::: It'fU~U1nn 

.d .. .. .. .....1 • .... ~ 
un:: LlJfI'I't 'I} l' W 1'1't "i1~~lU" ij~ttt)!qjlW LttU~ l1lJl n f"l11 300 U'I' 'I1<)f"f1 ~ Ln tI~t'I''j:: 1m:: 



37 

• • 
., .. , ' ''' ., "" .. I .. .... " 

t1',. ::Utl )JfI'1l1f) n1''Vf~Hll!''{I~i1'tyq!1U1LtW~l'IlJ lnml 300 un ~'lf 'ltNIfI'{J~n{l ~ 

'th ::Lfl'YItU ff,umlM'ut)~l'VH;~~ll.11Jt:l~tYtytylWLffll~~lJ1nnil 300 1~'i'11<Ji' 'Il{mffU~ 

fI''I :: fJ' -31'fitt frh ut'WI'Ytn ~ HU" iHfftyqpW I ffv~fi 1Jl Of! i , 300 Lih '11';'H)~ 1 fftHftV ~ , .. .. .. 
tll ::: 111 'YIfhl. ~ ') Ull1~il nl'l '11 11 U111'1i, L111 t1 ~'\l f)~ ff'l ::: ttl 'Ii\! '11tJl,..l'U ~ ~lil m 1 flvll ftf) n . . 
vtWI')1'fl~lyj\J ~1{J'Ii'U'11nt.J.1i f11'l'\J(I~f1V\'U1 floiitui' (Convex Hull Algorithm) 1110 

"ffi~~''U'lJ6>1ffryiY1W LnUIl~JJlnnl1 300 L~h'114'IJiHmf)1J fff!!fY1Wlnu~ti'tN~1l 
fl lt11W 1 ~"1 fl~U '11tJlUll n ~ >1vtJYI ~111 1 ~1l::: fhM'U 'ill,.rd~ U'fl 111 'HU >1'11 {FI ff'l :: 

. ' "II"", ... .t , .: .. , ~ , 
V11Ul1U'I'UV 'Irrn:111Y1,,:::lJf111 l1f1:::UUU 9I' 'I'tr1'!''fJ'I f1 :: UU'UU U::lJfI1'11'1U'11 0- \ 

iii 1Ul1 U "'lit)" ffl :: ~ 1i f1111J\1 nllfJ" 111 n ,rlm m UlJ L nvu n 1J \IV UI'U '111.1 fJ 'I l1 U1U1ff U'I \'1'7:: . . 
uulu 1Ylfirilntllnv'I U::1ifl::UlJUmn UiI:: lul'IHnnunu 'fl lu'Htl'l'UtNtYl:: filifl11lJ 

\1 n il f'),1 U{I tln-hODl1n {JUll1{JU nu 'U t1U1'U'1I'U t1 ~ 11lj "1{J1U {J ~t'I'n: J U L U , l'lzi' fhtiUlU{J-l 

".. ".i ..... ~,% " .. . .!! 
\1:::'11 t1 ~ lJfI:::IIU uu tW "II'~f1::: IIUU 'VI 1 'flU ~ ::: 91 t1-llJ 011 '11 1"1 ~ fl't1UfI"lllJt'I'lJl11'1.l t'l'lJ Afl m t1 

, '" t .1 ..... ' 
'111 'l ~ t'l't1U 11f1 :::11 'U'U 'VI91-l'U 'U lJ1111lJ 1::: t'l'lJ11 'l" t1 IlJ 

~'U91t1U~H'\U fl1'l"9'I 'l""1~tI1t'1''l" ::: t'l'llJl'l"t1l1t'1'~~ lv1~-ltU~ 3.1 

,J\ Frame of Speech I ,J\ 
~ ~ Voicing Detection 

Vowel 
Landmark 

( scor;09 ) <> I--< l- • 
' III" <> Pe,' P;C' ;09 

nrlt11fhv~lf11tT)J 't1\n1~)Jln~qAl'U'h~muJ~ 60 £i~ 320 lii1gjoU'Ut1~tT'Yc!:POI.I«tH 

fllV''1Itr11ffllli'U'ri~1J1n~q1l'U'lh~fI"lllJ~ 60 i;h 320 la'l" '1IoU f16fll~trllJ1Hl1J(lnfl11lJ 
• • 

I tl'U 'l" 1{Jf11U'UtHtltytyl W liYtI~111 tI' 'U n'l"n U tltyCY1W liY tI~l! 'U'l 111 tI on 111 fllV' 'fI fl'11 tlllli'U iii ~ ::: l'i, 
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~ll WI rbu 'tI1UtttytylUllff V~ 1 Vlum,tl lfftyty lru I iYv,nTUJJ1U U~llj 'U m 6U'IJ lNffl1!t'\! lUI fil l111 

fhD(lH"11ti'lJ'n\nj~lJlfl~tlVll\,1,j1-lfl11JJ~ 60 n~ 320 lih,,91 iJinol') Ufl::~U91t1Uv1~ttl~ 3.2 

fl16~ti"DJOJlfllfl11IJrl~1~11l 
~lUtl1llJrl~Yl 900 Lilill~ 

u1i~1ftyDJ11l1{1(1milllO'i 611 

f1'fl1JtI :: 25.6 unn1tnn 

j 

• , .l.. ,~ ~ ~ ~ 
lil1l1LLl1U~1'l1J'Ylll(lYl'\Jfl~fllf1i11tfl1tf1J'I'Itlti 

IJln~qfl\llnfhti9'1f'fl1nlJn'lJ'Dlrl0111.h~'1111 
'lJ"1~ 3 ii~ 17 iinn;lJ1;; 

n1'l111Yl 

f1 1S'lJiiu 

I 

'j l VfI::aDUVl '1 UII ~fl :: 4u fill U'IJtl~fl1111lti ni91 ffl1fflniu £ ~1J1 fl~ i'('t1 '1 U'lb~fl11lJ~ 
• 

320 lih91';iM-3~6'tH1 

• 60 fI'I 

I. 1l1tYt1Jl1JltuliYV-l~~()-lfl1'j'i) :: l11fh V'1li'l'l1ff1J'YiU,r~ll' fl~ll'1l lU'Ih'ltl11lJa 60 n'l 320 

li:iW; 1Jlfl'HI>1fftyt'\!ltuU1J1Jfl11lJ~~lFill"~1Uf111lJa~<;l (Cut-off Frequency) 900 
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2. II U'I d'tyty lW Iff {J1l~ ~hu nl'l" m tl ~ Iill! m tllJ ItYU':Il'J'fl 1 ¥1 U, M' U91~::: m tllJ ihh~"tl'U li 11 

flU 3 'U 4 IVhlJ IYlfJfI~f11'1JN'flytfll'it~lnYllllnfl111J'1i~tmit).11Jf)'1,j''f)lJfI U~fI::: 

flHlUihn.nYl 25 .6 ijfl~1lnn 117'0 410 i1mh'l ri1l1!1JfftyqJ1WliYU:l~ihj'~'jl~1J 

(Sampling Rate) 16 nlmuHloU 
3. finn.I'fl' ::~1J1JtNm''\Ifl1Jmn'l (Clipping Level) ~ij,JU1YlI";l n1J 30 Itlf){I~U9i''lJtN 

fl1 fj '1i'{'it'U'fJ '1fl l ff1J\!'l" W'\Jf)'1ffil!il! 1 WlffU'I lu m f1Ufftyty lWtT u ,..iv fhi'it ni\! tylW ~ ij 
'lJU 1'itllij1JtJ H~'iI~1~'1t11'it"h~::lilufftyt'\!lW'j1JflTUtlijfl 

4. \i1119'i fI ::'1i 1t){h'l~ flyl 'U m {J lJ'\ItJ 'I 'fityty 1 OJ ,iYu.:nl 'U 

Clipping) ~1 tll ::fi 1J'\1t) >1 m 'J '\I ftll fl n H~ 0111 'U'iI 1 ~ 

. . 
ll1V11n1'l 'Ufl1Jflfll'l (Central 

5. fi 1'\.1 1W fi ltr .,.rrl1 ff1J~U n'UfJ'I'l fl'l '1i 1mh'll u m fJll nl1!t1J lWliY{J'I~ ~TU nn'UiitJ mn 'I 

. . 
6. \119111111,j 'I Vi ij~'fIlI[I'fl1J D'IflltJq) fl'11 fflJ,..rU n 1J10liff'" '31 mhti "'1'1'11 fflJ,..rU il U'1f1 'I 

f1111J~ 60 IU,;.,.'; 0'1320 '81.,.'* tllfJ 3 (i'l 17 iiniFhnll ~'1fh~'~rl'tinl'uYllM',ilu 
• , .. ...... ... ... 

fllfl91 fI"H fl'lJViU Ti t! ~ tlfl'Um m flmnyt1l ltu UU 

fi1ti''1IfI'l1tYlJ~uti~lJln~tlfllu'lf1~fl11lJ~ 60 O~ 320 li'S914'Ufl~mfltJtYiYiY1W.LthJ~ O'fl~ 

u C1 :: mfl'I.JtYCYqJlw.ln(J~'l1O'ij~ iiftn1:lw.::~~ ltJ~ 3.3 1m:: ltJ~ 3.4 

0.1 

-0.05 

-0.1 0 0.005 0.01 0.D15 

, 
1i 0.5 
~ 
o 

" < 
-0.015 -0.01 -0,005 

Time (s) 

Iii 

0.01 0.015 
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'l l nltJ~ 3.3 lin: ltJ~ 3.4 v::n1U'~1' ~'U'tnj~~u1~W[)fI'\ltHfhv"tTl1tl1niu';1J1n~1l91 
('Onfflntil) IrlO~\l11Wll~1'f'::fht1"nl1tflJ";utfhJ,h~fl11lJa 60 li'Jwd fl~ 320 lunl" 'lJij'lfllnU 

fttytyltu ,nv'l hj~n'l lI:: U fl''I! Dvn11 9i 111 ml '1~U 1f1UD9I'tJ tmi, D~ ffl1tTlJ";U'; lJln~ll91 ,rlo 

iinHU1Illm::f116'i1tfl1nlJ';lnilwlh'lfl11lJB 60 181'114 ~'1 320 ,ihVloJ 'lJtHflU)UntyqpDlLnll'l 

~"' 

. ... ... ..... • ... J .. ... 
n11111fllWlI,J,Jl \.1. 'lJO-ln'YtylwltrlHYllJlfln1 1 300 1t11\11 <J1 'UfHUty 'l!lD1UTrJ-l 

fl'lllJO 60 D'I 320 lih"<lfi'Ufl11111f111lJ~t)'1'H;[)fl111Jhhi'f)'1'\Jn'lmf)1Jti'tyqpuunv'llln1 

'Vi li'U 1U 'IJ V':l1ftlJqj ltluihN~ lJ 1 nOll 300 'Ul91"; 'U D'Ifil flU d'tyty 1 tuLii'tFl v:::'Il llJl 1 on U fin Hfllntl n 

9i 111 l1U '1IU'1\! ~ 1J1{ fl'\J t) 'I tTl:: ~ >1 fl11 'H1fl 1ft'''' '1'Hl'U~i" fill lJ a~ l'UD'Ifftytyl W InU'It! 'U un 011 . . 
un::,j'u'ilOUr;r.:ll UYl 3.5 



4 1 

( ntyl1J1UHfftl-l :J 

.; 
m{NtYtyq!1tutl11lJOfJ'l~lU 

~1rJmllJ~~'" 300 Lih91'lf 

utl'l tYtlItylUl tH) fUllu 11 ') 6U 

n'H)1J~:: 25.6 fifli;il,nn 

, 
fhu1Wfll'Wfl'l'llU 

'UtNu9i~tmV1Jntyl1!lW .. 
911lJfflJ nTH'! f1111 U.,. 

. , 

11 tIH:aov'il1 '\.I LI ~a:::'liu ~{J 1..1 'U'f)'lf111 11 1 ~ TVi it'l 'l1U'U D'ltTtytylW Inti '! ~hJ1 on')' 300 L~h'1l qf 

",;, •• Mf 
1 . UU1qJi'\! 1 W Iff lH~ I:tN fin ~ :; 111ft 1'fi li ·H1U 1Jl m D'lffty t1/1WU 1J1Jfl111J~ rJ 'I r-l ''U~1U . . . . ~ 

tl111JO'fi.,. 300 'U19loU ~1t1";1mV'liii'1ltHULUtl,jI1lL\JIO{li{li dlv'l'illf1nfl111Jiiil 

'WtJ'h 'I1'\.bmntl'l Li1U'lfl'J t V111 Int1'l,rH~'U liYU'l~ 'lt'1''l::: Im::: LiYU'lUlfin UYU;'N 1U . '. U{lUn11LtW'lrf'l t 

2. u,Jnii'!!q!1ruLntl'l~r-llunnmtHI1~lumt11JLnU'l,:!'" lof1vlli'ulfia::: mvuihh'l'*tll..J.";U 

flU 3 lu 4 l'villJ Ulfill::fl'H1UihJ'u'¥l 30 jj"flllHfi 117V 480 ~hmh'l Ul111U 

nt1!tlJltlHiTU'l~ ihr'1l'iui1J 16 01,U81914 
• 

3. fi lU 10t fi l'Vifl '1 'llU 'UIN lI~fI :: m (111 ti'tyty lUll n(J'l~'" 9l11Ii'I'lJfl1 'i Ifi f) , uu 

N· ' 

E(m) = ~)w(m)s(m - n)]' (3 ,0 

"'" 



~tt~TlLlUWHrGt~ttIJR~ C£ ~rttt-~ 

~~!,!I>UtTttGU!tI1Il~P::tn~llJ}Lrt 

tt ,!\t-fL tltttp tt t ~.b~t-Y ~} Ib~ LUlA..p ttt~t-L lA.::m f(U~ L~ . . . 
ULl\U}Ut~tt~l1ttlJ'::l\~t-fLHllL~UG~IIt14tLUL~::~I' n~tt~ttLttG~ (d!O) l!I.b~L~}~~LUU..pttty . ~. . 
HU.:: m f(1J ~L ~!!~t-fL" ilL ~L H tt}t tLU U Ll\ tt ~1t~IW fL ntttpULl\ :: t~ t-G M fL HII L 16U G~Il!\141W ttlJ 1 

tl.11~ ~M .£bUt TttGU ~~ 111"1 ~p:: 1 ~ ::mflo tt t U} Ut ~ tt~nt\ 1J',tt l.l!I ttHLV::l\ ttLt-t-y Mot-G fIoH:11 t tt t Itrt Ht-iA 
•• • 
tt~aIJLtl1~ ()[ll;)d) t-l1ItGllttlJ'~t-fLHTlL~lJtA ttrt-~ ,!I>lIlt~1 00£ L~UULrt~t-n~lmLfufu'pt-GfIo 

ttLt-t-~M.L IJ tt.ll.l tl.fIolttl. HLU lA. t ~~LIdIA.~ nt~ t-LIA.::m flU ~IJL l\!!I.b u.t-YlA.L IJU L l\ IJ G~'l!Ilj::l\ tttt:: 1~ "" , :r • f" '" '" f' f" ......;; 

t-GfIot-l'H11L1! G~tl~W lrtt-t~I1L t-unnnu }lrt~tt~lIttl;P::l\rt~::uml~t-fLH11L1!lHtt}tlll!ll UG~l\~l" 

tlUl~::l\ ttl1l1L L,tiA~llt~::t~t-GfIot-l'H11L~Uf)~'l!I141lU !:t-~ I1L L,t14~llt~::1~t-GfIot-fLH11L~ 
" . ". 

U G~ll!1~ tW Ull\H J6U 1611~:: t~t-G fIot-l'H III ~UG ~11t~ 1lU ttlJ' ~~I!j(,U t 1 ttG IJ !l.tnl"l 111:: t , "', _ .. 
QQ ~Jl,Ut InG IJUnlll1l:a. , ,., ...... 

,tb1ll1~1 00£ l~UULrt~t-Il~lmlibrn'pt-GfIottLt-t-yM. 9'£ ~111 

9'£ ~f1.tt-~::mf.lIJ~!! t-1l~lmlibrn.pt-GfIo,!l>1Il1~1 00£ l~UUUtWIl~'mlfuib!1t-GfIottLt-t-YM.l~ 

t-lJ6l,ttH tt!o,Y t-~t-G fIortG tU ttL Illll 

G~HrtGtuttlPG~t-1l~1mlfuib!1t-Gn.t-lrGt~tl.tttL~Glot N ::Ul1 nGtut-p.Hn1. (u)s 

t-1l~lmlibfu!1t-Gn.L mtll\~tWtt1. t-l~l1tltttHlVJt1.~ tl.~,Yt-t:!}ltl tt~ !l~ (IlI)M 

t. 



43 

o 

F 

B 

E 

A 
G 

ltl~ 3. 7 9i1t:ldl~01111lUfll.tt;i'lJl{ n l<f1Vl ::tihJtJnfltJl.J1'lfl'li'ifuf [3] 

ilf11tl~ 3.7 d'ltlfl1'i111IH'1\l~lJ1{ml1fllt11T~"tHYlti-N1U (A-G) nnl11mnl.,1lJ1{n 

I~ 1111 \l 'ill f1 fIl'j 11 1 ~ 11111 '\J ~~ iifll'Yi ft~lt.J. ~''1 J ~'H 1JYI~lfi<f1~U 11 fH)<f1, l.H l~"tl~Yl ft'H1U 'i1 1n~lU 1 tl 

"111~HJ',j'l1lJ~YlL~lJlIuufl ::~<f11hno ~~9ilU'tnh~ijti1VH;'H't..l~''1 ~Lii<f1~tJh.lltl~ 3.7 JUf1V 

ulwtl::: B-C un:::,ff'utl ::: E-F 

\1 1n9ilU11li~~iifll't'tn~lU~1'1,f.mlWI~'IIJu m::~mlllJ1LmU1JIYi[JtJnu lv1m1 19ilU11l1~ 
~1jf1Wlft~nu.~l~il<f1 m::'lIo;ilLll1t1~ B-C ufl:::'i1::\ilt11 ... n;'Hl\l~9ilU11l.i~ B-C UlJ1LmVUll1fJU 

n1Jfh~YlutJ>1 lv1tJ~'i1 :::~rhmlm:fflJ~'i1 ::: ~lIUU~t1.HH'IJ{l>1'Vtft.:jnWtlflmth.lffij~jfh\.J.l1;'fJ'll O'Ul1 

l'tft >1 nu.~ ~ 19i lU 11 U>1 B-C ,flJ iiti, mflfl11fl ''U'iI L11l>1 'i1 :::li 1 fin ";<f1U U -3'W ti'lHU 'fit) flL ~lJ tHI.:j rhu 
, . 

fit) rhu'\J'f)>1 A-C un::: t11ll'Utl>1 C-G 1<f1U111,j·hrnft>1Huluff1u"tF. C-G ti'\.HI :::~m.i1 nft1J'u 

I~ lJ~'U fin flU l11l u L~ Ll1 nD Ofl! >1 \1U m:::tT ~ 1 1..l'Yi Utl1'Yiti ~~lU ~ ~1~ t'fY'l Y1 ~~lfi~~u nUl tli W\J fl ~ 
" , ' ~ 

Vi ti~~lU 1 U fhu '\J fl ~ A -c 11; fltl1l'tti~~lU;\~ ';; t'fY'l;\9! 111m! ,n! U lJfl1U' fl fJf111fl11iYlU ti~ ~ ::: 1u u . , 

011 uti ~91 'il uti ~I tli H'\Jfl ~ 'Yiti ~~lU II ~ 1):::11 1 ri'lU'\Jfl ~l't ti ~ ~ 1U tl'u 1 tl111 'ii 1Ul1 U ~;; ufi n'iti ~ 'HU 1J1 fI 

~ tlY'l~lfi'il~u lu rhu uti ~J uu fI 'U 11(1::: 'II :::n111U 'ill ,r 9i 111l1U ~J lJ 1 flu 9i 11111 U ~'\J fl ~ II nu <;\1J11 n 011 . . , 

l11fh9i1 LIl1 U ~'\Ifl ~II nUv11J1 { m! U un 01111 n:::i'u 91 flU Y1~ I tI;\ 3.8 
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/ ,ulH'UD-1Vf n-1-11u / 

11lVfli H1U ~~ 1 ~ tl~ ~ ,iiWl~ \.11\.1 
• 

fb'\J'\Jtl~11HH"'ffi-1 -1 1\lUlJ 

.., '...' M • 
l'Vm-1-11'U > f11'\J~U1J 

,.,; 

~f1I1U-1ilh\:J 
.,; .. .1, I 

111U(Jflfl-1'Y1lfi'il'll'U UfI'TU'Uf)>1 

Vi ft-l-ll'\.WV m 1Iu ffD>1fbu 11,Hl 'n'Hh-llU 

. 

. . 
1» fil l lu m 'l" 1,r f1 :; LlU 'U 'tItJ -l9\ lL1l1U >1~ ~ flInD n ·hU1U'I''i::: t! 'U 'l1J'iJ1fl fill ~ lL1lJ. f1 fl~ 1J 

(Classify) ,,:i1unm'l"iLml:::,.r~nfl5jjU1 .. f\.J.~Li -lL~t.J. (Linear Discriminant Analysis, LDA) 

V{J fUrl \..l f1 ~lJ'\J f1-11fl 11 L 11 tJ -1~L 1Iu rI''l :: Ui'!:: f1~ lJ'IJ tN 'fi 11111 tJ -l~ iu,uu ff1 ::: 1 f1t1~t1 flIVI{I {ti flll UI ::: 

nlt1t] (Feature Vector) 'lJO-l'l1f1'1i'fllJfllln (Training Set) 1Ii'!:::'I1f1.,j'mJlI'YIflffflU (Test Set) LI~fI::: 
• 

IIlTmh,nlu th ::: nnuJi'1u 2nnllW::: fltJ 

I. ti1tH'>1>1 1t..l'\Jfl>1ff£ytylWL~U>1~1Jlnfrh 300 lihVl qj''\Jfl>1n'1m.HYi'lJq!1Wlfttlllii~mih1f1 

':IlL ih41fll L111 ti -1'1.1 {I ,:al'I::: 
, "' ., ., .,.... , 

2. fllf11 1lJ'lf'U'Ufl -l'ytt'l >1 >11 1..1 '\1 f) >1 fl'tytylWIf1lJ -l'YIlJ ' n n 11 

tYtytylWLiY {J.:J ~\1fl1a6n11Itl'U~hLl1t1>1'U{J>1 t"'j:::l~ fJ1n'U 

rrl 1J l 'ltlLltHHiJi'v1.:jl tl~ 3.9 

300 . . . 
'fi1Dln~nl 'i111 fl 11 JJ'lf'\J 

fl :::U 1fW '\J D~o;i l Ul1 11 ~~ \1 mgDnh{lu. tr'i :::t! '\J iifh L'yj, nUfl1UJU1 \1 :::l{1U. ~o;i 1111111 ~ff'i :::~ 
91'1\11111 v1t! 'u (x) \1 ::: \1 n~ lUll. n 1 tl' D~1 'U ml JJ'\J D ~ o;i 1111111 ~~lij'U ff'i ::: ~ ~ffl JJ lHlti l'U 1U1 1 ~\11 n 

d 
ffJJm,V1 3.2 
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-~ 
e 2 

P(g=m, lx)= K _ d. 

Z:e 2 

(3.2) 

,., 

hw~ d l fin ., :: tI:: 'YI1~, :: \dl~'ii1tHh~,j't1lJHVI~t'ffJU x nu ~~t!1J6ntn"'\J 'fl "mllJ'l1Yl 
... ~ d!1i .. • "' , ... ... ~ 
'\I[JlJfl HflVlIU'lH'1l ::: (WI) d k fHI l :: tI :::VllU :::1111>1mf)[J '>1 'Ut1lJHVlfll'ffl'U x flU ~YltJ"WJnftH'U'fl" 

nqlJ"lfl,j't1\!HFln~lrJlI'liLrJlJn'i ::: un:: K flfl ~lU1 '\.mqlJ~~t1 "m'l ~ lUlJn 

I 
I , 

I 
YPI- Ydl / 
X p l -Xd1 1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

V"l / 
I 

x., 

Y,z - Yn 

.x ,1 - Xd1 / 

I 
I 

':( d~ " 
_ _ . 1 

V"~ 
, I 

Y,'-Yd' / I , 
X , l- X J / I 

, I 
I 

, I 
, I 

<Il l I 
I ______ J 

~l Xp3 



d 
U'tl'YI 4 

1l1U,rfltJ lH ntJ~m -til Ufll 'I ~ 'I l 'iI't" i'I''i:: . , 

'\,1 lJ'VlU '11:: 1 ~ nril1 O>3!TU 11 V l,!fllili'rill1 i' Ul11U 'l" ::: iY'fI ~ f1 1W\JEI >l'l" :::U u m 'l" VI 'i "lill1.un:: 

1 U LUO>l13'f1 ~61~ (1-1 nllll 1 V1V'tI D-111'lcnih'iU iii cit ..J1.h :: mJ1J~ 1V! 1'-' 11 VlJil 2 'llii" fi t) .. , 
I. )llU'\Jt:llJfl1ffV-1fll'tn L'fIlI 

" . . 2. PU'tlfllJflU'lll..Jmm'IJ 
• 

'l" lVfl ::af)U~'lJfI-1 mi fI::)1 ltJ 116lJ fI I ~ \.,l ~ "~{J , l.Hi 

gll",j61Jfl1atl..J1l111 ,1ntl (Lotus) 

11'U 'li'6l,!fI LUV..J Lotus ,tlU l1U,j' fll,j ftlffV..J'I3V1fl nn 1 YI U'lJU l'fl llT qj n1l11Jl:: rrmh 11111 1 ~ 

1 U fl1'l1iuUfI::li W1'U 11" :: 1J'U~ L~U1,j'ij-1 nUfm r ~ l LfftJ-1Yj'tl ~fl ,,1 6-1ffl'H i' Uflllll 1 l'IlJ 1 VIti 1 ~fi fll;JW:; 

nl'l"YjVl1L1J1J 'thulunl'l-uuYimiYu..J cit..JtlltlUfl'f!lJrilffvnlIl11l11'fltl 1l1U1UhiutlUfl1' 5,000 til ~ 
fi<;l L~ D mmll OJ 1 U'li'fllJflUYI fl11 mi 11M; flUYlfl111Jli'1"l 1 tI . , ' 

pU'Y'VlJIUffu.rw ff l 111'l[lIlU-1tWmtll..l 2 tll ::: Lflfl '1I1lJ'tfWfiI'UD-1 111 lfl'l lvh..J.l11flufil'l 

-uUiinLnV.:3fl6 U'l ::: LfI'Y1U'lflltlU 111 lf1'l 1 ~U~iif.lQlf11Vifl-1 Lln :::1h :: 1fl1'l~rrt)-1ltlu 1lJ 1m l~'U~ij 

t)tlIllll"ltllU mn~ U,, :: l'ilf1llUufif1lffU~1l..t 2 t'fflll'lUl~ft'{J1J~II'11tl~l ~tiufi(l 
, .. 

I. ffftl'VtUl~n01HI\J1Jl1(1~I~U1J (Clean Speech) 

2. ffftlYm1i1ft'{J1JU\J\Jffl\rtl~lU (Office Speech) 
~ ~ , , 

~Yj'" 1u tlll UU Yi f1Iffu~l! l..t 1h:: tl(l1J ~ lU~':j'l"i n~~Mlul'vtff'll"lUII" :: I'vt ffl1 ili ~ lu ~ 1"\.1 1U ~ 

Lfhtiu lIi1Uln\J,j'mJ"ffU~N1UI'YI'\JU,jll1fltl~fI'l1J l'HlLn1J,j'mJ"'~ 2 i1~ 5 ~tl::1mi' (Digital Audio 

Tape) OVU ~ 'il:: l11 f1l 1" u'\J Mlfl'U 1 l'l ftfl Lfl 0 YI 1"vii tlff ~ ~ 'il ::t.i 11 iiu tln iiull " ::11'1tl1'U 11:: \J\J 

IffU~Yjil~(I''\J , " .: ., , '. .. '" ftlU U! l 'U'lJVlJ"U 1Jl :: tl{J1J'i'l1U''l"i11'U1U1f1'U~fI'1J~'' (Phonetically Balanced Set) 91~ 'II" 

ffll1 i' \Jtlll 'Flnf-lt.l.u \J\J ~ 1 ft{J ~ LffU~ (Acoustic Model) u,,:: ii 011 filti1J 11l11Ulff u~1i~l 'U mi 
• • 

(Automatic Phoneme Labeler) 1I"::'UDmllOU !ll..t,JDlJ"UU~'\Jl :: O(l\J''\J~·;1U ,.",j'm,-!(UffU-3Vtl 3 

,~ ffll1i'\JHt1~U U1Jmh"(I-3lffU~ Im::II\J\J~1"(lUll1:11 (Language Model) ''l"iff111i'\J'Y!'l"ifl'O\J 

I~ (I fm -WItllU 1 ILl! ::'V~ ff111i' \J'Y!~fI'f)\JI~ f) 011" til ::tiiuf.I n 
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I. ,011,"1u" 

tl '):: luf1~' flu fill 6r;UtrlJ~ , t..l ~ltJ,j'{J 1.1ft if ~:: ~ f1 9i'Vl lfi ~ tHl1lJ ltl111 t) tYtlJ~ mull' ~ lfllJ tHJ n . . . 
l'l~l1lJ'fI 1'f1{Jnl'H1 t1 f1I11J1J'l'fl,rm'JftliHfth11'r1JU\.,lViflln{J~ t!'W mh Hj'd'lU'l1'f1'lh:: lufl 2 'l'fl 1my '1 

I. 'l1Y111l-i1mihH'fYlJ")fI (Phonetically Distributed Set, PD) 

2. 'l1Y'1'lh ::: lUfl~fl'i()1JfI~1JthilYni'fllln 'Y1U~ltJ1U 5,000 til 

i -, . . l' ,. , .. , 
U nl'l111u'i ::: rfYl Ii fl1'Y('lJtlll 011 ~'i 1~ 111frl :: \.J.rt'flHl:1'f1~ tl 11-1 tl >111 1111 YI V'll fH TYllJ1U 'Y( U1i 

,J ..... . , .:!.j .. . :: ,J, 
1..1 'il::l'jj'I'Y(U>1'l'fl'Ht.J.1U1ffU>1f1'1J~fH'YI 1'U 1J 'I!>1t.h::ntl1JYl1t1 'ill1J1'Ulh ::: lvfllNl1lJ'iI 801 1hz lvfl"lf>1 

• • • 
lJl'illn~1 1HUfi lffVi'l'j',.1>1l1lJVI 2,269 fi llu ~l \.11\.ltl'j :: lUfl1'1>1'HlJYluufir;uuu 7,847 l'HJ1>1fl 

. . 
;ilU 1'U ~l:1 'fIl'l >111lJ'fIllUU Vi f1 LnU>1 1h:: fl{l1J~ 1fJ 

,.. .... ..., 
f;!'3 'fI 'il 1fllJ11 1 'l'VllJ1 fWff >1'\J ftl'U f1'ru. 'Wl 

;in .l1u 100 flU t.h::nDU/1111lvtff'll'l U;ilU1U 50 flU 1If1:: ll'IfI'l1tlj>1;ilU1'U 50 flU 'il1fllJ1111'Y1UlflU 

1'YIf11u lrlUlJl'ITUm 111\.11U tOO flU 'lh ::nVtJ-li'1U1l'H'l''I11U;inl1u 50 flU 1If1::mffl1tY>1;ilU1U 50 

flU Lla::: 'iI1nftuvfYlfll U la'tlDuflnmvumyufI:::flv lJVl1111 v{IIM'I'II'11i i 1U1U 48 flU 'th ::flfJtJoA'10 • 
IVifl'tl'1Vi1U1U 24 flU Lla ::: lY'Ifl'H~.:jilU1U 24 flU '1lJ~X1~~'1iu 248 flU ~'1I'UUll'Ifl''lf1VilU1U 
124 flU 1If1:::ll'Iffl1~.:j'lhU1U 124 flU tl'llln~N 1 U~1'l1'1~ 4.1 

, 
••• • • nil 1U f1mf tlfll 11'[1'1 "u 1ifY-.l >1" 

tmvl'\'1fll U latjD,flflYl'fJumYua::: flvlJVl1111V{LlM.:j'lfl 1i 24 24 48 • 
• • • , 

lJ 'Hl1Y1 01 aun '1 'U alUfl 'iU YI '1 50 50 100 

lJ'H11Y1uuimYlfllula'tllJ'H1ufl 'l 50 50 100 

I . nrnu~rill1i'tJlt1ufll'iuuYimfftJ.:j 

nl'i UU Vi flLffv'Ilu n fI Tllt 1l1~ ftfJlJlltJUli' fJ .:jl~ uu . . 
UU Vi mn-u.:j tI 'i ::1fIY1U fl mY fJ'II~UU UfI::: ri l 'Hi' U nl'i uufi mn-u.:j'fi jj n fI TiltH 1~ ftfllJ L1tJ tJ 

rinT fl .:jlU nrnu ~~ '11 ~ri1'H i'tJ fll 'l uufi fllnV'I'th ::lfIl1U flfJ rinT fl.:j 1U ~ 11 tI 
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2. 1"lmhlu 

fl1l U'U it mUM lUff fI TVUl1~ "'OJJU 'Utl11' (l >ll~ lI'U 

uunmutI'I1h::Ull1ii tit) ill If'lll 'Yhll::tlUfJWfl1'Yt\!'1 Ut1::f11'lUlJlimiYlI'I~ii 
fffl"WU1~llfJlJlluUtht!nn\J ill 1 f1'S ltluo;'1 l-ti'ril11f1Jf111UUl1fHfffJ'Ith:: lfl 'YI.n flU 

ill lfll ll'h..j,'j ::~lIfJtutlnnhunHH 

4. 11'\.i1tJ1Dtl'lflnn1Y1tJ ~u'nn{)lu§l'U,j'{)~a 
.,. ... ,. .. 

1. Lrrv'l'VWqj'lfU::!ilUI~W1 (Initial Consonant) 

'H\.hll1ffll'l'YiffC!!'lIu :: ~UL~U1 '1.'\.Ufftl'lfll'M1 ' 1'llJ ff l1J1'J(lUff~'1 '~~'1\lll'Jl'1~ 4.2 Uri:: 

9iTtlrh'l"fl'lnn 1'l1'11'\J1mfftl'lYiffi1!'lfu ::II\H~tn Llffo;H '~Yi'l~ l'J 1'1~ 4.3 

Bilabial Labia· Alveolar POSI- Palatal Velar GIGna 

Dfnlal Alveolar I 

Ploslve p ph b 1Ih' kkh , 
Nasal m , " 
Fricative r , h 

Affricate "h 

Trill I 

Approximant j w 

Lateral Approximant I 
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. 
v • 

'rI[jty~U:: vll..l . . • v • • , 
I~t!l VI1E1tJ13 I~UJ1 ~1[J[113 

P 11m m 
,,; 

• • I IflU , fJ:U n Ul'U, UUl 

. i3u z . ," ng 

, .z I • uiu, AWl 

k 
, 

1fl, €]Y1V no" , 

ph nu, nv, "hu f "",iI" 
• 

Ih • , 1 
tN , ti.:j, IVU l, flU, lJ tu en s iTlU, ihn, i'mll, 'l1{J'U 

,h 1ftl lJ ,IDlU h TmJ, ' DI11 

R'U. , 11m, iii, . 
kh w 11 

b von j • ClD'U, l1tY~ 

d • mu, 'lf01 

.. '" v..l 
2. IffU~YWiY'lf'U::mUl<;'ltl1 (Final Consonant) 

11,j1mav'rv~5il!'lfu ::f1'1Il~(J1lulffV~mlll 1'f1t1 1'fllJl'jflUff~N '~";~!ill" l 'l~ 4.4 U~:: 
~1t:l dl >1'Ut:l>1 m,.'~11l.l1mnu~~rJty'lfU ::VilUl~U1 ui'I'Yl'l '1Ii1'1!i1 1" 1'l~ 4.5 

Bilabial Lablo- Alveol~r Post- Palalal Velar Glottal 

Dental Alvl.,lar 

Ploslve P" e k' 

Nasal m' "' "J( 

Frkativt e " 
Affricate 'h' 

Trill I 

Approximant y w" 

Latera l Approximant I' 
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v • f'I [l ty" \.I:: 'YI1 (j 

1"[I~Ill'Yl''Yl[J • v v • ltrtl~l1\Jfll'fYi . . • v , • , 
I~UJ1 motl", I~trl ;)1tllJH 

p' ~v f" mu4 

I' 
, 

InHI I' uoa 

kA 1ho SA I ... 

nA ~11 oh' tn'" 
rnA nv 

ngA vi,. 

y U1D 

wA 011 

3. ,n-tFltf,!:,;lu1 (Vowel) 

9i1tJ{h~"6-311\11miiv~rrl:a~tJ1 iUIl111 1 'Y1 l1 nllJ"f1Un~>l '~~UlnH~ 4.6 

iT,:: . 
" • v , , 

Imn VI1fllJH 1 ~1lJ1 A10lJN 

, •• " m 

" 
., x ut):: 

; ii xx u. 
ii • • 0 1 •• 

• 1. , • 00 

• w •• @ Itm: 

u ~ @@ •• 
uu ~ q Lf)O:: 

e IV:: qq m. 
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4. 'Hti1U1nU~th ::ff1J (Cluster Consonant) 

Lih~tl11J nil (Cluster Consonant) 1Ji'un pr phr tr kr khr pi phi kl khl kw lin:: . . 
khw ~')()dH'\lt:l>1ml',*Lffll>1f111Jm;' IItY~H',,!I~>1~l"l>1n 4.7 

v • l'UJfY'tI14:::VI'U 

IU[h11l1111'l1U • , 
nHI>1nUftl"l't1 

v , , 
.~~ mfltlH ."" ~ltlUH 

p' th:: rfllJ b, IUru 

ph' )'#11U bl VO , 
• 

tr LA11J1J f, ,,/7," 

" n1111 fl Iri." 
. 

kh' "" d, mlflVu 

pi "., 
phi nUl" 

th, uunl1 

kl mOB 

khl " LflafJU 

kw n11>1 

khw ~" 

Iff(J>1ff'i:::m'l'1J (Diplhong) '~lIri ia iia va vva ua un:: uua ~1fJth>1 'l.1(J,m l 'j'tdhJ-3 

fl'l::rn'UJ 1I i'1'~H'Ji''';>1'f1Tn~~ 4.8 

, v , 
tT',.:::r-nUJ ~1a[JN u'J:::r-nnJ mOtlH 

• • ;, 16U::: "" '"0 
iaa • lfW:: "' V1:: 

• 0' v, mv::: "'" 
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• • v 
gn.l'lla1JflIt'IlJ-lA1t'fl 'IJ (Spoken Digit Corpus) 

• 
jlU ~61Ji'1 Lffv,n:!"n.h ::InYlU I;jU!' tJ ~fllJfHfiv -l'Yj'il 111l:! 1 1 VIm 'Ii'UI~V1 nu nu~pu ~ f,1l.!i'1 

l*ll>1 Lotus L19iih111lJLl91n~1-lnll. nril1f1n )llUlIV1,JlunU-l Lotus IU'U!lU1I61Jf\II1V-l'YjVlfll1J11yltl 

'trUl" Ll1qj ~':'fillJVl9il>1'l ~'1~u Ol'lUuYin lJl\1 1nUY1f1111J~11Uft:::U'YIf111lJ~1'1.I ~-l~Vlfl111J . .. 
9il '1'l Ll1 ft1\ruth::: flfl1J~1Ufiltl'Wl'i'~1'1 '1lJl f11J1U 'l11Jil'ltiT\':1f1nLlVl'U~1m'U 1WUW:::i1!lUtfllJft 

tihmi 11 fI'IIii' 'UU jlU,JV 1J fl~tl '; ::: m)1J~ ') vti 1 XiV! ~ LlY1'U 9i 11i'1'Ull'h J U j 1U 1t 6lJ fUff U>191 1Ifl'U~'~ 
LU1Y1t11ii1'l'\.nrifIL1Julijmtlu 2 l.h:aflVl fit! 

1. jl'U.ut11Jft~11fi'IJ~,juYin'\.n1t'l'l11uu (Clean N umber) 

2. !1'U1ttJlJfl9i'1U'1'U~,jui1mhum>1111'itl'Yili' (Telephone Number) 

11tlft ::: LVtlVI '\)6'1! 11..1..u f)1J1I Lfhl'l 'li 11ft'll , 'Uu9i fI ::: til ::tfl'V1 jj." >19i6 , tlll 
I. gltJ,yt)lJa~1Ia'IJ~uuii flhn"tNI~mJ 

ff01tJ~ 0; >11 ~ffll1 i'1] on uu Vi fljlU,j'O 1J fI,iYU'I9l11ft'Uif fi {) H'6 '111uu 
• 

uuYimfffJ·niu 'O::;";lf111~'"'l1Y1o;i1Lft'\Jrhu 1lJ lfl1 1 vlU~'~rill1fufI11,julifll*fJ~ . . 
9i' l' fi'\Jti,juli fl 1 ~u '0 ::; '1l~ m u fl1U~1fJntytylUi 1 U fl1U 'O l fln fl1'W 1I1~ ft'(I1Jfl1fJU f) n 

I. ,.11,"10" 
'l1Y1 tJ 1 ::; luflo;i11f1'\J~'~lu fl1~ uu-nn ,lju 'l1~tJ~::; lfJfl9l11f1'\J~till1Ufl~Um~ ~~ 

• 
tJ~ ::; n(lu~,)fJ 911Lft'\J9i~II9l 0 O~ 9 ~ 1'U1'U 290 tJ1::; lfJfl111V 2,620 'W fJHfl loi'U 'l1fl 

_, 1 '" """ d" " ".. "SI ~ " u1 ::; Ufl'1l1If1'\J "fj'UfJfj'UfJ fj''UUl1U~ fJ'UfJnv~ fj'UfJfI' l 1J fj'UfJfI' fj''U fJl11'' LU'U'1IU 

. . . 
~1 'U ')u ~l:! ~,., ~l1lJfltiti 1 fll 1,j 'U;; fl L nfJ~ tJ'J::; nV1J ~ 1fJ ~YjVlti llj 'U LVi ff'll'l fJ ~ l 'U 1'U 

• • 
Q • " .., Q 

3 fl'U Lln ::; l'Wffl1ty~'Ol'U,)'U 5 flU 11lJr;!lJYI'Y1~fI'U 8 flU 

2. !n,~alJ~Vi'11~'\J~uu';;mJnnIH1Y11ftvn{ 

IljU ! l U ~ (I 1J filff fJ.:j9l 11ft'\J l'liUI~U1 flU !lU ,r6l,!fl9l 11 fI'\J ~u'Uii n iu M'6.:j(~ U1J . . 
Ltfl fl9l1.:j n'Util It fl1 1 U u-n flI fffJ.:ju U '0 ::; ";1 n" Yj fl 'l1Vl9l11f1'1l r-hU111 .:j 1m fll'i" U l1U n" 

~YI~lU'Y11~ 11J 1 fl 'J 1 vll.l ~.:jn~fI";l lftflUlflll'Unu.:j~ '~~liN Li16~'illn,rt:l1JfllnfJ.:j~l:!fl . . . 
~lU'Y11~ lmfl'Wlli1 'O::;\1mun1uJhufftytylUi 'Jun1'Ulifl')llJ~~1~'l 'il l flfl'lU l1'1'Jfl'V411 

'j 1lJ 1 tJ (i ~ ,r f) ~ 1 nVl~ InYl~ 'U 'il l f'l'lf') .:j fl111J ~ '\J (I~,r f) l,!ft 1ft fJ~ ~ fl'llJl'J tl ~lU 1~' U 

fl' l fJ 1mfl'Wll ,.;, 'M'fimlUi::;'IltHfftytylU1lftfJ~~,jU-nfl '~~ 'M 



• 
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I. ,.,],.1v" 
'~1.h:: lvfl~11f1'\1~'~'u fll'JUU;;n I~U'l~nJ'J :: luf1fi1Ifl'\l~fhl1lJYl~\J,rH 

l'lfUI~u1tiu ~>31h:::fl6U~'lCl fi1Li"';-3U~ 0 ii-1 9 ~llnU 200 1.11 ::: lUft 'HlO 1,172 
, . 

YHJHt11'f1Vli''fI~11f1'\1U~fl:::t1,:: ltJflt!\Jihnu,n~YI.,r11f1'\1 8 5~ 12 YWHtl 

2. ~,:!YI . , , 

~lU1U~,:!Ylli-1'H1JYl;iuu;jOlihH lh::nVUA1fJ ~,:!Yl,hU"H~ff'll'l(J~lU1U 5 flU 
•• -. ~ ~-Un::IViffl1t1J-1'i11U1U 5 flU nlJ~PlYimnu 10 flU 

ft1tlth'l'\ltN.atJlJflliYtH';':IIf1'\1l1n:: hMtilnmJ,:: lUft UrrY'lil '~~'l9'l11H~ 4.9 

• v • • v 
'U i1\1IU rrU-1vl1l t'I 'U '\'h~fl1ntJln[lil '\IDlJ'flltrtJ 'lVl11D'\I • '~~thnmiT[J-1 

(Number) (Transcription) (N umber) (Transcription) 

~UV soon'" • h" m .. 
,,~, n vng .... "" h 0 k" 

no' song" • 
"" ee l" 

ttl" s aam" UtJYI p XX t" 

Ii s ii I~' k a w" 



t-1l,tttl.1U~tI.£1.~ sm01: Nl~l~l1G~tI.L& Iln~'t-Il,tttl.11J~tI.£1.~ Sl1lO1: t-n~ml1ll~t\l&t\1.t-fl~TTtllfufuk! 

Il.Il Wt-GIUIlU rt lilt lU1l11 rtlt IJlli.!!t tt6 tLY na.L;n~lA! LU ~N Hum ",10. .. it 1'$ lAt-ltlltl 

" t-nl1~n.l(.lltullllt\Jt.IH'@1 Ol£ 
, "." "''' ... 

t-11 ~ t6 t!!' 09 ~ rt It(.lt-t!bt\ 1. ~.b ~t-Y ~Jl n !l-rt!lHJ,l. Ih.@l ~~~nll W G)Jt-Il,V f'~ t-Il~l nnfufuk! nil Will ~ 

tI.~t-tt6~llAtl.1.::~ll t-f\1l~~l~l~UUU1~lt>t!T on t-~ ~lH!' 09 ~rtltIJt-t!bnL~.b~tY~Jln!l-rtk!HJ,l. 

lio9l~tH~nGw Il )Jtll,V tll~ I fUlfu fuk! nil W t}t ~ t-Q,V [t ~ t-fl~1 mlfufuk! nil W Il kli.tll,V tll~ lTtllfufuk! 
. . Il.Il tu n ~ 1 n !1t'1l~1 mlfufuk!nll Wl~h.:: t 11 b'.l' tI.~~ nm~ ~ ~ ~t f\11 ~~l ~n~ I1Il ~1I11l W tl Il Y. ~ ~nG W 

.. ,..' , 

::~~mll~ITtllfufuk!I1IlWtlln.~ItlS!' on t~ ~lH!!' 09 ~rtlt(.ltt!bn1. ~.b~t.u~Jln~rtk!HJ,l.169l~ 

l tt::!! t}lAt1l:: SIUIl~l mlfu fuoP Il. G Wtll n.tG,V f' L Ilk H N}~ rtltY l Hilt St6 t LU nllJ,l. ~lASl U 
• 

t-f\Tl~~~~n,!1ll.n!!tnnWIrJ~ltnetn.'lliUiURnGtut-QUG'vf'LQ:"t-Q,VrtLtyU\Bt!'h\tlU 'I 

t}f'L ~ Il~t ~~ ~ t ~J,l.n ~t::u ~m G fIoY. ~ ~ n 1lJ,l. ~u. SlU ~ N::U nnaJ,l. ~lA SlU t\ 1. ~1l2'::'Uj l S 
. . 

nk'--lt-e:'~ n n 11~ :YJ,l.~,!'l::l S (.lIt SlU ~ 

Ilt ~fl~UU nl1l ~ SLY~ 1 fl~ 1 t-Il~ ITtllfufu,P nil wta fIota,V f'~ G~ H.ta,V III t YlH.l!ot Sit> SLU 'z 

tnn , 

~~l !l111l nil ~ lI1fl ~m ~ 1 til ~l fUlfu fu!lnG su tlln.t-G~ f' L G kH.Nl ~ fllt IJl H.llt tit> SlU ' I 

1l)J ~ Z nllJ,l.~lA!.lul~~L 

t!Jl nM.!.1-llllAt nL tll~ Imlfufu,P Il.G W til fIotll}; f'~ Il ~ "tG!J Illt Ylli.!!t St6 SLU nllJ,l. ~u. SUI n L 
• 

ta.vf'~tll~l 

nl;l~mlfufu!lnGWl~UUlft ~16S!!l oz£ t2 ~t6r;!!1 09 ~flltlJtt!l-tl.1.~.b~t-Y~Jlt\!l-fl!l"J,l.l69l~ 

!! ::!!rt rtll!J tll¥lTtllfufu!l tl.1;1~ mlfufu,P nil Wl~ nM.t~ JtI.~Il'p H.J,l. t69l~~ L llt6l tfl~lTtllfufu'p 

l1a w til fIoNl}J [t~ Il:'" tll};rt ltIJl H.IlUt6 r; LU 
"~ 

:: SJ,l.UUl U, It> SLU tlllloU !.1tn 1116 n,tl> 

t.lb UIMOH 
r . 

• 
l'n.uIt-QIHGUrtt rtlt(.lQt"NWrtltyL"tLUnQ.u~lu.LUIU~ 

". ", II ..." 

III alt>tUW~I::1l nn~IlGl::Ulllr; 
I"", ,'" " ~ ". • 

t Q fIo!tn,V Q nJ,l. Il tt~!t H~ "::S ::tJ,l.lli.[I, t r; 1.6 tLUtallota!!U llfllt IJnll~' nil ~1 t L U 

::UtI U!MOH t Gn..tLU ~ Ilt}/:: r;J,l.L i{!), t t It> SLUt-GU MIA. SlU UN G nJ,l.lltt ~ tLU ~fl t)/:: t.1l lH [l,t S16 tLU 

t Q n. nG It> tI.]o::U ~Tln 1. ta ~ltlASl U UH ,!'l::L !..IJ1S; SLY::U m GU t6lA t l U UH Il n.ul L tt)t~ t!1A. n n 1. 
• • 

::: t.u L H.&lt IJt LU iaN 

S IA.lA.fl 
~ 
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t1f19i !'1J.u'DlJlHffU~~11f1'\J~U1Jnn~11J'lJ 1m 1 vlu '1'IJM'()~L~UU !11.l.jJDlJfUffU~~1Lft'\J~l1unM~1u 

ll'1'l"li,.nlluM'D~tJfl9i Uft~~pu.jJtl1Jnln{J~ TIM IT Q1Uffil~U 

9'11'1' 1~ ~ 5. 1 m 19'1 'l' 1~11 1f111lJ ti'{J ~l1l D 1li flO ~'\J D~ m D UtYCl/ tlPW liYtH 191Ulm /JUt Vi uu n1Jfh~Yl 

utl-3 '\JD~.jJij1JflLffll~~l~" 

'IIilfl~IIU :IUUfl'~ 

! lu,rtn,jll 
'lIilfl'Ull~fll&\J 

li"qJt]lWi~\~6~ 

1l1UllH1181J 

nqJ tylwlatJ.ni'~'t1Ufl IDtl-ln8-l lao~'tinfl~ 

(01 .. ) (%) 

Lotus la[J~t\'il~ 253,229 79.89 20.1 1 

(Clean Speech) LDlI~'liIi'8~ 209,126 17.44 82.56 

Lotus ,urHntH 262,329 84.84 15.16 

(Office Speech) latl~',JnM 208,088 23.76 76.24 

Spoken Digit latm)8~ 31,752 83.85 16.15 

(Clean Nu mber) ,Dtl.:j'UnM 30,601 17.77 82.23 

Spoken Digit latl~n8.;j 12,249 76.73 23.27 

(Telephone Number) ,UO.;j,,;tiM 19,773 19.32 80.68 

IUU.;jli'8.;j 189,734 77.93 22.07 
TlMIT 

tDU.;j,,jli'tH 115,492 19.91 80.09 

....... ~......... J .. ,.. 
11imnlf'l'S1z 'HA{ff'l 'S UII," ,"~I'If -31{f\t 

L~UtlU ~ tiu f111 1J~~fi ln~~ Ln~~ '\.I 'ill flm, 'H 1m 1lJ flU ~'H 1 U 1~ flU ~'U U ~ nty tyltll IU V~ 1 ~ tI 
nll VUIl1 vu ti1Jfh~Y1u U ~ U~ , ~vhfm \'IY1fftJU nu 'H lf111lJ 0'f)~'H; f) 1 ~ flf) ~'U f) ~ nty tylW LUV~ 1 ~ tI 

1 ~nn ~ lUU n mj lJf)f) mU\t mj lJ'Uf)~ ntytylw Li1V~ O'MUftZ n~ 1J'Uf)~ ntyty lW LUV~ 1~flf) ~ ~ 1t1 

,zLiivunnl'1Lf1'1::M~fff1;iiLLuu~loti~l~u ~~11m~f){Hm:ltllZfhtity'Uf)~'I1~oUm~ftNmi1'Hi'ul~ 
~ , , , 

1um'~1ILumrU flf) til ti~ff'HnJJ~uli'fi'fJ'~l1f!~ 1'U'U1 ~mllJ~ 60 Lih'il4 ri~ 320 Lih'il4'Uf)~m f)u 

ntytyltllliYv~LL9iftZ n 'f) U l¥lV'H1~11flZUUu~1~'111nnU~lUUnn'f)UntytylwliYv~f)f)mUULUV~ 

li'f)~'H; flIU V~ 1,j1i' f)~,ju 'II:: '1h tII~ lJf1111.n1u 1 'II 1 u m" Z1.J1 1 m f)U nty tyltlllUV ~~ ~ 111'\.1 n 1 tI VI 1 1J 
• 

n~lJtr '\.I jj f1 111J ~ nil f)~I-W V~ 1 Y'I 
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. . 
ntJ!1t.J.~[l\!f\LffU>1 Lotus 1l'111! U 111(1~~l fl!lU ~(I\!lUti'tl~ Lotus ii~1\J ,),uU'l ::: lrJfll fft.FlYj~LYiU -3VHl 

fill1 f Ut11'l ~1'l1~.,j' {J lJ ~ "tl n ua:;'Ii' (1\1 ,WI~ffijtJ ~ Til ~~ 5.2 II rrY'l~f.I n n1 'j ~ lU '\.t fl f)'i flU ntyqiltlJln {j>l 

[It} mil \.I m '[Ill ntyt"\! 1W ,nU>l nt1~ 1 La::: fl'H l1Jnqrt1!ltu I*{J~ i li Ilv Il lu l1UoU'V 1JfHfflN Lotus liuuYI fl 

Lln1'{m1t1tJ (Clean) Ufl ::: !l'U"'t11JflLff tl~ Lotus ~U'\.lfifl1.uM'(I ·nJfl~ (Office) 9l1JJ~ 1~lJ 

'1m H~ 5.2 nTHI 'i1 'iJ 'H1fl11lJ IlV>ll1l {J , li IlV4'11fH m fl tJ niY tyluHffU>ll flU '1. -ti' t11 'j ~ lutlfi fl ~lJYi' ') U 

nflTl1Iflll :::M'?iffflliiLlUU9l,;.u&ulu!1u'li'nl,jfllnlN Lotus 

.. i4V1~IIU~IWtl'i\' 
,1i~VI'UMn,a\J ~lUl'\.Hl18\J 

!lu,ralJG 
i¥tyty'wth:l6~ tf'tJ! ty ltulatl~~~l1l1V1 

tUtml'tH larH'~~6>l 

(010) (%) 

Lolus ,urmlfl.J 76,264 77.78 22.22 

(Clean Speech) lalH't.in8~ 64,017 16.5 83.50 

Lotus ,OrHf1t1.J 7[ ,644 74.56 25.44 

(Ofn ce Speech) ,iitlol'UnM 58,081 16.17 83.83 

Irln~ 'ill'S W, r-Ill f11'l91 'l '1 'iJ111fl11lJ liD >ll1; 0 1li flO -1"0 -1 m 011 tYtyt)J1UUffU-1 1 U ~ l' 1 -1 .~ 5. 1 

Ufl ~'1m 1-1~ 5.2 fill ·il 1u m, ~, 1~ 11lfl111Jf~ tN »; U 1 li flO-1'\J 0-1 m 011 nty ty1UJlff[J-1 1u j 1U ~ OlJ fI 

l19ifl~ ,j n:mYl")1Um,'i'tiT691t1'M'Li'lJ'liwt~lJln~'flrn'u'Ib -1 f111lJ~ 60 Iih91'!i' 0-1 320 18'1JI'!i''\J 0-1 . . 
m Oll tYtyty1UJlffU-1I19ifl ~m U 11ltl'U ti nll tu :: YI1-1 rf1U ffYlf'llrf91 {U' U 1 ,xf111lJU n,;) 0 -11 ~ (II Q ~(II"h fl11 

80.50% ILfl~ 79.92% ~llH;lY)l1 

lrtij~ '1" Ul1F<! f1 n l' m, o;J, 1 ~ 11lf111JJntl-111; (I 1li flO -1 '\J 0 -1 n 'i tl11nty ty1tu IfftJ -1 1 u~" 1-1~ 

5.1 ~1111f1111Jun,;)tl -1~ 'rJI~lnj1U~OlJfllff[J-1~11fl'\J~uuilin~1U11J 1fl'i l~u luM'tl-1N[J11 U 

fl11lJ \} n';; tl -1 lJ1 n~ q"V'I II fl~ 1 U j1U,r El\jfll 11U-191 1m'\J~ -UU Vi nrJI1u1 YI 'i ff~ vi1 U -H' 0-1,j n~' ~f11' JJ . . ~ . . 
U n~ 0-1U' U uVi 'flY'! Vi L1~U I 'tIu UIU 0-1'11n nty ty1tu Iff U-1Vi 1 vi' ~ 1 nm, UU iii flYi' 1u1 YIl ffvn,1'U,r tl-1 t1 fl~ 

J'U ~~ Ufftyt)J1W' 11 fl1'U vf -1 ~ fl11lJ a\!" -1l1fl~ fl11lJ a ~ltl'U El ~lJ1 fl ~-1vi11-H' ti, UP] tYl1 fflJ'liU n~ 1Yi'J U 

HY'!I~ UU 1 tI ri -1 F<!fl 1,r n 1 191' 1~111fl11lJ flO-1l1; f) 1li flU -1'\J D-1 n 'j f)ll fftyty1W IffU-1Ufl11lJ H<;tl"l fl1Y'!~ U 



(1',) x = AaD.m:>~OO 
( 

,",O,L ) 
00 I .I0.l.l:!lIDl0,l /01°.1 Yo 

n; IA.UUrt.uUU!~l rntt1.lYIHUll,U (h:lllJn:>:>v) N.u~ui.\rtltylm.lb1tanl '\ 
f' ,ell' "~"I'I' 

G~ t:~~ L.."L!6L~nLLrtUGG 
• 

ttWR t~1..P'~ tI."o-l f}u.~ n ~ "~ ~~ :: tUt HilL 11b t tU nil.:: U GM,c,ltl! lA.&::1 po }i::l tt~ltUtl ttO tunl: 

n!\~~ l HilL .t~~t-f\ H.lll!p::U !6lTlR 0. nn,~U1IA.~U!M.~HIlLtlJ::um"GI6UUrtltlJntnl(!' r ... f'''' ... • . . 
~ll\,t-nH.I1LI6 ltmn"lll~Uflt'::UI1 nl\~LLaM.~H 

, • '1" • ~ l' ... 

Illt Y ~~!1pt-f\ Hill ~~ ::t,l,ll ~ G~::o. n~llu l r.[1~ L l" l\t. tl6 ~t-f\"11 L ~ ~ [1L L~ 11M 

r..~ II W~tn~ly ~f04 L n L h:: t~:: t.Ll w~mt rUU'Ofl.LUl 't-llAl6f\,ma f\,l TtHl o.lla~, 

(UO!I:JJ:)O) I:6ll\t-rU~l1l~ 'f 

n~n' rut 11l ~ l~ n,tt~ L U~I! t t 16!!" fti-tIlL ~u n l' :::U1I ''0 ~uu f1 L!!" rUt 1ll ~ nQ 1 .. . 
n!l~L l"(I, tt lb!!"!t" n l ~L~G IP (l, :: tU t-fl~mt fl"!I-1,ftL!! n9t-1l~1 n lfl" t1.Q '!!l u t U't¥- ~. . , , 

"Ol\,l6l\,mo 1m LpG n.tt~L UU\U 16!!" f\"' It ~l~1l Moty,! t'fl!:!'Ili' ly~ JA.L t1.L h.:; '!! . . . 
t'fl!:!1I1t ruu-an.U.1lIHlAl6l\tnQR.n.lI 1 L ll.tllt S "~t-f1 l.t1Tl ~n.n~tn.f] WI SLUl ~G~l 

(UO!-U::ISUI) nU1Nml1U6 "l _. . 
t-G~U l)~t-rtl.t 11l~ M.1J1n1\~ L ll.t 6 t tltI 

. . :: SJ,l.t-f]~1f]t rtl.t nl;p1!lu.t R t!bt-G ~16~tn. Q ~M.lrGM. 1\1 L l 1.t6t 116 
. . 

1A.t-n" lIl16Lt IlU::6 1'" ' .,. 

~ t-f\" I1l ~L~ n.M.t A111 t-f]~mlllV ~f.l L n l h.::s ~t-f] 21f]t !11.tt-G M u.t Rl LU6 ~mG~ 

n.1I }tL LI.t6t116~t-f1I.tT1l~n.Il~tn.f]Wl1LUL~G~' t-Uf]LIlH t-1l16uiilA.t-M.I.tT1l16 • .. 1"" • 

(l:>o.uO:» t-GlwiilA.t-M.l.tlll16 " .. 1"" • 

1A.t-M.I.tT1l16UM.11l6UUlllJ,l. 1'" ' • • rtll&6U11 HIlG . , . 
1l~lA.tn:art £ M.[J-1UIl1l1LlI.t6t.t1&6 

::tJ.1t-f]~1f]t!1l.tflolflL~M.~t-f]~1f]tf\Ht-GMrmllL~ 

G ~H t-:. 6:: s.u t-f]~ 1f]t f\Ht-G ~ n[J-l ~t-f1 1.t11L~f)t }tn.IlU ~a f1::6 6 LIl M.1\~ L LH 6t 11&6\! t-f\HI1L ~ 
. .. ::1.u 

t-G~t-r-Hnl16nlJ',ttl\ml.tlvui.\p-~L~M.~lt-~~GIlt-~ 'yu.g~utlnIlY~n.IlO-T::.tllt~ U1T1M.G"tl~Ul6 

~L~t-Il,kltll~lmtib1b'pn.GSUtG~ ~1Ii.t!1 00£ l~UUlll~tf)~Tml1b1b'p-t-IlM1lH'12MULlln~Rtl~~Gf) 

U 1l~1 ~1" llUf]~ l :: s.ut-11 1.tT1l ~ M.[J-l::6 rt.u::lrt 1.t116t-111.t 11l~U a~l.tLU tl1JI::6 UM.a iii n~M. l 
• • • 

:::'-Ilt-QM'tU\l1Ll!)l".t.lUnQJ1~IA..t.LUI.1H 
• • 

L> 
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2. IlJO{'oUU91fl11lJUU'Ufh (Precision) fll1JllOfilU1Wi~lJlf1f1lJnn~ 5.2 

. . ( Comet ) %preclslOn= x lOO 
Correct + Ins.Error 

(5.2) 

3. LUEl".'jUt11'l111Jfl'Hll.JtHllJ (Recall) 1'fllJl'HIf1l'U1tu'~'i11nrr1Jflll~ 5.3 

" II ( Correct ) J 00 loreca = x 
Correct + Del.Error 

(5.3) 

1."~ • ,..l ... 
Ins.Error "" ~TU 1'U 9i lLll1 'U ~l'Ilf1U 

• ,. 
Del.Error "" ~ llJ 1\.1. 9i 111 'H'U ~ 'n'\J 1<;'1 

Total • 
"" 

. , 

~ lU 1'U rf'l :ai ,n11J~ ,h:::1,1 1 'U 1 yJ ~ 111 fill IffU'I 

• , .. ,. 
Tota/Error "" f.I ZI'l11J1J fH~llJ 1U"; 111 'tn.t '1'Y1 Lfilm n::9i 111 \ill >1 'YI'\Jl'i1 

• 
lltrn:aUU'il'Uv 'I An fIl'l 9\ l1'i1'H l ii lUll U 'I ff'l::: U fI''il'l ,~~ 'I rRV , tlti 

• 
nnm11llt19iluml'lfl''l" ::h,1iHi 

, , . 
tYllJ'l!ltu IUU '1l11J lfl fl'h 300 18191'; '\J 0'1 m flUtTtlJ EylWlff U'I flU ·rn, <XlJ 1 'i11fl,j' \.19\ {lUll'; n fifmTl 

• 91THn'l 

5.3 Ufl ::: ~l'lH~ 5.4 UfI''iI'IHflfll'l'1l'l1'i1l1ul1iLl1U'I'Ut)'IfI''l" ::un:::1.h::: n'YIinTmJ'tNl :::11111117 

9'I'S1'i1lt1ffl::'h.!jl'U'IltnlfUffU'I Lotus ~u'Ulif1hnffJ'I~utl l1lfJ Lotus (Clean) !1U.,j'fll,lfllffU'I 

Lotus ~UlfVif1 h.ll1't)~tJfl9i lilt) Lotus (Office) !1l.l~mJiufju~911LH'\J~,j'U~floK1(J'1J 1m lvh.l1l.l 

t1'fHI1(Ju liltl Clean Number !1l.l~m.lHla(J~~1IH'\J ~,jl.l'fifl~1U l'Y1HYVffl"'l.lt1'tl~tJflgj liltl 

" .. . .. Telephone Number IIfI ::: !1l.l'\J6lJfl lt'W~ TlMIT 91 11JH'~U 
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. 
rm::nnUlfI ~1IItnh~9fl91&~ , . l'11Ulni~~lihj fllnl~'nlllA,r1"'JA 

!l'U~II\1 rlLmn 
ftllL""Hn'lllfl 

(Vll) (iillltnh) (ftlLllnl1) (fl lll1ni1) (91mmh) 

LoIUS 

(Clean SJ>I'teh) 
21 ,514 19,960 1,554 1,680 3,234 

Lotus 

(Office Spe~ch ) 
23,935 22,184 1,751 1,760 3,511 

Spaken DI~II 

(Clean Numbllr) 
2,620 2,606 14 96 11 0 

Spoken Digil 
1, 172 1,068 104 81 185 

(Ttlephone Number ) 

TIMIT 23,547 2 1,229 2,3 18 942 3,260 

91 1 'I l >1~ 5 4 tJ 'i::fi'fl~fll'n'\lt1>1'I :: tJtJnTS91'i1{)\11ffn: 
• fIlllJlL,huh 

91UoUfl Sji:IIUtl-l 
mllJQflA61 fIlllJ mil tI fl~ tJ 

(%) (%) (0/0) 

Lotus 
84.97 92.34 92.78 

(Clean Speech) 

Lotus 
85.33 92.65 92.68 

(Office Speech) 

Spoken Digit 
95.80 96.47 99.47 

(Clean Number) 

Spoken Digit 
84.21 92.95 91.1 3 

(Telephone Number) 

TIM IT 86.16 95.75 90.16 

..:. ... ... ' . ... ... ,11 · • , 
UJ t1'Yi {In Wl t11 1 1J~ fWI 0>1 fl1 1 lJUlJUUl UfI ::tl111Jtl'HlUtl fJ 11 'YI1 n~'\I'U 'U! l U '\I [ll,lfllffU >1 LL 91 

., .. . - "' . 
fI :: u'I ::: Lf1'Y1<l1'~'YIlmH1'l11)11 1 'ff'l ::: "'1V1'6fl1'i'YI'W1 L'ff'W6 . ~ ~ 

'f1 'i 11l111'1i lU ml ~'ff'l di 1 ~Ill OJ 1'W ~ f)lJflU~ fI:::1.h :::1fl'Y1t! 'Wij fil L vi 1 ntJ 87.29% L1fl ::: I'W MillO 

• 
I ffmVjYl , II jl'W ~ f)lJfllnU~~hlll1J t! 'W ij~ lll l 'W 1h::: lVtl U DUf11l Ln U>1Vj'fl 'l'W jl'W~6lJfl LffU>1 Lotus 

1J 1 0 UfI :::~ '1i lLlm.l >1Yi !lt1J'till:::9'l' lI1JD~ lff UWJ'fl ~1 Lfl1J,! II 1):::1i'l'W1 ffU~ lffll'flll 'YI'i fll" urh'W '1.11 qJ 
, . , 

1 • ? ~ • • • " • • • . , , 
'W'Iltu ::: lll l'W'lJ D lJ fllnu~ Lotus 'Wli 'YI911Lllll1>1YiUt1J'lfll:::'f1'WllfI ::: "~lIt1J'b''W ::: 'VI1V l) :::u'i ::: f1 Vml l l1 
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. . . 
U01JlJf111lJ ~~"'H11Y1 

1110 frh 111U1'H ~if tJ '}:: all n 1llV'!"U fll l 11 1" 1'1111 t'!'l::; 1 U! 11..1.11 o~ fI,iYV'Hi 11f1~ ~u'UYi n~1V 
'lJ ltl1 1 rlu ll!M'v'lNu1Ji'l~~tlll u9i'lh:::fi')1iimffluf1l191'i1'1l11tYl ::: llJ! llJ,j'tJlJnlffv'l9i'1In1J~ . . . 
uuYinll1v l1'1'ifY't'nl1lJlftNtJn~;;'lIuu '11 rJ'IU n U~1I::ij~lU1t.ltJ l::: lVflU'tW~9111J njf.H'illf1 

• 
I ffU'IX1111u ,!lU,j'f) lJmJ 1" ::lflYlU ~ n1lJ fl1U 111 mfiy fY1W 'i lJf1')U1Jl n U'I ri 'I r·m 1 11 In'fltl1 llJ AVll'l "fI l fi 

~u hl'I'JO'l ~lUH)u'U{I'Im'l'1l'l1lll1H'''i ::: Ufln1l1 nrlfl')11JFi'fl'VtfllYl~ln'fl~'U 'il1n~UJllOU~ 1 utJ1J 

ff'l r-m 111' til:: ffYl n f11Vi 1 \.J. tn7 '11 'j 1'011 un :::v'hvii ~ ll11nu 'Elii' ,,11 t'I '1111V1iu tiu 

f11 llWIfl f) \l1~lJ 111tl11lJ A'fI'Yi fl l fl~lfi'fl~'U '" 1 nil ~ CI::~ U9'I tn.! 1 U fil l ~'l1'i1111 ff'l ::Ju lj 

n nll OJ.::tl nlV 01] nTll'l'iHltJ 'I ,..1t:l'YIVlffflUtl l :: ffYl ii 11111 'UtN n fill VI 'I 1'i11111li, Ul1'\J 'I ffn:: ~t11 Iff\.J. {l 

U9iiifl111JU91 mi H flU~,f U VI flU 'Un'! on 9'1 'l1'i1111fl11lJ O'U'III fI :: 'tinm'Uf) 'I fftyqJ' OJ. Lnu'! ~ 'I ffl1J l 'l fI 

IItl'lovn'lI,flu 2 nnil ftf) mw~ 1 ftfl fl'iW~Y1'l11Jf1111Jfi''fH'U'fl~lffU~mflm19l'i1'il'H1f111lJ~O~ 

111 tl ,~ ntl ~'U'fl ~ m 0 utYl.1Jl.1J 1 W IffU~ 

tiI.1J1.1J1WLffU~LIlIu'flU 

• • .. 
! lU"f)SJllI ~tJ~ 'l!iA1'l{j 'H1CJ1:: 

Lotus n1til~ I 

(Clean Speech) n1til~ 2 

Lotus n1til~ I 

(Office SIWech) n1tilii 2 

Spoken Digit n1til~ 1 

(Cltan Number) n1til~ 2 

Spoktn Digit m tilii I 

(Te]ephone Number) n1til~ 2 

n1til~ I 
TIMIT 

n1til~ 2 

• 
"" m W ~ VIl 1Ufl11lJ ~tl~'Utl ~ m 'flU 

,1'Uflf)'U~ I ,1Uflf)'U~ 2 

• H'lUJNfl1'IillR • H'lUJNGiVH'IWI n'lllJ~nflfH n'l llJ~nflf)~ 

(%) (%) (% ) (%) 

81,23 18.77 84.97 15.03 

100 0 85.91 14.(}9 

80.54 19.46 85.33 14.67 

100 0 86.06 13.94 

83.06 16.94 95.8 4.2 

100 0 95.98 4.02 

78.71 21.29 84.21 ]5.79 

100 0 88.08 11.92 

79.0] 20.99 86.16 13.84 

100 0 87.59 12.4] 

~ , ~ , , , 

'liU'1IDUVl I ILfI::: 'liU9I{JUVl 2 'U9Il"il~Vl 5.5 1If1 :::9I 111~ Vl 5.6 ft{J mHl11'iJ'H1f111lJ~{J~ 

U(l::: '~n'tl~'U{J ~m {JU tYI.1J1.1J1W IffU~ LI fI ::: flllfi ~I ft{J mi1U 11 U ~~1l1lJ1 ::: tnHI::: ItlU 1'n :::9I1lJ n1~U 'ill fl 

9I1l 1~~ 5.5 i'l"llJ11 fI 'H1 Afl9i WIJ tN f111lJNVll"I fl 1~~ Lii'fl~U 'il 1fl1i~ U11i'l"U {J IL fI ::: ii a1 ~e ~'U o~lI9i fI ::: 

~tl9I{JtI'~ ~~mWI~'~~~91111~~ 5.6 
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~ 1'l" 1~~ 5.6 f.l Zl9i 1 ~'\J tl.:3f11111 r:iYiVi fi'YI~ 1 fi~;f 'U 'ill fl1~~t.i 11ffU flUn:: n~ H fl .:l 11 'f).:j UI'l fi :: ~l.J. ~ flU 

Lotus 

(Clean Speech) 

Lotus 

(O rfice Speech) 

Spoken Digit 

(Clean Number) 

Spoken Digit 

(Telephone Number) 

TIM.IT 

" ' 
NilviH'lJ i).,mll1~flYl,nfliilfifl'IJ'\.lm n~illhi lltTlHllliI::l~ IfHih (%) 

. ' • • 'Illtfl8ltl1 1 

18.77 0.94 

19.46 0.73 

16.94 0.18 

21.29 3.87 

20.99 1.43 

, ... ..; .. ,I .........: 
Hn'1lVJ"'ij.:j f1111JH¥lfjnlYl'YILfWI1J'U\llflfl1''YI~ntJ-1 lUnlW VI I L1f1::mWll 2 'iJ lfl LL9In::: 

~ " ~ . 
'Il'U91tJlJ '\J1H!i] l'U,y6\!fi u9i n:::1.h :::1n'YIliUrf'il-11 'U '1Il'i l-1lj 5.6 '\it.! LI ff'fl-11 t1' L l1'U n -1 f111lJ ~filYi f'm'l'Vi 

liiY'l;ft.lmn~'U'1IDtl~ I ijHfI~flfnllJr:iYl't'Hn'il;:\tii91;ful'U~'U91tJ'U~ 2 mh-1h ~-1l1tr'il-11lJ~tI~ 5.1 

• 21.2~. " ~ 3.5 
N 

~ , 
3 0 • , 

~ 2.5 • Lot .. (00.., Sp..ch) 
~ • Lot ... (OI f"'. Speech) , 
• , , Spcton o;gi (Oeon ~ 

.~ S;>okon DiI~ (Telophone ~ 

1: 1.5 """ ., ,-• , , n . • 
" • 1 ~."" , Q.n 

~ 0.5 

• !!i l&,9',O.18 
0 

0 5 " " " " fI'"UlA"'tlA,i\lIA1/'iA4u1u",u.ouA 1 (%/ 

• 
'il1npHi 5.1 'iJ ::LMU '~iltl11lJAYl"'fll.,.liln~~\.l'\.l,j'\.l91m.lli ri·,u .. m 'M'ln~tll11J 

A~'1·Hll~ I~1J~\.l 1\.l~\.l ~m\.l~ 2 '\J6>1U~n:: 511\.l,rm.!n1j'\J\.l 1~~1>1"1 fi\.l~>11~[JIU~[J'I'lU11 ,rttJ , ii~ 
fI111JA~'l'tn1Vl~\.l1\.l~\.l9l0\.l~ 1 16.49% ~ :: ri >1 r-Hl'M'fI111JAVl'l'lm Yl'U~\.l1l0U~ 2 1~1J~U 1.06% 

~ >1,1 \.l ~>1 1'n 1J 1 ') 011 ':1 111.Ji' 11 1 \.l flTiYl~1101J O1Hl') 1~11 Ui1Ul1 U >1'Ufl >1 111 'to:.Ji' 1[J1n 01') ~'\l 1 I11U oil 
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. ~, ~ 
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'. 12000 
~ 

" , 10000 • " • 8000 • ... • 6000 ., • 4000 " 

€I "'Il\l'll,,~hnU!l!1~ 
lSI "'Il\nl"ihl.lll~u'l1~ 

~ , 
2000 " , 

" 0 ". - N ~ • ~ ~ ~ ~ ~ ~ 

:! ~ <j ~ <j ~ ~ ~ ~ ~ , • ci 0 0 0 0 0 ci ci 

'II'''RZUUU 

lU~ 5.3 iff 1 mllm1JlltYVl~fH'If11 'j l»tlm'\.n.~ 'UEl>lo;ilLll1u.:j~~n~'H1 '~'\JD .:j!l'U.,j'f)1;Jfl Lfh.l.:j Lotus 

~uuYin'hnr{JnJn~ 

'e;; 1400 
~ 

!5 1200 • t; 1000 • -.:;; 800 t-----"--"---"''-'--1 6oot-----------If-IJ- --4 
.:1 400 +------- ---11-1 1- .,,-1 
~ 2~ t--------- -fH:I-{H 

.-- N .... .,. Ii> '" ... 

~~~~~~~ 
ci coO: C c::i 

'lh"I'I ~ IIUU 

• 
<j 
~ 

ci 

~ ~ 
q • • 
ci ci 

1:3 fllllml"fl~Ouin~ 
i.'9 fllUml"fl'hlll~U!l!1~ 

1 t1~ 5.4 iff 1 'tll 11m lJlU'I'V1>l r-m nTl l H'tl::u \.I 'U'Ufl>l9i 1U1111 >l~'1I ') 1~ 111 1 ~'U tN!j l U.,j'D 1.! iun U'l9l ') 

1i1'U~u'UYinI\1(j 111 lf1$ 1 ,~ 'U lul1'El.:j11 ulJ 

'Cl 700 
~ 

;: 600 
• 
~ 500 
• ~ 400 -I"'rs~L 

~ 300 +----------I!-fl--~ 
~ 200 +----------j!-I!--~ 
; 100 +----------!I--I I--,,~ 
.:;: 0 +-~~-~~~-.,uy"-,,...,ll~ - N ~ • ~ ~ ~ ~ m 0 

:! ~ <j <j <j ci ~ <j ~ ~ N ~ • .;, ~ 

ci 0 0 ci ci ci ci 0 0 

'lhIlA: UUU 

fJ fllU\lU"i'!1I~U<1 1~ 

~ IillLl\lU"i'!'biUluAl~ 

1 tl~ 5.5 iff 1 YI'J Ufl llJU rf'il'l ~fI f11 ') 1 11 1'1:: IIUtJ. '\IV.:j iilU 11 t1 'l~Vl 'i 1'l111 1 I\'U{J 'l! 1'\.1. .,j'6lJlIL~lI'l9i 1 

LfI'IJ~,jU.yj fll\lU 1 'tl'jffvn,'ul1't:lnJ n~ 
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fl1 1" 1Lfl 'il::t1fl111J ~ n9l' fl~ 1 'U fl1 'i 1 H' fl:::::Ut!. 'U'UfH9i l U 11\1 ~Yim 1~111 HIll' U lI:::::vhns fU 1 (i ~ fh 

tl111Jlil~:::::Lilu Lrlt)~111l1UIl~"'i1\l't1 1 ,~JUlh1::;IIUU 'tI,b~f1iHI"] c;~Llff~H '~~>I,t1~ 5.6 

fhfl11lJllll)::llh, 'U V >I'; lUl1 U >l~91' 1'0 111 1 ~ ,rlv Jj fl ::: Uti u , 'U'lh~ I1il-l'l tll1Jl 'j fit; lU ') W U' .. 
1l1m'l'1JnTH'l 5.4 

1""~ p 

N," 

N NVo 

1.2 

1 

• g 0.8 
" • .; 0.6 , 
::; 0.4 
• 0.2 

0 -2: 

• ." 
• ." 
• ." 

N M 

<; <; - N 

<> <> 

p ~ -;-;--,-N","'C;--_ 
N YQ +NNVu 

thfl111JUl\1::tilu 

~TU1\..l9il Ul1U>l~,tI'\Jff'l::::: 

hu TU 9ill1l1lj -l~ 1liailu en:: 

/ 
fZ-

/ 
/ 

j 
~ ~ w ~ ro m 
<; <; ::i ~ <; ~ M ~ ~ 

<> <> <> <> <> <> 
,bllll\::uuu 

(5.4) 

_ Lotus (Clean) 

_ l otus (Office) 
_ Clean Number 

__ Telephone Number 

. . 
n n 1..r fJ::U 'U'U'; 1 Lll1'll >I ff'H: Yi~hru 111J1Vfl11lJ 11 9i 1111111 >llh ihnllbmff U-lt'l'l :: 'iI ::: ~tl >l U , "' .... ' ... , '" , .. ".. " ft::mnUJ1f1 lIa:: 'UtlH~HfltJ.'\J'1J 911Ul1"'U-lYl 1J 'lI'I1'U1U1ffU-lffl::1l::m:mJtl::IIUUUtHJ nT'j 

'VI~ ffDUfll'l 1 M' fl::: IlU U ~11 L 111.4 -l~", 1'i1111 111 ~ >I{I fI Ii 111U9l 1 t1' ,tlu 9i 1U l1U ~'\J{),l'HU1tJ1ff (J~ ffl:: 

Ui'I'YH~1{Jm 1Yluj'u '1ultl~ 5.5 ~~tJU1J1{J1~ 11 ';1U'Hll~~'~f1::uuutJ~ '1\.1 ·lb~f1::uu\.l~~~Cj J\.I 
I):: ~ f111 UU HI ::Iilu~,; 1U 'HU ~,fUI) ::: 1 i1u,; 1 Ul1 U ~'\J tJ~'HU1 tJlffll~i'I'l:: U1 n IIi'! t '1Ul'l NVi l .:j o'U;; 1 U 

111 n~111 'H U ~~, ~f1 :::11 UU tJ Q' \.I'lb~f1 ::u \.I 'U~U tJUi'l ~ Il:::Yi 1 '1 l1' f11 1 lJU 1 I) tlilU ~ ~111 'HU ~J UI) :ailu 

~111'HU~'\JtJ~l1U1tJ1ff{J~ffl:::~fhUUU'1l1lJ'1l~1V 



.... • I 

llim~ml'\lmVl ll1t1U~i1'''::'''f),l Howitt 

d 
'YI 5.7 

ifintyf\llOaatl~o{lmtiu 

m6ulitytyl1l1 

- , 
300-900 LII19'I'b' 

un::ti""nmillll!uv 
"IHu9in::'fl1Jntyt\llfU 

tif\LnonfJflfl~tl~l~lJ ' 1f111.Hl~"tH 
l1 n~~lU~fl"\J1t11'~ 

lln::111fl11)JfJl1"O~l1Ultiltitl>1J.U 
~1t11::LiiU1J1if1fl'ULlf1cJDnn 

. 
Ll1'I::o"" nmrfl'3'lV> 6000 t1'r~':hn;; 

VVf\~MJllhj'.,j 
'lilu )1U~~'::ltllJ ffn: 

65 

.,- -'!1J'YI 5.7 1 '6m'i91n'1111n'l" ::: "'fl~ Howitt 

... II • ... .. ... 
Howitt 11 1J 91'\.1 '11 f1 fn'l" '\J 1 fftytyltu ln' U'IlJUWI 

. , 

900 181 91'11"~ ::: 1'),6'1111 01'j ~~i:Ju6'U t) ~u ~fl ::: m t1tl1i'qj tylW 1 u'\iu 111 (ItJ. f1i {J 1J1f1 f)t1Tl f1 ~HHt1 mmV1l; 
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. . 
tl ~1~1I 'I1 1fil t.l i wu 'fl ~Yttr H1U lift1U lW 1 ~ un ::111flllWl1'\J6~'Ht11t11ff ll~UU ~1(J';:: IUU1J1ifl 'flU 

11 n~ ~ll"" 1 fllI~l LIlllt ~ ~, ~,fu '11:: fil l1UYI , 11' L lIu 9i l tlln, 1l'U{Fl ff'j :arl6fl ') 1 1.I(J11'\J{) ~ ml1OLnU>lU fl: 
... ..... ".. ,..I • 
fJlI '; In,, '1IY'l'!!'lW 11 1 nn 11fmJ fl L1lJ >l1'l 0111 Ufl 

I . ~H'tn1Y1~tnltJ 

• 
nn 'YI'il tnmtll:: nnn 1l1Yt'U [I~1:: 11 11 nll '111 1 '1111 11'11 ::~1{J1i n, '; 11 V>l Howitt uu 1 ~l'i 1 fl1 '; 

~"nl'j'1l'i1'i1111~'U'l1t1-l'\J6~fI''j :: Ilf1:::1.Jl ::il 'YI1i11 1Yt'\lt)~1::1J1Jnn'1ll1\l111 

n1ztYnnm filLltni~~gn~e~ I'i llLlnh~'Ul~ Ili l lL\1t.i~~ln'U fll1lJ m." a , .. ,r>llUffl 
!1u,r'''JcnuM 

(Al) (filLllnh) (ihlltni'l) (tilLl1ni'l) (ti llnnl'l) 

Lotus 

(elun SP<'cch) 
2 1,514 18,388 3, 126 2,456 5,582 

Lol liS 

(Office SJM=uh) 
23 ,935 19,405 4,530 1,702 6,232 

Spoken Digit 

(Clean Num~r) 
2,620 24,73 147 168 315 

Spoken Dlgil 
1, 172 1,044 128 92 220_ 

(Telephone Number ) 

TIMIT 23,547 20,180 3,367 2,013 5,380 

d _I...... )I ..... . 
91 Tnn1 5.8 ul:ffYlnmYt'UtHl : UUfl1Hll1'11t1U'I"i ::mtlT6'ln:n HOWitt 

fllUI {l fl~8~ 
, 

mll1 l1l1 lUh fl l l l1f11tlUflQJJ • • 
:p~"inJlmnJ~ 

(010) (%) (%) 

Lolus (Clean Speech) 14.05 88.21 85.41 

Lotus (Office Speech) 13.97 91.94 81.07 

Spoken Oigil(Clean Number) 87.98 93.64 94.39 

Spoken Digit(Telephone Number) 81.22 91.90 89.08 

TlMIT 77.15 9Q.93 85.70 
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... ~ - ~.. ...., .' . "' .. 
2. fl1111 fnl::t1f4an T~I u 1tllJIYltlUfn'lt'll"lfi'lltHflT'i'tn I>Iln't1'·H i.'I'1 ::1::\111-.11ti 'litH Howitt 

nil:: iii~1l1Ia\H)luiYlf11ihn..!~ 
, . 

111:: n'YI ii m'Yt'llm11i n 111,-, n 11 '1111~ 11 Ui lU 111.1 ~n'j ::: thl11 nu miu , 1'i''I11lJllm UUI'f1UU 

.., _ I ..... ...", .<I , .,; • :: 
f11J1J 1:::nVl'6 t11rl 'IIt).:j 11i fill '1Il1~ 'H1f1'l ::: 'lJf) ~ Howitt l'r .. tJ~ 1n :::11U 011 '111 1 1:1111rr1 :::VlU l UlU tlU u 

ihJ 'i::: nYl i fllVn1; tJfl11lJ \"!n~ t:l ~ lJl m! fl UII til l1U 011 nIl OUI nuu f.l a ft'W,j'U ij~ fl1'l l119i l Ul1 u.:j ff'l ::: 

1:: .. dN11i'llfN Howitt un::: n~'\.h IIff" >1'<Ji'vi>1'11 1n>1~ 5.9 

'1I11'il111a"i:::'lJ tJ>1 Howitt 

16011ihhlrJ'IHI 
.. 
lfi'llfU Howitt 

• !l'U"IID\lft Accuracy Recall Pncis!oll Accuracy Reta1l Predsion 

Lotus (Clean) 84.98% 92.28% 92.24% 74.38% 81.S00A. 91.96% 

Lotus (Office) 85.33% 92.68% 92.65% 73.96% 81.07% 91.94% 

C lean Number 99.47% 95.80% 96.45% 81.98% 94.39% 93.64% 

Telephone Number 84.22% 91.13% 92.95% 8 1.23% 89.08% 91.90% 

TIM IT 86.16% 90.[6% 95.75% 76.27% 86.59% 89.35% 

.J . ,<> .. .. -... l' , 
9111'ill1U'f1:;l'I141ttl"l . .I{J 141'1'1U1UVfUti IIft::"l1i01 H l11'il111rf1::"tN Howitt fl ULwn01nttll1::11 

1 :: 1111~!l14-u'fll,lft 'ff{l~X1'i11111l1il'l{l ~~1.h :: f1tJ\J~"lti j 1U-u'fll,lft Lotus 11ft:: !lU-u'fll,lfl.,riLfI'\J nu 

j114,rnljflLff{l~11 11116~nqll ~~1.h :: flOUJt"l{l 2I1U-u'Oljfl TIMIT fi~~n i ull 
114 fll 1 lWlfI'VtJ n tJ! l'U,rV lJfl l ffU~X1~fl1lJ 1 i l'IU nl1 1m utJ L nutJfi l'\JV ~ L 11 v11"u91 f1 "l111 

, . 
• 1 .. oj .. .. <> .. " , 

UfI:: LU011'!!'U91fl"lllJtll U1JtHllJl'Ilflfl'\JU'illfl2Il14"OljflUVI(l :: 

11 1 ::Ifl'l'l 1 ::111Hin 011 VI 1 "l'il11l rf1 d hl1lrf14 DUtl:: iii 011 1111 "l'il111rf1 ::'\Jt1 ~ Howitt 'WU11 

. 1 .. oj.. ".1 .. oj.. ' . . 1 " 01 .. .. ... .1 ..... 
IuD 1 1'lf14 Vlfl11U\1 fl~m~ 1 u t111'!!'14 9Ifl 11lJ LllJlW1 Uti:: 1 u Oll'!!'149Ifl 11Ufll UUfllllJ l'Itfl'il'\J14 'ill.fl111 01 1 

911 "l'il11l rf1 :: ~ lillrf14 V i.jti 1U1 fl fl11fll'\JO ~ L u V{I"'\..IlIIfl11u\1 fl ~{l~ IU {l{I~14 1l1'f111UIL,j1461 1If1:: 

" 01 " ..... .1.... .d ..... 
L U01 1'1f1l91fl11Uf11 otJf111Ul'Ilfl'il'\J '\..I 'il l fl1 11 fll19l11'il111 rf1 :: '\JO ~ How itt 114 1I ~ 'ill m 11 01 19l11'il111 . , 

t1'1 :: '\JtN Howitt uul-M'tin'ift~~l14l14'lh~f111U~ 300 li191c; O~ 900 Lij'91~IU14-ftflllW :: 'flNrnu 

ft'l'lfl1 rf91 {1 14 011 ti fll~O fl~ 1111111 ~~, 11lJ 1:: ffU 'il ::IU14 ff1 :; ~ ~ ,rio'; 'il11 W lfl1'W n~~l14 1 '\..I ,f1 ~fl 11lJ a 
300 lil 919i' O~ 900 lih9lc;'\J1I~mt1tJftt1Jt1J1W lff{l~ff1 :: Uti:; tin'ln-.1-.1 114ll1,f1-.1fl11U~ 300 li1919i' 

ih 900 li191";'\J0-.1mOUfft1Jt1J1W LffU~U1fifl Liltl~~~rf1:; IffU~mn11J lilu~tifl"uunll~ L ; (l:;lffU~ 
• , . 

'\J1~fl14 
.. ~ . .. ., > 
'lf~ ' u14 ff1 Ul114 ~'\JO ~ IffU~ fllI~" ,n 
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~ 11 L 111.1 ~~ll1lJ 1:: tYllll:: IUU trl::tT lJ ihnl 1U1 nll~ ~f) ,11J '!i:: 111 'VIi\! ~, 1.1'1 '1hl'l11U1U v,un:: 'thu.,r llJl 

,1Ju <i 1\.1 TUlJl n lu ~ w ::~n on!j\ 111l'H1f1''l ::~li mrw f),f 'U '1 ~ri ft~~lU '\If) ~ fftyqJ lWI*U.:j~ 1J 1 flf111 

300 lib" Ill'; ,111..J. ii' fi1::l llI:::m ~1T1tH'T'Ylffl 'L'f11'n u nTH\ 'n1l'H11111Ulnh ~ L'H 111::: t'flJ u:aihrrfl :: 4 ~fh 
... ... .... . ...., .. .. , ... 

l'l'H~l'U'IJtNfrt"\!qptlUnUnllJ1nml 300 18'191']j''lJt1.:JmaUfftyt1J1W ltHJ.:Jff'l::: U~::: fll'VUl.:JHU'IJ'tJ.:J 

d'iYi!!lWLUU.:J~1Jlf1f111 300 liHl';'IJ{J.:JmauffqJtylWLUU.:J~tHlb:al1 l1~U iifl11lJU\I'In9lHnU 

'\liN Howitt 

. ,. 
m" 

'1 U fll 'l V1Yl tHl1J till jll! .,rVlJfI TIMIT ~ 'Iilh.u il{J'n~~fl11::1 1 t1 'I flfllJ f.l flnl 'j 11f1 tnl1J~ 1 JI V'ItN 

,~ . ~ . ... ....... ... . .. , '" . 
91111l111rn ::: 'lJtH Howitt IU£J'I\llf1 'UU!j\f)U'UtH1ti fll'!j\'i1\)\11f1":::l'lU1LfI't.J.{JUU fl'f)UYl'il ::;l11fl1'i 

1lI'l11l111I1il Lim.! '1~ll1lJl :: fl'lJ Il:atlu ff'i ::: 'iJ :::9l'v ,n!, nt'll fY1W tiu 1J19'1111l111fl111Jii' n·m l f) , 1i fi tH 
, ~ ~ . 

'\Ill >1 m ijU nUJ t1J1UU ihJ 'I nflu fill »~1 LI 11 11 '1li ~ mnn n~ u 1J 1 t! u ii 16 our~ i ::: ,ij \.aatl~ 1li 06 ,n! 6V 

oil lrl6'mV'Ul~tI'Un'Unon"''l"11l111~1LLl1U~ff'l ::: 'U6~ Howitt 

'~tlu~ua~ lu'Uw ::: 66mau~ ua:::rn:::tl'l:::fflJ lijUi'l"l:::ri9ilUl1,j~'Il6~~U'tl~uu 1 tl fi6 ,g6U1l1fl 

laumi1~1tlv~~mau~11i1~ U6fl'll1flii' ff'l" ::: tl n:fflJV~Llti~66fl11l'Liju 2 'l:l'ii'tl fi6 ff1 ::: tl1 :::fflJW'tl 

laU~lg6U Utl::: 11'1 ::: tl'l":::fflJUYl 

ff'l" ::: tl 'l :::11'lJ'I:I'U'tllff U~ IgflU 1 tlu 11'1::: ri,g flU 111 n ff'l ::: ,au~ II 'l n 1 tlV~lffU~~ ~11''l" ::: 117 6I~fJ U 

1tlv~ff'l":::6maU~l1'd~~"'llJlJ11'lfU lUfllllTfl~n qlllau~ [ij] lUfh beat ,gflU~1fllaU~ff'l ::: [i] 1tl 

.... ~ , . .. • 1-'· • [1 ~ • U~'11'U~n~11''l ::: (j] InU~ [ell Utll late ItI{JU~lm11'U~11''l ::: [e] 1JU~Lff U~11'1 ::: : 11JU~U 

ff1 ::: tl'l:::11'lJUn Itluff'l ::: ~ln'tl~U1l1n ff'l ::: 2 ,ilU~tl'l ::: fflJnU LltI:::1~u,tlU11'1 ::: lff U~ll1l.i 
IffU~I~U1''lfU 11''l::: L6U Lilf) lUflllll1Y1u Utl:::11''l ::: IffU~ [al] lu~h11 like lffU~ [au] lufh-:h house 

Itlu~u 

11''l:::ritl1lfl!)luflllllfl~nqll'U1~ 11''j :::Ju tlalUn1J11''l:::ritl1l0!) 1Ufll11l 1Y1u uo;ilu'YI1~ . . . 
ftlll lffl11'91 {~:::ti D11 ff'j ::: l1i"'11 U 1191 n9i 1~ nm'l"l ::: li tl 'l" 1 fl!)l U fllll 1 , flU ~ ~il 

ff'l" ::: [ij] lUflllllfl~nq1l1l.im1if)Uff'l":::tl [I:] lUfllll11Y1u ~'l"'1rirn ::: [I:] lUfll1l1111mtlu 

11''j:::I~U 1 rhU11''l" ::: [ij] lUflllllfl'lnqllltlu11''l" ::: tl1::: 11'1Jtl'l:::lflYllffU'I ,gfJU 
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11'1 ::: [el] '\1l1l1111fl~ nCJ't:Ii t.ill11imH"'l :: L6 [e:] hUl11nhw 91H~t'I''i ::; [e:] lunnnhw 

li1'U1Y'l :: L~lJ1 rbunl ::: [el] tUfll\11v~nqllliJ1J1Yl ::: 1.h ::: t'nJth::tnl1Lfftl~L~6U 
n'l ::: [uw] h.lf'l1111fl.Hl'liliull1UtJU1Y1 ::fJ [u :] 1unnnhIU flH~rn ::: [u :] lununll1lJ 

lilurr'l:: L~u1 ri"l\..In'1 ::: [uw] 'U1l11110~f1qllLilurrn:un:n1Jlh:::ul'YII*lJ.3I~OU 

fl'l:: [au] 11.U11l:110-lnqlllum1ivUfYl::lo [0:] 'h.lfl1111''YIU 9lH~t'I'n: [0 :] 1UfIl1:nilllJ 

liI\H"l ::: L~Ul thut,., ::: [au] llUl1111ij-3nq\:ll~hJ.ff'i :: 1.h :::n1Jlh ::: ul'f1I*{J'llg[lu 
, , .. ~ 

l-n {);;1I :::~ 11 ,. :::11110119111"111n'1 :::)iu llt'l'\,IflUIl11J1:: fnJih11 r tJ fill 911 1 '11111rr1::: '\ un 111 1 . ' . '~Ull\lll1u-nl;n'lhr1J lUfill't1't1no'lili'l'Al'llnllYlf1tUmOllfl1111111t'l'l:: lf1uuunnmllu 

n1l9ln1Jll1n'n:: vvmih" 3 iifin 

I. fl1HI11'ill11rrl::~1.hln!J1ufl11J1'l1U1yjlJu .t'l1.h ::: nt11J~1un1 ::: ~HC'J ~'lt1'11J1HI 
• 

Urrfl-l 'R'fi'l9l1'iH~n ltlil 

" . 
Vl l'nrYi 5 10 rn :::fitlllf1tl1.unnn'YlUlvill.iu 

IPA 
v , v • tl'1::: mOlJH ",:::: [PA mtJ[JH 

• • Tn Tn, • i : ,~ 0: 

• • • w •• •• 0: , . 
• • •• w: •• Iflt):::: a U'Itl :::: 

~ u: ~. IV' a: ". 
• 

i a~ • IV e : IVU IV. l~tJ>1 

uti • • "D , IV' w~ a t~tJ\,\ 

T.: 0 "' ';1 ua: ~1n 

2. m, VI' 'HIl11t'1'l ::~th In!] 1 \,\ 1l1~1t1 >1n q~ ninl'U ;; nJ, :::: ntl1J~ 'lUn'l::::9il-1'l 
• 

rnUl' tl II t'l'fI-l , ~~-l9l1' 1>1 ~t) , tl ii 

• . , 
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9111U~ 5. 11 rr'l ::~tJ11n()'Uml:J16~ flqll 
0 

, , 
«1:: IPA 9l1tl[JH rn:: [ PA ~ltl[JN 

ij i: beat 01 0: boy 

., e: late ,u 0 : boat 

al al like uw u: boot 

behnhh , a I' I' hear 
believe 

au a: house u, ua poor 

f' 3a bear 0 0 not 

0' oa pour 

3. m 1"!fI'i 1 'ill11f1''l" :: ~tl 'n ngi ~ , '\J flun hwu fI :: 1l11116~ nt] 11 ~~l.h:: nt:l1J~1fJ fI''l::9i 1~1 
•••• 111if 

, 0 , 
lT1:: ~1ij[JH i1'1:; 9l1EltlH 

'n" 0 

IPA 'n" 0 'no D~mp:' IPA 'YlO e>3nqll 6~nqll O>lnqll 

•• a a •• nothing tt):: • e 1'11:: bel 

., a: a: "' f,on LI{) :: f f Lin:: bot 

;; 1 I • 
.~ sit 1m:: 0 0 Lf11:: lost 

~ u u ~ book 

.. ... .. 
91Tnn'\ 5.13 cmnnn'l 5.1 5 
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• lI'1::~tJ 1 'nn'\Un\n'Yl[J 
91U 'U01ji'l 

Total Correct Delele Insert 

LOTUS (CLEAN) 11,459 11,049 410 585 

LOTUS (OFFICE) 11,861 11,382 479 587 

Spoken Digit (Clean) 1,784 1,775 9 22 

Spoken Digit (Telephone) 651 602 49 I 

n~ 25,755 24,808 947 1,[95 

• iI • fl(;H tt'nlUaZ 96.32 3.68 4.64 

• § lU'U61jil 
a''l::~th lflfJ ''\.tIl1~ 1 'Y1tJ 

Total Correct Delete Insert 

TIMIT 9,017 8,166 851 93 

ftvllihd'{J[ra:: 90.56 9.44 1.03 

~Tll~~ 5. 15 f4ftfl l'jm1'i1111ff'j::~\hlnfJ l\Ull't:l l 'VWUI;'I:::nl 11 1t1~m11:l Lyj lJ'U 

! lu.ua1jfl 
a''l :: ~t.l11f1{J luflun 1Y1u 

Total Correct Delete Insert 

LOTUS(CLEAN) 10,083 9,3 18 765 214 

LQTUS(OFFl CE) 10,400 9,633 767 220 

Spoken Digit(Clean) 826 823 3 41 

Spoken Digit(Telephone) 507 482 25 7 

TlMIT 5,499 4,940 559 94 

n~ 27,315 25,196 2,119 576 

.. u So' mll tf'Ulua:: 92.24 7.76 2. 11 

fl U L m lIUlllUU f (){m::: 'IIv ~f11UJ\:! fill j) ~ r tl tm:::'\1 tH~l U 11'" ~I i'h...l UH::f {I{J 1;'1 :: 'U6~ ~lU 1111 ~ 
, " . " . " 

'\I1fl 1 U rr, ::;;1.1'1 flU 1 U flllj1 1'V1 til vi TU U rr, ::;;11 '1 flU lUI11111t1 >1fl qljlri 1U U Ufl:: in ::ntl' lflUli' >1 

lUl1l1on 1'V1t1Lm::mlj1t1>1flqll urrfl>1'~(;hll1~ 5.8 



nt~uU~~~'Qa~H 

R.lJut'9lfUlJ 

n LA. t LR.LU' rt L Ilu l 1fL~:: UJl H!!t t~ tLU n 1J' Lft L t!Gn.I.Ul tt~:: tm HlK tl6 
. .. tllmrL:: r.lttlltLflLY L~}t~I1S.L!U SLrtU.1t'!: nrt'~ ttllN1jt'1lUl ~ln.n.~lUtHt'~MttSf}~l n~~~T~ 

t'G~U urtLty ~ L L ~:::(! tJi 11 tl,VIJt }tf}~ Ullrt ~ln.~t' f\ H.l1l ~ nt nL ~ ::mn tlM' ~t' f\ li,11l ~nt ftL~ t'a~u U 

~:::U.1t'f\"tIl~ntftL~L!\G~lt'~ UUlnl't'lJ6U1611~1 nrn~~!.!'~t'G}fUl)fllt~ l~}tL ntl.l:m nr 

!AliI::;: sn:::u 1611::: tJ.l.LU!!t ttU.LU n\nn.~UTlu·G 16UO rtLtY::l M. Ull m tlC!M.Grtl rt L illY tit' til () 
'" , :r .. 1" " .. " " " ' 

~k~nQ,t\ n~ 1t'!1" lIl~ ntnl~t!'t!ll!'U flb ut'9 LRWrtL tlu l t fL~::: tJ,l. 
. . . 

::1211 16l!~UUttl!.!lt'rUUIL~ntttL~t!nrl!A.mlA L lflLUrtL !JUL t[\w:r..I.n~nM. n~It~I~tL!.!lt'!1a.UIL~ 

nt m ~ L m tL(I,~G~P)611 ldt~nG.tLt!n,ttl!A. TRllU t'.@lfuunL [jUl tft~:: t.u:::u Illty~U Lftt!f1!ll!A.' . ... .' .. 
n IA 1 L fiU lJrtL (}U l t fL~::: t.Lll J.l.!!t t 16 tL U n 1. to)fu urtlty L~ n~l!ll, t' MJl m GUillA. SLU I,l.H 

1611 ~I1G,tt nt m~t! ~ n!lL !A.1f)1A. L l RllJrt L IJu l t [1~ ::t.IJ , , ~ , 

::1!11 ~b~uutM.t M.l~U~M..tLl!4'nlA.~ lfUllM.t fiUlr.[1~::t.IJ M..tLM.~l~::r..lJM.tM.l~rtL "£ 
, , ~ '.. ' 

Itb ~n ll,tt M.t M.l ~I! ~M..tLl !41fllA. L lRlllrt L fi Ul t[1~:: t.IJ , , ~ , 

::ml Itb ~U lrt rtt M.l~!! ~rt,t\l ~ I R.UU t-.@lR.lllM.t fi UL t[1~:: t.u rt ,t\ItU~~:: t.u rtt M.l~ M.L "(: 
, , ~ '.. ' 

Itb ~nll ,ttt-ll!lU Urtlt YI! rt.tLl!A-I R.U U t-.@lfUllrttfiu l t[1~ ::t.IJ::I211 
. . . 

Itb~u Lrtt-G!lU [j rtltlJl! M.,t\l!4 Tn lA. L l R.L LIM. t fiUl t[1\!:: t.u M. ,t\t-G!lU u~:: tY M.t M.l ~ rt t "I 
, ~ ,~, 

M.N~ ItLfI. . . • 
~:: t.u rt~ M.l ~ ::1!1I rt~T~:: t.u tlt tll ~ t-G !!UU~:: t.IJ tlt M.l ~ tlll-IU llGU tl TIl ~ tl,t\)t L ~M.llJ! lA.~:: t[1 , , , ~ , 

flit 1 ftUUt-.@lftlll ::l!tmIA. ~ l IU lltlL t-~ fi Ul t[1~:: t.IJ ::I!TI rt.tLl !4TRUU t-kU Rllltl t fiu l t[1~;:: t.IJ 
..".. ' 

M.,t\l!4mtA. L lRlllM.t fiUU.[1~::t.IJlHl\tt~tLUtlt M.LU!lA.~::t[1t-~ tl~I,tt.VIt.ll1T S'~ ~[11 .. . 

lL 

lRlU::I!~lltlt OUlt[1~::t.IJlHl\tt~tlUtltM.Lll!IA.~::t[1 8"~ ~[1t 

-FtlJu,,~:t!" ilIA 1. 8 

np.L\o\1-Ft1J1J"~ lSI 
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JOJJ3 UO!l.IaSUI JOJJ3 UO!lalaa ,(orunOO\f 

o ~~"~ £O"~ ~"I> 

oz 

o. 

09 

09 

W"06~ I f---------------------------------'t~6 7~"~ oo~ 

'ph' oz:~ 



. 
U't1n 6 

.,y61'1!lua~.,y61111l6Ull~ 

~11..11~ ti ll VIiii' llJ m, 9'll1~11 1 en::: 'hufrU .:j"'J~'lJV.:j lJ'4 '),IV ~tI 11ff'U. (I '\jill mil Yil..l 'Ii' n ,juri' 

1 ~t.J.11i fl11 ~ l1 'il1119i 111m" -11'fl:: lUlnv-1'1:!Yl9i m.a tHlllll l 1 'VI U 1 flUfl11 1 ~n fllol tu::: fI Nff1U 

nYlfflff'rll v"'nh ::: m)1J~1U fht1'11rrlltY1J'Vi\nrlJln~t'{'fI'u,j1~tl111Ja 60 t1-1 320 libw; LLlI::: fh 
.. .. ...., _ ~ d ", ... </ " . .:; 

lUI.:j -11U'\l{J >1 ffruru l W 1n11-1 'fIlJl nn11 300 11I'S'1I'1I' 'I!' -1ft 0101 ru. ::: 'n1>1f1'1U trY! Hltr'1l HH flHl1lfU 

ffllJ1HlfllU 1W '~~ ltJ lYHJhj~1Iih..l~{J-1l1tJ'Hd'tyqptulnu,n:1'f11l¥{J~iu 1'f1LlJut1111J~ ~11..r 
_, • , . J 
ul :;l1VvU1Hl Ufll'jf'l1U1W'U{Nl:::U1JUlfl'IJU 

• •• 
in 011 lUflTS'1I'i1'il'Hlfl'l :::;ill 1LffU f) 1u 1V1[nih'fui'il tJ 'l::: nf)'U~1{J<U'W'1IOUfl1'i ~1>1 1U 3 

• • . . . 
'lJU'1If)U Vl-1U 

I. fin 'H1 f1111JntJ >lUll::: fl11lJ 1,j fllN'IJ f) -1 m fl 1JtYty l1P tu Ifttl >1 ~'fI 
• • • 

1 U<UU '1I'f)UU 'il :::li, fl1 'j 1lfl 'j 1 ::: ... fh m {J unty tyl WI nU-1 ~fltl'uil~hu*{J>1 na >1111 {J 

111 {II nU>1 ,,j n tH ~ -1ti fill OJ ::: VI H ff11.U1l1fflfl''1I {~1 ~1 U 011 111fl11lJ nfl>1'H lV',j nO>1 . .. 
'U tHntyqpwlnv,n!u fltl fl1ir91ffl1i.i'lJ~\nhJ1nliqY11u'Ih:Jtl11lJti 60 i1.:J 320 ItT1914 

2. m1 ti' Y11~tJ ml111l1\1.:J~ll1lJl t fflJ'tI t lilu ff1 t 
• • • 

lu'Ii 'U 91 tJU UI tl 'U m'l' ti'Y1 I~ tJMi 111 'HtJ.:Jli I'H lJ l t fflJ 'tI tltlU ff'l' t 111t1'l't ,tj tI'\J nfl tJU 

L 1 n4 if! ft 'til n zi n'),l OJ. t 'Yl1.:J ff1U tYfI ff1tr91 { fi tJ fi lYi ft.:J.:J l 'U'\ItJ.:J tYtyty lWI*tI.J~ lJ l n n i l 

300 ItT'l' 914 1 Y1t1m'l' ti'Y1L~{J mru 'tit Vi 'tI11 W 11M' tltJ"1~ \,!.:J L~U 'til n'!tlll.:Jl'l ft H1U '\I {J.J 

tYt'\!t'\! lWliitl.:J~lJ1nn'h 300 18'l'\1I4 ItlU~lLl'HtJ.:J'\Ifl.:Jff'l' t 

3. fll'l'1Mfl :: uu'U 

.., .... , 
fft'\!t'\!lWltrll.:Jfl1J l nn11 300 

'" . lJl't11nm'l' 'lfl'lfN.:J1U'\I{J.:J 
• ..... .., .., 

un 91 'II'\Ifl.:J m fl U ffty tylW 'UU 

.., ..l!.., , .., ..... , .. ... ..... , 
l'l CI.JHU9f.:J 1"1'l' t 'H 1Hm {JUfft'\!tylW f1lJtl l l'l ft.:J .:J1U '1.1 (I.:J trty tylW I fftl.:J'YIlJl n 011 300 

.. '"' " " .. 1Yi(l 'IILU'U'\I(ll;lClHnffllnUOl'l' 

~1 LlU tl 91111 'Hu.:J~ 1 II 1M' 1 il 'U ~ l L1l1 tJ.:J'lI tHff'l' t 111 {J~ 111 'HU.:J~ 1lihiff'l':: 111l1n tl11 

. . 
tl'l' t ffYl ~ 1l1Yi1J tH n Ol'l' 1 'U 01'1 \1I'l' 1't1'H 1 ~ 111l1U .Jff1 t ihi lLtr'U(lU 1 II ~ m m lItJi i1 tI'I.I flU 

tl 1tffYl~IllYi l'Ufll'l'91'l'1't1'H1911U'HU.:Jff'l't1JtH Howitt l'i1l1tllOl'l'Y1Y1tr(lutil.J~PWU(ll;lCl 3 tl1tlfl'l'l 

... ".. ,,~ .. ".. oJ ' ..... 
1'1(1 !lU1J{J\!ftlllV.:J Lotus !lU'lIfll;lftITItI.:J911Ifi1J IIftt,! l t.11J{Jl;lCllffll.:J TlMIT 9f .:J'V'I l.J111'60l1 . . . 
J!l11't1'H l f1'1 t 'fiUl l fl'U miu 1,.r fl1 UJ \) n~ {J.JlJl 0 0'hntl1191 'j 1 i'1'H 1 fl'1 t .JI1t1n'\l fl.:J Howitt flft 011 
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. " 1111 UtJ1 nut! n, S" ~ 'i 1~'H li'1'l ::'\Jij~ n fm;iulU,,{U {J '1. '\J 1V1rnil 'Vi tniil Uil:: ii n1 191 'S 1~'H 111'1 :;'\Jm 

Howitt tl\.J.'o;1IU"Y1~H'f1>l(Jl1'lN~ 5.9 
" , .. " 

t.I. V mn nu ;;~ , ~lj fll'ifl Y1fffllJ 11 'i ::1J1J f)Ti 11 'j 1\)M lffn: ~hl1If1''UfJ flu'U n1lJl::fflJtYTH r 1J 

fill '11 n I)l1Tt'I''l ::: I ~ ')In:::' u n 1111 1 fI tiM lu 1JJ .-a >l\l' mm fll'j VIii rt f) >lfl'1 lJ n Offl tl1J1':h nl 1Jl'l ot!, 

." " 
l' ::1J1J tn1 1\1 1\),., 1 i'I''l ::li tilLnu DU 1 111 t1 'U f1l'j (Jl 'i Til 111 rf'i::: 1J1li>llu fI 11:11 i VI UUf! ::fl111 U) >lOflll 

, .... .... ,-
1::: UUfl1'i9\'l1\ll1lt'l''j" ::lhilLrrUDihTu nl1Jl'Hl'\.h'1hh ::: !Jn'1i'lfhNl'\J~H'l VlLfHmHH 

flU n, 1 r ~ llffU>lVJY1 ,-riD ''If'l :: \11.1 fill f ~ 11 nfJ>lX1i1ihh:: ffl'1l1 ftl'l'l '1. U fl1., f ~llffU>l 1 </I, UU fldN~~ flY'! 

1 " .1 . , "", . , .. . "u ""' , ywm :::1J1Jfl1'l(Jll1'\l11111"j :;UIl:: Vll 'H 1'fllltlU11'U>l'lltHt'I'1 :: "lI~" :::Ul UlJ'i ::: Qf1Vl 'if 'U·m.I'fIl~'l 

, 
l. fl1HI'i1'il 'Hl'VWHfl 

" '1' , 'i'11V flH11"H:J'Ut1':)'YWHtlU1J 

~ .. , :! 
'W tn.1f11Y'ltl11'Y11U'U 

• 
~1t11l1 'flU m'nl n ::1J1J 011 '11'j 1\1111 rn:: 1 tl1.h ::: Qnfi'l ~1 U 011 

'rill M'VI 111r:h lfftl>lVJilti 'i :: lufl Ju'tll ::: nuulil'1t1Yi tll~fi\1 lU 1U ~ 

II . ~ . 1 I I II . Q .. ," ...... ... 

1 ::uu 1 'II 1m tI~'I3~ lJ' ::1fI'YI91 N'1 l'ti\l 1 ::UU1 'il11 'fYmIlUU'YI 'lftJw lnJ1J1tl ftflllW::1 tlYil:: 

11ft:: fill ~ ~II U ~11,j 1U1ntl~ 1 U 1 ::uuf ~llntl~ uu u u U ~ ~hu L ~ V 111' fl 11 f ~ llntl~,:!~ij 

fl11lJ~ fl~ V ~ lJ 1 fl~U 11il' 1 ~tI\ll~1\l1UYitl1~tl~~ fl~11J U i tl '1 ~lu fill 1:: 1J inJ,:: 1 tlfl 

~~ V ~ fill'll :: r ~ 1 Lfftl~,:!~JUU~1U1U ~Yitll~tl , ::Uu r ~llff(HUUU~ '1 ~fJW i'l'lJ~ 
n flllW:: LlIYil:: (Distinctive Feature~ Based) 1If1::fill ~ ~IIU ~11,j 1t11 ntl ~ 1ul: uuf ~1 

Intl~II1J1J1IU~lbU (Segment~Based Speech Recognition) 

2. fill tl, :: lJ lW tl ~l 11 -; 1~ v·un tI~'I3~ 

Y1~~ i Iil'fl ril 1 i tlull·rh 1 fll ~ fff N'\J V~l'i tll~tlJ u tl,:: flDUIil'1 tI 'fYl:: ~ lU1U trd ~~") 
1 i'l'lJ D ~ ~J\l il ~ 'fY1lJ1'l 0 1 ~9i 11111,j ~~ V~ i'I''i ::~ ilil'J \lIlYl\l 'Vi tll~ tllfd ~'Vi tI Nfl' II 
tlltl'l1111'\Jtl~nu~,:!~fitl ~1\l1\lYiUHtl'Ul1-d.m,j1t111f11 c;~ 1~tI~1 itlUfl'll:: 

fll11\lofl '-H'mi~"H,j1t11111 1fitl I Ul;; ~")tIIl191if flllUl1 ::UUf111m1'iJ111i'1'1 :: itl 

" tll :: QflIl11~1\lfllltll::lJ1Wtl9111151'\Jtl~lntl~~~U'u 
. ,. , 

'iJ ::YI1 11'Y1'i l1J11 

" Inu~,:!~U' \l ijU91 1 11111 \l fill ~~JJ1 fl111 tit! tl tI . " 
1 ~ tlli fil 1 tl l ::Qfl'fi'ii 'II:: 1~h\J 1U ~ V~ 

ii 111 11,j ~ffl ::~ 1 ~~ tll1-d ~"H,j 1t1I1?11 
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~altTln)II11:::: 

\! n.,;' 0 >1 '\J [1>1 m 19l71~11l'1i 1 U 1111 >1 tYl ::;,f 'U iYllJ 11 (nil '~11 rnui1i ~ ~if 
1. ,ii {) >1 ~ lflfl111J HYl'WfI1Yl ~LnYl~'\..nr 'U fb'U 1 m1l1l11)1 fl~ \! mll! fill flY! ,fia n'li lU 'HU >1 ~ 

L 111J1:::: fUJ 'i1 :::: lrJU trl ::: <i-l~lU 11l1-l~ ~ 'j ') 'i1111 1~,f '\J ,tI'U 'Ii 111 11U >1'Uf).:j LffU-l ~ij-llh ::: If] 'VI 

rlu~ 1,jl 'litffV-l fI''l::: .,; >111\! fiT11 flun nnll W::: Y11 ·nY1U nl'ltYl tNll ~ 111111::: fflJ~ \1 :; I ill! 
'fl1L1f1'U'Ut:l-ll11J1tJ{ftO-lff,:atll1r.u l'il U'1ill1lJl:::1'flJ~'iI:::ltlU";1UVl lJ'U a.n1l11V1ffm 
Ii'tN'lh :an l'l tu i' -lltlu a ·rrilflty ~ 'i1 ::: 'lf1U 1,.r f111lJ~ n.,;' fl-1'\1fl-19l1U 1111 .:jtr'j :::~ \Ill 111111 
, , ~ . J 

';l'UUlJlJlfl'\J'U 

2. nnti11n nn 'YIH~lU trii9i L~ 1 1J1"lhtllu fill111";1 L111l1 >1"'11-11.n :::fclJ'Il:::lilu ff'i ::: U VlU 

t111 flvUftfl n'1i lLll1 t.i >1'Ufl>1i'1''l :::~:nflU fl'il n tl >1L~U mil";' 1 'If tl11lJ~ nJi tH'U tHflU ~ lUll n 
• • • •• 'U'UiI'IllJ 



[I] Xie, Z. An acoustic feature based vowel detector. Master's Thesis, Department ofE.1ectrical 

Engineering, The University of Chicago. 2004. 

[2] Kasuriya, S., Sornlertlamvanich, V., Cotsomrong, P., Kanokphara, S., and Thatphithakkul, 

N .. Thai Speech Corpus for Speech Recognition. Proceeding of the COCOSDA'P3, 

2003. 

[3] Howitt, A. W .. Automatic Syllable Detection for Vowel Landmarks. Doctoral dissertation, 

Department of Electrical Engineering and Computer Science, Massachusetts Institute 

of Tech.nology. 2000. 

[4] Markowitz, J. An Using Speech Recogn ition. Prentice-Hall Inc., 1995. 

[5] Anusurain, En Synthesis oftanes and vowels in Thai open syllables using microphonemes. 

Master's Thesis, Department of Electrical Engineering, Faculty of Engineering, 

Chulalongkom University. 1998. 

[6] Rosen,S., and Howell, Pn Signals and Systems for Speech and Hearing. Academic Press 

Inc., 1990. 

[7] Stevcns, K. N .. ACQustic Phonetics. Cambridge: MlT Press, 1999. 

[8J Prasanna, S., Gangashetty, 5., and Yegnanarayana, B .. Significance of vowel onset point 

for speech ana lysis. In Proceedings of Signal Processing and Commun ication (2001). 

[9] Deller, Jr. , Proakis, 1. , and Hansen, 1.. Discrete-Time Processing of Speech Signals. New 

Jersey: Pentice-Hall Inc., 1993. 

[10] Pellegrino, F., and Andre-Obrecht, R .. From Vocalic Detection to Automatic Emergence of 

Vowel System. In Proceedings of ICASSP. (1997). 

[II] Lander,T. L , Cole, R. A., Ohsika, 8., and Noel, M. Thc OGI 22 Language Telephone 

Speech Corpus. Eurospeech. (1995): 8 17-820. 

[1 2] Pfau , T., and Ruske, G .. Estimating the Speaking Rate using Vowel Detection. In 

Prodeccings ofICASSP. (1998): 945-948. 

[13] Mennelste in, P. Automatic Segmentation of Speech into Syllabic Units. Journal of the 

Acoustic Society of Amerlca. ( 1975): 880-883 . 

[14] Sirigos, J. , Darsinos, V., Fakotakis, N., and Kokkiankis, G .. Vowel-Non Vowel Decision 

using Neural Networks and Rules. IEEE International Conference on Electronics, 

Circuits, and Systems. (1997): 510-513. 



[15] Wu, S,. Shire, M., Greenberg , S., and Morgan, N .. Integrating syllable boundary 

infonnation into speech recognition. In Procccdjois of ICASSP. (1997): 987-990. 

(16] Choi, J. Y., Chuang, E., Gow, D., Kwong, K., Shattuck, S., Stevens, K., and Zhang, Y .. 

Labeling a speech database with landmarks and features. The Journal of the 

Acoustical Society of America. (1997): 3163. 

77 



fllrl~U1fl 



Ull.i. N) ~I 111' lV,1!fA L rt L t1:: S ~:: S.LlN} ~If}t rtl.i.Nlllortt ftl ~ 111'~ L ll.i. &t S 16~t-rtl.i.lll fP 

I1Il~mll W' SlUIl~ 1 Ull 1 :: S[1::1l ~ nu l &~ L ~ ~t-lIl Mont nl ~ t-GJl.t-G 16u Uft It Ull.i. ·z 
Gtt.Lllltt 

~ SlU ~Ilt~;:: t.Ll t-r.1.i.1ll~ll.i.&t S 1.6 tlUl !.A-lft n.tJ.ullL ::s[1:::Il~mll~'mLibfu.@ltt '( 
• 

t:[1L G~t-~t! ~t-lIlMntftl~ll.i.&U16tlUtt1. rtG16tt,tlo 
• • 

to ~V.I1t\1. t,\ll1[1L tl~ultL nrl!\!}.II.:::Il~TllJilGfJoftlKt-Gn.1!I1l21::UlllSt-~ n.Ult~ 

t-IlJJmft GJl.ftlK:::1l II .u~U 1 t-1l211JftGfJoftlK G!;! I!I!}.II. l t-14-t-Il~mftGfJoftlKl1l't-GIJI!IV.tlUl~~L t: 
" , • • 

J nM. ttlllV.~t-G n.~t-lIl Mnt ftl~l H. [I, t S 1.6 tlU tt 1Jo l.~u b:: S[1lft:: S.ul H.[I, t t 1.6 SLU 1111:: tl tt t lU 

n.tJ.l fA.lt 11 ~l~t-lIlMt-1l t1' It Ivy t-lll M nt ftl~ 
• 

n.V. lHJ SLftl.ut-~ ~ L ll{&t S16~t-rtl.i.lll~::1J }6T1::: t.u t-Gn.t-r.H.ltL~ rt.tJ.t-~ tt.tJ.L!41tll ~1:: t.u t-1l~.1~ L , . . t!:: [I, nr~W1M:::1J !6T1~W)M. n 1. n~ It>!.t'~:: t.ut-Il~ll~ lioY It-.@ tt r~t-Lil MNlJl.t-l kJJ t-S lj 1[1 tU l & 

tlllt-ll.Lll::SJJ = 
" 

:::u'! =A 

::tt.ll.fu£lM. =::> 

yt-LIlM = S 1A.1l1t>1 , F 

(,J)(:)AC)),J = S 

t!-t-~ltLHk.ut-SYl 
• 

Nl n.[11 n 1. t\Il ~'l) t LftL.u1l1A L LRLU' nwt-lll M. lJ>1 UIlLruutLtyrnti GSH.IlUt!.i.IlLtyft::&o.LGt'Jb ~ lop ... ' 10 .. ... f' 

~ubm S SUIl~l::U 11 :::tt.ll.fu£lMt'IlE I :: S.Ll.t'1l2' t-!An.l' It G kMlltU Illlt-p [1' ~1!\M.t-IlE' G!;! ~t-lIl M. 
. ' 

LH.[I,U16SlUtti 1t>1lQ1:::IJIlLtt-Jb (UO!l:):)j:)G dIQt!lIhS) 

'" . f'L L :: S.uq1 H.llLfPl H.&t S 1.6 S LU 1111::: S Ltt~ 1 t!-J ttM. !}lIltA.~ 
• 

}'HflM.t\t tU ~ lH.lltr.lU.LU 

t}[1LIl~t-~U tt.tJ.~t-LIlM. 
• • 

Yt-lllM.tttftl&U-l.&ttItlSlU ttl.ll.llioUb:::tn. " • \,,, \'" I· 

tti'nJl.I~L L.n~nLt-ttu·u~ub:::s[1 

lrt nnlt> I LI{ [l,t S 1tI1A.:: SJ,l.Nl n.t-ttH. nl16L ttl) S L rtL.Ll.t-1l t Ull nllou Lft t-1l16U 0 Il L ty Ill.., I IAll M.1l Ill-:! I{ 1. GM.I 
Z" 10 f" •• • '" ~ r " ... " !of"" '" " ~ 

t'1l~'lltrtl{nlJlt'fL11I~~SLun1.ntf'>LrtL!\::&~UL[I,UGt1. tt,t\)f L l H.&t t lio~::: tJJ t-GM r. H.11L ~ 
. ' 

~I"U ~",n.n.1 "."." Itlll .. llt. ~ ... tlU Im"tl" '"U>l""'" " ..... j.jWk\: • • • I'" 

U U'''MUll! 
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9i lU 1111 ~'\J v ~fI''l :::~ 1,x ,r.:J111J'tl u a tJ fl11 ~ I t.J.1'U'II{J -mt.i ') fJlfftl~ff'j:::~ n: 'I.J 1 '\.I 1 vl ft ti l Ii 'U 

• .' -, 1 •• . ,",. J , . , "',' Li'W.:J I) ::; U{J11ul:: Utlt.J.U1J'\I1U1'U'YtVVltll'1'Ul~Hn't1'IJU Im::: Ul'1l1Ul1U.:J'\la.:Jff1":::1'I <;1 

,T.:J111J'iI 1Jlflfl'hilU1U'UV.:j111l1l11iYU.:jff'j:::~'i:::\llu 1"lftfl1nlJliYU>l 'l:::iit1'Jl1..h ::: lvfI 
:: .. . 0' .. ..... .1 

lfU 11 IlT\..I.1'U'Yt Vl.:Jt1 Y1UlUUWI'tIlJ 

~flm'lmHnH~'~ urr"''1'~~'I'1Inl'1it fl.l 

Ii 1"1",h: TDfl1'1l!11l"'eua 

Lotus (Clean) Lotus (Office) Clean Number Tdephone Numbu 

7 4 5 0 , 
• , 5 0 0 

5 00 8 0 0 
;111nll ,. 4 " " 0 , 

1'tDHflfl"llWi 
J " 37 0 J 

, 77 &7 0 8 

, 
'" 'SO , 

" 
'li'\ll"IID~',iLii\l (0) 577 63J '" 85 

, 300 300 57 " , 005 '09 7 • 
3 30 33 4 0 

linnu 
,..; ~ 4 04 8 0 0 

'I1rn~flnm\l 

5 5 5 0 0 

• 0 , 0 0 

7 0 0 0 0 

nmf~lIlJ~ 1.358 1.504 2,81 139 

,u~ fl.! 5'1,u~ n.4 utHFlirrl'V1'illm1J'\IV'l~lU1'Utl'i ::: lVfl~ff1J~uinlJ~lU1'U"'WHfl~ 
'IJ WI ~ lU 1U 'Yt rn '1fl~ LnU II fI :::'li l\l1Ul'WHti'~ 1 lhJ 19lUfI:: iUliiu '\l ij 'I l"lU.ufJ 1JfI LiYU'! LI ~fI ::: 1..11 ::tfll1 
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700 

600 on 

g soo 
OS 400 ., ~, 

F300 , M' 
~ 200 ,,. 

100 " tI • .. " " . ~ .. , , 
0 

-7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 , 6 7 

'hu"lu~u'\lt;f 

. 

700 

600 

Ii: 500 , 
~ 400 ., "" , 

300 r , 
r 200 -'. " 

,~ 

100 " .r , , • •• • , , 
0 

-7 -6 -, -4 -3 -2 -1 0 1 2 3 4 , 6 7 

'i,U"lUWU1\1I1, 

250 ". 
200 

• , ... -150 ., , 
r 100 , 
r " ~ 

50 
, , • 

0 
-7 -6 -, -4 -3 -2 -1 0 1 2 3 4 , 6 7 

,hUiUWU'\lR 

tU~ 0.3 r·mml'1l1 "l'illT l~l'U 1Ul'iUl..Jti'1Jt1~! 1'U,rD\!fl tihmi1m"liu'UVin~1U'lJ ltl'i l'rlu 11.l-HtN 
11UlJ 
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90 • 
80 
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