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Abstract

Phoneme recognition is one of the fundamental phases of automatic speech recognition. Coarticulation
which refers to the integration of sounds, is one of the important obstacles in phoneme recognition. In other
words, cach phonc is influenced and changed by the characteristics of its ncighbor phones, and
coarticulation is responsible for most of these changes. The idea of modcling the cffects of specch context,
and using the context-dependent models in phoneme recognition is a method which used to compensate the
negative effects of coarticulation. According to this method, if two similar phonemes in speech have different
contexts, cach of them constitute a separatec model. In this rescarch, a linguistic method called allophonic
modeling has been used to modcl context cffects in Persian phoneme recognition. For this purpose, in the
first phase, the rules required for occurrence of various allophones of each phoneme, are extracted from
Persian linguistic resources. So each phoneme is considered as a class, consisting of its various context-
dependent forms named allophones. The necessary prerequisites for modeling and identifying allophones, is
an allophonic corpus. Since there was no such corpus in Persian language, SMALL FARSDAT corpus has
been used. This corpus is segmented and labelled manually for each sentence, word and phoneme. So the
phonological and lingual context required for the realization of allophones, is implemented in this corpus.
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For cxample, the syllabification has been performed on the corpus and then, for cach phoneme, its position
(first, middle and end) in the word and syllable is specified using different numeric tags. In the next step,
allophonic labeling has been performed by searching for each of the allophonic contexts in the corpus. These
allophonic corpus is used to model and recognize the allophones of input speech. Finally, each allophone is
assigned to a proper phonemic class so phoneme recognition has been done using allophones. The
experimental results show a high accuracy of the proposed method in phenome recognition, indicating a
significant improvement comparing with other state-of-thc-art methods.

Keywords: automatic speech recognition, automatic phoneme recognition, context-dependent models,

phoncme, allophone, coarticulation.

3 Senlazly £485 8L 51 AU cal s ol 5l glaes
pb wsSely 8l 4wy (s slavely (oulinol;
53555 1y o) Sen 45 el (galy 2y a5 il
Golomnt il olSuys 51 il ilise gladisSels
Syslre o 5 bkt slacsl o gly ik Sl
@ Gadsien s Tgadsies Sl oL walise slagls
oz 5l ol (L Jelge g 0)Lol oo podaz LSy
9 s9bxe slagly g9 5o g dboxa g 03ly )0 Baw gy Sl
Ol slagts, 5lo)k (Kws (Bas gy jolme s (2
A ladas dagly olidil » sadgios iie b
o il 4 aily sl Jae sayl I solinal 5 LS Tl
3 alie zlg 90 wwl cpl el s cenlazly owliisl
e plaS il Sslite laalean s S LS
ooy cplply ries o JSad 1y 4Bl o
8l el oY ol sl U Cannyd gl e
sl [23,48,49] ols s S ol 4 i |, Camo
slad 8l 4 anuly Ml (555 e
283 oo Fa 29 BB Gl ) (omlil

bz sl lias <ol SISl il Jue sl
Ty ooty olul 5 188 (g5luoe 5 wilasd, 57 4
2o Gl ol lil g plal egite 28l 4wl
=y sbaxly 1 Solel ad eapan (Wil
elnoly aslsd 5 ealanunl b oles e a8 cll 4y ansls
5 23, 49] s TLaisSzly )5 gl | by
Sllo G o v sl LASEl 5 ol gl
B RRTUIVR RNV R 5090 IOV I L OWT DR L Sppee EOv 3 1
b ieebiagl s Rl jshiedr san slepls
Sl 6T e b aibad 48,5 )5 4 5 2y slaax
O b aaslie )3 ()b slagly (oolidil Zds ()
sl 2B o 133] ¢ 958 b odkelCassds s

2 Co-articulation
3 Context
4 Allophones

doudo —
LUl o 58 S (ol poe A5 4 4255 L
3905 5l copmiile b bl bls )l 5 g 50K, b byl
Pl (oydge a4 oje> | )0 Segh (A0 h
Gogkd ool 3l Gl o cal oal Lo olas o
OBl g oads bagludl (Saiy jo g Ol 4 2
15 126,27] ool w3l qald 1 Lol 51 g b b Lol |
ZMA) 39 6)L'~m{ Sladlas (b QV}?L’:‘ O‘il g_gL'J.,.,.J)
sgo> 5l blie slataghy b o B Gl o [28-36]
lecd ey o5z kg oad ST 055 (l yo iy AR 99
035 Az o9 0ylgan o Syt Cuzr 3 W S eia
[37-47] ool 00t 7 han abal, ) 45 cilides (sloony! 6
LS 8065 bl )0 lapls o S 1 (S
oo Bl Syt onlposdle ol LS s slaisl
@ e hadt g eansS giledoe I el &bl pgle o
wldl jshieds .l oleisl g5 opl wejls oo LS
g bagly paide (B LS (2ly ol b i
i Gk e B4 60 lasEl
s GBSy S2sS plyiear lagly (V01 0)'gs)
Ggyo 9l 35 by oyl a8 aims o LSt |, Las
Lall Bgy 51 S 2 a8 aigS lon Lol vz el Ll
wlo u‘iL“" Ga.Lm;n LS)L":’? LgLasQ)&.a £ Q‘?JLs.Q ‘)
IS e Ghle Gl s it LS slaw oo
C|9 R (‘SM:LA.MJ)LI soluw 6[.!pr1> B J)‘é S99 th‘s
axgis,p0 ol SLbl lagly 5 09500 Juo Jits j5boay
(Hly Lulys s as cl Jb yo pl 18,5 s I3
Ol ges daall LSS sy 0 S S o o

! Roach, P.

O 2l Vo)l ivad Jlo



http://dx.doi.org/10.29252/jsdp.17.3.37
https://jsdp.rcisp.ac.ir/article-1-903-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-23 ]

[ DOI: 10.29252/jsdp.17.3.37]

aig zlg silwdde jl odlisiml b Hm)ld slazly ) dga Smliab)ib

e ol (See lsFen boasTly Sl by LS
ol i s posdle b il (s ol Sl
il 5 omess adsi 5l a8l o5 sl olase
(e & g5 o0 gl sten 05y regd S (1 et
(SIS (S (Fabgle (S8,5]
12,5 )Ll (Sl oSl 5 (Sab cesil ( Fab e 5
Lasly lp Geess oy Gl AL daise Lo
S ragd S rizes el (S0 sagia>

[H] an 1859 (o0 o B0 STy 5 (lgPren

Sodgied V-
S & goa a5 Sl (LS ol slo Sy
Slecas bazly GUES o 45 el ol el oo 3!
Sbj i2bsS slaplal 5 dsd ooi Bl e ol
ol 5 s o5 Wsbioe elel gly S oy Sl
Ty Jly S Ladl o m wlo L8 (LS gy oy
A S B QLS 5y o lagl Ladls 5 iome O j50a
g oLl dal (G jsbay lgi e 5 0l 0gzg SO
Cle )5 paie |y (som gly oy T Al 5 gly S
slite sl cladames 1o lagly 45 el ol whiyy, ol
sl Shs gly S sloThs 5 Waded Ll (LSS
b2y 5 lagly w5 b cos | Ko slagls
slazly b owgadss sl Shy 5 gonple; Hh 5l las
Ry WS oo M (e 393 jolrenss (B L ol
2 ol S o8 (6 N5, l 138 e 3T RS,
@i 3,ls ol (sadgiee Wil gam b LS slogls
bedl plos )0 (o gly So lp Ol et el
501w jgaia |y (Gl (St 5 sodlsy slaiThs
S el ol e () fol Jls olgisar [52
P R A P P DY e N INPU A
318 5 (eetob] s ands (oS asle) s e Lrals
ol o (T gl e T) /0, D ey o saaST
(kor] 67 saals 0" " siile) 958 oo 0 (S
g Sl St gl plod adgs (sl LS (6l e
5 plae Dygonr oo e S5 e b dagly JIss
2 S slme S5 plnln ©09d 00 3y atugn
ool b S o i shkiee (slagly il o caland
§ oo SeresT ol s calSad
Slrys s b yse 50,5 oy s eaalin |, Godgiee
[50-52] ols plis ;K0S 1y jelre slalsl b alises

' Vowel

FO 2l ¥ ol VAl Jle

@ aly o5l sloasly ol @lie ¥ iy ;o aslsl o

2 et gl (S ¥ G 0 g deesl w2l
ey D F A 50 et pihae a0l
G S (o0 18 e 2yse asdllas Gl o golgiiy
eeliil aleb yo ey onl 6,584 mls 51585 40
b wolex  plas! sanaes 4 F ido g gulS LS

bl 4 dmly 9] a1y -Y
Lol o5 cul opl cdl & anly ols] sleasly sl
$&)lee 9 gly Lo wiile o3y 5l 5 Sz sS slanals b Lacss
) dinly o] £48y 8L 4 Goda (Jud cpl
(S8 ) Jowme) gly S sl Sloogas g Ll (nlnl
Ery D30 Slyeesd ol S (g0 st cilime (y5te )
wile iz slagly o plulidoly 5 plulidly] bawys
aelgd g Wla S 5 adlae oyee [121]  owyls
gl s Gl cioss sl 5 ile (Bl
S sl izl 2 sl Ol o) elal pcil sas
S Sjle 4085l (5 S s Gl e 2l
Ol 59 48 (Bl 4 a I/ e lgieds oll 3ol S
o il s GSUes SV Wl e bl £95
5 die 2l s o il dae sl a4 el e
5 Giledoe o 1 ol 28l ey anly (5SUsS el 2l
sl o sl o iaee [49] 0p S5 4 owlidsl
Sigy 45 el gadgien il 4wy sl gloasl

Dy g0 mogi aalsl o g sloanld o ol £48s

099 9 (it al g s SR -T-)
9 sy sy b 4 plaaxly 5l LS dis) »
Sy oly o el ol oSS 600 05 laaly
5 p2b Hlas Jlg jo oS cwl olyl Slaike 5l slass
b Joe glsl S5 S oo jopl enbiaS i 500
s Ul dal 3] dzl ol dbl Jue sy asns o JuSias
sloasly artis «ciSiby 85ly g sloasls [t
P Neh oo el b lgPen ¢ LaaSTy diws 90 4 (6
Sy sla Ty b daglytes 5 laaSly did g0 5l S,
O Mg Wb oo Ll (Lol mage g (e
B gl Sl daiBe oS Lol laglyseen
aSly Geins ol Sl (Sloar b )5y 9 sdss
olla 5 lacd IS0 ol el )| datde 4 oS 5 Jol>


http://dx.doi.org/10.29252/jsdp.17.3.37
https://jsdp.rcisp.ac.ir/article-1-903-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-23 ]

[ DOI: 10.29252/jsdp.17.3.37]

@ S b psle lagly (2l sla SRy il
P2y s OlSe b Al o0 4 g059> U e
PR RS 4 LS by )0 gly 90 )3
Olged wboe Pl gl colis Jlaxst sl
Ol o (Ronbor/) ./ 55ls sl 4 les o Jlo S
M/ & b 5t cow s T e aS 88 o glal )l
Ml passs sl B, gt s
I o7 Ladls U e (sla] G Laals dulie o SoKon
) G55 58y dimds ol S0 slalsl &gl o
slelul oS> &5 o Geoy 2 Ol
Sro g W 4 e QRIS ag el o s,k
SeoF b osbme slagly Cuelie (il 9)ls (555
Ol dmei 53 5 LS slaplail &S > Gliee o 4
a2 ge alS 1) lapl adss sl o5Y 55 9 GO
SPxen slaanl gy Cwl Sbj Ty e (S
o0y wnlpli g whlo HI8 Gby s 859> 0

[11, 50, 51, 54, 56, 57] axiwn

oal

et 5 ol e Sl (l3l Sus b jglne
Sl anld onl sl Koo ) gl il
e ol SeKen anld Se 5 wCdillaspas
e g adg G Famb S & S (GoSen
S ol €y iomn 8l 4y bgye o SoKenls
aS ol cpl by Gromn o aaly fogslsds LY
by el ax o b Sleal b o )),S5 Sl o
[57, 58] cunl soiSains (LS o dgi saplal ol
Oleeds eb o canlie LS o 25 ‘),uls o)
S ygods 2 Randoyt] «cSlash  w)ls 5l Jle
aild ol 0 a8 0gb e Laals [2endoyt] «oslah
8l o 351 aSTy £l o gKanl

RV

ol Lyl w2l Ky a8 Casline (pay s
=P N Ol | Bioogns adly eS8 e o
ol 85 S 3 € e b gy Sy e
Sl Bt ol 23l s 5,55 L ol
e b &S Sl g S g dsdse
S e Jyemeysba oy cnl 0sd e 2l
&) NS A e S o baejly &5 awgy

Do gly iz DML glse Bilen
OLES S yo a8 0sd e el cgadsinn Jlisa plojen
B Gadgien 0pS Dyse BN w5l Se e
K wlgon g Consl LS Bgle (35> sla Sy
ool ples jo onay (nl sl Cgme 0L s Sk
o odalive (Wlaid 5718 o) g Jolow 090 9SG oS
Ghize slagl; o ol s cul (See 4z 5wl
2y w97z 5o 1 ol Ol sl Gl sl ol
S gla)ype ) Sum 4 [50-52] o5 oy (L)
35 oy iz olsl slacdl o wsudgen Fl x logls
loaigfzly sbul (K5 0gb oo a5 S5l WpF o
150, 53, 56] 55 o dipeoss o2l [oatlsT csloayl 3 1,

2 g e LS sadgies il o
2 el JLES @ e o g S cwlil il sl
o S by (ol e 0 bkl polie baslels oy
979 9,%3) 99 yslilelyids 1295 go drnlne 0aliS ] 4S8
oslawl S92 g0 Jidle 5l aS weacld 5y sl 9,555, ) oyle
5 slegee A5 woly o i 05y, VS e
LBa ]y dbze gladsh bS5 sl slaasls
Wl e (Sl 05Sug, 90 Gl 5SS e oS o
QSR hiws sl () sl n (e 0 S0,
©Sw p e $,Say, &5 Jl o sl Glu Joel
S 850 b S e W Gk ml
3 sxdgpe vl o lp ol e Wl
[50-52] bl by & aanly i

<=3 /‘5.3]97 slwsl s -v-Y
L bsadsine «o>ly sboanld b o)lol oS 6 len
Ll it &5 Wl it glgl 5 oS oo oy
[SSIPGE 5 T o T3 T gsSeal N e 15l w5 Le

Seon o

G5l (Era 5 Sl Gadgine Al (JSsSen
ol webioe B B slacusgazs b ol
o)l (5,8 sl Sl 4 Atnly Sl 4 w3
s eoaly] Lame 5 o 45wzl o 31 lej g 0yl
520 gl 4 (pss ) SSeo gly S St o s
Ol A 5o 09l hoS (Sess gy g0 b slits)

¢ tongue-twister effect
7 alternations with zero

! Assimilation
2 Dissimilation
3 Deletion

4 Insertion

5 Metathesis

O 2l Vo)l ivad Jlo



http://dx.doi.org/10.29252/jsdp.17.3.37
https://jsdp.rcisp.ac.ir/article-1-903-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-23 ]

[ DOI: 10.29252/jsdp.17.3.37]

aig zlg silwdde jl odlisiml b Hm)ld slazly ) dga Smliab)ib

23,5 35 50 Olsien |y (SKerwsST siludse ;o oolinuls e
Sle Gl ey Syse SESEL 5 s bl (S
) el o i a5 Sakiee [64] [0 o Ko § Toesme
slodae 6T e Job ey ol 85> 0
ol a5 sl © B sle aeoliS Aadl e (SeiwsS |
g wd T S5l ceae AL ey gy 8 e
L g5 ik & bsppe Toua GVsk slronsay 2,08
30 ohKen 5 gblaal wuS g5ls Jaw S5 oy sl
slp g JBele S 5 e (Ghg, 58 [63]
sy Cnl o a5 alos S gyl w0y S giludns
S @lre ez Gilesilss ln (GRSl (o A0S o
Ll 08l solaal =9 Sz 1 g (6098 sloold
Bdire dlive damits 2L L[65] 10 o) Kas 54 g0
s bl asle ol 3 basly 839> o
2 Oles s Tlslern ails 1 o Shae e (255
wmas gbasn 5l 28] o ol es 5 'V le 5 [66]
Stas G.:L....;)L 3 Lf;iﬁ"‘“?ﬂ GilwJae Glp (Baes
é?,.wjfi 6LmJJ.n [67] e \\6)35) .JJ‘D.D)S oolazu!
Loty Jlop ondleGoes (oras slaalcd » (e
Sleda sl Rl geea ), Vol ksl
Geos mae slaaSin b svnlosy 0S5 SauS|
ol el A g eohy oty Bl e Jow
SR (S 6 A Sl (Rl sl oe
oolatwl b LI57 pl alowil e Sass  lissl slass,
a4 [34] ;0 Ly 5 o cwl (Hls silw]oe
Obj o LS JB0s3 cwlilsl (ol by, ol ) ol
Slizme sloosly lalis obiien Slls S A sl
J.e s./.ﬂ).o Cl)'z"“" L LQUT .JJlad; Ls%/,.a.a 3.5)| ub)
YOr SYly )i SSels Sy ol il 5 ey
2w Jas sl eolanal L1y 095 0,80ey g0, b slosls
ol Ly slailelis [68] Lo [35] ailesls dnugi w355 Lo

4 Mohamed, A. R.

5 Long Short-Term Memory (LSTM)

¢ Recurrent Neural Network (RNN)

7 Long- span phenomena

8 Moon, T.

¥ Himawan, 1.

10 Sun, S.

U Ravuri, S.

'2 Deep Neural Network- Latent Structured Support Veetor
Machine

13 Sajjan, S. C., & Vijaya, C.

4 Shaukat, A.

FO 2l ¥ ol VAl Jle

&

o wble G Sl Jgemejsbar 5w oo
o il o5 W sl (5 5 o b oy (it
b0y 3 zly SO JS ol w8y sl bl s
obs o Jlie Glgeas 56, 59] 0ol oo B> HluaF
Sgd oo i Ko & Koy Bly o)l
[4] 098 oo B> }e/ 5 (/benef;r;/ — [benfin])

(S
g wloe Bl Bdo anl S gy wnlp e
Lol LS 5y 4 gl G s e polatess
fjpdgpr/ «,5ab» 35ls Lo (g 8 30 [60] 353 oo
JUES 520 4 fe/ ol 4o a8 [jodegor] «Saby 4
[4] Conl 50 ai] )3 3) Glaiged e oo Sl

i e
e Pl p a8 sl Gl ar b e A8 anls
Sloj b ogd (s ;HaSs LY lyten 90 sl dazly
oo j0 (Sumdge 4 095> el Js l zly S oS
8ly o [B7] wss (e s ) b o
ok o [cerbit] €, S» & [cebrit/ «og . S5»

[4] cal G808 51 (glaiges ¢ o B

. o & &

Oy g5 Y
6“”"’)9"’ B )L’i.'nf U...;Lw)b ‘_;meu'l.ol_..; o)._')lf 9 ROV Y
O Gy e Gged Gleeas sl AU (6 el ccalises
5 ol Slal 4 obows jshaed daglele ol o 4)l8
@iy ol 5o 0,5 o)Ll sl sla L o calisee ijgel
a5 wileoly lad Lopinss slp [61] 5o o)L Ken 5 Bl
Jdamaz 20 giae gloel S SI cld eolanal b
‘U-‘ 5%.@»)‘}.5.».»; L§L°°)‘9 a ‘) Al g )Lo.cf 0‘9’@
S [29] 53 a5 bz o \Sen g ST g 0 8 LS,
LS bdos gl ks cwlissb sleaibeln il oads
NEIE RTINS E B IE A RN SO TRPLE R GRS
Gy bas pwliisl Glle slalas 51 [62] o o) Ken
1) a5 ol 5 00,8 colawl Las slizl 6)ledod (canim
A @ lisalols sl Tpes 0k ot Slee Gl 5
o gl S el slaaslels I (g bomy lais S
slJss 5 srac aSs 5l i I, G55l glls
as sloasis [63] wlos,S eolarul B85S\l o

! Consonant
> Intracranial clcctrocorticographic recordings
% Second language listening skill


http://dx.doi.org/10.29252/jsdp.17.3.37
https://jsdp.rcisp.ac.ir/article-1-903-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-23 ]

[ DOI: 10.29252/jsdp.17.3.37]

sadaitle w5l (SrwsST slajas 5l slacgomma
G B boas coul oad 5155 5 cad a8 5 SLS
OS0g3  deadi 6,11 ailels cds (sadgee aclsd
2 bior Rl eadiig sl pwlilil By, 4 S
3ol ¢ g slopS e l5 o S 5wl swign slagl;
Lils el ) 5 ol [R5 b UaglySs a5 5 51 sl
bzl ol iy 95 oo wilis slacsl o bagly oylice
LT )3 ez ge (Rl Sl ki e sl (ol SO
I e R e R
u*L" (= 0,5 eolaiul gzl 4 ann el Sole Loy 5l dagy]
ol o S e wlidil jshateas [36] 0 2k s
Plasisely o5 Glisal o6 & |, s5%, dacks
b hed ol Ll 4 5ls g a5 Wles )57 8y
@lolid WS oo Joo D)l o 0hy68l S ) ol
Sfklas St o ol M nigen LS
[73] o V&:,.;JL@ 3 Q{slou;?q?il Sls keSS e
(e Ol S SMSEls - (s DMhas ln | 3V aels
slabebo gilwesly @ s 5 035 (Bpeo 5 lulid
iz lagls 5l baisSzly adgs 6l

Alol s o B 0Ly 5o coszlz een )0
g g5 bl by hid ol b oarwsy jlas Wlitsl
oadosliinl Jow cibob cpl jo il 00l (B8 ee o Kan
delgd ioras SlaaSid (o5 5 (Jae (omliiil Sl
o 58 (o B LGS oy Slusgad 5 o)l 0L (2]
el g8 5l bl Gl Jae s celegls
Glolos ylajon [80] ol ouus odlazwl «Mond gamsaiuws
bogs 53 S OBl b )b atgn LS owlingl
Joe 5l amb ol 5o ol o0 &yl e 5 elo
Wbl g oolizal laS Lol Jus olsiea; 55l ase
Gl 138, 39] ol oud args I b LS il
olo s Sl g LS LBl C8s see
 cdl 4wy alsl oty giledae 5 glse!
Eo Wiz 4 zls ya ol cpl Gelul padlesls sloiiay
Dei gn (gl ow Al alws 2 g (gammaiws oSS
iS5l oolainl b g ylss o & seds gl (goindiwes
23] ol o aloeil 1, SiLK

571, X., Jiclin, P. & Yan, J.

¢ Automatic allophone deriving (AAD)
7 Imedjdouben, F. & Ilouacine, A.

§ Classified bigram

9 K-means

slaisn 5leolaiwl e aS cuol ouds (B L) Ken
Syl pin oy |, ,LaS g BT ,le Ao Jaw
Sfles S ;0 Fie ey, e IS e
b sl sl gl eolal) LS wlil sleaslels
S plml @ [69] 0 o) Ken g 'Sy el ABSais
50 sk slayald sl eoleal Ay o G.:ﬁu)f\ adallae
R OV- oz Ailasls a8 mola g 5l ol o Slee
odd Sliger LS wliisl sl Joe [33] e
3 ohSen g TELLY Lailsls asl,l ol o ALIS S
el by o (S8l lojgle 1S bl & [32]
Giledas uz oY gladised 3505 Gl lp g
Sl it (s slacas 48 51 L)) gls slaws ol
g ookl dale ) ¢ LSSLAS oS o lazly (o5le S
slosls s Sl g3lu o jo g slrools 5l solazul ﬁ;b
o gy oSy (R5el sl oadi, Sl g
Loady b cos i wlidjl o bl ool
&L@AJLQLMJ @BU fu)‘)l 9 S| o‘).o..Q Ls:l.%g_g)l}\'bo
3 oslls (Jsese slalaors o LaS wlidsl
ol Dgo QUL g a5l Sl o b ablie (gl «y08
Sz 0 b (Wbl S5 slagiash 5l o
o rd‘ﬁ‘ 9 %5V5}m ‘t‘\ml) Oy R 009 A.Sy u,u.lbLf
5 Slgring gl 4 JuKew o Rl (gl 1) (o0, [71]
Oen g T st b wlosls vguge |) JLas owlidsl s
a8 ozl sl o i Casdi labs, 5l 5 [70] 4o
L ) ..)..v"oa; solawl 6’3‘3 sboo b )lij.uL} 6LQ.L:.._>LA 2
slbable owlisil cds gl d SO (6.5 Ba
5,50 (S adlesly o8l 1 Baes (SOl (e
LSS st gl 989, L 5l colanul les SO,
il ee, ol 5 esliind L [10] 5o o Sad 5 590 Censl
9 O)ﬂa.ﬁ Sgde jj.la'uoéb .AS‘OOJS SR ‘)L;..éf LSMJLM&)L
Shoeslant LS el cbabls cds ol
O Rgn 4 g9e o)lyen Wil 4 anly la,
3 a8 [72] Liegh j0 Sl o0y iliZe slogl;
2oade sl et nldSSE by, ealpladl sla gty

! Wang, Z.

? Lilcikyte, R.

3 Huai YOU, CH. & MA, B.
4 Barfuss, H.

O 2l Vo)l ivad Jlo



http://dx.doi.org/10.29252/jsdp.17.3.37
https://jsdp.rcisp.ac.ir/article-1-903-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-23 ]

[ DOI: 10.29252/jsdp.17.3.37]

Y
:\
1
'
¢
Y
N
o\
)
5
9
9
Y
3
D
__.,.
3
o
-
3
S
3
N
9
L
N
i
3
k]

» legl Jlel 5 (2l Glasyge ol 4 Sbows
Oleee &5 o)l 0gzg ,LaT Bogs cwlii)l slaaslol
D9y g0 ol 13T s o g f sl &ws g0 jo 1) ey
sle L k-means  gonadss  wl,eSdl 5l ol g
I oK st sl ey sanatys slags,sS
Slasd et g slaghs) o Sezee sl
Siay o 23] cl gy el ke clacpe
YU oL Y samanws slapi 551 5 eslanl wo lail
S5l

0P ol anwuws lp Jiesy ool o
oadgl il delsh e g LSLa slagdy, 5l gly S
SawisSels bl 5 snd 48,8 oS clily] Luls
sl 08 aloel aelsd ol bl s ey o8 (sl canslis

2l 2dl ol Glpe welsd ol 5l eolinal L
o Bws 3 gly Sl Gell 2908 sy s S
slass s gl 2l (glsl Dbl Cle o ol 3
S oly G e b ,lai 052y 2y s g0 580
Ol @ g (FELAGL) gy dadsge tal e
3 ooliiul ol lisSzly by Jaw 5l eolil s
slogly 31 2ls o 3l Glie 5 €55 e Bil2] aelsd
Olfes i nl g WS o0 el B 1) (25005 L yolons
S p BBl s ke glasse 2y e sl
LS S5z ly So gy ol 4 eadigl gl Gl jge
@ e wdliZe slocdl o begly jsa> @l 05l o
S edee ke (g ol paslay
&l selsd T e st 4557l S dacdl> ()
Flaie SaaigSely 5 it (2ly Slib (s shaieds
5 [49] el oyl g, S aBlg e (o2 ls Ak a4
Ll Sl alSTly Sl lal ol gy
slagly (bl o859 sl enlio S8L & Aty
(i sLplE o el sud solawl o )b gy LS
Slaghsy plo (oulidsl c8s imaza A3l sl
Dloads 48,5 IS @ s by olglans oile w2l 4 awly

Lo 5l esliiul oz aaisTzly (gilu e jsliion;
Tl ;o ghii jegdle o5 (glo Sy LS wlilsly o
8 sy Slocwz n shls (2 55 ) &l
poe Sz 5 a0 50 (slaigSEls 8,50 (xSl

Las bl dsje o (L3 das g0 dgu
Gl 50 &5 Sl o0l ad o (gouxin JLirw (sladilol

SPHINX [75] SONIC ([74] JULIUS asle bl
) s kil oless [78] KALDI 4 [76, 77]
L 4 wasly iluoe g oat a8 S I 50 sodgies
3l eolainl Aoy )0 wauwl oads oslaiwl (wlilizh 5o (2 s
S (il 280 v sl 28l 4 anls glagts,
by o eslanl gl N galS 5beyte dlele oy B L5 o
ol GO [25] 50 5 lummlin Jebly bags o)
S o 3l als Gl 5SSl cl sl Iyl
b tags plnl shr 9,0 5 Sbore SRS owlidisl dlel
bl cpl alilxal adl g o 8 a8 Wlissl 850> 40

Sl 009 e sladiloln plw a S

GOl gy iy —F
slaable cds bl o)y alise by, St
AS(JJ a 4_>53 l) RGO PR QW .)Laf G..:L..A)l:
il s ol aiege S oS dagly olitl
OBl sl pgmpe slagty) Sl (Ko wtenl LS 5355
Cawlazls cwlil cds Ll dealeln ol 2do
2 ozly bl wl o lal ul ) ey a5 S les
0,5 dzxgi 4SS cpl 4 dazly owlidl Cd0 Sgu jslaied
Sile 4 ol allss gl Joe jo geuas 1) LS cdb 4
S dagly paiivs giluJae sl a4 cwl aY (K0
Q; oolatw! LAS[) LY Ml9 ‘5>|5 6LEA>‘9 \5)L“"J‘)"°
¢MSL L wlg uLC)Uc‘ L}"‘ a5 w‘ 5.)‘& ULMJ 4.:).96
S5 80 by aiS oo Ll LS bl o e B
GelS azy BB gl 4 (linil glas Ao
anly sl by, Las cdl WIS g5le Jas sl b o
J?c.bm.:..: Al?& “:53.'5]_4“’ s"@‘jT—jé MLA) kSCH \-Ale L
2 u.l C_;l):‘ PR fL?u‘ (G “:ulfw &5‘:}5] 6Lmd>l5

123] Gl 00l oz bl 3l S8 iol58)
Gilwdow il 4 analy sle o, I SO
OpS 0 095 & D slbdl jo zls a5 i
6‘)-.' 69.].2:@ 6L‘2’°)£.’.9) D9l oo solaul 6)L»JM «5‘)‘.’

5 Supervised
¢ Unsupervised
7 Classification

FO 2l ¥ ol VAl Jle

@

! Kaldi

2 Biphone

3 triphone

* Multiple Phone Units


http://dx.doi.org/10.29252/jsdp.17.3.37
https://jsdp.rcisp.ac.ir/article-1-903-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-23 ]

[ DOI: 10.29252/jsdp.17.3.37]

2 el o w35 a5 50 T S a5 T cegies
@y 2 e 2l sbasSEls s S0 g Al
S 52 g el oas aid 5,05 0 LT pliay glaisSely
Sl eadatiin slaiSzly el jmay S8 o bagly
Gy o il e s WS 13 s ol o ey
iy o5 a5 _loaisSels 5me 5l aily olazsl o]
b SIS 51 58 U aaeils bl gsds dalys
50 5 aisSzly cpl b ol ool Jlaicd o ooy iegh
Sl 4y azgr b Jlepliear sainS 18 ple Ao
L oo, ol )l Boly) soliswlo go Bl Jad
e eSS clals it (SarsS Sl )b olos
SaSS lalzma polul oS (lacdl cnlply sl 0090
Lygiye sbaisSaly 5 o 48,5 ongol wilosd go iy pos
Gly oS lbaisSaly wilas 5 L8 Lo fiws o dagyl 4
ol 55 5 eats il TPA Jslax o Joles gl
5 Wlosds Bl baigfrly sl Cavyd 5l o] 4 by
slasSzly sloatws b @llal poe Oyg0 o ol 5i0lae
zhrawl ag, wladF 13 ple Alws 0 0gzes

el ool ool gulad (V) IS5 [0 (o8 sloaisSels

T pin A pdic M) adin aalion
- K YU
- Peds ey e 2 g S
o) .
S s L b’ b Bt il 8 et

—— tas

-

@ 9
it 3 damgiet | el el AN adine

lla? e SASI o2 b g
L oy md s b e il e

- . 3 ol 3
i e A e b onn A

) 5L slraigS zls 2l yauiw! Sl o (V- JSC0)
(Figurec-1): Steps for cxtraction of Persian allophones

et sslamlie s S0 b eSS Gl @
ool cilae 5w IPA Jgloo L a5 v b slaagSzls
GsSzls Y ol ceuygd ol Ceul sid angd wons

ool (V) Jgor pomw gt ;0 008 B ,ne

2 Nasal rclcasc
3 Lateral release

8,50 Gl Glgies oy Sy SlsSEly 8,50 292
‘Laaw)b).v ‘_g">).3 rabu‘ Lv °KQ—‘ 9 g,é)f nS.oS (5?‘9
rol> Siegh j0 w0938 Gl 1y sluSzly s i cuns
s ookl (Koo Sl 2ty 38k

el 0als a8l U] a Lg‘da’b’a‘s Lg)l.}fw)a

S5 g 8,5 5 3lwodlel —F-)
=y 5 4 sl lcean o353 Gl
ol et Sl il s e o SrsS Slse,l
Jo sl GBS0k welgd ) slacgerme a4 5L o Sy
O 2elsh Gl Sl () Gl 53 baiSels @ ezl
ay wdide Glacdl jo B3 L gls e a5 wiS o
aroa R Sl g opdiee 0w ) (Fhee

Redee Jrod sl
s Sry tlear daplsen o baSly (s oy
5 B by 5 olies 5 aSly (g sy
sl (IPA) Ml ey (5,1

8)9> 4O g4 c_gl‘_n e L ‘U‘;L.J Q:’.‘ »
Slllas (p5 psbay 5 )b uliigly o olisls]
2 385 by o)l SladisSEly gl 4 slaisSE
5 ol sloesls e sl oad wisls, o] ) S
o2 b o] O i o )lse 5 dunlie , 55085 b cilise slis
TPA Jslaz bl o cpl o295 ol oad ooy cillae
L5.:;[4 Lbdueftls 6‘]" 6&)[-;6 6'7')" 50 el ol MLM
S 0 TPA Jslom )0 eads Byas o laibiul ob L glass
sl dagls (i sl Jleplsieas ol ol i85
a5 [3, 10] osds (Byme " adl adg" L " aloule g pbay
axlp e el Gl gdy (2A e S8L 4 axy L
Jslaz ;o "No audible release” b Joleo ¢ 23 gunkas
QT A "o%b)b L: um)ujdd" rﬂL: 9 oD 4.»5; ).L:.u )leA
oypad ;0 "5 LSy cline Judoas .l 4Bl polais
al g oo amuils TPA Jslas "Labialized" Jolas [3]
Sl orzes a8, 5w ol gl Teas S
Telmlogn @S s Tplrlisn eptes” lawisSEls

o, el cwsa IPA oo wlel 5 woped

! International Phonetic Alphabet

O 2le Vol YAl JLe



http://dx.doi.org/10.29252/jsdp.17.3.37
https://jsdp.rcisp.ac.ir/article-1-903-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-23 ]

[ DOI: 10.29252/jsdp.17.3.37]

aig zlg silwdde jl odlisiml b Hm)ld slazly ) dga Smliab)ib

Wwd 2 & laie SBUTEN 5 o215 SLatwd Ligla 10— J9uz)
(Table-1): Display phonemic categories and allophones belonging to each category

=y saiwe | awo o izl | (2ly sbaiws | axws o sbaigSzlg
p P, p" p% P p° ' h h, hv
b b, b, b, bY, b2, bt o R R
3 L. et dz dz, d3, d3*. d3°
d ddd g ddd " L
c c,k.ch e k7, en ol kM 1 L1
3 5$459.44950.9 m m, m, m®, m
G G, G GY, 6N, 6N 6l K n n, Q0% 1,5, 0, N
? 2,2, ] jajsd
s s, 8% i i,1
7. 7y 70 7N a a,d
J L e e, 8
3 3,3 3" o 0,0
f f, fv u u,{
v v, Yy, vV D D,D
X %X ? 4]

AL cwline x5 bigly nle sbeaisSzly
850 9y 2 4l nl 2Ll oads (g3laosly £y
2 oS ol 0 veree slagly led (2l Slow
S 85y g Wload (IS ez STl law
Goisel sl 0,5 ol g e nd g slaisTels
o 50 LaisSzly s 53 bl 5 (SeiwsST sl Jaw
O 5o a5) Tl b b LS pelial shese Sl
SilwJae !l oa ooliiwl (s y padlys o1 4 -
Sl 5 oo s Tl sl n e (SisST
WY 5l JSie) slsSzly 65w s, » bolsla
2 bl aisSely (puliinl 5 18,5 ©s0 (€55l
Slaeisl 65 0 by allaw 5 21T Joae 5
2 Gy ealilas giluae jo cl sad ploil (alisee
Al oo Sy sl 0,5 wlaglsian 5l s
el slp e e ol Gl gl
5 ot ¥ ol 4 el ol solaiul atlwgy LS slaieSels
bl (slaseSzly sla alslas (g5l Jos 1 oolaiut
f Sl VL S0 b gy WS slisSEly A,
Sgdsn plonl Slaiszly (ol sl (gl Joe
SSEa) slisely dxd,  eeldih sl
P e PO (1 Y PV PR A X P By K0
ISe e degly oelidih p leasSEly bt
s B a5 Blel o sud glulid slaaisTels
ez g 0dd 03l Cod (V) Jgoz b @llas ol

! Kaldi
2 monophones

FO 2l ¥ ol VAl Jle

lazly 51 <SGy slaanws slass « cw)ld ol 50 LAQ'I WY
Soo lUgSEly sl g0 5 s O)IAL O je0n
‘ﬁ-b CABL QO 4.‘>9.t L: Jl:’ ) 00 uaM ‘C‘BJ’D 6“;:
(=B ok sbeaisSely ) o e 38 sln pY S s
sledl 5l S e pllid 6ln p¥ lasloiy
IR JLo.Cl “5?‘5 C)Iou,\:)l.é Qlfé'b Sy 2 ‘(_g‘d.};C‘j
LassSzls ol Sbj aclsd Jlacl gl o Jlo olsicay oo
sZls OBl GliSely sz 5 ezl )
doa 5 zly Comdge aiile (69150 o9 attine (Do )8
s o gls jslxe slagls wolly 5o gly undse
aile Lol (5 wslgd ol Jlosl 51 L3 ol ply s
[24] oud 03538l Dl )8 o>y Bols 4y ( slre s lads
odd Gt wolly 4O eized g Lx )3 gly y2 uaBoa g
E\.\MS..LJ}, iAL)J,.s ‘Ldmﬁfc‘j_&?b CJMJA..J ‘alpu‘
uly.ci: ‘) L‘DE‘S AALS):» LJ" sl oo oaLe] La::ljﬂfcb
L ‘) qui ‘0\-\4:)$Ll ..\.C-|9.9 » 4.\5.7 L) 9 CAéL’{)Q 8999
Sy sy b i led] pslateas a5 o hod aisSEly
by o (SSx 9 ke lagly sleasSel
Ipl zlg (V) IS 5o« 2ly aslgd 5l oolaiwl b laaseSls
d.ljfz‘j g)“‘“ /]J/ 6‘73 el ol Y] A g0l u‘j,_cd..,
0 u)f /..Ia.» ) ‘[p] 9 [pl] ‘[p"] ‘[p1] s[pW] s[ph] ULQLA-J
il Soge &5 ol Al @ by s dpl BSzls oo
gl sly il JlEn Ipl sl R Sesdse


http://dx.doi.org/10.29252/jsdp.17.3.37
https://jsdp.rcisp.ac.ir/article-1-903-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-23 ]

[ DOI: 10.29252/jsdp.17.3.37]

Wi Glel oo oplply Wlends IS (lbisSus 5 oS

e adisSrly lolid s 3 lagly olulid
] 005 gvaua)b 8o w‘;ﬂl

-

4]

Bl WY el oSes Sole 4 wlasS sl
“ WLQA)O t)Lo.ﬂf L_,;.»LW)L: Aol Ja..oy GML,’_»L»LN
& .Toy‘).o Aw kSJ” 9 a5>‘9 awo YA JAL.J) Awd =

(a) |
- -
-~
- -
(= Fl

Ipl Glides aigSzly £a39 o ol (V- JSCl)
(figure-2): The algorithm of occurrence of different allophones for /p/

Slodae «(Shy glAel 5l asle able (ol
s S sledae gl preal glacs e (S
(Shy gl shiea (gl Able o blas s,
ooliiwlPLP 5 MFCC (slo S5s 5 o8 0w <y
S el ! MFCC dule (ol ogdiss
JESw oz 5o 5L 8 Gl sl o3 ailo 2
VO OB Jsb Joensygbar) opb o sanold LS
WS Ll TEe eyl gl Glises 5 bl
5zl Lhsyse sloosls (LB ja I e (05d oo
gy 3 S T s Jleel oy aSTan Je
Lol 5l o osdiee wpd TSien wiile (5,050 2y
Ll 1aiile) B o sl R0 sla sl (B el
657 dle (2,08 il dwlxe 5 498 Joud (55!
s ooyghiansas g o)l o, 80 dlxs ide 2 0
Slee cmva ol S Golpe (st
L oalS o SowsST gilwdoe a5 ol o)Ll J3,0
bolzee slajas ouss bolie slofae 554
Deben pll Groe ac laaSid 5 Ladp; (oS
s o wile (b sl o ple g foansS Gl
Jlesl oo, Sy 5l eoliad b 58 Teall i
09555 Sl ol b e Joe olsl 2 Gerbas nl -aig oo
Sheslinal b o Fhs bl pog Tools anin o

Slatin M Fhy p e Cald anin b3 e S,

4 Hamming

3 Speaker adaptation

¢ maximum likelihood linear transform (MLLT)
" 'maximum likelihood lincar regression (MLLR)
§ feature-space MLLR (fMLLR)

Ty Bws o4 LS Sy e Jsene sk
iz 50 Szl &5 (69,0 yo 28 Ll ol gl
392 5l GxSelr jshaieds wadly wils HI3 2ly dtws
4 LS As5zly 5o a5 ul o3V onlidl ) e S
2 ale e by plpl gl ools S (2lg 09,5 S
ol b i cols a5 (lozls dwo @ Lo a8zl
o el 3505 Ol @ @l catl Sl 15 ol
Ll 00l oudais (V) Jsoo B j0 aseis g 0dl oolo
4 b s M gly dws a4 oa [14] B2y (Jls olgieas
o2 o M4 5l S zly po s w,lo slas /A4 £l Ao
Ol rerboyslods Lol t0gd go gmzma A4/l (slasSEly
g o 0l S M Zlg 4y (s Az o )0 a3sSEls
baigSzly e 5l logly plolid iy Gl @
il S8 by, ol 5l esliid bl 48,8 500

G, Wl 3L Ailelw Y-F
@ a8 Sl s WLtl sl hote Sl S gulS
olBisls lawgs Yoo Jlo 5o g ool ool amuwgs CH L5
55l ke (5alS BBolsS el o b yms V5Sale ols
i b SiwsST gilwdae colsl bz ol
sladas 5 TLabp) ouss bsle Jus asle iz
LS oelitfl sl S e Slaniy 1) T gsT Ll

! Johns Hopkins University
2 Gaussian Mixturc Modcls (GMMs)
3 Subspace Gaussian Mixture Models (SGMMs)

O 2l Vo)l ivad Jlo



http://dx.doi.org/10.29252/jsdp.17.3.37
https://jsdp.rcisp.ac.ir/article-1-903-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-23 ]

[ DOI: 10.29252/jsdp.17.3.37]

aig zlg silwdde jl odlisiml b Hm)ld slazly ) dga Smliab)ib

e dud 90 0 1) dlasr Cona 035085 2 Sl SO &
09,5 Sl (samsy (5,3 S & StwgST U1 S o
9 iy zlg 5 o5ly pdav )8 0,50y w) ez plad !
Lgie ce g sl oo oL 5 (>l 5,50 laieas o]
Oygods e el ASB 0 b FIV o Ban S Lus
Lis 50 TV-00 slspased (Wl58 L (S opils
oz g0 a5 Cuwnl doz F-0 Slow,b Oz IS slaws
55 ol s el (] 57 e (o) L5 slagls U5 el oo
C)‘) 6[@@‘519& GALQ.? J.Al.w FUBRY IR ul?Lbl 6‘4.:;4.:
[79] il (om,8 L5
8 el ol p2le iagh sliusgime ) S
e o) badisSely zlial Sl 4, e sl
B 5, LaF o S L5 sloosls a5 Jl> s saslosgy 35 e
S a3« SoeS Sloe B g sl nl Ho coll
ol 50 b )B4 by o slaosls 5 alise slo iasS
wals lie pl a5 ol o,y IS w20 G Dga 0 Sy
Sk 5w iledae @ln ) p3¥ colsS olesa
Sl oy 8,80 50 eolitul 5,90 (5 aS S oS 0]
Q)’LA—’)' ‘é_.é'j)\b 9 S| ) ‘5)16.419) \Sd.u: “S_>95
33 «Cowl oabaiigi il DMex Slezg, coadile
oSl o slamd 9 s slaclls a5 oed e
el 08 S sl 2 iludde Crlple S aneS

ol o0l

SlagSzly Wlo ;b o,y 3l solawl -&-Y
aw SLaS bl S35 5 Jshae sl o
Ol sl A s b (sl 5 Vanusi 7 isel de g
d..sj.wksn solo L)")}'O" L;J‘ﬁ" C’,‘L@Q}‘s L;iu.w;’l 6[.QLJ..\A
ozl Loyl Siludiate 5 ek Sln drwss desane
ol g oledye wgdiee edlitul (b5 Jae 03
JURTA-R RGPS L_;Lbj:.cl)lg: ) omoé‘éui:)‘y] s Joe

b o)y (abcul 5 pasie (24 b ige)] degerme ()

slat Jsb ilujlnin b Geizen allole (n) 23500
oo Glojlzis 4 Tlpedr silolie 5 ' Sse
3 eslial (el JoanysF (ilat (Bl slp 03l s
5 eslawl a5 041y w9 IMLLR ¢ VILN g, g0 ,»
el iy il oS g0lS o el 5 Jlaze IMLLR
HMM o> jo slila a5 cudl Syge opl a4 (ol
29 00 292y paal S50 S iyl o 4 by e
slsl 2oy 5 Gz Caom ol 2500 50 (Vg sl
ool alg e OBl WS o 6 S peeal (B
B9 O)jgot aSinl b Ned Ak (owliioly il
SYlges ol isd asi Tlalsl (2550 ganadeS slue
oy el o Lol ol S Wle (6,lse i) 4o )

[25] s

B2l 5 b Julnt e -

ol mls 5 igh ol 4o 485 0 gl
4 N0 0 ol asdS (S aw o a
> STy Sl 85 o5 Sa LS YD
W R Q-*’)l)f aslolw Ug‘ L:.«.»Js;

21y ol 6 &Sy —1-0
550 ) (SemsST gledae Glp ol Giegh
5,5 el oad oolinul SzsS Sle i g, kS
oy o o kil (6,las 5,50, s « > oS ilo 8
Gilodas s Gl adlle Bua L oa5 cud )b
sleojsy 5o oslital joliteds gyl Gbj SetuwsST
8 phay SLacs ysld dnmgl slimgyy awgs SIS Bl n
SIS 0,8y o) el 00l asi s i 4zl
L bl BunysS ¥oF laugt aS ool alox $-A-
(Jotr kel (S5 Sl @l dm) 00 ) S
S I T e
3 osliiul [79] ol alides S hamd (e 5 S
a5 ogbiee Seb by Somly slagiss GLb Bl
lise gloytysS slyr | ooliil CulilE wadags &b,

99 ¢0) A O OB e cand [B1] wl azils oLy ol

3 Signal to noisc ratio

¢ Training Set

" Development Sct

® Evaluation or Test Set

FO 2l ¥ ol VAl Jle

@

! Vocal Tract Length Normalization
2 gender normalization

* speaker adaptive training (SAT)

4 tree-cluslering of the phones


http://dx.doi.org/10.29252/jsdp.17.3.37
https://jsdp.rcisp.ac.ir/article-1-903-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-23 ]

[ DOI: 10.29252/jsdp.17.3.37]

5l ds 089 oo Yo /B leaigS el 0,50, Jles! 5l L8 a5
e 0 el odus ) wo 0 YD @ 0,5, ol Jleel
03,5 ok lsldas &y lsIoS5 31 (3l Joe Laid (jtls]
ol s als s gzs B sgme ol b cul
YVIY @ bgly owliil glhs olhwe a5 gt 0ud
Gl ean i )1iF Gl e cal a8l relS s
VO daaisSly o505, x5 ba 5l S alspe 0l
Tl Ao 0 e Gimlojl o el sdgr wojo
0w porS-do Shs by A Sy 2 (Shs
S St oS s 5 JS (g o dw ol en 4 (sladlze
s LDA® s Lod g0 e oo sladlge Y S5g Jlop
Jeolo Gladlse ez oy o5 Jloel s yay MLLT®
el 48,5 S 9o ] Gl olylan ile o g onds
GRSl A3 6 S gl litil sllas by, cnl b
0oy S, YA 4 03y 0o, oV VIY LaaigSzly 0,50,
o oyl o3 Al e 5 Al e o) b glie b
s oo sdleay MFCC S5y o5 ol Job>
Slizis sdleas MFCC S35 4 Comad MLLT 5 LDA
@ly bl sl 1al5 o ool pgs 5 s Soj
—de sl om0 cnlle sl ooy 5335e
ool Sy Gl 5l eol g g s Sl 5 g S
ey ) A 90 0 eler Glalel o ol ens
LoaS o osg0] Al o 50 (SO el oas solawl IMLLR?
SAT®) suinsS 4 i (B39e] (ogy ol ) eolinul
ey b il Al o 6500 5 w85 O )90
Sl 00l ool cillae sunsS o sl She IMLLR
cBs oy VIF il cel w)Sag, onl oS Sa
Jlesl 51 b8 a0V VA Sl Zlg (olidil sl g oudd
2,509, ol Jles! 5) om0, VY 4 baisSzly 0 S,
Sialesl 45 SGMM 3LsJoe (655,54 ol ouiles,
R EPRWRLCRP R WIR 1) SECVUFIIIE SUSIN S PR o)
o o deaisSely 0y, 5l S gly bl sl
B LS I CYRP U YV VSRS L VA WP gy
Ol 3 MMIY oles bisel Jleel ol oo
@ bgye gl a5 4l ol eras 1) cds als (iulej)
G aloya o) sl aaisSly 350, el 5l am 5 3

% linear discriminant analysis

¢ maximum likelihood linear transform

7 Feature-space Maximum Likelihood Linear Regression
8 Speaker Adaptive Training

9 Sub-space Gaussian Mixture Model

10 Maximum mutual information

fogazme du Opdige GBI dxwg degee sl
sl o0 iy i s )B Eols (gl [25] 45 coatoly
shawi o (SeimsST sloJoe el sl ool gl 5o
Oleeds wansS YVF Ly sadaaS ales> YAAQY
5500 edisgS ol 5l dlex FVO slows (yhjgel degeza
o & bgiye aex YAY olows g dswgi dcgasms Glgisay
degorme Sy o3 dsgeme 95 (BansS b Dslite ouissS
SOMPRVCER SRR
gloanly (SoiwsST (s5lo o dagiolejl ads’ )
el 055 HMM-SGMM 5 HMM-GMM ; _=e 151
Joe S5l (alsTan b 2l) 2lsl ol o (s5loue sl
o ool b b 'sly 4y o GBS yle i
Bogs Wiy, G S Glo cwsS olaws o5 ol
e 53 5 gn e isal e Tplish S
Foreal S0 S lacdl Y0508 b, ) slsla

R PR w)f oy 6{‘5‘

L -6-Y
el deserme 59y n bl S iy ol )
S92 g0 aliZe slo s, slil Al mlh g ouls Jlesl
Bl 5 StsS| silafin s Sy 2l
Sladdlas 1o G opl 5l G el sael Cesoas (salS
2y wlidl cds delbre 4 bl {25] 5 alis
5,50 bl eddplml g3l Joe b 5 e & jg04y
Sl 5,Ss 5l ookl oea)  xly Sl eyl
b el izl salS Slls 5l salan b (slassSE g
GO (V) Jgoz pes (g 5o ool Giagh 5l Jol>
o oadplxl sl yiales) 5l al> o o (o Sl ouds
2 lp Sy gl jshie & (el degerme s,
9 L Sloj Bie g pg S e cupd 085 (U
oy G ol Jels sl sdal Cawsts ol o o) pge
ol g cwl GBoge Gl sas YA S by S
Joe 5l ooliiwl b SiwsST (g3l e uizmes al> o
sl 8,8 &jse Il ST sl g BTl ot
Silodoe Jie Ojpons bagly 51 S o a5 Laegny
ools co ilu ey lezly o sloje g oo
stbdrnlime i}l e ¢y cmlal ol lodi

! Left-to-right

2 Split and Merge
3 Tying

4 Decision Tree

O 2l Vo)l ivad Jlo



http://dx.doi.org/10.29252/jsdp.17.3.37
https://jsdp.rcisp.ac.ir/article-1-903-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-23 ]

[ DOI: 10.29252/jsdp.17.3.37]

aig zlg silwdde jl odlisiml b Hm)ld slazly ) dga Smliab)ib

5

Sleats Gadaid 5l 50 5 (lagly sl 4 baaisSEl
e Sl 293 &5 il Gilide ol o lagly
Jbas wlinslh cds i casladisSzly  (o5lo Juw
005 YU Jleaws 55 9,500) (o) 6,84 51 A8 B (o8
g oo (69 0kews YL 85 ol oloosgs L“.-...Jo g e
Ol S wsdee (S Wbl 39 )0 Az g LB
a oy, 5l S e a bape @ld 515 Ged (A
2 baigSely 0,500, 65,54 jlan g 8 mli dulie

Dodos o by, yo

aasdle 45 4% Lt ansl o o0ls Liales (1) gz o
S5 5l 8 el )15 80 (lie (o SYL g oo
Gt 4 Lgye) dopohe /Y by desisfzly 0,5,
Loply dadisSely 3,50, Jleel 51am g (ao)3) /A
doslie Cewl Qo)A las & bgye) do0AY
Songz b3 lis (V) Jooz il 5 pso i slaosle
0,59, 1ol Lozly owlillh cds sue 0V /A
Olise ) 288 vgme onl BYS e 5l il sSEl
hostinnl (gm) (omlbidsl 8550 slaaxly ool 5 S5

LaigSEly 9,509 35 )4 5l ar g Jod gy (ool b slas woyd (Y- Jgu)
(Table-2): Percent of phoneme error rate (PER) before and after using allophones approach

S5 a5l b R BLLBIE

SR gl s gilwdoe g LaigSzly 0,59y | LASEl S,

agesl axwgs o903l Az g
+ HMM Mono-phone + MFCC — delta + delta-delta 30.5 29.8 29.5 29.3
Tri-phone + MI'CC + delta +delta-delta —~HMM 25.1 25.8 233 23.5
Tri-phone + MFCC + LDA+MLLT+HMM 3.3 24.8 21.8 21.7
Tri-phone + MFCC + LDA+MLLT+SAT+HMM 21.8 212 19.2 19.4
Tri-phonc + MFCC + LDA+MLLT+SAT+SGMM 19.9 20.2 18.0 17.9
Tri-phone + MFCC + LDA+MLLT+SAT+SGMM+MMI 19.8 20.3 18.4 18.4

L g5 ol 009 o 3005 «y905] Aegaze ;o g dwo 0V VA
2350 el sl (e e &5 (nl 4 arg
degorme sly s VoIV (roghy cnl 1 S B gly ln
Lowsg sl Aegeme lp 9o VA anuy
aoyo VA L dagly (il 285 i) onl 655

.C«.mt‘o.k:.w) M)Q/\Y &)@LAW

xlo-V
OIS st B wlidzly weeme (oo [V
AYAY o il L]

[1] M. Bijankhan, "The phonology of optimality
theory", Tehran: Samt, 2005.
Olyes B ol @.‘51 P R L [v]
AYAY o L)
[2] M. Bijankhan, "Phonetic system ol Persian
language", Tehran: Samt, 2013.
AYYA VAXY Slrio (a5l i3 55 50 o)l 05

[3] Y. Samareh, "Phonetics of Persian language"”,
Tehran: Academic publishing center, 1999.

Ols (Setigh) cwliils] wamma de o wlisg> [f]
AFAY A0 05 AP Sl ST o Laas)

FO 2l ¥ ol VAl Jle

& S Ao -
SOl ool b o B slazly cwbitslh a4 allis ol o
ol Sl eadglgal aelsd i S
sluzly Sy Joe 5l @Blyyo g oad aislsy cwbidil;
ol oal colaiwl bazly oLl 8 s ) p
L 4 anly 2l sleasly adg aelsd sl cna
o 585 Ll 5 il ()b 05 5o (B8555ls)
w3 b8 (s 88 s,y S El Cnl 5l S
5,50 ods il ol Job cul oad gjlwesly
O b Oleww 5l cwl b glaueSzl
850 12 [25] 0 Gl 5 amgl (Gijaal (slaassorns
GRS B by ead oslial s ol )b sl
Woacgams ol gy eals ks bl sl
e oy all )b sladisTely owlidsl s o5lu o
5 Sl odd bl slaasSely e e onl ey
3 &y slaiws plesar o)l (bs slagly cgom o8
Lo a oadol sbaislzly 5l G e g oul 485 L
o Py el oad el plas! 2y sleaiis SO
Al lg slaaius 4 4Bl plas! sbassSely oloss
wlaz Olie Cn e iGhey Crl Sl eolital b eSSy

‘AM}? 3.95.0.790 e Asw)lé UL’) o C‘s G...)L».ujl.a


http://dx.doi.org/10.29252/jsdp.17.3.37
https://jsdp.rcisp.ac.ir/article-1-903-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-23 ]

[ DOI: 10.29252/jsdp.17.3.37]

oleiol oBiils (oS saslinll Mo jgle
AV leasl
[13] A. S. Mirsaeidi, "phonetic study of phonological
process assimilation and dissimilation in
Persian", PH.D dissertation, fgn, Isf., Isfahan.,
2011.
=l ol sbaszly als” wsemme (B o [F]
sl sy eliizly cal wezlr 5
Ol il Sldl pgle g olool goaSiile
ATV AVY -0 Sl oyl
[14] M. Bijankhan, "Persian allophones system in the
framework of arliculatory phonemics theory",
Journal of the faculty of literature and
humanities, winter, pp. 95-117, 2001.
loglgean Gofed canasd ()b, 5 )leuS (saal] hol
Sawaip (liizly 080, iy B Ol e
laol;  slgiegn sl Mbaanis
F o gosled gl g jmb ‘QLQ_{LA oKasls
A £F-FY Clbwe
[15] K. Zahedi, F. Fakharian, " Consonantal
Assimilation in Modern Persian: A Feature
Gceomcetry Approach", Journal of researches in

linguistics, autumn-winter, Issue 2, pp. 47-64,
2010.

— oSty bl s BT sy o Bole [V

9 Qb) 64.1.7;4 ‘"‘5&)& L;LQL;Q‘Ml &;‘5(5‘
AYAZ AY 20 Olins . oulisil;

[16] V. Sadeghi, "The ellect of aspiration on Persian

stop voicing contrast", Journal of language and
linguistics, pp. 65-84, 2007.

Slalsian wliizly 5 owlislsl” wug o Bolo (VY]

oltils eulidply slagiesy sl oSy

FY FA Slrio ¥ (goleds il 5l lgiol
AYAR

[17] V.Sadeghi, "The phonetics and phonology of
Persian  glottal consonants", Jowurnal of
researches in linguistics, spring and summer,
issue 2, pp. 49-62, 2010.

2B ol e e s s ST g wlile [A]

asbibad loypmiz caliiizly syl bl

oBails  mlidigly  laghagy  (degh-(sele

Ao B Sl F g0 jleds eilias o 5l eliol
AYAR

[4] A. M. Haghshenas, "Phonetic", Tehran: Agah,
2013.

AYOA VO ! Lo slKisls ool Ll
[5] G. Dcihaim, "An introduction to General

Phonetics", Tehran: National university of Iran,
159, 1979.

ol (o)l by (Sups clitlsl clule diews [£]
AYYY da 5 e Las!

[6] S. Sepanta, "Acoustic phonetics of Persian
language", Isfahan: Golha, 1998.

o li2ls] oo sanngd $VU e 5 Jan Sl [V
AYAY ol olftils ol jlasl lpao! o SKeiwsS

[7] B. Alinejad, F. Hosseini Balam, Fundamentals of
acoustic phonctics", Isfahan: university of Isfahan,
2013.

sl o lohol (onliigly e o wolyile [A]
AT (ool olEiils

[8] B. Alincjad, Fundamentals of phonology, Isfshsn:
university of Isfahan, 2016.

oSy, mlisgly cadle dbjemels shliie; o5 [4]
ATAY o Ol oo by oueld

[91 A. Kodr Zafaranloo Kambozia, "phonology rule-
based approach”, Tehran: Samt, 2013.

‘)L“JS so.lc o GMJL\MJBT ‘)Llf “540'93 el b [\‘]
YA VY amio oo L) o)) 45

[10] G. Modarresi Ghavami, "Phonctics: Thce
scientific study of speech”, Tehran: Samt, 2011.

Sl by bl cdle (o (amlgSiin (V1]
h.xerm-d“‘ g_';""j'))j oKsls u‘)Lm.».sl u.).e{.w.o"' A(ﬁg.w
AYA Y amio

[11] M. Meshkato Dini, "The sound pattern of
language (third edition)", Mashhad: Ferdowsi
University of Mashhad, p. 131, 2009.

Ol eemlils] 4 oaalys ik (s, (VY]
AVEE ol i 58 e

[12] L. Yarmohammadi, "An iIntroduction to
phonetics”", Tehran: university publication
center, 1985.

S lige ) loledible (gomm e VY]
B e Gl Fekes 2y sbeanlp

O 2l Vo)l ivad Jlo



http://dx.doi.org/10.29252/jsdp.17.3.37
https://jsdp.rcisp.ac.ir/article-1-903-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-23 ]

[ DOI: 10.29252/jsdp.17.3.37]

aig zlg silwdde jl odlisiml b Hm)ld slazly ) dga Smliab)ib

5

[23] H. Sameti, M. Bahrani, "Extraction and
modeling context dependent phone units for
improvement of continuous speech recognition

accuracy by phonemes clustering", Journal of

electrical engineering and computer
engineering of Iran, spring-summer, year 3, No.
1, pp. 45-51, 2005.

5 Js lBde (s WliB )l el (gaext [T
sesly 355 alre grlais " (ilaae sl 58
illie el Ky gonlre Jyeol Gulol 5 o)l L5
oy Slllae Jodlin (8858 ey o oadiasl |
AP Lbll asdle olfils )]

[24] T. Ahmadi, H. Karshenas, B. Alinejad, M.
Naghavi Ravandi, "Automatic syllabification of
Persian words based on Pulgram principles", /n
the fifth international conference of language
studies, Tran, Allameh Tabatabaee university,
2017.

059 ;0 25 g ¢ (6t (6,108l 3L Jebl [¥o]

sieshmsele gaslifad o) ks bl

FY-0) Slbas (Y doooly 5 oD sl
Y0

[25] B. Babaali, "A state-of-the-art and efficient
framework for Persian speech recognition",
Research center of intelligent signal processing,
Vol. 13(3), pp. 51-62, 2016.

[26] D. Yu, L. Deng, "Automatic speech recognition,
a deep learning approach". Springer, pp. 1-2,
London, 2016.

[27] S. Karpagavalli, E. Chandra, "A Review on
Automatic Speech Recognition Architecture and
Approaches", Tnternational Journal of Signal
Processing, Image Processing and Pattern
Recognition, vol. 9(4), pp. 393-404, 2016.

[28] S. Sun, B. Zhang, L. Xie, Y. Zhang, "An
unsupervised deep domain adaptation approach
for robust speech recognition", Neurocomputing,
pp. 79-87, Sep 27, 2017.

[29] L. Toth, I. Hoffmann, G. Gosztolya, V. Vincze,
G. Szatloczki, Z. Banreti, M. Pakaski, J.
Kalman, "A spcech recognition-based solution
for the automatic detection of mild cognitive
impairment from spontaneous speech", Current
Alzheimer Research, vol. 15(2), pp. 130-138,
Fcb 1, 2018.

[30] S. Sinha, SS. Agrawal, A. Jain, "Continuous
density hidden markov model for hindi speech
recognition", GSTF Journal on Computing
(JoC), vol. 3(2), Jan 19, 2018.

[31] CH. You, MA. Bin, "Spectral-domain speech
cnhancement for specch recognition”, Speech
Communication, pp. 30-41, Nov 1, 2017.

FO 2l ¥ ol VAl Jle

[18] B. Alinejad, "Persian aspiration and voicing in
laryngeal phonology", Journal of researches in
linguistics, spring and summer, issuc 2, pp. 63-
80, 2010.

R AV CESTPT SPOA I SV ARV
ol s Slae o STy soladl slaylstan
(olbll adle olKisls wVlie dcgorma ¢ (gu)ld
AYAZ FOF -FF) Clras T4 (g0, leis
[19] G. Modarresi Ghavami, "Neutralization of
contradiction between voiced and unvoiced stop
consonants in Persian language", Journal of
proceeding of Allameh Tabatabaee university,
1ssuc 219, pp. 441-454, 2007.
Sl oyl 0 o letten” Lilaile ¢ is e V4]
ol oails (g5 0b; (ohagh - sole (saali Juad
AVAF AV 0 Glras VO (g0 leds (Ll
[20] M. Norbakhsh, "uvular consonants in standard
Persian", Journal of language research
Zabanpazhuhi, issuc 15, pp. 151-170, 2015.
S JV S RVER NN SIIIL 7.5 I T A A
ladiuasr 5554 L lagly (owlidl o Sl
—eele aslfad S Sy sledasiie SiwsS]
A YANY Slxaw
[21] M. Sharifi, V. Sadeghi, "phoneme recognition
algorithm design using the acoustic correlates of
the phonological features", Journsl of signal and
data processing, Vol. 2 (SERIAL 16), pp. 13-
28,2011.
B ome s e aw  odlon w0l 3 S el [YY]
T JOPN SN S S YL TS LS CORRU A B {2
AYAY (s AY-VY Slrao
[22] F. Almasganj, SA. Seyyed Salehi, M. Bijankhan,
"Shenava 2: a Persian continuous speech
rccognition softwarc", in the first workshop on
Persian language and computer, pp. 77-82,
Tehran, 2004.
5 i’ e (Sl s e ol [YY]
dgete sl 28l 4 wls sl slaasly (3lu s
‘"Lma\5 SIS (g, b dlws (LS owlidl cds
T Ul Olnl FomalS (omdign 5 3 (oo 478
VAT (ol ) oyle


http://dx.doi.org/10.29252/jsdp.17.3.37
https://jsdp.rcisp.ac.ir/article-1-903-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-23 ]

[ DOI: 10.29252/jsdp.17.3.37]

systems via nonlinear dynamical features
cvaluated from the recurrence plot of speech
signals", Computers & Electrical Engineering,
pp. 215-226, 2017.

[44] MM. Goodarzi, F. Almasganj, "Model-based
clustered sparse imputation for noise robust
spcech recognition", Speech Communication,
pp. 218-229, Feb 1, 2016.

[45] Y. Shckoftch, F. Almasganj, A. Daliri, "MLP-
based isolated phoncme classification using
likelihood features extracted from reconstructed
phase space", Engineering Applications of
Artificial Intelligence, pp. 1-9, Sep 1, 2015.

[46] M. Bahrani, H. Sameti, "Building statistical
language modecls for persian continuous specch
recognition systems using the peykare corpus",
International Journal of Computer Processing
of Languages, vol.23(01), pp. 1-20, Mar, 2011.

[47] M. Sharifi Atashgah, V. Sadeghi, "A phoneme
recognition algorithm design using the acoustic
correlates of the phonological features", Journsl
of signal and data processing, Vol.2, (SERIAL
16), pp. 13-28, 2011.

[48] P. Roach, "English Phonetics and Phonology
Fourth Edition: A Practical Course", Ernst Klett
Sprachen, pp. 42-43, 2010.

[49] C. Gussenhoven, H. Jacobs, "Understanding
phonology", Routledge, 2017.

[50] WI. Hardcastle, J. Laver, FE. Gibbon, "The
handbook of phonctic scicnces”, John Wilcy &
Sons, Feb 22, pp.316-356, 500, 783-784, 793),
2010.

[51] D. Recasens, "Coarticulation and sound change
in  Romance", John Benjamins Publishing
Company, Apr 15, p. ix, 3, 2014.

[52] B. Kiihnert, F. Nolan, "The origin of
coarticulation. Coarticulation: Theory, data and
techniques", pp. 7-30, 1999.

[53] R. Kennedy, "Phonology: A Coursebook",
Cambridge University Press, 2017.

[54] P. Ladefoged, K. Johnson, "A course in
phonctics", Nclson Education, Jan 3, p. 71, 111,
277,2014.

[55] B. Hesclwood, "Phonetic transcription in thcory
and practice", Edinburgh University Press, Oct
31, p. 151,2013.

[56] BS. Collins, IM. Mees, "Practical phonetics and
phonology: A resource book for students",
Routledge, Feb 11, p. 123, 2013.

[57] RM. Millar, L. Trask, "Trask's historical
linguistics", Routledge, Feb 20, pp. 49-51, 2015.

[58] WG. Benncett, "Assimilation, dissimilation, and
surface corrcspondence in Sundancsc”, Natural
Language & Linguistic Theory, vol. 33(2), pp.
371-415, May 1, 2015.

[32] R. Lileikyte, L. Lamel, JL. Gauvain, A. Gorin,
"Conversational lelephone speech recognition
for Lithuanian", Computer Speech & Language,
pp- 71-82, May 31, 2018.

[33] Z. Chen, J. Droppo, J. Li, W. Xiong, Z. Chen, J.
Droppo, J. Li, W. Xiong, "Progressive joint
modeling in  unsupervised single-channel
overlapped speech recognition", [/EEE/ACM
Transactions on Audio, Speech and Language
Processing (TASLP), vol.26(1), pp. 184-196, Jan
1,2018.

[34] SC. Sajjan, C. Vijaya, "Continuous Speech
Recognition of Kannada language using
triphone modeling", In International
Conference: Wireless Communications, Signal
Processing and Networking (WiSPNET), Mar
23,2016, pp. 451-455.

[35] A. Shaukat, H. Ali, U. Akram, "Automatic Urdu
Speech  Recognition  using Hidden Markov
Model", In International Conference: Image,
Vision and Computing (ICIVC), Aug 3, 2016,
pp- 135-139.

[36] J. Xu, J. Pan, Y. Yan, "Agglutinative language
speech recognition using automatic allophone
deriving", Chinese Journal of Electronics,
vol.25(2), pp. 328-333, Mar 1, 2016.

[37] B. Baba Ali, H. Sameti. "The sharif speaker-
independent large vocabulary speech
recognition system", in The 2nd Workshop on
information  Technology & Its Disciplines
(WITID 2004), Feb 24. 2004, pp. 24-26.

[38] H. Sameti, H. Veisi, M. Bahrani, B. Babaali, K,
Hosscinzadch, "Ncvisa: a Pcrsian continuous
speech recognition system", [n Advances in
Computer Science and Engineering, Springer,
pp. 485-492, Berlin, Heidelberg, 2008.

[39] H. Sameti, H. Veisi, M. Bahrani, B. Babaali, K.
Hosseinzadeh, "A large vocabulary continuous
speech  recognition system for Persian
language", EURASIP Journal on Audio, Speech,
and Music Processing, Dec 1, 2011,

[40] KE. Kafoori, SM. Ahadi. "Boundcd ccpstral
marginalization of missing data for robust
speech recognition", Computer Speech &
Language, pp. 1-23, Mar 1, 2016.

[41] HR. Seresht, SM. Ahadi, S. Seyedin. "Spectro-
temporal power specirum features for noise
robust ASR", Circuits, Svstems, and Signal
Processing, vol. 36(8), pp. 3222-3242, Aug I,
2017.

[42] KE. Kafoori, SM. Ahadi, "Robust Recognition
of Noisy Spcech Through Partial Imputation of
Missing Data", Circuits, Systems, and Signal
Processing, vol.37(4), pp. 1625-1648, Apr 1,
2018.

[43] SG. Firooz, F. Almasganj, Y. Shekofteh,
"Improvement of automatic speech recognition

O 2l Vo)l ivad Jlo



http://dx.doi.org/10.29252/jsdp.17.3.37
https://jsdp.rcisp.ac.ir/article-1-903-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-23 ]

[ DOI: 10.29252/jsdp.17.3.37]

aig zlg silwdde jl odlisiml b Hm)ld slazly ) dga Smliab)ib

&

real- world environments", Computer Speech &
Language, pp. 388-400, Nov 1, 2017.

[71] AH. Moore, PP. Parada, PA. Naylor, "Speech
enhancement for robust automatic speech
recognition: Evaluation using a baseline system
and instrumental mcasurcs", Computer Speech
& Language, pp. 574-84, Nov 1, 2017.

[72] A. Vciga, S. Candcias, L. S4, F. Perdigdo,
"Using coarticulationrules in automatic phonetic
transcription”, In Proceedings of PROPOR,
April, 2010.

[73] F. Imedjdouben, A. Houacine, "Generation of
allophones for speech synthesis dedicated to the
Arabic language", In First International
Conference on New Technologies of Information
and Communication (NTIC), 2015, pp. 1-4, Nov
8.

[74] A. Lee, T. Kawahara, K. Shikano, "Julius---an
open source real-time large vocabulary
recognition engine", 2001.

[75] “in the CU SONIC ASR system for noisy
spcech: The SPINE task", In IEEE International
Conference: Acoustics, Speech, and Signal
Processing (ICASSP'03), Vol. 1, 2003, pp. I-1.

[76] KF. Lee, HW. Hon, R. Reddy, "An overview of
the SPHINX speech recognition system", In
Readings in speech Recognition, pp. 600-610,
1990.

[77] W. Walker, P. Lamcre, P. Kwok, B. Raj, R.
Singh, E. Gouvea, P. Wolf, J. Woelfel, "Sphinx-
4: A flexible open source framework for speech
rccognition”, 2004.

[78] D. Povey, A. Ghoshal, G. Boulianne, L. Burget,
0. Glembek, N. Goel, M. Hannemann, P.
Motlicek, Y. Qian, P. Schwarz, J. Silovsky,
"The Kaldi speech recognition toolkit", /n I[EEFE
workshop on automatic speech recognition and
understanding  (No. EPFL-CONF-192584),
IEEE Signal Processing Societv, 201 1.

[791 M. Bijankhan, MJ. Shcikhzadcgan, MR.
Roohani, "SMALL FARSDAT-The speech
database of Farsi spoken language", In
Proceedings of the 5" Australian International
Conference on speech science and technology,
Perth, Australia, December, 1994, pp. 826-829.

[80] F. Almasganj, SA. Scycdsalchi, M. Bijankhan,
H. Sameti, J. Sheikhzadegan, "SHENAVA-1:
Persian  spontaneous  continuous  speech
recognizer", In Proceedings of the International
Conference on Electrical Engineering, 2001, pp.
101-106.

[81] M. Caballero, A. Moreno, A. Nogueiras,
“Multidialectal Spanish acoustic modeling for
speech recognition”, Speech Communication,
vol. 51(3), pp. 217-229, 2009.

FO 2l ¥ ol VAl Jle

[59] RA. Knight, "Phonctics: A courscbook",
Cambridge University Press, Jan 26, pp. 90,
103, 192-193,2012.

[60] D. Jacques, "Generative and non-linear
phonology", Routledge, Sep 25, pp. 298, 2014.

[61] C. Herff, D. Heger, A. De Pesters, D. Telaar, P.
Brunner, G. Schalk, T. Schultz, "Brain-to-text:
decoding spoken phrases [rom  phone
representations in the brain", Frontiers in
neuroscience, pp. 217, Jun 12, 2015.

[62] MS. Mirzaei, K. Meshgi, T. Kawahara,

"Exploiting automatic speech recognition errors
to enhance partial and synchronized caption for

facilitating  second  language listening",
Computer Speech & Language, pp. 17-36, May
1,2018.

[63] D. Bahdanau, J. Chorowski, D. Serdyuk, P.
Brakel, Y. Bengio. "End-to-end attention-based
large vocabulary speech recognition”", In IEEE
International Conference: Acoustics, Speech
and Signal Processing (ICASSP), Mar 20, 2016,
Pp- 4945-4949.

[64] AR. Mohamed, F. Scide, D. Yu, J. Droppo, A.
Stoicke, G. Zweig, G. Penn, "Deep bi-
directional recurrent networks over spectral
windows", In IEEE Workshop: Automatic
Speech Recognition and Understanding (ASRU),
pp. 78-83, Dec 13, 2015.

[65] T. Moon, H. Choi, H. Lee, I. Song, "Ranndrop: A
novel dropout for rnns in asr", In [EEE
Workshop: Automatic Speech Recognition and
Understanding (ASRU), pp. 65-70, Dec 13,
2015.

[66] I. Himawan, P. Motlicek, D. Imseng, S.
Sridharan, "Feature mapping using far-field
microphones f(or distant speech recognition",
Speech Communication, pp. 1-9, Oct 1, 2016.

[67] S. Ravuri, "Hybrid dnn-latent structured SVM
acoustic models for continuous speech
recognition”, In [EEE Workshop: Automatic
Speech Recognition and Understanding (ASRU),
pp. 37-44, Dec 13, 2015.

[68] W. Chan, N. Jaitly, Q. Le, O. Vinyals, "Listen,
attend and spell: A neural network for large
vocabulary conversational spcech recognition”,
In IEEE International Conference: Acoustics,
Speech and Signal Processing (ICASSP), Mar
20, 2016, pp. 4960-4964.

[69] Z. Wang, E. Vincent, R. Serizel, Y. Yan, "Rank-
1 constrained multichannel Wiener filter for
speech recognition in noisy environments",
Computer Speech & Language, pp. 37-51, May
1, 2018.

[70] H. Barfuss, C. Huemmer, A. Schwarz, W.
Kellermann, "Robust coherence-based spectral
enhancement for speech recognition in adverse


http://dx.doi.org/10.29252/jsdp.17.3.37
https://jsdp.rcisp.ac.ir/article-1-903-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-23 ]

[ DOI: 10.29252/jsdp.17.3.37]

saie ;0 VY7 Jls o (gl ol
eobsoly A, sl ebn)ls
g ad JeamllE B i, Lils
SIS e sl g5l

lidgly 5 omlialsl (g9 aBdle 550 Ltaghy (sladie;

ol

Sl sl &l liol asblly e
pazhvak.ta@gmail.com

2 TAY b o bl 5 s
oo 5l (esran Shgr 1S haie
Jrazellg B bl oy ole S5
g o9 ol ey 0pSTen 5 s
T Rl &L, eoSals sgiac bea

ohs Lyl adle 050 ctagh sladiie) aites lpsol

el (59800l 5 plile (5,0l s 5lhangs (Gl
5l sl & jle liol sl sl

h.karshenas@eng.ui.ac.ir

158 sk Jramillf 6 bl 3l

a i e oSS | oyan ign

“ B, pole 5 bl (b, caSiadls ool
Glae; e ol oKl

@Bl 5 Gatle @RSl il ae 3550 ik
‘6|4JL¢_3\> le.mjiﬂ 6.,.:[......:)[; ‘)L'.'_&f SNL.M:)L' ‘LS)L‘J LSSi“
Sl casl ol Glaol asbll, sl

babaali@ut.ac.ir

ghie Jramlig )b SlB e Jo
Slegel oladls 5 owlinply lpse
Soah gas oeSler 5 VYAV Jlo o
oaSails oulisigly ey el
e olgdeol o8NS (21 slal

P S.AL;;MJ ol adle oj90  togh slodie
] G,,L;;;C\,
5l sl & le Glinl asbil!, Sla

b.alinezhad@fgn.ui.ac.ir

O 2lo Vol 1Yl Jle



http://dx.doi.org/10.29252/jsdp.17.3.37
https://jsdp.rcisp.ac.ir/article-1-903-fa.html
http://www.tcpdf.org

