baraTtopiBHeBa barato3Ha4yHa
Moaesib PO3YMIHHA CMOHTaHHOTIO
MOB/1EHHA
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CUHTEe3Yy 3BYKOBUX 0OpasiB
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[eHepaTMBHa MOAE/b PO3Mi3HABAHHS,
PO3YMIHHS Ta CUHTE3Y MOBHOIO CUTHaU1y

MartemaTtnyHa Mmoaeslb MOBHOIO CUrHau1y
ABTOMaTUYHUN POHETUYHNN CTEeHOorpad

OuiHKa napameTpiB moaesii HA MOBHOMY
Kopnyci

JTIHrBICTNMYHA MoAe/lb MOBHOI0O CUTHasTy
Moaens BUMOBM

OOMeXXeHHS Ha NMociaoBHOCTI C/iB

CMucioBa IHTeprnpeTalis B Mexax npegMeTHOI
ranyasi

TexHIYHI geTasii — 0co6MBOCTI peastidaulii
[lonoBHEHHA Ta BIACTYNNA



[eHepamusHa MOde/lb aBMOMamMuY4YHO20 PO3YMiHHSI MOB/IEHHS

: 3HaHHA 1po POHETHKY, BOHO/IOTIIO Ta
3HaH H4 1po TIPOCO/MKY TIPY POHOI MOBH 2,
3HaHHA iTPO TIPUPO JHY MoZieli MDBOTBOPEHHS, IHUBIlya/TbHUAM
30BHIIUHIM | CBIiT MOBY: 2

: YCHOMOBHWUIA (haii

['enepaTtop DOHeTUKG
TIPUPOJHO - aKyCTUYHU
[IpenmeTHa MOBHUX [S—=>> reHeparop T e
Op_]_'[_&l_C:l:b 2 TEKCTiB i MO/Ie/IbHUX
Cd .
’ * < Ipe peyeHk CUTHAIB
\ PEn Y CHOMOBHUM CUTHAJI,
\MeTHa
Trpe1 IBJIeHUIN
00/1. |KanoniuHa ,Eﬂf: aHamizy
MojenbHU
IIMTP -

TekcTt uu DOAMC -
==

CUT'HAJ/1
00/1aCcTh

TeHEPaTop | peyerns | FEHEPATOP

3HaHHA PO NPUPOJHY
MOBY 1

Kommnapartop

MOBH

v

3HaHHs TPO:iOHETHKY, POHOIIOTi0

Ta IPOCOJMKY TIPUPO/HOL MOBH 1,
(MeKcuKa, CI0BOTBOPEHHS ], MOZE/ MOBOTBOPEHHS,

i ) ; IHIUBI bHUM
mMopdoutoris, dpaseosioris, A .EWEUE %
| YCHOMOBHHUH (paiisi

CUHTaKCHUC)

Cmpykmypa OukmyeaabHOI MawWuHU ma MAwWuHU 0/151 yCHO20 nepeKkaaady.



[[eHepamusHa M0Oe/lb aBMOMaMUYHO20 PO3YMiHHST MOB/IEHHST

Intocmpauis ¢pyHKYioHy8aHHs 2eHepamugHux mooesell ma
¢opmyeaHHs 8i0N08i0i po3ni3HABAHHS MA CMUC/A0801 iIHmepnpemayii

(BPI). 360pomHumu cmpiakamu nokaszaHuil nopsiook ¢popmysauHs BPI

Po3ni3HaBaHWin MOB/TEHHEBWN

CUTHau1

002,0% “3:'

000 %0 g0,
T wArE LRy
000.:..0: e® %eo00° o

MHOXWMHA nepegaBaHuX
3MICTOBHMX BUC/IOB/1HOBaHb

(Tvnis 3micTy)

o0 :
2 30.0. .o o2’

° [
MHOXWHa peyeHb 3
O[IHaKOBUM 3MiCTOM

MHOXWHa eTa/TOHHUX
CUrHasiB 3/IMTOr0 MOBJIEHHA AN
0JHOT0 peyeHHs



The Multi-level Multi-decision ASR&U Structure

1st Level 2nd Level r-th Level

Connected-
Speech | Segmen- | N1 Best | Phoneme | N2 Best Word Nr Best
Signal to be tator Segmen- | Recognizer | Pphoneme Recognizer | word

Recognized tations Sequences Sequences

R-th Level Final Level

Speech

NrBest | Decision | Final

Sense
Interpreter

Meanings | Maker I Decision




Three-Level ASR&U System Structure

Knowledge about Speech Phoneme-to-Grapheme Natural Language Knowledge
Acoustics, Phonetics, Phonology, Convertor, Lexicon, (Wordnet, Syntax,
Speech Produ ction Model, Concordance, Intonation Semantics,; Pragmatics,
Individual Speeich Peculiarities Models External World Models)
14 v v

- : N>>1 . N2>>1 S h

gf’::;ft‘?d Generalized Best Generalized Best Continuous UE:lfieecrstandin
Pﬁ Phoneme > Word =>| Speech >
Signal tobe | Recognizer |Proneme Recognizer | 'Vord Interpreter | ReSult
Sequences Sequences
1st Level 2nd Level 3rd Level

PiBHI AaloTb 3MOry eqpekTMBHO PO3MNOAIIATH POBOTY MK AOCNigHUKaMN,

PiBHI 06p006AAOTLCA B €EANHOMY MPOLIEC], asie dhopMa nocThnpoLecopa
nosierwye peasnisawito



Mamemamuu4Hi Mooe/sii cuaHaslis (hoHeM

Onnc MoB/IEHHEBNX CUTHaUTIB MOCNIAOBHOCTAMUY e/IeMEHTIB-BEKTOPIB
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Mamemamuy4Hi MOOe/1i MOB/IEHHEBO20 CcU2Has1y
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DFT scale type = hinear window = 10 ms step = 1190 ms rvorm. = diw

~ ] BikHo aHanizy 10 mc (220 4.), kpok aHanizy 1.11 mc (24 a.) Tihn sikHa — XemMiHra, TMn Wwkaam — piBHOMipHa (285), HopMyBaHHS — BifCyTHE. MNpsiMuii cnekTp.
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Mamemamuy4Hi MOOe/1i MOB/IEHHEBO20 CcU2Has1y

[MpocTOopM NEPBUHHOIO OMNUCY MOBHOIO CUTHAsY:
* Kenctpu (aygntopHa mogens) — MFCC,;
* JliHinHe nepenbaveHHs (apTuKynsaTopHa moaens) - LPCC;
°* PLP

ApganTauisa mogeni oo kaHasy, poHy Ta gMkKTopa:
* VTLN;
°* MLLR, fMLLR;
* BigHIMaHHA cepelHbOro KencTpy;
* RASTA



AsmomamuyHull hoHemu4HuUl cmeHozpag

[[eHepaTMBHa Moe b POHEMHOIO PIBHSA
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AsmomamuyHull hoHemu4HuUl cmeHozpag

[MopogxXyBasibHa rpamatuka
BIZIbHOr0O NopAaaKy
cliigyBaHHSA poHeM




ABmomamuyHull hoHemu4yHuUl cmeHozpag
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OuiHka napamempis AM Ha OCHOBI MOB/IEHHEBO20 KOPIyCy

Transcriber 1.5.1
File Edit Signal Segmentation Options Help

- BIX

~

Oa, & STom. ..

A, BOT NpOCTo =HaeTe, A NposSpesya ceHuac

Hy A HnOoHANMa, A ¥E=+ DOoHAIA 2ToT

Hac npocrTo Gafyvmia EAE HaAOVIATa

| 3
LRI 000340.637152772-1257199420.19733-in
‘ } <I_| - =l }

Hy a.. Hac ... A OHH ...
.. ataT | Hanyrana ... ATk

' I T I
Z:05 Z:10 2:15 Z:E0

25

Cursor : 02:11.594




OuiHka napamempis AM Ha OCHOBI MOB/IEHHEBO20 KOPIlyCy

++ qlook - [QLook1] E

") File Edit Wiew window  H

al [4 mixes]

£9.04
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| ]
(33.16)
 -45.01
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Selected: al




BuxiOHI daHI (hOHEMHO20 PIBHS

YKpalHCbKa MmoBa

55 dooHem

- ... Audio Signal Researcher Studio - [RogView1]

File Edit View Recogniton Training Window Help

D> &[22 &| 2]

Recognition results:

YKpaHWHa

KNnB

BepxOBHA pAsa
Kee iHeT MIH IC T p'IiB
npe3efeHT
npecpenlc

Report:

i Listen

FPlay |




BuXxIOHI 0aHI pOHEMHO20 PIBHS

from to n_score item
® 82] -21.481287 pau
83 97] -27.774561 sh
98 113] -32.287659 ch
114 118] -30.129492 o1
119 126] -28.091370 r
127 141] -30.110937 o1
142 151] -33.818970 b
.969891 vy1
158 176] -30.190096 t1
177 181] -31.983593 tsi
182 193] -30.517944 ch
194 197] -33.677856 11
198 224] -27.012894 al
225 246] -26.453724 s
247 258] -28.731241 f
259 425] -21.601635 pau

e N e N o I o N sy O oy B B B e N e N s A o O e B B e B |
(IR
a1
N
(IR
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BuXxIOHI 0aHI (pOHEMHO20 PIBHS

Each Phoneme Recognizer output sequence is processed with the
phonetic-acoustic filter by means of dynamic programming. The N best
phoneme sequences of the first level are converted to N2 word sequences.

Internal states Mransition states
¥ ¥, Y5 Y,

¥ v, Yy

)

@,

@

observations

@y




MooesirosaHHS BUMOBU

observations

pau

el

Yy Pau

IHiLiaUti3alia moaenen 3rigHo 3 MiHIMasIbHOK MPaBKOK

pau

models

ts

el

pau

>

1
|
|
I
I
|
I
|
|
|
1
|
4
‘:\
|

Phonetic-acoustic model
prototypes with the following

phonemic descriptions:
T3 BAD, LKA/ vipau,: 4) 5

2 (PAW R L DAt D)
Rl au, . rERUEL S et e
S & g T o T e
Bl ol et g TR
6:(s -+ Bk MLGET Y O Y e

FE R SRl e B T G,
8:(E1/4|5 el, 9);
QL BAL) vt 6|7|8 pau) .
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BuXxIOHI 0aHI (pOHEMHO20 PIBHS

IHILjani3auisa moaenen 3rigHo 3 MiHIMaslIbHOK MPaBKOK

[ 0] 50] -22.154732 pau pau pau

[ 51 66 ] -30.191032 m m m

[ 67 75] -34.106201 y1 yl yl

[ 76  83] -30.016556 n n n (.5)

[ 84 86] -33.170490 vy1 n+yl (.5)
[ 87 90] -32.715576 e yl-e, e

[ 91 98] -28.277893 h h

[ 99 104] -31.310791 1 1, l+u

[ 105 111] -35.321602 u u, *

[ 112 132] -27.987200 khi khi khi, u-khi
[ 133 143] -29.788618 i1 i1 i1 (.5)

[ 144 161] -26.959866 1 11+1 (.5)
[ 162 176] -24.318165 t1 sp sp, 1-sp




Mooesni sumosu

Each Phoneme Recognizer output sequence is processed with the
phonetic-acoustic filter by means of dynamic programming. The N best
phoneme sequences of the first level are converted to N2 word sequences.

Internal states Mransition states
¥ ¥, Y5 Y,

¥ v, Yy

)

@,

@

observations

@y




MooesirosaHHS1 BUMOBU

One of the Phoneme Recognizer level result is N>>1 best observed phoneme sequences

o L @ 5eess D yencs (p(;r ), r=1:N where Q' is a length of the r-th observed sequence. Moreover, as the

result of the first level, each phoneme observation @, might be accomplished with information about its
duration d, , probability AF, and may be other parameters like energy, pitch movement etc.

At the second level Word Recognizer must extract for all CI)r r=1:N total N1>>1 hidden phoneme

r bl

sequences ‘Prl —(1//1 ,1//2 A¥ ,1//5 e ,1// rl) r1=1:N1, y€W=Db and associate them with word sequences

r2r2 —(]1 i ey Lot jQr2 , 2=1:N2, N2>>1 and j;° € J where J is a word dictionary. To avoid

loosing the actual word sequence N2>>1 recognition responses are taken.

Ii

Thus, we interpret observed phoneme subsequences @' =5 §055_1+2,..., wlfs ), i SR8 s

Ug-1Ug Us.+12
transformed  hidden. s-th  phoneme I/J,:Sl from the k-th word regular transcription

Jog, —Q/Jkl,lpkz, ,I,Uks, ,I/J,:) The probability of that that an observed subsequence

=\¢! q&sk 420 ,g&s ) where (s;—s;_1) =1 is length of the observation, is a realization of the

sk 1Sk Sk-1 11

hidden k-th word transcription j,, :G//kl,z//kz, Vi) ,Z/qu ) assigns to a product of independent

distortions maximized by hidden phoneme ¥ 1:5 bounds {u}:

qk
P(<I>£k_lsk o )=rg§;< IJP(d)ZS_luS /wii)- (12)

21



MooesirosaHHS1 BUMOBU

qk
P(<I>£k_1sk ik )=Ig§;< l:[P(CDZS_luS /1//,?3)- (12)

Each factor P(®,,/#) is equal to 0 if @, = (@11, Gus2, ---, ) s not associated with the hidden g, otherwise
it is computed as a function of both a @, to 1 mapping occurrence frequency and acoustic parameter normal
laws.

Each Phoneme Recognizer output sequence is processed with the described phonetic-acoustic filter
by means of dynamic programming. Therefore, the N>>1 best phoneme sequences of the first level are
converted to N2>>1 word sequences. The phonetic-acoustic filter parameters are estimated by training
samples.

22



doHeMUKO-/1IeKCUYHUU PiBEHb

[MopoMKEeHHS TNNOTETUYHUX NMOCNIA0BHOCTEN DOHEM
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doHeMUKO-/1IeKCUYHUU PiBEHb

[MopoMKEeHHS TNNOTETUYHUX NMOCNIA0BHOCTEN DOHEM
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doHeMUKO-/1IeKCUYHUU PiBEHb

MopoxaeHue rmnoTeTuYeckux nocneaoBarensHocTel oHem

{ o |

95 101] p
102 109] ol |o e y a
110 115] v
116 120] a e al
121 128] r
129 138]
139 146] el |e
147 156] t
157 161] yl |e
162 174] sl |s
175 191] P
192 210] ol Jo
211 218] tl
219 230] k1 |*
231 237] 1 i1
238 260] m n b j

oy Y (e B e b (et B men b (s M (s ¥ (g (8 (e B e B | B e | e [ | e |




doHeMUKO-/1IeKCUYHUU PiBEHb

[MpaBuna nepexoda OT NPOU3HOLLIEHUS] K HANUCAHUIO

; jOtation: TS ||5:|||,|||5:|||,|||7| a","|‘/’|;|";
W [aeiyAEIY] 21 ?  2[A€id€IN] 2+ ' + [aeid€EI]

n [aeyAEY] 2+ 1 + [A€5€l0] ; Mauns

; palatalization "H' a" = "Ha","Hb a"

? ' [aelyAEIY] 2?2 + b | 2 2?2 + [Aeind€IN]

; n might be i at word beginning after non-palatalized
[6Br T AX3UKAMHNPCTOXUYW] [ul] 2?/[11] 17?

[1z] [wK] 20 [x3] | [1I] 14 [x3]

; phone combinations
BMMBae*wca*, mu*tuw* (-am, 1[B])

U ' u ' [aAyYiI] 5+ T + b + Cc + [A50011]
c 'c ' [aA] 5+ w + c + [a4]

Cc [nHm] 1c + T 1cC

w Yy 20 1w/

w 4 ' [aelyAEIY] 3+u+[Ae1A€IN] 1w/
w' 4y' [1iI] 3+w+[iT]

W H 2 + 4+ H+ 1w

26



doHeMUKO-/1IeKCUYHUU PiBEHb

[MpaBuna nepexoda OT NPOU3HOLLIEHUS] K HANUCAHUIO

; vocalisation assimilation ¢ y 4 6 0O n

[6arr3x]jz] [6Aarr3xjz] 1[nTxkcwyu] 172
; softness assimilation
[AT3cHU] ' [AT3CHU] ' 2?7 + b 27

» sibilant assimilation
poxwy] [xwy] d[3cu] 1?
[wy] [wy] 1[ct] 1[xj] 17
[%]] [x7] 1[ct] 1[wuy] 17
[cu] [cu] 1fcT] 1[x3] 1?
[3z] [3z] 1[cTt] 1[wu] 17



doHeMUKO-/1IeKCUYHUU PiBEHb

[Mpumep: nosepHeme crokit

[ 95 101] p
[ 162 109] ol
[ 110 115] Y
[ 116 120] a
[ 121 128] r
[ 129 138] n
[ 139 146] el
[ 147 156] t
[ 157 161] yl
[ 162 174] s1
[ 175 191] p
[ 192 210] ol
[ 211 218] t1
[ 219 230] ki
[ 231 237] i
[ 238 260] m

28



doHeMUKO-/1IeKCUYHUU PiBEHb

[pamMmaTyiKa nepexona oT NPOU3HOLLEHUS K HANUCAaHWUIO

observations

DL OO

Ip! Ip!

IH! IH!

lel BapHa__
IT!

rosepHeTe _

29



dopmyBaHHA ema/ioHHUX cu2HasliB C/1iB I3 poHeM BIONOBIOHO 00 MOOe/li BUMOBU

Ay
_ . Y I
k(XOI)_argglaxmaX()(I’lks’wkls’wkZS)’(’()Zl()+()+()J()
s=1:q, ¢ s=1
: k=1
L0 0 0000000000000
o— ] 1 1 .
s 9,1 6,1 9,2 >¢23 6,1 74,2 >¢33 61 T2 >¢S3 bl 9,2 ¢>q_13 9,1 Lt
T 9, 9, b 0,
k=2
QL0000 000 0L
1 1
So— 9,1 6,1 " ¢,2 >¢23 ¢l T ¢,2 >¢33 61 "¢2 >¢53 1>¢ql DZO
T104. ¢1 ¢Z ¢s ¢q KIH
=3
WL QQQ0Q00 000
ot 1 1 ] o
s 9,1 6,1 9,2 >¢23 6,1 9,2 >¢33 61 9.2 >¢53 Bl 042 9,3 ¢q1$s.
s 9, 9, bor 9,

N—Ka, N>1



[TogboHeMHe po3ni3HasaHHS 3/1Umoi MOBU, WO CK/1a0aembCS 3i C/1i8
06paHo020 C/10BHUKA, Yy BUNAOKY BI/IbHO20 MOPSOKY C/1idyBaHHS C/iB

S nou. S KiH.



JliHeBicmu4yHa Mmooe/sib

keK — cnoBapb
keV._.=1{1,2,5},
kev,_, =1{1,4,5},
kev,_,=1{1, 5},
keV,_,= {1},
kev,_,={3, 1},
keV,_.=13,4,5},
kev. =12, 3,4, 5},

[ pamaTuKn,

n-grams

/3




Jlekcuko-cuHmakcu4eckuti ypoBeHb
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OCHOBHa igeq NIHrBICTUYHOT Moaeni

OrjiHtoBaHHSA IMOBIPHOCTI peueHHs i3 | ciiB Wy = (w1, wy, ... w)) 3a
YMOBH CIOCTepPeXKeHb MOBJ/IEHHEBOTO curHany O = (01, 0, ... Op):
plo/w, Jpw, )
Pw,, /0)= /W, ,

j21(e))



OCHOBHa igeq NIHrBICTUYHOT Moaeni

ImMoBipHiCT peueHHss i3 [ cniB Wyi=(wi, wy, ...

PO3K/IaJla€ThCsl Ha JOOYTOK YMOBHUX IMOBIpDHOCTEI:

I 1
Plw,w,,...w,) ZHP(wi/wl, Wy,eoy W) :HP(Wi/WO,i-l)’
i=l i=l

W[)



OCHOBHa igeq NIHrBICTUYHOT Moaeni

Ob6MeKyeMO KOHTEKCT:

n+1, oo

l l
Plw,w,,..,w,) zHP(wi/wi_ W) ZHP(wl. /W, n’i_l),
=l =l

Jie n — MopsiI0K MO/eJi.

IIppy n=1 w™MoZenb  BUPOIKYETbCA [0  BiACYTHOCTI
e/leMeHTapHUX KOHTEKCTIB, TOOTO pPO3r/isi/laloThCsl YHi-rpaMHu.

[lpuy n=2 oTpuMmyemMo Oi-rpamMHy MoJie/ib, KOIHU B
e/leMeHTapHUM KOHTEKCT BXOJWUTb TpamMaTUyHa (QYHKI[iA OJHOrO
rornepesHBOro Ca0Ba.

36inblyroud  Aajai  ImapaMeTp N, MU PO3IIUPIOEMO
e/leMeHTapHUM KOHTEKCT, TTABUILIYFOUX TOYHICTh MOJEIi.



OCHOBHa igeq NIHrBICTUYHOT Moaeni

BpaxoByrouun:

i-n,i-17

B, ) =T TPl W,.,,.)

OLiHrOEMO WMOBIPHICTb TIOC/IiIOBHOCTI
HaAXO/)KeHH1 HaCTYITHOTO C/I0BA Wi+ 1

pWw,,..)=Pw, (v, /w._,)

1

CJIIB

rpu



OCHOBHa igeq NIHrBICTUYHOT Moaeni

O1iHKa rmapamMeTpiB JIHIBICTUYHOT MOJesTi

P(wl./ g

n,i-1

ow,,..)

)=1 d, )C(Wi'”’)
S C(‘/vi-ni-l)
cw._,)

| cw,, )

c(Wl._n,i)ZO
1 SC(‘/\/I._M. )<k

C(‘/vi- n,i )> k



OCHOBHa igeq NIHrBICTUYHOT Moaeni

Po36uTTs ci1iB Ha Knacu g = G(w)



Three-Level ASR&U System Structure

Knowledge about Speech Phoneme-to-Grapheme Natural Language Knowledge
Acoustics, Phonetics, Phonology, Convertor, Lexicon, (Wordnet, Syntax,
Speech Produ ction Model, Concordance, Intonation Semantics,; Pragmatics,
Individual Speeich Peculiarities Models External World Models)
14 v v
- > >>
peecn | Generalized | o Generalized | po ™" | Continuous [P0,
Pﬁ Phoneme > Word =>| Speech >
Signal tobe | Recognizer |Proneme Recognizer | 'Vord Interpreter | ReSult
Sequences Sequences
1st Level 2nd Level 3rd Level

PiBHI nal0Tb 3MOry ed0ekTUBHO PO3MNOA4iINIATN POOOTY MiX
AocnigHukamun. PiBHI 06p0o61a0TbLCA B EANHOMY MpoLeci, asie doopma
nocTnpouecopa nosierlye peanisaLio

40



TexHuyeckue oemasiu

APXUTEKTYpa npoueccopa,;
PacnapanniennsaHue,;
[Thatdoopma (bubnnotekn wxWidgets, PortAudio)

HCTpymMeHTapun:
HTK;
Julius;
Sphinx, ISIP, STK

41
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