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3agadva APP — conoctaBuTb akyCTUYeCKOMY CUrHany nocnegosaTesibHOCTb CIoB.
bonee dopmarnbHO: KakoBO Hanbonee BEPOATHOE NPeasioXXeHne N3 BCeEX BO3MOXHbIX B
a3blke L npu ycnosun akyctndeckoro curHana O?

Ecnm O =0,, 0,, ..., 0, — 3ByKOBasi NOCrea0BaTENbHOCTb,
W =w,, W,, ..., W — nocrnegoBaTefilbHOCTb ClI0B, TO

W =argmax P(W|O)

wel

W =argmax P(O[W)P(W) —argmaxP(O|W)P(W)
WeL P(O) WeL




AyaHocHTrHalI

—p= BekTopa nNpH3HAKOB

Cucrema PACIIO3HABAHIA PCYIL

MOJeNIb

Pacro3zHaHHEBIH
TEKCT




[BWXeHUs pedeBbIX OpraHoOB CO34atoT YCroBus, Heobxognmble Ans
obpasoBaHua KonedaHui:

1. ObpasoBaHue NoToKa BO3ayXxa.

2. ObpasoBaHue KonebaHnn NyTEM HaNOXeHNS BO3MYLLEHMA HA 3TOT NOTOK
BO34yXa:

a) ronocoBbIMN CBA3KaMWU
6) nperpagamn, o6pasoBaHHLIMU OpraHaMmn peyn.

— >

YacTtotHasa unerpaums: P(f) = S(f) * T(f)
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LLlym obpasyeTtcs B pesynbraTe
NPOXOXAEHUSA BO3yxa Yepes
CY>XeHune
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LLlym obpasyeTtcs B pesynbraTe
PE3KOro ABMXKEHUA PEYEBbIX ...
opraHoB o nca0m000casm00aonf o S S




[": rmacHble [a], COHaHTbI [N]

T: rmyxue wenesble corfiacHble [s]

N (*notom T): rmyxme cMblYHbIE COrfacHble [i]

[ + T: 3BOHKME LLEeNeBble cornacHble [Z]

[+ N (*notom T): 3BOHKME CMbIYHbIE CcOornacHblie [d]



CxemaTtnyHoe nsobpaxeHue
pevyeBoro TpakTa:

— -
I
I

A—(,

A — nnowaab cyXeHus Ha
BbIxoze (rybol)

L — ero anuvHa

r — nnowaagb s13bI4HOro
CYXXeHUS

d — pacctosiHue oT
A3bI4YHOMO CY>XeHunsa 0o
roOrnocoBON LLENU



BO3,EI,yLLIHbII7I cTon®, 3aKnO4YEeHHbIV B peveBOM TPaKTe — CI10KHaA konebarernbHas
cncrema.

Eé nepepartovHasa pyHKUMSA — crioxHasa kpusasd. E€ makcumymbl — popmaHTsl: F .,
F2’ F3- [
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dopMa peveBoro

CyXEHHUE
Dopma pedeBoro
[u]— TpaKTA
Jlabuansnoe Benapuoe
cyxeHHe CyKeHHe

®Popma peveBolo TpakTa
fa] =

PapuHratbHoe
CYKEHHE
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Fy(xT'u)
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VOWELS

Front Central Back
Close ley————ted——WelU

O
Close-mid O—9e0—— X0
o
Open-mid Ee(C — 3\6 ——AeD
e

asE aep

Where symbols appear in pairs, the one
to the right represents a rounded vowel.



CornacHble Ha Cryx pasnuyalroTcs TakkKe ¢ 0nopon Ha hopMaHTbl Brnanexarlmnx
y4acTKOB. JKCTpanonuMpoBaHHble 3HaYeHUst PopMaHT Ha3bIBalOTCS NNOKycaMu.

YacrTora
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HenpepbIBHEIE

JIUCKpEeTHEIE

HexkBaHTOBaHHBIE

N

AHAaI0roBsIA CUrHAN

—

KBantoBaHHbBIE
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1. Pa3bueHune curHana Ha okHa (frames):
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2. OKOHHble (yHKLNMK:

a) NPAMOYrofnbHOE OKHO

6) okHO XammuHra (Hamming)
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2. OKOHHble (yHKLNMK:

B) OkHO XaHHa/XaHHuH2a (Hann/Hanning
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2. OKOHHble (yHKLNMK:

r) okHo Kansepa (Kaiser)

w(n) = I (,B\/l

4n?

(M -1)

2) /To(B)
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2. OKOHHble (yHKLNMK:

n) MayccoBo OKHO

w(n] exp(—%(iTj;Zz)z), 0<n<N.

o< 0.5
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Sidelobes; anybody wants to win a cake?

The Gaussian window is the only shape that we can consider seriously as a candidate for the analysis window. To see this, create a
1000-Hz sine wave with Create Sound from formula... by typing 1/2 * sin (2*pi*1000*x) as the formula, then click View
& Edit. If the window shape is Gaussian, the spectrogram will show a horizontal black line. If the window shape is anything else,
the spectrogram will show many horizontal grey lines (sidelobes), which do not represent anything that is available in the signal.
They are artifacts of the window shapes.

We include these other window shapes only for pedagogical purposes and because the Hanning and Hamming windows have
traditionally been used in other programs before computers were as fast as they are now (a spectrogram is computed twice as fast
with these other windows). Several other programs still use these inferior window shapes, and you are likely to run into people
who claim that the Gaussian window has disadvantages. We promise such people a large cake if they can come up with sounds that
look better with Hanning or Hamming windows than with a Gaussian window. An example of the reverse is easy to find; we have

Just seen one.
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B 2.5ound sine

File Edit Time Play Sound Analyses Spectrogram Pitch

Intensity Formants Pulses
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0.500000

0.500000

0.500000

Visible part 1.000000 seconds

1.000000

Total duration 1.000000 seconds

B 2.Sound sine

File Edit Time Play Sound Analyses Spectrogram Pitch

Intensity Formants Pulses

TN N e e e
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3. OnckpeTtHoe npeobpasoBaHne dypbe (DFT)

N1 2290

E : ——kn
.Xk _— :Ben e N

n=0

0.04414

=
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-0.04121
0.0141752 0.039295
Time (s)

(a)

Sound pressure level (dB/ Hz)

—20

Frequency (Hz)

(b)
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3b. beicTpoe npeobpasosaHue Pypbe (FFT)
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1. Men-kencTpanbHble kKoaddunumeHTol (MFCC)

2. KoadhdumumeHTbl nuHenHoro npeackasaHuns (LPC)

3. NepuenTtnBHoe nnHenHoe npenckasaHne (PLP)
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lLikana menos m = 2595log,, 1 + J
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1. Co3paHue 6aHka men-punsTpoB

Amplitude
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2. Jlorapndom

3. [lnckpeTHOE KOCUMHYCHOE nNpeobpasoBaHme (BblYMCIIEHME KENCTPa)
N-1
Xk=%x0+zxncos[%(k+%)n] for k=0, ... N—1.
n=1

4. bepyTtca nepBble T KO3 PULMEHTOB pesyrbraTa.
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LPC = Linear Predictive Coding

1. Nonpobyem npeackasbiBaTb KaXXabl CNeayowmMn OTCHET KaK NIMHENHYIO
KOMOMHaLUNIO p NpeaLllecTBYOLWUNX:

P
X[n]= Z a . x|n—kl
=1
Torga owmnbka npeackasaHus:

eln|=x[n|—x[n]=x[n]|- i a.x|n—kj



2. Beluncnsaem p koadpduuneHToB NMIMHENHOIO NpeackasaHnst C TEM pac4yETOM, YTOObI
owmnbka npegckasaHunst 6bina MMHMManbLHOW.

3. TN KOIPPULMEHTBI — Montoca nepegaTtodHon PyHKUNK:
_X(2) 1 1

= ST
I—Zakz

N
Sty

Figure 6.16 A mixed excitation source-filter model of speech.

N’ H(z) | sn
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Owwnbka npenckasaHus:

1. Tnyxue y4yacTtku — 6enbit tuym 2"
2. 3BOHKME y4YacCTKWU: o
o
oy
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PLP = Perceptual Linear Prediction

1. Mpu BbluMcneHun LPC MoXHO nepeBecTy CNekTp B LKany 6apKoB:
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LLikana 6apkoB
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2. VlCI'IOJ'Ib3yeM KpuBble paBHOIZ POMKOCTUN AOJ1A4 BblpaBHUBaAHUA.

3. Boluncngaem nosntoca punstpa, Kak paHblLue.
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1. [leneTta u gensra-gensra NPUN3HaKN.

AC =€ 6
AAC, =AC,, —AC,

2. CHMUXeHue pasMepHOCTH C NOMOLLbI0 MeToa rmaBHbIX KOMMOHEHT (principal
component analysis, PCA)

3. 'MbpunaHble nNpusHaku
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Feature set

Relative error reduction

13th-order LPC cepstrum coefficients Baseline
13th-order MFCC +10%
16th-order MFCC +0%
+1st- and 2nd-order dynamuc features +20%
+3rd-order dynamic features +0%
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OkHa:

https://docs.scipy.org/doc/scipy/reference/signal.windows.html

scipy.signal.windows.hann()
scipy.signal.windows.hamming()
scipy.signal.windows.kaiser()
[MpeobpazoBaHne dypbe:

https://docs.scipy.org/doc/scipy/tutorial/fft.html

scipy.fft.fft()
scipy.fft.ifft()


https://docs.scipy.org/doc/scipy/reference/signal.windows.html
https://docs.scipy.org/doc/scipy/tutorial/fft.html
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BbluncneHne MFCC:

1. librosa (pip install librosa)
https://librosa.org/doc/main/generated/librosa.feature.mfcc.html

librosa.feature.mfcc()
https://librosa.org/doc/main/generated/librosa.feature.melspectrogram.htm

librosa.feature.melspectrogram()

2. https://github.com/jameslyons/python speech features
python_ speech features.base.mfcc()



https://librosa.org/doc/main/generated/librosa.feature.mfcc.html#librosa.feature.mfcc
https://librosa.org/doc/main/generated/librosa.feature.melspectrogram.htm
https://github.com/jameslyons/python_speech_features

The Geneva Minimalistic Acoustic Parameter

Set (GeMAPS) for Voice Research and
Affective Computing

Frequency related parameters: <>
« Pitch, logarithmic F, on a semitone frequency o Jitter |
scale, starting at 27.5Hz (semitone 0).
o Jitter, deviations in individual consecutive Fj
period lengths.
o Formant 1, 2, and 3 frequency, centre frequency & 1
of first, second, and third formant WM‘ Wv

10F

Huuys

« Formant 1, bandwidth of first formant. 0
Energy/Amplitude related parameters:

o Shimmer, difference of the peak amplitudes of
consecutive £ periods.
o Loudness, estimate of perceived signal intensity 10t :
from an auditory spectrum. . , : . : J
o Harmonics-to-Noise Ratio (HNR), relation of en- 0.01 0.02 0.03 0.04 0.05 0.06
ergy in harmonic components to energy in noise- ek
38 like components.
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Spectral (balance) parameters:

Alpha Ratio, ratio of the summed energy from
50-1000 Hz and 1-5kHz

Hammarberg Index, ratio of the strongest energy
peak in the 0-2kHz region to the strongest peak
in the 2-5kHz region.

Spectral Slope 0-500 Hz and 500-1500 Hz, linear
regression slope of the logarithmic power spec-
trum within the two given bands.

Formant 1, 2, and 3 relative energy, as well as
the ratio of the energy of the spectral harmonic
peak at the first, second, third formant’s centre
frequency to the energy of the spectral peak at
F.

Harmonic difference H1-H2, ratio of energy of
the first F{y harmonic (H1) to the energy of the
second Fj harmonic (H2).

Harmonic difference H1-A3, ratio of energy of
the first Fo harmonic (H1) to the energy of the
highest harmonic in the third formant range (A3).

6 temporal features are included:

the rate of loudness peaks, i.e., the number of
loudness peaks per second,

the mean length and the standard deviation of
continuously voiced regions (Fj > 0),

the mean length and the standard deviation
of unvoiced regions (Fy = 0; approximating
pauses),

the number of continuous voiced regions per
second (pseudo syllable rate).



Cnacubo 3a BHMMaHMe!

e/
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