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~ Cognitive Media Processing @ 2015
Menu of the last lecture

® Speech --> sounds --> vibrations (waves) of air particles

e Fundamentals of phonetics
e How are vowel sounds produced? =i
e Phonetics = articulatory phonetics + acoustic phon. + auditory phon.
e More on articulatory phonetics
® Observation of speech organs
® More on general phonetics
e General phonetics = language independent phonetics
e How to symbolize language sounds found in any language?
® More on acoustic phonetics

e Vowels as standing waves
e Resonance frequency = formant frequency
e Link between acoustic phon. and articulatory phon.

® Summary




Speech = vibrations of air particles

® The four aspects of tones (sounds)

e Height of tones (pitch of tones)
e High tones and low tones
® Loudness of tones
e Loud tones and soft tones
e Duration of tones
e Long tones and short tones
e Timbre of tones (color of tones, H&, F&)
® 7?77?77

e If two tones have the same height, the same loudness, and the same duration but the two
tones are perceived as different tones, then, the two tones differ in their timbre.
e /aland/i/ /al and /a/

o difference in phoneme, difference in gender
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Speech = vibrations of air particles

e Close observation of air particle vibration patterns.
e /al, /i/, and /u/ with the same height of tone.
e They are periodic signals (waveforms).
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Cognitive Media Processing @ 2015

Acoustic phonetics

Spectrum of a vowel sound

Resonance = concentration of the energy on specific bands that are
determined only by the shape of a tube used for sound generation.

Timbre = energy distribution pattern over the frequency axis
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General phonetics

e 18 fundamental and theoretical vowels -- cardinal vowels

e Reference vowels used to describe the vowel sounds in a specific language.

e Theoretically and artificially defined vowels
e Position of the tongue x lip (un)rounding gives a set of 18 vowels.
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~ Cognitive MediaProcessing @2015
General phonetics

e Classification of consonants

manner of articulation

e How

e Complete or partial closure in the vocal tract.

e Where and how closure happens in the vocal tract.
e Where = place of articulation
= manner of articulation

e Condition of the vocal folds = voiced or unvoiced

CONSONANTS (PULMONIC)

place of articulation

Bilabial [Labiodental| Dental | Alveolar | Post-alveolar | Retroflex| Palatal | Velar | Uvular h’hatynggal
Posve |P b t d { d|c 7k g|q G
Nasal m ) n n| n 1 N
Trill B r R
Tap or Flap r X
fiatve | B| f v [0 8[sz| [ 3 [s z|¢ JIX Y[y ¥
.
Approximant v A 8 | j Wy
sraeran: [N 1 L] A L

Glottal

Where symbols appear in parrs, the one (o the right represents a woiced consonant Shaded areas denot e articulations judged impossible .

http://phonetics.ucla.edu/course/chapterl/flash.html


http://phonetics.ucla.edu/course/chapter1/flash.html
http://phonetics.ucla.edu/course/chapter1/flash.html

Cognitive Media Processing @ 2015

Title of each lecture

OSpeech communication technology - speech analysis -
Speech communication technology - speech recognition -
Speech communication technology - speech synthesis -

Theme-3

A new framework for “human-like” speech machines #1
A new framework for “human-like” speech machines #2
A new framework for “human-like” speech machines #3
A new framework for “human-like” speech machines #4

abcde g
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qr tu
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Phones and phonemes

® Phones
e A phone is the minimal unit of speech of any language.
® Phonetic symbols are language-independent and used by phoneticians to
transcribe speech of any language. Defined by by Int. Phonetic Association.

Dental l Alveolar [Postarveolar Retrofiex
t d t  q
n n

® Phonemes
e A phoneme is the minimal unit of speech of a specific language, perceived by
native speakers of that language.
® Phonemic symbols are language-dependent and used by ordinary people to
transcribe speech of that language. Can be defined by a user.
e Should be used like/abcdefgl/.

[arajurugeNzituo/ — [erejirige&ndzitsio?]
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Sounds of a class can be perceived as sounds of different classes.

ENIE, EARD, EALSD [m], [n], [1]
714k, A4k right, light
TV, FTERFITHM? [sw], [s]

For Japanese, they are of one class but for foreigners, they may be of different classes.
Japanese may have less capacity of phone discrimination but they may have better
capacity of discriminating sounds by their duration.

BlEEh, BIREBEA, HMPE (AWL) , BEHPE (KIWL) , BRELPF (KELWL)
Phonemes and allophones
One phoneme is sometimes acoustically realized as different phones.
A — [m], [n], [n] [m], [n], and [p] are allophones of Au.
Phones are objective(acoustic) and phonemes are subjective(mental)?

#phones >> #phonemes (30 -- 40). Phones are finer units of speech.
Definition of phones is still based on speakers’ abstraction of speech acoustics.
The definition does not discriminate between adults’ [a] and kids’ [a] although their spectral

envelopes are very different between them.



Speech Communication Tech.
- Acoustic analysis of speech -
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Today’s menu

More on details of acoustic phonetics (continued)
Characteristics of human hearing
Fundamental frequency and pitch again
Fourier analysis of speech signals
Simple hearing tests

Technology for acoustic analysis of speech
Source-filter model of speech production S(w) = G(w)H (w)R(w)
Cepstrum method to separate source and filter
Advanced analysis tool of STRAIGHT
Some morphing examples
LPC, PARCOR, and the shape of a vocal tube
Spectrums/waveforms of various language sounds

Vowels, semivowels, liquids, nasals, voiced fricatives, unvoiced fricatives, glottals,
voiced plosives, unvoiced plosives, voiced affricatives, and unvoiced affricatives
Speech recognition as spectrum reading

Summary




Acoustic phonetics

e From waveforms to spectrums
e Windowing + FFT + log-amplitude F1

formant frequencies
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Waveform to spectrum

® From waveforms to spectrums
e Windowing + FFT + log-amplitude
® Insensitivity of human ears to phase characteristics of speech

e Human ears are basically “deaf” to phase differences in speech.
e Itis not impossible for us to discriminate acoustically two sounds with different

phase characteristics but we don’t discriminate them linguistically.
e No language treats those two sounds as two different phonemes.

phase
characteristics
speech source
waveforms _ characteristics
amplitude
characteristics _
o filter
Insensitivity to characteristics )

phase differences




Spectrum to spectrum envelope

® From spectrums to spectrum envelopes
e log-amplitude spectrum -> smoothing -> spectrum envelope

¢ Humans’ insensitivity to pitch differences when perceiving phonemes.

e /a/ with high tone and /a/ with low tone are perceived to be of the same class.
e Separation of pitch (fundamental frequency) can be done by spectrum smoothing.

_ |

Insensitivity to
pitch differences

phase
characteristics l
speech source
waveforms _ characteristics
amplitude

characteristics

filter
characteristics




Speech waveforms and pitch

o /a/ (low) --> /a/ (middle) --> /a/ (high)

fundamental period

Foy = 1 /T fundamental frequency
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/al (low) --> /a/ (middle) --> /a/ (high)
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1 octave = doubling Fo

Mathematical mechanism of music (scale)

C-C#-D-D#-E—-F-F#-G—-G#->A—-A#->B—C

x1.059 x1.059
x1.059 x1.059 1.059 — 21—12 I

Yy = 10%10(37)
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Harmonic structure

e Speech waveforms and their log power spectrum

e Guitar sound waveforms and their linear power spectrum
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e Fundamental tone + 2nd harmonic + 3rd harmonic + .......

e Fourier series of periodic signals -> Results (spectrums) also become periodic.



Harmonic structure

e Pure tone and complex tone
e Waveforms and their linear/log power spectrum
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Fourier series and speech production

Periodic signals are decomposed into ) _ sinusoidal waveforms
e Periodic signals have a set of line spectrums. -

o
528

Fourier series of a train of impulses ol I3

e Atrain of impulses i

=
1500 20

9(t) = koo (t = KTo)
e Fourier series of a train of impulses
g(t) = D= o e

Ty

11111

Ty | Ty .
= %0 f_Q% g(t)e Imwotdt = TLO f_2% O(t)eImwoldt = Ti

e Fourier transform of a train of impulses
Gw) = 2 30 [ {1 x ety emitdt = 2257 6(w — nwo)

e Vowel production as convolution of impulse response

e Vocal tract (tube) functions as a filter : impulse response of h(t)
o Glottal source waveform : g(t), output waveform : s(t)

o s(t) = h(t) xg(t)
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Acoustic phonetics

Spectrum of a vowel sound

S(w) = H(w)G(w)

251

Resonance = concentration of the energy on specific bands that are
determined only by the shape of a tube used for sound generation.

Timbre = energy distribution pattern over the frequency axis



~ Cognitive MediaProcessing @2015
Spectrum analysis of guitar sounds

Distance from bridge = 12 cm
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How sounds are processed in the ears
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Ear = Fourier analyzer

Freguency of activation of each band of the cochlea

e

= o~ (A) O 1E/
=2 o
E _ooko > - o
g e o oooOO ooooo
o -40 - 9
I : '
B e b ! ql%g%lllllll
e . 11/13/78
_ ‘ x X . "x38 dB SPL

x ’533:
*
X

I L - X
0.1 02 Q.5 1.0 20 5.0-°-10.0
HERRORUEDY

BB A SN2 RHRE
(=]
o
1

-3 GBREE/ e/iontd 2TEMBEORE

EWBFIREXZL EANFTO7 — ) @ % L Cw
5o COWEEIFIFEETEDbN S, A /e/DIRIE X~
7 b v, CIERZ 2 REIRE B O MR D/ e/ 1c it
TR A > %)L A FEEHEE (CZk5) £ Y BIA)
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Speech = vibrations of air particles

e The four aspects of tones (sounds)

e Height of tones (pitch of tones)
e High tones and low tones
® Loudness of tones
e Loud tones and soft tones
e Duration of tones
e Long tones and short tones _ G
o Timbre of tones (color of tones, BHE&, B &) e i
® 2777 | _

e If two tones have the same height, the same loudness, and the same duration but the two
tones are perceived as different tones, then, the two tones differ in their timbre.

e /a/and /il  /al and /a/
e difference in phoneme, difference in gender

Timbre = energy distribution pattern over the frequency axis

Determined only by the shape of a tube used for sound generation



Hearing test 1

e Q : what kind of acoutic change is expected when a vocal tube becomes
shorter?

[i]
F‘—ll——)'(_lzel

3:21 BEEERROTEETTIICL DAL 3.22

Replay



Hearing test 2

® Q : Guess what kind of tube shape change happened by hearing the
sounds before and after the tube shape change.

Replay



~ Cognitive MediaProcessing @2015
Hearing test 2

® Q : Guess what kind of tube shape change happened by hearing the
sounds before and after the tube shape change.
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Today’s menu

More on details of acoustic phonetics (continued)
Characteristics of human hearing
Fundamental frequency and pitch again
Fourier analysis of speech signals
Simple hearing tests

Technology for acoustic analysis of speech
Source-filter model of speech production S(w) = G(w)H (w)R(w)
Cepstrum method to separate source and filter
Advanced analysis tool of STRAIGHT
Some morphing examples
LPC, PARCOR, and the shape of a vocal tube
Spectrums/waveforms of various language sounds

Vowels, semivowels, liquids, nasals, voiced fricatives, unvoiced fricatives, glottals,
voiced plosives, unvoiced plosives, voiced affricatives, and unvoiced affricatives
Speech recognition as spectrum reading

Summary




Modeling of speech production

e Mathematical modeling of speech production -- source & filter model --
e Linear independence between source and filter

WY,

I G(1)

LEEE S(A

source
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Mathematical modeling of speech production -- source & filter model --

Separation between the spectrums of source and filter
fine structure of the spectrum

| | \ the spectrum of speech
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~ Cognitive MediaProcessing @2015
A comment on linear and log spectrums

e Their appearances are very different.
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Extraction of spectrum envelopes

Cepstrum method
e Windowing + FFT + log-amplitude --> a spectrum with pitch harmonics

e Smoothing (LPF) of the fine spectrum into its smoothed version
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Extraction of spectrum en

e Cepstrum method
e Windowing + FFT + log-amplitude --> a spectrum with pitch harmonics

e Smoothing (LPF) of the fine spectrum into its smoothed version
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Spectrum to spectrum envelope

® From spectrums to spectrum envelopes
e log-amplitude spectrum -> smoothing -> spectrum envelope

¢ Humans’ insensitivity to pitch differences when perceiving phonemes.

e /a/ with high tone and /a/ with low tone are perceived to be of the same class.
e Separation of pitch (fundamental frequency) can be done by spectrum smoothing.

_ |

Insensitivity to
pitch differences

phase
characteristics l
speech source
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amplitude
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STRAIGHT [Kawahara’06]
High-quality analysis-resynthesis tool

Decomposition of speech into
Fundamental frequency, spectrographic representations of power, and that of periodicity

High-quality speech morphing tool

input Y periodicity map ) A per|0d|C|ty map resynthesized
speech \C spectrogram ) Mo ( spectrogram )I speech

\( T-F coordinate ) T-F coordinate )/

Spectrographic representation of power

FO adaptive complementary set of windows and spline based optimal smoothing
Instantaneous frequency based FO extraction

With correlation-based FO extraction integrated
Spectrographic representation of periodicity

Harmonic analysis based method




Acoustic phonetics

e From waveforms to spectrums
e Windowing + FFT + log-amplitude F1

formant frequencies

og Spectral Magnttude
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Advanced technology for analysis

e Short Time Fourier Transform (STFT)-based spectrogram

iIsometric Gaussian window
1\
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Advanced technology for analysis

e Short Time Fourier Transform (STFT)-based spectrogram

periodic in
the time domain

time (ms)

periodic in the freq. domain
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Advanced technology for analysis

e Complementary pitch-synchronous Gaussian window removes the
repetitive structure in the time domain.

complementary PSG window
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Advanced technology for analysis

e Spline-based optimum smoothing reconstructs the underlying smooth
time-frequency representation.

STRAIGHT (complementary PSG)
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Examples of speech morphing

9 Z (Ilove you in Japanese) | T A (I'm sorry in Japanese) \ Iloveyou (74 57 2-—)

=Y I ZEFHILTRIAET IV,

n EEED hO—ILLTHTSES W,
pleased 0%

Move the cursor and click the mouse to
control the "emotions”

sad 100%

YSTRAICHT" Auditory morphing by Hideki Kawahara(Wakayama University/ATR) Interface designed by Takashi Yamaguchi
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Examples of speech morphing

e Morphing with some anchor points

iLoveYouPresure time span 0 949 (ms) 30-Nov-2006 02:52:17
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Examples of speech morphing

¢ R to L morphing bet. r/l-ight generated by Klatt synthesizer [Kubo+'98]

synthMorph10.png time span 0 698 (ms) 27-Nov-2006 17:47:06
6000 .
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1000

0 100 200 300 400 500 600
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Examples of speech morphing

Morphing of native utterance and its accented version [Kato+'11]

e Use of a pair of word utterances spoken by a bilingual speaker
e Normal Tokyo Japanese
e Heavily American accented Japanese ‘

igaku (medical science)

fundamental frequency (FO0)

phonetic duration (dur)

spectral envelope & aperiodicity (sp_ap)

FO & dur (FO_dur)
all the parameters (all)

0 0.25 0.5 0.75 1
morphing rate



Vocal tract shape and spectrum envelope

e Linear Predictive Coding (LPC)
e Speech signal at time t, st, is predicted as weighted addition of some old signals.

St — Y 04 QS
St + D hq OkSt—k = Y p_qQkSt—k =€+ (o = 1.0)
S(z) +a1S(z)z7  + a2S(2)z7 % + -+ + pS(2)27P = E(2)

1
1+a1z_1 +a2z_2 + ... —|—OépZ_p (Z) (Z) (Z)

5(2)

{ay} are estimated for a frame in such a
way that error term for that frame, &¢,
should be minimized.

If error term is assumed to be white noise,
then, the spectrum envelope shape is
determined by A(z).

Log Spectal Magnlude
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Spectrum envelopes by CEP and LPC

e Cepstrum-based envelope is just a smoothed spectrum.
e Spectral peaks are emphasized in LPC-based envelope.
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LPC to vocal tract area function

e {ax} to the area function of the vocal tube.
e LPC coefficients are transformed into PARCOR
(PARtial auto-CORrelation) coefficients.
o PARCOR coeff. are transformed to reflection
coefficients between two consecutive short tubes.
e Finally PARCOR coefficients are related to the

cross-sectional area of each short tube. e

An : area function _tj'_l
A" !I'i

i
H

An*H

Glottis
iis’j"L A, —— _:)""“(“ —L_Al___ Ag=00

Vocal iﬁz 4 Lips
source ¥ - 1+k, .

(4 5 (4t s B Ro= o
(5ELRHT)
k An+l _,.A"

kn : PARCOR coeff "~ 4,., +A.
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Today’s menu

More on details of acoustic phonetics (continued)
Characteristics of human hearing
Fundamental frequency and pitch again
Fourier analysis of speech signals
Simple hearing tests

Technology for acoustic analysis of speech
Source-filter model of speech production S(w) = G(w)H (w)R(w)
Cepstrum method to separate source and filter
Advanced analysis tool of STRAIGHT
Some morphing examples
LPC, PARCOR, and the shape of a vocal tube
Spectrums/waveforms of various language sounds

Vowels, semivowels, liquids, nasals, voiced fricatives, unvoiced fricatives, glottals,
voiced plosives, unvoiced plosives, voiced affricatives, and unvoiced affricatives
Speech recognition as spectrum reading

Summary




Various sounds In languages

CONSONANTS (PULMONIC
Blabal

Open-mid

tho rght roprosents a aound;d vowel
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Vowels

e Characteristics of vowels
e Front vowels of /i/ and /e/: resonance at higher frequency bands
e Middle vowels of /a/: energy distribution over a wide frequency range
e Back vowels of of /u/ and /o/: lower bands are dominant in energy distribution
e Unvoiced vowels
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Semivowels and liquids

e Characteristics of semivowels and liquids
e /wl/, lyl, and /r/: characterized by their transitional parts from/to neighboring phones.
e Large dependency on phonemic context.

lT'ime(f): 0,2943 Freq: 0.00 WYalue: 21 0.29025 R: 1.0862%

8000 :
40004

2000,

Time(f): 0.3237 Freq: 0.00 VYalue: 28 ,39967 R: 4,0996%

2.17 “ki&/teQkyo-/” ERAE LLFHNRARYZ ka7 F 4 (/t/,/Q/./ky/)
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Nasals

e Characteristics of nasals
e /m/, In/, Ing/, IN/: a pathway to the nasal cavity shows its own acoustic features.

e Closed vocal cavity and open nasal cavity cause antiresonance.
e Transitional parts from/to neighboring vowels are useful in identifying nasal sounds.

D.00  Value: 47 a.sssr?*
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~ Cognitive MediaProcessing @2015
Unvoiced fricatives and glottals

e Characteristics of unvoiced fricatives and glottals
e /f/, Isl, Ish/. energy distribution at higher frequency bands
e Avocal cavity from the (almost) closing point to the lung causes antiresonance.
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e /n/: fricative at glottis

e The shape of the vocal cavity is the same as that of the succeeding vowel.
® No antiresonance



~ Cognitive Media Processing @ 2015
Voiced fricatives

e Characteristics of voiced fricatives
e v, Iz], Izh/: source sounds are generated at two positions, glottal sources and

fricative sources
e Energy distribution is found at a very low frequency band due to the glottal source.
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Cognitive Media Processing @ 2015

Voiced plosives and unvoiced plosives

e Characteristics of voiced plosives and unvoiced plosives
e /b/, [d/, Ig/ Ipl, It/, Ik/
e Complete closure in the vocal tract at a time and abrupt release of air flow
® Buzz-bar: closed vocal tract + vocal fold vibration --> radiation from the skin
e Transitional parts from/to neighboring vowels are useful in identifying nasal sounds.
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~ Cognitive Media Processing @ 2015
Voiced affricates and unvoiced affricates

e Characteristics of voiced affricates and unvoiced affricates

o Affricate = plosive + fricative
e /dz/, /dh/, [ts/, Ich/
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~ Cognitive MediaProcessing @2015
Spectrum reading

® What are these?
e Hint : they are numbers.
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e This is the task that is done by a speech recognizer.



Cognitive Media Processing @ 2015

Today’s menu

More on details of acoustic phonetics (continued)
Characteristics of human hearing
Fundamental frequency and pitch again
Fourier analysis of speech signals
Simple hearing tests

Technology for acoustic analysis of speech
Source-filter model of speech production S(w) = G(w)H (w)R(w)
Cepstrum method to separate source and filter
Advanced analysis tool of STRAIGHT
Some morphing examples
LPC, PARCOR, and the shape of a vocal tube
Spectrums/waveforms of various language sounds

Vowels, semivowels, liquids, nasals, voiced fricatives, unvoiced fricatives, glottals,
voiced plosives, unvoiced plosives, voiced affricatives, and unvoiced affricatives
Speech recognition as spectrum reading

Summary




Cognitive Media Processing @ 2015
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