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Overview

* Auditory Sensory System (IF 022 4t)
« Auditory Pathways (IFTofHIE )

* Speech Perception (S1&/%A)

* Speech Production (B1E/1E54Rk)
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Auditory Perception (Iroa/=kED)

* Sound waves excite sensory cells (R*52ZHfi@), triggering impulses in the auditory
nerve (IFfHZR). Auditory centers (BT TEH#X) process these signals to produce

hearing. Chuak)
* Hearing involves mechanical motion, electrical changes, chemical transmission,

neural impulses, and central processing.

* 1. Sound collection by the outer ear and movement of the basilar membrane
(EJKHR) are mechanical.

* 2. Hair cells (FEZHB&) convert motion into electrical signals, releasing chemical
transmitters and triggering neural impulses.

* 3. The central nervous system then processes the incoming information.
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The Auditory Process (TS FE)

Sound = outer ear (9MH)
= middle ear (FH)
= cochlear receptors (B4R 28)
= auditory nerve (IFfAZL

= Auditory pathways (ITAZ B ER)
= auditory cortex (IFafZ/E), where
auditory perception develops.

Tympanic membrane (82f&): 8-10 mm?

Cochlea (H#8)

vestibular nerve (BJEEfHEZL) and
cochlear nerve (B4R

‘ Stapes L)
(attached to
oval window) Semicircular
canals
Malleus Incus Vestibular
\ Qrve
-
X )
\ ﬁke‘ — a-.
/ \| £ N4 Ny —
) [ { Cochlear

External

auditory canal gl e

cavity

\Cochlea

Q

£ Tympanic (ESIZE)

5 Eustachian tube
5:’ membrane WRI%Lég?N

(B

(BEIRE)

I
=

Source:


https://en.wikipedia.org/wiki/Auditory_system

The Auditory Process (TS HE)
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Malleus (&5
Incus (A4E)

Stapes (5585)

Cochlea (H%g5):
filled with fluid.

e Sound vibrations

create ripples in the
fluid.

* Stereocilia (B24FE)

Hair cell (FEZAHE)
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Source: https://en.wikipedia.org/wiki/Hearing range

Hearing Frequency Range (s

(it

)

OHz 100 Hz 1kHz 10kHz  100kHz  1MHz

—

Tuna 50Hz- 1.1kHz (458va) —""

Ehi|%§~e?] 122% ﬂz— %mz gg%g [ [{]]] e———
. — oldfis 7- 3kHz 28va
* Humans: 20-20,000 Hz Bullfrog 100Hz 3kHz ~ (498a)
Catfish 50Hz- 4kHz  (638va)
. . . . Tree frog 50Hz- 4kHz  (638va)
* Dogs/cats: similar lower limits, Canary | ot et Rhea
. L. Parakeet 200Hz- 85kHz  (548va)
higher upper limits (~ 65,000 Hz) \ & e it foog
Human 31Hz- 19kHz  (9.38va)
. . 7- 33kHz .38Vva)
* Bats: upper limit about 200 kHz Horse RIL Rpte B2
Raccoon 100Hz- 40kHz (8.2%%
Sheep 125Hz- 425kHz (848va
i e 1 Dog 64Hz- 44kHz ~ (948va)
(& %) * Beluga whales: 1-123 kHz Ferret T6Hz 24KkFz (1148va)
Hedgehog 250Hz- 45kHz  (7.58va)
: S o e (o0%
* Bottlenose dolphins: 150 Hz—150 Rabait e e Boad
chl,  lon s
s : 0Ssum z- z (708va
kHz (%5 m) Albino rat 30H- 2kHz  (758va)
Hooded rat 530Hz- 75kHz  (7.18va)
| Cat S5Hz- 77kHz  (10.58va)
VIOUSEe N0Hz-_/9KHZ _ (6A8va)
Little brown bat  103kHz- 115kHz (358va)
Beluga whale 1kHz- 123kHz (6.98va)
Bottlenose dolphin 150Hz 150kHz (10.08va)
Porpoise 75Hz- 150kHz (11.08va)
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https://en.wikipedia.org/wiki/Hearing_range

Source:

Intensity—Frequency Range (3EE—3R
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https://en.wikipedia.org/wiki/Hearing_range

Sound Pressure Level (FE4R)

* SPL expresses the effective sound pressure on a [dB]
: : : 140 =
logarithmic scale relative to a reference. .
120~
p p p
L,=In| — ) Np =2log (—) B = 201og (—) dB
! (Po ) 2\ po 2\ po 100
80
* The standard reference sound pressure in air is 50 I\
po = 20u Pa.
40
* It approximates the human hearing threshold, roughly the Y
sound of a mosquito flying 3 m away. 20 N
0

0,02 0,05 0,1 (
Source:
FA 2026 CSE5026 CogSci 8


https://en.wikipedia.org/wiki/Sound_pressure

Source:

Examples of Sound Pressure Levels

Jet engine

Loudest human voice 1 inch 110 135
%{ﬂeﬁsﬁt‘)"'d of pain (At the ear 20-100 120-134
Trumpet 0.5m 63.2 130
Baby crying — — 80-130
Normal conversation 1m 2x10-3-0.02 40-60
Very quiet room 2.00x10-4...6.32x10- 20-30

4

FA 2026 CSE5026 CogSci 9


https://en.wikipedia.org/wiki/Sound_pressure
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Review: Weber’s Law (B{HZEE

* Absolute threshold (£8XT[HFR): the minimum stimulus intensity needed to detect
a single stimulus.

« Difference threshold (ZFFPR): the smallest detectable difference between
stimuli.

« Weber’s law (F5{HTEE): within a certain range, the difference threshold is
approximately a constant fraction of stimulus intensity.

Al Al : difference threshold; I : initial intensity

I k kK is the constant Weber fraction (5{H5%%)
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Weber’s Law (F5{AES

I
~

. _ Stimulus (initial intensity) Weber
* Typical Weber fractions k fraction
Initial stimulus intensities appear Fideln (0 i s
in parentheses. Deep pressure (400 g) 1/77
Al Visual brightness (1,000 photons) 1/62
T =k Lifted weight (300 g) 1/53
Loudness (100 phon, 1,000 Hz) 1/11
Al difference threshold; I : initial intensity
5 Rubber odor (200 odor units) 1/10
K is the constant Weber fraction (5{A55%%)
Skin pressure (5 g/mm?) 1/7
Salt taste (3 gram-molecules/kg) 1/5

FA 2026 CSE5026 CogSci 11



Loudness (EN0HE)

e Loudness (E) is the subjective
perception of sound pressure. An
audiometer can measure it using
loudness balancing.

* Sensitivity to loudness varies with
frequency. Equal-loudness contours (

ZF o ERZE) show this relationship.

Sound Pressure Level (dB SPL)

Source:
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10

100 1000 10k

100k

Equal-loudness contours (red) (from ISO 226:2003 revision)

Original ISO standard shown (blue) for 40-phons
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https://en.wikipedia.org/wiki/Loudness

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

Loudness Level (InEZ)

* Phon is the unit of loudness level. 130 U

120 (estlmated:i.

110

100

 Asound has a loudness level of x phon if, B 90

e 1 . .. . m g

under specified listening conditions, it = 38 5

> g

sounds as loud as a 1,000 Hz reference 4 60 5

pure tone (&40 &) at x dB SPL. 3 >0 |

g 30

3 20

* The labels on the equal-loudness contours 10 (threshold) '

£ >
(ZxNEHZE) use the same phon scale. .
10 100 1000 10k 100k

Equal-loudness contours (red) (from ISO 226:2003 revision)
Original ISO standard shown (blue) for 40-phons
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Auditory Cortex (IFafZ =)

The auditory cortex (IFTFZ/2) lies in the temporal lobe (Filt).

It includes primary auditory cortex (IR IF Rz &, Al),

secondary auditory cortex (R FZ /=, A2), and association
areas (BA5 X).

It analyzes the timing and frequency of signals from the cochlea

(Ef4m).

Neurons (fR227T) are organized by their preferred frequencies:
low at one end and high at the other.

Functional specialization: A1 encodes complex, abstract features Pr
: . : T Auditory Cortex
of auditory stimuli, beyond raw features such as individual

frequencies. Secondary

Auditory Cortex
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Overview

» Speech Perception (SiEE&E)



Ellis & Young Model (OiE@KRiEHY)

 Ellis & Young (1988): Speech perception and production
Heard word (IFZE!FYER1E)

Auditory analysis
system ' '
ORESFERS) A enicon” Route 1
Ui TINEL:Y

Semantic system

Route 3 Route 2 v
(IEXES)

Speech output
lexicon Route 1

Phoneme level (E1EHiHia8)

(BERERMNEITER)

Source: https://www.smithsrisca.co.uk/PSYellisyoung1988.html

Speech (Z1E
FA 2026 P (518) CSE5026 CogSci 16


https://www.smithsrisca.co.uk/PSYellisyoung1988.html
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Sound Analysis and Word Recognition

« Auditory analysis system (IT e DT R S5):
extracts phonemes and acoustic features.

* Phoneme (E{\I/&%): the smallest unit Heard word (BT EJAIER1A)
distinguishing word meanings.

Auditory
. . ] . .— analysis
« Auditory input lexicon (Ui A\ 1a/84): .. Audiory input
s exicon
recognizes familiar spoken words. (FTEERAIRDE)

Semantic system

* Meaning comes next, in the semantic (EXFLS)

Speech output

system (1B 2 %A). - Route 1
Phoneme level (SiEHIHIRER)
(BERMNEPER)
Unaspirated stop /p/ (5, ba), (35, bo)
Aspirated stop /o | (18, pa), 3%, po) Speech (S18)

Source: Mandarin phoneme examples

FA 2026 CSE5026 CogSci 17


https://zh.wikipedia.org/zh-cn/%E9%9F%B3%E4%BD%8D

Meaning and Speech Output

e Semantic system (1B ZR%F):
stores word meanings.

FA 2026

An abstract functional module. Its
implementation could be distributed,
as in semantic embeddings.

Speech output lexicon (S1E%H1E]
HH): supplies stored spoken word
forms.

Phoneme level (&R MNE HET):

holds the speech sounds needed for
output.

Heard word (I ZIAYER1A])

Auditory
analysis
system

(TFRDHTERLE)

Phoneme level

(BRRMNEER)

Speech (518)

CSE5026 CogSci
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Auditory input
lexicon

(o N\IJER)

Semantic system

(EXER)

Speech output
lexicon Route 1

(SiEmHITR)

19
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Three Routes for Spoken Repetition

Route 1 (semantic): recognizes a word
form, accesses meaning, then retrieves
speech output.

Route 2 (lexical): repeats familiar words
without accessing meaning.

Route 3 (nonlexical): repeats unfamiliar
words or nonwords via a direct link to
the phoneme level.

Word meaning deafness (18] M 5B &):
impaired understanding of heard words
with preserved repetition.

FA 2026

Heard word (IrZIAYE1E])

Auditory

analysis

system Auditory input
(TRDHTRS) Iexircyon i Route 1

(IETENIAIER)

Semantic system

Route 2 (EV R

Route 3

Speech output
lexicon

Phoneme level (FiEkHiTes)

(ERERNEDR)

Speech (Si&)

CSE5026 CogSci 22
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Overview

« Speech Production (Si&/i554%R)



Articulatory Phonetics (AE1E&3)

* Articulatory phonetics studies how organs
in the mouth, throat, and nose shape

. Bz
airflow from the lungs to produce speech o cnity
sounds.

. B/ | (hEFS)
* Vocal organs (K25 E) 17 e

Soft palate (ikﬂ."—,;)
aaaaa aaaaaaaaaaa
Tongue (ﬁ)
Epiglottis (%J%)
Pharynx (l])

()
e ()

Trachea —
(RE)

« Vocal folds / cords (FFH5)

* Closely spaced vocal folds vibrate as air passes
through. Widely separated folds do not vibrate.

Vocal cord

* Voiced sounds (&) involve vocal-fold
vibration, e.g., [b], [d], [g].

* Unvoiced sounds (;&55) lack vocal-fold
. . The vocal organs, shown in side view. (Figure from OpenStax University
vibration, e.g., [p], [t], [k]. Physics, CC BY 4.0)

FA 2026 CSE5026 CogSci 27



Source:
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Consonants and Vowels & 5tE)

* Speech sounds fall into two broad
classes: consonants and vowels.

e Consonants restrict or block airflow
and may be voiced or unvoiced.

* Vowels involve less obstruction. They
are usually voiced, louder, and longer
than consonants.

(nasal tract) Main places
of articulation
S for English
bilabial =
consonants
tongue palate
closed
. velum
beet [iy] bat [ae] boot [uw]

Tongue positions for different vowels


https://web.stanford.edu/~jurafsky/slp3/15.pdf

Source:

“Vowel space” for English

high

® Uw
o
e uh
S
oy o X fj)
1
5/ ace

low

back

IDTICNENE  The schematic “vowel space” for English vowels.
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Dots roughly correspond
to tongue positions.
Paths: vowels in which
the tongue positions
change during production.


https://web.stanford.edu/~jurafsky/slp3/15.pdf

Source:

Syllables (&7)
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* Consonants and vowels combine to form syllables (B T3).

* A syllable consists of a vowel-like sound (or sonorant) with its most closely

associated consonants.

(% 3 #r)

* Example: “dog” has one syllable, [d o g]. “Catnip” has two, [k ae t] and [n i p].

Coda (EE&): final consonant(s).

Rime (§Y) = nucleus + coda

Nucleus (%&): the central vowel.

Onset (H&): initial consonant(s).

A A

|
Onset Rime Onset Rime
| N A /\ N
Nucleus Coda

h  Nucleus Coda g T Nucleus Coda

o A

ae m 1y n eh g z

13T ER]  Syllable structure of ham, green, eggs. c=syllable.



https://web.stanford.edu/~jurafsky/slp3/15.pdf
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Prosody (8JE=)
o (35) (4 %)
* Prosody (BJ1E=) concerns intonation and rhythm, especially how the

fundamental frequency (B8, F0), energy, and duration convey pragmatic, G&A)
emotional, or conversational meaning.

* Energy relates to loudness ([[I/E). FO contributes to perceived pitch (5 3).

* Prosody can mark discourse structure, including the distinction between
statements (f&RIAHG]) and questions (|B])G])).

* Prosodic prominence involves pitch accent (BB &), lexical stress (15} B &=
and vowel reduction to schwa (55470 /RTTE).
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Prosodic Prominence (§J1Ez28)

e Pitch accent (F=EH): a prominent word or syllable carries an accent in pitch.

e Example: accented words are underlined.

(14.1) I’m a little surprised to hear it characterized as happy.

e Lexical stress (1a);[_E25): pitch accents occur on syllables that can bear stress.

e Underlined words carry accent. Bold syllables carry lexical stress.

(14.2) I’m a little surprised to hear it characterized as happy.

e Unstressed vowels may reduce to schwa (554705 /RTcE).



Source: https://web.stanford.edu/~jurafsky/slp3/15.0df X\ A souTHeRN UNIVERSITY OF SCENCE AND TECHNOLOGY

)

e Utterances with the same accents may still differ in prosody because
they have different intonation patterns.

JOH

Intonation (1&7

e Intonation (1&1) is the rise and fall of fundamental frequency (3%, FO) over time.

e Example: statements and yes—no questions

P I —

You know what | mean ? You know what I mean .

A final rise in FO indicates A final fall in FO indicates
a yes—no question (question rise) a statement (final fall)


https://web.stanford.edu/~jurafsky/slp3/15.pdf

-
Source: W4,/ SOUTHERN UNIVERSITY OF SCIENCE AND TECHNOLOGY

Basics of Speech Signal Processing

* Sound waves are characterized by frequency (FZ) and amplitude (¥RIR).

ey =Ax*sin(2m - f - t): asine wave with amplitude A and frequency f

1.0

/

0 0.1 02 _ 0.3 0.4 0.5
Time (s) f = 10Hz = 10 cycles per sec

1B CHERL] A sine wave with a frequency of 10 Hz and an amplitude of 1.

Figure 14.10| quency p

FA 2026 CSE5026 CogSci 34


https://web.stanford.edu/~jurafsky/slp3/15.pdf

Source:

Speech Waveforms

* A waveform plots air pressure as it changes over time.

/6\ e oY

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

0.02283

0

-0.01697
0

Time (s)

0.03875

13T ENEE A waveform of the vowel [iy] from an utterance shown later in Fig. 14.15 on page 15. The
y-axis shows the level of air pressure above and below normal atmospheric pressure. The x-axis shows time.

Positive values indicate COMPression. Negative values indicate rarefaction.

FA 2026

()& 48)
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From Sound Waves to Digital Signals

(HE 2K 4% ) (1)
* Analog-to-digital conversion has two main steps: sampling and quantization.

* Sampling rate (RHEXR), f5: the number of samples per second.
To avoid aliasing, signal frequencies must stay below the Nyquist frequency,

1 .(&2Z)

fv = Efs-

* Most speech information lies at frequencies < 10000 Hz. Preserving that
bandwidth requires a sampling rate of at least f, = 20000 Hz.

* Traditional landline telephony: 8 kHz. A common audio sampling rate for online
video: 48 kHz.



Source: https://web.stanford.edu/~jurafsky/slp3/15.0df X\ A souTHeRN UNIVERSITY OF SCENCE AND TECHNOLOGY

From Sound Waves to Digital Signals

* Even at an 8 kHz sampling rate, one second of speech requires 8,000 amplitude
measurements. Efficient storage matters.

 Quantization (&) stores amplitude as integers: 8-bit (-128 to 127) or 16-bit
(-32,768 to 32,767).

* Traditional telephony: 8 kHz sampling and 8-bit quantization.


https://web.stanford.edu/~jurafsky/slp3/15.pdf

From Sound Waves to Digital Signals

* Data compression

* u-law PCM algorithm (pulse code modulation, B/ PZmeS1EH):

sgn(x)log(1 + p|x])
log(1+u)

Flx] = —-1<x<1 (u=255 for 8 bits)

* Intuition: human hearing is more sensitive at small intensities than large ones;
the log represents small values with more faithfulness at the expense of more

error on large values.

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE



From Sound Waves to Digital Signals

* u-law PCM algorithm

sgn(x)log(1+ u|x|)

—1<
log(1+u) =7

<1

F(x) =

Source:

FA 2026

1.00

0.75 A

0.50 1

0.25 A

Z  0.001

—0.25 A

—0.50 A

—0.75 A

-1.00

SSSSSSSSSSSSSSSSSSSSS

CCCCCCCCCCCCCCCCCCCC

u-law function
Larger resolution for
F(x) when x is small.
-1.00 OI.75 —0|.50 —0|.25 O.bO 0.|25 0.|50 0.|75 1.00
39
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https://en.wikipedia.org/wiki/Mu-law_algorithm
https://en.wikipedia.org/wiki/Mu-law_algorithm
https://en.wikipedia.org/wiki/Mu-law_algorithm

Source: ? &%#ii%%
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Frequency and Amplitude of Speech

* A speech waveform is not sinusoidal, but voiced speech shows periodicity.

0.02283+—43 2 — 40
TN W

-0.01697
0

Time (s)

10
0.03875

0.03875

~ 258 Hz

« Ten similar peaks occurin 38.75 ms: T =

* Voicing comes from repeated opening and closing of the vocal folds (F=75). Opening releases
pressurized air from the lungs, creating a pressure pulse.

* Each major peak corresponds to one cycle of vocal-fold vibration. This repetition rate is the
fundamental frequency (E51), FO.


https://web.stanford.edu/~jurafsky/slp3/15.pdf

Source: ? m ol #i{’& %
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Frequency and Amplitude of Speech

* A pitch track plots
fundamental frequency
(FO) over time.

* Here, FO denotes a

500 Hz
- FO frequency value (0-500
0 Hz! Hz): obtained from
automatic pitch counting.
three o’clock
0 0.544375
Time (s)

For “Three o’clock?”, FO rises at the end of the question.

FA 2026 CSE5026 CogSci 41


https://web.stanford.edu/~jurafsky/slp3/15.pdf

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

Frequency and Amplitude of Speech

e Besides instantaneous amplitude, we often need a measure of amplitude over a
time window.

e Signal power is the mean of the squared amplitudes:
| N
Power = N ;x,z

e [ntensity in decibels (dB) expresses power relative to a reference corresponding
to the human hearing threshold (IF TR ).

N
. 1 Po = 2% 1075 Pa
IntenSIty — 1010810 IV—P() E :xll (reference pressure)
i=1
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Pitch and Loudness (B&25IE)

e Pitch (B55) relates to frequency. Loudness (1) relates to intensity.
e Pitch is the perceptual counterpart of fundamental frequency (&, FO).

e Higher FO generally produces a higher perceived pitch.

e The relationship is nonlinear because auditory sensitivity varies across frequencies.

e Between about 100 and 1,000 Hz, pitch perception is most accurate and approximately

linear in frequency.
e Above 1,000 Hz, the relationship is approximately logarithmic.

e Mel scale model (f8/RRE):

f Equal perceived pitch intervals

= 1127 ln(l + m) correspond to equal differences in mel values.



. \ - /
Source: 55 W4/ SOUTHERN UNIVERSITY OF SCIENCE AND TECHNOLOGY
M ik

Interpreting Speech Waveforms

* Vowels (JGES) are easier to identify because they are relatively long and loud.

* The six vowels [iy], [ax], [ae], [ax], [ey], and [iy] show regular amplitude peaks,
indicating voicing (&)

* Stop consonants (Z2E) often show a near-silent closure followed by a small burst.

* Two [b] sounds in “baby”

she just had a baby

sh iy j ax s h ae dx| ax b ey b iy

0 1.059
Time (s)

FA 2026 CSE5026 CogSci 44


https://web.stanford.edu/~jurafsky/slp3/15.pdf

. =
Source: 5 W/ SOUTHERN UNIVERSITY OF SCIENCE AND TECHNOLOGY
M ik

Spectra and Frequency Domain

* Fourier analysis: Every complex wave can be represented as a sum of many sine
waves of different frequencies.

1

1

0 0.5
Time (s)

y=A;sin(2m - f; - t) + A, sin(2m - f, - t) 1 = 10 Hz, f, = 100 Hz,

FA 2026 CSE5026 CogSci 45


https://web.stanford.edu/~jurafsky/slp3/15.pdf

Source: &%#ﬁig
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Spectra and Frequency Domain

* Spectrum: A representation of each of the frequency components in a signal and
their amplitudes.

N
§ fi=10Hz  f, = 100 Hg
< 80
()]
>
Q
(O]
5
2
© 60
o
©
[ =
>
(@]
n
40

2 5 10 20 50 100 200
Frequency (Hz)

— el

Spectrum of signal y = A;sin(2m - f; - t) + A, sin(2m - f5 - t)


https://web.stanford.edu/~jurafsky/slp3/15.pdf

Source: W4/ souTheRn UNIVERSITY OF SCIENCE AND TECHNOLOGY

Spectra and Frequency Domain

* Example: This complex wave has a frequency f; of about 234 Hz: 10
cycles/0.0427 sec = 234 Hz.

0.04968

-0.05554
0 0.04275

Time (s)

* A smoothed spectrum computed with
a discrete Fourier transform (DFT)

20+

* There are roughly 4 tiny peaks within a cycle
* = Afrequency f, of about 4 times f;
* 4%X234 =936 Hz

Sound pressure level (dB/Hz)

0 1000 2000 3000 4000
Frequency (Hz)


https://web.stanford.edu/~jurafsky/slp3/15.pdf

\W/

Source: https://web.stanford.edu/~jurafsky/slp3/15.pdf

Spectrogram

» Spectrogram: A dynamic view of how spectrum changes over time.

|‘).M l”“.,\""’m ll‘ l| |i "m

Ml " l .
hllm W Wmlllnihﬂu . | Darker points have
Il‘ Wllll"“ llﬂlllllllmlllllllli W higher amplitude.

A ..\ m J.w
i ’ ‘Jt g WWI' 1}1”" .

MH h H‘ H
\fh il "1"

i M
| g
ll.‘ 1 il

|
| | M'M! i (A A A O |
c % |

0 2.81397
Time (s)

IDTUNCREWAR  Spectrograms for three American English vowels, [ih], [ae], and [uh]

W h Mlm ,IN'

Frequency (Hz)

e Spectrogram is a 3D view: time X frequency X amplitude
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https://web.stanford.edu/~jurafsky/slp3/15.pdf

Source: https://web.stanford.edu/~jurafsky/slp3/15.pdf

Spectrogram

e Each dark bar in a spectrogram is called a formant (3%
that is particularly amplified.
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* Since different vowels are pronounced with the vocal tract (F18) in different
positions, they will produce different amplifications, thus different formants.
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Automatic Speech Recognition (iIE=1R51)

e ASR maps a speech waveform like this:

to the corresponding words: “It’s time for lunch!”
e A ConvNet can extract acoustic features for an encoder—decoder model.

e The reverse task is text-to-speech (TTS, IEFSHL).
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Automatic Speech Recognition
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Automatic Speech Recognition

* Encoder-decoder architecture.
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Output sequence Y
can be either letters
or tokens.
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Automatic Speech Recognition
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Text-to-Speech (TTS)

* Modern TTS system is similar to
language modeling.

e Use an audio tokenizer based on
an audio codec (BF3ZmASes) to
induce discrete audio tokens to
represent the speech.

* Then train a language model
whose vocabulary includes both
speech tokens and text tokens.

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

Personalized

Speech
t
VALL_ E Audio Cociec Decoder
[ \
4 4 i i i A i A
Neural Codec Language Modeling
S S I S
B A
Text Tokenizer Audio Codec Encoder
1 1
SE{ Prompt

3-second enrolled recording

Text for synthesis

1B CBWAY VALL-E architecture for personalized TTS (figure from Chen et al. (2025)).
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