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Overview

» Auditory Sensory System IR 2 4%
e Auditory Pathways T LB TS
* Speech Perception 1B RA]

~hH =z

* Speech Production IEE4Ehk
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Auditory Perception DT o /E% K
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 IT T2 EIE Hi > B > (6F > #HEH5E] > RIREEMI
- 1. MINBIER ENE R REME 2SN,
- 2. EARSRIMES BT, WRNEIEN. MEEINTTESER,
+ 3. FEEETIR G E—ERE LIS B IBTFE.
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https://en.wikipedia.org/wiki/Auditory_system
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Malleus: S

Incus: i
Stapes:

Cochlea (E%®): Filled with
liquid and the sound
vibrations make the fluid

ripple (F=4E0%75)

Stereocilia: §#4FE
Hair cell: FEZHiE
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10Hz 100 Hz 1kHz 10kHz  100kHz  1MHz

Tuna S0Hz 1.1kHz  (458va) ——— |
s Qe tpte s Wioa [T Eee—
o A . ~ Bullfro 100H- 3kHz  (498va)
> 20 20'000 Hz Catfish S0H- 4kHz  (638va)
i
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- URYE: _EPRZY7E 200 kHz Cow Rz 35kHz (1068va)
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N I:sgheeo 1263L - 22 kHz %j g\\g
. ~ (o]0} HZ- KHZ L
¢ Eﬁ/\ 1k~123k Hz erret 16Hz 24KFz (114%va)
Hedgehog 250Hz- 45kHz  (7.58va)
s Gl gh i
== . ~ abbi - z  (908va
« TRMDBHK: 150 ~ 150k Hz Sea lion 200Hz 50kHz  (808va)
Gerbil 56Hz- 60kHz (10.18va)
Opossum 500Hz- 64kHz (7.08va)
Albino rat 390Hz 72kHz (758va)
Hooded rat 530Hz- 75kHz (7.1 8va)
at - 77kHz (1058va)
Mouse QUHz_/9KH7 _ (648va)
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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= J£4% Sound Pressure Level
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0
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Source:
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o YENTFHIPR absolute threshold: MARITER—RIELS [EERTaRT, FrEa{KAYRIEL
SR,

« Z3lHPR differential threshold: MAFTEER ZRNREWINER/NER=

* Weber’s law X#R “REHRER" . £—SCERN, ZE5IFRIETI/IRIEL
SRERVEERIZTEL:

Al _ AL ZREIR; I: RYIRIBEEE
T k IEE (BIEDED



Weber’s Law FHHES
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FANIEE Loudness

* MIE Loudness: X FEEAIFENRRSZ, 120 & (estimated;
A LMERFOIRNE (BESEE). o 1_99..;3}.122",:"
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Source:
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https://en.wikipedia.org/wiki/Loudness
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Auditory Cortex IF TRz /=

o IFTaRZ EEAMXAISRAT (temporal lobe)

o OJHAHD 9 0% (A1), IRk (A2), LARZ
HE XX ZFEXIE,

- IFo EXT MERE NS Bt THSBIF0
SERAY T,

+ R R R TR R IR N7
SRIHTAN: — IR TTIHERINRIRE, L
BRI SRR, primary

Auditory Cortex
LB IRT . s . -
« THEEX 77 : Al BEBRIITHRIMNSZUnsEA, cecond
LAV u TN EommabE e o 2R econdary
ﬁﬁz_ﬁ H:Eﬁt.',H J/?\tl:l 1|:|1L‘J\I 1§U§D£|:TJ'ZEH,J)D5—I—W‘G'O Auditory CorteX
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Overview

» Auditory Sensory System IR 2 4%
e Auditory Pathways I oo EB S

* Speech Perception 1B ek

* Speech Production IE&4Rk
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Ellis and Young [11E1ERIREY

* The Ellis and Young (1988) Transcoding Model for Speech Perception and Production.

HENEEES

| X IS4

(IREE=MNHE DRt \ S B
CEE(EE) (RBISARAIIE
EAYR])

| ENRG
B3 L (AR
=R

B R (SO
BRI HHIT fir)

B

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

1B (speech)
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https://www.smithsrisca.co.uk/PSYellisyoung1988.html
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- IFRDFRF: BTMER

F12HV &% (phoneme) F S R
== = Eﬂaﬁﬂﬁ O B an A\ =] 84
HEAPAHIES bpaw (RBIZERIOIE 3
BN RS

BEL3 ey (BERENEN)
=S lath1e) i

» HE/E{L phoneme: IESHFHEETS
XAz BAEYHNEIVESEHN B (A AT
(RSP0 Jx0)

. fB: SUETEE =

i)

1B (speech)

ZF (F&S) /b/ & (ba). K (bo)
Z5 (&5) Ip/ 18 (pa). 3% (pd)

Source:
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* Critic: this is an abstract
concept or module, whose

=)

. . SRRAENEE
implementation could be (R AT
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=I=:ﬁ}:)

embeddings). =i (speech)
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Bl WREELHEREN, OERINEETERG,
A IREZEEEES (SA) BB, (ERAR XL EER

BENESES

TSRS
(FREERIR ISR
EEREEE) GRBIEERE
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SEV AV (CrFEARIHiE
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=)
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B3 WRBEER2ZIR, KBS X EEZE (word meaning
deafness), FIN/IELIEBRIFREIRNES, (BEE2ILIESMRETT
FHIETE,

BENESES

TSRS
(FREERIR ISR
EEREES) GRBIEERE

EAjA]) )
BN ZES

(BERENEN)

SiafdizE
SERNEDES (CrFEARIHiE
(R o #EI0 fZz\)

=)

=la (speech) . . o
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https://www.smithsrisca.co.uk/PSYellisyoung1988.html

7 RHERERE ..

* The complete Ellis & Young (1988)
model describes the flow of information

during both spoken and written
language.

« BITIES (written) SEX D HEIA,

- IENRFIZOHIHZ A,

12

lllllllllll
ANALYSIS

SPEECH

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

ANALYSIS
SYSTEM

WRITING


https://www.smithsrisca.co.uk/PSYellisyoung1988.html
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Articulatory Phonetics X H1E S+

- RSO, RIS TSR EINGE
SRS AR, AREEE
fAIF=EEe,

- RFEEEE vocal organs

* Vocal fold (cord): B Ny DT'ateiiJi?
P N N N a0, oft palate A =
. RESEERE (SEELMa) | Nas T

NFBERHSRD; WREERT, HA=
]:}EEJJO Epiglottis %}%
- FERENAYR M EFRDIHE (voiced). | o IR
Eg’ [b]’ [d]’ [g] ‘ Vocal cord E'.%."
. EHTRIRA R LIRS B (unvoiced).
E.g., [p], [t], [K]

Tongue

Trachea
(=
VB

10T ER]  The vocal organs, shown in side view. (Figure from OpenStax University
Physics, CC BY 4.0)

2025 FA Introduction and Frontiers of Cognitive Science 26



Source:

A

- IEEADAMAKSE: WESTTE.

* 35T (consonants) EEIIT RS IUR

HIEBEZESRZREY, FEAILIZS

Sy

_‘EI'_EX,I% Ho

* TCE (vowels) BFEEER/)N, BE R

=, ME—RICEEENS., 558

B,

« BJLURIE A EER( (place of articulation)

OLET=Yoav=)imrid MES

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

tHET (consonants) 57GE (vowels)

(nasal tract)

EHENE
HR B

dental i

bilabial :'—'-‘:—»_<_<,_

tongue palate
closed
velum

beet [iy] bat [ae] boot [uw]

AETTEN NS E


https://web.stanford.edu/~jurafsky/slp3/14.pdf

Source: https://web.stanford.edu/~jurafsky/slp3/14.pdf X AT soumien UNVERSITY OF SCENCEAND TECHNOLOGY
SyI Ia bles T

- HENTTEE S — 1 ET syllables,

s BTE—IETE (B8RE) UNSHERRRZEN—ERANHEESTANES.

« f5l: “dog” B— 1 BT [daag]; “catnip” X MABMNET, 25l=E [kaet] # [nih p]
s EUZOBITTEIRZE (nucleus),

» FFELRYHEFREE (onset), o o o
v e /\ /\ ’
. EEE*Z’ = E EE/‘JEFQ = Onset Rime Onset Rime Rime
B E YRR IEE (coda) | 2 N AN N N

h  Nucleus Coda g r Nucleus Coda Nucleus Coda

e 2 (rime) = nucleus + coda ‘ ’ | ‘ | A
ae m 1y n eh g z

i

IDTOICERY  Syllable structure of ham, green, eggs. c=syllable.


https://web.stanford.edu/~jurafsky/slp3/14.pdf

Prosody BJ{ER=F

. E’J?i“'xeﬂ]‘l.:..:.ﬂ’]l%ﬂ (intonational) &%= (rhythmIC) EEEI’JB%:, Y =55

T B (FO),

KIEELEJJ,%LMJ:EI’J\_

Y mp—— 'NA—N
¢ IEjﬁﬁEZl HUE =>

- By

RITH.

FRCIER

- O

BEE (energy) FOBTIS (duration) fE{&1E

accent E

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

] (pragmatic), 1BR%EK

FAEREE, =50 (F0)=> FERBRER,
514, PIANPRASIANZE A6 2 [BHIX 5],
- BEREN=1HEE

55, lexical stress 18, By

55, schwa 550/
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kvZ /g /= = L] . .
2B ZS H Prosodic Prominence

« B accent: BEEXRERIANASE T HE == LHIE
 fBll, TG NESEE:

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

+ FHCEE lexical stress: FFBRNE NS HEBRE R, SR
AiEilEEET LRI,

- B, TRIZAESE, HPFTEEENET (K88, BEXKNET) I0E:

(14.2) I'm a little surprised to hear it characterized as happy.
- AL EEERETE.

- 3F

555 (pitch accent),

(ILL]1

BIER

—A_\

I E DT H—2 55, A 955ITE/SRITE (schwa),

lmll
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=ESFUE . 1E1E Tune

- MNEBHEEESANES, {ARIEFEIE (tune) ARIMESIE LFEER.

- IBEREHE I (Fo) BERTRIVTHEZR(L,
- Bl BRAES "RAE [ERRXE)

R I —

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

Final FO raise to indicate a yes-no question Final FO drop to indicate a declarative intonation
(question raise) (final fall)
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He o IEEA

o ERBVEBRSFUERINER (frequency) FOMEE (amplitude) iIRXE,
« y = A xsin(2nft), lBEN A, SERA f BIIEZK

1.0

/

0 0.1 02 | 03 0.4 0.5
Time (s) f = 10Hz => 10 cycles per sec

BTN CBERU] A sine wave with a frequency of 10 Hz and an amplitude of 1.
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“H ===
==V IBIZ

o BTG HIZSSES (air pressure) BERTEIRVZRFT R K.

0.02283

0

-0.01697
0 0.03875
Time (s)

10TV HENEY 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 y: the amount of compression; negative y: rarefaction (uncompression)
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_'-‘._ﬁ-‘-l:l
I=1=) k=)

o 1RH\-ZN=45HA analog-to-digital conversion, FELER: KESEH.

\\/

g 7'((‘_

/\

|

A%ln =]

SHNERME, XK
B 1K

- BHY

AY ?
> 2
= 22N

==

e

FHIKZ

L B AR SR

sampling rate: FFIVRENFEHIHE f. EBERNENESH
EERAG 1/2 LA, FR9 Nyquist 3158 fy =~ f;

FUSBEEIT < 10000 Hz LATFRISERA, EEIXRSTE

AT E

£3%2: 8 kHz,

SRR f, = 20000 Hz 2 ER),

NGBS R WS ISRAESR . 48 kHz,
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Eﬁ:l: = /==
=1=Va |:|EE =]

« BIfE2 8 kHz FUSKRHER, BNEFHEES00XIRIENE, FEILESXFEIR
IBNEEIE+2EE,

844 (quantization) : SIRIBFMEHEEEL, 8\ ({B15 -128 ~ 127) Bk 16 {37 (-
32768~32767) ,

- ERHAERTE: 8 kHz XiF + 8-bit E1X
* u-law PCM (pulse code modulation) BK;AZmAS A ! :

_ sgn(x)log(1+ u|x|)
Flx) = log(1+p)

- (ERXIEUEAERYRIE . ASSHOITTE/ RE MELERE N EEUR,

IILIJ

—1<x<1 (u=255 for 8 bits)
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* 'LE,IJEE =k=]

2IFIF5%

-

, (BRI EIHAE -

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

-0.01697
0

T T

« £38.75 ms A4

- AFR
EEXHE.

A IR
SFEmIAaR,

* IREL
B3,

Mé{ﬁ 5 Fo,

BN ERRIETNERHHI—IX

I T 1o>xﬁzwa1uag;&u% =>T = o~ 258
E5 [H2R: TRy, SEMBHBRLL:
SR AR T

0.03875

Hz

IR, ER—1

KFF, A iREIBISRERAR ST RAAY



A e vy 2l el
128155

500 HzA

0 Hz-

HISIER SRR

—  F0

three

o’clock

XF18)5] “Three o’clock?”, EHINF0 (EEREA_EF,

2025 FA
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BEAULET LTSS
L (pitch track) PZa
FEETIRIZRACHYESST FO K

1N,

i IXEEIE Fo BUSTIERE
(BI[X|8] 0-500 Hz), TMIE
I W AYHRIE,

37



S SR SRR

- R T E—IZIBIRIE(EN, BEASENEERERAT ESEE
« (FERYTHER power EEX HIRIEAINFESF0:

1
Power = N ;xlz

RRYEEIHRIE,

Ll

_EI’JE':EE SR E intensity, BINRNEGEIAERITmRE, ENZEERA
Il (dB) .

t|> 4k

of

Intensity = 10log;g —— NE, sz P, AT EREIES] =2%107°Pa
i=1
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IEENESnE

- IEENER/SS (pitch) S53EEX, MME (loudness) S58EHBXK,

« S5 (pitch) 2 ESF0 F=EROIERDE, S I 2 ESNAYEEIRT M4,
- —kin, FENERES, RIISBRTEHNERES.
« XMREFAEEME, BAAXRTREXNAESRRANEREAE.
« AKRIESRANFEL00 ~ 1000 Hz Z[EIE R, IWRTESSMERESMBEX.
* X3 1000 Hz LA_ERYSIERBANANIER, T EESMRENHKER.
* Mel scale 128 f

— 1127In(1+ -
" n(1+ 255

Elhm FESIEERFHANES, Bl
Z [ERImel EUEEIES,
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B R BIRIRRE o

s TTEREBZRA: TENEFRENKRIK, BENIES.
o BHNANTTE, (vl [ax], [ael, [ax], [ey], [iy], EPEMEIIREIEE, FRIABIIZHE.
 WTFEHESE, BERicad RS, MEEEERMIEA.
* Two [b]’s 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)
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