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Menu of the last four lectures

¢ Robust processing of easily changeable stimuli
Q@ Robust processing of general sensory stimuli
@ Any difference in the processing between humans and animals?

uman development of spoken language

@ Infants’ vocal imitation of their parents’ utterances
@ What acoustic aspect of the parents’ voices do they imitate?

¢ Speaker-invariant holistic pattern in an utterance
Q@ Completely transform-invariant features -- f-divergence --
Q@ Implementation of word Gestalt as relative timbre perception
@ Application of speech structure to robust speech processing

¢ Radical but interesting discussion
Q@ An interesting link to some behaviors found in language disorder
Q@ An interesting thought experiment



Language acquisition through vocal imitatiof

¢ VI = children’s active imitation of parents’ utterances
Q@ Language acquisition is based on vocal imitation [Jusczyk’00].
Q@ VIl is very rare in animals. No other primate does VI [Gruhn'06].
Q@ Only small birds, whales, and dolphins do VI [Okanoya’08].

¢ A’s VI = acoustic imitation but H’s VI # acoustic = 2?
@ Acoustic imitation performed by myna birds [Miyamoto’95]
¢ They imitate the sounds of cars, doors, dogs, cats as well as human voices.
¢ Hearing a very good myna bird say something, one can guess its owner.
Q@ Beyond-scale imitation of utterances performed by children

< No one can guess a parent by hearing the voices of his/her child.

¢ Very weird imitation from a viewpoint of animal science [Okanoya’08].
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“  “l impersonate a language teacher.”

¢ Some comments from an autistic women
Q: “How do you do vocal imitation in a Karaoke box or in a class

of foreign languages?”
@ A: “l impersonate a professional singer and a language teacher.”

¢ B: “Acoustic imitation seems to be her default strategy of vocal imitation.’

Q@

d
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Q@ A: “Spoken language is difficult to use.”
¢ A: “Written language and sign language are much easier.”
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“ TV program with talented impersonators

¢ Can you enjoy such a TV program?
@ | cannot understand why his performance is amusing.

¢ Can you perceive any similarity between these pictures?

@ No. | believe that this is much similar to this picture.

¢ Robust perception of equivalence against deformation

@ Our perception is very robust with a fﬁ't\ain kind of deformation.
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Non-robustness with other deformation

¢ Thatcher illusion




“Claims from a professor of animal sciences”

¢ Dr. Temple Grandin @ Colorado State University
@ She is herself autistic (Asperger syndrome).
Q@ Autistics often imitate the utterances of TV/radio commercials.

¢ TV/radio often gives “acoustically” identical utterances.
¢ The utterances from family members change “acoustically” time to time.
@ They often imitate the sounds of objects such as cars, doors, etc.

¢ These sounds and human voices are just acoustic sounds.

¢ Interesting claims from her
@ Similarity of information processing between animals and autistics

@ Storing the detailed aspects of input stimuli as they are in the brain

¢ Animal : local / detail / absolute Animals in
ransiation

9 Human : holistic / abstract / relative

¢ Good ability to generalize




i Temple Grandin’s TED talk

¢ You can hear her talk at TED.
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“Claims from a professor of animal sciences”

¢ Dr. Temple Grandin @ Colorado State University
@ She is herself autistic (Asperger syndrome).
Q@ Autistics often imitate the utterances of TV/radio commercials.

¢ TV/radio often gives “acoustically” identical utterances.
¢ The utterances from family members change “acoustically” time to time.
@ They often imitate the sounds of objects such as cars, doors, etc.

¢ These sounds and human voices are just acoustic sounds.
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@ Storing the detailed aspects of input stimuli as they are in the brain

¢ Animal : local / detail / absolute Animals in
ransiation

9 Human : holistic / abstract / relative

¢ Good ability to generalize




“ A claim found in classical linguistics *

¢ Theory of relational invariance pjakobson+79]

@ Also known as theory of distinctive features
@ Proposed by R. Jakobson

- We have to put aside the accidental properties of
 individual sounds and substitute a general expression
that is the common denominator of these variables.

- Physiologically 1dentical sounds may possess different
- values in conformity with the whole sound system, 1.e.
'~ in their relations to the other sounds.

Al Roman Jakobson

£ Linda R. Waugh
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A book written by an autistic boy

¢ “I can understand my mother’s utterances only”.
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A Disney film on an autistic boy

¢ To make him recover from autistics, all the family
members pretended (sounded) to be Disney characters.

 Saskia Baron

As a young boy, Owen Suskind suddenly stopped talking.
Diagnosed with autism, he remained largely silent until an
obsession with Disney movies unexpectedly gave him a voice
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The Suskinds have never found out what caused Owen to lose so many skills,
but rather than dwell on possible causes they devoted themselves to
exploring every therapy on offer. Ron’s new position on the Wall Street
Journal meant that Cornelia, also a journalist, could just about afford not to
work. Instead, she organised and took part in a range of therapies for Owen.

She also home educated him for a couple of years when the right school W
proved elusive. The family assembled a team of specialists to support them
and give advice. Progress was painfully slow.

44 Owen was just shy Many children with autism have favourite interests or activities

© Owen Suskind. Photograph: Courtesy of the Suskind family . ofsevenand we that they never tire of'repeating "fmd which CAnappear to getin
' realised that hewas  the way of them learning new skills or engaging with others. In
ear the beginning of the new documentary Life, Animated, there using movies to Owen’s case, his obsession was Disney. Despite his motor

is a home movie filmed by Cornelia Suskind in November 1993. interpretourworld  Problems, he mastered the remote control for the family’s
Her husband, Ron, is playing in the garden of their old house Vldéo reco_r,def afld 1.?Ve.d. _t.o watch th,e. same films overa nd over
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“Claims from a professor of animal sciences”

¢ Dr. Temple Grandin @ Colorado State University
@ She is herself autistic (Asperger syndrome).
Q@ Autistics often imitate the utterances of TV/radio commercials.

¢ TV/radio often gives “acoustically” identical utterances.
¢ The utterances from family members change “acoustically” time to time.
@ They often imitate the sounds of objects such as cars, doors, etc.

¢ These sounds and human voices are just acoustic sounds.

¢ Interesting claims from her
@ Similarity of information processing between animals and autistics

@ Storing the detailed aspects of input stimuli as they are in the brain

¢ Animal : local / detail / absolute Animals in
ransiation

9 Human : holistic / abstract / relative

¢ Good ability to generalize
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Interesting phenomena

& In Japan, TV language is often Tokyo Japanese.
Q@ Autistic children tend to acquire T) rather than local dialects.

¢ In Iceland, TV language is often British English.

@ Autistic children tend to acquire BE rather than Icelandic.
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Menu of the last four lectures

¢ Robust processing of easily changeable stimuli
Q@ Robust processing of general sensory stimuli
@ Any difference in the processing between humans and animals?

uman development of spoken language

@ Infants’ vocal imitation of their parents’ utterances
@ What acoustic aspect of the parents’ voices do they imitate?

¢ Speaker-invariant holistic pattern in an utterance
Q@ Completely transform-invariant features -- f-divergence --
Q@ Implementation of word Gestalt as relative timbre perception
@ Application of speech structure to robust speech processing

¢ Radical but interesting discussion
Q@ An interesting link to some behaviors found in language disorder
Q@ An interesting thought experiment



“Invariant timbre perception against its bias”

¢ Invariant and constant perception wrt. color and pitch

Q@ Contrast-based information processing is important.
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¢ Invariant and constant perception wrt. timbre

#

Q@ Contrast-based information processing is important.

@ Holistic & relational processing enables element identification.
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“ Invariant pitch perception against its bias *

¢ A melody and its transposed version [Higashikawa'05]
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Q Listeners with RP can perceive the same e sequence.

Y SoMi SoDo / RaDo Do So / So Do Re Mi Re Do / Re

¢ The same sound distribution pattern is found in 1) and 2).
log(Fo) log(2F0)

l l l l l l l l l

J I I I I I I 1 I il :
I w il wislwilwlw|] Whole = 2 Semi
Do Re Mi Fa So La Ti Do

®O® and ®® have to be
fa & ti or ti & fa due to
contrastive constraints.
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Relative pitch vs. relative timbre

¢ Key-invariant arrangement of tones and its variants

log(Fo log(2Fo0 .
g(= ); R Y Y S g({ ) @ Western = 5 WhOle + 2 seml
DI 1 1 | | 1 1 | ! A
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L | | 1 | | | i | il
M | |1 | 11 | @ Arabic = with non-semi intervals
Minor—aA | 1 1 | 1 1 | | {1 :
Major—1 I | 1 | | | 1 | & Western music in Arabic scale
ARI | | I | | I | < Afabic scale
D=Dorian, P=Phrygian, L=Lydian, M=Mixolydian
A=Aeolian, I=Ionian, AR=Arabian

¢ Spk-invariant arrangement of vowels and its variants
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" Relative pitch vs. relative timbre
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“ Invariant pitch perception against its bias *
¢ Key change (transposition) of a melody [Higashikawa’05]
168 =i =
f D4

Q@ Absolute (perfect) pitch (Do, Re, Mi... = pitch names) (&%)
¢ 1 =So, Mi, So, Do, La, Do, Do, So. 2 =Re, Ti, Re, So, Mi, So, So, Re.

Q Relative pitch with transcription ability (Do, Re... = syllable names)
1 =86, Mi, So, Do, La, Do, Do, So. 2 = So, Mi, So, D9, La, Do, Do, So.
Q@ Relative pitch without transcription ability (F=)

¢ 1 =14, La, La, La, La, La, La, La. 2 =La, La, La, La, La, La, La, La
@ Different / identical tones are claimed to be identical / different.

) o 2
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@ Not fundamental frequency (absolute property) of each tone, but it
only matters what contrast each tone has to its surrounding tones.



“ Invariant pitch perception against its bias *

¢ A melody and its transposed version [Higashikawa’05]
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Q Listeners with RP can perceive the same sound name sequence.
¢ SoMi So Do / Ra Do Do So / So Do Re Mi Re Do / Re

¢ The same sound distribution pattern is found in 1) and 2).
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Do Re Mi Fa So La Ti Do
s=semitone w=wholetone

But it is very difficult to label a single tone
because there i1s no contrast at all.



https://ja.wikipedia.org/wiki/%E9%9F%B3%E5%BA%A6

“ What’s diffic- <=~ '“ative timbre? *

¢ People with RP v

elody cannot

Q label a single tone llable name.

@ Who cannot label
¢ Identification of

Q@ Difficult to label i
9 P055|b|e to transcr

el sound)?

1ants and fairies
04]

e of morae [Hayashi’07]

o

PRI AN N e QAR R RRRWAEN

real women

90

real men— "n.

—

N
x

Freg-scalin
O
O

1 O)
~J
e i
O
©
o
!
|
s
~
N

l.‘,-10 20 40 80 160 320 640 025 05 1 2 4
Xl FO (Hz) Glottal Pulse Ratio




| 236cm-talls . om

“ What’s difficr-1# ~=lss rsith -“'Etive timbre?

elody cannot

| yllable name.

¢ People with RP v , €

Q label a single tone “ e

@ Who cannot label ~ wel sound)?

¢ Identification of

| L Jiants and fairies
@ Difficult to label i @

04]
@ Possible to transcr e of morae [Hayashi’07]

' Phonetic identification ability of isolated sounds

may be unnecessary for oral communication?
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speech communication?
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“ Invariant pitch perception against its bias *
¢ Key change (transposition) of a melody [Higashikawa’05]
168 =i =
f D4

Q@ Absolute (perfect) pitch (Do, Re, Mi... = pitch names) (&%)
¢ 1 =So, Mi, So, Do, La, Do, Do, So. 2 =Re, Ti, Re, So, Mi, So, So, Re.

Q Relative pitch with transcription ability (Do, Re... = syllable names)
1 =86, Mi, So, Do, La, Do, Do, So. 2 = So, Mi, So, D9, La, Do, Do, So.
Q@ Relative pitch without transcription ability (F=)

¢ 1 =14, La, La, La, La, La, La, La. 2 =La, La, La, La, La, La, La, La
@ Different / identical tones are claimed to be identical / different.
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@ Not fundamental frequency (absolute property) of each tone, but it
only matters what contrast each tone has to its surrounding tones.
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Another difficult task for RP listeners

¢ Difficult task for those who cannot transcribe a melody

Q@ Keep the third tone in a given melody in mind. Then, raise your
hand if you find the same tone in a new melody.

¢ If symbolic labeling is difficult, this task is very difficult.

¢ Difficult task for the speech version of these people
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Q@ Keep the third sound in a given utterance in mind. Then, raise your
hand if you find the same sound in a new utterance.

¢ If symbolic labeling is difficult, this task is very difficult.
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“  Another difficult task for RP listeners *

¢ Difficult task for those who cannot transcribe a melody

Q@ Keep the third tone in a given melody in mind. Then, raise your
hand if you find the same tone in a new melody.

¢ If symbolic labeling is difficult, this task is very difficult.
¢ Difficult task for the speech version of these people

Q@ Keep the third sound in a given utterance in mind. Then, raise your
hand if you find the same sound in a new utterance.

¢ If symbolic labeling is difficult, this task is very difficult.
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Dyslexia (phonological dyslexia)



How | encountered dyslexia.
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“Separately brought up identical twins”

¢ The parents get divorced immediately after the birth.
@ The twins were brought up separately by the parents.
@ What kind of pron. will the twins have acquired 5 years later?
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Menu of the last four lectures

¢ Robust processing of easily changeable stimuli

Q@ Robust processing of general sensory stimuli

@ Any difference in the processing between humans and animals?
¢ Human development of spoken language

@ Infants’ vocal imitation of their parents’ utterances
@ What acoustic aspect of the parents’ voices do they imitate?

peaker-invariant holistic pattern in an utterance
Q@ Completely transform-invariant features -- f-divergence --
Q@ Implementation of word Gestalt as relative timbre perception
@ Application of speech structure to robust speech processing

¢ Radical but interesting discussion

Q@ An interesting link to some behaviors found in language disorder
Q@ An interesting thought experiment
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¢ Triangle

L1

L3

12

Definition of the shape of a thing

(L1, L2, L3)

¢ N-point general geometrical structure
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Math. modeling of speaker variability

¢ Speaker difference = mapping of a voice space

Q@ Space of speaker A «= space of speaker B

A B

| A
*le

Cy C3 Cy C3

¢ Mapping of speaker A into any of 7 billion speakers
@ 7 billion x 7 billion transformations are possible.

@ Truly speaker-independence = mapping-invariant contrasts

¢ Are there any contrastive features that are invariant with any mapping?
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Complete transform-invariance

¢ Complete invariance between two spaces

@ An assumption
¢ The transform is convertible and differentiable anywhere.

Q@ An event in a space should be represented as distribution.
¢ Event p in space A is transformed into event P in space B

¢ p and P are physically different (/a/ of speaker A and /a/ of speaker B)
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¢ Variable conversion and integral

Q@ A single variable: x = x(t) (:c1 =36 tl),ZUQ
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Q@ Two variables: x = z(u,v), y =y u,v)
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| Complete transform-invariance

¢ Variable conversion and probability density function
Q@ A single variable: x = x(t) (z1 = x(t1), 2 = z(t2))

g /m p(z)dz = /t Qp(:lz(t))dfiit) dt = /t B (Bt

x 3u+2v—95
Q@ Two variables: x = z(u,v), vy = y(u,v) ) I

10—//fxydxdy—//f x(u, v) uv))lJ(uv)_dudv

A, y) el
// w, )| J(u, v)|dudv  J(u,v) = a(u’i) = det gZ g;
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Complete transform-invariance

¢ Bhattacharyya distance

@ One of the distance measures bet. two distributions
Q r=uzx(u,v), y=yu,v)

A

Q BD(pl(xay)apQ(xay)) /\ Tt /\

= —log / Vp1(2, y)pa(z, y)dudy
=0 oo // vV q1(w, ) g2 (w, v)|J (u, v)|dzdy
— - log [ | /aGuo) )] - Gl o) o) dudy

= —log // v P1(u, v) Py(u, v)dudv

= BD(Pi(u,v), Po(u,v))
q1(u,v) = p1(z(u,v),y(u,v)), J = Jacobian
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Complete transform-invariance

¢ Complete invariance between two spaces

@ An assumption

¢ The transform is convertible and differentiable anywhere.

@ An event in a space should be represented as distribution.

¢ Event p in space A is transformed into event P in space B

¢ p and P are physically different (/a/ of speaker A and /a/ of speaker B)

Y —log [ /pi(z,y)pa(x, y)dzdy
A / D2 (337 y)

J\

/

J\

p1(z,y)

'
VA —log/\/Pl(u,v)Pg(u,v)dudv
linear
non-linear
> |
L
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Complete transform-invariance

¢ Any general expression for invariance?[Qiao’10]
Q@ BD is just one example of invariant contrasts.
@ f-divergence is invariant with any kind of transformation.

< Sfaiw(p1,p2) = /pg(a:)g (i;ég) dx
0 g(t) = tlog(t) — faw = KL —div.  g(t) =Vt — —log(fain) = BD
$ faiv(p1,02) = fdiv(Pr, P2)

@ Invariant features have to be f-divergence.

Q |f/M(p1(:1:),p2(a:))da3 is invariant with any transformation,

p1($)>

Y M has to be in the form of M = ps(x)g (

YA VA

pa(x)

| [y
|
3 /




Invariance in variability Wl

' Topological invariance Minematsu’09]

Q Topology focuses on invariant features wrt. any kind of deformation.

Addddsb bt sbiibd b fudih bl i A




" Invariance in variability

¢ Topological invariance Minematsu09]

@ Topology focuses on invariant features wrt. any kind of deformation.




" Invariant speech structure

¢ Utterance to structure conversion using f-div. [Minematsu06]

Bhattacharyya distance

> Cp \ "r{ g - / :
. ‘\ ’,//// ° "\\\;7:::“~::o
§f4 BD-based distance matrix

sl 4

I spectrogram (spectrum slice sequence)

cepstrum vector sequence

Q@ An event (distribution) may be smaller than a phoneme.



i Speech modification by VTLD 0

¢ Speech modification by non-linguistic factors
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VTL-based variation = X matrix A

¢ Vocal tract length variation

Q@ Can be approximated as multiplication of matrix A in cep. domain.

¢ A Is represented as warping parameter a.
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Geometrical characteristics of A
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Is it the case In N dimensions?



¢ What is the rotation matrix in an N dimensional space?
RR=RR =1

Geometrical characteristics of A

det R = +1.

Rotation Angle [deg]
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satisfied this condition approximately.
¢ Frequency warping can rotate any cepstrum trajectory.
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" Invariant speech structure

¢ Utterance to structure conversion using f-div. [Minematsu06]

Bhattacharyya distance

> Cp \ "r{ g - / :
. ‘\ ’,//// ° "\\\;7:::“~::o
§f4 BD-based distance matrix

sl 4

I spectrogram (spectrum slice sequence)

cepstrum vector sequence

Q@ An event (distribution) may be smaller than a phoneme.
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A claim found in classical linguistics
¢ Theory of relational invariance pjakobson+79]
@ Also known as theory of distinctive features
@ Proposed by R. Jakobson
~ We have to put aside the accidental properties of
1 individual sounds and substitute a general expression
1

that 1s the common denominator of these variables.

~ Physiologically identical sounds may possess different |
- values 1n conformity with the whole sound system, 1.e.
'~ in their relations to the other sounds.

Roman Jakobson %

*" Linda R. Waugh
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More classical claims in linguistics  *

¢ Nikolay Sergeevich Trubetskoy (1890-1938)
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Q@ “The Principles of Phonology” (1939)

@ The phonemes should not be considered as building blocks out of which
individual words are assembled. Each word is a phonic entity, a Gestalt,
and 1s also recognized as such by the hearer.

Q@ As a Gestalt, each word contains something more than sum of its
constituents (phonemes), namely, the principle of unity holds the
phoneme sequence together and lends individuality to a word.
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More classical claims in linguistics

¢ Ferdinand de Saussure (1857-1913)

@ Father of modern linguistics
@ “Course in General Linguistics” (1916)

@ What defines a linguistic element, conceptual or phonic, 1s the relation in
which it stands to the other elements in the linguistic system.

@ The important thing in the word 1s not the sound alone but the phonic
differences that make it possible to distinguish this word from the others.

@ Language 1s a system of only conceptual differences and phonic
differences.

B ;\ f S ‘1 % \ v
Coursein
GeneralLinguistics
Ferdinandde Saussure




“ Invariant timbre perception against its bias”

¢ Invariant and constant perception wrt. color and pitch
Q@ Contrast-based information processing is important.
Q Hollstlc & relational processmg enables element identification.
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¢ Invariant and constant perception wrt. timbre

@ Contrast-based information processing is important.

@ Holistic & relational processing enables element identification.
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Menu of the last four lectures

¢ Robust processing of easily changeable stimuli

Q@ Robust processing of general sensory stimuli

@ Any difference in the processing between humans and animals?
¢ Human development of spoken language

@ Infants’ vocal imitation of their parents’ utterances
@ What acoustic aspect of the parents’ voices do they imitate?

¢ Speaker-invariant holistic pattern in an utterance
ompletely transform-invariant features -- f-divergence --

Q@ Implementation of word Gestalt as relative timbre perception

@ Application of speech structure to robust speech processing
¢ Radical but interesting discussion

Q@ An interesting link to some behaviors found in language disorder

Q@ An interesting thought experiment



