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Contents. First half

The form of communication sounds: g
pulserate and resonance scale

The perception of resonance scale

Therobustness of auditory perception to changesin
pulserate and resonance scale

The auditory preprocessor adaptsthe analysis of sources
to pulserate and resonance scale, and

produces a scale-invariant (or scale-covariant)

I epresentation of sound sour ces.
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At first glance thiswould appear to imply that:

|: Auditory processing istime shift invariant and scale
Invariant.

Thisisnot probably possible mathematically.

II: Theauditory preprocessor seemsto be
simultaneoudly invariant to changesin pulserate
and changesin resonance scale.

Thisisprobably not possible mathematically.
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Contents: Second half

Explain how the auditory system sequencesthe
oper ationsto achieve the benefits of the different
transformswithout violating the laws of physics

Suggest that CASA and ASR will have to adopt the
same approach if they areto become asrobust as
auditory perception
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Sounds used to communicate at a distance,

/\ /ulse

Amplitude

A
@So/y&
Z

Time

to declare territories and
altract mates, are typically

Pul se-Resonance Sounds

The pulse marks the start
of the communication.
The resonance provides
distinctive information
about the shape and size
of resonatorsin the
sender’ s body.
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Communication ‘syllables’ of four different animals

Frog

400 ms —

Macaque

A

I
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The information in speech sounds: | .

VT length determines
resonance rate

}\ VT shape determines resonance shape (vowel type)

"—”)\’éxj
N

Glottis V C mass determines GPR (voice pitch)

=25

Long vocal tract ~ Man
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The information in speech sounds: ;
VT length determines
resonance rate

2/3

Glottis Vocal cord Glottis Vocal cord

Long vocal tract ~ Man Shorter vocal tract ~ \Woman
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In natural communication sounds,
at the syllable levdl,

there are three important kinds of information:

resonance shape - the message
glottal pulserate - pitch
resonance scale - resonator size and body size
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Speaker-size discrimination task (vowels, or syllables)

Present two intervals of vowels and ask: “Which is the smaller speaker?”

Different VTLs in the two intervals
Rove level between intervals

Different pitch contours between intervals
Only consistent cue is the change in VTL

—I interval 1 |—I interval 2 |—

pitc
®
)

Z

B

Smith, Patterson, Turner, Kawahara and Irino JASA (2005)

H

lves, Smith and Patterson, JASA (2005)



CNBH, Physiology Department, Cambridge University

Experiment

“VTL/cm SER/%
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Measure size discrimination thresholds for different sized people
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Glottal pulse rate / Hz

lves, Smith and Patterson, JASA (2005)
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Results: all subjects, all stimuli

Trials test as smaller

Trials test as smaller

100

100124342014

LARGE MALE

c=6.6+0.16 c=5.6610.15
o SMALL CHILD
25 |PWARF ..
e
[7p]
50| ® 50}
7 ~—~~
251 2 25 0
g S
%-7 OI 0. ‘IO 11 1213 a %-7 0I8 I9 ‘IIO ‘ll‘l ‘II2‘II3 -
' '8Relat?ve scale 100, ) ""Relative scale %
c=4.0620.1 <
o SMALL MALE
= 75 =
: c
2 50! o
o 0]
4(7; o
8 25! o
g £
= — N
S Igela%ve scale‘I UL 1'?00- g

75t

20+

25¢

0e .
0.7 0'8Re%8ve

10111213
scale

100

Trials test as smaller

757

o0

257

0=4.83+0.13
CASTRATO

0
0.7

lgela%ve sca e‘I U2 e



CNBH, Physiology Department, Cambridge University

Results: all subjects, all stimuli (Syllables)

lves, Smith and Patterson, JASA (2005)
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Recognition of Scaled Vowels
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The effect of GPR and VTL on the

per ception of speaker size

Decreasing VTL

|ncreasing GPR

Kawahara and Irino (2004). STRAIGHT, Kluer
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Decreasing VTL

Increasing GPR

Kawahara and Irino (2004). STRAIGHT, Kluer
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Interim summary

The auditory system appears to adapt to the pulse rate and
resonance scale of communication sounds automatically.

The processing appears to produce a carrier-invariant
representation of the message.

So how dowedo it ?
What are the physical constraints if the system isto be
effectively shift and scale invariant, to
both pul se rate and resonance scale.
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Theoperationsand their order:

|: Perform a spectral analysisthat preserves scale infor mation:
a wavelet transform (log-frequency with proportional BW)

II: Perform strobed temporal integration (ST1) to create a
representation with a time-interval dimension that preserves
the scale infor mation of messages lessthan 30 msin duration,
and which defines zero for the scale transform.

[This ST | process adaptsthe analysisto pulserate.]

111: Apply awarping operator to produce a (pulse-rate adapted)
scale-covariant image of the message
(or ascaleinvariant image of the message).




CNBH, Physiology Department, Cambridge University

Centre Freguency of Auditory Filter

6000_—;“-m—---~—— glottal pulses =m==—"r————1—- !
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Theoperationsand their order:

|: Perform a spectral analysisthat preserves scale infor mation:
a wavelet transform (log-frequency with proportional BW)

II. Perform strobed temporal integration (ST1) tocreatea
representation with a time-interval dimension that preserves
the scale information of messages lessthan 30 msin duration,
and which defines zer o for the scale transfor m.

[This ST | process adaptsthe analysisto pulserate.]

111: Apply awarping operator to produce a (pulse-rate adapted)
scale-covariant image of the message
(or ascaleinvariant image of the message).
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2.4-kHz strobe time |

2.4-kHz channel |

“ 1.2-kHz strobe time |

| 0.6-kHz strobe time |

DU ommemel




CNBH, Physiology Department, Cambridge University

A0 6 l L !
== C
= = = formants
8 :Fw = i s
= —r — —— S
- ] ‘ :*E—'w — B C
S -~ . ;
S =] dlotta period 5
q5 q
% . S
— - S
S I
O -
a e Te—x
@) ] -::- = .% ".-:n o = fﬁ.'i-. = — -
-'5 —. e = = £ e 7t 1 al O
S == = EA =AS IR A O
I_ E“"‘:_ s — = O
aa — —— = r
Az : :
time interval (ms) Y voice pitch

Patterson et al. JASA (1995)



CNBH, Physiology Department, Cambridge University

Theoperationsand their order:

| Perform aspectral analysisthat preserves scale information:
a wavelet transform (log-freguency with proportional BW)

II. Perform strobed temporal integration to create a
representation with a time-interval dimension that preserves
the scale information of messages lessthan 30 msin duration,
and which defines zer o for the scale transfor m.

[ThisSTI process adaptsthe analysisto pulserate.]

111: Apply awarping operator to produce a (pulse-rate adapted)
scale-covariant image of the message
(or a scaleinvariant image of the message).
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Theoperationsand their order:

|: Perform a spectral analysisthat preserves scale infor mation:
a wavelet transform (log-frequency with proportional BW)

II. Perform strobed temporal integration (ST1) tocreatea
representation with a time-interval dimension that preserves
the scale information of messages lessthan 30 msin duration,
and which defines zer o for the scale transfor m.

[This ST process adaptsthe analysisto pulserate.]

111: Apply awarping operator to produce a (pulse-rate adapted)
scale-covar iant image of the message
(or a scaleinvariant image of the message).




CNBH, Physiology Department, Cambridge University

Frequency (Hz)

4804 7= ' 4
3350 QE F4 E FS
/d: —
A e e e o F
2316 =A—=n—=n H
1581 ; = F:2
F. B
1058 ; - E F
: f =
1 i\ ; N
4224} =SE=== k%) l?
E= —
234
100 EEE%% . v .
0 5 10 15
time interval X channel frequency

Irino and Patterson, Speech Communication (2002)

6000 ~
4804

3350 1

2316

1581
1058 1
686 +

4224}

234

100

“ «— ||| short VT

1/size |

T T
5 10

time interval X channel frequency

1
15



CNBH, Physiology Department, Cambridge University c 40
Theoperationsand their order: B M

I. Perform a spectral analysisthat preserves scale infor mations
a wavelet transform (log-frequency with proportional BW)

II: Perform strobed temporal integration to createa
representation with atime-interval dimension that preserves
the scale infor mation of messages lessthan 30 msin duration,
and which defines zero for the scale transform.

[This ST | process adaptsthe analysisto pulserate.]

[11: Apply awarping operator to produce a (pulse-rate adapted)
scale-covariant image of the message
(or ascaleinvariant image of the message).

The message in a sequence of images produced, say, by an animal
syllableistime shift invariant asawhole. That is, if you repeat the
sound again later you get the same set of images.
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Mellin Image of vowel ‘a

Mellin coat.| efr
hallin coel | /2T

Tima-Freq. product, A Time—Freq. product, f7

e The two ‘a’s produce virtually the same image.

Irino and Patterson, Speech Communication (2002)
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Theoperationsand their order: B

|: Perform a spectral analysisthat preserves scale infor mations
a wavelet transform (log-frequency with proportional BW)

|I: Perform strobed temporal integration (ST1) tocreatea
representation with a time-interval dimension that preserves
the scale information of messages lessthan 30 msin duration,
and which defines zer o for the scale transfor m.

[This ST process adaptsthe analysisto pulserate.]
111: Apply awarping operator to produce a (pulse-rate adapted)

scale-covar iant image of the message
(or a scaleinvariant image of the message).

The message within these 2-D images is pulse-rate adapted and
the period attached to the pulse isresonance-scale invariant.
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Conclusions: B
|

Perform a spectral analysisthat preserves scale infor mation,
a wavelet transform (log-frequency with proportional BW)
Perform strobed temporal integration to create a
representation with a time-interval dimension that preserves
the scale information of messages lessthan 30 msin duration,
and which defines zer o for the scale transfor m.

Apply awarping operator to produce a (pulse-rate adapted)
scale-covariant image of the message
(or ascaleinvariant image of the message).

The auditory system integrates these processes with its
binaural analysis and its primitive channel grouping process.

Thefive processes are applied together asa group to identify the
existence of sourcesin the auditory scene, befor e the messages of
the sources are analysed by more central pattern recognition

Pr OCEesses.



