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6 Introduction \

Size information is contained in sound. In humans, this information is conveyed
by the vocal tract.

A wide range of different vocal tract lengths exist in the population but humans are
able to distinguish the source (speaker) from the content (speech).

This suggests that the size and shape information about the vocal tract can be
segregated [Irino and Patterson (2002)].

Experiments by Smith and Patterson (2004) used vowel sounds to determine the
range of speaker sizes over which the identification of vowel type and

discrimination of speaker size was possible.

We extend the size discrimination experiment using a larger database of speech
sounds and show that performance increases compared with vowel sounds.

We also look at size discrimination performance for different speech sounds and
show there is a small improvement for consonant-vowel speech as opposed to

Qwel-consonam speech.

3. Results
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Figure 2. Psychometric functions for the five SER-GPR conditions,
summed over all subjects and all syllable groups.

Stimuli SER/GPR Condition

Group 2 3 4 5
All 43201 4.8£0.1  4.00.1  6.6%0.1

CV_40£0.1_ 4901 3.940.0 _ 59802 | 5302
VC 44202 43201 44200 7.6£0.2 | 6202
Sonorant 4.0£0.2 4101 40=0.1  58+0.2 | 5.0+0.2
Stop 4.5%0.2 | 6240.2 1201 | 83403 | 65402
Fricative 4.2+0.2 43202 3.7x0.0 35702 | 53+0.2

Smith  10.5 17,2 6.6 10.6 9.3

(2004

Table 2. JND values for all syllable groups averaged over all subjects.

~

5. Conclusions
It is possible to discriminate size using speech.
Experiments have shown JND values for size discrimination of between 4% and 6%.

Discrimination is good and consistent outside normal range of speech, which supports
the argument for a scale transform in auditory system.

Improvement in JND values over vowel of between 30% and 70%.

Small performance increase for CV over VC, may be due to increased periodic
content.
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2. Experimental procedure

The experiment is a 2AFC paradigm design in which the subjects are required to discriminate the scale between sequences of utterances.

Stimuli are speech syllables resynthesised by STRAIGHT [Kawahara (1997)], also P-centre corrected.

STRAIGHT is a high-quality vocoder it separates the VTL and GPR information in speech sounds and resynthesises the same utterance

over a range of VTL and GPR values.

Speech is taken from a database created at the CNBH. The database contains 180 unique syllables and additional versions resynthesised

at many different GPRs and VTLs.

Discrimination performance is measured at five points in the GPR-SER space (see Fig. 1), where SER is a 1/VTL.

At each point a discrimination is made between the test size and three larger and three smaller speakers. Level and pitch cues are roved.

Measurements are made for 6 groups: CV-sonorants, CV-stops, CV-fricatives VC-sonorants, VC-stops and VC-fricatives.

Six subjects, 40 repetitions for each point on a psychometric curve.
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Table 1. Stimuli set showing categories of CVs, VCs
and sonorant, stops and fricatives.

Figure 1. Measurement points on
GPR-SER space.

4. Analysis
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Figure 3. IND values for SER-GPR condition as a function speech group.

SER-GPR groups arranged as in Figure 1.

Figure 4. Duration of “periodic”,
for each speech group (error bars show 1 standard deviation).

SER-GPR=1,3: JNDs stable at 4% for all speech groups.

SER-GPR=2: JND increases slightly but more for stops.

SER-GPR=4,5: INDs increase to 7% and 6%, for stops
increase is more.

All speech groups except for stops and to a lesser degree
VC’s the IND values are similar within an SER-GPR
condition.

Compared to vowels:
SER-GPR=3.4.5: 30% decrease in JND.
SER-GPR=1: 60% decrease in JND.
SER-GPR=2: 70% decrease in JND.

Categorise syllable content into three components:

Tndi

(i) periodic comy (i any vowel infc ion),
(ii) vowel component,
(iii) noise component.

CV’s have longer periodic components than VC’s and significantly
longer vowel components.

Fricatives have the least periodic and vowel content followed by
stops and then sonorants, which have the greatest.

Only a small variation in the duration of the noise part.

vowel” and “noise” components

“ The enclose 90% of the population.

VTLs and GPRs that we would encounter in everyday life.
Numbered circles show the SER-GPR conditions in the experiment.
Size discrimination possible outside the normal ranges of size.

Supports the argument of Smith et al. (2004): the auditory system

~ includes a scale normalisation process.

Figure 5. Vocal tract length and glottal pulse rate distributions of men, women and children [replotted from
Peterson and Barney (1952)]. Numbered circles show the SER-GPR conditions used in the experiment.




