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This writing is a report on a two-month cooperation at IPO in the period March/ April 
and in August 1993. The research aim was to investigate how a model of the cochlear nucleus 
( CN) could be used for vowel-onset detection. The CN model CNET has been developed at 
the university of Keele (UK) by Georg Meyer. It incorporates simulations of a number of 
cellular response types in the anteroventral cochlear nucleus (AVCN) (see Meyer, 1993 for 
details). 

This report will focus on representation of speech at the peripheral neural level (i.e the 
cochlear or VIII-th nerve) and cochlear nucleus. Applicability of these representations in 
relation to vowel-onset-detection will be discussed in terms of physiological properties of the 
cochlear nerve and cochlear nucleus. The development of a vowel-onset detection algorithm 
based on CNET-model simulations, and the evaluation of its performance on a large database 
are the subjects of our present activities. 

First we shall give a short introduction to vowel-onset detection and an overview of the 
research that has been done in this area at IPO . We shall then discuss the detectability of 
vowel-onsets at the level of the cochlear nerve (section 2.1) and the cochlear nucleus (section 
2.2). A few examples of peripheral representations using the CNET model simulations shall 
be presented in chapter 3. Chapter 4 contains a very short discussion. 

1 Vowel-onset detection. 

1.1 Definition. 

In Hermes (1988) a vowel-onset is defined in perceptual terms as the (temporal) moment at 
which a listener starts to perceive the vowel in a syllable. The syllable may consist of e.g. a 
consonant (C) - vowel (V) combination, CCVC combination or a vowel only. Vowel onsets 
seem to be of importance for at least two aspects of speech perception namely: 

1. Correct alignment of pitch contours relative to the syllabic structure of a speech utter
ance. (e.g. 't Hart and Collier, 1975) 

2. (Categorical) Speech perception in highly dynamic speech signals. (e.g. Kewley-Port, 
1983 and Tekieli, 1979) 

Determination of these moments can be done in a listening situation by a gating technique 
('t Hart and Cohen, 1964), giving an accuracy better than 20 ms when done by a trained 
phonetician. An algorithm (see next section) for automatic detection of vowel-onsets has been 
applied in an intonation teaching system for hearing-impaired persons (Kaufholz, 1992). 

For the present investigations we will put forward the following assumptions regarding 
properties of human vowel-onset detection: 

1. Independence of signal level within a reasonable range (approximately 30 to 90 dB 
above hearing threshold). 

2. Independence of speaker (sexe, voice quality) and speaking style. 
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3. Applicability to whispered speech. 

4. Relative insensitivity to (background) noise conditions. 

The second assumption has been tested implicitly in the gating procedure, where several 
utterances of different speakers (and speaking styles) have been examined for vowel-onsets. 
The role of signal level and phonation have not been experimentally verified so far. However, 
we shall take into account that the accuracy of detection may be affected by, for instance, 
signal level or the signal-to-noise ratio. No prediction can be done at this moment concerning 
the replicability and agreement amongst listeners for detection of onsets of whispered vowels. 

1.2 Vowel-onset detection by 'vowel-strength' measurement. 

The algorithm proposed by Hermes (1988) is based on pitch-synchronous measurement of 
'vowel strength'. This measure may be described as a metrical expression of the 'saliency' 
of formants. The calculation of vowel-strength is performed by summation of amplitude 
differences between all adjacent peaks and valleys in a preprocessed amplitude spectrum. This 
spectrum is determined for a windowed speech signal, where the length of the window equals 
a pitch period. The preprocessing incorporates simulation of auditory energy integration 
(i.e. in critical bands) and accentuation of the first and second formant frequency region. 
Short term adaptation is simulated by filtering the time course of vowel strength. Local 
maxima in the (filtered) time sequence of vowel strengths are associated with vowel onsets. 
Two criteria, one dealing with temporal spacing between vowel onsets and another defining 
a relative threshold for vowel strength, are finally introduced for reduction of the number of 
false alarms. 

The algorithm was tested for fluent (read) speech, where algorithmically detected onsets 
were matched with onsets obtained with the gating technique ('actual onsets'). In the case of 
sentences, about 10 % of the actual onsets were missed, mainly in short unaccented syllables. 
Approximately 3 % of the detected onsets were false alarms (preceding an /s/, /t/, /m/ or 
/r/ and in long vowels). The detection of onsets in isolated words yielded comparable results, 
although the parameters had to be set differently compared to the vowel-onset-detection in 
sentences. Using the optimized parameter settings of the isolated words case for detection 
within sentences resulted in an increase of the number of missed vowel-onsets to about 30%. 
Vice versa, using the optimized parameter settings of the sentences, less than 13 of the actual 
onsets were missed, but the percentage of false alarms was about 15%. 

Modifications to the algorithm were proposed in te Rietmole (1991) consisting of the 
following steps: 

1. Simulation of (spatial) masking effects on the basilar membrane by means of a lateral 
suppression mechanism. 

2. Use of an ERB-rated frequency axis. 

3. Use of roex-filter shape functions for auditory energy integration. 

4. Application of the Meddis (1986) inner-hair-cell model to the time course of vowel 
strength. 
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The choice of applying a model of inner-hair-cell transduction was done in order to include 
short-term adaptation. It is questionable, however, whether one should apply such a model in 
the case a higher level concept as vowel-strength. Despite the other attractive modifications, 
the number of missed detections and false alarms could not be reduced relative to the original 
algorithm. Unfortunately, the modifications were not evaluated separately. 

In order to discard multiple vowel-onsets within long vowels and diphtongs, an additional 
stage to the original algorithm is proposed in Kaufholz (1992). Analysis in terms of the 
vocal tract response of a portion of the signal before and after a vowel-onset candidate, yields 
a pitch and amplitude independent measure of the (local) spectral envelope. Actual vowel 
onsets ought be characterized by considerable differences between the frame at the vowel 
onset and the preceding frame. Long vowels can be expected to have only (fast) variations 
in pitch and amplitude, if at all. It was found that, in general, this expanded scheme did 
reduce the number of false alarms, yet their actual number still was unsatisfactory. Besides, 
the number of missed detections increased in its turn. 

2 Vowel-onset detection based on auditory models. 

In this chapter the reasons for investigating the use of peripheral auditory models shall be 
discussed. First of all we shall concentrate on simulations up to the cochlear nerve ( refered 
to as en in the following) in section 2.2. The drawbacks of this preprocessing, as can be 
expected based on physiological evidence, shall be pointed out. Subsequently, we shall discuss 
the advantages of including cochlear nucleus (below: CN) simulations in the scheme in section 
2.3. 

2.1 Why using auditory models? 

Auditory models mimic the spectral and/ or temporal properties of sound processing by the 
auditory system. In this report we shall restrict this class to those models that are physio
logically based. The computational auditory model that is applied in this report is built up 
from the following modules: 

1. A linear IIR filter bank (4th order gamma tone) for basilar membrane simulation. 

2. Threshold setting : 

• absolute hearing threshold (Fay, 1988). 

• absolute fibre threshold. 

• noise induced threshold shift (Gibson et al., 1985). 

3. Dynamic range extension for simulation of two fibre populations. 

4. Inner hair cell model (Meddis, 1988). 

5. Phase locking adjustment by low-pass filtering. 

6. Spike generation. 
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7. Simulation of different response types of cells in the CN. 

Modules 1 to 5 have been investigated previously at IPO: the implementation of the 
modules in the present computational auditory model shows a high correspondance to the 
work of van Compernolle (1991). 

One can think of two possible main reasons for using physiologically based models for 
automated vowel-onset detection: 

• They model responses of cells that exist somewhere in the auditory pathway and that 
are selectively sensitive to vowel-onsets. 

• They yield speech representations that have temporal and spectral resolutions that are 
similar to those of the auditory system. 

The first motif is invalid within the context of this investigation: no such response is known 
at the stages of the auditory pathway which are covered by the auditory model we use. The 
second motif also applies to some extent to the original algorithm by Hermes. However, 
short-term adaptation is applied to vowel-strength, not within frequency bands. Moreover, 
vowel-strength measurement is based on the analysis of a speech interval of a pitch period. 
The use of an auditory model may therefore be advantageous. 

We assume that vowel-onset detection should be based on rate profiles instead of the 
(phase-locked) fine structure of spike trains. The rationale for this assumption will be pre
sented in section 2.2 for the en and section 2.3 for the CN. However, several authors have 
shown that formant related information is preserved in the fine structure of cochlear nerve 
signals (e.g. Carney and Geisler, 1986, Delgutte and Kiang, 1984a,b&c and Seckler-Walker 
and Searle, 1991). The same statement holds for bushy cells in the cochlear nucleus (e.g. 
Blackburn and Sachs, 1990). The use of a detailed physiological model is not justified by 
concentrating on fine structure coding. In that case, a one-third octave filterbank would pre
sumably be satisfactory. Besides, measurements like average localized synchrony rate (ALSR, 
Sachs and Yormg, 1979) and average localized interval rate (ALIR, Sachs and Young, 1980) 
presumably cannot be incorporated into vowel-onset detection without technical and method
ological difficulty. These measurements require analysis of spike trains within a time interval 
typically in the order of several tens of milliseconds. The temporal accuracy of vowel-onset 
detection may therefore be detoriated. 

It should be stressed that knowledge of the functionality of stages in the auditory pathway 
higher than the cochlear nucleus tends to become sparse. As a consequence, a vowel-onset 
detection scheme based on peripheral simulation will inevitably contain (final) detection 
stages of (strong) hypothetical character. 

2.2 Encoding of (speech) signals in the cochlear nerve. 

Initially, the attractiveness of using a simulation of the auditory periphery seemed to be 
that the inner hair cell transduction exhibits strong adaptation effects. This phenomenon is 
the reason for concentrating on spike rates instead of fine structure in the en. Consider for 
instance a pure tone of sufficiently long duration, either smoothed by a very short window or 
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not windowed at all. The spike train measured at the cochlear nerve (en) will be characterized 
by a maximum rate at the onset of the tone, followed by a rate relaxation to a steady state 
(e.g. Smith and Zwislocki, 1975). The course of adaptation, in response to pure tones, can 
be modelled by two decaying exponentials (e.g. Westerman and Smith, 1984 and Eggermont, 
1985): 

1. rapid adaptation with a time constant of r ~ 5ms. 

2. short-term adaptation with r ~ 15 - 60ms. 

A third adaptation time course, long-term adaptation, normally takes tens of seconds to reach 
its steady state. 

Rapid adaptation phenomena could be valuable in a scheme for vowel-onset detetction. 
Onsets of formants (i.e. (groups of) relatively strong harmonics) in different channels would 
then be accentuated in terms of firing rate. These sudden increases of firing activity could be 
traced in each channel separately using onset-detection filters (e.g. Brown, 1992). Finally, 
vowel onsets may be found by, presumably weighted, summation of onset activity across 
channels. 

The first problem one encounters when examining the encoding of speech in cochlear 
nerve fibres is their limited dynamic range. Measurements of nerve fiber responses in general 
reveal input dynamic ranges of 20-30 dB. Most spectral information is lost in the rate profiles 
at levels that are high compared to threshold, due to saturation of the fibre. The auditory 
periphery seems to overcome this problem of intensity coding by providing different fiber 
'populations' (e.g. Liberman, 1978). In our model of the periphery, simulations a.re based on 
the following 2 cochlear nerve fibre populations: 

1. Low threshold (:5 10 dB SPL) combined with high sponteneous firing rate (~ 50-70 
spikes/ s). About 65 % of all nerve fibers observed in mammals can be classified to this 
group. 

2. High threshold(~ 30 dB SPL) with low sponteneous activity(~ 0 - 20 spikes/s). 

As stated in section 1, human vowel-onset detection is assumed to be intensity
independent. Some sort of combination of both fiber populations seems to be inevitable 
in order to cover the whole range for speech. Higher stages of processing where both signals 
are conveyed will have to be taken into the vowel-onset detection model. A combination of 
both populations at the level of the cochlear nerve is implausible on physiological grounds. 

The overshoot phenomena may be observed in nerve fiber responses for pure tones with 
rapid signal onsets. Such firing rate extrema may not be apparent in (slow) formant tracks. 
This could have its drawbacks on the vowel-onset detection in double vowels or CV combina
tions. A relating issue is the notion of addivity of adaptation. In Smith and Zwislocki (1975) 
and Smith et al. ( 1985) it is shown that adaptation in nerve fiber responses is additive in 
nature. This means that the gain in firing activity (both rapid and short term) due to an 
increase in intensity of a tone, is independent of the delay between tone onset and intensity 
increment. In the light of vowel-onset detection it may mean that the state of adaptation due 
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to activity within the channel, does not influence the firing rate increment due to the onset 
of the formant. The Meddis (1986) inner-hair-cell model does not exhibit the additivity of 
adaptation. Firing rate increases as a result of intensity increments show a decaying trend 
as a function of time delay after tone onset. In Hewitt and Meddis (1988) it is stated that 
hair cell models with multiple release sites (e.g. Furukuwa and Matsura, 1978) do exhibit 
this kind of behaviour. 

The data presented in Smith and Zwislocki (1975) also show that for levels up to about 
15 dB above fibre threshold, overshoots can be observed for superimposed 6-dB intensity 
increments. At 20 dB above threshold, the effect is much less pronounced. Smith and 
Zwislocki translate the adaptation process in terms of detectability of a pedestal tone in 
background noise. Taking the signal-to-noise ratio in the neural encoding as the cue for 
detectability, they postulate that: 

'a single auditory-nerve unit can provide useful differential sensitivity only over 
a small range of pedestal or background intensities, at least for backgrounds and 
signals of the same frequency' (Smith and Zwislocki, 1975) 

Apparently, this is in conflict with psychophysical measurements where evidence is pro
vided that increments can be perceived at higher levels. Smith & Zwislocki argue that side 
bands seem to be responsible for increment encoding. In the light of preprocessing for vowel
onset detection based on rate information, where increment encoding is crucial, it would mean 
that side bands have to be taken into account, given a reliable simulation of the cochlear nerve. 

Suppression of overshoot in fibres that are adapted could cause problems for vowel-onset 
detection. Delgutte (1980) adresses the topic of encoding of the (synthetic) syllable /ma/ 
in the cochlear nerve. The onset of the first formant of /a/ is characterized by a strongly 
reduced rate overshoot due to adaptation of those fibres to the low frequency energy of the 
nasal. However, this also means that 

'short-term adaptation would increase contrast between succesive segments in the 
profile of discharge rate versus CF' (Delgutte, 1980) 

Using (peripheral) rate information alone is likely to yield problems when processing 
whispered speech. Voigt et al. (1982) have shown that rate code in the cochlear nerve does 
not embody spectrally relevant information of whispered speech. Contrarely (vowel) spectra 
are preserved in the temporal, phase locked, encoding (as measured by ASLR). Because low 
spontaneous fibres (with spontaneous firing rates less than 1 spike/s) were not taken into 
examination, Voigt et al. did not exclude the possibility that whispered speech is coded by 
low-spontaneous fibres. 

2.3 Encoding of (speech) signals in the Cochlear Nucleus. 

2.3.l Classification of response types in the CN. 

The cochlear nerve is directly projected onto the cochlear nucleus which is the first infor
mation processing stage in the central auditory pathway. The cochlear nucleus is tonotopi-
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cally (or cochleotopically) arranged, like all processing stages of the auditory system (see e.g. 
Moore, 1987). 

In general the cochlear nucleus is subdivided into the ventral- and dorsal parts (VCN 
and DCN respectively). The anatomical struct'ure of the DCN in man seems to be different 
from those observed in other mammals. Consequently, from physiological experimentation 
in animals little can be predicted concerning the functionality of the DCN in man. The 
anatomical structure of the VCN does show similarity between man and other mammals. 
The neurone types discussed in this report all stem from this part of the CN. Two neurone
type classification schemes are commonly applied : 

1. based on the temporal response characteristics of the neurones. 

2. based on the characteristics of the receptive fields of neurones (i.e. existence and shape 
of lateral inhibition and also the neurone's spontaneous activity.) 

Taking the first scheme, classifications usually comprise the following types (e.g. Pfeiffer, 
1966): 

• Primary-like response 'which resembles those of the cochlear nerve. Neurones that 
exhibit this response type are often regarded as relay-like neurones that simply project 
onto higher stages in the auditory pathway. 

• Chopper response where discharges are often characterised by regularity, and activity is 
synchronised with the stimulus onset. There is no specific sensitivity to any particular 
kind of input sounds. 

• Onset response where activity is characterised by a single spike or a burst of spikes at 
the tone onset. 

• Pauser /Buildup reponse which is characterized by activity at the onset followed by a 
pause and subsequent sustained activity. 

2.3.2 Vowel-onset detection based on CN responses. 

None of the response types mentioned above can be exclusively associated with vowel-onsets. 
This means that, if the present knowledge of signal processing in the cochlear nucleus in man 
is complete, an actual 'mechanism' of vowel-onset detection should be located in a higher 
stage in the auditory pathway. 

Despite their appealing name, onset units are probably not suited for vowel-onset
detection schemes. They do signal stimulus onsets but they have a very coarse spectral 
resolution due to wide receptive fields. This means that distinctions between consonantal 
and vowel-onsets will be difficult. In a recent publication, Wu et al. {1993) report on onset
unit simulations used for detecting a set of articulatory-acoustic events. One of these events 
is called Vocalic Voice Onset (VVO), indicating the onset of 'a clear formant structure related 
to a periodic excitation without obstruction in the vocal tract' (Wu et al., 1993). However, 
as they state themselves, their simulations often show reponses that are not comparable to 
those observed in physiological data. The VVO detections depicted in their article all are in 
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context of (voiced of unvoiced) plosive speech sounds (like in /bu/) which might not be the 
most difficult phoneme contexts (cf. chapter 1). Wu et al. also indicate that the distinc
tion between VVO's and other events, like Voice Onset (VO) or Consonantal Friction Onset 
(CFO), is far from clear in a number of cases. 

The population of chopper units in the VCN is subdivided into two groups: 

• Sustained choppers or Chop-S units. 

• Transient choppers also called Chop-T units. 

The distinction between these types is based on the regularity of their responses: Chop-S 
neurones show responses that are (very) regular with respect to the intervals between spikes 
(for pure tones). The responses are not in synchrony with the phase of the tone, but are 
influenced by the amplitude of the tone. It is therefore postulated that Chop-S enhance the 
amplitude-modulation of the input signal (Frisina et al., 1990 a&b). As they also project onto 
higher stages as the inferior colliculus, the Chop-S units may be a stage of pitch detection 
(Schreiner and Langner, 1988 and Hewitt et al., 1992). 

Chop-T units are characterized by initial regular activity, followed by rapid increase of 
irregularity in firing activity. Blackburn and Sachs (1990) investigated the respresentation 
of a (synthetic) vowel /c/ in the AVCN in cat. Their findings indicate that Chop-T units 
have the ability to code the spectrum of the vowel by rate profiles over a (very) wide dynamic 
range. The stimuli used by Blackburn and Sachs were in the range 35 - 75 dB re threshold. At 
all levels the tonotopic array of Chop-T units yielded a high contrast spectral representation 
regarding spike generation rates. The spectral peaks related to formants were enhanced 
relative to the average rate coding in the en (both high and low threshold populations). 

Chop-T units show firing-rate increases only over a limited dynamic range. Rhode and 
Kettner (1987) report average thresholds of"' 19 dB and dynamic ranges of,...., 29dB. Chop-T 
responses are said to have a binary nature (on/off). Besides, discharge rates induced by· 
speech sounds are substantially lower than those observed in response to pure tones. This is 
an indication for the existence of lateral inhibition over a relatively wide receptive field. In 
the CNET model, Chop-T neurones receive inhibitory input from channels up to two Bark 
above, and one Bark below CJ· The lateral inhibition presumably also causes the sharpening 
of the speech spectrum. Excitatory input is found to be within 1 Bark relative to the unit's 
best frequency (Rhode and Smith, 1986). 

Another property of the Chop-T units is very small or even absent spontaneous activity. 
Combined with the binary-like response behaviour, it means that post-processing for the 
vowel-onset detection will be influenced by 'noise' only to a small extent. Phase locking to 
the input stimulus is preserved up to 300-400 Hz for pure tones. Because of the forementioned 
advantages in the spectral domain, we shall concentrate on the rate profiles: the progressive 
decrease in phase locking presumably is of minor importance. 

It should be noted that relatively little is known about speech encoding in the VCN, 
especially concerning the dynamical aspects of transients. Therefore, a vowel-onset scheme 
processing responses Chop-T units inevitably has a more or less hypothetical character. Nev-
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ertheless, the CNET modelling of the neurone responses to noise and pure tone stimuli has 
got a firm physiOlogical basis. 

3 Examples of speech representations in en and CN simula
tions. 

In this section we shall present some plots of speech representations using the CNET program. 
Two utterances were used, the Dutch words ma (/ma/) and moeilijk (/mui:l@k/). Both 
stimuli were produced as isolated words by a male speaker (RK) at a normal conversational 
level in a sound isolated booth. The speech material was recorded on a DAT-tape and, 
through analog input, digitized at 20 kHz sample rate and stored on computer disk. The 
constituent segment /m/ and /a/ can easily be distinguished within the spectro-temporal 
representations of /ma/ obtained by en and CN simulations. The other stimulus, /mui:l@k/, 
is known to cause problems in vowel-onset detection by the original algorithm, especially 
within the second syllable. 

Both stimuli were presented to the cochlear nerve model at 30, 60 and 90 dB SPL. 
Scaling was performed by adjusting the RMS value of the whole signal. Consequently, actual 
peak levels are several dB's higher, especially in the syllabic nuclei. Moreover (normal) 
human hearing tresholds are applied to each channel as channel dependent gains after basilar 
membrane filtering. So the sound pressure levels should be conceived as indicatory. In all, 
24 channels are calculated with best frequencies from 0.1 to 2.3 kHz and one ERB channel 
spacing. The cochlear nerve response signals discussed here were obtained from using the 
high threshold / low spontaneous activity population. The absolute threshold of these fibres 
was set to 20 dB re hearing threshold. The spike train 'recorded' in one channel is composed 
of 25 fibre simulations, all of which are triggered with the same expected firing rate resulting 
from the Meddis hair-cell model. 

Chop-T temporal response patterns are obtained from the CNET point-neurone model. 
Each Chop-T unit received both excitatory and (delayed) inhibitory activation from high -
and low threshold nerve fibres. The receptive field of such a unit stretches over approximately 
3 E, or equivalently, 4 channels within the present model. Excitatory input was received from 
25 fibres of both populations, whereas 10 fibres of both populations exercised inhibition. Best 
frequency for the lowest unit is approximately 0.3 kHz, increasing along an ERB-rate scale 
to about 2 kHz for the highest unit. The cochlear-nerve responses were fed 25 times into 
the Chop-T model. The plots that will be shown here are the summed responses of these 25 
'trials'. The plots of both cochlear nerve and cochlear nucleus simulations for a particular 
stimulus have been scaled to the maximum level observed in the case of 90 dB SPL. 

The time signal of the /ma/ stimulus is depicted in figure la. Dmation of this utterance 
is 576 ms. Figures lb - d display the cochlear-nerve-fibre responses to /ma/ at 30, 60 and 
90 dB SPL respectively. Channels are ordered with respect to their best frequencies with 
the lowest channel (0.1 kHz) at the bottom row. Clear onsets can be observed in the region 
560-1280 Hz (channels 8-16) at 30 dB SPL. The first and second formant of the /a/ are within 
this region although clear formant tracks are not observable. At the level of 60 dB SPL this 
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formant onset is present though its saliency is reduced. Saturation of the nerve fibres occurs 
at 90 dB SPL leaving little if any rate information for vowel-onset detection. 

Figures 2b-d display Chop-T firing patterns in response to /ma/ also at 30, 60 and 90 
dB SPL. The activity within channels is depicted in the same way as the cochlear nerve fibre 
simulations. At all three levels, 'spatial' localization of rapidly increasing activity within the 
spectra-temporal pattern can be done visibly without too much effort. It is surpising to find 
such patterns at 90 dB SPL, where even the high threshold nerve fibres were seen to saturate. 
It should be mentioned that the Chop-T responses are rather noisy at that level so 'improper' 
onsets within channels are likely to be detected. 

Considering the /mui:l@k/ example gives a comparable impression of the signal processing 
of these speech sounds in the (simulated) auditory periphery. Perhaps the highest channel 
has been chosen too low, as is clear from the formant track in the first syllable. Its centre 
frequency is 2.3 kHz, so the second formant of the /i/ may not be represented. Cochlear 
nerve fibre responses are in line with the previous patterns: reasonable contrast at 30 and 60 
dB SPL and saturation at the highest sound pressure level. 

The Chop-T firing patterns again show good contrast along at 30 and 60 dB SPL. Note 
also the presence of onsets within practically all channels at the final /k/ sound; a voiced 
schwa-like sound following the burst was audible in the stimulus. However, the activity in 
response to the burst is not sustained in most of the channels. 

4 Short discussion 

From physiological literature on the auditory periphery we conclude that the Chop-T neurons 
in the AVCN provide the speech respresentation that is most suited for vowel-onset detection. 
Properties that favour the ouput of these units over the cochlear nerve response simulations 
are: 

• signal-level independence over a wide input dynamic range. 

• high contrast spectra-temporal representations. 

• binary-like responses. 

Obviously, we haven't yet defined a scheme that traces the vowel-onsets. Current inves
tigations focus on the development of such a scheme with possible strategies: 

• tracing of individual onsets within separate channels which are either: 

- combined by summation over all channels. 

- correlated through (local) coincidence detection. 

• determination of centre of gravities in (sub )sets of the channels. 

• vowel-strength measurement (see chapter 1) in the response activity of the Chop-T 
array. 
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• measurement of roughness within channels, combined through summation. 

At the moment of this writing, Chop-T simulation is a computationally exhaustive pro
cess. It may very well turn out that the mechanism of Chop-T response elicitation, i.e. 
wide receptive fields combined with (delayed) inhibition, is most important and may be im
plemented in a simplified way. Perhaps this mechanism could even be incorporated in the 
original algorithm as an additional preprocessing stage. 
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Figure la-b: input signal /ma/ (top) and cochlear nerve simulation of /ma/ at 30dB SPL 
(bottom). 
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Figure 4a-b: input signal /mui:l@k/ (top) and Chop-T simulation of /mui:l@k/ at 30dB 
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Figure 4c-d: Chop-T simulation of /mui:l@k/ at 60dB (top) and 90dB SPL (bottom). 
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