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1. lNTHODUCTiON
An attractive mode: of human speech processmg is a multistage system The first stage extracts acoust-
ical leatures lrom the signal represemetion In the auditory nerve, the second stage maps this acoustical
represertation into symbolic units which may then be mapped into word or semantic units.
We are particularly interested in the features the cochlear nucleus. the lirst stage in the auditory system.
can extract lrom speech sounds. The responses ol ditferent cochlear nucleus neurons to pure tones,
modulated and transient sounds show that the nucleus is particularly well suited tor extracting tempera:
leaiures. fig 1.
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Fry. 1: Diegrammatic View of signalprocessing in cochlear nerve and nucleus

with idealised ten-moral response patterns to pure tone stimuli.
This paper addresses two main problems:

What intormation is extracted at the level at the cochlear nucleus?
We will disuse the acoustical leatures which three types or physiologically plausmle units extract
from the signal representation in the cochlear nerve. The model has been discussed in detail else-
where [1.2]. so that only the features critically Important to the encoding oi speech in the model
units will be mentioned here. '
A tirst unit type responds with regular spike trains (chopper response) whenever the cochlear
nerves leading it are activated
The other units discussed here are two types of onset units: one marking lone onsets. another
encoding the tundamenlal irequency in speech.

How can these acoustical lectures be mapped into a phonetic representation?
We discuss some exploratory work in combining streams of phasic and tonic leatures extracted by
the cochlear nucleus for the recognition ol voiced plosives. A window oi spectral intermation is
read whenever a tone onset is detected and mapped into a phonetic representation using a statisti-
cal recognition model The results are oorrpared with those derived lrom more traditions: prepro-
cessing techniques.

 

      I onset in

Proc.l.O.A.Voi13 Part 2 (1991) 435

 



Proceedings of the Institute of Acoustics

FLOSIVE PROCESSING IN COCHLEAR NUCLEUS MODELS

All sounds are processed by tortotopically organised arrays of cells in the cochlear nucleus which
receive input from cochlear nerve fibres with a limited characteristic frequency range.

In the context of plosives this means that. for instance, tone onset units encode 'plosive burst in tre-

quency space‘ information which can be usedas a cue to categorise plosive sounds [2]. While this one

is particularly important tor the discrimination at plosives it is well known that listeners use a range of

cues such as the burst spectrum. torment transitions and VOT tor the categorisation of plosives

[3.12.13].
All recognition experiments are based on a spectral window following the plosive burst alone.

2. CHOPPER UNITS - DETECTING SPEECH PRESENCE

A large proportion oI units in the cochlear nucleus (48%) respond with regular discharges to any

stimulus in their receptive field [4]. The discharge trequency is largely unrelated to the stimulus tre-

quency. so that the neurons (Steltate cells) are unlikely to encode temporal intormation. With dynamic

ranges of typically toss than 25dB the stimulus amplitude, too, Is only poorly encoded [4]. The receptive

tields ot chopper neurons are similar to those of cochlear nerve tibres, so that the treouency representa-

tion is relatively good [5]. The units encode signal presence in a narrow frequency range.

When speech is put through an array of chopper units. responses are evoked in channels which receive

input Where the intensity exceeds 3MB. In contrast to cochlear nerve tibres chopper units are not epon-

tanaously active so that a very clear picture or actle in the cochlear nerve emerges. Iig 2. Peaks in
the spectrogram are represented in the response tracks of arrays of chopper units, Note that there Is

relatively Iittte activation In the low trequency range. This is due to the cochlear nerve thresholm which

are set In aocordame whh human hearing thresholds.

33

        Fig. 2: Chopper unit response to radii andr‘aidi spoken by amate English speaker.

3. ONSET UNITS - DETECTlNG EVENTS IN SPEECH

Models of two types at onset units are desaibed here. Both units produce onset responses by very

different mechanisms and are based on ditterent cell types. The first unit is tuned to respond pretembty
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to tone onsets. The second onset type is tuned to encode the lundarnental trequency

3.1 ONSET I - TONE on'ser oe-racnon
The‘unlts which we use as tone onset detectors are based on the physiology and anatomy oi octopus
cells in the FVCN (tor l tunollonal model at onset detection. see [61). The model is based on a mechan-
Ism suppressing action potentials which is Inherent in the action potential generator. After each action
potential the intracellular potential has to tall to close to the cell's resting potential to re-enable the space
generator [7]. This means that tor cemlnuws excitation of the unlts spikes are reliably suppressed alter
the onset spike. The parameters of the model are adpsted to model a unit which does not phase lock
into afick frequencies expending tOOHL This value seems very low when compared with physiological
data lrom bats [8}. or rat: {9). but neither of the Mo animats would benefit horn an abitity to resolve Such
low frequencies.

Speech in array: at onset] units is shown in fig 3. Each lone onset causes a spike in most of the chan-
nels. Here the lollowina events are encoded:

-A- The initial vowel. la]

-5- The ploslve retease. 19! in trace 1 andnd in trace 2.

-C- The second vowel onset in trace 2. the time difference between the two onset positions is the
voice onset tlme WOT). l l
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Fig. .1: Onset; unit response to Iagyl and/sky! uttered by a male French speaker.

Note that for very low fundamental frequencies and great modulation depths
onset units can phaselbck to F0.

 

FIDS'NE ind VOWSI DHSElS 3'3 “0‘ '"Wishable it nothing is known about the spectmm lollowing the
onset, Cues such as torment transitions (ltequenq shirts) are not encoded systematically at the tevel at
the cochlear nucleus. although it is known that some cells in the auditory cortex react exclusivety to tre-
quency modulated signals [to].
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u N O 2 ID or _
-
I n - PITCH ENCODING

Onsetirl units occur throughout the cochlear nucleus but the physiological response pattern has not yet

been correlated to any particular cell type. even though evidence exists that at least one at the units

producing onset responses are Giant cells In the DCN t2hao. pers comm). The onset response is gen-

erated by the intendion ot' exo’na‘tion and delayed tone evoked inhibition

The units act as coincidence detectors. that is a number at presynaptic spikes have to occur within a

small time window to elicit an action potential. The elfect at this is a suppression ol spontaneous activity

and an enhamernent of the pitch encoding [11]. ‘

When onset." units are stimulated with repetitive clicks. phase locking can be observed up to ADDHz. but

tor higher frequencies only the tone onset is encoded. In terms oi average response rate this unit type

can best be described as a band-pass filter with a characteristic lrequency at 200Hz.

When speech is processed by anarray of units a good representation at the fundamental frequency

emerges. liq. 4. The bottom trace is the summd output oi all channets. The channels have been

'dephased' [ti]. that Is delays due to bastler membrane deiays which occur throughout the low Ievei

auditory system have been subtracted out.
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Fig. 4: Onset“ unit response to iabui‘ and fapui uttered by a male Engiish speaker.
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Sn tar the examples wefe chosento cover a1| plosives and as many final position vowels as possible.
Fig 5‘ shows a Iyll set at traces for a two utterances facial and iatal.

 

coch'l elr nerve

     
swn Din sum Din

Fig 5: Responses of the 1‘qu set of units to fade! and feta! spoken by a maIe English speaker.
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4. PLOSIVE RECOGNIHON BASED ON OUTPUT
FROM THE COCHLEAH NUCLEUS

it is known from psychoacoust'ic experimentation [12,13]. that speaker and vowel- context independent

cues sutiicient for distinguishing all syllable initial step consonants are contained in the gross term of the

burst release spectrum and the rate and duration at the subsequent torment transitions over 20-4Gms

following burst release.

A possible hypothesis is that onsetI cells are used to tours the attention of higher centres on those parts

at th signal which contain concentrations ol irriorrnation relevant to plosive identification.

In order to test this hypothesis we have used the output tron'l a Model at onset detection units {2] to

trigger the extraction ot a window at spectral domain intorrnation lrom each of a set at vowel-pinche-

vowel signals. 3“ or this set at windows was then used to train a statistical pattern recognition model.

while the remaining 1/4 was used to test recognition perionnance,

Results were produced for spectral domain intormalton obtained lrom three dirferent sources:

1. directly item the cochlea! nerve model. which is equivalent to output lrorn CN ‘primary-lke‘ cells'

2. the cochlear nerve model. tollowed by CM 'chopper‘ cell model: .

3. lrom 'psy' coefficients produced using classical speech processing procedures [it] {preemphasis
FT. Bark-scaling. log—compression);

in one turther experiment results were obtained lrom the 'psy' model using spectra from the preceding

vowel onset as well as lrom the plosive burst position [13,14]. lniormation concerning syllable linal stop

consonants is strongly concentrated at the voicing termination (olt position). There is no vidence for

units in the cochlear nucleus encoding tone onsets. so that tone ottset positions have not been used in

experiments where speech has been preprocessed in cochlear nucleus models.

4.1 THE SPEECH CORPUS

The training corpus consists pl 72 togatomes. 24 examples of each ptcstve:

far. m.d.gl, Ia,l,u.yl from six male French speakers

The test corpus consists of 24 iogatomes. a examples 0! each plosive:
Iipl. lodgl, fla‘|.u,y/-lrom one of these speakers.

The four final vowels [a.i.u,y] in the French set were selected to have maximally ditterertt torment
characteristics so that recognition would be based only on cues which are independent of vowel context. '

4.2 THE RECOGNITION MODEL
Each ol 3 lixed number NE at spectra lollowing plosion onset is concatenated into a single pattern vec-

tor. with dimension N.

The recognition model i14], is trained by estimating for each Blast“ (1’) a mean Vent" MU) arid WVafl'
ance matrix Vtr') over each example in the training set tor this plosive. These provide estimates for

parameters which completely specity the probability density function lor the multivariate Gaussian dislrt‘

bution Gilt most likely to have given rise to those observed panama;

Recognition is than penormed on each example in the test set by linding the probability that the pattern

vector for this example has arisen tron-r each ol these distributions, and Choosing the identification which

has the maximum probability. Probability that X is irom GU) given that X is tram G(b). Gid) or Gig)

_ arm;
Pm” ' Glb,X]+G(d,X)+Gig.X)

where probability density at X in distribution GU) is

Exp —%lX—Miiil'-WiiJ-iX-M(J)J

G ‘.X :
(I ) mariachi/i
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where W is the inverse at V.

Note that since we have only 24 training examples tor each plosive, and V is not invenible when N is
greater than the number at training examples (which was the case here whenever more that one spec-
trum was taken together as a pattern vector), it was necessary ior N,>2 to alter the model in some way
so that V would become Invertible. This was done by setting all covariances to zero. It the number at
training examples had been sufficiently large that this was not necessary. then covariance information
would have been retained and the model should have been expected to pertorm better.

5. RECOGNITION RESULTS
Contusion matrices lor experiments I to 4 are given below. These show the average probabilities tor
phoneme (row) being classified as phoneme (col), together with identification—counts and mis-
identifications.

cochlear nerve model
8 windows (5rns). no overlap. total 40msE

.mmmlflfififim-0.50 0.30 0.12
o 0.70 0.30

0.13 0.35 0.50

b 4 3 1 lbl lby oby obi
0 6 2 out ody
1 3 4

cochlear nerve model —0 chopper unlts.
8 windows (Sms), no overlap. total 40rnsMH—

0 50 0.44 0.07
0 0.88 0.12

0.09 0.25 0.55
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III-JIMENE-
b 0.62 0.25 0.13 5 2 1 ibl oby obl
d 0.01 0.87 0.12 0 7 1 odi
g 0.38 0.62 0 3 5 iga oga ogl

 

   
  ‘psy‘ model, 2 windows (25.5ms) at oft position

7 windows at onset pos. total 38.4+102.4msm

 

         

 

III-JIMENE-
b 0.70 0.21 0.09 7 1 0 iba
d .20 0.73 0.06 0 e o
g 0.14 0.30 0.68 t

 

  
The first two tables show the recognition periomtance when data has been preprocessed using the phy—
siologically plausible model. while the third and tourth table are produced with more traditional prepro-
cessing models. The pertormance ot the two models is roughly equlvalent for similar window numbers
and sizes. Note that when the tone onset as well as the tone ollsel posnion is used the number atcorrectly 'guessed‘ plosives rises to 92% white the number 'expeded‘ correct Is still only 70%.
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6. CONCLUSION

The results reported here are encouraging Insular as they show that simple models oi neurons in the

cochlear nucleus can extract a range at acoustical ieatures trcm speech sounds. The recognition results

show an Improvement when cochlear nucleus units as well as. rather than Just cochlear nerve fibres to

encode speech signals. Recognition perlorrnances ior both cochlear nucleus and traditional preprocess-

ing techniques are equivalent when similar window locations and sizes are used.

The 'psy" model above obtained 100% recognition ior voiced plosives when trained and tested on

examples item a single speaker [14]. It is clear that some ionn oi speaker normalisation ls required tor

mum-speaker plosive recognition. although we believe that a larger training set would significame

enhance all 01 the above results.
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