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Introduction

A nodal of the speech perwptive system can be considered sinply as a speech
tecogniser with two importantconstraints which are not imposed on other

recognisers. Firstly, it my only incorporate "devices" which are knmrn to be

used in the human system and, secondly, it must use those devices in the sane

manner as the human system.

A 'first stage is being ccmstructed to scne extent in ignorance of the detailed
form of subsequent stages since information about the higher levels of speech
processing is scanty. It is, however, our intentim to nove on to develop
additional "sham" within the above two cmstraints. A degree of generality is

therefore required in tents of control inputs to the devices in order to permit
"top down" controls which will be necessary in the ultimate heterarchical system.

Des'gg Objech

The objective of this first stage is to produce a set of "black—m“, each of
whidi has a fmction for which there is sane expetjnental evidence in the human

system It is particularly important to include all possible "black-boxes" and
not to ocmbine more than one functim within a given box, even if there is some
evidence for this on oocaions during perceptim. In other words. the boxes may

not have aone to one corrapcndenoe with the neural pathways. but they do heme
a one to one correspondence with the functims of these pathways.

'Ihis first stage, when used in recognisers, is often referred to as accusto—
phonemic (1) . Hcmever, our first stage cannot make such an anbitious claim
and would be better described as acousto—acoustanic (2) , in that the acoustic
signal is cmverted to a prephcnenic structure.

In order that the model should be accurate, the detailed flmctims of the
acousto-electrical transduction within the ear might be thought necessary.

However, the black box fmctions tharselves are designed to incorporate these
features in a mare relevant form to the subsequent processing of the input
speed1. For example, the precise nature of the frequency analysis that occurs
in the Basilar mbrane and its subsequent cmversicn into different neural
responses (3) is not vital to this first stage and is effectively incorporated
within the systans discussed.

The Processors

Ebr each of the processors the references give the aqieriirental justification.
In all cases thisujlstification results from psychophysical investigatim. The
implenentation of the boxes is also considered in terns of digital carputer

software. Both the justificaticns moths sofbuare have a cmsiderable
literature and mly key referenca are mentioned.
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Pitch Extractor

We are only concerned here with the extraction of Hie speech fundamental
frame-Aw, Pit, and not the general ability of the ear to extract the pitch of a

ocuplex signal. In this case, it is the facility of obtaining subjective pitch
from a number of hamunics of 13‘): rather than being able to perceive PX itself
that is of interest. Very ‘oftm, F2: is pereived even when it is not physically
present. lep and Smootenbuzg (4) give extensive evidatce for this function.

Inplenentation of apitch act-rector with speed and reliability is by no neans
easy (5). A number ofpitch extracticn techniqua are being examined at Salford,

including one based on a technique developed by Nborer (6) which \Bes a variable
comb filter.

Fine Tine Analggr

Zwislocki at A1 (7) have sham that neural bursts depend m the slope of the input

acoustic signal. Green (8) has shown that the ordering of signals can be dis-

criminated than to as little as l-Zne. It is also Imam that mls may be
accurately identified at lengths as short as 27ms (9) . Clearly, there are
facilities for fine tine analysis which are used for speech percwtitm.

The fine time analyser under developnent produm the following outputs:

(i) voicedfizon—voioed decision, (ii) slope: (iii) intensity: (iv) VOT (l) is

clearly linked to the pitd']. detector in the later staga of the nodal.

Em Analyse:

Pals et A1 (10) showed that vowel perceptim is formant Med without any

preconceived ideas about formants. They also showed that the first two fomants

are crucial for vowel identificatim. It is also knom (11) that F3 may be

inportant in cm: adaptation in a cmsonant—vwel situation.

The human perceptor appears to use both bandwidth (12) and relative amplitude

information (13) as well asthe cmtre frequency of a given formant. In addition,

the transitimal changa especially preceding a vowel are of immense perceptive
importance (14).

Our frequency analyser must be capable of extracting fomant frequency bandwidth

and amplitude of the first three fomants. There are a number of techniqu
available for fornant extraction which, like those for pitch extractim, have

slnrtcondngs. Nbst of the difficulties arise when the formants are overlapped,

or when the vowel is very short (15). Our formant extractor is based cn an
initial m taken over a lo-nns m. It euploys a two stage spectral

smoothing teclmique to extract ncn overlapped foments. There is no attenpt to

sqarate overlapped fomants which are viewed as a single nerged "fondant".

A coarse frequency analysis is necessary to isolate fricatives (16) . This is
easily implemented using the same systen as that used for formant extraction.

The above three systals with their component black boxes give all the required

information for subsequent processing in our nodal. No assumptions as to the

nature of that processing or its outcare have teen made in their selection.
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