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peech recognition is analysing the acousticent in the speech stream. The listener can show
amentel frequency, vowel
hibit Hide phoneticounting for this is by modelling the production ofprosodic features as being rule-governed behaviour. The description ofprosody in language constitutes part of linguistic knbe considered as a language syst 'rhythm, loudness, and stress patterpatterned relationships.

segmental units of these features.
guided parse of a sequence of short- ' are representingthe utterance. There are four main parts to the technique: front—endprocessor. phonological rule compiler, parser. and tplate reeogniser.algorithm is implented in PASCAL on an Apple II microcomputer using theUCSD Pascal system. , ..
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factor by the template matcher. This prevents arbitrary threshold logic from

being applied too early in the front-end processor and also preserves voicing

information, such as moving in and out of syllabic nuclei, which is lost in

systems which are constructed to return an 'unvoiced‘ label in preference to a

low-confidence but specific, fundamental frequency value. At the present stage

of development the Lx output waveform from a University College London

laryngograph is used to provide a representation of vocal fold movement (1).

Analysis is performed on a Computer Automation Alpha sampling simultaneously the

Lx waveform and speech low-pass filtered at 2.5kHz.

The phonological rule compiler

The model of the intonation system to be used is explicitly specified by a

series of generative rewrite rules (2), for example:

for sequent ial occurrence:

phrase -> head? + N + taill> ;

head? 9 prehead + head ;

for paradigmatic selection:

tone -> simple. compound, complex ;

for optionality:

complex + compound + (complex) ;

and context-sensitivity is represented by paradigmatic

choice under conditions:

prehead -> PHZ + tailZ, Plil v taill ;

The compilation of these phonological rules is performed by a small one-pass

recursive descent compiler which generates an intermediate parse code. This

code is in the form of a context-sensitive network of node structures

representing the information contained in the rules and sets of parse state

indicators. _’l‘he pattern templates are specified explicitly within the rewrite

rules, for example:

tail2 -v [ 100.0,
100.0,
103.5.

125.0.
130.0 ]

The main algorithm

The analysis algoritl-mi is guided by a recursive descent parser operating over the

grammar given by the phonological rules and on the feature vector sequence as the

input string. The basic algorithm returns the sequence of templates which
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collectively return the best overall match score from attempts to match theindividual templates with the corresponding portions of the input sequence. As
the implentation is not restricted to working in real—time. the complete inputsequence is available to the analyser at any state within the parse. Context-
sensitivity will be handled by a subordinate parse which seeks a 'best-probable'sequence to include the context node. at which point a decision is made as towhether the context is satisfied and then the main analysis is resumed. Theprocess of matching template to data is an analysis-by-aynthesis method in whichthe synthesis is constrained by a current transformation set and a permittedrelaxation space constraining precisely how much change is permitted to the
current transformations in the interests of an optimal fit. At present thetransformation set is four transformations of shift and dilation in both the timeand frequency dimensions. It is envisaged that the result of the algorithm willbe a pair consisting of the error score of the optimal fit with a measure of theamount of adaptation required for that score.

The temp late matcher

The template matcher uses an analysis-by-synthesis method of determining the bestfit as measured by a Euclidian distance metric weighted by the estimated confid-
ence in the values of the feature vector. There are two types of control overthis algorithm: the initial conditions given by the template and by the currenttransformations; and the parameters directing the search through the trans-
formation space. The initial transformations specify a guess of what the bestfit will involve, based on previous tries on other templates: this involvesadjustment of both the range and absolute shift in the fundamental frequencyvalues to the individual speaker and the particular tone of voice used through-out the utterance; adjustment is also made to absolute time shift so that theinput sequence need not be assumed to start at a particular point in a breath-phrase, and a linear time dilation is used as an attempt at normalising rate ofspeech. Control is exercised over how the algorithm searches for the best fit:at present the bounds on iterations and allowable relaxation are fixed by theinitialisation routines.

   
          

   

   

    

    

  
   

  

   
   

  

 

   

   
   

  

    
    

   

   
  
    

  

    

  

Discussion

Previous analyses of intonation have tended to fall into two main categories:auditory and acoustic. Auditory analysis uses the full perceptual apparatus ofthe listener to bridge the gap between sound and symbol and provides a phoneticdescription of categories already assumed. Acoustic analysis starts with thedirect measurement of sound, but before the introduction of computers littlecould be done beyond this stage. Computers have beenused in limited ways, as infeature detection (3) for prehead glide, or attpts at stressed syllablelocation. (In) for locating the nearest 'loudnea ' 'no attempt has been made at analysis across the
although proposals have beenmade (5), (6).
determine the effect of using prosodic
recognition process. By limiting the a
features the main problem of linking to a conventional segmental or templaterecogniser is removed; the prosodic system is a small system, yet its domain.15 the entire phonological phrase. This restriction to only one of the systemsof language means that an exhaustive and appropriate phonemic description of

The aim of'this research is to
information as a constraint on a speech
lgoriti’m‘i to operating only over prosodic
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the speech process can he achieved at the non-segmental level.

Nonphonemic differences within a corpus are handled by the series of overlaid

transformations mentioned above, so the error score in recognition is a function

of both how Hell the rules characterise the data and how much 'interfetence'
there is from other language systems that make some use of the same basic

features, such as tone of voice which is heavily dependent on physiological

makeup. and psralinguistic systems such as the signalling of emotions in the

speech channel. Part of the present research is to determine just how to

approach by automatic analysis the separation of phonemic from non-phonemic

differences that listeners can achieve.
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