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In most speech processing tasks, and in automatic speech recognition in

particular, it is usual to represent speech pattern information in such a way as

to emphasise those aspects of the signal which are considered to be important.

For this reason, a speech signal is ocmronly subjected to a short-term analysis

in order to make its spectral content more explicit. This, in turn, leads to a

timeframe based representation of speech patterns, and to the familiar 'speech

spectrogram' [1].

It is also well established that the transitional cornpments of a speech signal

are particularly relevant to its identity. However, in order to make transition

information available to a speech processing algoritm, it is usually necessary

to 'detect' some feature in a speech pattern (such as a fomant, for example),

and than to track its warrant over time. Such techniques can be reasonably

effective, but the usefulness of the resulting transition information depends

directly on the accuracy and reliability of the feature detection process. In

pitch tracking, for mmple, it is normally necessary to make provision for the

occimnoe of pitch detection errors such as pitch doubling.

It would be more useful if die transition information in a speech pattern could

be made explicit withmt reliance on the detection of particular speech pattern

features. What is needed is an ermancement of die 'spectral oontinuity' that is

visually apparent in conventional speech spectrogram. One possibility is to

'filter' the three-dimensional tine—frequency-amplitmle pattern using a range of

spectral 'operators', each tuned to a different direction of energy movanent.

Hwever, this procedure has the effect of fragmenting the information (annng the

different operators) and the essmtial continuity and cohermce of the pattern

canponents may be obscured.

This paper pments an alternative approach which considers the detailed

relationship between adjacent analysis tinefiemes. It is suggested that, rather

than isolate a particular parameter (such asaspectral peak), it mightbe

better to track the mvenent of the entire pattern (spectrum) from one time

instant to the next. In other words, it is desirable to track all outpatients of

an analysis tlmeframe simultaneously, using the instantaneous navemmt of the

complete pattern shape to reveal therequired transition infatuation. Since the

ourrplete pattern is used, the transition information obtained would be
reasonably robust.

An analogous techniqueis already established in the field of image processing
whareit istl-nemtimofobjecmwithinascenemdl isof interest [2]. In

this situation, two successive images are compared and a vector-field is
obtainedmwdescribesflierelativemtsofeadupartofapicture. 'me

haunting transition informatim is tamed the 'aptic flad' [3].
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Figure 1 illustmta the ‘optic flad' procas; two successive dot pattern images
are shown in figure 1a and figure 1b. Figure 1c Sim the 'flcw' describing the
movement that has taken place and Mummvealstheshapeoftheobjectof
interest.
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Figure 1: Damnstmtion of 'optic flw'

This paper, therefore, presents a new reptesmt'atim schane for speech patterns
which, because of the analogy with 'optic flod', is terms} the 'acoustic flm'
of speech.

mm'm'

In order to derive the 'optic flow', it is necessary to solve the
'cormgxmderwepmblen' [4]. That is,eachpointintheimageattimethasto
be assigned toacorrespafling pointintheimage attimetfl. Thedifiiculty
is mat thesemrrespcniencesmusttakeintoacccmtthetopolcgyoftheinaga;
theimageattimetfi isassmuedtobeawellbehaveddismrtionofduehnageat
tin-net. Hencetheassignnentisnotbasedmthe bat local canespoxriences,
mtontheoverallresult. Msneansthat,unlesstheinegesarechangixgvexy
slwly, an iterative 'relaxaticm' process hastobeenployedtocalwtethe
'flow' andtheoptflmmassigmmt ismtguaranteed.

Hoaever, withspeedxdataweproblencanbemdismplerbemuse the patterns
to be cunpared tend to be of laderdinmsimality. Hence, tocarpitethe
'aooustic flw' (between tvn spectra, for example), it is possible to use
dynamic programming to determine theoptimnncorrespmdence. Inthecaseof
spectral data, the process is equivalent to 'dynamic frequency warping' since it
results in a rm-lineer'distorticn of one speech specu'um into another. The
'flad' is derived from the 'frequency registratim path' and, since a spectrum
is involved, it can be flute usefully and a 'spectral flcw' pattem.

Figure 2 illustrata the process for a simple rising tare: figure Za shows a
conventimal Lute-frequm-ampliufle reptwentatim of the tone and figure 2b
sluts the nut-linear frequency alignment betweai two adjacent analysis
timefm. Itcanbesemthatthermtmgmespaflencarevealthe
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spectml shift that is present. Figure 2c shows mese conespmfimoes in terms

of pairwise fraqwency assignments, and the resulting 'amustic flm' pattern

indicates the local award shift in frequency. Figure 26. shows the complete

'spectml Elm' picture fur the original spectrogram: note haw the upward

movement of the tone is explicitly represented in the ’flow‘.

Figure 2: Damtratim of 'aoaustic flm'.

m'mcm'mmwm

FiguesBarfldsimthe‘spectralflm'andthemrefamiliarthm-

frazuenq—amplltuie :epresentatian for two different Bantams taken firm the

RSRE speech data base [5] (speaker Tamale, session—305). The tnnsitiun

intonation is clearly made explicit by the 'flad' pattern.

Figure 3: 'Flm‘ pattern for "you fwght on the deck of a hoe. ".
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Figure 4: 'Flow' pattern for "we go to a yawl on the dock".

The examples infigures3ard4arehasedmthecutwtfmnaczhannelvocoder
analyser [6]. However, the resolutim of the voooder is rather limited and, in
pertimflar, the transition infatuation present in the original signal is mt
well preserved. Itis therefore of mnsifierahle interest to determine the
'spectral flm' of data Whose quality is more akin to that of a mticnal
speech spectrogram. Figure 5 illustrates such a higher resolution spectrogram
of the wcmd "zero" (RSRE speech data base, speaker m—fenale, seesicn—36,
list-7, part—1) and its associated 'spectral flaw'.

 
Pique 5: 'Spectral flou' pattern for the utterance "zero".

Proc.l.O.A.' Vol 5 Part ‘ (1930
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As expected, the 'spect‘ml flcu' for the higher resalutim data is rather less
uniform, but the trajectories for at least three formant regions are clearly
visible thraughcut the pattern. The more violent mts at the begiming of
the word are due to the rapidly charging spectrm during theinitial fricative.

DISCUSS”

'me concept of 'acxmstic flow' is obviously Very useful as an :iznpmvei
rementatim of speech patterns. In particular, it is able to effectively
alphasise those transitional aspects which are knmm to be important cues for
the speech perceptim pzocess. 'Spectral flow' may therefore provide a better
104 level representation than previous attenpts(such as 'sectnrgraphs' [7], for
sample). Also, it would beinteresting to investigate the relatimship between
'acoustic flaw' and other descriptile motivated tediniques suchas the 'speech
sketch' [8].

'Spectzal flm' also has properties which make it useful for a number of other:
tasks. All of the examples shown so far have useda wideband spectral analysis;
if a mnwbarfl analysis is perfumed, then the 'spectral flmv' pattern tracks
the pitch hammic structure. Figure 6 illustrates the point for the word "no"
carxying a fall-rise intonation contour.

Figure 6: 'Spectml flow' for a namberd analysis of "no".

Also, because 'spectral flow' is able to capture the transition infometim over
an entire spectnn, it an beusedtodatainanwemllmamreofspectral
travenent. Fear a narrcwhend analysis, this "mild yield an estimate of the pitch
variations. For a widebexfl analysis, it would imitate regixms of spectral
stability, and this could have implicatims for automatic segrentation processes
arforestinatixgtherateofspeadipmducum.

Pmc.l.O.A. VolE Fund (1984) 
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Mather feature of ‘specttal flow' is that it mnbeusedtoeriiancethe

spectral mmarison process {the distance neamre) in automatic speech

recognition. In this case two spectra would only be judged as being similar if

the speck-a1 shape and the spectral movement were in agree-lent. This means that

turn identical spectra umld be judged as diffenent if the 'flw' information 61d
not agree.

Last, the importance of 'cptic flow' is that it prmvides infatuation which
anhles 'objects' in a visual image to be separated frcm eachcther and frun the
'beckgrcnmd'. In this situation the teapot-a}. separation caused by most-1t is
similar to the spatial se'paratim achieved by binocular visicn. As a
cmsquence, the acoustic analogy would imply that the signal separation that is
possible with binautal processing wild also be achieved using suitable

differential 'flow' patterns an we acoustic channel. This means that a
separate 'flm' is reqm'xed for each different sourd scllrce, including
faregmmi and backgtcund signals. (There appears to be sane evidence for this

type of processing in the huran auditory system [9].)

GNU-USION

ms paper has introduced a new technique for processing speech patterns which

mm important transition information explicit without recourse to the

detection of potmtially unreliable speech pattern features. The technique
appears to have manyuses inthe general analysis of speech/amtic signals.
and is especially relaxant to the area of autamtic speech recognitim.

Firnlly. alltheexamples presented so far in this paper shad the 'flow'
inforrretion separate fran the mmval spectrogramwljke data. However, it is

possible tonnflulate the 'flm' pattern using the spectral amplitude thus
mining the two patterns into a single represaltatim. Figures 7 and 3
present this new time-frmency—anplitud&flaw representatim for the same
examples shown in figures 5 and 6.

 
Figure 7: Greyscala 'flcd' for the widaaarfl analysis of "zero".
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Figure B: Greysuale 'flow' for the nanwband analysis of "no".

Rm

J.L. Flanagan. Speech Analysis. Mmis and Peroaptim. New York:
W-Verlag, (1972).

S. Ullnan. 'Analyais of visual motion by biological and W119: system',
IEEIE Wter, August, 57—69, (1981)-

J.M. Praqer am ILA. Arbih. Tampa!th the Optic: Flow: the m algorithm
axflpraiictim', Comte: Visim, anku‘cs and Image. Processing, Vol.24,
271-304, (1963).

R.0. Dfia and P.E. Hart. Pattern Classificatim and Scene malysis, Wiley,
NW Yurk. (1973)-

M.J. Russell. 11.1. Moore, M.J. Iunlinsm and J.C.A. Deamn. ‘RSRE speech
data base mdings (1933): part II', RSRE Report No.8é003, (1984}.

J.N. Holmes. “the JSRIJ channel vucodar', IEE Proc. minimums, Rajar and
Signal Processing, Vol.127, Pt.F, 53—60, (1980).

R. Linggaxd and D. Rankin. 'Sectorgraphs — A mwway of looking at speech',
Prove. Inst. Acoustics Aubmm 00:115., ISLE—ELI}, (1962).

Wood. 'Speech mflerstardim; by armpits: using
Dept. Ccmpjtjng, North Staffs. Poly., Report No.

P.D. Gm and LR.
descriptive taimimzes' ,
(DIRSB-‘l, (1983).

J.W. Hall and M. kggazd. 'Co—rrodulauon — a principal for auditory pattern
analysis in speed-1', 11th Int. Oar-f. ACUJStiCS, Pan's, (1983).

Pmc.l.0.A. Vol 6 Part4 (1984} 



 

Proceedings of The Institute of Acoustics

'I‘HEWJSI'ICFIUNOF'SPM

APPENDIX: ms 01“ SPEED-I ANALYSIS

The speech signal was high—frequency pre—armasiaed and passed Wh a 6.4 kHz
anti-aliasing filter that sampled at 19.2 kHz to an accuracy of12 bits. The
speechdatawasfiannhtgmmtoflmseverySfima, beforea log frazuency
analysis by a 256 point DFI‘, giving a 75 Hz tesclutim. To name pitch
harmonics Eran the short-ten: spectra, oepstral smoothing was emplayad using a
2.1 ms rectangular windm. Subaequmt dynamic Emma'th harping was perfumed
on the lower 65 chanmala giving a 0 to 5 kHz range. Each timeframe was
subjected to an instantaneous a.g.c. action to maintain mtant peak spectral
amplitUdE.

Cbpyright © Gmtmller mm, Imam, 1954
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The Automated Phonetic Transcription of English Text

As can be seen by from this rule the RIGHT-C and LEFr-C can be null. The transcription string

may also be null. For example. when two identical consonants occur in it \\ 0rd they are pronounced

as one phoneme. The rule for omitting the second In in summer is

m(m)=

A novel facility that makes for compact specification of the rules and improves processing efficiency.

provides for the LEFT-C and RIGHT-C strings to contain sets of letters. Tests are made for

exclusion from the set. represented for example by ‘[x.y.z] or membership of the set. represented for

example by [a.b.c.d] : as in one of the 2 rules:-

[p.S.v} (9) [Mai = t

This rule would be successful for reset but not for lever. It should be noted that although this rule

would apply to compete there are earlier rules which would also apply. thus transcribing the second

syllable of it before the above rule is encountered. Therefore the ordering of the rules is of cnticul

importance.

A unique feature of this rule schema is the ability to match the LEFT-C string with the phonemic

transcription already produced. For example. when ed occurs at the end of a word it is pronounced

Ill when preceded by a voiceless sound. The appropriate rule is :

[/p.k,t.8,s.I/] (ed) # = l

(The it is used as a symbol for end—ofvword.)

Potential linking-r is indicated by ‘ inthe transcription string. After processing the text. the string

of phonemes is scanned for ' and is replaced by m when the following sound is a vowel.

Functions. shown in upper case in the example. can also be specified in the RIGHT-C and LEFT-C

strings to increase the generality of the rules. e.g.

COM Find zero or more consonants.

Cl Find one consonant.

ClM Find one or more consonants.

V1 Find one vowel.

VIM Find one or more vowels.

VF] Find a front vowel (i.e. e.i.y).

The Allaplwnic Transcription and Assimilation Rules

The rules for allophone production and assimilation are similar in format to the phonemic

u-anscription rules. but contain functions that relate to features of phonemes rather than graphemes.

The object and transcription strings may also contain functions. One sound may belong to several

classes of features: for example i is voiceless. plosive. aveolar. obstruant, and consonantal. Each

phoneme in the object is processed by all the rules. Not all phonemes have allophone or assimilation

rules.

Pmc.l.O.A. VoIB M4 (1984i
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The following function mnemonics tire used only in the ullophone and assimilation rules.

FRIC-VOX A voiceless fricntive - Les”
'NASAL A nasal - n.m.rJ
NASAL®X A nasal at X. where X is the place of articulation
STOP A stop - p.t.k.b.d.g
STOP+VOX A voiced stop - brdrg
STOP-VOX A voiceless stop - p.t.k
STOPQAX A stop at X. where X is the place ofnrticulationr
VOWEL A vowel - «1.33.5.3.i.t.o.o.uVum.ot,au,au.ea.uat13,at.et.39.:

The following is a list of allophone properties or attributes used in the transcription string of the

allophone rules.
ASPIRATED NASALISED
DENTALISED PALATALISED
DEVOICED PART-ASPIRATED
GLOTI‘ALISED PART-VOICED
LABIALISED UNEXPLODED
LENGTHU to 6) VELARISED

Example ofAllaplmne Rules

At the level of the phonemevto-allophonc rules. an attempt has been made to encode

linguistically-motivated rules for the modification of phonemes in context These rules are a
development of the articulatory-based distinctive features of Ladefoged [I]. and provide a modelling
of the articulatory dimension for what is essentially a terminal-analogue formant synthesiser.

The following is an example of some of the allophone rules.

RULE OUTPUT

5 (VOWEL) FRlC-VOX = LENGTH.2

B (VOWEL) STOP-VOX = LENGTH.1

7 (STOP) Il-l-STOP = UNEXPLODED

Notes

l, The symbol ’ — ‘ is used to represent a syllable boundary or a word boundary (see rule 7).

2. The symbol ' I ’ is used to indicate that the following set is optional.
3. Square brackets (' [l ') are used to delimit a set. of which only one member may occur at the

given position

Example of Assimilation Rules ‘

The following is an example of some of the assimilation rules The set of rules has been partly based l

on the work of Wells and Colsan [7].

RULE OUTPUT

1 (n) [STOP@X,NASAL@X] = NASAL@X
2 (STOP) 5TOP@X.VOWEL = sron@x
3 (STOP) NASAL@X = STOP@X
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