Automatic Segmentation of the Speech Signal into Phone-
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zz;atlh;asgizssesr?f a}xtomatic speech recognitiqn, t.he quz.isi-cc.mtinuous
words, morphs opr 1 l111p into \f/ragments co‘rrelatfad with .lmgmstlc umt§ suf:h as
tech ’1 - al “phones. Various conmderez.uons of intended applications,
nological feasibility as well as the theoretical approach decide what these
C!emenFs are and how they are discovered, in particular systems. Phoneti-
cn;ms, linguists apd acqusticians are divided on the subject of segmentability
,?wgie speech signal into succesive phonetic entities. Studdert-Kennedy
ment;t?:: iz'laﬂl\marberg (1982), for instance, maintain that phonetic seg-
tion and thato&y Perforr.ned at the_le"e' of perception and human recogni-
ignores the unshe ECO&SHC speeCh signal is not segmentable. Such assertion
(1967) showin t: ez e evidence produced, e.g. by Fant (1964) and Reddy
dynamics ectgro a 0(:.h the Orxgm'al waveform and its transformation intoa
the time aiis at %vrl?'mh isplay ur}mlsta'ke‘able points, or brief moments, along
points, or m,omentlsc csoorrrrz Ctlmtel definite changes take place and tha/ these
phone-related segménts, ate almost perfectly with boundaries between
Wh?cliyit(f:;islizsot;eenbdeveloped in the Acoustic Phonetics Research Unit
including an A-t O_; ank of 63 analogue band-pass filters, an interface
minicomputer. This converter, and a very primitive 8-K-byte, 8-bit-word
grams to be rr;adel Fs ystem enables four different kinds of digital spectro-
contiguous freque;qc Og ea(;:h spectrogram, the signal level is averaged in 4
being 320 Hz up to 3‘5’608;3 s with a 3-band overlap the effective bandwidth
in 60 analysis channels Thz and progressively larger up to 83 10 Hz, resulting
ms. (1) The basic spe t. © wu.hh.oi the non-overlapping time windows is23
cy cell above a prerfsglmgram mdlcateF the signal level in each time-frequen-
spectrogram shows thecct:? threShO_ld in units of 0.6 dB. (2) The differential
the levels in successiv: lllfe.r ence, in positive or negative numbers, between
gram only indicates th cersin each fihannel, (3) The difference sign spectro-
binary spectrogram S.e sign of the difference calculated for (2). Finally, (4),2
dynamically varied tl}%nals whether or not the level in each cell exceeds 2
obtaining binary s reshold lc?vel, Technical details of the method of
ned in Kubzdel }l)ectrograms with the MERA-303 minicomputer are obtai-
pro ¢ a (1980). The segmentation into phone-I 1 ts here

roposed is based on type-3 s phone-length elemen s her
Fig. 1. A light sign stands f PeCtrograms, an example of which appears in
$ Tor a minus and a heavy sign for a plus, while
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Figure 1. A differential sign spectrogram of the word (58 'sed#i/ with automatic segmentation.

unmarked dot indicates defaults corresponding to below-threshold cells.
Note that some of the columns in Fig. | contain only minusses of only
plusses, e.g. column 016, 034, 036, others contain only miqusscs in the lower
frequencies and only plusses in the higher frequences, or vice versa, c.g..046,
048, while still others are irregular, .. 012, 060, etc. in that they consist of
more than two same-sign vertical sequences. Basically, segmeptal bounda-
ries are assumed to occur in columns with one same-sign vertical sequence
and, in specific cases, in columns with two same-sign sequences. The formal
definitions of the boundaries are as follows: .

We denote c(k) - number of came-sign vertical sequences in the k-th
column; z(k) - sign of the highest-frequency vertical same-sign sequence;
2(k) equals 0 for a negative sequence and 1 for a positive sequence.

An A boundary appears in the k-th column if
oK) = 1,{ctk+1) # 1k +1) = LzktD) £ 20101}
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A BB boundary appears in the k-th and the (k+1)-th column if
o(k) = c(k+1) = 1,2(k) = 2kt e(k+2) # 1 fe(k+2) = Lz(k+2) # z(k)]}.

A C boundary appears in the k-th and the k+ n-1)th column if

ok)= c(kti)z(k)= Z(k+i) c(k+n)# WYe(k+n)= 12(k) # 2k+n)]}, withi=
1,2,..n-1 and n>-3,

A D boundary appears in the k-th column if
o(k) = 2pc(k-1) # 1,c(k+1) # Ic(k+2) # 2.

An F boundary appears in the k-th column if

ok) =2xc(k-1)# Le(k+1) = 2,¢(k+i) = (k) = z(k+ i)z(k) # z(k+n)c(k+n)
=2, withj= 0,1,2.., n-1, and n > 1.
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. "
A G boundary appears in the k-th column i ' .
o(k) = 2,c(k-1) # lao(k+1) = 2,0(k+i) = 2)2(k) = z(k+i),c(k+n) # Lic(k+n)
2,withi=C, 1, .., n-1, and n=> 2.

. . d
The detailed algorithm of segmentation is presepted inJ asser;], Kul;zvc‘i,::tl; 226
Domagata (in press). A formal test of the alg9r1t.hm was per or}r)m}Sh th one
male and one female voice pronouncing, in lSOlathD', 117 [o(;ifﬁcult &
containing sequences of phone types known to be particularly
segment. Overall results were as follows:

Correct Misses False alarms
Male voice 129 25 Ig
Female voice 122 23

ith vi ic segmenta-
Fig. 2 represents a binary spectrogram with visual and automatic seg
The i ined in other
The results obtained here compare favorably v.wth t.h‘ose oht;::z:relﬁables fher
ASR systems particularly in view to its extreme‘sm.lphcny w e ot o oy
be implemented in a microprocessor. Meanwhile improvem
tem are in progress.
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