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A b s t r a c t 

T h i s p a p e r c o n c e r n s t h e s t a g e o f a c o u s t i c 
a n a l y s i s i n speech r e c o g n i t i o n o f Speech 
U n d e r s t a n d i n g Sys tem SUSY; s u b s y s t e m AKORD, 
A c o u s t i c a n a l y s i s i n t h i s s y s t e m i s b a s e d 
o n d y n a m i c s p e c t r a l a n a l y s i s o f t h e s p e e c h 
w a v e . I t c o r r e s p o n d s w i t h t h e f u n c t i o n o f 
t h e h e a r i n g o r g a n e x p r e s s e d b y a n a n a l o g 
node l o f human e a r . A c o u s t i c a n a l y s i s i n 
t h e AKORD s y s t e m uses an FFT a l g o r i t h m b u t 
i s n o t s t r i c t l y b a s e d o n a c c e p t i n g c o n s t a 
n t i n t e r v a l s o f 1 0 - 2 0 ms; a n a l y s i s d o e s 
n o t cause i n a c c u r a c y a t t h e l e v e l o f p a r a -
met r i z a t i o n because o f a c o n s i d e r a b l e d i s 
p e r s i o n o f p a r a m e t e r s o f p a r t i c u l a r s e g 
m e n t s . A c o n c l u s i o n was made in t h e AKORD 
s y s t e m t h a t a p r o p e r l y c o n d u c t e d p r o c e s s 
o f s e g m e n t a t i o n w i l l h e l p i n s o l v i n g some 
p r o b l e m s o f s p e e c h wave a n a l y s i s , p a r t i c u 
l a r l y r e c o g n i t i o n and t i m e c o m p r e s s i o n . 
T h i s p a p e r a t t e m p t s t o c h o o s e t h e p r i m a r y 
segmen t ( m i c r o p h o n e m ) i n t h e mos t o p t i m u m 
way and t o I n d i c a t e t h e a l g o r i t h m o f a u t o 
m a t i c s e g m e n t a t i o n b a s e d o n m i c r o p h o n e m e s 
a s t h e d y n a m i c s e g m e n t s . 

I n t r o d u c t i o n 

S y s t e m AKORD was d e s i g n e d f o r r e s e a r c h 
w o r k c o n c e r n i n g t h e a n a l y s i s and s y n t h e s i s 
o f s p e e c h waves by means o f a ZAM-41 com
p u t e r ( 1 , 2 , 3 ) - d u r i n g t h e i n i t i a l p h a s e 
o f r e s e a r c h t h a t s y s t e m was h e l p f u l i n 
d e f i n i n g t h e mos t e s s e n t i a l p r o b l e m s o f 
s p e e c h wave a n a l y s i s - I t a l s o made i t p o s 
s i b l e t o i n c u l c a t e and t e s t some a l g o r i t h m 
m o d e l s o f s p e e c h a n a l y s i s . Howeve r , b e f o r e 
a c c e p t i n g a c o n c r e t e a l g o r i t h m mode l o f 
s p e e c h a n a l y s i s i t was n e c e s s a r y t o r e 
a l i z e d i f f e r e n t f u n c t i o n s o f t h e h e a r i n g 
o r g a n . Those f u n c t i o n s a r e e x p r e s s e d b y 
a n a n a l o g mode l o f t h e human e a r ( 4 ) . 
G e n e r a l l y , t h e t r a c k o f a g i v e n sound i n 
t h e e a r may b e p r e s e n t e d a s f o l l o w s : t h e 
e x t e r n a l e a r , t h e e a r - d r u m , t h e i n t e r n a l 
e a r and i t s bones ( m a l l e u s , i n c u s , s t i r 
r u p ) . The movements o f t h e s t i r r u p bone 
cause t r a n s l o c a t i o n o f c o c h l e a sep tum : 
- i t s r e s i i e n c e i s n o t c o n s t a n t t h r o u g h 
i t s w h o l e l e n g h t ( 4 , 5 ) . That v i b r a t i o n i s 
s u b s e q u e n t l y t r a n s n i t t e d t h r o u g h t h e nerve 
c e l l s on t he s e p t u m to ~30 000 a u d i t o r y 
n e r v e f i b r i l s . F i g u r e 1 shows a n a l o g m o d e l 
o f human e a r p r e s e n t e d b y P . K o l e r s ( 4 ) . 
A l t h o u g h t h i s m o d ^ l i s o n l y a p p r o x i m a t e , a 
c o m p a r i s o n o f t h e c h a r a c t e r i s t i c s o b t a i n e d 
e x p e r i m e n t a l l y showed a c o n s i d e r a b l e c o n 
v e r g e n c e ( 4 ) . N e a c c e p t t h e c o n c l u s i o n , 
w i t h n o d e e p e r c o n s i d e r a t i o n o f t h e e a r 
mode l p r e s e n t e d h e r e , t h a t t h e i n t e r n a l 
c a r i s t h e c e n t r e o f s o u n d s p e c t r a l a n a l y 
s i s S(t) . T t s r e s u l t s a r e made a v e r a g e 

P ( t ) - e x t e r n a l aud i t o r y duct p ressure , 
G( f ) - l i n e a r b lock t r ans fo rm ing pressure 
P ( t ) i n t o vo lumina l t r a n s l o c a t i o n s C t ) o f 
the s t i r r u p , H ( f , x ) - t h i s f u n c t i o n con
nects t r a n s l o c a t i o n s ( t ) w i t h t r a n s l o c a t i o n 
of septum d ( t , x ) a t the p o i n t x [cm] from the 
s t i r r u p , RFIS - r e a l i s e s the mean-square 
f u n c t i o n o f i n p u t s i g n a l d ( t , x ) f o r s h o r t 
d u r a t i o n (~10 ras) . 

F igure 1 

in t ime f o r the pe r iod Ts (~ 10ms).The mo
de l of the a u d i t o r y organ presented here 
i s a bas is i n t h i s paper, a l though i t s i m 
p e r f e c t i o n i s r e a l i s e d . But i t i s no t a 
n o v e l t y . The m a j o r i t y of s tud ies concern
ing the ana l ys i s of speech waves have been 
based on the s p e c t r a l a n a l y s i s of the exa 
mined s i g n a l s ( 6 ) . Some of them used the 
dynamic s p e c t r a l a n a l y s i s , y e t they were 
s t r i c t l y based on accept ing constant i n 
t e r v a l s of 10-20 ms. Al though .the accep
tance o f t h a t constant i n t e r v a l made i t 
poss ib le to r e a l i s e some func t i ons of ana
l y s i s more s imp ly , i t caused some i n a c c u 
racy at the l e v e l o f p a r a m e t r i z a t i o n due 
to a cons iderab le d i s p e r s i o n of parameters 
o f p a r t i c u l a r segments(12). This f a c t r e 
s u l t e d i n s u b s t a n t i a l d i f f i c u l t i e s con
nected w i t h the segment e x t r a c t i o n f o r r e 
c o g n i t i o n . I t seems r e l a t i v e l y easy to 
f i n d a r e l e v a n t set of d i s t i n c t i v e phoneme 
fea tu res and so the segment cor respond ing 
w i t h phonemes would be the most s u i t a b l e 
f o r the r e c o g n i t i o n ( 8 ) . The number of 
segments de te rmin ing p a r t i c u l a r c lasses 
a lso p o i n t s to the same conc lus i on ; in t h e 
case of phonemes there would be no more 
than 40. Yet , d i f f i c u l t i e s connected w i t h 
phoneme segmentat ion as w e l l as those 
r e s u l t i n g from the lack o f un i voca l depen
dence between the parameters of some c o n 
c re te r e a l i z a t i o n o f the s t o c h a s t i c p r o 
cess and the process i t s e l f , make i t t oo 
d i f f i c u l t to work out a h i g h l y e f f i c i e n t 
automatic system of speech r e c o g n i t i o n . 
Oome authors cons ider i t s imply imposs ib le 
to develop s tud ies bas^d on phoneme a n a l y 
s i s and r e c o g n i t i o n ( 7 , 8 ) p o i n t i n g to the 
p r a c t i c a l d i f f i c u l t i e s o f segment e x t r a c 
t i o n . I t i s poss ib le t o conclude tha t a 
s o l u t i o n o f t h i s problem w i l l becone a ba 
s i s fo r the development of some methods of 
speech ana l ys i s by means of p a r t i c u l a r 
speech sounds of a g iven n a t u r a l language. 
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The process of segmentation when properly 
conducted w i l l help in so lv ing some other 
problems of speech wave analys is e .g . time 
compression, coding, code c ipher ing and r e 
cogn i t i on . Many s c i e n t i s t s have noted the 
ro le of segmentation in the process of 
speech wave analysis ( 6 , 7 , 8 , 9 ) . Yet, they 
were too s t r i c t in t h e i r choice of segments 
derived from the analog model. Na tu ra l l y , 
t he re fo re , they d id not obta in the type of 
resu l t s which could be acquired through a 
segmentation based on the segments chosen 
in the most optimum manner. This paper a t 
tempts to ind icate the a lgor i thm of auto
matic segmentation based on microphonemes 
as the dynamic segments. 

Flicrophoneme as the Fundamental Segment 
of Voiced Speech~Waves 

We are concerned w i th voiced speech,since 
only f o r tha t class of speech is possible 
to ex t rac t fundamental segments in a simple 
way, keeping in mind the purpose t h i s ex
t r a c t i o n could serve. I t i s also possible 
to resolve the stochast ic s igna l in to the 
class of s ta t ionary s ignals (as considered 
in frequency domain) by means of some sim
ple methods, fo r examples, Four ie r 's t r ans 
format ion. I t corresponds w i th the model 
of the ear presented above. If we consider 
the ob jec t ive func t ion in speech wave ana
l y s i s the fo l low ing requirements a r i se : 

- f o r the purposes of in format ion reco
g n i t i o n Cits content) i t i s necessary to 
accept segment making it 
possible to rea l i ze the set of re la t i ons m; 
fo r the cor rec t c l a s s i f i c a t i o n , whi le con
s ider ing the subset of parameters 
defined fo r a given segment. It may be 
presented as the fo l l ow ing cond i t ion : 

Condit ion No 1 determines the time fo r the 
segment SK ; it is tk . 
Considering the func t ion of compression 
and coding, iK should be the maximum length 
of time of the segment sa t i s f y i ng . con
d i t i o n No 1. Fundamental segments 
forming quas i -pe r i od i c i t y of the segment 
SK w i l l be ca l led primary segments. Each 
of them is of d i f f e r e n t dura t ion T(j) and 
they form quas i -pe r i od i c i t y w i t h i n the se
gment SK : - see formula No 3. With regard 
to the func t ion of speech wave time com
pression, primary segments should s a t i s f y 
the fo l l ow ing condi t ion : 

This cond i t ion states tha t a number of 
primary segments n should be maximum. 

- f o r the purposes of speaker i d e n t i f i 
cat ion i t i s necessarv to ind ica te such 
segment f o r the subset 
of parameters afterwards def ined Ciden
t i f y i n g the speaker) to s a t i s f y cond i t ion 
No 1 in considerat ion of a given class of 
speakers Kp and also : 

This cond i t ion ind icates tha t the subset 
of parameters i d e n t i f y i n g the speaker 

spec i f ied in considerat ion of a f r e e l y ac
cepted segment Si ( f r e e in the sense of 
time ) is the equivalent of the subset of 
parameters • These parameters are de
f ined by means of one of the possib le 
methods and the subset is ca lcu la ted w i th 
some opt iona l durat ion of speech f o r a 
given speaker, belonging to tho class Kp , 

- in the process of reducing the noise 
the most essent ia l parameters are : the 
speech spectrum and par t i cu la r ! the ave
rage spectrum of a speech wave. Let us de
note the subset of those parameters : . 
With t h i s approach i t i s necessary to de
f ine the segment So such as : 

This cond i t ion means tha t i t is necessary 
to ind ica te such a segment So f o r the 
calculated parameters of the average 
speech spectrum, to f i x un ivoca l l y the 
average spectrum parameters ca lcu la ted f o r 
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a speech wave of any durat ion and at any 
moment. In t h i s case i t i s necessary to i n 
d icate a segment which would s a t i s f y condi
t i o n No 7 and which would at the same time 
be the most favourable consider ing the mi
nimal time i n t e r v a l . This approach shortens 
the process of i nd i ca t i ng the parameters ts 
considerably. With regard to these conside
r a t i o n s , i t i s necessary t o s tate that i n 
the process of speaker i d e n t i f i c a t i o n and 
noise reduct ion, the choise of the best 
segment should be car r ied out considering 
i t s length of t ime. The shorter the segment 
Si or So , the la rger the p o s s i b i l i t i e s of 
r e a l i z i n g both processes. Therefore, i t 
w i l l be possible t o . i nd i ca te the minimal 
segment of a speech wave and through tha t 
to i d e n t i f y the speaker. The segment chosen 
in t h i s way must s a t i s f y cond i t ion No 6 and 
7, corresponding w i th cond i t ion No 1 in 
tha t the set of parameters is ind icated f o r 
a ftiven speaker p . But f o r the purposes of 
compression and c o d i f i c a t i o n i t is neces
sary f o r the segment SK to be maximum and 
also to sa t i s f y cond i t ion No 1 as in the 
case of recogn i t ion . In t h i s case the aim 
is also to f i n d the segment SK(J) which 
would s a t i s f y condi t ions No 1,3 and 5. We 
must search f o r a primary segment s a t i s 
f y ing the fo l low ing cond i t ion : 

w i t h i n a given class 
Because i t is we l l known tha t the acceptan
ce of the segment S« f i xes the number of 
classes K*t t C t ^ f C S * ) ) , the minimation of 
the number of classes Ki is the add i t i ona l 
cond i t ion tha t should be taken i n to cons i 
derat ion whi le choosing the segment SR . 
If we accept sy l lab les and words as the 
segment S« f the number of classes in which 
it would be necessary to include the ana
lysed segments would be tens and hundreds 
o f thousands. Therefore i t seems tha t i t i s 
necessary to accept a phoneme as the se
gment Sn or a primary segment which is the 
equivalent of phoneme considering the con
d i t i o n No 1. The number of classes w i th a 
segment so defined is m ■ 40 fo r the Pol ish 
language. With t h i s number of classes a 
given phoneme as a segment S* is the l o n 
gest segment and it would f i x the segment 
3K w i t h i n the class Ki . Yet in sp i te of 
i t s usefulness f o r the purposes of recogni 
t i o n and compression, it would not be the 
most favourable segment because the cond i 
t i o n 5 would not be s a t i s f i e d . And only 
f i nd ing the primary segment tha t would meet 
a l l the requirements would make i t possible 
to s tate the existence of the most favoura
ble choice of the speech wave segment, in 
terms of recogni t ion of the content and 
time compression of a speech wave • 

The number of classes according to con
d i t i o n No 8 would be re ta ined . The a d d i t i o 
nal e f f ec t of such an approach on speech 
wave analysis would be the obtain ing of a 
dynamic analysis of parameters defined 
w i th i n the primary segment "5K . Concerning 
the two remaining goals, speaker i d e n t i f i 
cat ion and reduct ion of noise, we may ac
cept the primary segments "SK as fundamental 

only if it is possible to determine the 
parameters £r/and £a * on the basis of any 
parameter combination estimated within a 
given segment *»K . In the case of speaker 
identif ication is advisable to estimate 
parameters for the dynamically analysed 
speech wave. Spoed and changes in the 
larynx vibrations are some of the dynamic 
parameters characterizing the speaker and 
his articulation : le t us denote the leng
th of time of the larynx tone : TK • 
It is a function of time for a given voi
ced speech wave. Therefore it is advisable 
to accept the primary segment ^5K; i t s du
ration is T(j) - TK . Tt is different from 
the majority of algorithms assuming T(j}= 
const . This approach would also give 
the phase accordance of the analysed seg
ments (11 ) • The primary segment is based 
on pitch period equal to TK corresponding 
to the analog ear model (TK 3 10 ms) and 
is called a microphonerae in this paper. 
Our studies have entirely confirmed the 
pertinence of the accepted reasoning and 
also the fact that a microphoneme sat is
f ies a l l the above conditions (12,13) • 

Primary Segmentation 
Automatic Searching for Microphonemes 

Since a voiced speech wave results 
from the vibration of the vocal cords and 
is therefore only approximately periodic 
and since it depends on the individual 
characteristics of the speaker, it is not 
possible to assign definitely the frequen
cy which could be considered fundamental 
for a l l segments 3 of a speech wave. In 
other words, the length of time of micro-
phonemes is : T ( I W const. The purpose of 
primary segmentation is the extraction of 
microphoneme sequence from the continuous 
speech wave of a given speaker by means of 
an algorithm realized as a computer pro
gramme. The solution of the problem con
cerning the extraction of quasi-periodic 
segments of a speech wave is complicated 
by the fact that not only quasi-periodici-
ty is troublesome but also because the 
speech waves vary in amplitude and shape. 
In assigning microphonemes the algorithm 
uses some of the methods and remarks i n 
cluded in Reddy* s algorithm : Pitch Period 
Determination (10) • It also completes 
Reddy's algorithm with the elements con
nected with the acceptance of the micro
phonemes as a primary segment and with 
other parameters appropriate for Polish 
speech as well as the accepted method of 
their representation (1 ) • The algorithm 
PPD was used as an element to indicate the 
location neighbourhood of the expected 
end of a given microphoneme. The algorithm 
extracts microphonemes and indicates the 
places of expected microphoneme ends of 
the analysed speech wave and also gives a 
proportional indication of the voiced s ig
nal content in the analysed speech wave* 

As we have already assumed, we shall be 
searching for the microphonemes only in 
that part of the speech wave which is vo i 
ced according to condition No 3» Therefore 
the f i r s t step of the present segmentation 
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is to f i n d and ind icate voiced segments of 
the analysed speech wave. Because the whole 
procedure of primary segmentation operates 
on the time s ignal of the speech wave, the 
f i r s t step makes use of amplitude and f r e 
quency c r i t e r i a • At t h i s stage these c r i 
t e r i a make i t poss ib le , as we l l as in the 
PPD a lgor i thm, to d i s t i ngu i sh three funda
mental kinds of s ignals : s i lence, noise 
and a quasi -per iod ic s i g n a l . The algor i thm 
has been adapted to the processing of the 
input s igna l which i s f i r s t quantized. I t 
assumes the frequency of sampling : -fp =12 
kHz, which makes it possible to represent 
the primary speech wave qu i te w e l l . The 
ana log -d ig i t a l converter working in the 
AKORD system performs s ignal quant izat ion 
on 256 l e v e l s , enabl ing the notat ion in the 
form of numerical data ranging from £-128, 
+127] . This fac t has i t s r e f l e c t i o n in the 
values of coe f f i c i en t s i nd i ca t i ng the amp
l i t u d e thresholds. I n i t i a l l y the fo l l ow ing 
assumptions have been acceoted as in Reddv 
pro : 

quency noise segments, .faereas the seg
ments fo r which the number of zero-cros
sings exceeds C 1,2kHz ) and t h e i r 
maximum amplitude is max are 
accepted as "cond i t iona l no ise " . 
"Condit ional noise" may be accepted as a 
voiced segment or as high frequency no ise. 
I f there is a group of "cond i t iona l noise" 
segments in the close neighbourhood of the 
segment accepted as high frequency no ise, 
the whole group is accepted as high f r e 
quency no ise. Otherwise the "cond i t iona l 
noise" segments are considered and i n c l u 
ded among the class of voiced segments. 
If we denote the segment S» accepted as s i 
lence - O, voiced segment - 1, " c o n d i t i o 
nal noise" - 2, and high frequency noise 
- 3, the s igna l represented by the f o l l o 
wing sequence of the appropr i te classes of 

During the next stage of the a lgor i thm we 
make use of the resu l t s of the previous 
stage. Only those segments which have been 
accepted as voiced are exposed to proces
s i ng . I t i s necessary to search f o r inde
xes t f o r which the momentary values cor
respond w i th the s i g n i f i c a n t amplitude of 
a given microphonemes. As we l l as PR) a l 
gorithm the fo l l ow ing terms are introduced 
- l o c a l maximum and l o c a l minimum, absolute 
maximum, s i g n i f i c a n t maximum and minimum 
and also s i g n i f i c a n t extreme. Some m o d i f i 
cat ions concerning the semantic content of 
the above terms have been introduced and 
also the a lgor i thm of t h e i r i n d i c a t i o n has 
changed. 
If we denote the vector represent ing the 

V/e sha l l denote them max tx, min tx respe
c t i ve l y * On the basis of l o c a l maxima the 
absolute maximum, the s i g n i f i c a n t maxima 
and s i g n i f i c a n t minima are i nd i ca ted , v/e 
denote them max^x, m i n ^ x , A. The absolute 
maximum A is ca lcu lated f o r the succeeding 
segments of the length D1 = 8D C it makes 
about 170.6 ms ). Here, i t is necessary to 
po in t out tha t a d i v i s i o n of a s ignal i n t o 
segments of the length Dt as d ic ta ted by 
the l i m i t a t i o n s posed by the ZAH-41 is 
d i f f e r e n t from the p r i n c i p l e s given in the 
algor i thm PPD and aims at using as few me
mory c e l l s as possible and achieving com
p a t i b i l i t y w i th the system AKORD (1 ,3 ) . 
Accepting the segments of the length D>i 
g reat ly in f f luences the process of dynamic 
analysis of the microphoneme per iods. I t 
is also extremely s i g n i f i c a n t in the pro
cess of co r rec t i on , dur ing the f i n a l stage 
of a lgor i thm. The i nd i ca t i on of the per iod 
of the la rynx tone f o r such segments a l 
lows independence from f a i r l y essent ia l 
changes of the length of the larynx tone 
owing to some changes in a r t i c u l a t i o n , 
contrary to the i nd i ca t i on of the expected 
per iod of the larynx tone estimated c o n t i 
nua l ly through the whole s igna l X. 
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presented by Roddy, and thus the s i g n i f i 
cant extremes w i l l have d i f f e r e n t meanings 
than in the a lgo r i t hm PPD. Yet owing to 
t h i s d i f f e r e n c e , i t i s poss ib le t o e l i m i n a 
te e r r o r s o f the type o f ampl i tude f l u c t u 
a t i o n caused by low f requency 
The a l g o r i t h m of search ing f o r the s i g n i 
f i c a n t minimum is analogous to the search 
f o r the s i g n i f i c a n t maximum, Speech wave 
ana lys i s has shown t h a t because the enve
lope of the l a rynx tone is of a r a t h e r 
d i f f e r e n t i a t e d cha rac te r , not a l l s i g n i f i 
cant maxima u n i v o c a l l y ass ign the p laces 
of extremes of the microphoneraic envelope. 
I t can be observed t h a t whenever there 
e x i s t s a s i g n i f i c a n t maximum tha t we ac
cept as the extreme of the microphoneme 
envelope, there a lso e x i s t s a cor respond
ing s i g n i f i c a n t minimum w i t h i n a smal l 
neighbourhood. This can be exp la ined by 
the occurence of the g rea tes t tu rbu lence 
in the speech wave at the moment when the 
voca l t r a c t i s exc i t ed by the re lease o f 
the pressure r e s u l t i n g from the v i b r a t i o n 
of the voca l cords, the moment in t ime 
when the microphoneme begins • The re fo re , 
as the " s i g n i f i c a n t extremes" only those 

The process descr ibed above concern ing 
the l o g i c a l process ing i s i t e r a t e d f o r the 
same segments accord ing to need. The r e 
t r i e v e d markers i n d i c a t e the s i g n i f i c a n t 
p laces w i t h i n the microphoneme and those 
reg ions make a bas is f o r f i n d i n g the ends 
of microphonemes. The author w i l l cons ider 
the z e r o - c r o s s i n g p o i n t or the p o i n t where 
the s i g n a l assumes a va lue which is the 
c l oses t to zero , the end or beg in ing of 
the microphoneme. The end or beg in ing of 
microphoneme is i n d i c a t e d in the reg ion 
where the envelope of the s i g n a l assumes a 
minimum. Such a choice f o r the p lace of the 
microphoneme end r e f l e c t s the p h y s i c a l 
aspect connected w i t h the exc i tement o f the 
voca l cords and a lso i t corresponds w i t h 
the r e s u l t s o f the s p e c t r a l a n a l y s i s . The 
s p e c t r a l a n a l y s i s concerning microphonemes 
showed g rea t parameter s t a b i l i t y . 
The agreement of phase as w e l l as the g r e a t 
re levance of microphoneme and phoneme cha
r a c t e r i s t i c s , be long ing to the same speaker 
and to the same c lass of speech sounds, 
proves the c o r r e c t segmentat ion. In acco r 
dance w i t h the phenomenon of voca l cords 
v i b r a t i o n we s h a l l search f o r the place o f 
the microphoneme end (or the beg in i ng ) 
before the maximum of tu rbu lence assigned 
by the s i g n i f i c a n t extremes, /e .search f o r 
the ends of the microphoneme before the 
s i g n i f i c a n t extremes o r be fo re the p r o 
ceeding l o c a l maxima. We accept a p r i n c i 
p le t h a t the end of the microphoneme is 
c a l c u l a t e d d i r e c t l y be fo re the l o c a l ma
ximum which is the f u r t h e s t on the l e f t 
and i t s va lue i s no t l e s s than 1/2 o f t he 

480 



i n t h e o t h e r c a s e s , a p r o c e s s o x c o r 
r e c t i o n i s u n d e r t a k e n w h i c h may l e a d t o 
i n d i c a t i n g a new and b e t t e r end o f t h e m i 
c r o p h o n e m e . The a l g o r i t h m o f c o r r e c t i o n 
a ims a t f i n d i n g a new end o f t h e m i c r o p h o 
neme, s a t i s f y i n g c o n d i t i o n W 3 . T h i s p h a 
s e ends t h e s t a g e o f c o r r e c t i o n f o r a g i 
v e n m i c r o p h o n e m e o r t h e s t a g e o f i n d i c a 
t i o n o f t h e m i c r o p h o n e m e e n d , w h i c h i s t h e 
l e a s t d i s t a n t f r o m t h e e x p e c t e d end , m a r 
ked by E S R . The ends o f m i c rophonemes a r e 
c a l c u l a t e d d u r i n g t h e s t a g e o f c o r r e c t i o n 
a c c o r d i n g t o t h e a n a l o g o u s p r i n c i p l e a s 
b e f o r e b u t t h e v a l u e s o f s u c c e e d i n g l o c a l 
maxima need n o t e x c e e d h a l f o f t h e v a l u e 
o f t h e r e s p e c t i v e e x t r e m e . Because t h e 
p r o c e s s o f c o r r e c t i o n may b e r e p e a t e d , 
t h e r e i s a c o n d i t i o n i n d i c a t e d , c o n c e r n i n g 
t h e c h a r a c t e r o f t h i s p r o c e s s . The p r o c e s s 
o r c o r r e c t i o n s h o u l d b e " u n i l a t e r a l l y 
c o n v e r g e n t " , by w h i c h we mean t h a t a new 
end o f t h e m i c rophoneme w i l l b e c o n s i d e r e d 
c o r r e c t , and t h e s t a g e o f c o r r e c t i o n i n 
w h i c h i t was c a l c u l a t e d w i l l b e c o n s i d e r e d 
e s s e n t i a l , i f i t i s p l a c e d c l o s e r t o t h e 
e x p e c t e d end t h a n t h e p r e v i o u s i n c o r r e c t 
one and a l s o , i f i t i s o n t h e same s i d e , 
i n r e l a t i o n t o t h e e x p e c t e d e n d , a s t h e 
end c o n s i d e r e d i n c o r r e c t . I n t h e case o f 
" o s c i l l a t i o n " o f t h e c o r r e c t i o n p r o c c e s s 
t o w a r d s t h e e x p e c t e d e n d , w e a c c e p t t h e 
end o f t h e microphoneme i n d i c a t e d d u r i n g 
t h e p r e v i o u s s t a g e o f c o r r e c t i o n a s c o r 
r e c t . A s a c o n s e q u e n c e o f a p o s s i b l e c o r 
r e c t i o n w e o b t a i n t h e m a r k e r s o f m i c r o p h o -
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