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ABSTRACT

In order to find the relations between
the physical and perceptual, analysis of
fundamental frequency, a number of listen —
ing tests were performed and evaluated by
peane of Multidimensional Scaling. The
experimental materials consisted of
itterances with eight different intonation
patterns. On the basis of results obtained
from automatic pitch pattern recognition,
such cases were selected as would represent
(1) a 100% recognition (2) fair recognition
(about 50% correct) (3) poor recognition
(about 20% correct). The listening panel
Judged the proximity between the elements
In each case including two replications of
tach of two patterns. The purpose of
the experiment was (a) to establish the
perceptual dissimilarities Dbetween the
%&em@ (b) to create a basis for the
tiassification and (c) to compare the

Tsults of an objective and a subjective
talysig,

L. INTRODUCTION

aé?i??“lysis of prosodic features takes
8 erlcant position in an acoustical and
ﬁMQfeptual description of the speech
requen The FO parameter (the fundamental
ca MEY) is the subject of much theoreti-
invest { experimental work. Experimental
Mr%ptgatlons may be performed at the
ion ual or the physical level. A selec-

of just one of them does not . ensure
“mrmmn:ndlysis procedures. Perceptual
oundg ap- o N3Y De objected to on the
Mrely of subjectivity. On the other hand,
Charreins?rumental analysis may lack a
It ig gen°t1°“ to linguistic entities. As
fndenterally accepted that variations of
Pereepty ?1 frequency produce, at the
teight 3l level the sensation of tone
p“““éera Psychoacoustic analysis of this
Point appears to be very much to the
frequeng emporal variations of fundamental
that vay are due td a number of effects
It isery th?mselves during an utterance.
"rmmteisent1°1- for the analysis of this
Pssible to define which of the many
Hfoctjo,  SOUrCes  of  variability are
Ve in a given case.

In [3], the various sources of variability
of FO were briefly discussed. If it is
desired that most of the manifold variabi-
ty sources be kept out, the experimental
material should include only simple utte-
rances. An analysis of more complex melodic
structures requires a prior discrimination
of the functional units of intonation.
The present work attemps to find possibili-

ties of evaluating the physical and the
perceptual similarities Dbetween various
simple pitch curves and to classify the

curves on the basis of a limited set of
prototypical natural Polish utterances.

2.PREPARATION OF THE EXPERIMENTAL MATERIAL.
The Polish phrase "Dobrze" = approx."all

right" was uttered by a phonetician with 8
different intonation patterns.The utteranc-—

es were recorded at intervals of approx.
5 5. The patterns (treated as prototypes)
were reproduced over loudspeakers to Dbe

immediately and without reflection imitated
by the test person who was always asked
just to repeat what he or she had heard, as
naturally as possible, with their own
natural voice, without any attempt to
mimick. 15 native speakers of Polish (10
males and 5 females) were used as test
subjects. Three of them had previously been
exposed to professional phonetic training.
The reproduction of each of the 8 Proto-
types: (1) Low Rise, (2) Full Rise, (3)
High Rise, (4) Low Fall, (5) Full Fall, (6)
Level. (7) Low Rise Fall, (8) Full Rise
Fall was performed in several sessions,
altogether 10 times by each subject.

3. A MULTIDIMENSIONAL STATISTICAL ANALYSIS.

A fundamental problem in any recognition
procedure is the selection of characteris-
tic features.A method which is optimal_with
respect to data description uses eigen-
vectors of the covariance matrices (the
Karhunen - Loeve method) . It was wused for
data reduction in FO curves..e:g.,.by ATAL
({11) . But the aim of recognition is a q;§—
crimination of clasges, so better possibi-
lities are of fered by subspaces constructed
on the basis of discriminant vectors.
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The problems of discriminant analysis are
presented in a number of publications, e.g.
[51. The aim of a discriminant analysis is
to find a subspace in which the total dis-—
persion of the data <collection will be
maximum relative to the within-class dis-
persions.

It was assumed that using the discrimi-
nant analysis it would be possible to exam-
ine differences between FO curves, to
define the features necessary for their
correct discrimination and to establish the
possibility of their classification.

In order to eliminate differences caused
by varying pitches of the individual
voices, frequency normalization was
performed. The logarithm of the lowest
value was substracted from the logarithm of
successive frequency values within a curve.
Then, the difference between the means for
the frequency variation ranges of the given
voice producing the prototypes was added
or subtracted 1leading to the desired
relation among the reproductions as well as
between these and the Prototypes.

In order to normalize for time, as well
as reducing data, each utterance was divid—
ed into 8 parts within which average fre-
quency was calculated as the reciprocal of
mean period length. It was accepted that
the Prototype utterances and their 10
replications by each of 3 of the imitators
{the phoneticians) will form the classes to
be examined. The pitches of these voices
differed: the lowest frequency for the two
male voices was 65 Hz and that for the fe-~
male voice, 160 Hz. Each of the individual
classes was thus represented by 30 rep-
lications. Fig.1 depicts a classification
tree over the mean vectors of the classes
under examination. The values of the
Hotelling T® statistic are placed over each
of the connecting lines. By comparing these
with the critical wvalue at the 5 percent
significance level, (which was 88.35) it
was found that all distances between the
classes are statistically significant. The
performed analysis 1leads to the following
conclusions:

(1) the classes under examination may be
defined in a 2-D space with 90 percent
correct distances between them or in a 3-D
space with 99 percent accurancy in the dis-
tances

(2) the differences between the individual
classes are all statistically significant.

3. CLASSIFICATION,

As the features corresponding to the
discriminant variables represent an optimal
set with respect to recognition, a descrip-
tion of the FO curves in terms of these
features appears desirable.

The first discriminant variable is
interpretable as the slope of a straight
line passing through the initial and the
terminal point of the time and frequency
normalized FO curve.

- The second characteristic of the set under
examination was defined as the initial fre-
quency value of the curve. Although a
satisfactory description of the curves was
obtained with only two variables, a third
variable (see above) will slightly improve
the classification. It is related to the
degree of convexity or concavity of the
curve. A still more precise description may
be obtained when a fourth feature is intro-
duced, viz. the location of the extremum,

One of the basic methods used in
deterministic classification is referred to,
in recognition literature, as the "percep-
tron algorithm", with the decision func-
tions® generated from patterns provided for
the computer by an iterative learning
algorithm. The coefficients of the decision
function have here been defined as follows:

It was assumed that there exist M
decision functions having the property that
if x€W, , then di6) > djlw for all j #i,

x being the vector to be recognized and W,
being the class()i. Let us consider M
classes Wq.... Wy and assume that in the
kth iterative step during the learning
Stage the pattern x belonging to class ()

is presented to the computer The decision
functions

U
dilxtd = wilQ X
afld if
dilxd > [x0) for j = 1,2,..M and j # i,
hen the‘ weighting vector { remains
unat}ifeg in the next iterative s%ep:
) = Wi (
chefblse, tﬁngeighting vector is altered
1n accordance with the relation

sew-,,(um) * Wilk) +Cx(w

Wilked) » W, (W) ~ Cx(k)
where ¢ is a constant. If the classes are
linearly disjoint, then the algorithm is
convergent in a finite number of iterations
for an arbitrary initial weighting vector.
-Our_ learning set included all the re-
plications Produced as imitations of the
Pro@otypes by the three phoneticallY
trained subjects. For each speaker,3 repli-
gatlons of each of the eight classes were
selectgd at random ang subjected to the
recognition procedure. Fig. 2 presents the
results which were in agreement with the
assumed classes 80 percent of the time.
This susgests that the algorithm should b
modified by using a greater number of fea~
tures. As the classes turned out not to be
in fact linearly disjoint, an alternative
type of decision functions may be prefer -
able.A.F}g.Z also shows the results of
recognition of the entire collection of

1200 curves using a diff viz.
quadratic statistical grent method,

tions. The method and t

are calculated,

el

at this Congress)
at 8 features were

it is noteworth that
though the deterministijc algorithm §1e1ded

distinctly poorer results, both methods
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for J = 1,2M

j i identical
vided the test subjects }nﬁo i
axzegroups of very good imitators (LR,
JI, WJ, WI) good ones (AM, HK, KK, BS, MC)
nd bad ones (TK. RC, MK, CW, BI, PD).

4. PERCEPTUAL ANALYSIS.

advances in methods of computation
amﬂiptimization of the recent 15-20 years
permitted the development of a method of
evaluating the results of pergeptual exper—
iments known Aas Muldidimens1opa1 Sgallng
(4]. Its aim is to find a configuration of
n elements such that the distance; be;wegn
them should correspond to subjective dissi-
mlarities between observed objects. A mon-
otonic relation Dbetween the distances and
the dissimilarities is required. The
concept of stress is introduced tq reflect
the measure of non-monotonicity, i.e., of
the error in the approximation to the
experimental data. Except for degenerated
systems, the stress is minimum for the
optimum configuration. The quality_of the
configuration is 9generally described as
very good if the stress is 5 percent or
less, good if between 5 and 10 percent §nd
acceptable up to 20 percent. An egtens:ve
study of the psychological process involved
in the perception of tone in speecb was
freesented by Gandour [2) On the basis of
results obtained in Multidimensional Sca-
ling, the author accepted two features as
being characteristic: the mean fregquency
ind the direction of pitch movement. He
tonfirms the stability of these features
id concludes that other dimensions are
difficult to interpret. )

The purpose of the listening experiment
to be reported here was to seek the answer
to the following questions: (1) Are
Some of the different intonations perceptu—
illy similar? (2) Do the listeners consis-
tently use the similarity measures ? (3)
Is there a systematic relation between per-
teptual  gimilarity and some physical
features of the pitch curves? )

By reference to the results of automatic
récognition of the intonations (the deter-—
binistic model), listening tests were pre-
Pared which consisted of the utterances of

Me very good imitator (WJ), one good
Mitator (MC) and one bad imitator (TK, see
Bove) . A panel of 20 listeners (all uni-

Jersity students) judged the similarities
between pairsngf)siimﬁli. 2 replications
re randomly selected for each Of the
fe¢ voices and each of the 8 intonation
Patterng producing for each voice a
©llection of 136 stimulus pairs. The
istenerg judged the similarity betweeﬂ the
"mbers of each pair on a scale of "0" to

4".with an increase of the rating reflect—
"9 the measure of similarity. 28 pairs of
Stimul were administred in one sesslon.
ﬁ? Deasure of similarity between a?y t;g
m?mul was defined as the sum ©O

Ings  obtained from all listeners.

sults of the test are presepted_ln
g?;.3fewith the second selected repllgatlon
indicated by a prime. In a 2-D space 1t.can
be seen that for voice WJ the rep11c§t10ns
form distinct clusters, thatl for voice MC
the utterances 2, 2, 3, and 3_form a single
cluster whilst the other replications group
together, and that for FK there arge f1v§
clusters: (1) 2, 2, 3, 3. (2) 4, 4. 7, 7,
(3) 8, 8. 5, 5, (4 1, 1, (5) 6, 6. In
order to show how these perceptual rgsults
are related to the physical properties of
the stimuli Fig. 4 a presents the 10 rep—
lications of patterns 2 and 3 as Qrodgced
by MC whilst Fig.4 b shows the replications
of patterns No. 4, 5., 7 and 8 as produced
by voice TK. It is clear from Fig. 4 thgt
the intonations that are gonfused in
perception are also indistinguishable as FO
curves. The two perceptual dimensions
obtained in the present study may be
described as relating to the_ stegpness of
the curve (the first dimension, i.e. the
strongest distinctive feature} and.to @he
terminal pitch (the second dimension, 1.e€.
the weaker distinctive feature).

CONCLUSIONS

i tual

1. Both the automatlc‘ §nd _percep

analysis permitted a classification ¢of the
tterns. )

FOZ?aThe set wunder examination can be de-
scribed using a few features. The first two
are statistically and perceptually most

i ificant. o ]
51gn1 A final automatic c1a351f1cat10n of
the‘ intonation curves requires more

1 nt methods. ]

Stzlnggerceptual classification would be
impfoved by considering differences between
individual listeners (INDSCAL) .
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Fige1s Mean vectors of the 8 classes in a

coordinate system of discriminant variables,
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Fig.3. Results of Multidimensional -Scaling
(a) voice WI
(b) voice MC
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(c) voice TK
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Fig.2, Error scores for F_ contours (&) in
the deterministic algoritBm (blank areas)
and (b) using quadratic discriminant
functions (shaded areas).

Fig.4s Replications of patterns
(a) "2%  w3n yoice MC
(b) “4n, wyn: nsnngn, yoice TK
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