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ABSTRACT

The purpose of the paper is a presenta—
tion of @a new objective measure for
estimation of speech transmission quality
and to perform a preliminary evaluation of
conformity between the results obtained by
means of the proposed method and
subjectively measured speech intelligibi-
1ity. The new method uses likeness fun-—
ctions of the acoustic patterns as an
index for the evaluation of speech

transmission quality. Eight likgngss
functions as distance or proglmlty
. *méanures, i.e. Hamming, Euclidean,

Mrinkowski, Chebyshev, Camber, Chi-square,
Tanimoto and derectional. coss; T .Were,
investigated. As the test signal  three
key phrases of natural speech were used.
The preliminary results indicate the
possibility of good estimation of speech
transmission quality by measuring and
counting the 1likeness functions, espe-—
cially by means of Hamming, Euclidean,
Minkovski and Chebyshev distance measures.

INTRODUCTION

Speech intelligibility as a measure of
speech transmission quality may be
classified as either subjective or
objective. The subjective measurement is a
procedure for determining the communica-—
tion channels intelligibility using a
predetermined vocabulary and selected
speakers and listeners panel.
Subjective measurement techniques gene-—
raly attempt to determine intelligibi-~
lity for an information presented in
one of the following three forms:

a) nonsense syllables (logatoms) 1list

b) limited list of words,

c) list of sentences.

In subjective measurement methods the
inteligibility is determined by the
ability of the listeners to identify
spoken (or recorded) syllables, logatoms,

words or sentences. A number of
subjective methods have been devised with
the desirable results. However, the
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reguirements for listeners panels greatly

restricts the utility of = these methods,

and a Jlong-sought goal is to replace the
subjective scoring with objective measu-
rements. An objective measure for the
fidelity of a speech communication system
is a measure that is computed from data
which contain no human subjective respo-
nse. .

There is a hypothesis that it is possible
to design a relatively compact objective
measures which are in a good correlation
with subjective results over a subgset of
distortions and disturbances introduced by
speech transmission channels { 1,2,5,6 1.
Ovgr the vyears some number of papers
contained informations about evaluation
of speech transmission systems by
objective measures [ 1,2,7,8 ).

These measures include signal to noise
ratios, arithmetic and geometric spec—
tral distance measures (Viswanathan et al.
{71, cepstral distance measures (Bar-
nwell et al. [1,2 1 ), various parametric
distance measures such as pseudo—area fun-
ctions and log are a fuctions from LPC
analysis (Gray and Markel (5}), MIF
( Steeneken and Houtgast {61 ), and many
more [7,8].

The task of comparing and contrasting the
validity of such measures is immense. To
check the wvalidity of a particular
opjective measure over a given class of
distortions and disturbances, a researcher
must create a data base of distorted
speech and corresponding data base of
subjective results.

The essential features of computation of 8
relgtlonship between subjective and obje-
~ctive measures are illustrated in Fig.

METHOD

In 'fgrpher analysis a following pasic
definitions and presumptions were mode:
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Fig.1 The computation of a relationship

between objectiv ]
e and e iv i
) subjective quality

a) The typical telephone
channels, re -
:gnted by an adjustable model of piﬁe
e te}ephone channel as an investiga-
ted object, are used.

b) EZe critgrion _reference for objective
t asure is supJectively measured loga-
oms speech intelligibility.

c
) :Egjegggsuremenf conditions for both
e a . .
the coniV nd objective procedures are
d) As a

test signal for objective measu-

rements three fol i i
Phrases were used: towing PPIISh key

1. ALO ( part of word "Hello" ),

2. JUTRO BEDZ1
- E LADNY "
will pe DZlE o) DZIEN ("Tomorrow
3.
ggg?gggENIE PRZYDATNOSCI FUNKCJI PO-
S TWA DO OCENY JAKOSCI TRANSMI-
(“JI sYQNALU MOWY.
Verification of the likeness functio-

ns usefulness t i
3 o evaluation of s
81gnal transmission quality".) peech

e . .
) As an objective measure,

and proximi
ity measures
functions: ’

4.e. distance
eight likeness

e . s

Hamming, Egclidean, Minkovski, Chebyshev,
Camber, Chi-square, Tanimoto and dire-
ctional cos were examined.

The likeness function have a form :

T e T P i
S MING Y VN o K g .. .
AR P A VRS
P=4
were: p=1,2,.. P p — dimensionality of

vector parameters from. speech signal.

Xp~ p- th e}ement of reference vector
(from the undistorted speech signal)

Yp- p- th element of vector (from a

distorded speech signal)’

P L MIN :
or r= - Hamming distance
"r=2 d"'"— Euclidean distance.

- <,,;¢hehyshev distance:
CZE - . - . i . - ’
a7 xy) = mox (Xp=Ye)

Camber distance:

P,
Ay = 5 ez Tel
p;'xP‘+YP,

Chi-square distance:

P

Cil

d xy)=) S [Xe_Ye |,
/;XP+Y"’ ;Xp >Ye ’

Directional cos proximityzp

Cos XYW
XY = ——
b™ (aY) X1yl 5/

Tanimoto proximity:

- Ty
b‘nw(x,Y )= xXY"”
XXy YToxy™

6/

EXPERIMENT AND RESULTS

First step in the experiment is a choise
of an adequate test signals. Second
blem relies on finding an effective set
of parameters representing the test sig-

nal and presence of distortions and dis~
turbances in these signals.
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An especial computer program counted
likeness functions ( as objective measu-
res) and made statistical correlat}on
analysis of figure of merit LI=function
of (LF).

Some of the results are shown in Fig. 3.

c) Chebyshev distance’ giveg a good corre-
lation (especjally for third lgey Phrasg
and for higer degree of polynomial regre
ssion) .

d) Camber distance and animoto z_md di:
rectional cos proximity did not give 83
tisfactory results.
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