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ABSTRACT

The absolute semitone scale is a scale
combining the properties of both physical
and perceptual units. It is derived from a ‘
modified Fletcher's formula,

P (at) = 12 log2 F0 (Hz),

to relate fundamental frequency to its
correlate perceptual units of pitch viz.,
semitones above 1 Hz (1 Hz a 0 st . The
absolute pitch units are much more conve-
nient than Hz for the presentation, com-
parison (i.e., calculation of relative
pitch differences) and other processing of
raw data obtained in instrumental prosodic
research.

In prosodic research the presentation of
fundamental frequency in cycles per second
is admissible only as far as raw measure-
ment data are concerned. Any further ma-
nipulation and discussion or interpreta-
tion of the data should be carried out in
units of perception. Even the graphs of F
movement applying the linear frequenc
scale are perCeptually misleading: they
give a wrong idea of an extensive pitch
movement which is never perceived by lis-
teners as such. The logarithmic scale is a
solution for graphs, although not very
convenient for plotting unless one has
special charts where every cps (Hz) can be
plotted accurately.
The comparison and statistical processing
of raw data in Hz in terms of perception
leads to distortions even in case of one
speaker, let alone speakers with differ-
ent F ranges. The perceptually relevant
compagison of two tones can be carried out
by calculating their ratio, which further
may be converted into semitones. Thus,
given two measured frequencies, 150 Hz and
100 Hz, it is useless to state, in a dis-
cussion of their perception, that their
difference is 50 Hz: the perception of the
50 Hz difference here is quite unlike the
perception of a 50 Hz difference, say, be-
tween 250 Hz and 200 Hz. Instead, one can
state that the r a t i o of the first
pair of frequencies is 3:2 whereas that of
the second pair is 5:4. For an untrained
imagination, however, it is still clearer
to state that the (musical) i n t e r -

.the data should be converted.

v a 1 between the first two frequencies
is 7 semitones, or a fifth, and that be-
tween the other two frequencies is 4 semi-
tones, or a third.
But calculating avera e F values in Hz
is of very doubtffiI v5§ue,°as is .drawing
conclusions from differences between such
values or such averages. To say that one
F contour individually or on an average
differs from another by a 10 Hz difference
between their peaks is quite meaningless.

As long as we believe that the perception
of the fundamental frequency of speech is
logarithmic in the same way as it is for
pure tones, the only possibility to pro-
oess F0 data mathematically is in linear
units on the logarithmic scale to which

The basic
unit of pitch is the octave. The conveni-
ent unit for the analysis of fundamental
pitch is the semitone. Proceeding from
FLETCHER (1929) who introduced a scale of
octaves and centioctaves above 1 kHz for
the whole of the audible pitch range, it
is possible to modify Fletcher's formula
for calculating the pitch of the voice
fundamental in a b s 0.1 u t e s e m i-
t o n e s a b o v e 1 Hz :

P (st) = 12 log2 FS-THh z cps).

According to this formula,
1 Hz a 0 st, 2 Hz a 12 st, 4 Hz = 24 St,
64 Hz = 72 st, 512 Hz = 108 at (Fig. 1).
That is, instead of operating with figures
in the F range of (roughly) 64..512 Hz,
we can oBerate in the pitch range of 72.-
..108 st. The figures of the latter scale
are suited for any kind of mathematical
processing' without notably violating the
perceptual reality. Considering these two
pairs of numerical data (depicted, in
Fig. 2), we can easily find the average
pitch of the latter pair to be 90 st; the
difference (interval) between the lower
pitch and the average as well as between
the higher pitch and the average is 18 at
(1.5 octaves). The result is perceptually
informative, unlike the average of the two
former figures, 288 Hz, where the lower
interval would be about 26 st as again-=1t
10 st of the upper interval.
Data in.Hz can easily be converted into
absolute semitones by means of a table
where every Hz is given its correlate
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Fig. 1. (Left.) Linear frequency scale in
Hertz (left) and the correlate pitch val-
ues in semitones (right).

Flg- 2. (Right.) Linear pitch scale in at
{left) and the correlate frequency values
In HZ (right). Plotting of two fundament—
fl frequencies, F = 64 Hz and F = 512
iz, on the linear pitch scale afid the
Corr“Blate logarithmic fre uency scale.

is the mean frequency, q? is the mean
pitCh 0f the two signals.

value in st with the accuracy of .1 at
(higher precision is unnecessary in pho-
netics). This table is printed on the 4th
page of the present paper. In computer-
assisted F extraction the conversion can
be done automatically, applying the above
formula. For a programming language ap-
plying natural logarithms (such as BASIC
used for computing the given conversion
table) the formula will be

It would be highly advisable0 to present
even raw data in these absolute perceptu-
al units. The investigator himself could
immediately estimate the perceivable dif-
ferences between the measured parameters
of pitch and carry out all kinds of math-
ematical operations with the data without
the ad hoc calculation of ratios or
finding of logarithms. Intervals could be
calculated by simple subtraction. Pitch
contours and other graphs can easily be
drawn on ordinary square paper.
The reader, too, could at once see what
the measured pitches, intervals and
ranges mean in terms of perception. Also,
a reader of publications applying the
absolute semitone scale could easily com-
pare the data of different authors with-
out the need to convert the Hz into ra-
tios and then back into the traditional
but unnecessary Hz if he wants to publish
his results of comparison. One could com-
bine and process the results and initial
data for further generalizations, compute
’averages of pitch contours of different
authors (including one's own), etc.
For example, the paper of LIN et al.
(1984) includes two tables representing
the average pitch in 2- and 3-syllab1e
tone groups of Chinese. Pitch is ex-
pressed in Hz. Let us consider a line of
their Table 1 - tone 4 + tone 3:

1st syll. 2nd syll.
male speaker 196-110 104-82-114
female speaker 242-152 143-82-156
The figures are given as averages. Al-
though it iswrong in phonetics to average
hertzes (what can be averaged is their
logarithms), let us regard these figures
as representing single speech acts.All we
can see is that both speakers pronounce
the first syllable with falling pitch and
the second with a fall-rise which is
steeper for the female speaker. Now let
us convert the hertzes into semitones:

1st syll. 2nd syll.
male speaker 91.4-81.4 80.4-76.3-82.0
female speaker 95.0-87.0 85.9-76.3-87.4
Here the extent of pitch movement is at
once obvious: the male speaker appears to
make a 10—st fall in the 1st syllable
against the female speaker's 8 at; the 2nd
syllable starts 1 st below the end of the
1st; the subsequent falls in the 2nd syl-
lable are 4 st and nearly 10 st, respect-
ively, and the final rises about 6 and
11 st, respectively. Further comparison
with the other tone groups in the table
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may show to what extent
are relevant.
Another aspect. In order to average the

two pitch contours of the above tone
group, with their parameters expressed in
Hz, we would have to draw both of them on
logarithmic paper and calculate the aver-
age contour geometrically (Fig. 3% Yet it
is much simpler to average the parameters
expressed in st arithmetically,
(m+f)/2 93.2‘8452 8302-7653-8407,

and draw the resulting contour of the
same shape on square paper.

these findings
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Fig. 3. Plotting and averaging of two
contours of a Chinese tone rou
logarithmic frequency scaleg p
semitone scale.

male speaker
female speaker
the average contour

on the
and absolute
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When synthetic speech is used in prosodic
research, it is expedient, with a view to
their subsequent mathematical/statistical
analySis, to make up the tonal contours
for the synthetic stimuli in absolute
pitch units, varying the pitch of certain
contour pOints by steps of m st instead
of n Hz. It will considerably facilitate
for instance, correlation analysis be:
tween the‘input pitch data and the lis-
teners' responses when the former are
expressed in semitones on the absolute
linear pitch scale; and it is equally
easy to interpret the results of such
analysis.

The absolute semitone scale was first in-
troduced in Tallinn in 1972 (VENDE 1972)
and has since been successfully applied
here (e.g., PIIR 1985).
The other existing pitch scales, such as
the.mel scale or the Bark scale, are ef-
ficient for plotting psychoacoustic data
for frequencies above 500 Hz, i.e. for
spectrum analysis, but apparently not
sensitive enough and too clumsy to handb
(otherWise wh should prosodists have
avaided them?¥ in the rangeof fundamental
frequency. It remains to hope that the
absolute semitone scale, which is likaflse
both physical and perceptual, will gradu-
iiéyhgiigktthggugh th: hitherto dominat—

a on
in prosodic research. ake root and spread
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96.1
96.2
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97.9
97.9

98.8

98.8
98.1

98.2
98.2

98.3

98.3

98.4

98.5

98.5
98.6

98.6
98.7

98.7
98.
98.9
98.9

99.8

99.8

386
387
388
389
318
311
312

313
314
315
316
317

318

319
328
321
322
323
324
325
326

327
328

329
338

331
332

333
334
335
336

337
338

339
348
341
342
343
344
345
346
347

348
349
358

351
352
353
354
355
356

357
358
359
368

361
362
363
364
365
366

367
368

369
378

371
372
373
374

99.1
99.1
99.2
99.3
99.3
99.4
99.4

99.5
99.5
99.6
99.6
99.7

99.8

99.8
99.9
99.9

188.8
188.8
188.1

188.1
188.2

188.2
188.3

188.3
188.4

188.4
188.5

188.6
188.6

188.7
188.7

188.8

188.8

188.9
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157.9
155.5
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