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Prosodic/suprasegmental features

• In traditional phonetics Lehiste 1970:
- F0 ~ pitch
- Intensity ~ loudness
- Duration ~ length

• However, all of these ‘features’ can play a role in segmental 
contrasts…



F0 tracking

• Successive periodic cycles in waveforms of voiced speech tend to look 
like each other
• To measure F0 in a periodic signal:

- Notice the repeating pattern of similar-looking waveform chunks
- Measure duration of each repetition

• F0 = 1 / period i.e. if period = 10 ms, then F0 = 100 Hz



Automatic pitch tracking
• Autocorrelation is the most widely used method:

• Take a window in a signal, make a copy of it, and 
shift it forward, and see how well it matches the 
original window

• When the copy fits the original well enough, 
autocorrelation lag: one pitch cycle.

• It’s important to tell the computer what range of 
pitch values we expect (based on speaker’s sex, 
age, etc.), so that it does not make mistakes such 
as pitch halving or doubling
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Figure 3.11 Successive pitch periods in voiced speech correlated with each other. The top panel
shows 50 milliseconds of the Cherokee vowel [5]. The middle panel shows the result when
we plot the original waveform and a misaligned copy. The bottom panel shows the result when we
plot the original waveform with a copy that is offset from the original by exactly one pitch period.
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legumes are a good source of VITAMINS
[ t ][ s ] [ s ]

50

100

150

200

250

300

350

400

F0 is not defined for consonants without vocal fold vibration



legumes are a good source of VITAMINS
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... and F0 can be perturbed by consonants with an extreme constriction 
in the vocal tract



Intrinsic F0

• High vowels such as [i] and [u] 
tend to have higher F0 than 
low vowels
• This has been found in every 

language so far in which it has 
been sought
• Most effects reported range 

from 0.5 to 4 semitones
• Whalen & Levitt (1995) argue 

effect is an epiphenomenon 
of vowel height articulation, 
and find no linguistically 
relevant correlations

Intrinsic Fo 359 

50 

m .c 
g 

40 

30 

@ 

A 
@ 

2O 
A A 

,°r , ,  

-10 0 10 20 30 40 50 

Difference between high and low vowels (in Hz) 

50 tn 
Z 

40 

30 

20 

@ 

A 
@ 

A 

A A 

O / ~  • & 

I A~/~,.. ¢@-AAA A A & I 
O, A 0 A "~ 

-i  0 I 2 3 4 5 

Difference between high and low vowels (in semitones) 

Figure L Distribution of the differences between the two high vowels and the 
low vowel for the studies in Table 1. The top panel represents the differences 
between the values expressed in Hz, and the lower panel, between the values 
expressed as semitones. A, Males; @, females; ~, both. 

are so m a n y  gaps in our  dis t r ibut ion,  in terms of  the  n u m b e r  o f  subjects per  study. 
Whi le  we certainly do no t  have  a large enough  sample  to  show that  the values are  
dis t r ibuted normal ly ,  there  is a t endency  for  the larger  studies to show values close 
to  the overal l  m e a n  difference o f  15.3 Hz.  The  semi tone  analysis shows an even 
t ighter  dis tr ibut ion,  with bo th  ends  o f  the distr ibution pulling in towards  the m e a n  of  
1.65 semitones .  Aga in ,  only a m u c h  larger  set of  results for  all o f  the  languages  in 
this set would  allow us to test for  this t endency  statistically, but  the distr ibutions 
shown in Fig. 1 are consis tent  with an absence  of  any difference across languages.  I t  
is also easy  to find where  a new set o f  results would  fit in to see whe the r  it conforms  
to the cur ren t  pa t tern .  
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Whalen & Levitt (1995)
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Abstraction of the F0 contour

Our perception of the intonation contour abstracts away from microprosodic
perturbations



Acoustic vs. auditory scales in prosody

• When studying prosody, it is useful to convert acoustic map on 
auditory scales:

- F0 (Hz) -> Pitch (semitones)
- RMS amplitude (volts / pascals) -> Intensity (dB)



Hz vs. semitones

https://en.wikipedia.org/wiki/Piano_key_frequencies
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Measuring amplitude
• If we just add all amplitude values within a window, the sum will be 0 or close to 

0, as positive values will be canceled by negative values…

• Root-mean-square bypasses this problem: Square all amplitude values within a 
window, compute mean, and take its root square

3.3 Signal Analysis Methods

This section discusses six DSP analysis techniques that are commonly used in acous-
tic phonetics. My goal is to present some basic information about these techniques,
so that you will know how to set the analysis parameters in your computer speech
analysis program. Consequently, this is a practical introduction to the methods,
rather than the more detailed mathematical description that you will find in
O’Shaughnessy (1987) or other engineering introductions.

3.3.1 RMS amplitude

The amplitude of a waveform can be measured in several ways, as illustrated in
figure 3.7. In simple periodic (sine) waves, the three methods – peak amplitude,
peak-to-peak amplitude, and RMS amplitude (root mean square amplitude) – can
be mathematically derived from each other. For instance, the peak-to-peak 
amplitude is twice the peak amplitude, and RMS amplitude taken over one cycle
of a sine wave is equal to the peak amplitude multiplied by 0.707. For complex
waves the different measures of amplitude are not mutually predictable. The 
peak measurements differ from RMS amplitude in that they give a measure of
acoustic amplitude, whereas RMS amplitude is a measure of acoustic intensity.
Because perceived loudness is more closely tied to acoustic intensity than to 
acoustic amplitude, most speech analysis packages will calculate and report RMS
amplitude automatically.
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Figure 3.7 Two periods of a vowel waveform showing three types of amplitude
measurements: peak amplitude, peak-to-peak amplitude, and a window over which 
RMS amplitude may be calculated.
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Equal loudness curve: Intensities of a set of tones that have same 
subjective loudness as a 1,000 Hz tone presented at 60 dB SPL
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Figure 4.3 Equal loudness curve for pure tones presented over a loudspeaker. The line
connects tones that have the same subjective loudness as a 1,000 Hz tone presented at 
60 dB SPL.

Decibels

Although it is common to express the amplitude of a sound wave in terms
of pressure, or, once we have converted acoustic energy into electrical
energy, in volts, the decibel scale is a way of expressing sound amplitude
that is better correlated with perceived loudness. On this scale the relative
loudness of a sound is measured in terms of sound intensity (which is pro-
portional to the square of the amplitude) on a logarithmic scale. Acoustic
intensity is the amount of acoustic power exerted by the sound wave’s pres-
sure fluctuation per unit of area. A common unit of measure for acoustic
intensity is Watts per square centimeter (W/cm2).

Consider a sound with average pressure amplitude x. Because acoustic
intensity is proportional to the square of amplitude, the intensity of x rela-
tive to a reference sound with pressure amplitude r is x2/r 2. A bel is the base
10 logarithm of this power ratio: log10(x 2/r 2), and a decibel is 10 times this:
10 log10(x2/r 2). This formula can be simplified to 20 log10(x/r ) = dB.

There are two common choices for the reference level r in dB measure-
ments. One is 20 mPa, the typical absolute auditory threshold (lowest audible
pressure fluctuation) of a 1,000 Hz tone. When this reference value is 
used, the values are labeled dB SPL (for Sound Pressure Level). The other
common choice for the reference level has a different reference pressure level
for each frequency. In this method, rather than use the absolute threshold
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Human ear most 
sensitive between 2,000 
and 5,000 Hz!!


