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Objectives

At the end of the course, participants should be able to
– extract duration and fundamental frequency information 

from a speech recording, using Praat;
– analyse speech timing with Time Group Analyser.

Your task:
– prepare a report on this course and send it to me for 

comments.

Part I: Annotation
– Basic knowledge of signal analysis with Praat.
– Basic knowledge of syllable annotation with Praat.
– Practical application to the recorded data of course 

participants.

Part II: Syllable timing analysis
– Examination information in Praat annotation file.
– Analysis of Praat annotation file with Time Group Analyser.



Bielefeld November 2015 Dafydd Gibbon: Phonetics Course - BI-ABJ project 4

Praat

Praat is a phonetic workbench application developed in 
Amsterdam by Paul Boersma and David Weenink. The 
name means ‘talk’ in Dutch.
The basic functionality of Praat includes:

– Input: speech recordings
– Methods:

● analysis of properties of speech signals such as spectral 
analysis, pitch analysis, annotation of signals with 
transcription labels

– Outputs:
● files with information about the speech signal

The annotation information files which Praat produces
– can be re-formatted, and analysed with other means,
– e.g. with the online tool Time Group Analyser, for efficient 

analysis of timing relations in the speech signal.
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Praat Input
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Praat Input

Pre-recording phase:
– definition of purposes for which the data will be used
– scenario: domain, activities, speakers
– equipment and technical operator:

● general: digital audio (recorder / laptop), digital video
● specialised: laryngograph, etc

Recording phase:
– negotiate scenario with chiefs, elders, speakers
– ensure the recording location is quiet
– if possible ensure the microphones, video tripod etc. can 

be stably positioned

Post-recording phase:
– provide recordings with metadata immediately
– label the data media immediately
– make safety copies immediately
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Basic Praat Methods and Operation
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Praat Windows

OBJECT WINDOW

DRAW / PAINT WINDOW

(for creating images
for use in word processing,
not for phonetic analysis;

for this use the “Edit”
windows)

Object list:
sounds
spectra

pitch tracks
textgrids

...

Method menu
context-sensitive,

dynamic menu

Load file Save file
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Processing Praat Objects

Object:
sound

Method menu
for

sound objects
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Processing Praat Objects

Object:
sound

Method menu
for

sound objects
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Processing Praat Objects

Object:
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Method menu
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Processing Praat Objects

Object:
sound

Method menu
for

sound objects
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Processing a Sound Object

Object:
sound

Method menu
for

sound objects
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Selecting Part of a Sound Object

Object:
sound

Method menu
for

sound objects
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Displaying More Properties of a Sound Object

Object:
sound

Method menu
for

sound objects
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Displaying More Properties of a Sound Object

Object:
sound

Method menu
for

sound objects
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Displaying More Properties of a Sound Object

Object:
sound

Method menu
for

sound objects
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Creating a New Object

Object:
sound

Method menu
for

sound objects

Extract sound selection



Bielefeld November 2015 Dafydd Gibbon: Phonetics Course - BI-ABJ project 19

Creating a New Object

Object:
sound

Method menu
for

sound objects

Extract sound selection
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Creating a New Object

Object:
sound

Method menu
for

sound objects

Extract sound selection
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Saving a Praat Object

Object:
sound

Method menu
for

sound objects

Save file
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Saving a Praat Object

Object:
sound

Method menu
for

sound objects

Save file
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Extracting information about the speech signal

Operations:
– Read a speech file into Praat
– Open an “Edit” window
– Select sections of the signal and listen carefully for tones
– Experiment with the menu options to show

● pitch
● spectrum
● …

– Experiment with pitch:
● modify the analysis range for pitch
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Assigning information to the speech signal: annotation

Operations:
– Read a speech file into Praat
– Open an annotation window (‘Annotate’)
– Delete the pre-defined tier names
– Enter a tier name ‘Word’

– An annotation window should appear
● with a single tier ‘Word’

– Select a word in the speech signal
● check the word by listening

– Small circles should appear on the annotation tier
● at the beginning and the end of the selection

– Click each of these circles to create an event annotation
● consisting of a label and an interval

– Save the file
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Annotation with Praat
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Annotation with Praat

Annotation:

Tier 1: Phones
Tier 2: Syllables
Tier 3: Orthography

Event

Label

Interval
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Annotation with Praat

Annotation:

Tier 1: Phones
Tier 2: Syllables
Tier 3: Orthography

Event

Label

Interval
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Annotation with Praat

Annotation:

Tier 1: Phones
Tier 2: Syllables
Tier 3: Orthography

Event

Label

Interval
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Annotaton with Praat: TextGrids

File type = "ooTextFile"
Object class = "TextGrid"

xmin = 0 
xmax = 0.2929375 
tiers? <exists> 
size = 1 
item []: 
    item [1]:
        class = "IntervalTier" 
        name = "Phones" 
        xmin = 0 
        xmax = 0.2929375 
        intervals: size = 4 

        intervals [1]:
            xmin = 0 
            xmax = 0.0718
            text = "t_h" 
        intervals [2]:
            xmin = 0.0718
            xmax = 0.2323
            text = "aI" 
        intervals [3]:
            xmin = 0.2323
            xmax = 0.25579
            text = "g" 
        intervals [4]:
            xmin = 0.2557
            xmax = 0.2929
            text = "r\`="

This is what the contents

of your annotation filelook like.

The last section of this

slide set shows one way

of analysing Praat

speech annotations.
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Annotating a speech signal
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Praat Output
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Praat Output

        intervals [1]:
            xmin = 0 
            xmax = 0.3559744193778952 
            text = "_" 
        intervals [2]:
            xmin = 0.3559744193778952 
            xmax = 0.500147057910385 
            text = "ta" 
        intervals [3]:
            xmin = 0.500147057910385 
            xmax = 0.614452757446077 
            text = "la" 
        intervals [4]:
            xmin = 0.614452757446077 
            xmax = 0.8853950267508599 
            text = "sin" 
        intervals [5]:
            xmin = 0.8853950267508599 
            xmax = 1.096059981756913 
            text = "Ge" 
        intervals [6]:
            xmin = 1.096059981756913 
            xmax = 1.5079951315848832 
            text = "_"

● Praat produces 
information which can be 
stored in a file.

● The file contents are not 
normally seen by the user.

● However, they can be 
seen and used for further 
analysis:

– Excel, OpenOffice Calc
– Praat scripting
– Shell, Perl, Python 

scripting
– Time Group Analyser 

online tool
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Exercises

● Load a short speech signal (less than 5 seconds) into 
Praat.

● Listen to individual words and syllables.
● Experiment with switching the different displays 

(spectrogram, pitch track).
● Examine the highest, lowest and average frequencies in 

the signal.
● Annotate the syllables in the signal with a ‘TextGrid’ 

annotation. annotation (a ‘TextGrid’) of syllables, and 
save the file.

● Using a text editor, examine the file which has been 
saved and calculate the durations of some of the 
intervals in the file.
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Phonetics 2

Review of Acoustic Phonetics

Dafydd Gibbon

Bielefeld, November 2015
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Overview: Acoustic Phonetics

● The Domains of Phonetics: the Phonetic Cycle
● The Articulatory Domain

– The IPA (A = Alphabet / Association)
– The Source-Filter Model of Speech Production

● The Acoustic Domain
– The Speech Wave-Form
– Basic Speech Signal Parameters
– The Time Domain: the Speech Wave-Form
– The Frequency Domain: simple & complex signals

● Fourier Analysis: the Spectrum
● Pitch extraction

– Analog-to-Digital (A/D) Conversion
● The Auditory Domain: Anatomy of the Ear
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The Domains of Phonetics

● Phonetics is the scientific discipline which deals with
– speech production (articulatory phonetics)
– speech transmission (acoustic phonetics)
– speech perception (auditory phonetics)

● The scientific methods used in phonetics are
– direct observation (“impressionistic”), usually based on 

articulatory phonetic criteria
– measurement

● of position and movement of articulatory organs
● of the structure of speech signals
● of the mechanisms of the ear and perception in hearing

– statistical evaluation of direct observation and measurements
– creation of formal models of production, transmission and 

perception
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The Domains of Phonetics: the Phonetic Cycle

A tiger and a mouse were walking in a field...

file:///home/gibbon/Schreibtisch/DAAD-CdI/CdI-Project-TextTech-Gibbon/2014-05-09-Abidjan-Phonetics-Course/WAV/dg_satz1.wav
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The Domains of Phonetics: the Phonetic Cycle

Articulatory
Phonetics

A tiger and a mouse were walking in a field...

file:///home/gibbon/Schreibtisch/DAAD-CdI/CdI-Project-TextTech-Gibbon/2014-05-09-Abidjan-Phonetics-Course/WAV/dg_satz1.wav
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The Domains of Phonetics: the Phonetic Cycle

Articulatory
Phonetics

Acoustic
Phonetics

Time (s)
0 2.86633

-0.2539

0.2628

0 speech signal

A tiger and a mouse were walking in a field...

file:///home/gibbon/Schreibtisch/DAAD-CdI/CdI-Project-TextTech-Gibbon/2014-05-09-Abidjan-Phonetics-Course/WAV/dg_satz1.wav


Bielefeld November 2015 Dafydd Gibbon: Phonetics Course - BI-ABJ project 40

The Domains of Phonetics: the Phonetic Cycle

Articulatory
Phonetics

Acoustic
Phonetics

Auditory
Phonetics

A tiger and a mouse were walking in a field...
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Quiz on the Phonetic Cycle

● Define each of the following:
– articulatory phonetics?
– acoustic phonetics?
– auditory phonetics?

● Which parts of the head are they associated with?
● What is the “phonetic cycle”?
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Articulatory Phonetics
(Speech Production)
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The articulatory domain

● Domain of speech 
production

● Articulatory organs 
are relatively easily 
observable

● Domain of reference 
for phonetic 
categories of the IPA

● Investigated via
– corpus creation
– experiment 

paradigm
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The IPA (A = Alphabet / Association)

● IPA: 120 years old
● regularly re-examined and 

revised by Association
● based on articulatory 

categories
● designed to capture the 

phonemes of all languages of 
the world: i.e. phonetic 
distinctiveness of the 
corresponding sound in a 
language of the world is one 
key criterion for adopting a 
symbol
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The Source-Filter Model of Speech Production

● A “model” is a simplified representation of relevant 
features of reality (but it also adds its own artefacts)

● In the Source-Filter Model of speech production, the 
sound is generated by the SOURCE and modified by the 
FILTER

● The Source-Filter Model represents the speech 
production process in two phases:
– The SOURCE of the sound:

● LARYNX (for resonant, voiced sounds)
● CONSTRICTION OF THE ORAL CAVITY (for noisy sounds such 

as obstruents)
– The FILTER through which the sound has passed:

● the PHARYNGEAL CAVITY
● the ORAL CAVITY
● the NASAL CAVITY
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FILTERSSOURCES

The Source-Filter Model of Speech Production

Time (s)
0 2.86633

-0.2539

0.2628

0

Time (s)
1.55617 1.65788

-0.05087

0.06314

0
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FILTERSSOURCES

The Source-Filter Model of Speech Production

Time (s)
0 2.86633

-0.2539

0.2628

0

Time (s)
1.55617 1.65788

-0.05087

0.06314

0

RESONANT
SOURCE
(larynx)

NASAL
FILTER

ORAL
FILTER

NOISE
SOURCES

(constrictions)

PHARYNGEAL
FILTER
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Quiz on Articulatory Phonetics

● What are the main articulators involved in
– vowel production?
– consonant production?
– tone production?

● Produce the following consonants, followed by the 
vowel [a]:
– voiceless bilabial fricative
– voiced alveolar affricate
– voiced palatal stop
– voiceless labial-velar stop
– implosive velar stop
– velar nasal

● What is the source-filter model?
– Illustrate this, referring to the difference in sound between 

speaking in a tiled bathroom and in the open air. 
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Acoustic Phonetics
(Speech Transmission)
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The acoustic domain

● Acoustic phonetics is concerned with investigating the 
transmission of speech signals through
– gases such as air, other substances (e.g. bone, tissue)
– electronic amplification and storage

● The basic parameters of the speech signals are
– amplitude
– time (duration)

● The main derived parameters of speech signals are
– intensity
– noise vs. resonance (voicing)
– frequency and formants

● The methods used to analyse speech signals are:
– analog-to-digital (A/D) conversion
– mathematical definitions of filters and transformations
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The Speech Wave-Form

● Speech is transmitted through air (and other substances) 
as a regular wave of pressure changes:

T i m e  ( s )
1 . 0 1 8 3 8 1 . 0 5 5 3 4

- 0 . 1 5 7 6

0 . 1 1 8 9

0

T i m e  ( s )
1 . 0 1 8 3 8 1 . 0 5 5 3 4

- 0 . 1 5 7 6

0 . 1 1 8 9

0

● The changes in air pressure
– but can be heard
– and cannot be seen (unlike the waves on the ocean)
– but can be measured (like the waves on the ocean)
– and the measurements can be visualised and used for 

calculating statistical models of the structure of speech
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Basic Speech Signal Parameters

AMPLITUDE

TIME
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The Time Domain: the Speech Wave-Form

● The positive or negative amplitude A of the speech 
signal at any given point in time is the distance of the 
wave from zero at this point in time.

T i m e  ( s )
1 . 0 1 8 3 8 1 . 0 5 5 3 4

- 0 . 1 5 7 6

0 . 1 1 8 9

0

T i m e  ( s )
1 . 0 1 8 3 8 1 . 0 5 5 3 4

- 0 . 1 5 7 6

0 . 1 1 8 9

0

n
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a
ti

v
e

p
o
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T i m e  ( s )
0 . 8 2 3 1 1 . 1 1 6 0 3

5 4 . 2 5

7 5 . 3

Derived parameter INTENSITY

● The intensity of the speech signal at any given point in 
time is the square of the amplitude of the wave from 
zero at this point in time:

I = A2

A
2

 -
 A

 +

Time (s)
0.8231 1.11603

-0.2539

0.2487

0

Time (s)
0.8231 1.11603

-0.2539

0.2487

0

tiger
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Derived parameter ENERGY

● The energy E (root-mean-square energy) is
– the square root of the mean of a sequence of intensity values 

I1, ..., In (remember: intensity is amplitude squared)

E=  i=1...n Ax i
2

n

● Energy is therefore intensity averaged over time
– In fact, intensity measurements are, in practise, energy 

measurements over very short periods of time
● Compare other measurement units per time unit:

● miles per hour
● kilowatts per hour
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Derived parameters PERIOD & WAVELENGTH

● The period or interval of a single wave in a speech signal 
is the duration of this single wave.
– A resonant signal is a signal whose periods are regular, i.e. 

even in duration.
– A signal is noisy if the periods are irregular, i.e. uneven in 

duration
– The average period of a speech signal

● The wavelength λ (lambda) in cm of a speech signal is 
the speed of sound in cm/sec divided by the number of 
periods per second.
– You can forget the definition of wavelength...
– A task for the very interested:

● What is the speed of sound?
● What is the wavelength of a sound with 100 periods per second?
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The Frequency Domain: simple & complex signals

● The frequency of a speech signal is the number of 
waves (periods) per second in the waveform

Time (s)
0.8231 1.11603

-0.2539

0.2487

0

Time (s)
0.8231 1.11603

-0.2539

0.2487

0

0.15 seconds

● Question:
– Ignoring the irregularities in the waveforms: what is the 

average frequency of the segment between the red lines?

tiger
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The Simplest Sources produce Sine Waves

● A sine wave of frequency F is produced by an evenly 
swinging pendulum (a very slow sine wave, of course).

Time (s)
0 0.0133172

-0.9999

0.9999

0

● The speech  signal is not a simple sine wave, 
however, but a complex signal.
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The Frequency Structure of Speech

● The SOURCE
– for harmonic, voiced sounds
– is the larynx.

● The larynx produces
– a complex waveform, consisting of

● a fundamental frequency
– about 80 Hz - 150 Hz for men
– about 160 Hz - 300 Hz for women

● many overtones, which are audible up to about 20 kHz
● different intensities of the overtones, relative to each other, 

determines the overall waveform, and therefore the kind of sound 
which the source produces

● during voicing, the larynx generates a waveform which is rather 
like a “sawtooth” sequence
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Complex Sources: noisy & harmonic signals

● If many sine waves of arbitrary frequencies occur 
together, the result is NOISE.

● If many sine waves occur together, with each being an 
integer multiple of some lowest frequency,
– the resulting overall wave is a HARMONIC wave:
– the lowest frequency of a harmonic waveform is the 

fundamental frequency, F0 (f-zero, f-nought)
– the higher frequencies in a harmonic waveform are called the 

harmonics or overtones of the fundamental frequency

Time (s)
0.8231 1.11603

-0.2539

0.2487

0

Time (s)
0.8231 1.11603

-0.2539

0.2487

0

NOISY HARMONIC, RESONANT
tiger
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Sources with Integer Multiples of Sine Waves

● Harmonic, resonant frequencies are created by adding 
several sine waves together, point by point

● The larynx sound source is a special case of this
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Harmonics / overtones in complex signals

● If a complex signal consists of
– a series of sine waves with frequencies of f, 2f, 3f, ..., nf

● e.g. frequencies of 150 Hz, 300 Hz, 450 Hz, 600 Hz, ..
– then the signal is a resonant signal
– and f is the fundamental frequency F0
– while 2f, 3f, ..., nf are harmonics of the fundamental frequency

● Stylised example of source signal with harmonics

frequency

energy
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The Spectrum of Complex Signals

● If a complex signal consists of
– a series of sine waves with frequencies of f, 2f, 3f, ..., nf

● e.g. frequencies of 150 Hz, 300 Hz, 450 Hz, 600 Hz, ..
– then the signal is a resonant signal
– and f is the fundamental frequency F0
– while 2f, 3f, ..., nf are harmonics of the fundamental frequency

● Stylised example of source signal with harmonics

frequency

energy

fundamental frequency,  F0
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The Spectrum of Complex Signals

● If a complex signal consists of
– a series of sine waves with frequencies of f, 2f, 3f, ..., nf

● e.g. frequencies of 150 Hz, 300 Hz, 450 Hz, 600 Hz, ..
– then the signal is a resonant signal
– and f is the fundamental frequency F0
– while 2f, 3f, ..., nf are harmonics of the fundamental frequency

● Stylised example of source signal with harmonics

frequency

energy

fundamental frequency,  F0
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The Spectrum of Complex Signals

● If a complex signal consists of
– a series of sine waves with frequencies of f, 2f, 3f, ..., nf

● e.g. frequencies of 150 Hz, 300 Hz, 450 Hz, 600 Hz, ..
– then the signal is a resonant signal
– and f is the fundamental frequency F0
– while 2f, 3f, ..., nf are harmonics of the fundamental frequency

● Stylised example of source signal with harmonics

frequency

energy

fundamental frequency,  F0

harmonics, overtones 
(integer multiples of F0)
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The Spectrum of Complex Signals

● The filter system consists of the pharyngeal, nasal and 
oral cavities, which have cavities have specific resonant 
frequencies

● These filter frequency bands are called formants
● Formant frequencies of the oral cavity can be modified 

by the variable filters (articulators tongue and lips)

frequency

energy
formants
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The Spectrum of Complex Signals

frequency

energy

● The filter system consists of the pharyngeal, nasal and 
oral cavities

● The cavities have specific resonant frequencies
● The frequencies of the oral cavity can be modified by the 

variable filters (the articulators tongue and lips)
● This means that the energy of the harmonics is modified 

formants
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The Spectrum of Complex Signals

frequency

energy

● The filter system consists of the pharyngeal, nasal and 
oral cavities

● The cavities have specific resonant frequencies
● The frequencies of the oral cavity can be modified by the 

variable filters (the articulators tongue and lips)
● This means that the energy of the harmonics is modified 

formants

fundamental frequency,  F0

harmonics, overtones 
(integer multiples of F0)
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Fourier Analysis: the Spectrum

● Complex waveforms can be analysed as sums of sine 
waves (Joseph Fourier, Fourier Analysis):

● the mathematical operation is the Fourier Transform (FT)
● the Discrete Fourier Transform (FFG) applies to digitised signals
● the Fast Fourier Transform (FFT) is an optimised version

– The spikes (harmonics) are generated by the SOURCE, and 
the peaks (formants) are generated by the FILTER:
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The Speech Sound Source: sawtooth waveforms

Time (s)
0 0.01

-0.4819

0.482

0

Time (s)
0 0.01

-0.4819

0.482

0

● The sum of harmonics which are integer multiples, with A 
inverse to F, creates a sawtooth waveform:

● This example illustrates the sum of four sine waves:
100 Hz + 200 Hz + 300 Hz + 400 Hz

For x=x1 ... xn : xi=h=1...m

sin i×h
h

SUM
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Fourier Analysis: the Spectrogram

● A single spectral analysis of part of a speech signal, 
yielding a spectrum, requires a sequence of several 
periods:
– In order to track the changing structure of a speech signal, a 

sequence of spectra is needed.
– A representation of a sequence of spectra is called a 

spectrogram
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Broad band spectrogram
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Narrow band spectrogram
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● The FILTER which modifies the SOURCE signal 
consists of the pharyngeal, nasal and oral cavities. 
Formants are frequency bands in a spectrogram which 
differ in intensity from other frequency bands
– harmonics in these areas are differ in strength
– formants sonorant sounds (vowels, liquids, nasals, 

approximants)

Spectrogram Filtering: Formants

VOWEL
FORMANTS

tiger
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Spectrogram Filtering: Consonantal Noise

● Obstruent consonants involve
– obstruction in the oral tract which causes noise

● stops: closure of (oral and nasal) tracts, followed by noise 
burst

● fricatives: near-closure of oral tract (and closure of nasal tract) 
causing noise

CONSONANTS

tiger

file:///home/gibbon/Schreibtisch/DAAD-CdI/CdI-Project-TextTech-Gibbon/2014-05-09-Abidjan-Phonetics-Course/WAV/tiger.wav


Bielefeld November 2015 Dafydd Gibbon: Phonetics Course - BI-ABJ project 76

Basic Speech Signal Parameters

Spectral
component
frequencies

TIME
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Pitch extraction

● Separation of F0 from harmonics is pitch extraction
● Methods of pitch extraction are:

– counting zero-crossings in the same direction
– counting peaks in the signal
– auto-correlation
– cepstrum analysis

F0 extraction

tiger
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Analog-to-Digital (A/D) Conversion

● In order to enter a speech signal into a computer it is 
digitised:
– the signal is sampled regularly and the amplitude of the sample 

is measured automatically
– the speed with which the measurements are made is called the 

sampling rate
– standard sampling rates are:

● 44.1 kHz (CDs) = 2 x 2 x 3 x 3 x 5 x 5 x 7 x 7
● 48 kHz (DAT tapes)
● 22.05 kHz (laboratory recordings)
● .... (other sampling rates are also found)

● The minimum sampling rate is twice the frequency of the 
highest harmonic in the signal (Nyquist theorem), 
otherwise false measurements are made and “aliasing” 
occurs (ghost frequencies)
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Analog-to-Digital (A/D) Conversion

● The corners in the visualisation represent measuring 
points

● The measuring points are joined by straight lines to give 
an impression of continuity
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Basic Speech Signal Parameters

Fundamental
frequency

TIME
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Quiz on Acoustic Phonetics

● What are the basic parameters of the speech signal?
● Define the following terms:

– amplitude
– intensity
– energy

● How are time-domain representations of speech signal 
converted to frequency domain representations?

● Define the following terms:
– spectrum
– spectrogram
– fundamental frequency, F0, pitch
– harmonic
– formant
– analog-to-digital conversion
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Auditory Phonetics
(Speech Perception)
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The Auditory Domain: Anatomy of the Ear
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The Auditory Domain: Anatomy of the Ear
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The Auditory Domain: Anatomy of the Ear

microphone amplifier Fourier transform
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Quiz on Auditory Phonetics

● What are the functions of
– the outer ear?
– the middle ear?
– the inner ear?

● What are
– the ossicles?
– the oval window?
– the cochlea?
– the basilar membrane?
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Final Remarks

After the first unit
–  you should have learned the basic theoretical foundations on 

which phonetic activities with Praat are based
– you should be able to use a Praat TextGrid file with the TGA 

online timing analysis tool

After the second unit
– you should thoroughly understand what you are doing with 

Praat
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Phonetics 3

Scripting with Praat

Dafydd Gibbon

Bielefeld, November 2015
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Overview

● What is Scripting?
● Scripting languages
● Praat scripting
● Example of Praat Scripting (1): The Task
● Example of Praat Scripting (2): The History
● Praat Scripting in Language Documentation
● More Information on Praat Scripting
● Praat Scripting Tutorial
● “My First Script”
● Praat Scripting Introduction
● Summary
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What is Scripting?

● In the computer world of Documentary Linguistics, a 
script is
– a list of actions to be performed by a computer
– to solve a particular problem, such as

● automatically editing a text
● extracting words from a text to make a dictionary or concordance
● calculating statistics about frequencies of words in texts
● normalising annotation formats
● doing statistical analyses of durations of segments in annotations
● ...

– therefore a kind of “to do list” for a computer
● and a very basic kind of computer program
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Scripting languages

● Examples of scripting languages are
– general scripting languages such as

● UNIX shell
● awk
● Perl
● Python

– special scripting languages such as
● Praat scripting language (for performing complex and time-

consuming operations in Praat automatically)
● An example of a Unix shell script:

– simple editing for use in format conversions:
#!/bin/sh
sed “

s/I:/I/g

s/o[^:]/O/g

“
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Praat scripting

● The Praat program contains a scripting language with 
which sequences of operations with Praat can be 
reproduced automatically.

● There are two ways of producing a Praat script:
– History mechanism:

● Tracking and recording manual operations, which are then written 
into a script file which can be run / executed later.

● Whenever Praat buttons are pressed,
– a Praat operation is performed
– the operation is recorded in the “History”

● The history can then be pasted into the Script Editor and the 
sequence will be performed automatically

– Script editor:
● Writing the file manually, which presupposes familiarity with the 

Praat scripting language.
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Example of Praat Scripting (1): The Task

● To generate a sine wave 
tone
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Example of Praat Scripting (1): The Actions

● To generate a sine wave 
tone
– click “New”
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Example of Praat Scripting (1): The Actions

● To generate a sine wave 
tone
– click “New”
– select “Sound > Create 

Sound ...”
–
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Example of Praat Scripting (1): The Actions

● To generate a sine wave 
tone
– click “New”
– select “Sound > Create 

Sound ...”
–
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Example of Praat Scripting (1): The Actions

● To generate a sine wave 
tone
– click “New”
– select “Sound > Create 

Sound ...”
– rename “soundSimple”
– remove Gaussian element 

in formula
– select “Apply”
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Example of Praat Scripting (1): The Actions

● To generate a sine wave 
tone
– click “New”
– select “Sound > Create 

Sound ...”
– rename “soundSimple”
– remove Gaussian noise 

element in formula
– select “Ok”
– select “Play”
– select “Remove”
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Example of Praat Scripting (2): The History

● Whenever a button is selected
– which causes a selection or an action
– Praat records the selection or action in a log or history

● The recorded selection or action
– can be copied into an editor

● The result is...
– a Praat script

● The script for the preceding set of actions is...

Create Sound... sineSimple 0 1 22050 1/2 * sin(2*pi*377*x)
Play
Remove
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Example of Praat Scripting (2): The History
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Example of Praat Scripting (2): The History
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Example of Praat Scripting (2): The History
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Example of Praat Scripting (2): The History
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Example of Praat Scripting (2): The History
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Example of Praat Scripting (2): The History



Bielefeld November 2015 Dafydd Gibbon: Phonetics Course - BI-ABJ project 106

Example of Praat Scripting (2): The History
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Example of Praat Scripting (2): The History
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Praat Scripting in Language Documentation

● Example: create graphics files from sound files
– procedure:

● open a new scripting window
● erase history
● perform the actions
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Praat Scripting in Language Documentation

● Example: create graphics files from sound files
– procedure:

● open a new scripting window
● erase history
● perform the actions

1.load a sound file into Praat

2.draw the oscillogram for the sound file

3.save the oscillogram to Windows metafile, *.emf file

4.run the script
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Praat Scripting in Language Documentation

● Example: create graphics files from sound files
– procedure:

● open a new scripting window
● erase history
● perform the actions

1.load a sound file into Praat

2.draw the oscillogram for the sound file

3.save the oscillogram to Windows metafile, *.emf file

4.run the script

– script:
Read from file... tiger.wav
Play
Draw... 0 0 0 0 yes curve 0 0 0 0 yes curve
Write to Windows metafile... tiger_osc.emf
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Praat Scripting for Power Users ...

● The Praat Scripting Langage interpreter is very powerful, 
and allows full programming facilities such as:
– Operations:

● strings
● numbers

– Loops:
● for, while, until

– Conditional branching
– File operations
– System calls, calls from system

● We have used Praat scripting to create graphics and cut 
sound files for an internet audio concordance
– Thurid Spiess
– Thorsten Trippel
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More Information on Praat Scripting
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Praat Scripting Tutorial
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“My First Script”
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Summary of Praat scripting

● It is possible to automatise operations with the Praat 
scripting language

● Operations which can be sensibly automatised within the 
context of language documentation include
– production and storage of visualisations of sound files
– cutting of sound files into segments using annotations
– and many others…

● There are very many Praat scripts which are available at 
different sites on the internet.

● In principle, it is also possible to process annotation files 
with the Praat scripting language (e.g. extracting word 
lists, calculating durations, etc.)
– However, this is best done with a modern general scripting 

language like Python
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Phonetics 4

Using annotations to analyse speech timing

Dafydd Gibbon

Bielefeld, November 2015
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Prosody and the architecture of language
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Grammar – compositionality

Functions: Prosodic Hierarchy
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morphological tone/accent/stress
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sentence, clause, phrase intonation/rhythm

text intonation/rhythm

discourse intonation/rhythm
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Prosody and the architecture of language
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Grammar – compositionality

Sounds: Phonetic Interpretation

phonetics of segment/tone/accent/stress

sounds of inflection and derivation and word 
formation:

phonetics of tone/accent/stress

sentence, clause, phrase sounds: 
intonation/rhythm

utterance sounds: intonation/rhythm

discourse sounds: intonation/rhythm

Rank
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Prosody and the architecture of language
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Prosody: rhythm and melody

Analysing time:

1. Empirical resources – recording, transcription, 
annotation

2. Time Group Analysis – an online tool for studying 
speech timing and rhythm
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Speech data

● Pre-recording phase:
● definition of purposes for which the data will be used
● scenario: domain, activities, speakers
● equipment and technical operator:

– general: digital audio (recorder / laptop), digital video
– specialised: laryngograph, etc

● Recording phase:
● negotiate scenario with chiefs, elders, speakers
● ensure the recording location is quiet
● if possible ensure the microphones, video tripod etc. can 

be stably positioned
● Post-recording phase:

● provide recordings with metadata immediately
● label the data media immediately
● make safety copies immediately
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A case study on rhythm and melody:
Tem (Gur; ISO 639-2 kth)

Empirical resources 1: recording

‘Facebook Fieldwork’:   ☺
– Zakari Tchagbale’s “Exercises et corrigés” (1984)

● resources for many languages, including Tem (1984)
● DG had already developed a tone model for Tem 

(1987)
– DG asks ZT via internet for recording of Tem data (2012)
– recording by ZT with mobile phone (2012)
– ZT emails recording to DG (2012)
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A case study on rhythm and melody
:Tem (Gur; ISO 639-2 kth)

Empirical resources 2: transcription
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A case study on rhythm and melody:
Tem (Gur; ISO 639-2 kth)

Empirical resources 3: annotation
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Time Group Analysis

(Interpausal Group Analysis)
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Time Group Analysis – Rhythm?

Rhythm is an emergent property of timing, determined 
multiple, typologically varying factors:

– functional factors – these are well investigated:
● Lexical: contrastive duration (2 or 3 values)
● Phrasal: relations between stressed-unstressed items
● Discoursal: rhetorical pause

– phonetic factors – these are highly controversial:
● Inherent Consonant and Vowel duration
● Balance of Consonant and Vowel duration in syllables
● Language specific compositional units of timing:

mora – syllable – foot

→ ‘Rhythm metrics’
→ TGA – an online tool for speech timing analysis
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Timing: temporal relations – rhythm metrics

‘Rhythm metrics’ of relative ('fuzzy', 'sloppy') isochrony:
– measures of regularity...irregularity of timing units

– PIM: Pairwise Irregularity Measure
– PFD: Pairwise Foot Difference
– rPVI, nPVI: raw and normalised Pairwise Variability 

Index

– not rhythm, though: they ignore rhythmic alternation



Bielefeld November 2015 Dafydd Gibbon: Phonetics Course - BI-ABJ project 128

A case study on rhythm: Tem (Gur; ISO 639-2 kth)

Above: example of TGA information output for one 
interpausal unit.

Below: reformatted information.
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A case study on rhythm: Tem (Gur; ISO 639-2 kth)

Example of TGA information output for a sequence of 
interpausal units.
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A case study on rhythm: Tem (Gur; ISO 639-2 kth)

TGA output sample: statistics
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A case study on rhythm: Tem (Gur; ISO 639-2 kth)

TGA online tool: visualisation of syllable time relations
http://wwwhomes.uni-bielefeld.de/gibbon/TGA/

Duration difference tokens:

Keyboard friendly transcription:

2D visualisation of durations:

Syllable durations:

Duration difference tokens for utterance #37:
– pos, neg, equal differences between neighbours: /, \, =
– difference threshold: 40ms.
– clear indication of syllable isochrony
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A case study on rhythm: Tem (Gur; ISO 639-2 kth)

Duration difference tokens for utterance #37:
– n-grams: unigrams, digrams, trigrams, quadgrams
– thresholds 10...80 ms
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A case study on rhythm: Tem (Gur; ISO 639-2 kth)

Visualisation of duration difference relation hierarchy:
Iambic grouping:

Greater-than:
10ms: (((kO (dO Na)) (((ri ke) Ja) (((zI wu) (ro ta)) 

si)))

40ms: ((kO (dO (Na ((ri ke) (Ja (zI (wu (ro (ta 
si)))))))))

Greater-than-or-equal:
10ms: (kO dO) Na ri ke Ja zI (wu ro)

40ms: ((kO dO) Na) ri ((ke Ja) (((zI wu) ro) ta))

Trochaic:
10ms: (kO (dO (Na ri))) (ke (Ja zI)) wu ro ta si

40ms:  (kO (dO (Na ri))) ke (Ja zI) wu ro ta si

Duration difference tokens for utterance #37

Note that unidirectional branching is effectively linear.
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A case study on rhythm: Tem (Gur; ISO 639-2 kth)

TGA output sample:

Visualisation of
interpausal units

(screenshot)
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Timing: temporal relations - rhythm

Summary of utility of timing analysis:

– Studies in prosodic typology of timing
e.g. mora, syllable, foot timing (depending on 

annotation)
● Check papers and examples of automatic annotation 

analysis here:
http://wwwhomes.uni-bielefeld.de/gibbon/TGA

– Studies in musicology
e.g. annotated music performances

– Software development for
● measuring foreign language phonetic proficiency
● diagnosis and therapy in speech pathology
● benchmarking

–  duration models in natural speech synthesis
– designing disambiguation models in speech 

recognition

http://wwwhomes.uni-bielefeld.de/gibbon/TGA

	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 89
	Slide 90
	Slide 91
	Slide 92
	Slide 93
	Slide 94
	Slide 95
	Slide 96
	Slide 97
	Slide 98
	Slide 99
	Slide 100
	Slide 101
	Slide 102
	Slide 103
	Slide 104
	Slide 105
	Slide 106
	Slide 107
	Slide 108
	Slide 109
	Slide 110
	Slide 111
	Slide 112
	Slide 113
	Slide 114
	Slide 115
	Slide 116
	Slide 117
	Slide 118
	Slide 119
	Slide 120
	Slide 121
	Slide 122
	Slide 123
	Slide 124
	Slide 125
	Slide 126
	Slide 127
	Slide 128
	Slide 129
	Slide 130
	Slide 131
	Slide 132
	Slide 133
	Slide 134
	Slide 135

