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Abstract
A major hurdle in computational speech analysis is the effec-
tive integration of available tools originally developed for pur-
poses unrelated to each other. We present a Python-based tool
to enable an efficient and organized processing workflow incor-
porating automatic speech recognition using HTK, phoneme-
level prosodic feature extraction in Praat and machine learning
in WEKA. Our system is extensible, customizable and orga-
nizes prosodic data by phoneme and time stamp in a tabular
fashion in preparation for analysis using other utilities. Plotting
of prosodic information is supported to enable visualization of
prosodic features.
Index Terms: prosody, Python, HTK, Praat, WEKA

1. Introduction
The speech community has access to high quality and estab-
lished tools for the computerized analysis of recorded speech.
The Hidden Markov Model Toolkit (HTK) [1] is widely used
for word and phoneme recognition, as is Praat [2] for prosodic
analysis. We present a platform-independent solution for incor-
porating information from the two programs and preparing it
for easy importing into applications such as MATLAB and R,
as well as automatic Attribute-Relation File Format (ARFF) file
compilation in preparation for phoneme classification or clus-
tering in WEKA [3], a data mining and machine learning tool.

The Prosody Toolkit (ProTK) is written to be compatible
with Python version 2.6 [4] in order to utilize the NumPy [5]
and Matplotlib [6] libraries. The toolkit was written for use with
Mac OS X, but operates in Linux and Windows environments
with only minor modifications. ProTK was originally created
to enable detection of filled pauses (um’s and ah’s) by automat-
ically classifying HTK phoneme level output; however, it may
be used for other speech analysis purposes as well.

The development of ProTK was inspired by ProsodyPro [7],
a tool for leveraging Praat for prosodic feature extraction and
organization, and work by Elizabeth Shriberg [8] in non-lexical,
prosody-only detection of disfluencies in spontaneous speech.
ProTK is publicly available at http://rxinformatics.umn.edu.

2. Capabilities
The Prosody Toolkit is designed for batch prosodic feature ex-
traction from a set of recorded audio. The toolkit consists of
a set of Python scripts, a configuration file and a customizable
Praat script. ProTK can be run in fully automated mode from
the command line, or interactively from within the Python inter-
preter. The primary output of the program is a directory struc-
ture containing phoneme-level prosodic data in a tabular for-
mat. As an option, the program can output an ARFF file for
phoneme-level classification using WEKA, as discussed below.

ProTK also supports parallel processing and data extraction, so
computations are scalable to multiple processors and cores. Fig-
ure 1 illustrates a typical workflow.

Figure 1: A typical ProTK workflow. Ovals represent processes
and data external to ProTK, and rectangles represent processes
within ProTK.

2.1. Extraction of prosodic features using Praat

Praat is freely available, cross-platform software for prosodic
feature extraction and analysis of audio data. Praat commands
are fully scriptable using a customized scripting language, and
scripts can be called from the command line. The program also
supports the extraction of an array of prosodic features and has
a built-in mechanism for visual display of the results. However,
ASCII output from Praat is in a difficult-to-parse format that is
not easily amenable for input to other programs such as MAT-
LAB or WEKA.

For each file in the batch to be processed, ProTK first calls
Praat feature extraction routines. The user can select which fea-
tures are extracted by editing the included configuration file.
Currently supported features include pitch, intensity, formants
and their ratios, MFCC and LPC coefficients, jitter and shimmer
values, point process values, periods of silence and raw ampli-
tude. Praat routines are called with default parameters, though
parameters are editable from within the toolkit. The Praat out-
put for each feature is parsed and reformatted into a tabular for-
mat with headings, and subfolders are created to contain file-
level prosodic information.
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2.2. Organization by phoneme

For our goal of filled pause detection, we needed to segre-
gate and summarize prosodic information associated with each
phoneme. After using HTK for phoneme labeling and align-
ment, ProTK converts the output to a Praat-compatible TextGrid
format. Once prosodic data for a file is extracted and reformat-
ted, ProTK uses the TextGrid files to locate and extract prosodic
information for each phoneme, optionally including adjacent
contextual information, and stores the data in tabular format.
Each sub-file is stamped with the phoneme, feature type and
time, and organized in a folder structure.

2.3. Data persistence and plotting

In addition to textual storage of prosodic data, ProTK keeps a
persistent record of the project and associated file information
using Python’s Pickle module. After initial data extraction, a
project can be opened interactively from the Python terminal,
where a user can examine information associated with individ-
ual files or phonemes. In addition, the mean and standard devi-
ation for every phoneme-feature combination is stored and used
to create ARFF files for subsequent phoneme classification.

The toolkit supports plotting of extracted prosodic infor-
mation using the Matplotlib library for Python. Users can plot
any prosodic information associated with the duration of the
phoneme, and information from adjacent time periods can be
included for context. The phoneme or tagged feature can be
highlighted in the image as shown in Figure 2.

Figure 2: Example plot of formant ratios. Shaded area indicates
a filled pause.

2.4. Feature Tagging and WEKA

The toolkit was originally designed for tagging filled pauses in
audio files for the purpose of training a classifier. In order to use
this feature, the user must provide a TextGrid file with word-
level labels (including filled pause labels), as well as phoneme
labels and alignments (detected using forced-alignment or in
a fully automated mode). When extracting prosodic informa-
tion associated with each phoneme, ProTK tags each phoneme
by default as a Filled Pause or Not Filled Pause, depending on

whether the phoneme’s center occurs during a filled pause in
the manually labeled TextGrid file. Support for tagging of other
dysfluency events (e.g., false starts, repairs, repetitions) as well
as other prosodically conditioned events (e.g., utterance bound-
aries, turn switches, etc.) and user-defined events is currently
being developed.

Once prosodic information is extracted and each phoneme
is appropriately tagged, ProTK creates an ARFF file for each
data set that can be opened by WEKA. In addition to mean and
standard deviation values for each phoneme, the normalized du-
ration and label of each phoneme is included, as well as the dis-
tance from nearest silence and, optionally, prosodic information
associated with adjacent phonemes.

2.5. Command Line Options

The command line usage of ProTK supports several arguments
for modifying the processing workflow. The extraction of
prosodic information using Praat is optional, as is separating
prosodic information into phoneme-level text files. This is
useful for saving disk space, and ensures that time-consuming
prosodic feature extraction only needs to be run once for each
project. The number of processor cores to be used can also be
specified. Processing is parallelized at the level of individual
recordings, so a separate process is launched for the extraction
of information from each file up to the number specified.

Any specified file can be used as the source for tagging in-
formation, and multiple sets of files can be processed simulta-
neously (for evaluating different phoneme alignment settings,
for example).

3. Conclusion and Future Work
The current state of the Prosody Toolkit represents an initial ex-
ploration into the production, organization and visualization of
prosodic data at the phonemic level. The toolkit is under active
development and options for increased capability and usability
are being considered. Work is currently being done to support
additional and user-specifiable feature tags, as well as a graphi-
cal user interface for better ease of use.
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