L

NORTH-WEST UNIVERSITY
YUNIBESITI YA BOKONE-BOPHIRIMA
NOORDWES-UNIVERSITEIT

Effective automatic speech recognition
data collection
for under-resourced languages

NICOLAAS JOHANNES DEVRIES



Effective automatic speech recognition
data collection
for under-resourced languages

by
N.J. de Vries

Dissertation submitted in partial fulfilment of the requirents for the degree

Master of Engineering (Electrical and Electronic)

at the
North-West University, South Africa

Supervisor: Prof. M.H. Davel

November 2011



ABSTRACT

As building transcribed speech corpora for under-resaul@eguages plays a pivotal role in devel-
oping automatic speech recognition (ASR) technologiestdich languages, a key step in developing
these technologies is the effective collection of ASR datasisting of transcribed audio and asso-
ciated meta data.

The problem is that no suitable tool currently exists foeefiively collecting ASR data for such
languages. The specific context and requirements for afdgtcollecting ASR data for under-
resourced languages, render all currently known solutiorssiitable for such a task. Such require-
ments include portability, Internet independence and ameqource code-base.

This work documents the development of such a tool, callleefzelafrom the determination
of the requirements necessary for effective data collacitiothis context, to the verification and
validation of its functionality. The study demonstrates #ffectiveness of using smartphones without
any Internet connectivity for ASR data collection for undesourced languages. It introduces a semi-
real-time quality control philosophy which increases theant of usable ASR data collected from
speakers.

Woefzela was developed for the Android Operating Systerd,iarfreely available for use on
Android smartphones, with its source code also being maaiéable. A total of more than 790 hours
of ASR data for the eleven official languages of South Afrieaéhbeen successfully collected with
Woefzela.

As part of this study a benchmark for the performance of a natioNal Centre for Human
Language Technology (NCHLT) English corpus was estahiishe

Keywords: under-resourced languages, new languages, speechaesoASR corpora, auto-
matic speech recognition, developing world, speech dallaction, spoken language resources,
Android, NCHLT.
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CHAPTER ONE

INTRODUCTION

The most natural mode of human communication is speech —ideneed by illiterate people
conversing fluently in their mother-tongues. With respeatiéveloping human-machine interfaces,
science and technology has come a long way in the past fewdegaegith varying degrees of suc-
cess [1-3]. In the developed world, speech technology haallaestablished track record of useful-
ness with applications such as call routing, directoryisesy dictation and travel information. These
applications are saving large companies and small busisedike significant amounts of money and
even generates annual revenues in the billions of dollarstfers [1].

With the rapid increase of the number of mobile phones waddwthe input modality of speech
has become increasingly important. Speaking is much fasigmore natural than keyboard entry,
especially for languages such as Cantonese and Japanbdargét character sets [4-8]. For human-
robotic interfaces, speech input will become a necessithatasks that robots can perform become
increasingly complex.

In the developing world, this picture is similar yet diffate With more recent applications such
as health information services [9, 10], education [5], infation access [11], agriculture [9] and
government services [12], speech technologies are sloarlyotistrating some of the impact that it
could have in these environments, in for example breakingndmarriers of inequality of information
accessibility [13] and generating revenue for future ecaicosustainability [5]. But in order for
automatic speech recognition (ASR) technology to impaetdiveloping world more significantly,
a number of “hurdles” must first be overcome [14, 15]. One ekthhurdles is the collection, or
expansion, of ASR corpora.

While under-resourced languages may be found in any geloiged@rea, they are typically found
in developing world contexts. Apart from collecting data fmder-resourced languages, techniques
such as language adaptive acoustic modelling as discussgchultzet al. [16] may also be used
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when no, or limited data of related languages exists, or vidmeguage independent models are avail-
able. Techniques such asss-language transfgino training data used for target languadahg-
uage adaption(limited target language training data used for adaptirgusiic models)bootstrap-
ping (initialising acoustic models from a different languaggY]| data pooling(directly combining
data from different languages) [18], ahdrvestingaudio and transcripts from the Internet [19] or
broadcast news [20], may also be considered. However, fitda éound that a point is reached where
the only alternative is collecting more, or at least somd-wedtched language-specific data [4]. This
is apart from the motivation that larger amounts of ASR dateessarily leads to better recognition
performance [8, 21].

This study focusses on effectively collecting ASR data foder-resourced languages, in order to
both enable and stimulate the development and expansioisBftAchnologies for these languages.
It was performed in a South African context with the immeelishpetus for this work provided by
a National Centre for Human Language Technology proje@king to collect broadband speech
corpora for all the eleven official languages of the country.

1.1 BACKGROUND

1.1.1 ASR RESOURCE SCARCITY

Only about 20 to 30 of the world’s 6,900 languages have smariti quantities of digitised data,
and much of this data is only in textual form [22, 23]. With endesourced languages residing
primarily in developing world contexts, various additibrikata collection challenges exist which
may exacerbate the already difficult task of collecting ASiRad Some specific challenges will be
discussed in Section 1.1.3.

In South Africa, a recent Human Language Technology (HLTjiday Sharmaet al. [24] in 2009,
indicated that for developing speaker-independent ASEBYS orthographically transcribed speech
corpora should be one of the highest priority items on the ldg&nda for most of South Africa’s
eleven official languages, in order for speech technoldgiesivance and for a thriving HLT industry
to emerge.

As part of a large government-funded three year projectea¢dlwazi conducted from 2006
to 2009, an ASR corpus containing all eleven official langasagf South Africa was developed to
demonstrate the use of speech technology for informatioviceedelivery [25]. Table 1.1 shows
this publicly available corpus containing all South Afrgafficial languages, with the respective
columns showing (i) the official languages of South Afridg,their ISO 639-3:2007 language codes,
(i) estimated number of home language speakers in Southaf(iv) language family (SB indicates
Southern Bantu), and (v) the size of the Lwazi ASR corpus imut@s. The total size of the N-TIMIT
corpus is provided in the same table for comparison.

Applications requiring access of information over telepdchannels differ significantly in terms
of the data collected from applications in which wide-baathcheed to be transcribed. For example,

EFFECTIVE ASR DATA COLLECTION FOR UNDERRESOURCED LANGUAGES 2
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when attempting to effectively transcribe wide-band bozestl news, broadband ASR data would be
required since it is commonly known that band-limited datauld negatively affect the recognition
accuracy when attempting to recognise wide-band speech.

The Lwazi corpus was recorded by users calling from ‘normeddéphone channels, and answering
specific questions posed by the system. The data collect#iuisirway is thus well-matched for
ASR applications intending to use telephone channels tesacmformation, but less suitable for
transcribing wide-band data due to the band-width comggamposed by telephone channels. When
ASR data needs to be collected for a wider range of appliegtiboth channel mismatch as well as
bandwidth mismatch need to be considered. Ideally, dataatimin should match both the bandwidth
as well as the channels that will be used in the target apjgitéor the ASR technology, but when
limited resources are available for data collection, a comise has to be made.

In the case of channel mismatch, a number of techniques vaithing degrees of success exist to
adapt data between the data used to develop ASR systemseasiatéimeeding to be transcribed [26].
For bandwidth mismatch, data collected at higher samptpi&recies could be sub-sampled to match
the required bandwidth of the target application.

In order to expand the availability of ASR corpora for a widage of potential applications in
South Africa, the Department of Arts and Culture of the Réjpulif South Africa in 2009 commis-
sioned the collection dbroadbandspeech corpora for all eleven official South African langsg
over the following three years, since prior to this time sbebadband corpora did not exist (See
Section 1.1.4 for more detail). This would increase thelalsdity of larger corpora for each lang-
uage, as well as address a need for having broadband corpora.

Table 1.1:The Lwazi corpus from Barnaret al [25]. Used with permission.

Language Code No. speakers Language Total
(million) family minutes

isiZulu Zul 10.7 SB:Nguni 525
isiXhosa Xho 7.9 SB:Nguni 470
Afrikaans Afr 6.0 Germanic 213
Sepedi Nso 4.2 SB:Sotho-Tswana 394
Setswana Tsn 3.7 SB:Sotho-Tswana 379
Sesotho Sot 3.6 SB:Sotho-Tswana 387
SA English Eng 3.6 Germanic 304
Xitsonga Tso 2.0 SB:Tswa-Ronga 378
siSwati Ssw 1.2 SB:Nguni 603
Tshivenda Ven 1.0 SB:Venda 354
isiNdebele Nbl 0.7 SB:Nguni 564
Eng (N-TIMIT) 315

EFFECTIVE ASR DATA COLLECTION FOR UNDERRESOURCED LANGUAGES 3
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1.1.2 TYPES OF ASR RESOURCES

ASR resources may consist of a number of components, depemndi the purpose for which the
resources are intended. In general, ASR resources cofgigironunciation lexicon, a phoneme set
and a set of audio data with associated orthographic tratistis [27]. Each of these are briefly
described:

Pronunciation lexicons also called pronunciation dictionaries provide a mapgiom words to
sound-units called phonemes. By providing such a mappimnigglthe training of acoustic models,
sound-units expected to be found in the audio data could kehed. When decoding audio data
using acoustic models, probable phone sequences coulddpedhhack to words using the same pro-
nunciation dictionary. These dictionaries could be dgvetbby non-experts by using a bootstrapping
approach [28]. Abhoneme sefs a set of orthographic symbols used to represent seméwiitis-
tinct sounds in a specific language. This orthographic sspration may take any form, for example,
a single or set of ASCII-characters, as long as a one-to-@mping exists between these representa-
tions and the abstract sound-unigh@nemes Audio data is the actual digitised speech waveforms
of the recorded audio signals, whidethographic transcriptions are the associated textual represen-
tations or transcriptions of the audio data. A further datiatygpically part of ASR resources, is the
meta dataassociated with each speaker, such as age and genderlitatéatiie development of, for
example, gender-dependent acoustic models.

Depending on the intended use of an ASR corpus, various istfoeemation sources may also be
included. For example, if research or recognition is ineghtb be based also on spatial and temporal
activity in the cerebral cortex, then information such asivind EEG data would also be included
in the ASR resources compiled [29].

In this study, the primary concern is only with collectingdaudata with the associated ortho-
graphic transcriptions as well as meta data for each spesk@not with any of the other information
sources typically (or less typically) found in an ASR corpus

1.1.3 EFFECTIVELY COLLECTING ASR DATA FOR UNDER-RESOURCED
LANGUAGES

The challenges of collecting ASR data for under-resourcedjuages are numerous. With most
under-resourced languages residing in developing woddsarspecific requirements for effectively
collecting ASR data for such languages exists.

1.1.3.1 PORTABILITY

A primary requirement for effective collection of ASR datadeveloping world areas, is the key
aspect of portability. Mother-tongue speakers of undsoueced languages are often either residing
in more rural areas, or small communities of speakers diggdl over large geographic areas. In
conducting data collection campaigns for these languaigassporting people to stationary recording

EFFECTIVE ASR DATA COLLECTION FOR UNDERRESOURCED LANGUAGES 4
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environments, or semi-portable equipment to remote looatiis often unfeasible [30].

A further advantage of a more distributed approach to ASR dallection offered through such
portability, is the parallel nature in which these campaigauld be conducted. By employing highly
portable equipment for such campaigns, more than one speakdio data may be recorded at a time,
and in more than one geographic location. The only uppet bfparallelisation in this regard would
be specific equipment budget constraints, and any assoaiad@mpower constraints. In contrast,
renting professional or semi-professional studio timeganstructing such studios, only allows for
very limited parallelisation. Compounded through the dgitarecruitment nature typical of under-
resourced language data collection campaigns, theselfigation approaches become impractical.

1.1.3.2 INTERNET INDEPENDENCE

If Internet connectivity was assumed, a number of oppatiesiiwould be available for ASR data
collection, such as, downloading textual corpora for rdcay, uploading recorded data to a central
server, and even performing some form of semi-real-timditguzontrol of the audio data on back-
end servers. But, such an assumption is simply not validhervast majority of developing world
regions in which most under-resourced languages resi@4]5,

While some developing regions have cheap, reliable Intaroenectivity, this is not generally
the case for most developing regions. Such connectivity bgagion-existent, highly congested, or
provided on an ad-hoc basis. For example, the DakNet pr3éttuses a wireless router mounted on
top of a bus to ‘transport’ email between villages and anrir@econnection in a nearby city and thus
to the rest of the world. This bus is effectively acting as igitdl postman” collecting and delivering
‘mail’.

Wireless connectivity to the Internet, while generally illzle in large parts of South Africa,
can unfortunately not yet be assumed in certain of the mawd aneas. Even if this connectivity
existed in these areas, the cost of accessing such servizeg emes prohibitive. In the bigger
cities some open wireless access points exists, but witlintiited bandwidth available through these
access points, field workers spent many hours in uploaditeyatdlected for similar data collection
campaigns. When private access points were used, fieldvgohiaal to fork out large amounts of
money for uploading the data recorded.

In conclusion, in the instances that Internet connectidgtgvailable in these developing regions,
cost, throughput, latency and stability may be hugely foitikie factors for large scale data collection
campaigns, especially on limited budgets.

1.1.3.3 OPEN-SOURCE SOFTWARE

One of the best arguments for open-source software is thibifigxand opportunity for customisation
that it provides for diverse contexts [5]. For ASR data ailtn for under-resourced languages, this
is a particularly important aspect as the unique needs tdrdiit languagedpcalesand recording
campaigns are simply too diverse to be envisagedori for all contexts.

EFFECTIVE ASR DATA COLLECTION FOR UNDERRESOURCED LANGUAGES 5
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Also, in projects with highly constrained budgets, freeaw tost software may not only provide
the necessary impetus for ASR data collection projectspfait be the only means of completing
such projects within budget requirements.

Given the above requirements, an obvious solution that raanedo mind is that of using portable
digital recorders (similar to the now discontinued Sony MRIMhans [32]), capturing audio data in
a lossless format. These devices are indeed highly portataldave no reliance on the Internet, but
introduces a number of complicating factors in both préegréand controlling randomised prompt
material, as well as additional post-processing requineabssociating recorded audio files with trans-
criptions and meta data for each speaker and session [15].

In conclusion, it is clear that the primary requirements doliecting ASR data effectively for
under-resourced languages, are the key aspects of (ilgiytadf such a tool, (ii) a total indepen-
dence from any Internet connectivity, and (iii) the flexigiland customisability that open-source
software provides.

1.1.4 THE NCHLT DATA COLLECTION PROJECT

One of the projects under the auspices of the National Cdatreluman Language Technology
(NCHLT), funded by the South African Department of Arts andltGre, set out to collect 50-60
hours of broadband speech data for each of the eleven officiglages in South Africa, spanning
six of the nine provinces. This forms part of an initiativegiocourage the development of speech
technologies in all of the official languages.

In order to develop a balanced corpus, two hundred spedk@daiale and 100 female) of each of
the eleven official languages are to be recorded, with ar600ditterances per speaker. The resulting
ASR corpora will consist of more than 1.1 million utterané@sn more than 2,000 individuals; with
most languages still considered under-resourced. As pisgroject, tools also had to be developed
to facilitate the collection and processing of these capor

1.2 PROBLEM STATEMENT AND OBJECTIVES

As building transcribed speech corpora for under-resaliaeguages plays a pivotal role in develop-
ing ASR technologies for such languages, a key step in dewgdhese technologies is the effective
collection of ASR data, consisting of transcribed audio assbciated meta data.

The primary problem is that no suitable tool currently exietr effectively collecting ASR data
for such languages. The specific context and requiremereffantively collecting data for under-
resourced languages, as described above, renders atttykeown solutions unsuitable for such a
task.

As a review of relevant literature in Chapter 2 will indicatee challenge remains to develop a
tool that will enable the effective collection of ASR data tmder-resourced languages, keeping the
context and unique requirements of portability, Intermeleipendence and the open-source nature, in

EFFECTIVE ASR DATA COLLECTION FOR UNDERRESOURCED LANGUAGES 6
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mind.

This work documents the development of such a tool, cANedfzelafrom initially determining
further requirements of effective data collection in thimtext, to the verification and validation of
its functionality and initial intent. Thebjectivesof this study can thus be stated as:

e Developing an open-source mobile data collection tool fi@céive data collection and anno-
tation for under-resourced languages.

o \erifying that the specifications of this tool have been acéd.
¢ Validating the resulting data produced by this tool.

The following section will provide the scope within whichigtproject was conducted.

1.3 SCOPE

This project aims to develop an effective mobile data ctibectool that will be useful in developing
world contexts for collecting new or additional resourcesASR system development; specifically
for under-resourced languages. Thus, this work recogtlsds

e The optimal use of any existing ASR data is especially imgrdrtvhen dealing with under-
resourced languages, but this work focusses on collectioig rfin a strictly relative sense)
resources for these languages.

e A general software prototyping methodology was followedmtythe development of this tool
towards achieving the deliverables of a specific projece(Section 1.1.4). The prototype is
both verified against the design specification as well aglasdd in terms of delivering the
expected output.

e The Android Operating System was chosen as the target ptatfor developing this tool,
among other reasons, because of its open-source naturapity growing popularity and
its freely available development tools. This is to encoaragure development and extension
of this tool, and to facilitate cheap or free distributionsigpport under-resourced languages
globally. Other mobile operating systems were not comprelely considered in this decision
for these reasons.

e The design and stratification of any ASR text corpus is @itfor the overall performance of
an ASR system; and is no simple task. This study was not iedoin the text corpus design
for the various languages and as such simply used the texdr@dra “as-is” for data collection
and system validation.

e This study limits itself to ASR corpora created with a speafieaking style, namely prompted
speech, and thus does not include references to other spestiyiles such as spontaneous
speech, re-told stories, ‘map tasks’, and others [33].

EFFECTIVE ASR DATA COLLECTION FOR UNDERRESOURCED LANGUAGES 7
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1.4 ABBREVIATIONS

Table 1.2 provides a list of frequently used abbreviatitmsughout this document.

Table 1.2:Abbreviations frequently used in this document.

Abbreviation Expansion

ASR Automatic Speech Recognition
GUI Graphical User Interface

HMM Hidden Markov Model

LPCM Linear Pulse-Code Modulation
QC Quiality Control or Quality Check
SD card A “Secure Digital” memory card

WAVE or WAV  An uncompressed binary file format for storing &wd
information; originally defined by Microsoft and IBM
XML eXtensible Markup Language

1.5 SIGNIFICANCE OF PROBLEM

By developing a relevant mobile data collection tool, megthe requirements of portability, Internet
independence, and open-source code, as discussed innSkdti®, the development of ASR systems
for under-resourced languages will not only become feagsihlt this may also provide a much needed
impetus for developing ASR technologies for these langsiagbere few currently exist.

Although very little direct economic value may be attachedpeech technologies for some of
these under-resourced languages, improved informatioesacespecially in highly inaccessible ar-
eas may impact significantly on the quality of life for mangiiriduals where basic communication
infrastructure is available.

1.6 CHAPTER OVERVIEWS

In Chapter 2 an overview regarding relevant establisheceametging data collection methodologies
in literature will be provided, with a specific focus on ségies and tools relevant for ASR data
collection for under-resourced languages, placing thelpro in the context of previous and current
efforts by others.

Chapter 3 will describe the design and development of Wieefz€Ehapter 4 will evaluate the
conformance of Woefzela to the design requirements, whilehapter 5 a number of ASR systems
will be developed and evaluated to confirm that the data med by Woefzela conforms to its original
intent — to develop ASR systems.

Chapter 6 will conclude with a summary of the findings, cosidas and contributions that this
work has made, also providing suggestions for future rebear
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CHAPTER TWO

ASR DATA COLLECTION STRATEGIES

2.1 INTRODUCTION

This review will highlight relevant work in recent scientifliterature pertaining to data collection
strategies for Automatic Speech Recognition (ASR). In ptdeprovide additional background for
this discussion, Section 2.1.1 will provide a brief ovewief the aspects of purpose and quality of
ASR corpora, while Section 2.1.2 will emphasise some of gexidic characteristics of ASR data.
Then, a review of ASR data collection strategies in litematuill follow in Section 2.2, concluded by
an overview of the ASR corpus development process in thesésdion.

2.1.1 PURPOSE AND QUALITY OF ASR CORPORA

ASR corpora are designed and developed with a specific pairposse in mind and this purpose
determines the types and quality of information requires] {6, 34]. Two broad categories of such
uses of corpora may be that of language research and tegyrdgoelopment. Acoustic environment,
bandwidth, recording channel and many other decisionsl@hexplicitly form part of the design
phase for these corpora. Also, when the quality of data fiegnpiart of a corpus is evaluated, the
purpose of such a corpus should be kept in mind explicitlyrgalicitly.

If the primary purpose of creating a corpus is indeed for gn&SR research, careful thought
should be given to the minimum criteria for each of thesesiens [16].

2.1.2 CHARACTERISTICS OF ASR DATA

The content and character of an ASR corpus may differ sigmifig from that required for developing
other speech technologies such as text-to-speech (TT8)esyrers. For example, in TTS corpora
additional part-of-speech tags are usually required thitid the pre-processing of sentences for
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adjusting timing, pause and emphasis when the sentencattsesjzed. TTS corpora also primarily
consist of a small number of speakers with larger amountsatd gder speaker compared to ASR
corpora intended for speaker-independent speech reemynihich typically consist of a much larger

number of speakers, but with less data for each speaker.

In ASR corpora the larger number of speakers is requiredféatafely model the variability be-
tween speakers needed for sufficiently broad speaker-@mdfgmt statistical models. In TTS corpora
a larger amount of data per speaker is needed to have sufciemples of each speech sound in all the
different contexts (position in word and sentence, praswedriant etc.) for a unit-selection approach,
or to have a sufficient number of samples to train the requitdden markov models (HMMs) for
each of the different contexts when HMM-based synthesisésiu

Also, typical TTS data would require ‘near studio’ qualitgoaistic environments when recorded,
while for ASR data it is often more important that the recogdand application acoustic environments
are matched as closely as possible. For example, when higbegnition accuracies for in-car en-
vironments are required, in-car recordings would typich# necessary when building ASR systems
for such applications [35].

In certain cases, some or all of the ASR data may be usablevielapgng different speech
technologies, but such data may also require extensive @stt ge-annotation for a corpus to be
usable [34].

2.2 ASR DATA COLLECTION STRATEGIES

Over the past few decades various strategies and processsslécting ASR data have become well
established, while other exciting new trends indicate abemof emerging strategies. Both these
approaches will be discussed below, with an emphasis aegiea that are most useful for ASR data
collection for under-resourced languages.

2.2.1 ESTABLISHED STRATEGIES
2.2.1.1 PROFESSIONAL STUDIO ENVIRONMENTS

Most large-scale ASR corpus creation projects, such as €T Tcorpus [36], procure the use of a
professional sound studio for recording speech sampless. HEs the advantage that environmental
noise and disturbances can be controlled leading to reduosdnted acoustic events and thus higher
quality speech data. Such studios are also often equipgldamputers that present the prompt text
together with some basic instructions to the reader, ansldduces paper noise and other message-
passing techniques; but all of this comes at a price.

Generally, such studios are extremely costly to construgeny costly to rent which only well-
funded projects may be able to afford. Compounding with fidi$ is the cost and logistics of trans-
porting all speakers to this fixed location in order to cdllemice data.
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2.2.1.2 TEMPORARY STUDIO ENVIRONMENTS

Due to the mobility or location diversity required by somejpcts, temporary sound studios (or sound
booths) are also sometimes used to record speech data [83e Birrangements may minimise some
of the drawbacks of professional studios, such as cost aradidm dependence, but introduce other
potential problems. Temporary studios tend not to have éineesquality of insulation to external
noises as permanent studios, and is thus more susceptihtenaptions and other acoustical events
during recording. A specific problem may be the noise intoeduby computer ventilation systems
that would require special attention. But, in spite of thesewvbacks, this is still a viable alternative
for certain speech data collection projects. The Globatermmrpus [37] could fall in this category.

The major disadvantage of this approach for ASR data cale¢or under-resourced languages,
is the trade-off between the cost of such a temporary stthibopumber of deployments that could be
made in parallel, and the transportation of relatively pudkd fragile equipment where road-access
remains a major risk to such equipment [30, 33].

2.21.3 TELEPHONE-BASED COLLECTION

Telephone-based recordings are often closely matchedhetintended use of speech data, especially
when Spoken Dialogue Systems are to be deployed on telepteinerks. In certain cases, these
calls originate from fixed-line telephones [9], in othersnfr mobile phones, and yet in others even
a combination of both [11]. With telephone networks, esplgcimobile phone networks growing
rapidly in developing world regions [14], telephone-ba$&8R data collection is often a viable, if
not preferred alternative for studio based data collectiéan example of a corpus collected in this
way is the Lwazi corpus [25].

Practically, several specific issues need to be carefultgidered when intending to collect ASR
data over telephone networks, as highlighted by Deé&t/at [15], such as bandwidth limitations, lack
of control over the speaker’'s environment, handset noser, screening (for example, first language
speaking ability) and user identity verification to avoigtication of users. Nevertheless, when these
factors are carefully considered and addressed, telepbaserd recording strategies are a definite
option for collecting matched data for telephone-basedicaipns.

When requiring data with a wider bandwidth, telephone-Bataga collection would not suffice
as typical telephone networks provide limited bandwidttallow for channel multiplexing. With
the potential expansion of wideband telephone networkdHbsM 7 kHz) [38], such data collection
may become a viable option in the future, but currently sustwarks are not typically available in
developing world contexts.

2.2.1.4 LIVE-SERVICE COLLECTION

Collecting additional ASR data on a live recognition seeviuch as Google’s Voice Search ser-
vice [1], is a well established and cost-effective meansxtéreding the amount of available speech
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data. Although the quality of such data needs to be verifiat v employing it in adapting acous-
tic models, to avoid deterioration of the recogniser panfamce, this is a powerful strategy, and a
technique often utilised by commercial ASR systems.

However, when insufficient ASR data is available to trainittigial acoustic models with, or when
no live service to deploy such initial models exists, thiemiative is not available. For example,
only a few ASR systems exists for African languages, and@dd¢hnone currently provides any live
services [27].

2.2.2 EMERGING STRATEGIES
2.2.2.1 WEB-BASED COLLECTION

In recent years, various web-based strategies have eméxgiitciround Internet infrastructure. With
the rapid growth of crowdsourcing approaches to various &tummtelligence Tasks (HITS) in the
domains of Natural Language Processing and other HumanuagegTechnology tasks such as ma-
chine translation, several corpus creation strategies aBo emerged. Thus, a brief digression to the
use of the most well-known of such services, Amazon’s Meahfurk, is in order.

Amazon Mechanical Turk overview

Amazon Mechanical Turk (AMT) is one of the major players ia tomain of Internet crowdsourcing
for HITs [39-41]. The work-flow system of this service by Amazrovides a means fe@mployers
to distribute requests for HITs to be performed. Emaployeessometimes referred to as “Turkers”,
can find these requests on-line and elect to perform suclk dtas specific remuneration, in a given
time-frame. Once this task has been completed to the siitsiaof the employer, the employee is
remunerated for the task by the employer, with Amazon rdmges percentage of these earnings
from the employer [39].

Such a low-cost, high-volume transaction-based serviwdsl@self greatly to sub-tasks required
for developing ASR corpora such as transcription of audesfiverification of transcriptions and even
the recording of speech data.

Transcription and quality verification on the web

As a key step in the construction of an ASR corpus, transorigf large amounts of short audio files,
or verification of existing transcriptions, are required. Wilising services such as AMT, developers
of ASR corpora may procure these transcriptions (or vetitiog) at a fraction of the cost of trad-
itional methods, and within a reasonably short turn-arciimeé compared to designated transcribers
involved in a project.

The quality of such transcriptions have motivated numestudies in the recent past [42,43], with
an excellent overview of the different approaches and sswelved, provided by Pareet al. [39].
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In a study done by MIT [44], dynamically constraining theumpf the transcriber seems to provide
promising results for obtaining good quality transcripgo Overall, the consensus seems to be that
as long as the variability in the quality of work done througrbwdsourcing services, such as AMT,
form part of the design phase of such projects, results coabfgto that of human transcribers can
be achieved.

Recording audio on the web

In a recent study by McGraet al. [40] the authors used AMT for both collecting speech datanfr
users as well as transcribing this data with HITs. Inherarthis approach, however, is the vari-
ability of recording equipment attached to on-line commjtthe acoustic environments in which the
participants choose to record the speech, and other palteiniwbacks. Nevertheless, in the devel-
oped world (and some parts of the developing world) whereriat access is readily available, this
approach has definite advantages.

2.2.2.2 DATAHARVESTING

A further strategy emerging in recent years is that of dategsing from existing sources. Harvesting
audio data with associated “approximate transcriptionsfinfon-line sources provides opportunities
especially valuable for under-resourced languages, gnexany existing corpora in a cost effective
way [19]. Other sources such as broadcast news or lectues ao¢ also mined for such audio data,
each presenting unique challenges [20, 44]

A common challenge typically found by harvesting such sesirds the transcription accuracy.
Often news scripts or lecture notes existed prior to audionding, leading to varying degrees of
accuracy when recording such read or retold texts. Recehhigues have shown very promising
results in processing these inaccurate transcriptioriutther work still remain [19].

In conclusion of this sub-section, although these wellldistacd methods of ASR data collection is
still much used, they lack in different aspects of costetfieness, bandwidth limitations, or simply
the infrastructure required for effective use in collegtihSR data specifically for under-resourced
languages. The web-based data collection approaches arththehand, have several advantages
such as location independence and cost-effectivenessilsuon the key attribute of Internet inde-
pendence, a primary requirement for effective ASR dataectitin for under-resourced languages
as seen in Section 1.1.3. Data harvesting techniques shmesfis promise for under-resourced
languages, but requires the data source to firstly existttagrocurement of such data to be cost
effective.

2.2.2.3 SMARTPHONE-BASED COLLECTION

In two recent publications, by Hughestal. from Google Research [45] and Lagial. from Carnegie
Mellon University [46],smartphonegre used to collect speech data for ASR system development or
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rapid porting of ASR systems to “new” languages. Each ofahmsblications will be discussed in
further detail below, as this provides the specific contekttlie problem investigated in this study;
with specific reference to employing these technologiesififer-resourced languages.

Google Research

In Hugheset al., the authors had a specific need to collect ASR data for @ot\oice Search”
engine [7], and thus developed a proprietary, Android-haseartphone tool, calleBataHound to
collect this data.

The functionality provided by DataHound is very effective eneral ASR data collection. On
launching the software application, some basic meta datd) as age, gender and accent of the
speaker is requested, along with the recording environngetdcting from among categories such as
indoors, outdoors, or other environments. The user is &goired to provide a non-structured “user
name”, which is subsequently used to associate meta ddtaeeivrded audio for the specific user.

The general architecture of DataHound is that of a typidahtiserver model. The client is the
application that runs on an Android smartphone that presprampts to the user and records the
spoken prompts directly through the smartphone’s micraphend not via the band-limited mobile
phone channel. The server-side stores the textual proraptly rfor download to a device and is
responsible for controlling the uploading of recorded authita upon the client's request. Although
Internet connectivity is not a necessityring recording, at some stage a wireless Internet connection
is required, firstly to download a new set of textual promptsj secondly to upload recorded audio
files and meta data.

With DataHound, textual corpora consisting of phrases ingetb be read, can only be down-
loaded through a wireless connection to the Internet. Thésdhave an advantage of easier manipu-
lation of these textual corpora from the server-side, fanegle, when prompts need to be removed
from the corpus due to words being offensive, but has theldigage that such Internet connectivity
is needed in order to obtain any prompts and dispatch anydedalata.

In the discussion, Hughest al. also points out that speakers do not always read the rexgliest
prompts accurately, causing each transcription to be aroaippation of what was said. Upon initial
investigation, Hughest al. concludes that only about 10% of utterances are not ctyrespre-
sented by their associated transcriptions, 2% of whichccbaldetected automatically; while human
transcribers on average have an error rate that is worsel®?an This lead to their assumption that
no special efforts need to be made to avoid these readingureaies during the recording process.
However, in their final analysis, they discovered that a neindd recording sessions suffered from
poor signal-to-noise ratios or contained systematic smuade by the users, which suggested further
work necessary in this regard.

In a developing world context where literacy rates are galyemuch lower, this observation by
Hugheset al. might become even more pertinent.
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Carnegie Mellon University

Laneet al. focusses on a preliminary study to establish the feasilwifiusing smartphones to record
prompts presented to an unsupervised reader in a remotiolgcand subsequently uploading the
resulting audio with associated meta data to a central serve

Upon presenting the speaker with a minimal set of meta datartplete, the application advances
to arecording stage where each utterance is presentedifotuecording or subsequent re-recording,
based on the reader’s judgment.

The general architecture used by Lael. is that of a custom application running on a standard
iPhonehandset that provides the direct interface with the speakiee speaker is presented with a
phrase or sentence to read from a text corpus residing yomalthe device (presumably downloaded
over an Internet connection prior to starting), recordsutterance, and moves on to the next prompt.
The user however has to hold down a push-to-talk button vepiégaking the prompted string, which
has lead to confusion in some cases.

Once all the required prompts have been recorded directly e device’s internal memory,
i.e. without any requirement for Internet connectivity idgrrecording, the user may opt to start the
uploading process, causing the data to be uploaded to aatediserver. Should the user wish to halt
or not initiate the uploading process, he/she may choose &odind re-initiate the upload process
at a later stage. It is argued that this ‘upload on requesttfanality may be especially useful when
Internet costs are high in the current location that the findrthemselves in, since uploading may
be suspended until a more affordable connection is availaNlonetheless, at some stage Internet
connectivity is required.

Laneet al. concludes with an evaluation of the problems encounteitfdtheir smartphone data
collection approach, as a lack in the quality of the resglandio recorded, and explains that due to
the remote nature of the recordings, no control could becesest over the environment that the user
chose to record in, resulting in “unsuitable” data at timfamblems with clipping of the audio signal,
insufficient energy in the signal, and low signal-to-noiggas caused by excessive background noise,
resulted in such losses.

In summarising and further commenting on some of the reteagpects of the data collection tools
from Hugheset al. and Laneet al., various issues become apparent: The basic functionalifyired
from highly portable ASR data collection tools for undesaarced languages, is available in both
of these tools, since both make use of smartphone handsatsbd@h tools have a certain degree
of dependence on Internet connectivity, at least durintaoestages of the process, an attribute that
is highly undesirable when collecting ASR data in a numbedexeloping world contexts. As also
practically experienced during a data collection campaiging DataHound in South Africa, limited
Internet bandwidth in some areas and the cost of uploadiogydangs posed serious financial and
logistic problems for in-house Contractors.

A potential solution in this regard would be to provide was$ connectivity from the smartphones
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to alocal laptop computer in the vicinity of where data is being reeakdacilitating both the prompt
download as well as the data upload activities. This woukbime sense ‘simulate’ the functionality
of Internet connectivity, yet be totally independent of atual Internet connection. As a potential
extension of this project, this falls outside the scope oindial prototype, but could be considered
for future work.

Further, with the proprietary nature of DataHound, and ipid#y a similar constraint placed on
the tool used in Lanet al., the lack of the much needed customisability provided bgnegource
software, poses a serious problem when when collecting ASR for under-resourced languages,
where such flexibility is paramount; as discussed underi@ettl.3, page 4.

2.3 ASR CORPUS DEVELOPMENT PROCESS

Several different speaking styles exist, since speakansthe way they speak depending on the
context that the word or sentence is spoken in. Two of thesadbcategories of speaking styles
are read and elicited speech, each taking various formsppéssion. This study, and thus the corpus
development process described below, focusses primarilgad speech, since the reading of specific
prompts is easily facilitated through feature-rich hatglseich as smartphones.

Building a digital ASR corpus for any language is a non-giviask with various complicating
factors such as corpus stratification and design, finanogistics, licensing issues, personnel issues,
time lines, quality control, recruiting of first languageesgers, recording environment planning,
database management, computer hardware and transpstidsgio name but a few high-level chall-
enges [15,16].

Following the approaches outlined by various authors feetiping different types of speech-
related corpora [15,47-50], the primary stages are disdussxt.

2.3.1 CORPUS DESIGN

The first stage of ASR corpus creation is that of corpus desiduring this crucial stage, various
design decisions are required, such as the total numbereakeps, the gender distribution among
these speakers, their age distribution, the average larigitierances required, and many more. In
general, the purpose of this design phase is to ensure thatias variability as possible is captured
in the speech data, while matching the actual intended &camvironment for the application of the
ASR corpus, as closely as possible [25]. Such design ismdatand requires extensive knowledge
of statistical acoustic models as well as the origin of \ailitg in speech signals.

2.3.2 PROMPT TEXT SELECTION

The next stage of creating an ASR corpus is that of selecétayant text that needs to be read by
the different speakers. The selected text may have to aontovarious criteria (such as a specific
trigram coverage of the orthography), but would dependifsogmtly on the purpose the corpus is
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intended for. When a prompted speaking style is requireds(d® case in this study), this textual
input material is sometimes called “prompting materiaB]j1

2.3.3 AUDIO RECORDING

These textual words, phrases or even sentences (depemdihg corpus design) need to be recorded
in some digital format by a number of speakers; the amounthvbince again depends on the corpus
design. Various recording hardware and software toolsingnigom advanced studio equipment to
portable recorders may be used.

2.3.4 TRANSCRIPTION AND ANNOTATION

After the recordings have been made, the actual words redanded to be transcribed or verified
either automatically or manually, depending on the leveteshnology available [51, 52]. These
transcriptions typically take on one of two forms, namelghographic transcriptions or phonemic
transcriptions.

Orthographic transcriptions, is a mapping of the speechasitp the orthography, or writing
system of a language, with the basic writing unit callegt@phemg16]. Phonemic transcriptions is
a mapping of the same speech signal to a set of symbols, gaeseating the semantically distinct
sounds of a language, with these basic sound-units galedemesDepending on the purpose and
requirements of a corpus, either or both forms of transomngtmay be needed.

Usually during this stage, certain pre-agreed annotasonsetimes called ‘markups’, also need
to be added to the transcriptions to indicate events oeguim the audio, such as noise, mispronun-
ciations or even prosodic annotations for certain typeogéara [53, 54].

These annotations or tags, and the level to which they angedppgain depends on the purpose
for which the corpus is intended. In general, these traptoris also need to be aligned with the
audio contents, by segmenting the audio file in correspare@rith each word in a transcription, a
process for which HTK [55] is often used.

2.3.5 QUALITY VERIFICATION

Upon completing transcriptions either manually or autacadly, the transcription accuracy is usually
verified in whole or in part, prior to approving the data seecént studies by Rogt al. [56] have
investigated the use of automatic tools for estimatingstteption “difficulty” to aid in selecting text
needing thorough verification. Rast al. also investigated the use of automated tools to perform
quality verification to reduce human effort. Although théekt trends indicate the strong use of
crowdsourcing techniques, especially to perform qualdsification of transcriptions [39], this will
be discussed in a later section to avoid duplication of sutis@ussion.

The detail of the actual Quality Control (QC) required, aga¢pends on the purpose for which
the corpus is intended. The two main groupings of QC requaredfor transcriptions and for audio
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Table 2.1:Comparison of candidate data collection tools for undesenerced languages.

Primary requirement Hughesetal. Laneetal.

Portability v v
Internet independence X X
Open-source X X

data. Should all the individual files (audio and/or trarsions) pass all the necessary QC stages,
a complete corpusalidation and evaluation(as defined in [57]), may further be required prior to
releasing the data as an official ASR corpus - “a set of dat@atel and prepared for a specific
use” [16].

2.4 CONCLUSION

Several well established ASR data collection strategietseand are still commonly used for collec-
tion campaigns. However, as pointed out in Section 1.1.8€p@h, effectively collecting ASR data
for under-resourced languages poses unique challenges.

With the most recent trend in ASR data collection capitatison the increasing availability of
smartphones with its associated decreasing costs, thegmsig@rovide some of the much needed
flexibility of user interface design, ease of localizatiand high portability required when collecting
ASR data for under-resourced languages.

As the review of above literature has shown, only two knowndadate smartphone solutions
currently exist for collecting ASR data that could potelhibe appropriate for under-resourced lang-
uages, namely, DataHound [45] and the iPhone applicatiorldged by Laneet al. [46]. But in
comparing these tools with the criteria set in Section 1fdr.8o0ols that would be effective in collect-
ing data for under-resourced languages, neither of thdgtmts are indeed suitable due to their lack
of meeting two of these primary requirements, namely, tteErnet independence and having an
open-source code base.

Table 2.1 shows in summary, that although both these toels the basic functionality required
for ASR data collection, neither of these candidate tootcassfully address the primary require-
ments of open-source customisability and Internet indégece. The challenge thus remains to
develop a tool that will enable the effective collection @R data for under-resourced languages by
keeping the primary requirements of portability, Interimetependence and the open-source nature of
such a tool in mind.
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CHAPTER THREE

WOEFZELA - A NEW TOOL

3.1 INTRODUCTION

The effective collection of ASR data for under-resourcetylaages is no trivial task. As described in
Chapter 1, the primary requirements of portability, Inegrimdependence and the open-source nature
of any proposed solution is vital. The review of the literatin Chapter 2 confirmed that the challenge
remains to develop such a tool.

This chapter documents the design and development of thiisdalledWoefzela Much concep-
tual information is drawn fronValidation, Verification, and Testing for the Individuald@rammer
by Branstackt al. [58] andSWEBOK]59] in subsequent discussions.

The first part of this chapter will describe how the overatigarct requirements came into being,
contrasting specific requirements provided by an extenmépt initiator, with requirements derived
through a requirements analysis process.

The second part of this chapter, from Section 3.3 onwardl, digicuss the software design
process — from conceptual design, to architecture, thraumgbverview of the software construction
stage to final testing.

3.2 PRODUCT REQUIREMENTS

Apart from the primary, non-negotiable product requiretaesf portability, Internet independence
and the open-source customisability described in previbapters, another set of specific require-
ments determined the final product specifications. Theseadlerl the secondary requirements. The
secondary requirements are further subdivided into peal/@hd derived requirements, as the words
indicate, having been provided with the former and havingvdd the latter.

19



CHAPTER THREE WOEFZELA - A NEW TOOL

3.2.1 PRIMARY REQUIREMENTS

In serving as a summary of the discussions of the primaryireapents in previous chapters, Table 3.1
provides a reference to the primary requirements for deuedpa new tool that would be effective
for collecting ASR data for under-resourced languages.

Table 3.1:Primary requirements for Woefzela compared with candisl&tam literature.

Primary requirement Hughesetal. [45] Laneetal.[46] Woefzela design

Portability v v v
Internet independence X X v
Open-source X X v

3.2.2 PROVIDED SECONDARY REQUIREMENTS

Through a third party initiating this project, a number o$learequirements were provided. Firstly, an
efficient ASR data collection tool had to be developed toemlbroadband corpora for all the eleven
official languages of South Africa, most of which were stdhsidered to be under-resourced. Thus,
the NCHLT project described in Section 1.1.4 (page 6) predithe larger context for the use of this
tool with regard to the intended purpose of the corpora, ahgel geographic and language diversity
to be covered, the volume and stratification of the data te@berded, and the budget constraints.

Secondly, all the output format requirements such as ubiegML-format for structured output
files, recording audio data in the WAVE-file format with LPCMa®ding, using a sample frequency
of 16 kHz to ensure an 8 kHz bandwidth, and ensuring that piltiand output of the tool complies
to the UTF-8 Unicode standard, were provided.

Thirdly was the requirement given that the frequency ofratiees recorded by all speakers of
a specific language should converge over time to a uniformiilalision, ensuring that the phoneme
coverage predicted during the textual corpus design, ieaeth.

Fourthly, a usage protocol similar to that which will be ditsed in the following subsection,
Section 3.2.2.1, had to be adhered to. Lastly, the basi¢ifunaity of this tool needed to be similar to
that of DataHound [45], whilstimproving on apparent dragksa This functionality will be described
in Section 3.2.2.2.

Lastly, a more indirect yet important requirement was thednfer this software tool to run on
different smartphone hardware. This need arose in paati¢tdm the different handsets available at
the time, as well as the more generally important aspectmtiidcag some of the needed variability
in the data collected by using different handset models.

3.2.2.1 USAGE PROTOCOL

The provided protocol for collecting ASR data was to be basethe assumption that collection will
be overseen b¥ield workers who are responsible for canvassing, enrolling, trainind guiding
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Respondenta/ho provide the actual speech data. These Field workersarefore responsible for

the actual data collection process.
Contractors on the other hand, are generally responsible for a comgégecollection campaign,
typically recording a number of languages in parallel, aredraquired to recruit any needed Field

workers.
From the perspective of a Field worker, the process of atmuidata from a single Respondent,

needed to conform to the following protocol:

1. Screening: The language ability and fluency of the Respuins assessed by a qualified
mother-tongue speaker, prior to being enrolled for anyhfrractivities.

2. Registration: A basic record of the Respondent’s petsaf@mation is created, including a
record of data collection consent, and any agreed rewardfuices rendered.

3. Training: The Respondent is trained on the use of the tpal Bield worker, and records an
initial number of prompts in order to familiarise himse#fiself with the general functioning of
the application. This is calledtaaining session

4. Recording: Upon successfully completing the trainingsgm, the Respondent is presented
with a target number of prompts, while recording the auditadd his is called aecording

session

5. Reward: Upon completion of the recording session, thei@es$s automatically terminated by
the application and the Respondent is rewarded by the Fietkes as per prior agreement.

A further set of provided secondary requirements were thetfonal requirements.

3.2.2.2 FUNCTIONAL REQUIREMENTS

Only two primary functional components were specified, stedl below:

1. Capture Respondent meta data: This information is dakénkeeping track of any data asso-
ciated with the Respondent. Information such as age, gepderary language and recording

environment is required.

2. Control audio recording and storage: The Respondent beugtresented with a number of
textual prompts to record, and both the prompts and the dedoaudio files must be stored in
some form. The ability to Start, Stop, Record, Playbackr&mrd and Skip prompts, must

also be implemented.
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3.2.3 DERIVED SECONDARY REQUIREMENTS

Apart from receiving the provided secondary requirememigjmber of other secondary requirements
were derived from (i) the provided secondary requireme(ijsnterview discussions with in-house
Contractors experienced in using DataHound, and (iii)udisons with colleagues regarding a previ-
ous Lwazi project; referred to in Section 1.1.1, page 2.

Through this basic requirements analysis process, a settbef secondary requirements were
derived from these inputs, which are not as crucial as thmaargi requirements, yet impacts specifi-
cally on the effectiveness of this tool in collecting ASRal&dr under-resourced languages.

3.2.3.1 MAXIMISING RECORDING OPPORTUNITY

Remote locations compound a number of challenges faced widacting ASR data for under-
resourced languages. Transporting the equipment to reanets or people from remote areas are
costly and potentially risky. When first language speakeegirto be reached in remote areas or when
such speakers are sparsely distributed over wide geograptéasrecording opportunityis of prime
importance.

Once a Respondent is engaged in a recording process, maxisaisie data must be obtained
during a session as the cost of procuring the services ofithe person, or even another first language
speaker, may not be feasible.

By assuming that the average respondent will only make adamiumber of recording errors, all
the quality assurance of the data is left for the post-pingsstage. This may lead to subsequently
discarding large amounts of data, incurring unnecessagek

Thus, by closing-the-loop on the quality of recordings aEkly as possible (i.e. on the mobile
device), a waste of various resources are potentially adoi@ihe specific solution call€gC-on-the-
go, will be introduced in Section 3.3 as part of the conceptesigh of Woefzela.

3.2.3.2 PROVIDING SUPPORT FOR FIELD WORKERS

The process of assisting a number of Respondents to doregelspata, may be very exhausting,
potentially impacting on the quality of such supervision.order to support Field workers as much
as possible, some specific additional secondary requiresmere derived.

Firstly, by ensuring that the usage protocol is — as far asiples— implicitly adhered to through
program design, Field workers may address more excepiigsias. By requiring Woefzela to firstly
enforce an enrollment procedure, followed by a trainingieeswhich was previously manually en-
forced, prior to allowing a formal recording session, thisacmme could be achieved.

Secondly, by requiring specific, structured informatiamnfreach Respondent for successful en-
roliment, the challenge of sourcing needed information &ter stage, is alleviated. In creating
standard profiles for Respondents, the user interface dmulgsed to enforce entry of the required
fields.
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Furthermore, in South Africa a legal requirement existsélran part-time workers must be above
the age of 16 in order to be remunerated for their servicess ifibludes data donation services. By
simply requesting the Respondent’s South African idemtitynber, the Field worker can derive the
Respondent’'s age (while potentially verifying the valjdif a provided identity number), circum-
venting embarrassing situations that may arise by askirgsop’s age to ascertain legal compliance.

Lastly, an often overlooked aspect of speech data colledtithe ethical aspect of consent. By
ensuring that all Respondents have seen and agreed to the &ad Conditions prior to taking part
in a recording session, this important issue is addressed.

3.2.3.3 PROVIDING SUPPORT FOR CONTRACTORS

As the main agents overseeing complete recording campdigmaractors are legally responsible for
recording any financial remuneration awarded to Respordentservices rendered. By providing
a specific field in the graphical user interface during Redpanhenrollment for the remuneration
agreed upon, Contractors could easily keep track of any exjebnditure in electronic form.

Further, since the overall responsibility of the qualitydaita lies with the Contractor, it is im-
portant for Contractors to be able to associate specificrdéwp sessions with each Field worker
responsible. By enforcing an enrollment process for eaetdorker along with the enroliment of
each Respondent, individual performance managementilisefied; aiding the Contractor.

3.2.3.4 SIMPLIFYING POST-PROCESSING OF DATA

When data has been collected for a language, this data neddsdeveloped into an ASR corpus
typically through renaming of files according to a certaimantion and grouping of files into a pre-
defined folder structure; apart from any quality controluiegd. In order to simplify the automation

of the post-processing of these files which are typicallgdarolumes of data, a number of additional
requirements have been derived:

e File and folder naming conventions must be consistent, aaslahosen as such as to ensure
that all file names are distinct across all recording deyiaad across all languages recorded
with Woefzela.

¢ Personal information of Field workers and Respondentst brisasy separable from collected
data to avoid additional post-processing of data to remeferences that could potentially be
linked to an individual’s identity.

In conclusion, all these above primary, provided secondad/derived secondary requirements were
synthesised into a software design for Woefzela. Some afikeall conceptual design components
such as QC-on-the-go, are further explained in this chapteite Chapter 4 will elaborate on other

solutions provided in meeting these requirements.
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3.3 SOFTWARE DESIGN

3.3.1 CONCEPTUAL DESIGN

The conceptual design of Woefzela can be divided into a géhanctional design and the more spe-
cific QC-on-the-go functionality, while keeping all the iary and secondary product requirements
in view. Each will be discussed.

3.3.1.1 GENERAL FUNCTIONAL CONCEPT

The first stage of the program functionality encompassesgih@lment process during which Field
worker, Respondent and Session profiles are completed.idstdge, information is gathered and
stored in the required format.

In the second stage, a training session commences. TherRiespias shown by the Field worker
how to use the tool and is given a number of prompts to recordl grocessing is done on these
prompts, including QC-on-the-go, to ensure that the Redgatnexperiences the full functionality of
the tool and becomes familiar with the quality indicatorshat bottom of the user interface.

The data generated during the training session is identidatmat and location, to the data that
would be generated during a later recording session, apantthe fact that the data is clearly marked
as training session data. This enables these trainingbssdsi be easily included, or excluded, during
post-processing, depending on individual campaign antdgrosessing requirements.

During the third stage, called a recording session, theahctaicording of the target number of
prompts is done. This is controlled in the same way as a hgisession, apart from the target
number of prompts being different.

The fourth stage is that of finalisation of the recording mes<During this stage, the Respondent
is informed of the completion of the session and any outstgnaudio files that have already been
queued for quality control, is finalised.

In terms of conceptual design, the complete applicatiohus divided into four sub-tasks, or activi-
ties. The first, second and third activities present graghiser interfaces for data entry. The fourth
activity is the main recording graphical user interface.this activity the user is presented with a
prompt to record and a number of buttons to control the réegrdrocess with.

The software application stays on this main recording scrhging the complete training and
recording sessions, unless the user chooses to termimapedhram. Once the recording session has
been completed, the user is presented with an overlayecagessorming him/her of the successful
completion of the session. Upon acknowledgement of thissages the program terminates.

3.3.1.2 QC-ON-THE-GO CONCEPT

In order to maximise recording opportunity as explained éet®n 3.2.3.1, the QC-on-the-go func-
tionality of Woefzela was devised. Since the primary goalearding speech data is to ensure that
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a certain target number of good recordings are collecteddoh speaker (with the quality of speech
data being dependent on the particular application of tted day guiding Respondents towards a spe-
cific number of good recordings per session, rather than@fgpeumber of audio files per session,
more usable speech data should be collected.

Traditional methods of checking the quality of data duriegtgprocessing to ascertain the quality
introduces unnecessary losses when collecting speeclfodatader-resourced languages.

Since Internet independence must be maintained, this Eahitime quality control mechanism,
QC-on-the-go, cannot be performed on back-end serversnia to change the target number of
prompts based on the quality of recorded prompts, and thsiduthctionality must be implemented
on the device itself.

Thus, once a Respondent has finished recording a promptutte file is submitted to a QC-
on-the-go service, running in the background on the dewcstch further quality checks, with the
results of these checks being written to an XML-file. If anyttufse quality criteria is not met for an
audio file, an additional prompt is loaded for the Respontiergcord, thus pursuing a target number
of good recordings, and not simply any audio data.

A basic set of quality control criteria that was deemed appate and computationally tractable
for the hardware available at the time, were initially chiosehese criteria are by no means exhaustive
or well researched, but simply provided an initial starfpaint for the proposed novel QC-on-the-go
process. These quality criteria are described next.

QC flags

The following quality checks are to be performed on the afitécand the subsequent results stored
in an associated XML-file:

Volume level

On mobile phones it is often easy for the user to unintentipre@ver the microphone causing the
volume of the recording to be too low, or speaking too closety the microphone — causing the
volume to be too high. This flag in the XML-file will indicate &u QC failure.

Start/stop errors

Should a user start speaking prematurely, truncation o$pleech signal will happen at the start of
the recording. On the other hand, if the user presses therbiattstop recording too early while still
speaking, truncation at the end of the recording resultordier to avoid both these errors, as well
as provide feedback to the user, an empirical root-meaarsdhreshold was set for the first and last
N milliseconds of the audio. Should the threshold be reacheadas deemed that an unacceptable
amount of energy was present in the signal at the start/emt{heat potential information could be
lost.
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To further inform the user when the hardware is ready, in #&mgit to avoid such truncation
errors, the prompt text changes colour to indicate the uargtates. In this aspect, DataHound has a
superior implementation by maintaining a rotating buffarfecordings and subsequently writing the
buffer to a file while including 0.5 seconds of recorded ausiéore initiation and after termination
of the recording.

In very noisy environments such as traffic, close proximdyatr-conditioning noise or back-
ground sources such as bird songs (common in rural Africtings), testing of the quality check
feature caused the recordings to fail the quality crites&emingly indicating a start/stop truncation
error, when the actual problem involved too much energydeiesent in the surrounding ambient
noise. This is in fact a desirable conclusion, as such highiemh noise levels indicate that the
environment is unsuitable for speech data collection.

3.3.2 ARCHITECTURE

In order to describe the general architecture used, a braxiew of the Android application frame-
work is provided to serve as a basic guide to the implememtatetails and terminology mentioned
later in this chapter.

3.3.2.1 ANDROID APPLICATION FRAMEWORK

Framework components

The major components of the Android Operating System shaviigure 3.1, is a Linux kernel with
a set of system libraries and an Android runtime environme€he virtual machine, called the Dalvik
Virtual Machine, is similar to that of a standard Java VittMachine, but is especially optimised for
devices with limited resources such as mobile phones.

Four application components form the major building blofiksa software developer, namely,
Activities, Services, Content Providers and BroadcaseRecs. Depending on the target application
in mind, Activities and Services form the primary buildingpks.

Component interactions

An Activity is generally associated with User Interface (Ul) screeustians has a visible association
with the userServiceson the other hand, run in the background and do not have aiijevisterface
with the user.

An Android application, such as Woefzela, is therefore troiesed in terms of different user
interfaces, each performing a specific task or function thatuser needs to interact with. In the
background, different services, potentially influencedtsy actions taking place on the User Inter-
face, that is, in the Activity, may perform tasks that requio direct user intervention, except maybe
at key stages for which an Activity would be required.
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APPLICATIONS
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Flash Memory Binder (IPC)
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Keypad Driver WIiFi Driver Fans Management

Figure 3.1:Major components of the Android operating system [60].

3.3.2.2 WOEFZELA FRAMEWORK COMPONENTS

The main Android framework components used in Woefzelaiated in Table 3.2. These frame-
work components are loosely connected by means of an “Adiltanifest” XML-file in which these
different Activities and their allowable interactions alefined.

Table 3.2:Android framework components employed in Woefzela.

Component Component class
Field worker profile entry user interface  Android Activity
Respondent profile entry user interface  Android Activity

Session profile entry user interface Android Activity
Main recording user interface Android Activity
QC-on-the-go functionality Android Service

3.3.2.3 PRINCIPAL OBJECTS

Two important data-structure-groupings exist in the desif Woefzela, namely, those associated
with prompts, and those associated with the QC-on-the-gotienality, here referred to as ti@C
Service
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Pr onpt Li st class

The Pronpt Li st class reads a set of textual prompts from an input corpus @ah demand,
provides the next prompt to be displayed. When this classsimintiated, the input corpus as well
as the target number of prompts is passed along as parantetles constructor. In order to fetch
the next available prompt from this object, a call to the r act Next St ri ng method is made —
without the need to pass any parameters.

QCQueue class

The second key class employed in Woefzela is call€@C@Queue. A QCQueue is a linear first-in-
first-out queue oficObj ect s. Thesegcbj ect s, instantiations of th€CObj ect class, holds the
necessary references to the audio files that require qualittrol, along with additional information
regarding the prompt associated with each file.

Once agcObj ect has been instantiated, it may be sent to an instantiation@ZQ@ueue, by
invoking a method calhddl t enifToQueue, passing ajcCbj ect as a parameter.

In order to deal with the asynchronous nature of the QC Serviwo instantiations of the
(CQueue class could exist at any point in time. As soon agcdueue object has been dispatched
for quality control, no communication with that object idi@ble. Thus, while ajc Queue is being
processed, alfjcObj ect s are being added to secondgc Queue object. Once the asynchronous
QC Service has completed all the items in the curggrueue object, it reports back its availability
for the acceptance of a new queue.

In summary, twajc Queues would typically exist at any time. The first, actively beimgpcessed
asynchronously by the QC-on-the-go algorithm, and the rmbcaccumulatinggc Qbj ect s that
require quality control in the future.

Finally, as soon as the QC Service has completed an itengi@eue object, the results are
packaged in a further object calledjaResul t s object. This object contains all the outcomes of the
QC process, as well as all the original references sent giassociatedc Obj ect . These results
are then committed to an XML-file associated with the inifiatlio file.

This multiple queueing system is necessary, since oncatdispf a queue has been made to the
QC Service, the QC Service runs asynchronously and mustleteradl the items in the queue before
any further communication with the QC Service is reliabléhe& designs are possible, but this design
lead to a simpler implementation strategy.

3.4 SOFTWARE CONSTRUCTION

The coding of Woefzela was reasonably straightforward. Iémentation was facilitated by divid-
ing the functional aspects of the design into various pantg] coding these parts, integrating the
functional units throughout. The general programming moétthogy used was that of Agile software
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development in which a set of functionality is grouped anptlstationary until implementation of
such a set has been completed. Implementation of each & #ets also included testing of the
intended functionality.

3.4.1 PRINCIPAL CLASSES

The principal classes employed in Woefzela are listed ineTal3 with a short description of the main
functionality of each class.

Table 3.3:Principal classes of the Woefzela implementation.

Class name Description
FieldworkerProfile A class providing the main Field workseuinterface functionality.
LoadFieldworkerProfile A class implementing the loadingnfexisting Field worker profile.
SaveFieldworkerProfile A class implementing the abilitgéve a Field worker profile

for future loading.
RespondentProfile The main Respondent user interfacednatity.
LoadRespondentProfile A class implementing the loadinghabasting Respondent profile.
SaveRespondentProfile A class implementing the abilityate 8 Respondent profile

for future loading.

SessionInfo The main Session information entry user iatertlass.

SaveSessioninfo A class implementing the ability to savessi®n profile.

MainRecordingActivity The main recording activity intade and control class.

RecordingWAV A class implementing the functionality to lpthle microphone
hardware for values and store this in a WAV-file format.

MyService The QC-on-the-go functionality primarily resgdin this class which
is run as an Android Service in the background.

Logging A helper class that facilitated program developnazen debugging

by easily turning different levels of debug messages onfor of

3.5 FINAL SOFTWARE TESTING

Software testing was done at various stages of programajeweint and integration. As generally
recommended, software testing should not be postponebtitproduct is completed, but should
form a part of each development stage [58]. As requireddstahtesting practices such as structural
testing, path testing and boundary value testing were pega.

Apart from testing during the different development staglks primary mode of validating the
software was by means of pilot deployments in which the tcad wsed in real recording conditions.

3.6 CONCLUSION

In this chapter an overview of the software requirementsjgie construction and final testing of
Woefzela was provided. In the next chapter, a verificatiarcgss will be followed to ensure that
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the software was built correctly, and in Chapter 5, the teguloduced by Woefzela will follow a
validation process to confirm agreement with its originaige intent — to effectively collect ASR

data for under-resourced languages.
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WOEFZELA VERIFICATION

4.1 INTRODUCTION

In accordance with théEEE Standard for Software Verification and ValidatidiEEE Std 1012-
2004 [61], various levels of “intensity” may be applied wheerforming software verification and
validation, depending on the criticality of the applicatio

For Woefzela sufficient validation of this tool to perform effective AS@&ata collection for
under-resourced languages, is by means of building anlat@matic speech recogniser with data
recorded with Woefzela, and subsequently evaluating tHenqpeance of this data. By comparing the
recognition accuracy of such a system with that found imdiigre the quality of the collected data is
in fact ascertained — as long as the architecture of the ASRsybuilt, matches that in the compared
literature. This validation is carried out in Chapter 5.

In terms of software verification, the current chapter id&eto shows that:

1. Woefzela conforms to the basic product requirements tagusén Section 3.2 (page 19), in-
cluding the primary and secondary requirements.

2. The real usability of any proposed tool is a key criteriorthe effective collection of ASR
data for under-resourced languages. Section 4.12 willifipaly focus on two aspects of
Woefzela’s usability; providing further evidence for \feration of its functionality and effec-
tiveness as an under-resourced languages data colleatibn t

4.2 PRIMARY REQUIREMENTS VERIFICATION

The primary product requirements of portability, Interirelependence and open-source software,
formed part of the explicit design criteria of Woefzela. Agls portability is implied through the use
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of smartphone handsets, and the open-source nature of deetlm@ugh its license agreement and
code availability.

Woefzela's independence from Internet connectivity wamiahted by employing the SD card on
the smartphone handsets as the primary data exchange rismeh&ince Field workers are always
in close proximity to Respondents, the utilisation of a dgpto upload data onto a hard drive and
download prompts to the device solved this problem.

4.3 SECONDARY REQUIREMENTS VERIFICATION

In spite of the two origins of the secondary requirementselg provided and derived requirements,
as discussed in the previous chapter, these can easily edriato a single set of secondary require-
ments.

Table 4.1 provides a summary of these requirements, witbssaeference of the main section
in which each requirement will be discussed, but, since glsirequirement may impact on a num-
ber of design decisions, these discussions may also agpeaghout other sections. In particular,
Section 4.4 on the functionality implemented in Woefzeddates a number of product requirements
to the various functional aspects implemented in the finadpct.

Table 4.1:Secondary requirements for Woefzela and verification eefes.

Secondary requirement Verification discussion
Functionality Section 4.4

Output format Section 4.5

Utterance frequency Section 4.6

Usage protocol alignment Section 4.7

Maximising recording opportunity  Section 4.8
Providing support for Field workers  Section 4.9
Providing support for Contractors Section 4.10
Simplifying post-processing of data Section 4.11

4.4 FUNCTIONALITY

A description of the functionality implemented in Woefzédgrovided below, primarily addressing
the means through which the product requirements have Ibeglernented in order to verify such
product requirement compliance.

Capturing Respondent and Field worker profiles

This information is essential in keeping track of any datsoamted with both Field workers and
Respondents. The profiles generated from this informatiem enables a new session to load infor-
mation from a Field worker or Respondent when subsequesiosssinvolve the same person. Typ-
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ically, only the Field worker information is often re-usdult for early session termination, or other
reasons, Respondent profiles can also be reloaded. Alsopafriamce is the fact that this profile
information can be used, although only with proper condarthe process of recruiting further first
language speakers through these already establisheatitsonta

Typical user interfaces for capturing the Respondent aettl Fiiorker’s profiles are shown in
Figures 4.1 and 4.2. In each of these interfaces, informaicch as personal names and family
names as well as basic contact details are requested. Sameseffields are optional while others
are mandatory to comply with various protocol aspects.

T @ 6:49am Tl @ 6:52am

Woefzela Woefzela

Fieldworker Information Respondent Information
First name(s): First name(s):

iXoIani Mandla hacob Cornelius

Surname(s)

Nelisiwe
D No.:

it

Surname(s)

Badenhorst

YYMMDDXXXXXXX YYMMDDXXXXXXX

[Mobile number:

0821234567

Email address: (optional)

0821234568

Email address

Xxmn@email.com

Profile ID:
[New profile.

sample@sample.com

Spoken accent:

af_ZA

Gender

\ Load existing profile ‘

[Terms and Conditions:
Reset fields! Read the Terms and Conditions

Figure 4.1:A typical user interface for entry of Figure 4.2:A typical user interface for entry of
Field worker profile information Respondent profile information

Presenting Terms and Conditions

An often overlooked aspect of data collection is the infadreensent from the Respondents for the
intended use and distribution of the data. By embeddingftimistionality into the tool, this critical
step is enforced, avoiding further legal and ethical cooslons. Figure 4.3 shows and example of
such an agreement.

Generating unique profile keys

In order to associate Field worker profiles and Respondeariiigs with Session meta data as well as
all recordings, a uniqukeyis generated for each Field worker and Respondent. The prionieria

used for such a reference key is its uniqueness across atmsefor any compiled speech corpus
recorded with Woefzela, and secondly that the associaitwden the key and the individual must
only be traceable in one direction. That is, by knowing thespe, the key must be calculable, but by
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knowing the key, it must not be computationally tractablelétermine who the person is. This is to
protect the privacy of individuals.

Capturing Session meta data

Figure 4.4 provides an example of the typical meta data &edcwith each Session. As can be
seen from this image, only the unique keys associated wladl Fiorker and Respondent profiles are
used from this point forward in the program, ensuring thatgbnerated data set does not contain any
personally sensitive information.

As recordings are done in different geographic locatiorss rasise environments, this meta data
is often helpful when performing data selection or analysisa corpus of speech data. By also
including meta data such as the agreed remuneration fotidgrtae data, difficult negotiations may
be avoided. This meta data is subsequently associated adth 8ession recorded, providing the
necessary meta information for each audio file.

"AEs R, Bl @ o09:53 U RE @ o857

o 2

@ TERMS AND CONDITIONS

PARTICIPANT AGREEMENT

In this study, The CSIR,
located at Brummeria,
Pretoria, South Africa, (“We" or
"Us") will be collecting voice
samples and other

information from You, the
Participant named below.

You confirm that You are of
the age of majority and
capable of entering into a
bindine asreement. 1f You are

xample only

comments (optionat)

Figure 4.3:An example of the Terms and Condit- Figure 4.4: Session information user interface
ions presented to Respondents. example.

Controlling training and recording sessions

In alignment with the Usage Protocol described in Secti@i231, all Respondents must first com-
plete a training session prior to commencing to a recordisgion. Control over this process, includ-
ing different recording targets, is exercised by the saftwa

Selecting and loading prompt batches

As the initial step of any recording or training session, sbéiware selects the initial target number
of prompts from a textual corpus provided on the SD card. Theagy requirement in this regard is
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that the actual recorded prompts, must converge over tintkaeross all devices, towards a uniform
distribution of the frequency of each recorded prompt. Thi® ensure that the tri-phone coverage
provided by the final corpus closely approximates the irgencbverage at the time of the design of
the textual input corpus. Section 4.6 will provide a mor@apth discussion of utterance frequency.

Presenting a prompt

The software selects the first and subsequent prompts fretodlded batch of prompts, and presents
it to the Respondent for recording. The key design requirgrimethis case is the compliance to the
UTF-8 Unicode standard, since some of the languages to bedest employs non-ASCII characters
and certain diacritic symbols, distinguishing fmenunciationof words or phrases.

Controlling audio recording button functionality

The primary functional component of the tool is the recogdime-recording, playback and finalization
of the audio for each prompt as exemplified in Figure 4.5.

"AF GEFaE 1242 "AF GERaE 1242

(® SKIP REASON

Not spelled-out word ||

Not sure how to o]
pronounce -—

Offensive v

Other &)

—

Start recording Next

Figure 4.5: An example of the main recording Figure 4.6:User interface showing reasons for
user interface skipping a prompt

The Respondent is able &tarta recording at will and commence to speak the required prompt
Stopping the recording either after completion of recaydhre audio, or due to the desireRe-record
or Skipa specific prompt, forms part of this functionality. Shoul®espondent wish tBlaybacka
recording, he/she is able to do so.

If the Respondent chooses$#ipa prompt (before or after providing audio data associatéld wi
it), they are presented with a list of reasons for skippingapt as shown in Figure 4.6, should they
desire to make known which reason led to such a decision.

TheNextbutton, causes the software to move to a subsequent prothpttdrget number of good
prompts have not yet been reached. However, the Resporsdamiyiable to move to the next prompt
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by either recording audio data to be associated with thentgrompt, or by opting to select tiskip
button.

Store audio and meta data on SD card using associative file nas

Since the primary means of storing and exchanging data wittf¥éla had to be Internet independent,
all file retrieval and storage is done via the SD card. Therdsmb audio files are stored on the SD
card in a logical file system per session. Any accompanyieg fitlated to a specific audio file, such
as the XML-file containing the prompt string, is stored in #a@ne location with an associated file
name. See Figure 4.7 for a typical example of this structncetie resulting XML-files generated.

Perform QC-on-the-go on each audio file

Integral to supporting the notion of maximising recordirgportunity, is Woefzela’s semi-real-time
QC-on-the-go functionality. When quality control has bgemformed on an audio file, a resulting
meta data file is created, capturing the outcome of this tyuatialysis.

This file is in an XML-format to facilitate easy parsing andgegpation of data during post-
processing. The typical files created can be seen by file nandiag in “stats.xml” in Figure 4.7.
More detail regarding the actual content of these files valpbovided in Section 4.5.1.

+ || 359444020078736_520110214140943
- |l 359444020078736_520110223121755
af_ZA_A49A3856BEA681084694E47DB6AG0EGE_20110223121755_recording_00001_stats.xml
- | af_ZA_A49A38568EA681084694E47DB6A6G0EGE_20110223121755 recording_00002_stats.xml
=) af_ZA A49A3856BEAG81084694E47DB6AGOEGE_20110223121755_recording_00003.xml
af_ZA_A49A3856BEAG81084694E47DB6AG0OEGE 20110223121755_recording 00003 _stats.xml
af_ZA_A49A3856BEA681084694E47DB6AG0EGE_20110223121755_recording_00000_stats.xml
= | af_ZA A49A38568BEA681084694E47DB6AG0EGE_20110223121755 recording_00001.xmi
a af_ZA_A49A38568EAG81084694E47DB6AGOEGE_20110223121755_recording_00002.wav
= | af_ZA_A49A38568EA681084694E47DBBAG0EGE 20110223121755_recording_00002.xml
n af_ZA_A49A3856BEA681084694E47DB6AGOEGE_20110223121755_recording_00003.wav
a af_ZA A49A3856BEA681084694E47DB6AG0EGE_20110223121755_recording 00000.wav
= | af_ZA_A49A38568EA681084694E47DB6AG0OEGE_20110223121755_recording_00000.xml
a af_ZA_A49A3856BEAG81084694E47DB6AGOEGE_20110223121755_recording_00001.wav
af_ZA_A49A3856BEA681084694E47DB6AGOEGE_20110223121755_training_00000.xmi
af_ZA A49A3856BEA681084694E47DB6AG0OEGE_20110223121755 _training_00000_stats.xml
a af_ZA A49A3856BEAG81084694E47DB6AGOEGE_20110223121755_training_00001.wav
af_ZA_A49A3856BEAG81084694E47DB6ABG0OEGE 20110223121755 _training_00001.xml
af_ZA_A49A3B56BEA681084694E47DB6AGOEGE_20110223121755_training_00001_stats.xml
- | af_ZA A49A38568EA681084694E47DB6AG0EGE_20110223121755 training_00002.skipped
a af_ZA A49A3856BEAG81084694E47DB6AGOEGE 20110223121755_training_00003.wav
af_ZA_A49A3856BEAG81084694E47DBBAGDEGE 20110223121755_training_00003.xml
- | af_ZA_A49A38568EAG681084694E47DB6AGOEGE 20110223121755_training_00003_stats.xml
n af ZA A49A3B56BEA681084694E47DB6AGOEGE 20110223121755 training_00004.wav
_| af_ZA_A49A38568EAG81084694E47DB6AG0EGE_20110223121755_training_00004.xml|
= af_ZA_A49A3856BEAG81084694E47DBAABOESE_20110223121755 _training_00004_stats.xml
a af_ZA A49A3B56BEA681084694E47DB6AGOEGE 20110223121755_training_00000.wav

Figure 4.7:Typical files created by Woefzela for each recording session
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It is also vital to note that Woefzela informs the Respondérhe current number of recordings
that have passed or failed the QC criteria by indicatingahetals at the bottom of the main recording
interface. This is a passive form of feedback to the Respunde avoid any disruptive messages
while at the same time acting as a teaching aid.

Control session termination and closure

Upon reaching the target number of good recordings, Woeinébrms the Respondent of this state
and subsequently finalises the session and all its assb@atputs.

4.4.1 META DATA VERIFICATION

Although conceptually simple, for completeness, the mata dtored with each type of profile is
also shown and discussed. With regard to Field worker angd®etent profiles, these are stored in
plain text files as they need to be read by the mobile devicaenexer an existing profile is recalled,
thus reducing the overhead of parsing more structured fisgssimply placing the information on
specific lines in a plain text file, this file can easily be readidtten without dealing with unnecessary
complex parsing of XML-tags.

44.1.1 FIELD WORKER PROFILES

Figure 4.8 shows the data typically contained in Field worefiles. As mentioned previously,
apart from the Session profiles, the Field worker and Resgranulofiles must be managed securely
to protect the privacy of the individual, but since Woefzislantended as an in-house tool, this can
easily be achieved.
The last line in this example indicates the unique key geadrfor this profile, which is then

subsequently used for all data created in association high-ield worker.

MIME-Version: 1.0

Content-Type: text/plain

Nic

De Vries

7101155167083

0823501082

ndevries@csir.co.za
04FFA1D32B0OB026AF952DA7B78C89DEF

Figure 4.8:Typical Field worker profile informatian

4.4.1.2 RESPONDENT PROFILES

In Figure 4.9 an example of the fields typically appearing @spondent profiles are shown.
Finally, the empty line in the example shown in Figure 4.9jéates the optional ‘Email address’
of the Respondent. Since the graphical user interface doiesmfiorce any entry in this field, the
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profile maintains an empty line upon creation, and uses thggyeline upon profile retrieval.

MIME-Version: 1.0
Content-Type: text/plain
Tamryn

De Vries

7911111111111

5551234567

en ZA

Female

Terms have been accepted.
4DC6AOEF84CC2990BB062E33938D4C27

Figure 4.9:Typical Respondent profile information

4.4.1.3 SESSION PROFILES

An example of the typical information found in a Session peoi$ shown in Figure 4.10. Here
the unique keys associated with each Field worker and Regpbrtan again be seen, allowing a
clear division of personal information and data collectethwWoefzela; with basic data management
diligence.

In these profiles, the IMEI of the mobile device has been @ulith the profile, since it is used
in the actual file name of the profile in order to make these lprafimes unique across all devices.
The “Agreed session fee” field was left empty by the Field veoiks implied by the empty line in the
profile example.

In the last line of the example, the typical use of the opticBassion specific comments’ field
can be seen.

MIME-Version: 1.0

Content-Type: text/plain
04FFA1D32B0OB0O26AF952DA7B78C89DEF
4DC6AOEF84C(C2990BB062E33938D4C27
training

201101065202228

Gauteng

Quiet

Test v5

Figure 4.10:Typical Session profile information

As can be seen from the above typical examples, these prddifgare the necessary information
required for successful ASR data collection and corpus datign.

4.5 OUTPUT FORMATS

Since the output of Woefzela has been successfully usedldifipuASR systems, the format of these
files are implicitly stable and predictable, thus it will 8cé to provide an example of the generated
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folder structure as well as each type of file in this sectidme folder structure generated by Woefzela
can be seen in Figure 4.11, with the SD card at the root of thustsire since all file interchange is
done via the SD card.

The Cor pusl nput folder holds the various textual corpora from which promgnts extracted
for recording, while thedut put Dat a folder forms the root of all generated audio, transcripaol
XML-files, grouped per session identifier. Profiles assedatith each Field worker, Respondent
and Session is stored in tiRe of i | es sub-tree, and low-level tracking information is kept in the
Tr acki ng folder.

= | sdcard
— | Weefzela
~ |l Corpusinput
af_ZA txt
af ZA train.txt
en ZA.txt
en ZA train.ixt
Zu ZA.txt
2u ZA train.TXT
— | juil OutputData
+ |l 3593444020078736_520110214140943
+ | 359444020078736_520110223121755
= | Profiles
+ |l Fieldworkers
+ |l Respondents
+ |l Sessions
= | Tracking
af ZA linelndexStartedReadingFrom.txt
af ZA train_lineindexStartedReadingFrom.txt
zu ZA_linelndexStartedReadingFrom.txt

zu ZA train_linelndexStartedReadingFrom.txt

Figure 4.11:The folder structure generated by Woefzela

451 TEXTUAL FILE FORMATS

The format of the generated prompt files, as well as the Q@ergo files are shown in Figures 4.12
and 4.13 respectively. Since the XML standard allows thedoen to define user tags as required, a
set of standard tags were devised and c