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ABSTRACT All database computer programs keep track of the electronic
files. Moreover, database designs can vary considerably from

With the advent of spoken language computer iatersystems, ONe program to another. However, all designs are usually based
the storage and management of speech corpora is beco a similar structure that is driven by the actual user's
more of an issue in the development of such systems. Urfiduirements. Meeting those requirements is closely dependent
recently, even large corpora were stored as individual text aR@ the types of electronic files used [5, 13].
speech files (for example, [18]), or as a singlenoiithic file
(for example, [1]). The issues involved in management antl.2 Speech and Language Databases
retrieval of the data have been, to a large extent, overlooked.
Initially, the Otago Speech Corpus files were stored in a nesté@r many years now, linguists have required a variety of
directory structure, including speech and texthéiigh each database structures to store and manage their speech and
item of data could be retrieved, there was no relationshlpnguage data. Linguistic databases can facilitate a host of
between them. Therefore, a phone extracted from a spoken wagplication related uses, from data collection, storage and
had no direct relationship back to that word. Furthermore, witigtrieval to the in-depth analysis of the speech and writing
no management system, a new user of the corpus was requiggdtems. The following have reported using speech and
to become familiar with a cryptic naming scheme and the nesttethguage databases to assist with their linguistic research: [2, 3,
directory structure before the corpus was useful. Relationdl 6, 7, 9, 10, 14, 16, 18].
database management systems (RDBMS) are proposed as an ]
ideal tool for the management of speech corpora [5Many of these databases use a ‘flat-file’ structure to save the
Relationships between words and phonemes, and tHata stores, using a complex system of indexing. The data is
realisations of these, can be stored and retrieved efficientiysually a large single coded file in a directory with other
RDBMS may be constructed with various levels, to storépecialised indexed files [10, 15]. File-based structures are
speaker, language, label transcription, and phonetic informatiggliable systems if the data store is small, with simple formats
plus speech as isolated words, and derived segmented units@/§l basic user requirements, but as their size and functionality
this manner, the data becomes a complete speech corpus.ingieases, so do the complexities associated with managing the
implementation of such a system is presented to manage fa and index files. There is a point when the data stores
Otago Speech Corpus, currently called Management Of Otagcome too large, that the database applications perform as
Speech Environment (MOOSE). The ability of the MOOSE tanefficient processors, with I|_ttle or no more flexibility for
be applied to other corpora is currently under investigation. ~ SPeed, expansion and adaptation [15].

1. INTRODUCTION 1.3 Relational Databases

1.1 Database Design The relatlona_l dat_abase is now the most preferred conventional
software engineering technique for the management, access and

: ; ) trieval of large electronic files or data stores. When
Databases can range from simple, single files, to very COmpléz;%e(;)plication interfaces are linked to relational databases using the

multiple-file, distributed client-server systems. Within this -
range, there is a requirement that each database be an effeczyggctured Query Language commands (SQL), the data is more
I

robust tool for the user of such a system. Database costs are 8 %rcr%\;?il())/n t?r?:fl?;?regar:?:\(;tavnillldin trer]rzécl:rt]l\/r\]/ﬁLuLheaggtagr;seely to
associated with size, where the larger the database, the m : y '

expense required to create, document, distribute, and maintéef vﬁ:regag: gcgrf:gﬁieﬂgﬁzg?glzogs’lgefg]rm tasks, control
the system. Database design can be a simple or comp X ’ P T T e

process, depending on the scope of available resources to §?ﬁclair and Watson [15] have reported on the initial
developer. Current personal computing trends call for the desi Bvelopment of the Otago Speech Database that was first
of databases that allow users to access a vast electronic storad9alied on the Relational DataBase Management System
of facts. Data stores that can be in a multitude of differe hDBMS). The motivation was to give the user the ability to
formats represents these facts. Data store_ formats can be; plal ry (using SQL) all the data types for better functionality, and
characters, formatted text, numbers, logical codes, symbo so for future expansion. The current Otago Speech RDBMS
tables, figur_es, graphs,_pictures, photographs, gfaphics~ sou velopments now provide a full and comprehensive database
speech, animations, video, movies, and music—all can l§9stem with the required speech andglizage information
collectively termed as electronic files. designed specifically for speech ogaition. It contains the
speakers’ and recording details, English and Maori words,
sentences, phonetic transcriptions and pronunciations, segment



labels, and a growing set of digitised Maori and English speeéh Relational Model can be constructed to represent a solid

examples of words and phonemes. theoretical layout of a proposed database structure. Relational
models have a more conceptual approach to the design of the
2. DEVELOPMENT OF MOOSE database, and are therefore very simple to understand once the

terminology and the Entity-Relationship Model (or E-R Model)
symbolism’s are known [13]. Tables are the main relational
construct that combines both entities and attributes to form
g'{nity sets. All tables have the attributes marked in columns and
ﬁntities layered in rows.

2.1. Existing Otago Database structure

The initial phase of the HySpeech project [7] was to have
large enough set of spch data that could be used to accomplis
U;e" d%g;\"ngf (:ﬁemar\]/gri(;cﬁ; ?Rggjlesé tz;i?(;r(]:?a{teéeswgh ?ﬂg schema (or detailed report) can be generated to provide a
recognition model [15]. The collection of the New Zealan@etalled description of the database tables and ‘Query

Enalish speech data wasdertaken in a rigorous svstematic tructures’. The following E-R Model was designed for part of
9 P 9 y the HySpeech database [11, 15] with the resulting schema used

format to bias the data with an inherent New Zealand accegts the basic structure when developing MOOSE. Data and their

Currently there are thirty-six New Zealand English speaker |t - . :

ationships, such as Primary and Foreign Keys, are
9420 uttered words, and 8123 S_egmented phonemes. fﬁ resented in the RDBMS. This allows the user to query or
database was constructed with various levels to store Spea%/%lldate the structure and the rules therein

language, label transcription, and phonetic information, plus
speech as isolated words, and derived segmented units - a
complete speech corpus.

The ongoing development of the Maoresgh database is base
on the NZ English corpus [15], where new and existing Mag Speakersl—d Utterancesi;—| Words |>_(1 Phoneme:i;

speakers and words will have similar file formats and codes

[11]. There are currently seventeen speakers of Maori in the

corpus. Presently a small selection from one male speakelFigure 1.1Simplified E-R model of the MOOSE system.
speech data has been hand labelled and segmentedpintmets

(a phonemic transcription of two phones). This was for the

intended purpose to build an experimental diphone unit

concatenative Maori text-to-speech synthesiser, to form part 23 New Otago Speech RDBMS
HySpeech/2's Biligual Sgech Interface [9].

There are four main areas that form the basis of the RDBMS.
Other work has concentrated on developing the English afithe English and Maori words and phonemes are in separate
Maori lexical structure, to provide a medium sized text databatgbles, for example, see Tables 2.1 and 2.2. The ‘Speaker
for simple headword translations [2]. The database has 30B8ckground Data’ currently holds data such as that in Table 2.3.
English words with phonetic transcriptions (2000 basic wordbhe ‘Speech Data’ and ‘Segmented Data’ contain the WAV
with IPA codes and 1000 scientific words), and over 4,70files. The ‘Speech Corpus’ is the amalgam of these tables. The
Maori translations available, on average there are two Maatatabase engine is the core of the entire system - it holds the
words to each English word [17]. tables, queries, metadata, relationships, and the interface

modules.
2.2 The Relational Model

2.3.1 New and Existing Tables
To build a RDBMS, a structured approach must first be . i
considered to form the basic building blocks that represent din€ Otago speech RDBMS provides the formal file based
relationships between the previously mentioned data formagructure for the English and Maori word lists and the selected
An Entity can be anything known as a fact that is in a logicaPeech files are stored and managed. The prime function of
form. These facts are classed as Data. For example, in the Otfise newly developed English to Maori tables has been
speech database, the ‘English Words’ are entities. Each entfigorporated to provide the ‘Lookup’ or ‘Find’ SQL functions
must also be identified by certain characteristics that make Yith the interface. An English word will be retrievedrag with
part of a larger set, these are called Attributes. The attributes fif Maori translation(s) and embedded speech files, the
the entity ‘English Words’ are ‘WordCode’ and ‘Englishword’, databases SQL “Select’ command will display the words and the
where the first attribute is used for indexing purposes, and tif@Pject Linking and Embedding’ (OLE) function will play the
other to list all the words. Collections of these related entitidd€ automatically upon launching the appropriate sound
are commonly known as an Entity Set. Relationships betwegRplication (for example. SoundRecord).
entity sets are based on how entities interact with other entities
within other entity sets. For example, the relationship between3-2 Other Tables
the Otago speech database entity for ‘English Words’ and ttﬁ] inf " K d oh label
‘Maori Words’ entity are ‘Translate’. This relationship is best € new information on Speakers and phoneme 1abels aré now
described in a more meaningful form by a further entity Cauee\gmtamed by the RDBMS, Tables 2.1, 2.2 and 2.3 outline the
‘English-to-Maori. To complete the database structure, there a
three classes of relationships used, they are One-to-One, One-to-
Many, and, Many-to-Many [13]The Otago speech database
‘English-to-Maori’ entity uses the one-to-many relationship
when one English word relates to many Maori translations.

e of data statistics that can be produced.

Symbol Count #Speakers
p 83 8




Symbol Count #Speakers Another version of the database query table that only contains

b 61 8 the English and Maori words as text can be generated. This
t 196 25 could also be used with the database where the same search and
extraction are used, but the digitised speech examples are stored
E@ 37 8 as individual WAV files in a separate (but designated) directory.

q 1 0 They are also accessed and playedugh the BSI in the same

Table 2.1 S le of the ph tation list, showi S . X
ane ample of e phoneme segmentation s, Snowin ble storage down to a minimal size, with the added advantage

gay. This method is ideal for keeping the overall Maoeesph
the number of segmented phonemes extracted from the corpu \at the WAV files can be easily upgraded without having to

delete, add, or embed new sound files into the existing table.

Spkr  Word Code Utt. PhCode Start End - - X

02 001 1 001 00002422 00003092 This can be done separately at any time. This method could also
be used, if and when the speech examples are pressed onto a

02 001 2 001 00002205 00003058 -, g for distributed access

02 001 3 001 00003629 00004752 '

02 002 1 002 00008457 00009536

4. OTHER DATABASE FEATURES

Table 2.2 Examples of the phoneme labelling information tha}3
is currently housed in the database for automatic segmentat
by the ‘off-line’ Signal Processing Module

resently the text and speech data exist in the form of ‘crisp
R2ords’ contained in conventional look-up tables, linked to
word associated digitised speech examples. The database is
progressively extended to allow for more English and Maori
words with many variations in their meaning and uses, plus

Speaker Sex Age Language Dialect Education

01 M~ 20 English  NZE University more speech examples in bothdaages. For example, English
02 M 21 Engll_sh NZE Ur_uversny Male/Female and Maori Male/Female, or even ‘Fuzzy Data
03 F 16 English NZE High School  gets’, Thus, a ‘Similarity-Based Query Module’ [7] could be
developed to allow the user to perform fuzzy-like ambiguous
Table 2.3Section of the speaker information list. queries using ‘Fuzzy Driven’ SQL commands on the RDBMS.
3. ENGLISH AND MAORI DATABASE Furthermore, the system has the potential to be expanded to
MODULES included gender recognition. This would identify the relative

pitch of the speaker’s first and second formant frequencies. A

. . ender identifier (for example. M or F) would be used to select

An a_dvantage of using SQL. IS _t_hat the system becomes .m(grr?d play the appropriate female or male speech WAV file, from
functional due to the availability of features for queries

updates, and reports. This alloascess to a biligual dictionary either a binary field or a directory.

of the two languages, even if they are stored as separate entitigg iimedia interfaces to databases have become the next clear
. . shift in demand by users requiring multi-modal forms of

3.1 English-Maori Text and Speech Query communication and interaction [8, 9]. With this demand, there

Table has come the expansion and extension of I/O peripherals
available to control such forms, currently ranging from speech

Table 3.1 contains combined examples of both the English afgFognition and synthesis to the more sophisticated virtual

Maori words, and the Maori speech files, generated using tFeality (VR) headsets and gloves [12].

SQL ‘Select’ command. In the table, a few examples of

exported TEXT from the ‘English-to-Maori Select Query Table’ 5. SUMMARY

are shown. This option provides the user with an assortment of

tools to present the data in a more meaningful way that cdime current implementation of an intelligent human-computer

answer ‘spur-of-the-moment questions’ [13]. interface to control a specialised speech anduage database
means that a change in computer interaction from a manual
WodeCode English Maori Speech mouse and keyboard mode to an automagesip control mode
1202 of a a.WAV is facilitated between the user and the database. This change
92 and ma; hoki; na; me aaWAV will be emphasised by the further need to provide more
2002 yes ae aae.WAV comprehensive data sets that can fulfil future demands for a
complete move away from the manual control devices to
600 eat kai; kainga kai.WAV automatic speechunderstanding and then onto total VR
1177 no kore; kao; kahore kaaore.WAV interaction [12].
76 all katoa katoa. WAV )
The current database structure allows for multi purpose
1985 woman  kui: wahine wahine.wAy functionality. Queries can be used to retrieve whole words,
1930 water wai wai. WAV segments of words and speaker data. The integrated design
901 house  whare; whare kainga whare. WAV allows for little or all of this information to be entered and

Table 3.1An example list of the text and speech query, sorte%nUbsequently used.

on ‘Maori Speech’, which shows all the speech files that arg ey picitly defining the relations between the data, two-way

linked to the database table translations can be performed. Thus the English-to-Maori
. . relations relate to the Maori-to-English translations. This

3.2 Eng“Sh'Maon Text extends the functionality of the database to a bilingual system.



Whereas previous implementations stored word data as well as
word-segment (phoneme) data, the RDBMS allows the
definition of additional segments, such as diphones.

Additionally, relating the segment to the existing words

eliminates redundant storage of explicit word-segments. Queries
for phonemes can thus return phoneme data automatically
generated from the words in the database.

The automatic segmentation is performed by externally defined 9
functions. There is the potential for the inclusion of additional
functions to the system. In this way, a more integrated
environment is created for recording, segmenting and otherwise
managing the maintenance and development of speech corpora.

Currently, the ability of the MOOSE system to generalise to 1g

other corpora is under investigation. The relations have been
defined to allow for the storage of sentences, and for the storage
of continuous and spontaneousesph. Speaker information

includes language and dialect. Therefore, corpora such as

TIMIT [18] may be stored using the same management 14

structure.
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