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PRESIDENT’S MESSAGE / MESSAGE DU PRÉSIDENT

It is a pleasure to provide editorial comments for Canadian 
Acoustics, having recently returned from a very successful 
Acoustic Week in Canada conference in Vancouver this past 
October (AWC 2008). The conference attracted an impres­
sive number of technical papers, exhibitors and participants. 
Again this year, there were three captivating plenary presen­
tations, on the First Sounds of Speech by John Esling, on 
Studying the Sea with Sounds by Stan Dosso, and on Mi­
crosounds and Soundscapes by Barry Truax. A number of 
social events from the Annual Banquet to the visit and organ 
recital at Christ Church Cathedral in Downtown Vancouver 
rounded up the conference. I am always fascinated by the 
wide range of topics covered at our annual meetings, and the 
very diverse and broad membership base within our Asso­
ciation. It is always a pleasure to discuss acoustical matters 
and socialize with other researchers, consultants, equipment 
and material manufacturers, students and all others sharing a 
common interest in acoustics. Many thanks to Murray Hodg­
son, the Vancouver conference chair, Kimary Shahin, Linda 
Rammage, Mark Cheng, Mark Bliss, Christine Harrison, 
Hind Sbini, Bernadette Duffy and all others on the local Or­
ganizing Committee for keeping this spirit alive.

AWC 2009 will be held in a different, but equally exciting, 
setting in Niagara-on-the-Lake, October 14-16, 2009. The 
local Organizing Committee is led by our Journal Editor, 
Ramani Ramakrishnan, and we can look forward to a strong 
technical meeting with carefully selected social events again 
next year. Please mark down this event immediately in your 
calendar and consult the current and future issues of Cana­
dian Acoustics for more information.

Many thanks to Nicole Collison and Alberto Behar, who have 
just completed their terms as Directors, for their contribu­
tions to the running of the Association. At the same time, I 
would like to welcome our two new elected Directors, Sean 
Pecknold from DRDC Atlantic and Robert Racca from JAS- 
CO Research.

On behalf of our Journal Editor, I would also like to thank 
Stephen Bilwachuck for all his efforts maintaining the News 
section of Canadian Acoustics over the past years. Jérémie 
Voix will now lead this section with a new focus on highlight­
ing Canadian-based news items, special activities, events, 
standards, working group activities and much more arising 
from the field of Acoustics and of direct interest to our read­
ers. We want to hear from CAA members about any such 
exciting or important news, so please contact Jérémie Voix 
(jvoix@sonomax.com) if you have an item to contribute. 
Finally, given the growing interest in Bio-Acoustics within 
our Association, Jahan Tavakkoli from Ryerson University is 
joining the Editorial Board to spearhead this topic and attract 
papers for the Journal.

C’est encore une fois un grand plaisir que d’écrire quelques 
mots pour l’Acoustique Canadienne, tout particulièrement 
suite au grand succès du dernier congrès à Vancouver en oc­
tobre dernier lors de la Semaine Canadienne d’acoustique. Le 
congrès a rassemblé un nombre impressionnant de présen­
tateurs, d ’exposants et de participants. Encore cette année, 
nous avons eu droit à trois présentations plénières des plus 
captivantes dans des domaines aussi variés que l ’étude des 
premiers sons de la parole chez l’humain par John Esling, 
l’étude des fonds et courants marins par le son avec Stan 
Dosso et la microstructure des sons et l ’écologie du pay­
sage sonore par Barry Truax. Un ensemble d’activités so­
ciales comme le banquet annuel et la visite et récital d’orgue 
à la cathédrale Christ Church de Vancouver ont complété 
le programme du congrès. À chaque année, je suis fasciné 
par l’étendue des sujets traités lors du congrès et l’éventail 
d’expertise des membres formant notre association. Ce fut 
encore une fois un grand plaisir que de dialoguer avec les 
autres chercheurs, consultants, fabricants de matériaux et 
d’équipements, étudiants et autres participants, tous démon­
trant un grande passion pour l ’acoustique. Maints remercie­
ments à Murray Hodgson, président du congrès de Vancou­
ver, Kimary Shahin, Linda Rammage, Mark Cheng, Mark 
Bliss, Christine Harrison, Hind Sbini, Bernadette Duffy ainsi 
qu’aux autres membres du comité organisateur pour un con­
grès des plus mémorables.

La Semaine Canadienne d’acoustique 2009 se tiendra dans 
un endroit tout aussi enchanteur à Niagara-on-the-Lake 
du 14 au 16 octobre prochain. Le congrès sera présidé par 
Ramani Ramakrishnan, le rédacteur en chef de notre revue 
l’Acoustique Canadienne. Nous pouvons anticiper un con­
grès scientifique des plus stimulants encore l’an prochain et 
des activités sociales bien choisies. Veuillez inscrire cet évé­
nement dans notre agenda et consulter la présente revue et 
les parutions futures de l’Acoustique Canadienne pour plus 
de renseignements.

Je tiens à remercier nos deux directeurs sortants, Nicole Col­
lison et Alberto Behar, pour leurs précieux services au sein 
du conseil d’administration de l ’Association ces dernières 
années. Du même coup, j ’en profite pour souhaiter la bienv­
enue à nos deux nouveaux directeurs élus, Sean Pecknold de 
RDDC Atlantique et Robert Racca de JASCO Research.

Au nom de notre rédacteur en chef, j ’aimerais aussi remer­
cier Stephen Bilwachuck pour tout son travail au cours des 
dernières années à la mise à jour de la rubrique « Nouvelles 
» de l’Acoustique Canadienne. Jérémie Voix va maintenant 
assurer la relève et prendre une nouvelle direction pour cette 
rubrique afin de mettre en valeur les nouvelles, événements 
spéciaux, activités de groupes de travail ou de normalisation 
et de toute autre activité dans le domaine de l’acoustique au 
Canada. Veuillez communiquer avec Jérémie Voix (jvoix@
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Finally, I would like to offer a special thank you to David 
Quirt, our very dedicated and capable Executive Secretary 
for the past 6 years, who has chosen not to seek re-election 
at the last AGM. I can attest that Dave was a very much ap­
preciated Executive member and a great source of knowledge 
into the inner workings of our Association. Unfortunately, we 
do not have a replacement for Dave as of this writing and 
for Geoff Morrison, our Website maintainer for the past two 
years, who also expressed his wish to be replaced.

So, please do not hesitate to contact any of us members of 
the Executive or Board of Directors if you want to contribute 
more actively to the CAA, in any capacity.

Christian Giguère 
CAA President

sonomax.com) si vous désirez transmettre d’importantes 
nouvelles ou activités pouvant intéresser nos lecteurs. 
Aussi, suite à un intérêt soutenu pour le domaine de la bio­
acoustique au sein de notre Association, Jahan Tavakkoli 
de l’université Ryerson se joint à l’équipe de rédaction de 
l’Acoustique Canadienne pour mettre en valeur ce domaine 
et solliciter des articles.

Enfin, je tiens à remercier tout spécialement notre Secrétaire 
sortant, David Quirt, pour six années de travail acharné au 
sein de notre Association. Je peux témoigner que David fut 
très un membre très apprécié au sein du comité exécutif et 
un rouage important pour le bon fonctionnement de notre 
Association. Malheureusement, nous n’avons pas encore un 
remplaçant pour David au moment d’écrire cet éditorial ni 
non plus pour Geoff Morrison, notre Webmestre au cours des 
deux dernières années.

Alors, n ’hésitez pas à communiquer avec un membre du 
comité exécutif ou du conseil d’administration si vous sou­
haitez contribuer plus activement à l ’ACA, quelque soit la 
tâche.

Christian Giguère 
Président de l ’ACA
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a b s t r a c t

The RACAD (Reconnaissance automatique de l ’acadien) speech corpus contains high quality audio 
recordings that can be used to develop recognition systems for the regional varieties of French spoken in 
the province of New Brunswick, Canada. Its design is informed by linguistic analyses of Acadian French.
The corpus contains sentences read by 140 speakers who were selected according to age, gender and 
geographical region. This paper presents a preliminary application of the corpus in automatic speech 
recognition research; it outlines an original global monophone recognition model that is designed to handle 
linguistic variability. Global phone and word recognition rates for this model are satisfactory (about 90%), 
but they vary considerably across geographical locations. Possible applications of the RACAD corpus in 
acoustic phonetic and socio-phonetic studies of dialect variation are also described in this paper.

RÉSU M É

Dans le but de développer des systèmes de reconnaissance automatique des variétés de français parlées 
dans la province du Nouveau-Brunswick, au Canada, un corpus d’enregistrements de haute qualité, le 
corpus RACAD (Reconnaissance automatique de l ’acadien), a été recueilli. Ce corpus est constitué de 
phrases lues par 140 locuteurs. Suivant la méthodologie employée dans les études linguistiques portant sur 
le français acadien, les locuteurs ont été sélectionnés d’après leur âge, leur sexe et leur appartenance 
géographique. Cet article décrit une première application du processus de reconnaissance automatique de la 
parole à partir de ce corpus; il présente un modèle monophone global qui tient compte de la variabilité 
linguistique dans le RACAD. Les résultats montrent que les taux de reconnaissance globale des phones et 
des mots sont satisfaisants (environ 90%), mais que ces taux varient entre les diverses régions 
géographiques. Des applications possibles du RACAD, dans des analyses de phonétique acoustique et de 
sociophonétique de la variation régionale, sont aussi décrites dans le présent article.

1. In tr o d u c t io n

Early studies involving automatic speech recognition of 
French tended to focus primarily on mainstream dialects of 
the language. In the BREF corpus of French (Gauvain et al 
1990), all speakers are from areas in and around Paris, a 
region that is generally considered to speak a variety of 
speech that is “close” to standard or referential French. 
With ongoing research (Gauvin & Lamel 1992; Lamel & 
Gauvin 1992, 1993; Lamel et al 1991), the situation has 
evolved considerably so that present-day systems are able to 
accommodate different dialects of French. For example, the 
Microsoft® Speech Recognition engine on Windows® 
Vista® is available for Canadian French; Nuance®’s 
“Dragon Naturally Speaking” and “OpenSpeech” support 
standard French as well as certain dialects spoken in 
Québec, Belgium, Luxembourg and Switzerland. 
Nevertheless, the performance of these systems tends to 
degrade when used by French speakers from other dialect 
regions.

The TIMIT corpus of American English (Fisher et al 
1986) was one of the first spoken language corpora designed 
for speech recognition research that took into account 
regional linguistic variation. This corpus consists of 
sentences produced by 630 speakers, both males and 
females, from eight different dialect regions of the United 
States. While the TIMIT corpus has been criticized 
(Keating et al 1994; Clopper & Pisoni 2006) because the 
regional labels assigned to speakers do not correspond 
exactly to the dialect areas identified in more recent 
linguistic studies of American English (Labov et al 2006), 
the corpus does provide for a wide range of regional 
linguistic variation. Indeed, this corpus has contributed to 
significant developments in speech recognition research 
since the 1980s. In addition, TIMIT has been used in 
related research areas such as perceptual dialect 
categorization experiments (Clopper & Pisoni 2004) and 
linguistic phonetic studies of the phonetic characteristics of 
American English, such as variation in the pronunciation of 
the word ‘the’ (Keating et al 1994).
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The TIMIT corpus of American English served as the 
basis for the design of RACAD, a corpus that is developed 
for research on the automatic speech recognition of the 
regional dialects o f French spoken in the province of New 
Brunswick (Canada). RACAD stands for Reconnaissance 
automatique de l ’acadien (“Automatic speech recognition 
of Acadian French”). The main goal of this paper is to 
outline the design and applications of the RACAD speech 
corpus.

We begin with an overview of regional linguistic 
variation in New Brunswick Acadian French and then 
describe the speech corpus, noting its relation to TIMIT. 
We present two experiments that test an original global 
monophone recognition model. Finally, we mention 
research applications of the corpus in the areas of acoustic 
phonetics and language variation.

2. F r e n c h  in  N e w  B r u n s w ic k

Approximately 32.4% of New Brunswick’s total population 
of nearly 730,000 (Statistics Canada 2006 census figures) 
are francophones and, for the most part, these individuals 
identify themselves as speakers of a dialect known as 
français acadien, Acadian French. The linguistic structure 
of Acadian French differs from other dialects o f Canadian 
French such as français québécois, which is spoken in the 
neighbouring province of Québec. Both historically and 
linguistically, New Brunswick Acadian French is closely 
related to varieties o f French that are found in different parts 
of Atlantic Canada, namely, Newfoundland, Nova Scotia, 
Prince Edward Island and, to a certain extent, the Magdalen 
Islands and areas on the Gaspé Peninsula (in the province of 
Québec).

There are three main geographic regions in New 
Brunswick where French is either the majority language or 
where it has a dominant presence (Arseneault 1999). These 
regions are shown on the map in Figure 1: the “Northeast” is 
a large area that includes the Acadian Peninsula (the triangle 
formed by Shippagan, Néguac and Paquetville) and the 
central northern part of the province, sometimes referred to 
as the “North” (Johnson & McKee-Allain 1999), situated 
between the communities of Allardville and Campbellton; 
the “Northwest” mainly occupies the region around the city 
of Edmundston and includes part of the so-called 
“Madawaska Republic” ; the “Southeast” comprises rural 
towns and villages in the southeastern part of the province 
and the urban area of Moncton/Dieppe. Other regions of 
New Brunswick have considerably fewer native speakers of 
French and are predominantly English speaking. It is 
noteworthy that New Brunswick is an officially bilingual 
(French-English) province and that this status ensures that 
services such as education, health and justice are offered in 
both French and English languages.

Regional linguistic variation in New Brunswick 
Acadian French has been the focus of only a very small 
number of studies. These studies are based on partial 
sociolinguistic and dialectological surveys, and they identify

several regional differences. Phonetic variation of the /r/ 
consonant (Cichocki 2006) follows a North-Northeast- 
Southeast regional distribution. Speakers in parts o f the 
Northwest region have a separate linguistic identity, called 
brayon, and impressionistic phonetic studies point to 
phonetic features -  for example, the /wa/ glide-vowel 
sequence in words such as ‘m oi’ me, ‘to i’ you  -  that 
distinguish it from other regions of New Brunswick (Holder 
et al 1992). Lexical research on fishing terminology 
(Péronnet et al 1998) has established the presence of a 
major Northeast-Southeast division. A morpho-syntactic 
study of the usage of prepositions and relative pronouns 
(Péronnet & Kasparian 1998) suggests a three-way 
Northeast-Northwest-Southeast breakdown.

In addition, phonetic features can vary considerably 
within localities. In the town of Tracadie-Sheila located on 
the Acadian Peninsula in the Northeast region, phonetic 
variation has been shown to correlate with demographic 
factors such as speaker age and gender (Flikeid 1984).

In general, Acadian French has a number of distinctive 

phonetic features (see the overview in Lucci 1973). The /r/ 
phoneme has at least three realizations including alveolar, 
uvular and retroflex pronunciations. There are affricate 

consonants; for example, [d3 ] occurs in the phonemic 

sequence /dj/ (as in ‘diable’ devil [djab, d3 ab]) and in /g/ (as 

in ‘guerre’ war [gsR, d3 ar]). The fricative /h/ ,  that is silent 
in many varieties o f French, is often pronounced (as in 

‘hareng’ herring [am, ham]). The nasal vowels /a / and /5/ 

are often neutralized (as in ‘saumon’ salmon [somô, somâ]). 
Noteworthy prosodic features are long nasal vowels, 
lengthened vowels in the penultimate position of a prosodic 
phrase, and frequent occurrences of level-high and rising- 
falling intonation contours (Cichocki 1996, 2002).

In sum, an important consideration in designing the 
RACAD corpus was to elicit features of pronunciation that 
are related to regional and social variation. This design 
feature is intended to inform future research about the 
possible influence of linguistic variation on the performance 
of automatic speech recognition systems.

3. C o r p u s  D e s ig n  

3.1 Speakers and regions

The participants in this project were 140 speakers from the 
three main francophone regions of New Brunswick. 
Sampling numbers reflect overall francophone population 
sizes in these regions. To include social variation, the 
corpus was designed to represent gender and age: there are 
equal numbers of males and females, and there are two age 
groups, younger speakers between 18 and 24 years of age 
and older speakers between 41 and 55 years of age. 
Speakers come from a variety of socioeconomic 
backgrounds; no particular social group -  such as teachers 
or professional speakers -  was targeted. Table 1 shows the 
number of speakers by region, with a breakdown by locality, 
gender and age.
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Figure 1. Map o f New Brunswick showing the three main regions and eleven localities surveyed in the RACAD speech corpus
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The total number of speakers (140) was determined by 
the requirements of the protocol for selecting speech 
materials (see below) and by the time constraints needed for 
travel for on-site data collection and for in-laboratory 
segmentation and labeling. While a corpus such as TIMIT 
has more speakers (630), it represents a considerably larger 
population and a greater geographic area. In this respect, it 
is felt that a sample of 140 speakers is sufficient to represent 
the francophone population of New Brunswick and, at the 
same time, to meet the requirements of research in 
automatic speech recognition.

In order to ensure a representation of regional linguistic 
differences, all participants are native speakers of Acadian

French and all had grown up in or near one of the localities 
selected for this research. The map in Figure 1 locates the 
communities studied with respect to the three main 
francophone regions. Each region is represented by more 
than one locality. The recent in-migration from the northern 
areas of New Brunswick to the Southeast, in particular to 
the urban Moncton-Dieppe area, was excluded from the 
research design. While this in-migration is of current social 
and economic interest (Beaudin & Forgues 2006), its 
inclusion would have required a more detailed sampling 
design than was possible in this study.
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Table 1. Distribution o f speakers in the RACAD speech corpus by age, gender, region and locality

Region and locality younger
females

older
females

younger
males

older
males

total

Northeast 65 (46.4%)
Acadian Peninsula 
Shippagan 4 4 4 3 15 (10.7%)
Paquetville 4 3 4 4 15 (10.7%)
Néguac 2 3 2 3 9 ( 6.4%)
North
Allardville 3 4 4 4 15 (10.7%)
Campbellton 3 2 3 3 11 ( 7.9%)

Northwest 26 (18.6%)
Edmundston 6 6 5 5 22 (15.7%)
St-Quentin 1 1 1 1 4 ( 2.9%)

Southeast 49 (35.0%)
Bouctouche 2 2 2 2 8 ( 5.7%)
Richibouctou 1 2 2 2 7 ( 5.0%)
Cap-Pelé 3 2 2 3 10 ( 7.1%)
Moncton/Dieppe 6 6 6 6 24 (17.1%)

Total 35 (25%) 35 (25%) 35 (25%) 35 (25%) 140 (100%)

3.2 Speech materials and recording conditions

The text material in the RACAD corpus consists of 212 read 
sentences. Selection of these materials mirrors the protocol 
used in the TIMIT corpus of American English. Two 
“calibration” or “dialect” sentences, which were meant to 
elicit specific dialect features, were read by all 140 speakers. 
These sentences are given in (1):

(1) a Je viens de lire dans «L ’Acadie Nouvelle» q u ’un 
pêcheur de Caraquet va monter une petite agence de 
voyage.

(1) b C ’est le même gars qui, l ’année passée, a vendu sa 
maison à cinq Français d ’Europe.

The remaining 210 sentences were selected from 
published lists of French sentences, specifically the lists in 
Combescure (1981) and Lennig (1981). These sentences are 
not representative of particular regional features but rather 
they correspond to the type of phonetically balanced 
materials used in coder rating tests or speech synthesis 
applications where it is important to avoid skew effects due 
to bad phonetic balance. Typically, these sentences have 
between 20 and 26 phonemes each. The relative frequencies 
of occurrence of phonemes across the sentences reflect the 
distribution of phonemes found in reference corpora of 
French spoken in theatre productions; for example, /a/, /r/ 
and schwa are among the most frequent sounds. The words 
in the corpus are fairly common and are not part of a 
specialized lexicon.

Of these 210 sentences, 70 so-called shared sentences 
were each read by 14 speakers and the remaining 140 
sentences were read by a single speaker. Assignment of 
sentences to speakers was made randomly. Thus, each 
speaker read 10 different sentences: the two dialect 
sentences, seven of the shared sentences, and one individual 
sentence. The entire corpus has a total of 1400 sentences.

Prior to the recording, the interviewer explained the 
purpose of the RACAD speech corpus and gave each 
participant a written description of the study, including 
name and contact information in the case of concerns, 
complaints or consequences. Everyone participated in the 
reading task on a voluntary basis and provided only basic 
demographic information about their locality of residence, 
gender and age. All speakers signed a consent form 
acknowledging their willingness to participate in the study.

The interviewer was a young female student from New 
Brunswick who is a native speaker of Acadian French. It 
was decided that interviews should be carried out by 
someone who is an “insider” in order to avoid the so-called 
“outsider” effect, whereby speakers may modify their 
speech to accommodate (by convergence to or by 
divergence from) a speaker (interviewer) who speaks a 
dialect different from their own dialect (Flikeid 1997; Giles 
& Powesland 1998).

Speakers were recorded individually in the field, that is, 
in their home locality. A quiet location, familiar to the 
speaker, was chosen for the recording. Speakers read the 
stimulus sentences from cards that were arranged in random 
order. Where there were hesitations or repetitions, the
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interviewer requested a new reading of the sentence. Total 
duration of each speaker’s recording varied between 55 and 
90 seconds. To obtain high quality audio recordings, 
equipment used included a portable Sony digital recorder 
and a Shure unidirectional microphone; the sampling rate 
was 16 kHz.

Table 2. List of phones used in the RACAD speech corpus

Phone Example Phone Example

sp (short pause) d dans
(silence) n nom

a patte s sans
aa pâte z zone
ax justement l long
eh seize sh champ
eu deux zh gens
ey ses nj oignon

iy si ng camping
oe neuf y ion, pierre
oh comme w coin
ow gros k quand

uy du g grand
uw doux r rond

p pont hy juin
b bon aA vent
m mont e y > vin
f femme oeA brun
v vent owA bon
t temps

3.3 Speech Database

The corpus of digital speech samples is organized largely 
according to TIMIT protocol. A hierarchical file structure 
identifies each audio file by locality, speaker and sentence 
number. Associated with each speaker’s realization of a 
sentence are a wave file and two transcription files: a time- 
aligned orthographic word transcription, and a time-aligned 
phonetic transcription. Segmentation used in the phonetic 
transcription followed standard acoustic phonetic criteria. 
The corpus can be searched by segment, word or sentence as 
well as gender, age and region.

The phonetic transcriptions are broad and are given in 
the (standard) French SAPI (Speech Application 
Programming Interface) phone set. The phone set used in 
labeling the corpus consists o f 39 of the possible 46 phones 
found in recognition systems from Microsoft® Corporation. 
The list o f phones is given in Table 2.

4. A S p e e c h  R e c o g n i t i o n  S y s t e m  f o r  t h e  

RACAD c o r p u s

As noted in the introduction, materials from the RACAD 
corpus are intended primarily for the development of 
original recognition systems for New Brunswick Acadian 
French. In this section, we outline one such system and

then discuss two experiments that gauge how well the 
system performs with respect to regional variation. Both the 
automatic speech recognition system (described below) and 
the parameterization method were designed by using the 
Hidden Markov Model Toolkit (HTK) which runs on a 
Linux platform (Cambridge University, 2007). The HTK 
toolkit is a general-purpose tool designed for the creation of 
Hidden Markov Models (HMM). It lends itself perfectly to 
the creation and evaluation of automatic speech recognition 
engines.

4.1 Parameterization Model

The parameterization method developed is a single- 
Gaussian global model. Mel-frequency cepstral coefficients 
(MFCCs) are chosen as the basis for data parameterization. 
The model uses MFCCs, delta coefficients (D) that are the 
derivatives of the MFCCs, and logarithmic energy. Speech 
is sampled at 16 kHz. A Hamming window is used every 30 
msec. For each 10 msec frame, 12 MFCCs and 12 delta 
vectors are computed. The latter represent the first order 
regression for each MFCC and are calculated by equation 
(2), where dt is the delta coefficient at time t  and c±e 

represents the static coefficient at instant t  ± 9. The value of 
the delta window 9 was set to 3.

0

@( c t+e ~  c t-e )

d t  = - ------ 5-------------  (2)

2^ 6'
0=1

A log energy parameter is computed for each type of 
parameter: one for the 12 MFCCs, one for the 12 delta 
vectors. These represent the log of the sum of the squares of 
the parameters. They are calculated using equation (3), 
where E  represents the log energy and sn represents the nth 
vector for n=1 to N. This gives a total o f 26 parameters per 
window. Intensive cross-validation experiments were 
carried out in order to determine the optimal number of 
parameters.

N

e = i ° g  z  s n (3)
n=1

4.2 Speech Recognition Platform

The model was trained using 93 speakers, for a total of 911 
sentences from the RACAD corpus. The rationale for 
determining this number of speakers follows the general 
practice among speech recognition researchers to use a 
greater number of speakers for training a system than for 
testing it. In the present research, we selected two-thirds of 
the speakers for training (93 from the pool of 140 
individuals) and one-third for testing (47 out o f 140). It is
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noteworthy that the technical quality of the data is the same 
in both the training and testing subsets of the corpus.

Thirty-nine HMM models were created to represent 
each of the French phones. The optimization of the HMMs 
was then performed through nine Baum-Welch re­
estimations as well as through an alignment of speech data 
after the seventh re-estimation using the Viterbi algorithm. 
During the training phase, a bigram and a word network, 
estimated from the entire corpus, were created in order to 
improve speech recognition accuracy.

4.3 Two Experiments: Model Efficiency and 
Regional Variation

We carried out two experiments to test the proposed global 
model. The first experiment assessed the model’s general 
performance. The second investigated the impact of 
regional variation on the model by testing it in three 
different localities.

In the first experiment, the parameterization engine was 
tested using data from the 47 speakers that had not been 
used to train the model. This gave a total of 469 sentences 
for testing. The global phoneme recognition rate for the 
model was 93.23%, which is a satisfactory recognition 
performance. In addition, testing the engine for word 
recognition showed a recognition rate of 89.29%. These 
results show that the proposed global model is satisfactory 
for the purposes of automatic speech recognition of the 
French spoken in New Brunswick.

The second experiment asked the following question: 
Does the global model “understand” one region better than 
another? Three localities were selected for this study: 
Shippagan (in the Northeast), Edmundston (in the 
Northwest), and Moncton/Dieppe (Southeast). These cities 
are located near the geographic extremities of New 
Brunswick, and they represent what are perceived as 
different regional varieties of New Brunswick Acadian 
French.

The engine was tested using data from the testing 
subset of the corpus, that is, the one-third of the data that 
had not been used in training the engine. The following 
numbers of speakers had been selected (randomly) in each 
locality: 5 out of 15 in Shippagan (49 sentences), 7 out of 22 
in Edmundston (70 sentences), and 8 out of 24 in 
Moncton/Dieppe (80 sentences). The number of sentences 
tested varies from region to region because the number of 
speakers is not constant across regions.

Table 3. Word recognition rate globally and by locality

Global Shippagan
(Northeast)

Edmundston
(Northwest)

Moncton/ Dieppe 
(Southeast)

89.29% 91.61% 81.37% 81.82%

As shown in Table 3, the results indicate considerable 
variation among the three localities. Shippagan received a 
much better recognition rate (91.61%) than either 
Edmundston (81.37%) or Moncton/Dieppe (81.82%).

Furthermore, the size of the difference in the rates between 
Shippagan and the other two localities -  about 10% -  
suggests that recognition differences are not due to random 
error.

We note that no statistical analyses were carried out to 
test these between-locality differences. The recognition 
rates are based on Hidden Markov Models that model and 
capture all of the variation present in the data; thus, these 
models produce the same recognition rates and leave 
confidence intervals of zero. Future experiments, in which 
different subsets of speakers can be selected for training and 
testing the model, will allow us to determine whether the 
between-locality differences observed in this preliminary 
study are indeed statistically significant.

The variability in the recognition rates among the three 
localities raises several questions about the role of linguistic 
variation in speech recognition. Some of these questions are 
linguistic: Which phones contain variations that are too 
large for the model to take into account? How different are 
these “difficult” phones in the pronunciation of 
Moncton/Dieppe and Edmundston speakers from the 
pronunciation of Shippagan speakers? Are there fewer of 
these “difficult” phones in the region that is most easily 
understood?

Other questions are of a sociolinguistic nature: Do 
recognition rates correlate with speakers’ age, gender, 
region or locality? For example, are recognition rates for 
females speakers’ data better than those for males speakers’ 
data? Are older speakers more easily “understood” than 
younger speakers? Is there greater phonetic variation within 
larger localities such as Moncton/Dieppe than in the more 
rural areas such as the Northeast and Northwest?

The main implication of the results of the second 
experiment described here is that regional linguistic 
variation appears to be an important consideration in 
designing speech recognition systems.

5. O t h e r  R e s e a r c h  A p p l i c a t i o n s  o f  t h e  

RACAD SPEECH CORPUS

The RACAD corpus has several strengths: it contains 
recordings that are of a high quality, these recordings were 
made by a reasonably large number of speakers, the choice 
of speakers represents differences due to region, age and 
gender, and the dialect is a minority variety that differs from 
mainstream varieties. The speaker demographic features 
and the presence of considerable regional variation provide 
an interesting set of perspectives for speech science 
applications, such as automatic speech recognition, to this 
variety of French.

The attention to recording quality and to demographic 
factors makes the RACAD corpus attractive to other areas 
of speech research. One of these is the acoustic phonetic 
analysis of New Brunswick Acadian French. The phonetic 
characteristics of the realizations of certain phonemes in 
Acadian French can be compared with those found in other 
dialects, including mainstream varieties.
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A second area of application is in studies of linguistic 
variation. Because it contains speech samples of many 
speakers who are from well-defined regional, age and 
gender backgrounds, the corpus can provide data for 
sociolinguistic and dialectological studies that examine the 
fine phonetic details of speech variation. Increasingly, 
instrumental socio-phonetic studies are paying particular 
attention to vocalic, consonantal and prosodic variation 
(Foulkes & Docherty 2006; Thomas 2002), allowing 
researchers to pursue questions about the relation between 
phonetic detail and social and geographical information. As 
well, materials from the corpus are well suited for 
perceptual dialect categorization experiments and automatic 
dialect classification studies.

Other research applications of the RACAD corpus in 
linguistics are limited. One weakness of the corpus is the 
small amount of speech data recorded for each speaker. 
This limits studies of variation within one speaker’s 
production. Nor does this allow detailed phonetic studies 
that focus on minimal pairs or that examine a large number 
of specific environments of a particular phoneme (that is, 
specific combinations or sequences of phones). A second 
weakness is the absence of stylistic variation. Speakers in 
the corpus had only one task, reading sentences, this to the 
exclusion of other styles such as reading a longer text or the 
kind of casual, spontaneous speech that is often of interest in 
sociolinguistic research. Nevertheless, the data are 
naturalistic because they were obtained in the field as 
opposed to a laboratory setting.

6. C o n c l u s io n

The RAC AD speech corpus contains recordings of 140 
native speakers from the three main francophone regions of 
New Brunswick. The design of the corpus was informed by 
linguistic studies of Acadian French based in 
sociolinguistics and dialectology. The major application for 
this corpus is in research on automatic speech recognition. 
The preliminary global monophone speech recognition 
model described in the present study is successful at both 
phone and word recognition tasks; however, success varies 
across geographical regions. Data from the RACAD corpus 
are a potential resource for acoustic-phonetic and socio- 
phonetic studies that examine dialect variation.

Acknowledgments

This research was supported by grants from the Canada 
Foundation for Innovation and the New Brunswick 
Innovation Foundation to S.-A. Selouani, Université de 
Moncton. The authors would like to thank Yacine 
Benahmed, Mélissa Chiasson and Luc Robichaud for their 
contributions to the development of the RACAD speech 
corpus.

R e f e r e n c e s

Arseneault, S. (1999) Aires géographiques en Acadie. In J.Y.
Thériault (ed) Francophonies minoritaires au Canada : l ’état

des lieux. Moncton NB: Éditions d’Acadie, pp. 41-54.
Beaudin, M. & Forgues, É. (2006) La migration des jeunes 

francophones en milieu rural: considérations socioéconomiques 
et démo-linguistiques, Francophonies d ’Amérique, 22, 1-23.

Cambridge University Speech Group, Hidden Markov Toolkit 
(HTK Version 3.4): http://htk.eng.cam.ac.uk/, consulted May 
25, 2007.

Cambridge University Speech Group, The HTK book (Version 
3.3). Cambridge UK: Cambridge University Engineering 
Department.

Cichocki, W. (1996) Observations préliminaires sur le rythme en 
français acadien. In L. Dubois & A. Boudreau (ed) Les 
Acadiens et leur (s) langue (s) : quand le français est 
minoritaire. Moncton NB: Centre de recherche en linguistique 
appliquée, Université de Moncton & Éditions d’Acadie, pp. 63­
74.

Cichocki, W. (2002) Tones that represent continuative intonation 
in Acadian French. Canadian Acoustics, 30, 150-151.

Cichocki, W. (2006) Geographic variation in Acadian French /r/: 
What can correspondence analysis contribute toward 
explanation? Literary and Linguistic Computing, 21, 529-541.

Clopper, C.G. & Pisoni, D. (2004) Some acoustic cues for the 
perceptual categorization of American English regional dialects. 
Journal o f  Phonetics, 32, 111-140.

Clopper, C.G. & Pisoni, D. (2006) The Nationwide Speech Project: 
A new corpus of American English dialects. Speech 
Communication, 48, 633-644.

Combescure, P. (1981) 20 listes de dix phrases phonétiquement 
équilibrées. Revue d ’acoustique, 56, 34-38.

Fisher, W.M., Doddington, G.R. & Goudie-Marshall, K.M. (1986) 
The DARPA speech recognition research database: 
Specifications and status. Proceedings o f the DARPA Speech 
Recognition Workshop, pp. 93-99.

Flikeid, K. (1984) La variation phonétique dans le parler acadien 
du nord-est du Nouveau-Brunswick : étude sociolinguistique. 
New York: Peter Lang.

Flikeid, K. (1997) Structural aspects and current sociolinguistic 
situation of Acadian French. In A. Valdman (ed) French and 
Creole in Louisiana. New York: Plenum Press, pp. 255-286.

Foulkes, P. & Docherty, G. (2006) The social life of phonetics and 
phonology. Journal o f Phonetics, 34, 409-438.

Gauvin, J.-L., Lamel, L.F. & Eskenazi, M. (1990) Design 
considerations and text selection for BREF, a large French read- 
speech corpus. Proceedings ICSLP 1990.

Gauvain, J.-L. & Lamel, L.F. (1992) Speaker-independent phone 
recognition using BREF. DARPA Speech and Natural 
Language Workshop.

Giles, H. & Powesland, P. (1998) Accommodation theory. In N. 
Coupland & A. Jaworski (ed) Sociolinguistics: A Reader and 
Coursebook. New York: Palgrave, pp. 232-239.

Holder, M., Macies, A. & Turner, R. (1992) La diphthongue «oi» 
dans le parler «brayon» d'Edmundston, Nouveau-Brunswick. 
Linguistica Atlantica, 14, 17-54.

Johnson, M. & McKee-Allain, I. (1999) La société et l ’identité de 
l’Acadie contemporaine. In J.Y. Thériault (ed) Francophonies 
minoritaires au Canada : l ’état des lieux. Moncton NB: 
Éditions d’Acadie, pp. 209-235.

Keating, P.A., Byrd, D., Flemming, E. & Todaka, Y. (1994) 
Phonetic analyses of word and segment variation using the 
TIMIT corpus of American English. Speech Communication, 
14, 131-142.

Labov, W., Ash, S. & Boberg, C. (2006) The Atlas o f North 
American English: Phonetics, Phonology, and Sound Change:

9 - Vol. 36 No. 4 (2008) Canadian Acoustics / Acoustique canadienne

http://htk.eng.cam.ac.uk/


A Multimedia Reference Tool. Berlin, New York: Mouton de 
Gruyter.

Lamel, L.F. & Gauvain, J.-L. (1992) Continuous speech 
recognition at LIMSI, DARPA Workshop on Continuous Speech 
Recognition. Stanford CA, pp. 59-64.

Lamel, L.F. & Gauvain, J.-L. (1993) High performance speaker- 
independent phone recognition using CDHMM. Eurospeech. 
pp. 121-124. Berlin, Germany.

Lamel, L.F., Gauvain, J.-L. & Eskenazi, M. (1991) BREF, a large 
vocabulary spoken corpus for French. Eurospeech, Vol. 2, pp. 
505-508. Genoa, Italy.

Lennig, M. (1981) 3 listes de 10 phrases françaises 
phonétiquement équilibrées. Revue d ’acoustique, 56, 39-42.

Lucci, V. (1973) Phonologie de l'acadien : parler de la région de 
Moncton, N.B., Canada. Montréal: Didier.

Microsoft Corporation. “Microsoft Windows SpeechRecognition”: 
http://www.microsoft.com/enable/products/windowsvista/speech 
.aspx

Nuance Communications, Inc. “Dragon Naturally Speaking 9”: 
http://www.nuance.fr/naturally speaking/

Nuance Communications, Inc. “Open Speech Recognizer”: 
http://www.nuance.com/recognizer/openspeechrecognizer/

Péronnet, L., Babitch, R.M., Cichocki, W. & Brasseur, P. (1998) 
Atlas linguistique du vocabulaire maritime acadien. Québec: 
Presses de l’Université Laval.

Péronnet, L. & Kasparian, S. (1998) Vers une description du 
français standard acadien : analyse des traits 
morphosyntaxiques. In P. Brasseur (ed) Français d'Amérique: 
variation, créolisation, normalisation. Avignon: Centre 
d’études canadiennes (CECAV), Université d'Avignon, pp. 249­
260.

Statistics Canada (2007) New Brunswick (table). 2006 Community 
Profiles. 2006 Census. Statistics Canada Catalogue no.92-591- 
XWE. Ottawa. Released March 13, 2007.

Thomas, E.R. (2002) Instrumental phonetics. In J.K. Chambers, P. 
Trudgill & N. Schilling-Estes (ed) Handbook o f Language 
Variation and Change. Malden MA: Blackwell, pp. 168-200.

When "BUY" does net epply, 
give RENTAL a try!

At Scantek, Inc. we specialize in Sound and Vibration 
Instrument Rental with expert assistante, and fully 

calibrated instruments for:

► Sound power measurement 
►Community noisê
► Building vibration
► Industrial noise
► Human body vibration 
►Machine diagnostics 
►Vibration measurement

analyzers*

FFT and real-time 

1/3 and 1/1 octave bands

noise and vibration dosimeters* 

vibration meters* 

an body dose/vibration* 

ited sound level meters* 

rangefinderaStt 

CPS*  
windscreens®  

wide range of microphones' 

and accelerometers

anteh, Inc.
Sound &  Vibration Instrumentation 

and Engineering
VAVW.scantekinc.com 
info@scantekinc.com

800- 224-3813
Canadian Acoustics / Acoustique canadienne Vol. 36 No. 4 (2008) - 10

http://www.microsoft.com/enable/products/windowsvista/speech
http://www.nuance.fr/naturally
http://www.nuance.com/recognizer/openspeechrecognizer/
mailto:info@scantekinc.com


Information article /Article d’information

N o is e  E x p o s u r e  o f  O p e r a  M u s ic ia n s

Ewen N. MacDonald, Alberto Behar, Willy Wong, and Hans Kunov
Institute of Biomaterials and Biomedical Engineering, University of Toronto, Toronto, Ontario, Canada M5S 3G9

ABSTRACT

A previous noise exposure survey involving the Canadian Opera Company (COC) orchestra followed 
several musicians over the course of two operas (Lee, Behar, Wong, and Kunov, 2005) and found that the 
musicians were not at risk. Since then, the COC has moved to a new building. Thus, a new study was 
conducted to examine whether the new venue would have an effect on noise exposure. Measurements were 
taken during three performances of five different operas using five dosimeters attached to music stands 
located throughout the orchestra pit. While the exposure levels were found to be different across operas and 
instrument sections, these effects were independent. In general, the exposure levels were slightly lower in 
the new building for all musicians with woodwinds showing a large decrease. These decreases are likely 
due to a larger and less enclosed orchestra pit along with fewer brass musicians playing under the pit roof. 
While the present study did not find evidence for a risk of hearing loss for work performed in the new 
venue, the musicians engage in a variety of activities outside the COC that when added to their COC work 
may pose a risk of noise induced hearing loss.

r é s u m é

Une précédente étude sur l ’exposition sonore des musiciens de l ’orchestre du Canadian Opera Company 
(COC) avait suivi plusieurs musiciens pendant deux opéras (Lee, Behar, Wong et Kunov, 2005). Elle avait 
conclue que les musiciens ne couraient aucun danger. Depuis, le COC a déménagé dans un nouvel 
immeuble. Une nouvelle étude a donc été effectuée pour examiner si la nouvelle salle avait une incidence 
sur l ’exposition sonore des musiciens. Les données ont été capturées pendant trois performances de cinq 
opéras différents en utilisant cinq dosimètres fixés à des lutrins dispersés dans la fosse d’orchestre. Il a été 
trouvé que les niveaux d’exposition calculés différaient d’un opéra à l ’autre et d ’un endroit à l ’autre dans la 
fosse; ces effets restaient indépendants. En général, le niveau d’exposition était plus bas dans le nouvel 
immeuble pour tous les musiciens. Une diminution significative a été remarquée pour les instruments à 
vent en bois. Cette diminution est principalement attribuée à une fosse plus grande et plus ouverte en plus 
d’avoir moins de cuivres jouant sous la voûte de la fosse. Même si cette étude n’a pas trouvé d’évidence de 
risque de perte auditive pour tout travail effectué dans la nouvelle salle, il est à noter que les musiciens du 
COC jouent aussi dans d’autres salles et que l ’ajout des ces activités en plus de leur travail au COC peut 
créer un risque d’une perte auditive.

1 i n t r o d u c t i o n

Perhaps more than any other profession, a professional 
musician relies on his or her ability to hear to earn a living. 
Musicians are also clearly passionate about listening to and 
enjoying music so a loss of hearing would have a more 
significant impact on both the livelihood and quality of life 
of a musician when compared to the general public. Many 
researchers have investigated the risks of noise induced 
hearing loss faced by musicians due to their occupation. 
These studies often follow one of two approaches: 
measurement of musicians’ audiometric thresholds or 
measurement of sound levels during rehearsals and 
performances.

In a review of studies dealing with noise exposure of 
orchestra musicians, Behar, Wong and Kunov [1] found that 
a majority of studies concluded that players were not at risk 
[2, 3, 4, 5]. However, other studies reviewed in the same 
paper concluded the opposite [6, 7]. One of the 
measurement problems identified was the difficulty in

properly measuring the noise exposure as well as 
determining the real length of time musicians are exposed to 
sound levels due to music playing. Behar et al. also noted 
problems in several studies including lack of proper 
measuring techniques as well as inconsistent analysis of the 
raw data.

Most orchestra players perform in concert halls, where 
performers are located on a stage in front of or surrounded 
by the audience. However, in the case of opera and ballet, 
musicians play in a pit, enclosed by hard, acoustically 
reflecting surfaces and often located partially below stage 
overhangs. The sound levels generated in such an 
environment are expected to be higher than those found in 
auditoriums.

To investigate this, a study was performed previously 
by some of the authors measuring the noise exposure levels 
of musicians of the Canadian Opera Company (COC) in 
2003 [5]. At that time the venue of the Company was the 
Hummingbird Centre fo r the Performing Arts, a 
multifunctional hall not particularly suitable for opera or for
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ballet, located in Toronto, Canada. In 2006, the COC moved 
to a new home, the Four Seasons Centre for the Performing 
Arts, designed specifically for opera and ballet. This venue, 
which seats approximately 2000, was designed in the 
traditional horseshoe style with several rows o f balconies as 
opposed to the slightly larger, fan-shaped Hummingbird 
Centre that has only one large balcony on the back o f the 
hall. Thus, it was logical to perform a follow-up study to 
assess if  a change in the architecture o f the hall had an effect 
on the noise exposure of players.

As discussed below, the conditions were not easy to 
replicate: the operas tested were not the same and the 
measuring technique had to be modified. However, results 
indicate that the change in the venue has reduced the noise 
exposure o f the players.

1.1 Risk criteria

To our knowledge, there is currently no country that has 
legislation setting limits for maximum noise exposure levels 
for musicians. However, the European Union (EU) is 
working towards such legislation. Since July 2007, the 
Ontario Health and Safety Act specifies that the maximum 
noise exposure level for an 8 hour work day, Lex, should be 
85 dBA. This is in line with the European Union legislation 
for industrial workers, and is recommended by the USA 
National Institute of Safety and Health (NIOSH) and the 
American Conference o f Governmental Industrial 
Hygienists (ACGIH).

In the present study, Leq is used to denote the level of a 
constant sound source that would provide the same total A- 
weighted acoustic energy as the measured sound source 
over the same duration as the measurement. Since the 
musicians in the COC are contracted for 300 hr/year, as 
opposed to the 2000 hr/year (equivalent to 8 hr/day) that the 
noise exposure legislation is based on, comparing the 
measured Leq values to 85 dBA is inappropriate. Instead a 
criterion of 93 dBA was used for this study. Exposure to 
this level for 300 hours would result in the same total A- 
weighted acoustic energy as being exposed to 85 dBA for 
2000 hours. Thus, if the average of the Leq measurements 
is above 93 dBA, the musicians can be considered to be at 
risk.

Many of the musicians play in other orchestras outside 
of their work at the COC or teach music. These, along with 
the other noisy activities o f everyday life, may increase an 
individual musician’s risk for noise induced hearing loss. 
However, as this study was limited to only assess the risk 
from playing in the COC orchestra, we are forced to assume 
that the musicians are in a quiet environment outside of the 
time they spend with the COC. This assumption may or 
may not be valid for each individual. Based on our 
measurements it is also possible to develop guidelines for 
maximum exposure times (based on the provincial limit) 
that a musician can make use o f to help assess his or her 
own risk.

2 PR O C ED U R E

Measurements were taken during five operas performed by 
the COC during the 2007 season: Faust, Lady Macbeth o f 
Mtsensk, La Traviata, Luisa Miller, and Elektra. Noise 
exposures were measured during three performances o f each 
opera. All performances were held in the Four Seasons 
Centre fo r the Performing Arts.

2.1 Measuring instruments

Five Quest Type Q-300 dosimeters were used to measure 
the exposure level during each performance. The 
dosimeters were set to measure Leq following the guidelines 
in CSA Standard Z107.56-94 [8]. The entire study spanned 
approximately four months. The data from the first two 
operas (Macbeth and Faust) were collected over a nine day 
period at the end o f January/beginning o f February, 2007, 
while the data from the last three operas (La Traviata, Luisa 
Miller, and Elektra) were collected over a ten day period 
during the month o f May, 2007. The dosimeters were 
calibrated in our laboratory before the first two operas and 
again before the last three operas. As well, before each 
measurement, the calibration o f each dosimeter was checked 
as per the manufacturer’s instructions using a Quest Type 
QC-10 calibrator. No additional calibration was needed 
throughout the study.

2.2 Dosimeter locations

In the previous COC study [5], the dosimeters were worn by 
each musician with the microphones placed on his/her 
shoulder following the procedures described in CSA 
Standard Z 107.56-94 [8]. For the present study the 
musicians were not willing to wear the dosimeters again as 
they found their use uncomfortable, especially with the 
microphone cable taped to the back o f their shirts. As a 
compromise, it was decided to affix the dosimeters to the 
bottom o f each music stand with the microphone positioned 
approximately 1 m above the floor.

Figure 1. Approximate dosimeter locations used in the study.
Each location corresponds approximately to the middle of an 
instrument section: violin (1), viola and cello (2), brass (3), 
woodwind (4), brass (5a), double bass (5b). The dimensions of the 
opera pit are also given.

For each opera, five dosimeters were set up in the 
orchestra pit. The locations corresponded approximately to

Canadian Acoustics / Acoustique canadienne Vol. 36 No. 4 (2008) - 12



the middle of instrument sections (see Figure 1). Four of 
the five dosimeter locations were common to all operas: 
violins (1), viola and cello (2), brass (3), and woodwinds 
(4). In one of the operas (Faust), the fifth dosimeter was 
located with the double bass instruments (5b). In the other 
four operas, the fifth dosimeter was located in a second 
group of brass instruments (5a). As the orchestra size varied 
with the different operas, the exact dosimeter location would 
vary slightly. However, the relative distribution of 
dosimeter locations remained the same.

2.3 Measurement procedure

Approximately 15 minutes before the start of each 
performance, the dosimeters were attached to the stands and 
the data gathering was started. The start-time for each 
dosimeter was recorded manually. The majority of the 
musicians would arrive in the orchestra pit very shortly after 
the dosimeters were set up and would start warming and 
tuning up. At the end of the performances, the dosimeters 
were switched off shortly after the musicians left the 
orchestra pit for the night (approximately 15 minutes after 
the end of each performance). The time each dosimeter was 
stopped along with the measured Leq was also recorded 
manually.

3 R E SU L TS A N D  D ISC U SSIO N

The results of the mean Leq as a function of both opera and 
instrument section can be seen in Table A in the appendix. 
The first analysis conducted on the results was to determine 
if the different operas and instrument sections had an effect 
on the exposure level and to determine if these effects were 
independent. To test this hypothesis, an ANOVA was 
conducted with opera and instrument section as factors on 
Leq. While a significant main effect for both opera (F(4,54) 
= 23.04, p  < 0.001) and section (F(4,54) = 20.73, p  < 0.001) 
was found, the interaction of opera x instrument section was 
not significant (F(12,54) = 1.618, p  = 0.114). Thus, while 
the average Leq varied significantly across operas and 
instrument sections, the effects of both variables were 
independent.

3.1 Leq and Opera

Across operas, the Leq ranged from 82.2 dBA for La 
Traviata to 89.7 dBA for Elektra. The mean Leq for each 
opera can be seen in Figure 2. One possible explanation for 
this wide range in exposure levels observed across operas is 
the difference in the orchestra size, as can be seen Table 1. 
When the orchestra size is compared the mean Leq in Figure 
3, it is clear that as the number of musicians increased, the 
mean Leq increased as well.

If the number of uncorrelated, equal sound-level 
sources is doubled the level should increase by 3 dB. Thus, 
one would expect that the noise exposure level should 
increase by approximately 3 dB as the number of musicians 
is doubled. The mean Leq as a function of the log2 of the

number of musicians is plotted in Figure 3. The slope of the 
fitted regression line suggests an approximate increase of 7 
dB as the number of musicians is doubled. Thus, the size of 
the orchestra does not entirely explain the change in 
exposure level across operas. Other factors, such as the 
style and musical choices of the different composers of each 
opera, are likely involved.

95

Traviata Luisa Faust Macbeth Elektra

Figure 2. Mean Leq for each opera. The error bars show the 
standard deviation.

Table 1. Orchestra size for each opera

Opera Number of Musicians

La Traviata 63

Luisa Miller 63

Faust 64

Macbeth 93

Elektra 109

log2(Number of Musicians)

Figure 3. Mean Leq as a function o f the log2 o f  the number of  
performing musicians. The plotted regression line was found 

to have a slope o f approximately 7 dB per doubling o f the 
number o f musicians.

3.2 Leq and instrument section

Across instrument sections, the Leq ranged from 82.7 dBA 
for Woodwinds to 87.9 dBA for Brass. The mean Leq for
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each section can be seen in Figure 4. Several studies have 
found that the exposure levels are largest for brass 
musicians when compared to other instrument sections [5, 
9]. An ANOVA was conducted and no significant 
interaction between opera and instrument section was found 
(F(12,54) = 1.618, p  = 0.114). In other words, the pattern of 
exposure levels with instrument section was the same across 
all the operas, so for louder or quieter operas, the change in 
exposure level was the same for all instruments. As all of 
the mean Leq were lower than the criteria of 93 dBA 
described earlier, none of the musicians are at risk of 
hearing loss due to just their activity in the COC.

95

Woodwind Violin Viola and Double Bass Brass 
Cello

Figure 4. Mean Leq for each instrument section. The error 
bars show the standard deviation.

3.3 Safe exposure durations

Given the characterization of exposure levels as a function 
of instrument section, it is possible to calculate exposure 
times that would equal the exposure from 85 dBA for 8 hr 
per day/40 hr per week/2000 hr per year as described 
previously in Section 2. A table of the calculated maximum 
exposure durations for each instrument section is shown in 
Table 2. It should be noted that the exposure durations 
assume that the musician is not exposed to any other 
significant sound source for the remaining period of time.

Table 2. Maximum exposure durations based on provincial 
limit.

Section Hours/
Day

Hours/
Week

Hours/
Year

Woodwind 13.7 68 3417

Violin 11.4 57 2846

Viola and Cello 7.4 37 1838

Double Bass 5.5 28 1373

Brass 4.1 20 1022

NOTE: The number o f  hours per day/week/year o f  exposure for an Lex of 
85 dBA assuming the rest o f  the day/week/year is spent in quiet. Exposure 
without hearing protection for durations longer than those given in the table 
would exceed the risk criterion given by ISO 1999 [11] while exposure for 
shorter durations would comply with provincial occupational noise 
regulations.
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The maximum exposure durations assume the musician is in 
a quiet environment for the remaining hours of the 
day/week/year. As many of the musicians engage in other 
potentially noisy activity (playing in other orchestras, 
teaching, rehearsing, etc), it is impossible to assess their 
total risk unless the exposure levels (Leq) and durations of 
these other activities are known. However, based on the 
data in Table 2 and similar data published for other 
activities (e.g., Behar et al. [10]) a musician can get a rough 
estimation of whether he or she is overexposed.

3.4 Comparison of Leq between venues

One of the main goals of this study was to examine 
differences in noise exposure between the two venues. 
Using the data from the previous study, the mean Leq for 
each instrument section was calculated. The mean Leq as a 
function of instrument section for both venues is plotted in 
Figure 5.

95

Woodwind Violin Viola and Double Bass Brass 
Cello

Four Seasons Centre □  Hummingbird Centre

Figure 5. Mean Leq for each instrument section for the Four 
Seasons Centre and Hummingbird Centre. The error bars show 

the standard deviation.

In general, the exposure levels in the Hummingbird Centre 
are higher than those in the Four Seasons Centre. It is 
tempting to conclude that the smaller orchestra pit in the 
Hummingbird Centre leads to an increase in the exposure 
levels. However, as discussed earlier, the techniques used 
when performing both measurements were slightly 
different: in the first study, the microphones of the 
dosimeters were attached to the players; in the present 
study, they were attached to the stands. As well, the two 
operas measured in the previous study (Madame Butterfly 
and The Italian Girl in Algiers) are different from those in 
the present study. Therefore it cannot be concluded if the 
overall differences in exposure levels between venues are 
only due to differences in architecture, the measurement 
technique, or the differences in the operas performed. 
However, the pattern of exposure levels for each instrument 
section is different between the two venues. In the previous 
study, the woodwinds were found to have the second 
highest mean Leq, whereas in this study they were found to 
have the lowest.

An ANOVA was conducted with building and 
instrument section as factors on Leq. A significant main
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effect for both building (F(1,133) = 11.592, p  = 0.001) and 
instrument section (F(4,133) = 17.416, p  < 0.001) was 
found. Importantly, a significant interaction of building x 
instrument section was also found (F(3,133) = 4.049, p  = 
0.004). This confirms that the pattern of results for the 
instrument sections is different between the two venues. 
Since no interaction was found between opera and 
instrument section for the data from the Four Seasons 
Centre, this suggests that the interaction with instrument 
section is due to differences between the venues as opposed 
to the different operas played at each venue.

«------------------------17.6 m ------------------------- ►
Figure 6. General layout of the orchestra and dimensions of 
the orchestra pit in the Hummingbird Centre (adapted from 

Lee et al. [5]).

A diagram of the general orchestra layout along with the 
dimensions of the orchestra pit in the Hummingbird Centre 
can be seen in Figure 6. From a comparison of Figures 1 
and 6 it can be seen that the general layout of the orchestra 
is slightly different between the two venues. In the Four 
Seasons Centre the woodwinds have been shifted from the 
one side to the middle of the orchestra pit. As well, some of 
the brass musicians have been shifted forward along the 
sides. The previous study suggested that musicians’ 
exposure level is related to their proximity to the brass 
instruments. In the present study the strings are closer to 
some of the brass than they were in the previous study but 
the noise exposure levels in the current study are lower. 
Further, the proximity of the woodwinds to the brass is 
about the same in both studies but the noise exposure levels 
of the woodwinds in the current study are significantly 
lower. Inspection of the dimensions of the Four Seasons 
Centre orchestra pit shows that it is both larger and is less 
enclosed than it’s counterpart in the Hummingbird Centre. 
It is likely that a combination of these two factors along 
with fewer brass musicians playing under the enclosed part 
of the pit is the cause for the observed reduction in exposure 
levels for other musicians.

4 CONCLUSIONS AND 
RECOMMENDATIONS

Two conclusions can be drawn from this study: The first is 
that, assuming they remain in a quiet environment outside of 
their COC activities (performances and rehearsals),

musicians are not at risk of hearing loss in their new venue. 
However, if they perform for more than the times shown in 
Table 2 they could exceed provincial occupational noise 
limits. Since even these limits allow some hearing loss, the 
musicians should be educated about the meaning of Table 2 
and the precautions they should be taking to protect their 
hearing. The second conclusion is that the exposure levels 
were generally lower in the new building compared to the 
older venue with the level of the woodwind section showing 
the largest decrease. The decrease in exposure level is 
likely due to a less enclosed pit with fewer brass musicians 
playing under the roof of the pit. However, the decrease 
could also be due to the different microphone location.

COC musicians report that they frequently perceived 
the noise levels as too loud and feel that their hearing has 
decreased. As well, some mentioned that they have acquired 
tinnitus which they attribute to performing in the orchestra. 
While the present study did not find evidence for a risk of 
hearing loss, these concerns raised by the musicians should 
not be ignored. As previously mentioned, the musicians 
engage in a variety of activities outside the COC that when 
added to their COC work may pose a risk of noise induced 
hearing loss.

Thus, it is recommended that musicians should undergo 
periodic audiometric testing, probably every two years, to 
provide a longitudinal record of their hearing status. An 
audiogram may not be sensitive enough to pick up the initial 
stages of a noise induced hearing loss (i.e., the loss of some 
of the outer hair cells) but it is currently the only accepted 
standard for documenting a change in an individual’s 
hearing. The use of distortion product otoacoustic emission 
(DPOAE) tests may be more sensitive as these tests directly 
measure outer hair cell function. However, their use for 
documenting occupational hearing loss is not well accepted 
and requires further study.

The use of “linear” or “musicians” ear plugs has long 
been advocated for musicians. These earplugs attenuate all 
frequencies equally to maintain the balance of harmonics 
that reach the ear and don’t “color” the music. Ear plug 
should both reduce the perception of the sound levels as 
being excessive as well as reduce the risk of hearing loss. 
Unfortunately, few musicians accept their use, citing 
reasons such as discomfort, feeling of fullness in their ears, 
and a change of perception of their or their partners 
instruments’ sound.
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APPENDIX

Table A. Mean Leq for each section across the five operas.

In the section column, the dosimeter location is given in parentheses (See Figure 1 for where these locations are in the pit). For the other 
columns, the mean Leq are expressed in dBA with the standard deviation in parentheses.

Section (Dosimeter Location) Traviata Luisa Faust Macbeth Elektra Overall

Violin (1) 80.9 (0.7) 81.9 (0.5) 82.9 (0.7) 85.2 (0.6) 86.5 (0.3) 83.5 (2.2)

Viola and Cello (2) 83.3 (3.1) 84.1 (2.7) 85.0 (0.5) 85.8 (0.9) 88.6 (2.9) 85.4 (2.7)

Brass (3) 83.1 (2.1) 86.0 (3.1) 90.0 (2.0) 90.8 (0.8) 92.2 (3.1) 88.4 (4.0)

Woodwind (4) 80.7 (1.4) 81.1 (0.6) 81.2 (4.8) 82.1 (4.9) 88.2 (0.5) 82.7 (4.0)

Brass (5a) 82.8 (0.3) 84.3 (0.9) - 89.1 (0.6) 92.8 (1.9) 87.3 (4.2)

Double Bass (5b) - - 86.6 (1.7) - - 86.6 (1.7)

Overall 82.2 (1.9) 83.5 (2.4) 85.1 (3.8) 86.6 (3.7) 89.7 (3.1) 85.4 (4.0)
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A b s t r a c t

Monolingual-Western-Canadian-English listeners, monolingual-Mexican-Spanish listeners, and monolin- 
gual-Peninsular-Spanish listeners classified stimuli from a synthetic vowel continuum which allowed for 
English A/, /I/, /s/, /E/, and Spanish A/, /si/, and /s/ responses. The continuum varied systematically in ini­
tial formant values, vowel inherent spectral change, and vowel duration. The portion of the stimulus space 
for which the English listeners’ modal response was English /i/ was identified as Spanish /i/ by both groups 
of Spanish listeners. Three quarters of the portion of the stimulus space for which the English listeners’ 
modal response was English /I/ was identified as Spanish /i/ and one-quarter as Spanish vy4105 /s / by 
Mexican-Spanish listeners, but almost all of this portion of the stimulus space was identified as Spanish /s/ 
by Peninsular-Spanish listeners. Spanish dialect may therefore have a substantial effect on 
first-language-Spanish listeners’ learning of the Western-Canadian-English A/-/I/ contrast.

r é s u m é

Des auditeurs monolingues de l ’anglais canadien de l ’ouest, de l’espagnol du Mexique, et de l’espagnol 
péninsulaire ont identifié des stimuli qui comportaient un continuum de voyelles synthétiques, les choix de 
réponse étant le /i/, /I/, /s/, /E/ de l ’anglais, et le /i/, /si/, et /s / de l’espagnol. Les voyelles sur le continuum 
variaient quant à leurs valeurs formantiques initiales, au changement spectral intrinsèque à la voyelle ainsi 
qu’à la durée vocalique. La portion de l ’espace de stimuli pour laquelle la réponse la plus fréquente des au­
diteurs anglophones était le /i/ anglais a été identifiée comme étant le /i/ espagnol par les deux groupes 
d’auditeurs hispanophones. Les trois-quarts de la portion de l ’espace de stimuli identifiés comme étant le /I/ 
anglais par des auditeurs anglophones ont été identifiés comme étant le /i/ espagnol et l ’autre quart comme 
le /s / espagnol par des auditeurs hispanophones du Mexique. Cette même portion de l’espace de stimuli a 
été presque entièrement identifiée comme étant le /s / espagnol par des auditeurs hispanophones de la Pé­
ninsule. Les dialectes de l ’espagnol pourraient donc avoir un effet considérable sur l ’acquisition du 
contraste A/-/I/ de l ’anglais canadien de l ’ouest par des auditeurs qui ont l ’espagnol comme première lan­
gue.

1. i n t r o d u c t i o n

Spanish speaking learners of English often have 
problems with the English A/-/I/ contrast. Alvarez Gonzalez 
(1980, ch. 5), Escudero (2005, §1.2.2), Flege (1991), and 
Moller Glasbrenner (2005) have reported that:

1. First-language Spanish second-language English 
listeners (L1-Spanish L2-English listeners) misiden- 
tify L1-English speakers’ productions of English /i/ 
as English /I/ and vice versa.

2. Monolingual-Spanish listeners assimilate the majority
of tokens of English /i/ to the Spanish /i/ category.

3. Monolingual-Spanish listeners assimilate the majority
of tokens of English /I/ to the Spanish /i/ category.

4. However, monolingual-Spanish listeners assimilate 
some tokens of English /I/ to Spanish /s/, and iden­

tify some tokens of English /I/ as English /E/.

These results were obtained for Peninsular- and 
American- Spanish speakers listening to English from 
South-Eastern England, and for American-Spanish speakers 
listening to English from the United States; however, there 
is evidence that the choice of English dialect can affect the 
extent to which tokens of English /I/ are assimilated to the 
Spanish /i/ category versus the Spanish /s / category. 
Escudero & Boersma (2004) examined Peninsular- and 
American-Spanish listeners’ perception of two dialects of 
English: Compared to a dialect from the South-East of 
England, Scottish English has a larger spectral separation 
and smaller duration separation between /i/ and /I/. Thus 
L1-Spanish learners of Scottish English were expected to 
assimilate tokens of English /i/ and HI via a two-category 
assimilation to the Spanish /i/ and /s / categories respectively, 
and to have little difficulty perceiving the difference
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between the two English categories. In contrast learners of 
the dialect from South-Eastern England were expected to 
assimilate tokens of English A/ and /I/ via a single-category 
or category-goodness-difference assimilation to the Spanish 
A/, and to have moderate to considerable difficulty 
perceiving the difference between the two English 
categories (see Best’s, 1995, Perceptual Assimilation 
Model). The assimilation predictions were confirmed for 
Peruvian-Spanish listeners (Escudero, 2005, §1.2.2).

There are clearly large differences in vowel pronuncia­
tion across English dialects, but Spanish dialects appear to 
be much more homogeneous in terms of vowel pronuncia­
tion (Morrison & Escudero, 2007, failed to find significant 
formant differences between the vowel systems of Spanish 
speakers from Madrid and Lima). The present study 
investigates whether there are differences in vowel 
perception between monolingual speakers of two Spanish 
dialects, Mexican Spanish (Mexico City) and Peninsular 
Spanish (North-Central Spain). Specifically it investigates 
whether there are perception differences between dialects 
which could affect learning of the Western-Canadian- 
English A /-/I/ contrast. Monolingual-Western-Canadian- 
English listeners, monolingual-Mexican-Spanish listeners, 
and monolingual-Peninsular-Spanish listeners were tested 
on their perception of a set of synthetic vowels which 
covered an acoustic space which allowed for the perception 
of English A/, /I/, /s/, /E/, and Spanish A/, /s/, and /si/.

The synthetic stimuli in the present study included 
vowel inherent spectral change (VISC), which has been 
found to be an important factor in L1-English listeners’ 
vowel perception in W estern-Canadian English, as well as 
other dialects of North-American English (Andruski & 
Nearey, 1992; Assmann & Katz, 2005; Assmann, Nearey, & 
Hogan, 1982; Hillenbrand, Clark, & Nearey, 2001; Nearey 
& Assmann, 1986). This contrasts w ith earlier syn- 
thetic-speech studies and edited-natural-speech studies 
(Escudero & Boersma, 2004; Flege, Bohn, & Jang, 1997; 
Morrison, 2002, 2008), in which formant frequencies were 
fixed over the timecourse of the vowel.

Note that W estern-Canadian English /s/ is produced with 
diverging VISC (F1 decreases and F2 increases over the 
timecourse of the vowel), /I/ and /E/ are produced with 
converging VISC (F1 increases and F2 decreases over the 
timecourse of the vowel), and /i/ is produced with negligible 
formant movement (Andruski & Nearey, 1992; Morrison, 
2006b, §3.1; Nearey & Assmann, 1986). In Spanish, /si/ is 

produced with diverging VISC, and /i/ and /s/ are produced 
with negligible formant movement (Morrison, 2006b, §3.1).

2. METHODOLOGY 

2.1 Listeners

Nineteen monolingual-Western-Canadian-English 
speakers (eight men and eleven women) were recruited in 
Edmonton, Alberta, Canada (one was from Saskatchewan 
and all the others from Alberta). None reported an ability to

speak any language other than English. They ranged in age 
from 18 to 54 with a median of 20.

Twenty monolingual-Mexican-Spanish speakers (ten 
men and ten women) were recruited in Mexico City, Federal 
District, Mexico. They were all speakers of Mexico-City 
Spanish. Thirteen reported a limited ability to speak English 
or French, but reported being unable to participate in a 
conversation in these languages. They ranged in age from 
18 to 31 w ith a median of 22.

Seventeen monolingual-Peninsular-Spanish speakers 
(eight men and nine women) were recruited in Vito- 
ria-Gasteiz, Autonomous Region of the Basque Country, 
Spain. They were speakers of North-Central Peninsular 
Spanish (thirteen were from the Basque Country, and one 
each from Navarre, Burgos, Leon, and Madrid). Seven 
reported a limited ability to speak one or more of Basque, 
French, and English, but reported being unable to participate 
in a conversation in any of these languages. They ranged in 
age from 25 to 53 w ith a median o f 44.

2.2 Stimuli

A version of the Klatt synthesiser (Klatt & Klatt, 1990) 
was used to create synthetic l$V%\l stimuli, and the results 
were inserted in to the natural Spanish and English carrier
sentences “La proxima palabra es __pa” and “The next
word i s __pa” (both sentences have the same meaning). The
final /na/ used in the English carrier sentence was actually 
taken from the Spanish carrier sentence. In pilot tests the 
unstressed utterance final Spanish /a /  was acceptable to 
L1-English listeners, i.e., it was not perceived as 
non-English like. In English-listening mode, the author 
would transcribe the sound as English schwa; its mean F1, 
F2, and F3 values were 696, 1357, and 2376 Hz. The natural 
portions of the stimuli were produced by a male bilingual 
speaker (the author).1 Care was taken to adjust synthe- 
siser-parameter settings so as to produce synthetic speech 
which (in the opinion of the author) was a good match for 
the voice quality of the Spanish natural speech. The 
speaker’s Spanish productions had a greater spectral tilt than 
his English productions, and the spectral tilt of the English 
carrier sentence was therefore increased so as to match the 
voice quality of the Spanish-based synthetic speech.

A large stimulus space (1464 stimuli) was initially 
constructed, and pilot studies were conducted in order to 
find a smaller set of stimuli which included stimuli which 
were acceptable as Spanish /i/, /s/, and /si/ to L1-Spanish 
listeners, and stimuli which were acceptable as English /i/, 
/I/, /s/, and /E/ to L1-English listeners. Figure 1 provides a 
plot of the smaller stimulus set. The 90 stimuli selected had 
ten sets of initial formant values along a diagonal in the 
F1-F2 vowel space ranging from [F1, F2] of [283 Hz, 2090 
Hz] to [580 Hz, 1730 Hz], in equal steps of [+33 Hz, -40  
Hz]. At each start-point, stimuli were synthesised with three 
levels o f VISC: F1 and F2 either diverged, did not change 
(were flat), or converged over the time-course of the vowel. 
Formant movements [AF1, AF2] from the beginning to the
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Zero VISC

283 316 349 382 415 448 481 514 547 580
F1 (Hz)

Figure 1. Properties o f the synthetic stimuli. Labels are given 
for the duration of the vowels including consonant transitions. 
Labels are given for initial F1 values; F1 and F2 covaried, and 
the corresponding initial F2 values were: 2090, 2050, 2010, 
1970, 1930, 1890, 1850, 1810, 1790, 1750, 1730 Hz. The top 
panel represents stimuli with diverging VISC, the final F1 
value was 99 Hz less than the initial F1 value and the final F2 
value was 120 Hz more than the initial F2 value. The middle 
panel represents stimuli with zero VISC, the formant values 
did not change over the timecourse of the vowel. The bottom 
panel represents stimuli with converging VISC, the final F1 
value was 99 Hz more than the initial F1 value and the final F2 
value was 120 Hz less than the initial F2 value. Filled circles 
represent the stimuli which were selected in pilot studies as the 
best examples o f the four English and three Spanish vowels.

end of the vowel were [-99 Hz, +120 Hz], [0 Hz, 0 Hz], and 
[+99 Hz, -120 Hz] (minus three, zero, and plus three steps 
along the F1-F2 diagonal). Following Andruski & Nearey 
(1992), the formant trajectories described straight lines in a 
log-hertz F1-F2-F3 space. Following Nearey (1989), 
third-formant (F3) values were set using a formula based on 
a linear regression of F1 and F2 values onto F3 values from 
the model speaker’s vowel productions. Equation 1 provides 
the formula with F1, F2, and F3 values given in hertz.

F3 = 4235 -2.427xF1 -0.272xF2. (1)

Each of the 30 initial- and final-formant combinations 
was synthesised at three durations: 55, 70, and 85 ms (for 
each set of stimuli with the same initial- and final-target 
combinations, the shorter stimuli had steeper slopes than the 
longer stimuli). The synthetic stimuli also included a 
bilabial burst, bilabial onset and offset formant transitions, 
and a 90 ms long M  closure. The consonant transitions 
added an additional 25 ms to each vowel, resulting in total 
vowel durations of 80, 95, and 110 ms.

Audio recordings of the carrier sentences and stimuli are 
available in Morrison (2006b, p. 32).

2.3 Procedures

Listeners were tested one at a time using custom-written 
software. Monolingual-Western-Canadian-English listeners 
were tested in the Centre for Comparative Psycholinguistics 
at the University of Alberta, Monolingual-Mexican-Spanish 
listeners were tested in the Phonic Studies Laboratory at El 
Colegio de México in Mexico City, and Monolingual- 
Peninsular-Spanish listeners were tested in the Phonetics 
Laboratory at the University of the Basque Country. In 
Spain and Canada testing took place in a sound booth using 
a Roland ED UA-30 USB Audio Interface and Sennheiser 
HMD 280 PRO headphones. In Mexico testing took place in 
the quietest room available using an Edirol UA-25 Audio 
Interface and AKG K701 headphones.

Listeners heard a stimulus sentence, and responded by 
clicking on the response button which corresponded to their 
identification of the synthetic vowel. A new stimulus was 
presented 500 ms after a response was given. In the Spanish 
experiment the response buttons were labelled BIPA, BEIPA, 
and BEPA representing /fima/, /peraa/, and /perca/ 
respectively, and in the English experiment the response 
buttons were labelled BEEPA, BIPPA, BAYPA, and BEPPA 
representing Ifim ^-I, /p irc^/, /perc^/, and /pErc^/ 
respectively. The spelling-to-phoneme relationship is 
transparent in Spanish, but less clear in English. Prior to the 
English experiment, listeners were therefore trained on the 
English spelling-to-phoneme relationship. Listeners saw 
written sets of real words illustrating the four English vowel 
categories, and each set was followed by the corresponding 
response word. Listeners read the real and response words 
out loud, and the researcher monitored to ensure that they 
pronounced the same vowel sounds in the response words as 
in the real words. Any mismatches between the real and 
response words were corrected by asking the listeners to 
read the response word with the same vowel as in the 
appropriate set of real words. The researcher pointed at the 
written forms of the words but did not pronounce the words 
or model the vowels in isolation. Training was restricted to 
making sure that participants produced the same vowel 
sound in real and response words. The training continued 
until the researcher was confident that the listeners 
understood the spelling-to-phoneme relationships. The 
written sets of real and response words were also visible to 
the listeners during the experiment.

All 90 stimuli were presented in random order in two 
blocks, and in each of four subsequent randomised blocks 
an adaptive procedure selected 45 stimuli for presentation. 
In each of the last four blocks, category boundaries were 
estimated on the basis of the responses given in the earlier 
blocks, and stimuli in the vicinity of the category boundaries 
had the highest probability of being selected for presentation 
in the new block. This resulted in a total of 360 trials per 
listener, with each stimulus identified a minimum of twice 
and a maximum of six times. The procedure is described in 
detail in Morrison (2006a). It produces results which do not 
differ substantially from results obtained using six responses 
on each stimulus (540 trials), but within a time period which
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does not lead to listener fatigue.

3. RESULTS & DISCUSSION 

3.1 Statistical Modelling Procedures

Perception results were analysed using logistic 
regression. For an explanation of the type of logistic 
regression modelling applied here it is highly recommended 
that the reader refer to M orrison (2007a).

The logistic regression models estimated a set of 
coefficient values associated with each response category:

bias coefficients:

a a/I/, a/e/, a® 

initial-formant-tuned coefficients:

P/l/mtlalF, P/I/i^iitialF, P/e/mltialF, P/E/initialF

duration-tuned coefficients:

P/t/dun P/I/dur, P/e/dun P/E/dur 

diverging-VISC-tuned coefficients:

P/i/dm  P/I/div, P/s/div, P/E/div 

converging-VISC-tuned coefficients :

P/l/conv, P/I/conv, P/s/conv, P/E/conv

Initial formant values and duration values were entered 
as continuous variables in just-noticeable-difference (JND) 
units. The JND scale for initial formant values was 
one-dimensional (F1 and F2 were 100% correlated in the 
synthetic stimuli) with its origin corresponding to the 
stimuli with the lowest F1 and highest F2 [283 Hz, 2090 
Hz]. The JND used was 0.3 Bark (Kewley-Port, 2001). The 
conversion from hertz to the JND-formant scale (FJND) was 
performed using Equation 2 (which includes the 
hertz-to-bark formula from Traunmüller, 1990):

(2) __________________________________________

Fjnd (Bark(F1)—Bark(283)) +(Bark(F2)-Bark(2090))2 /0.3 

Bark(F) =  (26.81F/(1960+F))-0.53

The origin of the JND scale for duration corresponded to the 
stimuli with the shortest duration (80 ms), and the JND used 
was 5 ms on a base value of 90 ms (Noteboom and 
Doodeman, 1980, similar to the W eber fraction of 0.05 used 
by Smits, Sereno, and Jongman, 2006). The conversion 
from milliseconds to the JND-duration scale (durJND) was 
performed using Equation 3:

d u r jND = l o g 1 + (5 /90)( d u r / 9 0 ) - l o g 1 + (5 /90)( 8 0 / 9 0 )  (3)

Use of JND-scales allows initial-formant and duration 
results to be compared on an equal footing.

VISC was entered as three discrete levels, resulting in

two dummy-coding coefficients [pdiv pconv]: [0 0] = zero 
VISC, [0 1] = diverging VISC, [1 0] = converging VISC. 
This encodes the onset + offset (or the onset + direction) 
hypothesis for the perceptually relevant aspects o f VISC 
(Gottfried, Miller, & Meyer, 1993; Nearey & Assmann,
1986; Morrison, 2007b; M orrison & Nearey, 2007; Pols, 
1977).

3.2 Statistical Modelling Results

Figures 2 through 4 provide population-average territorial 
maps and probability-surface plots based on logistic 
regression models fitted to monolin- 
gual-Western-Canadian-English listeners’ response data, 
monolingual-Mexican-Spanish listeners’ response data, and 
monolingual-Peninsular-Spanish listeners’ response data. 
Territorial maps indicate which category is the model’s 
predicted modal response in each part o f the stimulus space 
(see Nearey, 1990, 1997). Probability-surface plots indicate 
the model’s predicted probability for each response category 
in each part o f the stimulus space (see Morrison, 2007a, 
2008). (Each category is shaded a different colour, the same 
colours are used in the territorial maps and probability 
surface plots). The population-average territorial maps and 
probability-surface plots were created by fitting a logistic 
regression model to each individual listener’s response data, 
then taking the mean of the logistic regression coefficient 
estimates across all listeners within each group. These mean 
coefficient values were then used to calculate the model’s 
predicted probability for each category response at each 
point in a fine grid of points covering the stimulus space.

Examination of Figure 2 indicates that English /s/ is the 
modal response in approximately half the diverging-VISC 
portion of the stimulus space, consistent with its traditional 
description as a (diverging) phonetic diphthong. Western- 
Canadian-English /I/ and /E/ are produced with converging 
VISC, and consistent with this, English /I/ and /E/ were the 
modal responses in most o f the converging-VISC portion of 
the stimulus space. W estern Canadian English A/ is 
produced as a monophthong, and consistent with this, 
English A /  was the modal response in the low-F1 part o f the 
zero-VISC portion of the stimulus space. Some parts o f the 
stimulus space, e.g., low-F1 converging-VISC, do not 
correspond to the production values of any English vowel 
categories, but listeners extrapolated the neighbouring 
categories and gave responses in these areas. Note that the 
orientation of the boundary between the modal areas for A/ 
and /I/ responses indicates that Western-Canadian-English 
listeners used a mixture of initial formant values, VISC, and 
duration to distinguish these two categories.

Examination of Figures 3 and 4 indicates that Spanish 
/si/ is the modal response over about half o f the diverg- 
ing-VISC portion of the stimulus space. This is as expected 
given that Spanish /si/ is a diverging diphthong. The 
zero-VISC stimulus space is divided between the two 
Spanish monophthongs /i/ and /s/. This is as expected
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Figure 2. (a) Territorial map based on a 
logistic regression model fitted to pooled 
monolingual-Western-Canadian-English 
listeners’ perceptual response data. The 
territorial map indicates the model’s 
modal predicted response category. (b) 
Probability-surface plot based on the 
same data as in (a), the height of a surface 
indicates the model’s predicted 
probability of a response category.

Figure 3. (a) Territorial map based on a 
logistic regression model fitted to pooled 
monolingual-Mexican-Spanish listeners’ 
perceptual response data. (b) Probabil- 
ity-surface plot based on the same data as 
in (a). Dashed lines indicate the area of 
modal English HI responses from Figure 
2a.

Figure 4. (a) Territorial map based on a 
logistic regression model fitted to pooled 
monolingual-Peninsular-Spanish 
listeners’ perceptual response data. (b) 
Probability-surface plot based on the 
same data as in (a). Dashed lines indicate 
the area of modal English PU responses 
from Figure 2a.

assuming that these two vowels are monophthongs. 
Monolingual-Spanish listeners also had Spanish /i/ and /e/ 
as the modal response in the converging-VISC portion of 
the stimulus space. Note that Spanish does not have any 
vowels with acoustic properties similar to those in the 
converging-VISC portion of the stimulus space, but the 
results indicate that the monolingual-Spanish listeners 
perceived these stimuli as more similar to their Spanish /i/ 
and /e/ categories than to their Spanish /ei/ category. The 
boundaries between /i/ and /e/ response categories were 
relatively close to parallel to the duration axis, suggesting 
that duration played little part in the monolingual-Spanish 
listeners’ perception of the contrast between these two 
vowels.

There were differences between Mexican- and 
Peninsular-Spanish listeners perception of the stimuli: The 
boundaries between Spanish A/-/e/ and /eiA/e/ have 
noticeably higher F1 values for Mexican listeners (Figure 3) 
compared to Peninsular listeners (Figure 4).

3.3 Initial L2-perception predictions based on 
monolingual perception

Comparing the monolingual-Spanish and monolin­

gual-English models, predictions can be made as to how 
Ll-Spanish speakers just beginning to learn English would 
perceive the synthetic stimuli in terms of Spanish 
categories.

The area with English A/ as the modal response in the 
monolingual-English listeners’ territorial map (Figure 2a), 
corresponded almost exclusively to areas which had Spanish 
A/ as the modal response in the territorial maps of both 
groups of monolingual-Spanish listeners (Figures 3a and 
4a).

Figures 3a and 4a include an overlay of the English /I/ 
modal response area from Figure 2a.

Approximately two-thirds of the English /I/ modal 
response area corresponded to the Spanish A/ modal 
response area in the monolingual-Mexican listeners’ 
territorial map (Figure 3a). This suggests that 
Ll-Mexican-Spanish listeners will assimilate tokens of 
Western-Canadian-English A/ and /I/ primarily via a 
category-goodness-difference assimilation to Spanish A/, 
and may have difficulty distinguishing the two English 
vowels. The predictions for Ll-Mexican-Spanish learners of 
English are consistent with the results of earlier studies of 
Ll-Spanish listeners’ perception of Canadian-English A/ 
and /I/, which suggested substantial confusion between A/ 
and /I/ (Morrison, 2002, 2008).
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In contrast, almost all the English /I/ modal response area 
corresponded to the Spanish /e/ modal response area in the 
monolingual-Peninsular listeners’ territorial map (Figure 4a), 
less than one-eighth corresponded to Spanish A/. This 
suggests that L1-Peninsular-Spanish listeners will assimilate 
tokens of Western-Canadian-English A/ and /I/ primarily via 
a two-category assimilation to the Spanish A/ and /s/ 
categories respectively, and will therefore have little 
difficulty distinguishing A/ and /I/.

4. SUMMARY & CONCLUSION

Earlier studies (Escudero, 2005, §1.2.2; Escudero & 
Boersma, 2004) have shown that L l-Spanish listeners’ 
perception of the English A/-A/ contrast is dependent on 
English dialect. This is not surprising given that across 
English dialects there can be substantial differences in the 
phonetic realisation of vowel phonemes. Compared to 
English there appears to be relatively little difference in 
vowel realisation across different dialects o f Spanish, and 
several earlier studies (Escudero & Boersma, 2004; Flege, 
1991; Flege et al., 1997; Morrison, 2008) have tacitly 
assumed that Spanish dialect will not have a major impact 
on the results o f studies of L1-Spanish listeners’ perception 
of English l\l and /I/. The present study tested monolingual- 

Western-Canadian-English, monolingual-Mexican-Spanish, 
and monolingual-Peninsular-Spanish listeners’ perception of 
a synthetic vowel continuum which varied systematically in 
initial formant values, vowel inherent spectral change, and 
vowel duration. Perception differences were found between 
M exican and Peninsular listeners (one would also 
hypothesise that there are differences in production). In the 
portion of the stimulus space where Canadian-English 
listeners’ modal response was English hi, the modal 
response for both Mexican- and Peninsular-Spanish listeners 
was Spanish hi. In the portion of the stimulus space where 
Canadian-English listeners’ modal response was English /I/. 
the responses for the Mexican-Spanish listeners were 
approximately two-thirds Spanish A/ and one-third Spanish 
/e/, whereas for the Peninsular-Spanish listeners the 
responses were almost all Spanish /e/. This lead to the 
prediction that whereas L1-Mexican-Spanish listeners are 
likely to perceive most tokens of Western-Canadian-English 
A/ and hi via a category-goodness-difference assimilation to 
Spanish hi, and to have difficulty learning the West­
ern-Canadian-English l\l-h l  contrast, 
L1-Peninsular-Spanish listeners are likely to perceive most 
tokens of Western-Canadian-English A/ and /I/ via a 
two-category assimilation to Spanish A/ and /e/, and to have 
little difficulty learning the Western-Canadian- English 
A /-/I/ contrast. L1-Spanish dialect may therefore have a 
substantial effect on L1-Spanish listeners’ ability to learn 
the English l\l-h l  contrast.
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NOTE

1. The speaker’s first language was English. Although 
originally from the UK he had lived in Canada for over ten 
years. In M orrison (2006b, appendix 8) a control experiment 
was conducted in which a subset o f the L1-English listeners 
also identified stimuli in a carrier sentence produced by a 
speaker from Edmonton with the synthetic stimulus voice 
properties matched to that speaker. There were no 
substantial differences between the listeners’ perception of 
the stimuli. The Speakers’ second language was Spanish. He 
began learning Spanish at age 13, had studied Spanish for 
many years, had visited Spain many times, had passed the 
Diploma Superior de Espanol como Lengua Extranjera 
[Advanced Diploma in Spanish as a Foreign Language], and 
had lived in Spain for a year. Even after prolonged 
conversations, Mexicans assumed the was Spanish. The 
Spanish carrier sentence did not contain any vocabulary or 
phonemes which would immediately mark the differences 
between M exican and Peninsular Spanish.
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a b s t r a c t

The present paper deals with the task of speaker discrimination using a new relativistic approach. Speaker 
discrimination has two practical applications: speaker verification and audio document indexing. In such 
applications, the speaker model is extracted directly from speaker’s own speech signal as well as using 
speaker’s own features. However, such a model can be rigid, inaccurate and not appropriate in fluctuating 
environments where a change in the recording conditions may occur. For instance, during telephone 
talks, the vocal features for the same speaker may change considerably. And hence, a new relative 
speaker model is introduced. The new model is based on a relative characterization of the speaker, called 
Relative Speaker Characteristic (RSC). RSC consists in modeling one speaker relative to another, 
meaning that each speaker model needs both its speech signal and its competing speech (speech of the 
speaker to be compared with). This investigation shows that the relative model, used as input at a neural 
network classifier, optimizes the training of the classifier, speeds up its learning time and also enhances 
the discrimination accuracy. The experiments of speaker discrimination are done on two different 
databases: Hub4 Broadcast-News database and a telephonic speech database by using a Multi-Layer 
Perceptron (MLP) with several input characteristics. Results indicate that the best characteristic is the 
RSC, when compared to other reduced features evaluated in the same manner.

r é s u m é

Le présent papier s’intéresse à la tâche de discrimination du locuteur en utilisant une nouvelle approche 
relativiste. La discrimination du locuteur a deux applications pratiques : la vérification du locuteur et 
l ’indexation des documents audio. Dans de telles applications, le modèle du locuteur est extrait 
directement de son propre signal de parole et en utilisant ses propres caractéristiques. Mais ce type de 
modèle peut être rigide, imprécis et non approprié dans les environnements fluctuants, où un changement 
dans les conditions d’enregistrement risque d’arriver. Par exemple, durant les communications 
téléphoniques, les caractéristiques vocales pour un même locuteur peuvent changer considérablement. 
Ceci nous a incité à introduire une nouvelle modélisation relative du locuteur. Ce nouveau modèle est 
basé sur une caractérisation relative du locuteur, appelée Caractéristique Relative du Locuteur (RSC). La 
RSC consiste à modéliser un locuteur relativement à un autre ; ce qui signifie que pour chaque modèle de 
locuteur nous avons besoin en même temps de son signal de parole et de son signal dual (signal de parole 
du locuteur à faire comparer avec). Cette étude montre que le modèle relatif, utilisé comme entrée d’un 
classifieur connexionniste, permet d’optimiser l’entraînement du classifieur, d’accélérer son temps 
d’apprentissage et d’améliorer aussi la précision de discrimination. Les expériences de discrimination de 
locuteur sont effectuées sur deux bases de données : Hub4 Broadcast- News et une base de données 
d’enregistrements téléphoniques, en employant un Perceptron Multi-couches (MLP) avec plusieurs 
caractéristiques d’entrée. Les résultats indiquent que la meilleure caractéristique est la RSC, 
comparativement à d’autres caractéristiques réduites qui sont évaluées de la même manière.

1. i n t r o d u c t i o n

Speaker discrimination consists in checking whether two 
different pronunciations (speech signals) are uttered by the 
same speaker or by two different speakers (Rose, 2007). 
This research domain has several applications such as 
automatic speaker verification, speech segmentation 
(Meignier, 2006) (Meignier, 2002) or speaker based

clustering. All these tasks can be performed either by 
generative classifiers or by discriminative classifiers, but in 
practice the second type is simpler and more reliable for 
short training cases: it consists in a simple comparison 
between the speech segments.

One method of comparing the speech utterances is to extract 
the vocal characteristics from each speaker signal, in order 
to detect the degree of similarity between them.
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While fingerprints and retinal scans are more reliable means 
of authentication, speech can be seen as a non-evasive 
biometric key that can be collected with or without the 
person’s knowledge or even transmitted over long distances 
via telephone. Furthermore, a person’s voice cannot be 
stolen, forgotten or lost. Thus, speaker discrimination allows 
for a secure and efficient method of authenticating speakers. 
However, existing approaches are not robust enough in 
noisy environment or for telephonic speech. Any new 
model must therefore improve the reliability of existing 
discriminative systems, without altering their architectures. 
To address the above issue, a new relativistic characteristic 
is proposed. The reliability of the new approach is also 
compared to several other reduced features and thereby 
show its performance. Experiments show that the use of the 
new characteristic at the input of a discriminative classifier 
enhances the discrimination quality. The new approach is 
called “Relative Speaker Characteristic (RSC).” Basically, 
the introduction of the relative notion in speaker 
modelization allows getting a flexible relative speaker 
template, more suitable for the task of speaker 
discrimination in difficult environments.
The format of this paper is as follows: In section 2, we give 
the motivation of this research work and describe some 
related works. Section 3 introduces the Relativity in speaker 
discrimination. Section 4 describes the RSC based Neural 
Network (NN) used for the task of speaker discrimination. 
Experiments of Speaker Discrimination are presented in 
section 5 and finally a short conclusion is given.

2. MOTIVATION AND RELATED WORKS 

2.1 Speaker recognition, applications and some 
problems

Speaker recognition is the ability to recognize the speaker, 
by using the vocal characteristics of his or her speech signal. 
Speaker recognition is divided into several specialties: 
speaker identification, speaker verification, speaker 
indexing and speaker discrimination.

- Speaker identification is the ability to identify the identity 
of a speaker among others;

- Speaker verification is the process of accepting or 
rejecting the identity claim of a speaker;

- Speaker indexing consists in segmenting and labeling a 
multi speaker audio document into homogenous segments 
containing only one speaker;

- Speaker discrimination is the ability to recognize whether 
two utterances come from the same or different speakers. 
This field is an important component of segmenting an 
audio stream into meaningful subunits, because the 
location of the speaker changes is crucial for dialogue 
understanding. Speaker discrimination is also related to 
speaker verification, but this last process is based on prior 
knowledge about a limited number of speaker identities,

whereas in speaker discrimination, only knowledge about 
the speech signal is provided.

Speaker recognition has several practical applications in 
voice dialling, banking transactions by telephone, database 
access services, voice mail, biometric secure access, and 
forensic applications.

The problems encountered in speaker recognition are 
usually due to the intra-speaker variability of the speech, 
effect of noise and reduction of the spectral bandwidth in 
telephonic speech: [300-3400Hz]. These problems led to the 
choice of two types of speech databases during for the 
experiments, namely Hub4 Broadcast-News for the 
corrupted speech and telephonic calls for the reduced 
spectral bandwidth, in order to evaluate the proposed 
approach.

2.2 Some feature extraction and reduction 
techniques

Different techniques were developed for the task of features 
reduction during the last few years. In 1974, Attal (Atal, 
1974) used low dimension Auto Regressive coefficients. In 
1992, Bennani (Bennani, 1992) investigated the use of mean 
and eigenvectors of the covariance matrix. Then in 1995, 
Reynolds proposed the use of the covariance diagonal 
(Reynolds, 1995) for modeling the Gaussian Mixture Models 
(GMMs) and in 1995 Bonastre used the sub-bands 
combination (Bonastre, 1997) in order to select the best 
spectral bands. Later on, in 2000, Magrin-Chagnolleau 
conducted an investigation on alternative speech features 
using Line Spectrum Pairs (LSP), Time- Frequency Principal 
Components (TFPC) and Discriminant Components of the 
Spectrum (DCS) for the task of speaker characterization, but 
his experiments did not succeed in evidencing a benefit of 
alternate features over classical cepstral coefficients 
(Magrin, 2000).

Even in the field of speech recognition, Wang indicated in 
2003 that although Linear Discriminant Analysis (LDA) and 
Principal Component Analysis (PCA) are the two most 
popular independent feature extraction methods, the 
drawback of independent feature extraction algorithms is 
that their optimization criteria are different from the 
classifier’s minimum classification error criterion, which 
may cause inconsistency between feature extraction and the 
classification stages of a pattern recognizer (Wang, 2003).

Recent works in speaker recognition have demonstrated the 
advantage of modeling stylistic features in addition to 
traditional cepstral features (Ferrer, 2006), but the extraction 
of such features remains difficult in practice.

In 2006, Mami introduced the speaker representation by 
location in a reference space (Mami, 2006), which is a new 
technique of speaker recognition and adaptation.

After a thorough investigation on the optimal spectral 
resolution for speaker characterization Sayoud showed that 
the spectral parameterization of 37 Mel Frequency Spectral
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Coefficients (MFSC) was optimal, implying that high 
spectral resolutions are interesting in speaker discrimination. 
(Sayoud, 2000; Sayoud, 2006) However the high 
dimensionality of the corresponding covariance makes the 
training step considerably difficult when short speech 
segments (few training data) were used for the segmentation 
task. One way to overcome this dimensional issue is to use a 
reduced and relative characteristic. For this reason, a new 
relative characteristic called RSC derived from the MFSC 
coefficients would be used for the task of speaker 
discrimination.

This relativity approach reduces the features dimension, 
optimizes the neural network training and tries to improve 
the speaker discrimination accuracy, without modifying the 
classifier architecture or without changing the input 
features.

In fact, the principle is to exploit the usual features and 
compute the covariance matrix for the whole utterance. We 
redo the same process for the second utterance to compare. 
After that, we compute the RSC characteristic (as we will 
see in section 3), and extract the diagonal vector which will 
replace the old features at the input o f the classifier.

3. RELATIVITY AND DISCRIMINATION

3.1 Introduction

In this research work, we try to introduce a new approach of 
speaker recognition based on relativist discrimination. This 
new approach leads to a new way of classification, which 
can be used in some applications as speaker discrimination, 
speech recognition, speech segmentation and so on. Instead 
o f drawing the boundaries between the different classes 
(figure 1-a), the relativity based method consists in 
analyzing all the possible combinations between all couples 
of examples and then, keeping only the minimal-distance 
combinations, which should indicate the examples having a 
similarity with the corresponding relative reference. All the 
examples linked to a relative reference are considered 
having the same type (fig. 1-b).

3.2 Some statistical similarity measures used in 
Speaker discrimination

A classical discrimination method based on mono-Gaussian 
models uses some measures of similarity, which are called 
Second Order Statistical Measures. These measures are used 
in order to recognize the speaker at each segment of the 
speech signal.

We recall below the most important properties of this 
approach (Gish, 1990; Bimbot, 1995; Bonastre, 1997). Let 

{xt }1<t<M be a sequence of M  vectors resulting from

the P-dimensional acoustic analysis o f a speech signal 
uttered by speaker x. These vectors are summarized by the

mean vector x  and the covariance matrix X:
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Figure 1-a: Absolute Linear classification:
Absolute boundaries are set between the two classes of 

examples. Features 1 and 2 represent two pertinent 
features of the examples.

Feature 1

Figure 1-b: Relative Classification:
Relative links are set between the examples and the two 

references. A relative discrimination is made with respect 
to the references. No boundaries are set but the examples 

are relatively classified according to their minimal 
distances from the two references.

1 M

x = ----X  xt (1)
M j - 1  t
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and X  = — V  (x -  x )(x -  x )T (2)

M t r  t

Similarly, for a speech signal uttered by speaker y, a

sequence of N vectors { y t }1<t<w can be extracted. By

assuming that all acoustic vectors extracted from the speech 
signal uttered by speaker x  are distributed like a Gaussian 
function, the likelihood of a single vector yt uttered by 
speaker y  is

G ( yt /  x  ) =
1

(2 * ) '  /2(det X  ) u

- ( 1/ 2 )( yt -  x  )TX - ' (  yt -  x  ) (3)e
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If all vectors yt are assumed to be independent observations, 

the average log-likelihood of {yt }1<t<N can be written as

— 1 1 N

L x (  y1 ) = n l o g  g  (  y1. . .  y * \x  ) = n  f ?  l o g G (  y '  x̂  )  (4)

We also define the minus-log-likelihood y/(x, yt ) which is

equivalent to similarity measure between vector yt (uttered 
by y) and the model of speaker x, so that

A rg m in ^ (x ,y t) = A rgmax G(yt / x) (5)
x  x

And hence,

^(x, y t ) = -  log G y t / x) (6)

The similarity measure between test utterance {yt }1<t<N of 

speaker y  and the model of speaker x is then
N

w (  x , y  )  = ¥ ( .  x , y 1  )  =  N  X ^ (  x , y ,  )  (7)
t=1

= -Lx( y*  ) (8)

After simplifications (Sayoud, 2003b, Bimbot, 1995), we 
obtain

W( x , y ) = p -  l o g ^ ) + tr (YX-1 ) + (y  -  x)TX~l (y -  x)
det( X  )

(9)

W( x , y ) = P -  l o g Æ ^ ) + tr (YX -l ) + (y -  x)T X  ~l(y -  x)
det(X )

Due to the fact that the between-variability of the mean 
vector is low, and is insignificant in noisy or telephonic 
environment (Sayoud, 2000) we can write:

y  ~  x  (i.e. the variability of the mean is negligible).

Moreover, if x and y represent the same speaker, then this 
approximation is justified. In the other hand, even if the 
speakers are different, we can make them equal by a special 
normalization (e.g. normalization by the mean).

So, according to this hypothesis, the approximated similarity 
measure becomes:

^ * (  x , y  ) = -  l o g ^ X ) + tr (YX-1) 
det(X )

-1 (11)

det(Y ) = det(Y / X ), where Y /  X  represents the expression
det(X )
Y.X1, and hence:

^ * (x ,y )  = P  [ - log(det(Y/ X) + tr(Y / X  ))]-1 (12)

And if we denote the ratio Y/X by ^(x,y) or simply ^ , then

-1
i//*(x, y  ) = -1 [- log(det(^) + tr ( ^ ) ) ] - 1 (13)

This measure is equivalent to the standard Gaussian 
likelihood measure defined in (Bimbot, 1995; Sayoud, 
2003). A variant of this measure called ^Gc is deduced from 
the previous one by neglecting the third term:

Mgc (x ,y ) = w (x ,y ) - p-(y -  x)TX _1(y -  x) (10)

3.3 Notion of RSC (Relative Speaker 
Characteristic)

Natural techniques of discrimination, as those used by 
human beings, are based on relative assessments or 
comparisons of something/ somebody with respect to a 
referential object or person in one’s memory. For 
concreteness, everyone can easily make a discrimination 
between himself and another person, only by observing his 
relative height (relative to a model in memory) and deduce 
if the person near him is an adult or a child (figure 2).

The relative statistics, between the utterances of 2 speakers, 
represent the statistical features of one speaker relatively to 
another one considered as a reference speaker. The 
previous formula 9 gives a similarity measure between a 
speech signal uttered by a speaker y  and the reference model 
of the speaker x:

The ^  ratio is Relative Speaker Characteristic (RSC)

RSC  ( x, y) = & =  —  = Y *  X ' 1 (14)

Hence, y * ( x , y  ) appears to be a function of the RSC.

3.4 Importance of the diagonal

Let us define a modified similarity measure y/# as follows: 

y \ x , y  ) = P .(^ * (x , y  ) +1) (15)

After simplification,

( x , y  ) = [- log(det(^) + tr (^)] (16)

The two similarity measures i//# and ^ *  are proportional 

and physically equivalent. We will see now the principal 
components of this modified measure (formula 16). 
Globally, the value of this measure is closely dependent on 
the diagonal elements of the ^  matrix. But this dependence 
is debatable and we can consider four cases.

Case 1: if the two utterances are the same, then the ^  
matrix is reduced to the Identity matrix, which confirms the 
previous statement;

27 - Vol. 36 No. 4 (2008) Canadian Acoustics / Acoustique canadienne



cd
E—

f i * ' r  01 ^

Relative
assessment

fir
a

a
E—

R

Relative
assessment

02
R

Fig. 2: Relative assessment used in natural human recognition to discriminate between adults and children:
in the left side the reference can recognize that the person next to him is an adult; in the right side the reference can recognize that the 

person next to him is a child. This assessment is made relatively, without using any ruler to measure the person tall.
- 01 or 02 is the relative angular tall perceived by the eye -

Case 2: if the two utterances belong to the same speaker, 
then the ^  matrix is more or less close to the identity matrix 
even if the non-diagonal elements are non zero. This 
confirms the previous statement too;

Case 3: if the two utterances belong to different speakers, 
then the ^  matrix looses the identity form, but if the 
Speakers’ features are not too different, one should retrieve 
large values on the ^  matrix diagonal (relatively very 
greater than the non-diagonal elements). The reason is that 
the two audio signals do have a lot of common acoustic and 
physiologic characteristics anyway, which are typical to the 
speech nature of the acoustic signal;

Case 4: if the two audio signals have different types of 
sources (e.g. one signal is speech and the other is noise or 
music), then they result in random values in the ^  matrix. 
The non-diagonal elements of ̂  could not be neglected.

Therefore, for the three first cases, more information on the 
diagonal of the RSC (^  matrix) is thus obtained. More the 
similarity between the two signals, the diagonal will be 
dominant and rich in information. Moreover, if the speech 
signal is strongly noised or if the two transmission channels 
are very different we may meet the same problem even if 
the two speakers are the same.

3.5 RSC pertinence and Symmetry

Let us denote by ^  |1=1..p the eigenvalues of ̂  and: 
since det(^)=

i

and tr(^)=  ̂  2.
i

we can write :

y \ x , y )  = [- log ( ]  (17)

or i / ( x ,  y ) = £ [ ^  -  log(4 )] (18)
i

if we denote by y . #(x , y ) the expression [Xt - log(2i)] 

representing the measure part related to the eigenvalues Xi.

#( x ,  y  ) = [4  -  !og(4. )] (19)

Then we can write y/*(x ,y )  i/a#(x,y ) (20)
i

The variation of the function y/. # versus Xt is represented

on figure 3. According to figure 3, we can distinguish 2 
areas: for Xi < 1 (left side) and for Xi >1 (right side). Since 
the information is focused on the great values of Xi and since 
the right side of the figure is more or less linear, it is more 
accurate to favor the use of eigenvalues greater than 1 
resulting in three cases.

Ccase 1: If Xj > 1 V i,
then we are in the right side of the figure, and the 
measure is accurate.

Case 2: If the Xj are > 1 V i < p,
then we can consider that the dominant information is 
in the dominant eigenvectors (i < p), which leads (with 
i<p) to the same results as for the first case, provided 
that most of the eigenvalues are superior to 1.

Case 3: If the Xj are < 1 V i,
herein, we are in the left side, and the measure is not 
linear: varies abruptly with the eigenvalues. This may 
cause some problems of false rejection.

A new way to unify all these cases, is to consider the two 
RSC forms: ^  (x,y) and ^  (y,x), and integrate them 
respectively into a new matrix (matrix of matrices).

RSCnybrid = [ [*  (xy)] , [M (y,x)] ] (23)
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And since we have shown that the most important 
information is usually located in the diagonal of the RSC, 
we propose to use the following relative characteristic, 
called symmetric DRSC (“D” stands for Diagonal):

DRSC (xy)= [ diag(« (xy)) u  diag(« (yx)) ] (24)

where u  denotes the concatenation operator.

The DRSC (Diagonal of the RSC) contains enough 
information normally able to make a correct discrimination 
between the speakers x  and y.
Its great interest comes from the low dimension of the 
DRSC vector which allows minimizing the features size and 
the processing time in particular when using neural 
networks. For instance if we use acoustic features of 24 
coefficients and their derivatives, we should need 2(48x48) 
= 4608 components in the covariance matrix to exploit, 
whereas the DRSC input needs only 2(48) = 96 components 
and which represents only 96/4608 = 2% of the memory 
space required for the first case. So the simplification, in 
term of processing time and training data, will be 
appreciable.

4. USING THE RSC CHARACTERISTIC IN 
SPEAKER DISCRIMINATION

Knowing the high discriminative capacities of the NNs 
(neural networks) (Bennani, 1992; Bennani, 1995), we

opted for the use of a Multi-Layer Perceptron using the RSC 
characteristic as input. Experiments of discrimination are 
done on audio signals, with a speech duration of four 
seconds in the first experiment and ten seconds, 
respectively, in the second experiment.

We use the DRSC characteristic as reduced input vector for 
the NN, which allows us to improve its performance 
considerably. Furthermore, by using the Relative Speaker 
Characteristic, we reduce the size of the NN input and the 
time of training too.

In fact, the NN must have a number of receptive cells equal 
to the dimension of the example vector (Sayoud, 2003b). 
Thus, in case of using an input matrix with PxQ coefficients 
(Lee, 1995; Sayoud, 2003b), the number of input receptive 
cells is equal to 2PQ.

An example is shown for concreteness:

- In the case of using acoustic features of P coefficients 
with RSC reduction, the number of input receptive cells is 
equal to P if we use non-symmetric DRSC, and it is 2P if 
we use symmetric DRSC.

- But, in the case of using acoustic features of P 
coefficients, the resulting covariance matrix will have a 
size of PxP and then P2 components are required by the 
classifier.
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So, although P2 components are needed to exploit the classic 
parameterization, with RSC parameterization only P (or 2P 
if symmetric) components are required. Such a strong size 
reduction is interesting since it simplifies the NN 
architecture, diminishes the required training data set and 
reduces the learning time.

Concerning the NN architecture, we used Multi layer 
Perceptrons with 1 or 2 hidden layers and one output 
neuron. The training is performed by the back-propagation 
algorithm. The NN output will give then an indication on 
the correlation between the two utterances. If NNOUTPUT = 0 
then the two utterances come from the same speaker. If 
NNOUTPUT = 1 then the two utterances belong to different 
speakers. Concerning the acoustical-spectral analysis of the 
signal, a segmentation by windows of 35 ms (ensuring the 
stationarity of the signal) is used in each segment where a 
spectral analysis is made, in giving a series of MFSC 
vectors for each segment (Lee, 1995; Sayoud, 2003a).

Speech signal 1

Li
Speech signal 2

W W W  W W W
Spectral analysis Spectral analysis

Statistical analysis Statistical analysis

‘DRSC’
Feature

-----
Neural Network 

« Discrimination

I
Decision

This vector set goes through a statistical process, which 
allows extracting the DRSC components in each couple of 
segments to compare. The DRSC is directly injected to the 
NN input which will decide whether the two segments 
belong to the same speaker or not: see figure 4.

5. EXPERIMENTS

5.1 Database and experimental protocol

The aim of our experiments is to check the reliability of the 
new relative characteristic in speaker discrimination. One 
part of the experiments concerns the comparison between 
the DRSC and other existing features such as diagonal of 
the covariance, mean vector and the first two eigenvectors 
of the covariance. The other part deals with the investigation 
of a neural classifier using this new speaker characterization 
in order to assess its discriminative performance compared 
to a classical statistical classifier. At the end, a fusion 
attempt between those classifiers is proposed to further 
enhance the discrimination accuracy.

Experiments of speaker discrimination are conducted on 
four databases, as described below:

- Two sub-sets (DB1 and DB2) of “Hub4 Broadcast-News 
96” database, containing some recordings from the “CNN 
early edition” and composed of clean speech, music, 
telephonic calls, noises, etc. The sampling frequency is 16 
kHz. The speech signals are extracted and arranged into 
segments of about 4 seconds each.

- Two other sub-sets (TB1 and TB2) containing some real 
telephonic recordings with a sampling frequency of 8 
kHz. The duration of each speech segment is about 10 
seconds.

In all the databases, the testing examples are different from 
the training ones.

Fig. 4: Relative discrimination between two speech signals.

In addition, the experiments are done with two speech types: 
The first type is extracted from Hub4 Broadcast-News, 
which has a large bandwidth of [0-8000Hz] with sometimes 
some sequences of advertisement, music or noise. The 
second type is collected from real telephonic conversations, 
which has a reduced bandwidth of [300-3400Hz]. Usually 
(not always) speaker recognition is more difficult in 
telephony, due to the limited bandwidth. However, the 
presence of noise and music in Hub4 Broadcast-News make 
the discrimination task rather difficult in this case.

The databases are organized into speaker combinations, 
namely: pairs of two speech segments to discriminate. The 
sizes of the different databases are indicated below:

-DB1 contains 14 different speakers (most of them 
journalists, speaking about the news) organized into 259 
speaker combinations for the training and 195 speaker 
combinations for the test.

-DB2 contains 14 different speakers (most of them 
journalists, speaking about the news) organized into 518 
combinations for the training and 390 combinations for the 
test.

-TB1 contains 24 different speakers: 12 males and 12 
females (speaking by telephone about different topics), 
organized into 670 speaker combinations for the training 
and 334 speaker combinations for the test.

-TB2 contains 24 different speakers: 12 males and 12 
females (speaking by telephone about different topics), 
organized into 1340 combinations for the training and 668 
combinations for the test.
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5.2 Performance Comparison between the RSC 
and other reduced features

In order to evaluate the different speaker characterizations 
during the different comparative experiments, we use some 
common error rates for the performance evaluation. Their 
definitions are given here below:

- False Alarms (FA): represents the errors in case the system 
decides that the two speech signals (to compare) do not 
belong to the same speaker, whereas they really come from 
the same speaker.

- Missed Detections (MD): represents the errors in case the 
system cannot detect the difference between two speech 
signals belonging to two different speakers.

- Equal Error Rate (EER) represents the error of speaker 
discrimination when the FA ratio is equal to the MD ratio. 
Then the EER is equal to both FA and MD.

Results of experiments are given in figures 5 and 6, and 
tables 1 and 2.

Table 1 exposes the different Equal Error Rates (EERs) with 
their corresponding number of iterations required for the 
NN training.

These EERs are obtained on a sub-set of Hub4 Broadcast- 
News database: DB1 (section 5.1), with several speaker 
characterizations, namely: Diagonal of the Relative Speaker 
Characteristic (DRSC), diagonal of the covariance, mean 
vector and the first 2 eigenvectors of the covariance. Results 
show that the NN using the DRSC characteristic as input 
gives the best performance with an EER of only 7.20% and 
the lowest number of iterations for the training (between 
1000 and 1500), while by using the diagonal of the 
covariance as input, the NN causes an EER of 13.90% (the 
double of that obtained by the DRSC). With the mean 
vector, the EER is 25.19% and with the first 2 eigenvectors 
of the covariance the EER is 33.67%. This last one 
represents the worst discrimination score.

The above experiments are repeated with telephonic 
database (TB1), with a duration of 10 seconds for each 
speech signal. The results are summarized in Table 1 below.

Table 1: Equal Error Rates obtained, with different features, on

DB1.

FEATURE Approximate number of 
iterations during the training

EER %

DRSC between 1000 and 1500 7.20

Diagonal of the 
covariance

between 3500 and 4000 13.90

Mean vector between 6500 and 7000 25.19

The first 2 
eigenvectors of 
the covariance

between 2500 and 3000 33.67

Once again, results confirm the good performance of NNs 
using the RSC characteristic as input, comparatively to the 
other characteristics tested on the same conditions. This new 
relative characteristic associated to a 2-hidden layers NN 
with 10000 iterations gives an EER of 4.65%, while the 
other characteristics, tested in the same conditions need a 
much greater number of iterations for the training, as it is in 
the case of the mean vector: 200000 iterations (20 times of 
what is required by the DRSC), and for which the EER is 
7.01%.

Concerning the diagonal of the covariance, the EER is 
10.94%. And for the eigenvectors, we remark that they do 
not perform well: their EER is 17.5%.

Table 2: Performances obtained with different features, on TB1

FEATURE Number of iterations 
during the training

Learning
Rate

EER %

DRSC 10000 0.01 4.65
Diagonal of the 
covariance

20000 0.005 10.94

Mean vector 200000 0.001 7.01
The first 2
eigenvectors of 100000 0.001 17.5
the covariance

In order to give a better presentation of the discrimination 
results provid 5 and 6,
respectively, display the different Receiver-Operating- 
Characteristic (ROC) curves of the errors for the different 
types of features evaluated on DB1 and TB1. It is seen that 
the NN using the RSC characteristic has got the best 
performance since it has considerably reduced the EER, 
followed by the diagonal of the covariance or the mean 
vector and finally by the first 2 eigenvectors of the 
covariance which gives the worst results.

Errors o f  Speaker Discrimination on DB1

------- RSC
Mean

..........Diagonal
Eig. Vectors

V

0 10 20 30 40 50
MD%

Fig. 5: Errors o f speaker discrimination on DB1 - 
Comparison o f different features: RSC, Mean o f the 

covariance, Diagonal of the covariance and the first 2 Eigen­
Vectors o f the covariance.
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Fig. 6: Errors of speaker discrimination on TB1 - 
Comparison of different features: RSC, Mean of the 

covariance, Diagonal of the covariance and the first 2 Eigen­
Vectors of the covariance.

5.3 Discriminative performance of the RSC 
based neural classifier

The second part of the experiment consists in comparing 
between the MLP-DRSC and the mono-gaussian statistical 
classifier. Figure 7 and figure 8 represent the ROC curves of 
the errors for the two different classifiers (MLP and 
Statistical measure) in Hub4 Broadcast-News and 
telephonic speech, respectively. For Hub4 Broadcast-News 
with segments of 4 seconds, we notice that the MLP-DRSC 
gives an EER of 9.25% while the EER given by the 
statistical measure is 11.75%. For the telephone speech with 
segments of 10 seconds, we notice that the MLP-DRSC 
gives an EER of 3.83% while the EER caused by the 
statistical measure is 5.74%. Therefore, the MLP-DRSC 
looks better than the statistical method in the two cases, 
especially in the medium area of the ROC curve.

Trying to further enhance the discrimination performance, 
one technique of fusion is proposed between the neural 
classifier and the statistical classifier, by using a weighted 
sum of the scores (Kittler, 2005) obtained by each classifier 
alone.

Table 3: Equal Error Rates obtained, with the different 
classifiers and the fusion, on different databases DB1, DB2, 

TB1 and TB2.

CLASSIFIER

EER % in Hub4 

Broadcast-News

EER % in real 
Telephonic talks

Databases DB2 DB1 TB2 TB1

Statistical
Measure

11.75 11.75 5.74 5.74

NN-DRSC 9.25 7.20 3.83 5.02

Fusion 7.88 6.77 3.65 4.29

Results of that fusion (Verlinde, 1999; Kittler, 2005), on the 
different databases, are shown in table 3, where it is seen 
that this last fusion method gives an EER better than the 
EER obtained by each method alone.

50

40

30

<
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20

10

0
0 10 20 30 40 50

MD%

Fig. 7: Errors of speaker discrimination on DB1 (Hub4 
Broadcast-News) -Comparison between the M LP-DRSC  

and the m ono-gaussian statistical classifier.

Results presented in table 3, figure 7 and figure 8 show that 
the neural classifier using the relative characteristic is very 
interesting in speaker discrimination, on both microphonic 
and telephonic speech, comparatively to the statistical 
classifier that is evaluated in the same experimental 
conditions. Moreover, the fusion technique, between the two 
classifiers, based on the weighted sum of the scores has 
further improved the discrimination accuracy, where the 
EER is reduced in all the databases.

6. DISCUSSION AND CONCLUSION

This research work is a part of an overall project designed 
for audio documents indexing (Meignier, 2006), and based 
on speaker discrimination. However, this investigation 
concerns only the speaker discrimination part (Rose, 2007).

So, the major goal is to improve the discriminative 
performance of some existing discriminative classifiers, 
without altering their architecture. For that reason, we have 
proposed the introduction of the relativity notion in speaker 
modelization, by the use of a relative reduced characteristic 
at the input of the discriminative classifiers. We have called 
it: RSC or Relative Speaker Characteristic. In order to 
evaluate the pertinence of this new relative characteristic, 
two experiments were conducted:

- The first experiment was concerned with the 
comparison between the RSC and other existing 
features namely: diagonal of the covariance, mean 
vector and the first 2 eigenvectors of the covariance.
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Fig. 8: Errors of speaker discrimination on TB2 (telephonic 
speech) - the M LP-DRSC and the mono-gaussian  

statistical classifier.

- The second experiment dealt with the investigation of a 
neural classifier using this new characteristic, in order 
to assess its discriminative performance with respect to 
a classical statistical classifier.

Discrimination experiments are done on different databases 
(Hub4 Broadcast-News and telephonic talks) and with 
different speaker modelizations. Results show that the best 
used modelization is based on the relative speaker 
characterization. This one, when used at the input of a 
multi-layer perceptron, provides the best scores 
comparatively to other types: we get an EER of 7.20% on 
Hub4 Broadcast-News (with segments of 4 seconds) and an 
EER of 3.83% on telephonic speech (with segments of 10 
seconds). Thereafter, a technique of fusion was applied 
between the different classifiers, and experiments show that 
this fusion can further improve the performances.

In addition to the benefit obtained in accuracy, other 
benefits were noticed by using the relative characterization, 
such as the reduction of the training set size, reduction of 
the learning time and optimization of the NN convergence. 
Furthermore this relativity approach is really interesting due 
to its simplicity compared to existing techniques like PCA 
or LDA, and especially because it does not require any 
preliminary processing for the RSC estimation.

Finally, this research work shows the efficiency of the 
relativist approach in speaker discrimination. This new 
characteristic gives to the speaker a flexible model, since it 
changes every time that the competing speaker model 
changes. Although classical methods of speaker 
modelization consider only the speech signal of the speaker 
alone, the new relative modelization operates differently by 
using the relative speech features of the two speakers (to 
compare) at the input of the classifier, which is suitable in 
the case of speaker discrimination in difficult environments.
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Tim Kelsall
Hatch, 2800 Speakman Drive 
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a b s t r a c t

This article is an update for 2008 of Acoustics Standards activities in Canada, especially those of CSA: the 
Canadian Standards Association. Canadian acousticians are invited to contact the author to become more 
involved with the many acoustics standards activities currently underway in Canada and on behalf of Canada 
around the world. CSA currently has 10 Acoustics Standards and three more with significant acoustics 
content. Over five times that number of international acoustics standards have been reviewed and endorsed in 
a new Canadian Standard, Z107.10. This innovative standard streamlines the process whereby CSA endorses 
standards suitable for use in Canada from other organisations, such as ANSI and ISO.

s o m m a i r e

Cet article est une mise à jour des activités de normalisation en acoustique au Canada pour 2008, spécialement 
celles de l ’ACNOR. Les acousticiens canadiens sont invités à contacter l ’auteur pour s’impliquer dans les 
nombreuses activités en rapport avec les normes acoustiques actuellement en cours au Canada et au nom du 
Canada partout dans le monde.L’Association canadienne de normalisation (ACNOR) a présentement dix 
normes acoustiques et 3 autres comportant un contenu acoustique important. Plus de cinq fois ce nombre de 
normes acoustiques internationales ont été revues et sont endossées dans une nouvelle Norme Canadienne, 
Z107.10. Cette norme innovatrice améliore le processus par lequel CSA approuve des normes des autres 
organisations (par exemple ANSI ou ISO) comme étant acceptable pour une utilisation au Canada.

1. i n t r o d u c t i o n

The Canadian Standards Association (CSA) Technical Com­
mittee Z107 -  Acoustics and Noise Control and its subcom­
mittees look after all but one of the 10 Canadian Acoustics 
Standards (the exception is Z94.2 Hearing Protection De­
vices, which has its own technical committee). Z107 also 
coordinates all Canadian acoustics standards activity, with 
representatives from the Hearing Protection Technical Com­
mittee and from Canada’s international standards advisory 
committees providing liaison to their activities. It also re­
views international standards and endorses those found rel­
evant and useful for Canada.

One goal of this article is to invite Canadian acousticians who 
are interested to become more involved with these activities. 
Participation is one of the best ways to stay in touch with this 
fast moving field and an excellent way to meet those who 
are leading it in many fields. Any acoustician interested in 
becoming involved with Acoustics standards in Canada is in­
vited to contact the author or any of the subcommittee chairs. 
Most chairs welcome newcomers willing to work and the 
work need not involve a lot of time.

Specifying or limiting sound levels would become virtual­
ly impossible without agreed and recognised ways to mea­

sure and describe sound. CSA, ISO, ANSI, IEC and similar 
bodies’ standards define the units we use in Acoustics, the 
weightings, the instruments. They provide measurement and 
calculation procedures to allow one practitioner’s work to be 
compared with another.

2. Z 107.10 O M N IBU S STANDARD

The most important recent change to Acoustical Standards in 
Canada is the 2006 publication of Z107.10, Guide for the Use 
of Acoustical Standards in Canada, a new omnibus standard 
by Cameron Sherry and his Editorial Subcommittee. The 
standard summarises all acoustics standards in which Z107 
has an interest, including CSA standards, and those ISO, 
ASTM, ANSI and IEC standards considered of importance 
to Ca nada. This gives the reader a single source for infor­
mation relating to Acoustics standards of interest to Canada, 
including those referred to by regulations and guidelines 
within Canada. Given the speed with which ISO and other 
groups are changing standards, this new approach is not only 
convenient, it is essential, and the intent is to issue revisions 
annually.

Until now, standards from outside Canada were either en­
dorsed or adopted singly, a time consuming process whereby
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each standard was reviewed and balloted and in some cases 
published with small changes required for the Canadian con­
text. The new standard streamlines this process considerably 
and is the first of its kind in Canada, addressing an important 
need in allowing Canadian users more ready access to Acous­
tics standards around the world.

An example will give an idea of what level of detail Z107.10 
contains for each standard it lists:

ANSI S12.60-2002

Acoustical Performance Criteria, Design Requirements, and 
Guidelines for Schools

This Standard provides acoustical performance criteria, de­
sign requirements, and design guidelines for new school 
classrooms and other learning spaces. These criteria, require­
ments, and guidelines are intended to provide the acoustical 
qualities needed to achieve a high degree of speech intelligi­
bility in learning spaces. The standard may be applied to the 
design of new learning spaces, or (in some cases) to the reno­
vation of existing classrooms. Informative annexes provide 
design guidelines that are intended to aid in conforming to 
the design requirements. Test procedures for verifying con­
formance to this standard are also suggested in an annex. 
*(Copies of the document may be downloaded (free of 
charge). The Standard is available through the ASA Stan­
dards Store at http://asastore.aip.org/.
This example shows an entry for an ANSI standard proposed 
for use in Canada. It describes the standard, its results and 
the relevance in a Canadian context.

3. COMMITTEE ACTIVITIES

3.1 Z107 Acoustics and Noise Control

The Z107 main committee meets once a year, usually dur­
ing the Canadian Acoustics Week. Its executive, consisting 
of all the subcommittee chairs and representatives of other 
committees, meets in the spring, either in person or by tele­
conference. Most other work is done by e-mail. The main 
committee reviews progress by each subcommittee and votes 
on any new work proposals. The main committee is also the 
last technical hurdle for a standard before CSA editors put it 
into final form. The steering committee, to which the main 
committee reports, approves work and reviews completed 
standards; however they cannot make technical changes. 
Most work is done within the Z107 subcommittees, which 
are responsible for the following standards:

Hearing Measurement, chaired by Alberto Behar, responsible 
for CAN3-Z107.4-M86 Pure Tone Air Conduction Audiom­
eters for Hearing Conservation and for Screening and CAN/ 
CSA-Z107.6-M90 Pure Tone Air Conduction Threshold Au­
diometry for Hearing Conservation

Vibration, chaired by Tony Brammer, provides liaison be­
tween Z107 and the Technical Advisory Committee of Stan­
dards Council on ISO standards on vibration. Tony is active 
on the ISO group for ISO 2631, the definitive standard on 
measurement of whole body vibration. Also, Alberto Behar 
will be joining a new Working Group of ISO/TC108/SC4 to 
update and enlarge the terminology applicable to human re­
sponse to vibration.

Occupational Noise, chaired by Stephen Bly, is responsible 
for the following standards :

• Z107.52-M1983 (R1994) Recommended Practice for 
the Prediction of Sound Pressure Levels in Large Rooms 
Containing Sound Sources. This standard is in need of 
major updating and a chair is being sought to do this 
work. The intent is to provide guidance to Canadian 
industry on how to design quiet plants. It is seen as 
building upon Z107.58, which provides advice on buy­
ing quiet equipment.

• A new version of Z107.56-94 Procedures for the Mea­
surement of Occupational Noise Exposure, was pub­
lished in 2006. It is referenced in Federal and some 
provincial regulations. Recently, at least in part due to 
recommendations by Z107, both Manitoba and Ontario 
adopted a 3 dB exchange rate and dropped impulsive 
noise limits, leaving Quebec as the only major Canadian 
province still using the 5 dB exchange rate.

A new appendix to 56 has been written in 2008 by Alberto 
Behar, Christian Giguere and the author with the active as­
sistance of a dedicated group of Canadian and International 
acousticians and audiologists. It describes three methods to 
estimate the noise exposure of those wearing communication 
headsets, including sound from the headsets and sound com­
ing through the headsets from outside. It is described in more 
detail in references 5 & 6.

• Z107.58-2002 Noise Emission Declarations for Machin­
ery, is a voluntary guide on noise emission declarations for 
machinery to be used in Canada and is compatible with Eu­
ropean regulations allowing Canadian machinery to be sold 
into that market. A Noise Emission Declaration is a statement 
of sound levels produced by equipment,. Measurements are 
made according to ISO standards and include estimates of the 
likely variability of the measurements. Z107.58 specifically 
recommends use of a declaration stating the level and uncer­
tainty as two numbers, rather than adding them together into 
a single number as is sometimes done elsewhere. This stan­
dard is explained and referenced in a recent Health Canada 
guideline.

Environmental Noise, chaired by Bill Gastmeier has respon­
sibility for environmental noise standards formerly handled 
by Industrial Noise, Transportation Noise and Powered Ma­
chines. These include:

• CAN3-Z107.54-M85 (R1993) Procedure for Measure-
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ment of Sound and Vibration Due to Blasting Operations. A 
working group, chaired by Vic Schroter, is revising this stan­
dard.

• CAN/CSA-Z107.9-00: Standard for Certification of 
Noise Barriers. This standard was written by a group 
chaired by Soren Pedersen. It provides municipalities, 
developers, road and highway departments, railways and 
industry with a standard specification which can be used 
to define the construction of barriers intended to be du­
rable enough for long term use in Canadian conditions. 
It has been widely cited in both Canada and the US.

• The US Department of Transportation, Federal Highway 
Administration, “Highway Noise Barrier Design Hand­
book” is already harmonized with the CSA standard, as 
are several Ontario municipalities, the Ministry of Trans­
portation of Ontario, and numerous US state transporta­
tion agencies, making this the de-facto standard for bar­
riers across North America.

• ISO 1996 and ISO 9613(2) for assessment and predic­
tion of industrial noise in the community respectively are 
also reviewed for Z107.10 by this group.

• A new group is being formed to look at construction 
noise, specifically related to Ontario’s construction 
equipment limits, which are badly out of date.

Wind Turbines -  A group chaired by Brian Howe assisted the 
CSA wind turbine committee with the acoustical aspects of 
their standards, specifically with adopting the ISO measure­
ment procedures in ISO 61400.

Editorial, chaired by Cameron Sherry, (which reviews all pro­
posed standards) is responsible for reviewing and endorsing 
ANSI S1.1-1994 Acoustical Terminology. In addition, they 
have ongoing responsibility for updating the omnibus stan­
dard Z107.10 using input from each subcommittee. Cameron 
is actively looking for new members to assist in this work and 
can be contacted directly or through the author. It would be 
a great way to quickly gain an overview on some of the most 
important acoustics standards in Canada and the world. 
Sound Quality is a new group chaired by Colin Novak and 
concerned with sound quality standards, primarily aimed at 
the automotive industry but becoming increasingly useful in 
other areas.

Z107 also has subcommittees providing liaison with Interna­
tional Standards activities, specifically steering committees 
in Building Acoustics, Instrumentation, Acoustics and Noise. 
These Steering committees are run by the Standards Coun­
cil of Canada and are harmonised with the Z107 committee 
to which they report regularly on progress and upcoming is­
sues. Draft international standards are provided on a private 
website to which steering committee members have access in 
order to review them and recommend Canada’s position.

• Building Acoustics, chaired by David Quirt, does not 
have its own CSA standards, but reviews other standards

from a Canadian viewpoint, mostly those from ASTM and 
ISO. David Quirt is chair (and Z107 liaison) of the Standards 
Council of Canada Steering Committee for ISO TC 43 SC2, 
Building Acoustics. Members of this group are active on 
many ASTM and ISO building acoustics groups. Their main 
issue in the next few years will be the balance between the 
technically superior ISO standards and the ASTM standards 
which are important for North American trade. They also rec­
ommend Canadian endorsed standards on building acoustics 
(a large part of the current Z107.10 list) and prepare appropri­
ate entries.

• Instrumentation and Calibration: Leo Wu, is the chair­
man (and the CSA liaison) for the Standards Council of Can­
ada Canadian Subcommittee of IEC/TC 29: Electroacoustics, 
seconding for George Wong. This group deals with all in­
strumentation pertaining to acoustical measurements, such as 
WG 4: Sound level meters; WG 5: Microphones; WG 10: 
Audiometers; WG 13: Hearing aids; WG 17: Sound calibra­
tors; WG 21: Ear simulators; and maintenance teams (MT) 
MT19: Filters; and MT20: Hearing aids induction loops. All 
of the above international Working Groups have Canadian 
members.

• The Canadian Steering Committee for ISO TC43 
(Acoustics) and TC43(1)(Noise) is chaired by Stephen Keith, 
who provides Canadian comments, votes on ISO standards 
and coordinates the work of Canadian representatives on sev­
eral ISO working groups. This group deals with ISO Stan­
dards on measurement and assessment of sound and hear­
ing, such as WG 17: Hearing protectors WG28: Machinery 
noise emission standards (referenced in CSA Z107.58) WG 
40: Impulsive sound propagation for environmental noise as­
sessment, WG 45: Acquisition of data pertinent to land use, 
and WG 53: Occupational Noise Exposure. All of the above 
international Working Groups have Canadian members.

All these groups are always interested in new members will­
ing to work.

Z94 -  Hearing Protection

The other CSA Acoustics Standards Committee, the Hearing 
Protection Technical Committee is responsible for the Z94.2- 
02 Standard: Hearing Protection Devices -  Performance, 
Selection Care and Use , widely referred to in Canadian oc­
cupational noise regulations. They major new version of this 
standard was issued in January 2002 that includes changes to 
the ANSI hearing protector standards and procedures. They 
also liaise with the ANSI groups currently reforming the 
NRR information found on all Hearing Protector packaging 
in North America (and most of the world).
Canadian Acoustics Standards

Table 1 shows all the Canadian Standards currently in force 
and also lists three standards with significant acoustical con­
tent. This table may also be found at the CAA website and
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will be kept up to date there. In addition, the list can be found
at
http://www.csa-intl.org/onlinestore/GetCatalogDrillDown.
asp?Parent=430

Table 1- CSA Acoustics Standards

CAN3-Z107.4-M86 Pure Tone Air Conduction Audiometers 
for Hearing Conservation and for Screening / Audi­
omètres tonals à conduction aérienne pour la préserva­
tion de l ’ouïe et pour le dépistage

CAN/CSA-Z107.6-M90 Pure Tone Air Conduction Thresh­
old Audiometry for Hearing Conservation

CAN/CSA-Z107.9-00: Standard for Certification of Noise 
Barriers

Z107.10 Guide for the Use of Acoustical Standards in Can­
ada,

Z107.52-M1983 (R1994) Recommended Practice for the 
Prediction of Sound Pressure Levels in Large Rooms 
Containing Sound Sources .

CAN3-Z107.54-M85 (R1993) Procedure for Measurement 
of Sound and Vibration Due to Blasting Operations / 
Méthode de mesure du niveau sonore et des vibrations 
émanant des opérations de dynamitage

Z107.56-06 Procedures for the Measurement of Occupational 
Noise Exposure / Méthode de mesure de l ’exposition au 
bruit en milieux de travail

Z107.58-2002 Noise Emission Declarations for Machinery

Z94.2-02 • Hearing Protection Devices - Performance, Selec­
tion, Care, and Use / Protecteurs auditifs

Standards with Acoustics Component:

Z62.1-95 Chain Saws

CAN/CSA-Z412-M00 Office Ergonomics / L’ergonomie au 
bureau

CAN/CSA-M5131-97 (R2002)Acoustics - Tractors and Ma­
chinery for Agriculture and Forestry - Measurement of 
Noise at the Operator’s Position - Survey Method (Ad­
opted ISO 5131:1996)

Endorsed Standards (Over 50 standards listed in Z107.10) 

RE FE R E N C E S :

1. C. Krajewski, Rating Sound Level- An Overview of 
Amendment 1 to ISO 1996-2, Canadian Acoustics, Vol­
ume 29, No. 3, September, 2001

2. William J. Gastmeier and James L. Fielders, ISO 1996 
Acoustics -  Description and Measurement of Environ­
mental Noise Round Robin Testing, Canadian Acoustics, 
Volume 29, No. 3, September, 2001 presented at CAA 
Conference 2001

3. Stephen Keith, Stephen Bly, Tim Kelsall, A preview of 
the Draft CSA Guideline -  Noise Emission Declarations 
for Machinery, Canadian Acoustics, Volume 29, No. 3, 
September, 2001

4. Kelsall, Tim, Impulse Measurement Considerations in 
Setting Occupational Noise Criteria, Canadian Acous­
tics, Canadian Acoustics, Volume 34, No. 3, September, 
2006

5. Alberto Behar, Christian Giguère, Tim Kelsall, Mea­
surement of noise exposure from headsets, NOISE-CON 
2008, 2008 July 28-31

6. Alberto Behar, Christian Giguère, Tim Kelsall, CSA Ap­
pendix on Measurement of Noise Exposure from Head­
sets, Canadian Acoustics, September 2008.
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1. i n t r o d u c t i o n

This paper presents the results of an acoustic study of 
schwa ([a]) in Mainland Comox (Homalco/Klahoose/ 
Sliammon). We investigated [a] as compared to the other, 
‘full’ vowels (‘V’s) in the language, in stressed and 
unstressed position. Vs in unstressed position are typically 
called ‘reduced’, given the crosslinguistically common 
finding that Vs are shorter, quieter, and more central in 
quality in unstressed than in stressed position [2, 3]. 
Previous work has shown that reduced Vs are often [a], or 
[a]-like, in quality [2]. Our aim is to determine the 
distinction, if any, between [a] and the reduced variants of 
the full Vs in Sliammon. In this language, [a] behaves very 
differently from the full Vs: e.g., it lacks prosodic ‘weight’, 
whereas the full Vs are weight-bearing [1], a pan-Salish 
distinction [4, 5]. We thus set out to discover if the weight 
distinction is altered under V reduction.

2. LANGUAGE

M.Comox (Homalco/Klahoose/Sliammon) is the nor­
thernmost of the Central (Coast) Salishan languages and is 
currently spoken in an area ranging from Campbell River 
on Vancouver Island to Cortes Island, and southeastward to 
Sliammon on the Malapina Penninsula. The language is 
critically endangered.

The Sliammon V inventory, typically Salish, is shown 
in (1) [1, 5, 6].

(1) i

The distribution of [a] is predictable and therefore [a] is 
argued to be epenthetic [1]. It is inserted to satisfy morpho- 
phonological requirements, e.g., that a prosodic foot must be 
properly headed, that consonants are syllabified, and that 
roots meet prosodic minimality requirements [1]. The full 
Vs and [a] have a range of surface variants triggered by 
adjacent consonants and Vs [1, 6]. The language also has an 
‘excrescent’ [a] ([0]), i.e., a very brief transitional [a]-like 
vocoid that speakers produce with some variability. This is 
also a typical Salish phenomenon [5].

was asked to produce each word six times in isolation, and 
six times in the context of the phrase in (3) with each word 
from (2) inserted in the position of the underscore.2 Our 
elicited dataset comprised 12 tokens each of the underlined 
Vs in (2). The analyzed Vs are the same per carrier word; in 
(2a) they are both /i/ [e], in (2b) they are both /a/, in (2c) 
they are both /u/ [o], and in (2d) they are both [a]. The first 
V in each word bears primary stress whereas the V to its 
right occurs in unstressed post-tonic position. Our dataset 
thus comprised, for each V, 12 tokens in stressed position, 
and 12 tokens in unstressed position. A total of 95 V tokens 
were analyzed.3

(2) carrier form analyzed V
a. ?s+?s+t8n ‘eating’ i
b. p ’a?p’a?ac ‘nets’ a

c. t’e6t’eosos ‘getting dark’ u

d. qék’wq8k’wX’act8n ‘aprons’ 8

(3) cenuxw cehots k w ____. (‘He said____ six times.’)

3.2 Acoustic analysis procedure
Recording used a professional unidirectional micro­

phone. The data were digitally captured at 44.1 kHz 
sampling rate, using Pro Tools. Acoustical analysis used 
Multi-Speech 3700. Segmentation was based on waveform 
and wideband spectrogram displays, checked with audio 
playback of the waveform. Vs were measured for quality: F1 
and F2. Formant centre frequency was taken as the average 
of the formant centre frequency values obtained from 
wideband and narrowband spectrogram displays per V, 
using the formant readings provided by Multi-Speech 3700 
with visual placement of the cursor on the estimated formant 
centre. Formant measurements were at V midpoint. Vs were 
also measured for duration, with the beginning of the V 
identified as the beginning of its first glottal pulse and the 
end as the end of its last glottal pulse. They were also 
measured for amplitude, based on the values provided by 
Multi-Speech with visual placement of cursor on the ampli­
tude peak. Amplitude values are reported as duration of un­
stressed tokens relative to duration of stressed tokens per V.

3. METHOD

3.1 Data

The acoustic data were produced by a female native 
speaker, aged 68 years, Sliammon Elder MH. Recording 
took place at Anywhere Studios in Campbell River, BC. 
The V data were produced in the carrier forms in (2). MH

4. RESULTS

4.1 Quality
A F1, F2 plot of the Vs is presented in Fig. 1. All tokens 

are shown. Ellipses are centered around the mean F1, F2 
values per V, with the length of the x and y axes equal to the

‘Sliammon’ is used here as a cover term for the Central (Coast) 
Salishan language spoken by the Homalco, Klahoose and 
Sliammon people. As Elders explain, they were one people with 
one language [1].

2 The forms in (2) and (3) are presented in broad phonetic 
transcription using the Northwest Phonetic Alphabet.
3

MH inadvertently produced only five tokens of (2b) in phrasal 
context.
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F2  and Fi standard deviations (SDs), respectively. The solid 
shapes p lot tokens in stressed position; the hollow  shapes 
plot tokens in unstressed position. Each V symbol associates 
with the set of tokens (stressed or unstressed) nearest to it. 
Fig. 1 shows that all Vs are backed when unstressed; [i] and 
[a] are also centralized. The data indicate that the reduced V 
inventory involves no neutralization in quality: there is no 
collapsing of the reduced Vs with each other, unlike in other 
languages, like English, in which the reduced variants of a 
range of V s are all [e].

than stressed [a]; unstressed [u] is 13% quieter than stressed 
[u]; and unstressed [8] is 5% quieter than stressed [é].
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Fig.1. F i, F 2 plot of Sliammon Vs tokens. Solid shapes = tokens 
in  stressed position. Hollow shapes = tokens in  unstressed 
position. Ellipses centered around means per V.

4.2 Duration

Fig. 2  shows the duration of the Vs, in stressed and 
unstressed position. The dots p lot m ean values. SD per V is 
shown by the length of the vertical lines, with ^ S D  above 
the dot and K2 SD below it. For each V, the tokens in 
unstressed position are shorter than those in stressed 
position. Unstressed [8] is shorter than unstressed [i] and 
unstressed [u]. I t is 39% shorter than unstressed [i], and 
47%  shorter than unstressed [u]. I t is not shorter than 
unstressed [a] in our data. Our data included tokens of the 
excrescent V, which is always unstressed: in 10 of the 12 
tokens of Ÿsi-Ÿsi-ten, the speaker produced ?éi-d?s<f-t9n. 
Duration data for excrescent [8] are included in Fig. 2. The 
mean duration of the excrescent schwa tokens is 39 msec.
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9 9  excres. 
9

Fig.2. Duration of Sliammon Vs tokens. Dots plot means. 
Vertical bars show SDs.

4.3 Amplitude

Figure 3 presents the difference in am plitude between 
the unstressed vs. stressed tokens per V. Unstressed [i] is 
8% quieter than stressed [l]; unstressed [a] is 8% quieter

i a u 9
Fig.3. Relative amplitude of unstressed vs. stressed V tokens

5. DISCUSSION
Our results support previous crosslinguistic findings 

that Vs are shorter and quieter when reduced, but show that 
V reduction does not always involve neutralization of 
quality contrast. Sliammon has no such neutralization. This 
indicates a functional limitation on V reduction, that it is 
blocked if  the language has a very small V inventory and so 
m ust preserve phonem ic contrasts between Vs. Our study 
found that reduced [8] is distinct from  the reduced full Vs in 
quality, and distinct from two of them  in duration. Its short 
duration when unreduced supports analysis of unreduced [8] 
as prosodically weightless, i.e, lacking a m ora (r ). The 
shortening of the full Vs when reduced indicates that they 
are weight-bearing, i.e., moraic, when unreduced and 
weightless (non-m oraic)-like [8]-w hen reduced. This 
supports the representations in (4) [1]. In (4), angle brackets 
around r  represent r  loss; ‘F ’ represents feature structure. 
W e suggest that (4) applies to Salish languages in general, 
although future acoustic study should test this hypothesis.

(4) full Vs reduced 8 reduced
full Vs 8

<R>

[F] [F] [F] [F]
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1. INTRODUCTION
Stress is a multi-faceted construct and its 

correlates may differ in different languages. Among the 
physical dimensions perceived as stress are higher pitch 
and longer vowel duration. The phonetic realization of 
stress may be subject to interference from the learner’s 
L1, and may be interpreted by a native speaker (NS) as a 
phonological problem (stress misplacement) [7]; we 
therefore set out to compare the correlates of stress in 
vowels produced by American English speakers learning 
German or Spanish in a classroom setting.

1.1 Acoustic correlates of stress in 
German and English

In German, the experimentally established 
acoustic cues of word stress include vowel duration, pitch 
and intensity changes, as well as laryngeal features [2, 6]. 
Studies have confirmed that vowel duration is regarded as 
the primary cue to German word stress and that the 
phonetic realization of word stress also involves an 
increase in F0 [6]. The intensity (loudness) of a stressed 
vowel is higher than that of an unstressed vowel in 
German, but the contrast is weaker than for the other cues 
[6]. This has also been confirmed for English [4], namely 
that the intensity correlates of stress are weaker than the 
duration and pitch changes.

In stressed syllables, only tense vowels are 
lengthened, whereas in unstressed position the quantity 
contrast is neutralized [8].

1.2 Acoustic correlates of stress in 
Spanish

Pitch, duration, and intensity are the main 
correlates of stress in Spanish [9, p. 400 and literature 
cited therein]. Quilis and Esgueva [10] also maintain that 
there is no significant correlation between the vowels’ 
spectral quality and stress. They do find that stressed 
vowels are significantly longer than unstressed ones.

1.3 L2 production of stress
A number of studies have addressed how L2 

learners master the stress patterns of the language they are 
learning, particularly the placement of primary word 
stress [1]. There are not many that have investigated the 
acoustic correlates of stress among L2 learners. An 
exception is [3] where both stress placement and the

phonetic realization of English stress by Spanish learners 
of English were studied. They found that the magnitude 
of vowel duration differences between stressed and 
unstressed syllables were greater in the English NSs’ 
speech than in the L2 Spanish learners’ speech.

Some common errors in L2 German mentioned 
in [5] are related to reduction and stress and attributed to 
interference from L1: among others, English NSs reduce 
unstressed syllables too drastically, Spanish NSs learning 
German do not produce the contrast between stressed and 
unstressed syllables correctly, and mark accent 
predominantly by intensity.

2. METHOD
2.1 Vowels in Standard German

The vowel inventory of Standard German 
contains 7 pairs of tense and lax vowels /i- i , y-Y, e -£ , 
0- œ ,  a : - a ,  u -u , o -D /. Words containing these vowels 
were embedded in a carrier sentence Sag das Wort X  noch 
einmal ( ‘Say the word X again’). In this pilot study, three 
NSs of German, five American students in an advanced 
German language class, and five American students in a 
beginner class read these sentences.

Both tense and lax vowels in German may occur 
in stressed and unstressed syllables. In order to determine 
the acoustic correlates of stress, measurements of F0, F1, 
F2, and F3, along with measurements of vowel duration 
and intensity were taken. Since the front rounded vowels 
(Umlaute) are notoriously difficult for English-speaking 
L2 learners, we are not including them in this pilot study.

2.2 Vowels in Spanish
The vowel inventory of Spanish contains 5 

vowels /i, e, a, o, u/. Words containing these vowels were 
embedded in a carrier sentence Dime la palabra X  otra 
vez (‘Say the word X again’). Three NSs of Spanish (two 
Mexican and one Peninsular), five American students in 
an advanced Spanish language class, and five in a 
beginner class read these sentences.

All Spanish vowels were recorded in open 
stressed and unstressed syllables in word pairs of the type 
p[i]pa -  p[i]sar. In order to determine the acoustic 
correlates of stress, measurements of F0, F1, F2, and F3, 
along with measurements of vowel duration and intensity 
were taken.
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3. RESULTS
3.1 Results for the German vowels can be seen in 
Figure 1-2. In the analysis of the German vowels, the 
stressed tense (ST T) vowels were distinguished from the 
unstressed tense vowels (UN T), as were the stressed lax 
(ST L) and the unstressed lax (UN L) vowels.

Figure 1. Duration o f German vowels (ms)
ST T UN T ST L UN L

NS 140.7 87.6 72.0 69.9

L2-adv 107.2 82.3 90.7 73.3

L2-beg 111.1 87.3 99.5 76.3

Figure 2. F0 (Pitch) o f German vowels (Hz)
ST T UN T ST L UN L

NS 160.7 138.9 165.7 141.1

L2-adv 137.6 127.2 144.3 123.8

L2-beg 162.9 147.3 153.5 146.0

German NSs use longer duration and higher 
pitch on stressed than unstressed vowels, with a 
considerable difference in duration between tense and lax 
vowels (and very little variation in intensity): (1) 
Unstressed tense vowels are 62% as long as stressed tense 
vowels; (2) Unstressed lax vowels are 97% as long as 
stressed lax vowels; (3) Unstressed tense and lax vowels 
are 86% and 85% as high in pitch as stressed tense and 
lax vowels, respectively.

Both the upper division (L2 advanced) and the 
lower division (L2 beginning) students manipulate 
duration, pitch (and intensity) to signal stress, but to lesser 
degrees than NSs: (1) Unstressed tense vowels are 77% 
(L2 adv) and 79% (L2 beg) as long as stressed tense 
vowels; (2) Unstressed lax vowels are 81% (L2 adv) and 
77% (L2 beg) as high in pitch as stressed lax vowels.

3.2
Results for the Spanish vowels can be seen in Figure 3-4. 
Figure 3. Duration o f Spanish vowels (ms)

ST UN %

NS 125.6 98.9 78

L2-adv 92.2 87.5 94

L2-beg 95.5 90.1 94

Figure 4. F0 (Pitch) o f Spanish vowels (Hz)
ST UN %

NS 162.0 135.0 83

L2-adv 206.5 184.3 89

L2-beg 213.9 209.0 98

Spanish NSs clearly manipulate duration and pitch as 
correlates of stress [9]: unstressed vowels are only 78% as 
long as stressed ones (as in [10]), and their pitch is 83% 
lower than stressed counterparts. So do L2 learners, but to 
a considerably lesser extent. Differences in intensity 
among groups are too slight to evaluate (unlike in [5]).

4. DISCUSSION
As [8] reports for German NSs, our NS data also show 
that in stressed syllables, only tense vowels are 
lengthened, whereas in unstressed position the quantity 
contrast is neutralized.

In addition, as [3] reports for L2 Spanish 
speakers learning English, our data for L2 German and 
Spanish learners also reveal that the magnitude of vowel 
duration differences between stressed and unstressed 
syllables was greater in the native speakers’ speech than 
in the L2 learners’ speech, though learners do use both 
duration and pitch to signal stress. Our L2 German and 
Spanish advanced learners show greater differences in 
intensity than NSs do, but use intensity in general much 
less than duration or pitch to signal stress.

Contrary to expectation [9, 10] our data for 
Spanish show that NSs tend to reduce (centralize) 
unstressed vowels, and that beginners do not implement 
this tendency with any consistency, whereas advanced 
learners approximate the NSs' vowel systems. Our 
German data on the other hand do not consistently show 
centralization in any group.
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1. i n t r o d u c t i o n

In recent years, the Lattice Boltzmann Method 
(LBM) has emerged as a promising computational 
technique in fluid dynamics. LBM has some intrinsic 
advantages over conventional Navier-Stokes schemes [1] 
such as ease of parallel implementation.

The main difference between LBM and conventional 
Navier-Stokes schemes is that, Navier-Stokes equations 
are derived explicitly for the macroscopic properties of 
the fluid, while LBM ’s involve the solution of lattice- 
Boltzmann equation (LBE) by explicitly tracking the 
development of particle distribution functions either at the 
mesoscopic or the microscopic scale. Using the Chapman- 
Enskog expansion, the compressible Navier-Stokes 
equations can be recovered from the LBE at the 
hydrodynamic limit.

Recently, the LBM has been evaluated and utilized 
for some aeroacoustics applications. However, robust 
nonreflective boundary conditions are still needed for 
LBM. As underlined in one recent study [2], little work 
has been reported on this topic.

In the present study, a boundary condition was 
developed based on the perfectly matched layer (PML) 
concept introduced by Berenger for numerical simulations 
of electro-magnetic fields [22]. The most significant 
feature of the PML technique is the fact that it creates 
absorbing layers that are theoretically non-reflective for 
any angle and frequency of incident wave. Moreover, the 
intrinsic linearity and computational scheme robustness of 
LBE prevent instabilities and complexities associated 
with nonlinear convection terms which are present in 
Euler and Navier-Stokes equations.

2. A PML FORMULATION FOR LATTICE 

b o l t z m a n n  m e t h o d s

The lattice Boltzmann equation is one discrete form of the 
continuous Boltzmann equation:

^ + ( | - F ) / = n , (1)

where Q is the inter-molecular collision operator. In 
order to facilitate solution of the Boltzmann equation, the 
collision operator is usually simplified using the 
Bhatnagar-Gross-Krook (BGK) approximation:

f - f e g
n  =  - (2)

where t  is the relaxation time and feq is the local 
equilibrium Maxwell-Boltzmann distribution. The 
hydrodynamics properties such as density, momentum, 
kinetic energy, and others can be obtained by different 
moments of the equilibrium distribution function in the 
phase space. To enable numerical integration of these 
moments, the distribution function is obtained only for 
certain velocity directions which are the abscissas of a 
Gaussian-type quadrature. These velocity directions form 
a DnQm lattice, where n is the number of dimensions of 
the flow field and m is the number of velocity directions 
within the lattice. A D2Q9 lattice which is commonly 
used in 2D simulations is shown in Figure 1.

Figure 1. A D2Q9 lattice used in 2D simulations.

The decomposition of the equilibrium distribution 
function into the sum of a mean component, which 
corresponds to the hydrodynamic field, and a perturbation 
component, which corresponds to the acoustic 
perturbation, yields a set of equations consistent with the 
Boltzmann equation at the interface between the 
absorbing zone and the interior domain (see Figure 2).

The following formulation is proposed for the 
absorbing zone in a lattice Boltzmann simulation:

§ 7 +  ( I - v ) f =  n -  u PML, (3)

where

n PML =  f f ( f  • i?' ) Q + 2 a ( / c, -  / Q  +  <j 2Q ,
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The details of the derivation are presented in Ref [4]. It is 
notable that the PML role is encapsulated in only one 
single additional term to the collision operator. The 
damping coefficient a controls the decay rate of the 
waves entering the PML zone. Eq. (3) can then be made 
discrete in the same manner as the classical lattice 
Boltzmann method. The damping coefficient is 
predefined by the user at the beginning of the simulation 
considering the thickness of the PML region.

PML
a

y < < -

interior domain PML
a

a?o
Figure 2. PML setup in a 2D simulation.

4. Numerical Examples and Discussion
4.1. Propagation o f  a Gaussian Acoustic Pulse

One classical problem to assess the performance of 
numerical boundary conditions is the propagation of a 
Gaussian pulse. The following initial conditions were 
imposed in this case:

x 2 +  y 2
p  =  1 +  0.0001 exp (— In 2 — ------)

u = 0 
v =  0

All quantities are made non-dimensional using the grid 
spacing and mean density. The pulse was initially located 
at the center of a 256 by 256 nodes grid. A 40-lattice wide 
PML was created between the interior domain and the 
northern boundary while conventional outlet (zero normal 
gradients) BCs were chosen for all other boundaries. A 
damping coefficient of 0.03 was chosen for the PML. The 
attenuation of the wave in the PML is demonstrated in Fig 
3. Almost no reflection from the northern boundary was 
observed. Similar simulations have also been performed 
with PML boundary conditions on all boundaries, and in 
situations where the Gaussian pulse exits the boundary in 
presence of a mean flow with arbitrary direction. 
Excellent results were obtained for all cases.

50 100 150 200 250

(a)

Figure 3. Gaussian pulse propagation; (a) t = 0; (b) t = 
200; (c) t = 280; The PML is located on the north 
boundary. All dimensions are normalized by lattice units. 
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1. i n t r o d u c t i o n
Phonologization [1, 2] occurs when some variation in 

production occurs with frequency and is stabilized as a new 
pattern [1, 3]. The Optimality Theory grammar of a 
language is its constraint ranking. Phonologization occurs 
when categorical, non-numeric versions of numerically 
weighted phonetic constraints [4] enter the strict dominance 
relations of the grammar. This paper examines how this 
shift arises from the acoustic signal, focusing on gradience 
[5] in postvelar phenomena in Salish and Arabic.

2. p h o n e t i c  t o  p h o n o l o g i c a l  
o p t i m i z a t i o n
Flemming [4] proposes that phonetic properties can be 

understood as the effect of the interaction of weighted 
constraints. He explains it as follows. In CV sequences, e.g., 
F2 of the C and V are co-determined by a constraint against 
deviation from C and V F2 targets and a constraint against 
quick articulator movement. Achieving both targets could 
mean quick speech, and slow movement could mean 
achieving neither target. The actual production is an 
optimization of this conflict. The constraint weighting is 
such that both targets are undershot. Degree of undershoot 
depends on exact weighting. In this model, the weightings 
figure into a mathematical cost function which determines 
the optimization, e.g.:

(1) Flemming’s cost function for F2 in CV [4]

c = wc(F2c - F2l )2 + wv(F2v - F2T)2 + we(F2a - F2V)2

where F2C is F2 of the C, F2V is F2 of the V, F2L is fixed 
target F2 of the C, F2T is fixed target F2 of the V, and wc, wv 
and we are positive weights.

The first two terms express ‘Don’t deviate from targets’ 
separately for C and V. If the differences are minimal, cost 
on contrast will be minimal. The overall cost also includes 
cost on effort. This is that incurred by the difference 
between F2C and F2V, as specified by the last term of the 
function, which expresses ‘Don’t move quickly’. If the 
difference is small, the articulators move quickly. As stated 
by Flemming, weighted constraints compute costs in real 
numbers. They reflect the scalar nature of phonetic factors 
and their additive effects.

This differs from the phonological grammar, as 
illustrated in (2). A lign-TR , with phonetic basis in we(F2C - 
F2V )2, requires [TR], the phonological feature implemented 
as tongue root articulation, to be aligned with the word 
edges. Id e n t, with phonetic basis in wc(F2C - F2L )2 + wv(F2V - 
F2t )2, requires that there be no feature change between input 
and output. In (2), the input is between slashes; competing 
outputs are between square brackets. Output candidate b is 
optimal because it best satisfies the two discrete constraints, 
given their ranking: it satisfies the higher ranked A lign-TR  
whereas candidate a violates it ( ‘*’), fatally so (T ) .

As phonetic properties are gradient but phonological 
properties are not, a key trigger for the shift between the 
phonetics and phonology is degree of gradience.

/ta/ Align-TR Ident

a. [ta] *!

^  b. [ta] *

3. a c o u s t i c  s t u d y

3.1 Method and procedure
St’ât’imcets Salish words were produced by an adult 

male native speaker, aged 68 years. Palestinian Arabic 
words were produced by an adult male native speaker, aged 
45. See the Appendix. For St’ât’imcets, 60 V tokens and 72 
C tokens were analyzed. For Palestinian, 120 V tokens were 
analyzed. Recording used a Marantz P420 tape recorder. 
Digitization was at 22.05 kHz sampling rate. Analysis used 
Multi-Speech 3700. F 1 and F2 of Vs and approximants were 
measured. The resonance in the area of F2 was measured for 
fricatives, and stops (in the release burst). Measurements 
were at durational midpoint. Formant ( ‘F ’) centre frequency 
was taken as the average of values obtained from wide and 
narrowband spectrograms using the values provided by 
Multi-Speech 3700 with placement of the cursor on the 
estimated F centre.

3.2 Results: St’ât’imcets Salish

Figs. 1-3 present data from St’ât’imcets relevant to 
uvularization spread, lowering of [a] before [?], and 
lowering of labialized uvulars. F means (in Hz) and standard 
deviations (SDs) are shown. SD is used here to determine if 
a property is gradient, as phonetic properties vary more than 
phonological ones [5]. Fig. 1 shows that F2 is dropped for 
[a] preceding and following a uvularized C ( ‘C’). F 1 is 
raised in both cases. The effects are greater preceding. The 
SDs provide no evidence for identifying the greater F effects 
preceding the C as phonological: F2 SD in that case is even 
greater than F2 SD for [a] following a C (86 vs. 46). This 
counters usual assumption that the leftward coarticulation is 
phonological in this language. Fig. 2 shows that [a] is 
lowered preceding [?], as F 1 is raised in that context. The Fi 
SD is lower preceding [?] than preceding C (61 vs. 71). This 
indicates that the [a] lowering, considered phonetic in this 
language, is perhaps becoming phonologized. For Fig. 3 we 
focus on F2, the one resonance measurable for all C types. 
The labialized uvulars, including [xw] ([xw]) and [k(’)w] 
([q(’)w]), show a drop in ‘F2’, as expected. F2 SD is lower 
for [b(’)w] than for [b(’)] (31 vs. 69), indicating that the 
lowered F2 for [b(’)w] phonological. The [b(’)w] is 
produced with auditorily perceptible pharyngeal 
articulation, and is [?(’)w]. The lower F2 of pharyngeal 
compared to uvular articulation enhances the lower F2 of the 
labialization. For [xw] and [k(’)w] the variation in F2 is 
greater than for their plain variants, indicating that their F2 
drop with labialization is phonetic. The [xw] and [k(’)w] are 
not perceptibly pharyngeal, i.e., they are not [ftw] and 
[?(’)w].
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Fig. 3. Resonances of non-labialized and labialized St’ât’imcets 
uvulars

3.3 Results: Palestinian Arabic

Fig.4 presents data from Palestinian relevant to 
uvularization of the low V (‘A’), opacity to uvularization 
spread by the high front V (‘I’), and lack of pharyngealiza- 
tion for a stem-final V, which was ‘U’ in the carrier word 
[6]. We take 40 as normal SD for Fs of a distinct sample [7]. 
SDs of 19.2 (Fi) and 29.8 (F2) for uvularized A indicate that 
its coarticulation is phonological. SDs of 13.7 (F1) and 31.7 
(F2) for I adjacent to C indicate phonological lack of 
coarticulation for that V. In this language, Vs in closed 
syllables are pharyngealized (i.e., become rtr) except when 
stem-final. SDs of 30.2 (F1) and 52.7 (F2) for closed- 
syllable, stem-final U indicate that that rtr equality for stem- 
final Vs is perhaps becoming phonologized.

4. CONCLUSION

This work illustrates acoustic testing for phonologiza- 
tion. Gradience was examined and found to underlie 
phonologized patterns, and to indicate that certain patterns 
previously considered phonological are perhaps phonetic.

1 Other SDs from the data are: 13.2 (F1), 15.9 (F2) for 
nonuvularized A; 8.4 (F1), 27.8 (F2) for I not adjacent to C; 9.1 
(F1), 17.8 (F2) for closed syllable, non-stem-final U.
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Fig. 4. Fx, F2 plot of Palestinian Vs in postvelar contexts
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APPENDIX
For each word, the number of tokens recorded is given in 
parentheses.*
A. St’ât’imcets words recorded for the acoustic study
a. ?a%wxal ‘dig’ (6) b. xw8?az  ‘no, not’ (2)
c. m a q a ?  ‘snow’ (6) d. m e % a +  ‘black bear’ (6)
e. q 8 ? 8 z ’?ul ‘tired out’ (2) f. q 8 ? a m a j’+ ‘breastfeed’ (2) 
g. m 8 ?8 b ’ ‘dawn’ (4) h. p 0 ? 0 b’ ‘pale, faded’ (2)
i. t 8 w æ n  ‘salmon berry’ (2) j. t 8 q i w  ‘horse’ (2)
k. z sh a k a?  ‘right hand’ ( 2) l. Z 8 w a t 8 n  ‘know’ (2) 
m. W 8naxw t+’u? ‘true’ (2) n. %wu m q a ?  ‘salmon head’ (6)
o. q ’w i j j q in  ‘axe’ (2) p. te ’uq wa z ’ ‘small fish’ (6)
q. ‘sockeye’ (6) r. % aXÏa ? (name of Band) (6)
s. W 8 b 8 n  ‘sort s.t.’ (2) t. k’i?ib’w ‘feel run down’ (2)
u. baw 8n ‘gather things’ (2) v. +8bwilx ‘jum p’ (2)
w. k a n + ib wa ‘swallow s.t. wrong’ (2) x. q ’w8bwp ‘slide down’ (4) 
y. q ’w8bwp a lw a j ‘pants falling down’ (4) z. l8bw8n ‘hide’ (2) 
a'. m 8 luxwa k a?  ‘sprain one’s hand’ (2) b'. zi?z8b t+’u? ‘always’ (2) 
c'. k a n + ib w k a n a  ‘I swallowed s.t. wrong’ (2) d'. bwu j’t ‘sleep’ (2) 
e'. ? 0 ?%a? ‘sacred, supernatural talented’ (2)

B. Palestinian words recorded for the acoustic study
a. k 8 s æ : t  ‘cups’ (20) b. b 0 s : a : t  ‘busses (20)
c. ti:n ‘fig’ (20) d. ti:n ‘m ud’ (20)
e. f u l : 8  (type of doll) (20) f. b iS8kfu-lnæ :J ‘they don’t

clap for us’ (20)

* IPA is used. Underlining denotes uvularization. The hyphen in 
B(f) indicates that the [u] in that word is at a right stem edge.
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1. in t r o d u c t io n

The reflection and scattering of mid and high- 
frequency sound by vegetation may be observed in a 
number of familiar situations. For example, the reflection of 
tire noise when driving an open car beneath the overhanging 
branches of broad-leafed trees or the echoing of shouts or 
gunshots from the edge of a forest. Generally these 
phenomena have little broader relevance. However, where 
vegetation is close to and overtops a highway noise barrier, 
it will tend to scatter sound down behind the barrier thereby 
reducing its insertion loss, particularly at higher frequencies. 
Not only is the A-weighted insertion loss of the barrier 
reduced, but on its “shielded” side, traffic noise no longer 
sounds “muffled” because its high-frequency content has 
not been sufficiently attenuated. Therefore, while the 
barrier may still be providing a worthwhile reduction in the 
A-weighted sound level, the listener’s impression may to be 
that the barrier is having little or no effect. This 
phenomenon may have significant implications for the 
success of highway noise mitigation programs, particularly 
where the source-receiver geometry makes it challenging to 
achieve substantial noise reductions and when it is 
necessary to confirm the barrier’s performance (insertion 
loss) through post-project field measurements.

Drawing on the very limited quantitative research 
that appears to have been done on this subject, this paper 
will assess the effects of sound scattering by overtopping 
vegetation on highway noise barrier performance and 
discuss ways in which they might be addressed, either 
physically or administratively. The interaction between 
pavement design (e.g. quiet pavement) and vegetation 
scattering effects is also explored.

2. M.I.T. SCALE MODELING STUDY

The only previous investigation found to have 
focused specifically on the effects of overtopping vegetation 
on the insertion loss of noise barriers was based on scale 
model studies [1] conducted by Christopher N. Blair at 
M.I.T. Key results of this work were summarized in a 1977 
paper by Richard H. Lyon, Blair, and Richard G. DeJong 
[2]. The scattering effects of scale model broad-leafed trees, 
placed to one side of, and then directly above a noise 
barrier, were measured in a 1:20 scale model facility using 
an electric spark discharge as the sound source.

These scale-model results have been used herein to 
estimate the potential effects of overtopping vegetation on 
highway noise barriers which, in the absence of such 
vegetation, would provide insertion losses ranging from 5 to 
15 dBA.

Figure 1, from Lyon, shows the generalized effects 
of vegetation scattering on sound levels both with and 
without a noise barrier present.

sraaning :i I' In y traga-al'on.

E f f s L l i  o f  y . i ç f Iji UDDil h i t n r  n n r f

Figure 1; Generalized Effects of Vegetation Scattering

It is seen that vegetation, particularly broad-leafed 
trees, can either reduce or increase sound levels at a distance 
from a broad-band source depending on the location of the 
receiver relative to the vegetation (e.g., crowns of trees), the 
ground (assumed acoustically soft) and the barrier if present.

Figure 2 shows the scale-model configuration with 
9 m maple trees located to one side of an approximately 3.5 
m high earth berm. The sound receiver is located beneath 
the tree while the source is on the far side of the berm. The 
accompanying graph shows the measured attenuations 
(insertion losses) in one-third octave bands both with and 
without trees present. It is seem that the effects of tree 
scattering ranged from 2 to 7 dB at mid frequencies (630 to 
1,250 Hz.) and reached 12 dB at 4,000 Hz.
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Figure 2; Attenuation of Sound by Barrier Without (upper 
row) and With (middle row) Broad-Leafed Trees 
along One Side. Difference (bottom row).

Figure 3 shows the modeled configuration with 9 
m maple trees located directly on top of the earth berm with 
the sound source and receiver located on opposite sides of 
the berm. The accompanying graph shows the measured 
attenuations both with and without trees present. It is seen 
that the effects of tree scattering can reach 10 to 14 dB at 
mid frequencies and exceed 20 dB at 4,000 Hz.

630 800 1.0 1.25 1.6 2.0 2.5 3.15 4.0

Hz. Hz. kHz. kHz. kHz. kHz. kHz. kHz. kHz.

11 14 21 23 24 19 24 24 30

1 3 9 8.5 8.5 3 9 7 9

A=10 11 12 14.5 15.5 16 15 17 21

Figure 3; Attenuation of Sound by Barrier Without (upper 
row) and With (middle row) Broad-Leafed Trees 
on Top. Difference (bottom row).

3. APPLICATION OF SCALE MODELING 
RESULTS TO HIGHWAY NOISE

3.1 Traffic Noise Spectra

To explore the effects of tree scattering on highway 
noise specifically, a noise spectrum measured beside 
Highway 19 in Nanaimo, B.C. was used. At the time (1995) 
this highway featured somewhat worn, standard hot-mix 
asphalt pavement and carried roughly 2,500 vehicles per 
hour (with 5% heavy vehicles) at an average vehicle speed 
of 75 kmph. This traffic flow generated an equivalent sound 
level of Leq 75.5 dBA at a distance of 15 m from the centre 
of the near lanes while its spectrum peaked at 1,000 Hz. 
This section of highway was later paved with open-graded 
asphalt (OGA) as part of a “Quiet Pavement” assessment. 
The traffic noise generated with OGA pavement contains 
less energy at middle and high frequencies so that it less 
susceptible to scattering by vegetation.

3.2 Vegetation Scattering Effects with Standard Asphalt

To estimate the effects of vegetation scattering on 
barrier performance against traffic noise generated on 
standard asphalt, the scale-modeled barrier attenuations 
from Figures 2 and 3 (with and without trees) were applied 
to the highway noise spectrum described above and the 
overall A-weighted insertion losses calculated. In the 
absence of trees, the scale model earth berm was able to 
reduce the traffic noise generated on standard asphalt 
pavement by 15.5 dBA. With 9 m maple trees located to 
one side of the berm and above the receiver position (Figure 
2), the earth berm’s performance was reduced by about 2 
dBA to 13.4 dBA. However, with trees located directly on 
top of the berm (Figure 3), its insertion loss was reduced by 
8.5 dBA, from 15.5 to 7.0 dBA.

At 15.5 dBA, the scale model earth berm’s 
highway noise insertion loss in the absence of trees is near 
the upper end of the range typically observed in the field - 
the berm’s effectiveness being enhanced by its nearness to 
both noise source and receiver. It is of interest to examine 
the effects of vegetation scattering on noise barriers having 
more typical capabilities -  i.e., those providing insertion 
losses of between 5 and 10 dBA in the absence of 
vegetation. It was assumed that the sound intensity at the 
receiver location behind the barrier due to scattering alone 
would be the same for all cases. The level of scattered 
sound behind the barrier was then estimated from the 
insertion loss-degradation effect caused by the maple trees 
located directly on top of the scale model earth berm. The 
procedure was as follows.

Arbitrarily assume that the traffic noise level at the 
receiver with neither barrier nor trees present is 70 dBA. 
Therefore when a nominal “ 15 d B A  noise barrier is 
inserted, the receiver level will drop by 15 dBA to 55 dBA 
with this residual sound level being attributable to the 
diffracted sound field behind the barrier. Since it was found 
above that tree scattering reduced the insertion loss of the 
scale model earth berm by about 8 dBA, when such trees are 
placed above our nominal “ 15 d B A  barrier, its insertion 
loss will be reduced from 15 to 7 dBA. The noise level at 
the receiver in the presence of such trees would then 
become 70 -  7 = 63 dBA. The level of scattered sound 
behind the barrier can therefore be estimated as the 
logarithmic difference between the receiver level with and 
without trees, that is 63 minus 55 dBA, or 62.3 dBA. It was 
then assumed that this same level of scattered sound would
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V ib r a t io n a l  C h a r a c t e r is t ic s  o f  H a r p  s o u n d b o a r d s

Chris Waltham, Andrzej Kotlicki, Laura Dunwoody, Tina Lee, Julia Lin and Billy Lin
Department of Physics & Astronomy, University of British Columbia, Vancouver BC V6T 1Z1

1. i n t r o d u c t i o n

A concert harp (Fig. 1) is basically a triangular 
structure, formed of the post or (fore)pillar, the neck, and a 
soundboard mounted on a soundbox. The strings are 
attached at one end to tuning pegs and bridge-pins mounted 
in the neck, and at the other end to the soundboard. The 
structure has to be made strong enough to withstand a total 
string tension of about 12-20kN. The soundboard (Fig. 2) is 
approximately trapezoidal in shape, around 1.4m in length, 
0.5m wide at the base, 0.1m at the top, and of thickness 
varying from 11-12mm at the bottom (bass) end to 2-2.5mm 
at the top (treble). It is made of strips of spruce (Sitka or 
Engelmann) between 3 to 8 cm wide bonded together, and 
covered with a thin veneer, typically also of spruce. [1].

properly optimized, ensures a wide frequency band with 
good radiativity and no frequencies where the radiativity is 
zero. The band stretches between two vibration modes, 
known as the “air” resonance and the “wood” resonance, 
often called A0 and T1 respectively. This phenomenon is 
well described in a classic work by Gabriel Weinreich [2]. A 
similar mechanism has been shown to operate in the harp at 
low frequencies [3].

R

L Ô—►  T

Soundboard 
grain orientation

■ L .

Veneer grain 
orientation

Front view Side view

Fig. 2. Layout o f harp soundboard, showing the x-y coordinate 
system used in this paper, and the orientation o f the wood 
grain for the soundboard base and veneer. The longitudinal 
(L), transverse (T) and radial (R) directions refer to the 
natural cylindrical coordinate system o f a tree limb.

Fig. 1. The configuration o f a modern 47-string concert harp, a 
sa lv i Aurora (author photo).

The soundbox is semi-conical in shape, and is built up 
by bonding hardwood veneer (e.g. beech) around a mold. 
There are four or five soundholes in the back of the 
soundbox and one in the base. The primary function of these 
holes is to gain access to mount or replace strings, although 
they have important acoustical effects. Inside the back of the 
soundbox are strong U-shaped ribs (beech, aluminum, or 
steel) which prevent the box from undergoing too much 
flexure under the string tension.

A modern concert harp has 46 or 47 strings, running 
from C1 or D1 to G7. The lowest strings are mounted a few 
cm from the base of the soundboard, the highest strings a 
few cm from the top. The lower strings of concert harps are 
made of copper-wrapped steel, those in the mid-range are 
gut, and the upper strings are nylon.

2. SOUND PRODUCTION

Harp soundboxes, like those of all string instruments, are 
wooden shells with hole(s). This configuration, when
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Fig. 3 Finite-element model predictions for the modal shapes 
for the first three modes of a trapezoidal spruce soundboard, 
clamped at all edges. The modal shapes are normalized such 
that the primary antinodes have unit amplitude.

The analysis in terms of A0 and T1 resonances only 
considers the lowest frequency behaviour of the 
soundboard. This is appropriate to the violin, whose strings 
excite the soundboard at the same point (via the bridge) 
where these modes are most prominent. In the case of the
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harp, the strings are attached all the way up the soundboard, 
and beyond the half-way mark, modes higher than the 
fundamental become dominant for sound production. The 
progression of modes of a bare soundboard, as calculated 
with finite-element techniques, is shown in Fig. 3.

3. MEASUREMENTS AND ANALYSIS
First, the soundboard was scanned by measuring the 

driving-point admittance at many points along the axis of 
symmetry, i.e. where the strings are attached. We make the 
assumption that the strings will primarily excite the 
symmetrical modes, ignoring for now second-order effects 
where non-planar string motion excites twisting modes. 
The admittance was measured using a small, light (0.2g) 
accelerometer and an impact hammer.

The results for the admittance of the soundboard are 
shown in a contour plot (Fig. 4) in which the frequency is 
plotted against vertical position on the soundboard, and the 
shading represents the admittance (darker means higher). 
The progression in modal shapes is very plain, and the 
regions of highest admittance move steadily up the 
soundboard as the frequency increases. Some splitting is 
observed, particularly in mode 4 (~500Hz). Plotting the 
string pitch versus the attachment positions produces a 
“string trajectory” on the plot (marked by the points) which 
runs on the right side of the primary antinodes (except for 
the fundamental antinode - it runs past the left of that). 
Ref. [1] shows how important is the relationship between 
soundboard modes and the string frequencies at the string 
attachment positions.

Second, the admittance measurements were repeated 
with the accelerometer replaced by a microphone at the 
lowest sound hole on the back of the instrument. These 
results are plotted in Fig. 5 in the same manner as the 
admittances.

A comparison of Figs. 4 and 5 is striking. Where the 
progression of modes appear predominantly at single 
frequencies in the admittance plot, the sound pressure plot 
shows double resonances. This is particularly noticeable in 
the structures around 500 and 700 Hz. A comparison with 
the low frequency work of Le Carrou [3] on a Camac 
Atlantide harp suggests that the two peaks near 200 Hz at 
the 400 mm position can be identified with the T1 and A0 
resonances. At present this association is somewhat 
speculative as the Atlantide and Aurora harps do not have 
precisely the same specifications. However, if true, it is also 
likely that the other pairs of resonances have a similar phase 
relationship.

With a single microphone it was not possible 
unambiguously to show the phase relationships between all 
the pairs of peaks. These measurements need to be repeated 
with a velocity probe.

a
0 200 400 600 BOO 1000

I (Hz)

Fig. 4. Driving-point admittance data for the central string bar 
of a Salvi Aurora soundboard. The frequency is plotted against 
vertical position h on the soundboard, and the shading 
represents the admittance Y (s/kg). The points show the 
position and fundamental frequencies o f the harp strings.
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Fig. 5. Sound pressure at the lowest sound hole at the back o f a 
Salvi Aurora, normalized to the force o f an impact hammer 
striking position h along the central string bar on the 
soundboard.

4. CONCLUSION

We are within striking distance of a fairly complete 
understanding of the vibro-acoustic behaviour of a modern 
harp soundbox. In the near future we hope to extend the 
work to earlier forms of the harp which had very different 
structures and distinctive voices.
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C a n a d a  W id e  S c ie n c e  F a ir

From File Reports

Devon Sawatzky is the winner of this year’s Special 
Award from the Canadian Acoustics Association for his 
project “Sense What You Can’t Hear.”

Devon Sawatzky is a grade eight student from Winnipeg. 
His interests include electronics, reading, composing 
electronic music, working on his computer and making 
movies with his friends. In the summer he enjoys camping, 
biking, canoeing and traveling with his family. Over the past 
several years, Devon has spent Saturday mornings building 
robots with a group at a local community college. He is also 
quite involved with the youth group in his church. Devon 
hopes to study engineering, electronics or computer science 
at university in the future.

Devon Sawatzky’s full article is reproduced below.

Sense  W h a t  Y o u  C a n ’t  H e a r *

Devon Sawatzky 
Acadia Junior High School, Winnipeg, Manitoba, Canada, Canada

Editor’s Note: The submission by Devon Sawatzky was reformatted and edited to fit in to the Journal format.

Abstract

In this project a device was constructed that could help deaf people by vibrating when it detects sudden 
noises that may indicate impending danger. The device was tested to determine how well it would respond 
to different frequencies. The test revealed that the device responded to mid frequencies the best, and that 
overall it worked well.

1 i n t r o d u c t i o n

By some estimates, approximately 2.8 million Canadians 
suffer from hearing loss, about 310,000 of them profoundly 
deaf (Canadian Association of the Deaf, 2007). There are 
three common types of deafness: conductive hearing loss, 
which is basically mechanical damage to the mechanisms in 
the ear, sensorineural hearing loss, which is damage to the 
hair cells in the ear, or the auditory nerves. Mixed hearing 
loss is a combination of both of these types. When someone 
loses their hearing, they need to adapt. Many aspects of life 
become harder, including sensing many common events 
indicated by a sound, such as a ringing phone, doorbells, 
car horns, smoke alarms, and more. (American Speech- 
Language-Hearing Association, 1997-2008). There are many 
assistive devices out there that connect to sound sources such 
as phones or smoke alarms, but they don’t actually sense the 
sounds, but just connect to the source, rendering them useless 
for detecting unpredictable sounds such as shouting and car

horns. Almost all assistive devices available work by this 
principle.

The objective of this project is to make a device that will 
be able to sense sudden sounds, and warn the user of these 
sounds in the form of vibration, and warn the user of sounds 
such as car horns, shouting, and other sounds that warn of 
impending danger.

2 THE DEVICE

The device consists of 5 main parts: the battery, the regulator 
circuit, the microphone, the sound detector board, and the 
PICAXE microcontroller board. The microphone converts 
sound waves into a small AC current, which is then amplified 
and smoothed into a DC voltage relative to the sound level 
in the sound detector board. In the PICAXE microcontroller, 
the built - in Analog to Digital Converter (ADC) takes the 
voltage from the sound detector board and converts it into a
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Figure 1: Inside view o f the device

PICAXE

(o)—
T i

Figure 2: Main Schematic o f the device

digital signal that is read by the PICAXE microcontroller. A 
9 V battery powers the entire system through regulator, which 
supplies a constant voltage to the system.

The microcontroller executes a program, which consists of 
two main stages. When the user turns on the device, it first 
vibrates briefly to notify the user that they have activated it. 
Then there is a 5 second pause for the user to clip the device 
to their belt, before it takes 5 samples of the sound levels 
around it, each spaced 1 second apart. The microcontroller 
then averages these samples. This value is called the ambient 
level. It then adds a predetermined amount to the ambient 
level, and defines this as the alert threshold. The entire stage 
takes about 10 seconds. Then the program enters the sensing 
stage, where it will remain in this stage for the rest of the time 
the device is on. Here, the microcontroller constantly takes 
samples from the sound detector board, and whenever the 
sound level goes above the alert threshold, the microcontroller 
alerts the user by activating the vibrator motor. After that, the
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device pauses for half a second to allow the supply voltage 
to stabilize before returning to the sensing stage. This is 
because the vibrator motor draws enough current to throw 
off the reading, despite the voltage regulator’s attempts to 
stabilize it. It continues doing this until the voltage supply is 
cut off using the power switch or until the battery power has 
diminished.

3 PROCEDURE

After constructing the device, it was tested using the following 
method:

After building the device, I tested it by using the software 
NCH Tone Generator to play 16 sounds of different 
frequency, from 60 Hz to 960 Hz. The sounds were played 
through a Logitech X-240 speaker set. Set up 2 meters away 
from the speakers was the device and a decibel meter, placed 
as close together as possible. Each tone was played, and 
the volume slowly increased until the device vibrated. The 
value displayed on the decibel meter when the device started 
vibrating was written down. The entire test was repeated 3 
times to ensure accuracy.

4. DISCUSSION

The device responded better to some sound frequencies than 
others. Figure 3 shows that the device seems to respond best 
to the mid frequencies, and not as well to the upper and lower. 
Another point about the data is the two spikes in the threshold 
around 360 and 760 Hz. They are almost like two “blind 
spots”, but they are still below 90 decibels.

I had some interesting observations about the data while 
performing the test. My original plan had been to do a 
basic test with 5 different tones, but after noting the lower 
threshold in the mid frequencies, I decided I should do a more 
extensive test, as described in the procedure. Also, I had 
originally used the handheld volume control on the speakers, 
but it wasn’t accurate enough. It would have the occasional 
random jump of about 5 decibels, and would even react to 
the pressure of my hand slightly. A slight problem with the

Frequency Response of th e  Device

F r e q u e n c y  o f  s o u n d  ( H z )

Test 1 Response T est 2 Response T est 3 Response Average

Figure 3: Frequency Response of the Device
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device is that occasionally it will calibrate to a much lower 
level than the ambient level, causing false alarms. This isn’t 
nearly as serious as the alternative, of not sensing sounds, 
which did not occur after perfecting the code.

4. CONCLUSIONS

In conclusion, the device I have constructed meets the purpose 
of this project. It is able to detect sudden sounds reasonably 
well, and the variations in sensitivity are not exceptionally 
major. It is still not perfect. Occasionally, the 5 samples in 
the calibration stage will not accurately represent the actual 
sound levels. This phenomenon does not occur during the 
sensing stage. My theory is that one of the samples in the 
calibration stage occasionally occurs at the low point of the 
sound wave, or during a quiet moment. The capacitors in the 
sound detector board are incorporated to smooth that out, but 
voltage smoothing systems are not perfect. This phenomenon 
will have no effect on the sensing stage, because samples are 
constantly being taken. That would also explain why lower 
frequencies have this problem more than upper frequencies, 
because the signals are better smoothed out in the upper 
frequencies.
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Revue des publications /B ook Review

Fundamentals of Acoustics - 4th Edition 
by L.E. Kinsler, A. R. Frey, A.B. Coppens and 
J.V. Sanders
John Wiley and Sons 2000 
List price: $110 USD (Hardcover)
548 pp., ISBN: 978-0-471-84789-2

One of the classical text books on acoustics has always 
been Fundamentals of Acoustics by Kinsler and Frey. The 
first edition appeared in 1950 (nearly sixty years ago). The 
current reviewer learnt all his acoustic basics from the 2nd 
edition that was released in 1962 nearly 40 years ago and it 
is a pleasure to review the current edition. By the time the 
fourth edition was released in the year 2000, both Mr. Kinsler 
and Mr. Frey have passed away.

Fundamental of Acoustics is divided into seventeen chapters 
and twelve appendices as well as a list of answers to odd- 
numbered problems. The seventeen chapters are: 1) 
Fundamentals of vibration; 2) The transverse motion: the 
vibrating string; 3) Vibrations ofbars; 4) The two-dimensional 
wave equation: vibrations of membranes and plates; 5) The 
acoustic wave equation and simple solutions; 6) Reflection 
and transmission; 7) Radiation and reception of acoustic 
waves; 8) absorption and attenuation of sound; 9) cavities 
and waveguides; 10) Pipes, resonators and filters; 11) Noise 
signal detections, hearing and speech; 12) Architectural 
acoustics; 13) Environmental acoustics; 14) Transduction; 15) 
Underwater acoustics; 16) Selected non-linear acoustics; and 
17) Shock waves and explosions. The twelve appendices are: 
A1) Conversion factors and physical constants; A2) Complex 
numbers; A3) Circular and hyperbolic functions; A4) Some 
mathematical functions; A5) Bessel functions: tables, graphs, 
zeros, and extrema; A6) Table of directivities; A7) Vector 
operators; A8) Gauss’s theorem and Green’s theorem; A9) 
A little thermodynamic and the perfect gas; A10) Tables of 
physical properties of matter; A11) Elasticity and viscosity; 
and A12) The Greek alphabet.

It is natural that the current review will focus on a comparison 
between the two editions. By now, I am sure that most of our 
readers will be very familiar with the original Kinsler and 
Frey classical treatment of the fundamental principles. Since 
modern day textbooks on acoustics do not rely on vibrational 
principles to begin the acoustical treatment, this review looks 
at materials from Chapter 5 onwards.

Chapter 5 deals with the basic derivation of the wave equation 
and its simple solutions. The first 12 sections are very similar 
to the ones treated in the second edition even though these 
12 sections have been somewhat reformatted. Chapter 5, 
however, includes four new sections dealing with cylindrical 
waves, Rays and waves, Inhomogeneous wave equation and 
Point source. These new sections are welcome addition 
to the structure of Chapter 5. Each of these additional

sections provide basic introduction to the topics and some 
of them have been developed further in later chapters. For 
example, the section on Ray acoustics introduces the reader 
the fundamental eikonal and eikonal wave equation for Ray 
propagation so that the users of the auditorium acoustics 
softwares such as Raynoise and CATT Acoustics would have 
a better appreciation of the complexity of these application 
programs.

Each chapter that was covered in old editions has been 
revised with new materials and has been rearranged so 
that any application would have all the basic information 
covered appropriately. For example Chapter 7 discusses 
radiation and reception of acoustic waves. Even though 
there is a separate chapter on transduction (Chapter 14), the 
fundamental principles of reception are covered in Chapter 7 
itself, preparing the readers for in-depth treatment in Chapter 
14. Chapter 7 also describes a linear array of receptors, 
once again preparing the reader to become familiar with 
state-of-the-art measurement techniques such as Beam- 
Forming methods. Chapter 9, a new chapter in the fourth 
edition, combines cavities and waveguides and discusses the 
behavior of sound in cavities. The normal mode behavior in 
many different kinds of cavities is discussed in Chapter 9. 
Rectangular, cylindrical and spherical cavities and acoustic 
modal behavior in these cavities are discussed in this chapter. 
Propagation in layered waveguides is also treated in Chapter 
9 and provides a brief introduction to channels as wave­
guides. The above is a required material for detailed analysis 
of underwater acoustics.

Three new chapters are added to the fourth edition when 
compared to the second edition. These welcome additions 
are: Chapters 13, 16 and 17. Chapter 13 is on environmental 
acoustics and describes the basic concepts of acoustic 
descriptors, rating curves, and community noise. Statistical 
aspects of community noise are introduced due to the variable 
nature of community noise. Criteria for community noise 
as they apply highway noise and aircraft nosie as well as 
community response and its regulatory aspects are described. 
In addition, brief introduction to sound transmission class is 
presented through single and double leaf partitions.

Chapters 16 and 17 deal with non-linear acoustics and 
shock waves. Only brief treatments (less than 30 pages) are 
provided in these two chapters and the readers are referred 
to detailed descriptions in other texts. A simple non-linear 
wave equation is derived and two parameters -  discontinuity 
distance and Goldberg number -  are used to characterize the 
degree of non-linearity. Perturbation methods are used to 
solve the acoustical equation. Chapter 17 is an extension of 
Chapter 16, where discontinuous behavior in total pressure, 
density and particle speed are treated. After describing the 
basic characteristics of shock waves and the controlling 
equations, examples such as blasts, chemical explosion and 
nuclear explosions that produce shock waves are highlighted
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in Chapter 17.

The fourth edition has kept the original flavor and methodology 
of the earlier editions. The number of homework problems 
has been more than doubled in the later versions, thus 
keeping the original spirit of a text book intact. Even the 
appendices have been updated to include more information. 
For example, Appendix A4 presents basic information on 
Gamma function, Bessel function, Spherical Bessel functions 
and Legendre functions. In addiiton, detailed information 
on Bessel functions and Spherical Bessel functions such as

tables of values, graphs, zeros, extrema values are provided 
in Appendix A5.

The fourth edition is thus a valued text book for teaching 
senior level introductory course in acoustics.

Prof. Ramani Ramakrishnan 
Department of Architectural Science 
Ryerson Universtiy, Toronto 
rramakri@ryerson.ca

The Department of Mechnical Engineering of the Kath- 
olieke Univeristry in Leuven, Belgium organized the 
2008 ISMA conference on Noise and Vibration Engi­
neering.

The conference was held between 15th and 17th Sep­
tember 2008 in Leuven, Belgium. Approximately 550 
people attended the conference. 350 papers abstracts 
were submitted to the conference.

The conference programme included 2 keynote lec­
tures, 330 papers presented in eight parallell sessions 
and three plenary poster sessions.

The two key note speakers were -1) T. Abe of Ford Mo­
tor Company (NVH Engineering) and 2) A. Preumont 
of University of Brussles (Adaptive Structures).

The main sessions were: a) Active noise control; b) Ac­
tive vibration control and smart structures; c) Aeroa- 
coustics and flow noise; d) Civil applications; e) Condi­
tion monitoring; f) Damping; g) Durability testing; h)
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Dynamics of rotating machinery; i) EUREKA project; 
j) Rotor noise and vibration; k) Instrumentation; l) Me­
dium and high-frequency techniques; m) Modal testing; 
n) Modal updating; o) Monitoring and diagnostics; p) 
Multi-body dynamics; q) MYMOSA; r) Noise Control; 
s) Non-linearities; t) Operational modal analysis; u) Pa­
rameter estimation; v) Railway dynamics; w) Self-ex­
cited vibrations; x) Signal processing; y) Sound quality; 
z) Source localization; aa) Structural damage detection; 
ab) Structural dynamics; ac) Substructure and coupling; 
ad) Transfer path analysis; ae) Uncertainiites in vibra­
tion and acoustics; af) Underwater and ship acoustics; 
and ag) Vibro-acoustic modelling.

The conference proceedings are available now. Con­
tact for information: Mrs. L . Notre at Leuven, Belgium. 
Her e-mail address is: lieve.notre@mech.kuleuven.be
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Canadian Acoustical Association

Minutes of the Board of Directors Meeting 
5 October 2008
Vancouver, BC

Present: Christian Giguère (chair), David Quirt, Alberto Behar, Rich Peppin, Stan Dosso,
Tim Kelsall, Ramani Ramakrishnan, Frank Russo, Jérémie Voix, Clair Wakefield

Regrets: Vijay Parsa, Nicole Collison, Dalila Giusti

The meeting was called to order at 4:35 p.m. Minutes of the Board of Directors meeting of 26 
April 2008 were approved as published in Canadian Acoustics (June 2008 issue). (Moved A. 
Behar, second R. Peppin, carried).

President’s Report

Christian Giguère reported that there have been 
no major problems in the affairs of the 
Association, in the sense that everything is 
proceeding normally. He emphasized that the 
current priority is to update the website by 
adding online capabilities to support the 
Treasurer and Secretary.

Secretary’s Report

David Quirt reported that routine processes of 
the Association are proceeding with few 
problems. With respect to routine CAA 
communications:

■ Forms for annual filing with Corporations 
Canada have been acknowledged.

■ Invoice from I-INCE and ICA received and 
transferred to Treasurer for payment.

Secretarial operating costs for the fiscal year 
ended in August totaled $1444 (~20% above 
last year), mainly for mailing costs and postal 
box rentals. A budget of $1500 is proposed for 
next fiscal year.

Issues of Noise News International were mailed 
to 42 members who requested this option, and 
are now arriving from the publisher in the USA 
shortly after the cover date. Cost of mailing 
was nearly double the amount collected from 
participating members. After brief discussion, it 
was decided to increase the fee from $5 to $10

David reported that memberships have risen. 
Last year the total was 370 on 4 October, and 
this year’s paid-up total on that date is 407. 
Renewals are essentially unchanged from last

year, but many new members were enrolled at the 
Montreal conference.

Mailing list 
(26 Sept.)

Canada USA Other Change

Member 227 21 9 +20

Student 73 1 5 +20

Sustaining 39 3 1 -  2

Direct 3 1 - -  1

Indirect 11 8 4 -

Total = 407 +37

As usual, this report prompted some discussion of 
possible changes in membership categories and 
promoting increased membership. The category of 
Direct Subscriber has dwindled, and it was 
confirmed that this option will be eliminated at the 
end of this year, before implementation of online 
processing. It was agreed that accepting early 
renewal payment at the prevailing rate (e.g.- with 
conference registration or 2 years at once) is 
acceptable. Rich has submitted a proposal for 
handling some new options such as Life Members. 
However, extended discussion of this issue was 
deferred to the next meeting.

(Approval of report moved by A. Behar, seconded 
R. Ramakrishnan, carried)

Treasurer’s Report

The Treasurer, Dalila Giusti, submitted a report 
including a preliminary financial statement for the 
fiscal year. Most expenses were essentially as 
budgeted, except the journal ($3k under). It was 
noted that no student travel expenses were
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identified; Frank will consult with organizers and 
supervisors to check that no requests have 
been ignored. The proposed budget for 2008­
2009 was also discussed, and several changes 
were agreed (increase the budget for office 
expenses from $1000 to $1500 and for BoD 
meeting expenses from $1200 to $1500) as 
well as the change noted under Awards.

A change of financial year-end to 30 June was 
proposed, to permit completion of the annual 
audit before the fall meeting. Dalila will submit a 
request to Industry Canada, and Members will 
be notified of the proposed change by these 
minutes and by announcements at the AGM 
and in the December journal, in case it must be 
treated as a bylaw change. (Moved R. Peppin, 
second R. Ramakrishnan, carried)

Dalila has proceeded with adjustment of CAA 
investments, as requested in April, to ensure 
more yield on capital funds. $225,705 is now 
invested in GIC’s; interest will almost cover the 
maximum $8950 per annum for prizes.

The backlog of invoicing for advertising in 
Canadian Acoustics was nearly eliminated, but 
many payments are still outstanding. Ramani 
agreed to coordinate the process.

A fee increase at the October AGM was 
suggested (See AGM minutes).

The Treasurer’s report was accepted. (Moved 
R. Ramakrishnan, seconded A. Behar, carried)

Editor’s Report

The Editor, Ramani Ramakrishnan, submitted a 
brief report on issues related to Canadian 
Acoustics. Some issues:

■ A special issue was published in March 
2008, which featured papers from a 
workshop. This large issue had high costs, 
but a financial contribution offset these.

■ The implementation of online publication of 
the journal has not advanced significantly.

■ There was extended discussion of 
revamping the News section of the journal, 
with less content on international 
conferences (identifying other sources for 
such lists would be adequate), but adding 
information about regulations, standards,

technical news, and other related societies 
pertinent to Canadian acousticians.

The Board made a unanimous vote of thanks to 
Ramani for his continuing contributions.

CAA Conferences -  Past, Present & Future

2007 (Montreal): A final report has been received 
from Rama Bhat for the conference in Montreal, 
with the final $2500 transfer of funds.

2008 (Vancouver): Murray Hodgson reported on 
budget and the final program details, which include 
3 plenary lectures, 115 papers in 3 parallel 
sessions, 23 exhibits on the 2nd day, and expected 
attendance of 178 registrants and 45 exhibitors.

2009 (Niagara-on-the Lake): Organization of the 
conference is on schedule, with Moustafa Osman 
and Ramani Ramakrishanan leading the team. 
The meeting will be at the Pillar and Post Inn on 
October 14-16. See the announcements in this 
and subsequent issues of Canadian Acoustics.

Subsequent meetings: Sites for later meetings 
were discussed. Desirable options for 2010 
included Calgary and Québec, if teams can be 
established.

Awards

Frank Russo presented a report summarizing 
decisions by the coordinators for all CAA awards. 
There were applications for all awards except the 
Shaw Prize, and the winners have been selected. 
Winners were announced on 7 October at the 
banquet, and in this issue of Canadian Acoustics.

Some changes to the awards were proposed:

■ Rules for the Shaw Prize were changed to 
permit students to take up their PDF at the 
same school as their Ph.D. (Moved S. Dosso, 
seconded A. Behar, carried)

■ For Canada-Wide Science Fair, offer award at 
senior level (Grade 11/12) at $2000 prize cost. 
(Moved F. Russo, second S. Dosso, carried)

■ It was decided to seek industry sponsors for 
Student Presentation Awards 
(Moved F. Russo, second R. Peppin, carried)

For preparation of award certificates, Frank was 
requested permission to proceed with acquiring an 
embossing device; this was approved.
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CAA Website

Christian led discussion on the CAA website. 
Geoff Morrison has resigned from Webmaster 
position.

There was broad agreement that CAA should 
proceed with acquiring a complete website 
package. Several suppliers have website 
packages suitable for a small association; key 
features include online integration of 
membership list, event management system for 
conference administration, tools for website 
page development and credit card payment 
capabilities. After discussion of costs and risks,

r

intef*noi/e 2009
innovations in practical noise control

E 2009 August 23-26 — Ottawa, Canada

Invitation and call for papers

Dear Colleagues,

The Organizing Committee of the 38th 
International Congress and Exposition on Noise 
Control Engineering (INTER-NOISE 2009) 
extends a warm welcome and invitation to 
participate fully in what promises to be the 
premier noise control engineering conference of 
2009. The INTER-NOISE 2009 Congress, 
sponsored by the International Institute of Noise 
Control Engineering and co-organized by the 
Canadian Acoustical Association and the 
Institute of Noise Control Engineering-USA, will 
be held in Ottawa, from 23-26 August 2009.

The Congress will feature a broad range of 
high-level research papers from around the 
world, as well as an extensive exhibition of 
noise and vibration control and measurement 
equipment and systems. Distinguished 
speakers will provide additional stimulation for 
our technical sessions and discussions with a

the Board authorized funding of up to $7000 plus 
$2000/year to proceed with a system. (Moved R. 
Peppin, second T. Kelsall, carried)

Other Business

Stan led the discussion on nominations for the 
election at the Annual General Meeting (See AGM 
minutes for details).

Adjournment

Meeting adjourned at 9:46 p.m. (Moved 
R. Ramakrishnan, seconded F. Russo, carried)

focus on our theme of “Innovations in Practical 
Noise Control.”

The 2009 International Symposium on Active 
Control of Sound and Vibration (ACTIVE 2009) will 
be held 20-22 August, immediately before the 
INTER-NOISE 2009 congress.

The INTER-NOISE 2009, and ACTIVE2009, will 
be held at the Westin Ottawa Hotel, which is 
located in the heart of Canada’s Nation’s capital 
close to all major attractions, Parliament Buildings, 
National Gallery, Royal Mint, and many museums.

Both INTER-NOISE and ACTIVE symposium will 
have the same schedule for abstract and paper 
submission:

Abstracts Due: 23 January 2009 
Notification of Acceptance: 20 March 2009 
Papers Due: 22 May 2009

The congress website provides complete 
information on the congress including, 
instructions on paper and abstract submission, 
planned technical sessions, distinguished 
lectures, exposition, registration, and social 
events, so please visit internoise2009.com often.

It is our pleasure to welcome you to INTER­
NOISE 2009 and ACTIVE 2009 in Ottawa.

Trevor Nightingale and Joe Cuschieri,
Co-Presidents
&
Brad Gover and Stuart Bolton,
Technical Co-Chair
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Treasurer’s Report
Canadian Acoustical Association

Minutes of Annual General Meeting
Vancouver, BC 
7 October 2008

Call to Order

President Christian Giguère called the meeting 
to order at 5:00 p.m. with 21 members present.

Minutes of the previous Annual General 
Meeting on 11 October 2007 in Montreal were 
approved as printed in the December 2007 
issue of Canadian Acoustics. (Moved by R. 
Peppin, second R. Ramakrishnan, carried)

President’s Report

Christian Giguère briefly summarized his report 
to the Board meeting on 5 October. He 
emphasized that the society is in good 
condition, and he thanked all those who have 
made contributions to our activities. The key 
business of the coming year is shifting our 
operations to a new web-based system to 
facilitate routine financial and membership 
transactions.

Secretary’s Report

David Quirt gave an overview of membership 
and operational activity.

• CAA membership and subscriptions have 
risen 10%, from 370 to 407. Renewals are 
essentially unchanged from last year, but 
many new members were enrolled at the 
Montreal conference.

• An itemized account of the administrative 
budget of $1444 (mainly mailing expenses) 
was presented to the Board of Directors.

• The major tasks in the coming year are 
shifting the membership database and 
annual renewal process to the website, and 
promoting a shift towards more email and 
online transactions, to handle membership 
and the annual conference with less 
volunteer effort.

(Acceptance of the report moved by 
R. Ramakrishnan, seconded T. Kelsall, carried.)

In the absence of the Treasurer, Dalila Giusti, 
Christian Giguère presented an overview of her 
report on CAA finances. CAA is in good 
financial shape, with total assets of $276,473 at 
fiscal year end (before audit). Total assets rose 
marginally, despite awarding almost all prizes in 
a year when interest on our capital investments 
and other revenue were low (due to delays in 
re-investing and in collecting advertising 
revenue). Re-investment in new GIC’s has now 
been done, and these will cover the cost of 
awards for the next two fiscal years.

A change of financial year-end to 30 June is 
proposed, as discussed in Board minutes. This 
will be debated and finalized at next AGM, 
following our standard procedure for bylaw 
changes.

This year, a budget deficit is predicted due to 
increased website and service costs as we 
implement online payment, plus small increases 
in other parts of the budget. These increases 
should be partly offset by collecting overdue 
invoices for advertising.

Therefore proposed a $5 increase in 2009 fees 
for Students (to $30) and for Members and 
Subscribers (to $70), with other rates remaining 
unchanged. (Acceptance of proposed fee 
structure moved by Rich Peppin, second Bill 
Gastmeier, carried.)

(Acceptance of the report moved by Brian 
Howe, seconded R. Ramakrishnan, carried.)

Editor’s Report

Ramani Ramakrishnan gave the Editor’s report. 
Canadian Acoustics production has proceeded 
smoothly throughout the year. A proceedings 
issue, in March 2008, featured papers from a 
workshop on marine mammals. This large issue 
had high costs, but a financial contribution 
offset these, so annual costs were about $3k 
below budget.

There has been limited progress on the project 
to establish online publication of Canadian 
Acoustics (See Board minutes of 0ctober-07).
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Award Coordinator’s Report

Frank Russo acknowledged the continuing hard 
work of CAA awards coordinators, and reported 
the awards to be presented this year. This year 
CAA is awarding all prizes except the Shaw 
Postdoctoral Prize. In addition, there are three 
student paper awards for presentations at the 
conference. (See separate announcement in 
this issue for names of recipients.)

Several changes in the prizes have been 
authorized by the Board:

■ For the Shaw Prize, rules were changed to 
permit students to take up their postdoctoral 
fellowship at the same school as their Ph.D.

■ For Canada-Wide Science Fair, CAA will 
offer award at "senior” level (Grade 11/12), 
which costs $2000.

■ For the Student Presentation Awards, the 
Coordinator will seek industry sponsors.

Past and Future Meetings

Reports were presented on the past, present 
and future annual meetings:

2007 (Montreal): Final report has been received 
for the conference in Montreal in May, and final 
balance of $2500 has been transferred to CAA.

2008 (Vancouver): The meeting is proceeding 
smoothly, with a high number of registrants and 
exhibitors. The organisers were thanked, and 
many positive features of this meeting were 
lauded.

2009 (Niagara-on-the-Lake): The meeting will 
be at the Pillar and Post Inn on October 14-16. 
Ramani Ramakrishanan reported organization 
is proceeding well, and that optional extensions 
for a wine tour and/or attendance at the Shaw 
Festival are planned. See announcements in 
this issue and subsequent issues of Canadian 
Acoustics.

Subsequent meetings: Proposed sites for the 
annual conference in 2010 include Calgary and 
Québec; Christian will seek local organizers.

CAA Website

Christian Giguère reported that Geoff Morrison 
has resigned as Webmaster, and that a new 
volunteer is needed. This is critical, to 
implement plans for improvements, such an 
online payment capability for membership and 
other transactions, and online access to 
Canadian Acoustics.

Nominations and Election

CAA corporate bylaws require that we elect the 
Executive and Directors each year. This year, 
Dave Quirt chose not to seek re-election after 
six years as Secretary, and two Directors 
completed their terms on the Board - Nicole 
Collison and Alberto Behar.

The Past President, Stan Dosso, presented the 
nominations and managed the election process. 
In each case, he read the name of the nominee, 
and then asked if there were other nominees 
from the floor.

• Christian Giguère for President
• Dalila Giusti for Treasurer
• Ramani Ramakrishnan for Editor
• Finally, Stan presented names of proposed 

continuing Directors (Rich Peppin, Vijay 
Parsa, Tim Kelsall, Clair Wakefield, Frank 
Russo and Jérémie Voix) and new Directors 
(Sean Pecknold and Roberto Racca).

In each case, there were no other nominations 
from the floor, so these nominees were 
declared elected by acclamation. After 
completion of the election process, Stan Dosso 
expressed thanks for the contributions by the 
outgoing Directors and for David’s 6 years as 
Secretary. There was enthusiastic applause.

Adjournment

Adjournment was proposed by Rich Peppin and 
seconded by Stan Dosso. Carried. Meeting 
adjourned at 6:10 p.m.
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Canadian Acoustical Association 
Association canadienne d’acoustique

2008 PRIZE WINNERS / RÉCIPIENDAIRES 2008

Sh a w  P o s t d o c t o r a l  P r iz e  in  A c o u s t ic s  / 

P r ix  P o s t -D o c t o r a l  Sh a w  e n  A c o u s t iq u e

B e l l  G r a d u a t e  St u d e n t  P r iz e  in  Sp e e c h  C o m m u n ic a t io n  a n d  H e a r in g  / 

P r ix  É t u d ia n t  B e l l  e n  C o m m u n ic a t io n  V e r b a l e  e t  A u d it io n

Donald Derrick, University of British Columbia
“ Kinematics, Strategy-shift and Planning in English Flap Sequences"

F e s s e n d e n  G r a d u a t e  St u d e n t  P r iz e  in  U n d e r w a t e r  A c o u st ic s  / 

P r ix  É t u d ia n t  F e s s e n d e n  e n  A c o u s t iq u e  s o u s -m a r in e

Dag Tollefsen, University of Victoria

E c k e l  G r a d u a t e  St u d e n t  P r iz e  in  N o is e  C o n t r o l  / 

P r ix  É t u d ia n t  E c k e l  e n  C o n t r ô l e  d u  b r u it

Musarrat Nahid, University of British Columbia
“  Prediction o f  Speech Transmission Index in Eating Establishments”

R a y m o n d  H é t u  U n d e r g r a d u a t e  P r iz e  in  A c o u st ic s  /

P r ix  É t u d ia n t  R a y m o n d  H é t u  e n  A c o u s t iq u e

Marianne Pelletier, Marco Coletta, and Renée Giroux, University of Toronto
“Effects of Acoustic Distortion and Semantic Context on Lexical Access: a Replication and Expansion
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C a n a d a -W id e  S c ie n c e  F a ir  A w a r d  /  P r ix  E x p o - sc ie n c e s  p a n c a n a d ie n n e

Devon Sawatzky, Acadia Junior High, Winnipeg Manitoba
“Sense What You Cannot Hear”

D ir e c t o r s ' A w a r d s  /  P r ix  d e s  D ir e c t e u r s

Individual Member / Membre Individuel:

G. Robert Arrabito, DRDC, Toronto
“Methods For Mitigating The Vigilance Decrement In An Auditory Sonar Monitoring Task: A Research

Synthesis”
Canadian Acoustics 35(4): 15-23

Student / Étudiante:

Shazia Ahmed, Sina Fallah, Brenda Garrido, Andrew Gross, Matthew King, 
Timothy Morrish, Desiree Pereira, Shaun Sharma & Ewelina Zaszewska, 

University of Toronto (Mississauga)
“Use O f Portable Audio Devices By University Students”

Canadian Acoustics 35(1): 35-52

S t u d e n t  P r e s e n t a t i o n  A w a r d s  / P r ix  p o u r  C o m m u n ic a t io n s  É t u d ia n t e s  

C o n c o r d ia  U n i v e r s i t y ,  M o n t r é a l  (QC), O c t o b e r  9-12,2007

Kate Dupuis, University of Toronto
"Effects o f emotional content and emotional voice on speech intelligibility in younger and older adults”

Payam Ezzatian, University of Toronto
""The effect o f informational masking and word position on sentence recall"

Omar Falou, Ryerson University
"Modelling high frequency acoustic backscatter response from non-nucleated biological specimens"

CONGRATULATIONS / FÉLICITATIONS
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The Canadian Acoustical Association 
L’Association Canadienne d’Acoustique

PRIZE ANNOUNCEMENT • ANNONCE DE PRIX
A number of prizes and subsidies are offered annually by The Canadian Acoustical Association. Applicants can obtain full eligibility conditions, deadlines, 
application forms, past recipients, and the names o f the individual prize coordinators on the CAA Website (http://www.caa-aca.ca). •  Plusieurs prix et 
subventions sont décernés à chaque année par l'Association Canadienne d'Acoustique. Les candidats peuvent se procurer de plus amples renseignements 
sur les conditions d'éligibilités, les échéances, les formulaires de demande, les récipiendaires des années passées ainsi que le nom des coordonnateurs des 
prix en consultant le site Internet de l'ACA (http://www.caa-aca.ca).

Deadline for Underwater Acoustic and Signal Processing Student T ravel Subsidy: 31 March 2008 

Échéance Subvention de Voyage pour Étudiants en Acoustique Sous-marine ou Traitement du Signal: 31 Mars 2008

E d g a r  a n d  M il l ic e n t  S h a w  P o s t d o c t o r a l  P r iz e  in  A c o u s t ic s  •  P r ix  P o s t -D o c t o r a l  E d g a r  a n d  M il l ic e n t  S h a w  e n  A c o u s t iq u e

$3,000 for full-time postdoctoral research training in an established setting other than the one in which the Ph.D. was earned. The research topic must be 
related to some area o f acoustics, psychoacoustics, speech communication or noise. •  $3,000 pour une formation recherche à temps complet au niveau 
postdoctoral dans un établissement reconnu autre que celui où le candidat a reçu son doctorat. Le thème de recherche doit être relié à un domaine de 
l'acoustique, de la psycho-acoustique, de la communication verbale ou du bruit.

A l e x a n d e r  G r a h a m  B e l l  G r a d u a t e  S t u d e n t  P r iz e  in  S p e e c h  C o m m u n ic a t io n  a n d  H e a r in g  •

P r ix  É t u d ia n t  A l e x a n d r e  G r a h a m  B e l l  e n  C o m m u n ic a t io n  v e r b a l e  e t  A u d it io n

$800 for a graduate student enrolled at a Canadian academic institution and conducting research in the field o f speech communication or behavioural 
acoustics. •  $800 à un(e) étudiant(e) inscrit(e) au 2e ou 3e cycle dans une institution académique canadienne et menant un projet de recherche en 
communication verbale ou acoustique comportementale.

F e s s e n d e n  G r a d u a t e  S t u d e n t  P r iz e  in  U n d e r w a t e r  A c o u s t ic s  •  P r ix  É t u d ia n t  F e s s e n d e n  e n  A c o u s t iq u e  s o u s - m a r in e

$500 for a graduate student enrolled at a Canadian academic institution and conducting research in underwater acoustics or in a branch of science closely 
connected to underwater acoustics. •  $500 à un(e) étudiant(e) inscrit(e) au 2e ou 3e cycle dans une institution académique canadienne et menant un projet 
de recherche en acoustique sous-marine ou dans une discipline reliée à l'acoustique sous-marine.

E c k e l  G r a d u a t e  S t u d e n t  P r iz e  in  N o is e  C o n t r o l  •  P r ix  É t u d ia n t  E c k e l  e n  C o n t r ô l e  d u  b r u it

$500 for a graduate student enrolled at a Canadian academic institution and conducting research related to the advancement of the practice of noise control. 
•  $500 à un(e) étudiant(e) inscrit(e) au 2e ou 3e cycle dans une institution académique canadienne et menant un projet de recherche relié à l'avancement de 
la pratique du contrôle du bruit.

R a y m o n d  H é t u  U n d e r g r a d u a t e  P r iz e  in  A c o u s t ic s  •  P r ix  É t u d ia n t  R a y m o n d  H é t u  e n  A c o u s t iq u e

One book in acoustics o f a maximum value o f $150 and a one-year subscription to Canadian Acoustics for an undergraduate student enrolled at a Canadian 
academic institution and having completed, during the year of application, a project in any field o f acoustics or vibration. • Un livre sur l'acoustique et un 
abonnement d'un an à la revue Acoustique Canadienne à un(e) étudiant(e) inscrit(e) dans un programme de 1er cycle dans une institution académique 
canadienne et qui a réalisé, durant l'année de la demande, un projet dans le domaine de l'acoustique ou des vibrations.

C a n a d a - W id e  S c ie n c e  Fa ir  A w a r d  •  P r ix  E x p o -s c ie n c e s  p a n c a n a d ie n n e

$500 and a one-year subscription to Canadian Acoustics for the best project related to acoustics at the Fair by a high-school student • $500 et un 
abonnement d'un an à la revue Acoustique Canadienne pour le meilleur projet relié à l'acoustique à l'Expo-sciences par un(e) étudiant(e) du secondaire.

D ir e c t o r s ' A w a r d s  •  P r ix  d e s  D ir e c t e u r s

One $500 award for the best refereed research, review or tutorial paper published in Canadian Acoustics by a student member and one $500 award for the 
best paper by an individual member •  $500 pour le meilleur article de recherche, de recensement des travaux ou d'exposé didactique arbitré publié dans 
l'Acoustique Canadienne par un membre étudiant et $500 pour le meilleur article par un membre individuel.

S t u d e n t  P r e s e n t a t io n  A w a r d s  •  P r ix  p o u r  c o m m u n ic a t io n s  é t u d ia n t e s

Three $500 awards for the best student oral presentations at the Annual Symposium o f The Canadian Acoustical Association. • Trois prix de $500 pour les 
meilleures communications orales étudiant(e)s au Symposium Annuel de l'Association Canadienne d'Acoustique.

S t u d e n t  T r a v e l  S u b s id ie s  •  S u b v e n t io n s  p o u r  f r a is  d e  d é p l a c e m e n t  p o u r  é t u d ia n t s

Travel subsidies are available to assist student members who are presenting a paper during the Annual Symposium of The Canadian Acoustical Association 
if they live at least 150 km from the conference venue. •  Des subventions pour frais de déplacement sont disponibles pour aider les membres étudiants à 
venir présenter leurs travaux lors du Symposium Annuel de l'Association Canadienne d'Acoustique, s'ils demeurent à au moins 150 km du lieu du congrès.

U n d e r w a t e r  A c o u s t ic s  a n d  S ig n a l  P r o c e s s in g  S t u d e n t  T r a v e l  S u b s id ie s  •

S u b v e n t io n s  p o u r  f r a is  d e  d é p l a c e m e n t  p o u r  é t u d ia n t s  e n  A c o u s t iq u e  s o u s -m a r in e  e t  T r a it e m e n t  d u  s ig n a l

One $500 or two $250 awards to assist students traveling to national or international conferences to give oral or poster presentations on underwater 
acoustics and/or signal processing. •  Une bourse de $500 ou deux de $250 pour aider les étudiant(e)s à se rendre à un congrès national ou international 
pour y présenter une communication orale ou une affiche dans le domaine de l'acoustique sous-marine ou du traitement du signal.
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--- FIRST ANNOUNCEMENT --­

A c o u stic s  W eek  in Can a da

Niagara-on-the-Lake, 14 - 16 October 2009

Acoustics W eek in Canada 2009, the annual conference o f the 
Canadian Acoustical Association, will be held in Niagara-on- 
the-Lake, Ontario from 14 to 16 October 2009. This is the 
premier Canadian acoustical event o f the year, and is being 
held in beautiful, quaint Niagara-on-the-Lake village, making 
it an event that you do not want to miss. The conference will 
include three days o f plenary lectures, technical sessions on a 
wide range o f areas o f acoustics, the CAA Annual General 
Meeting, an equipment exhibition, and the conference banquet 
and other social events.

Venue and Accommodation — The conference will be held at the Pillar & Post Inn, Niagara-on-the- 
Lake, Ontario [http://www.coasthotels.com/hotels/canada/bc/vancouver/coast_plaza/overview]. Pillar and Post is 
located in a quiet residential area, surrounded by a wonder of gardens and only a five minute walk from Niagara- 
on-the-Lake’s main street. Originally built in the late 1800s, it was used as a canning factory in the midst of 
Niagara’s wine and fruit region. Since 1970 it has been gradually transformed into a luxurious country inn with 
122 newly redesigned guestrooms, plus ample meeting space with the latest business amenities. Participants 
registering with the hotel before 5 September 2009 will receive the reduced room rate of $179/night (single or 
double). Stay at the conference hotel to be near all activities and your colleagues, and to help make the 
conference a financial success, to the benefit of all CAA members.

Plenary Lectures — Plenary lectures will be presented in the areas of Architecture & Acoustics, 
Psychological Acoustics and Bio Acoustics.

Special Sessions — Special sessions consisting of invited and contributed papers are currently being 
organized on the following topics:

• Architectural and Classroom Acoustics
• Acoustic Ecology and Soundscape
• Sound Absorbing Materials
• Biomedical Acoustics
• Speech Production, Speech Perception and Speech Disorders
• Noise Control
• Aeroacoustics
• Acoustical Consulting—Challenges and Opportunities
• Occupational Noise Standards
• Psychological Acoustics
• Vibroacoustics

If you would like to propose and/or organize a special session 
in your technical area, please contact the Conference Chair or 
Technical Co-Chair as soon as possible.

Equipment Exhibition — The conference will include 
either one or two one-day exhibitions of acoustical equipment and 
products on Thursday and/or Friday, 15 and 16 October 2009. If 
you are an equipment supplier interested in participating in the 
exhibition, please contact the Exhibition Coordinator as soon as 
possible.
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Social Events -  The conference will begin on Wednesday morning with an opening ceremony and 
welcome by Prof. Kendra Schank Smith, Chair, Architectural Science Department, Ryerson University. 
On Wednesday evening, a reception will be held for all delegates, followed by a potential Soundscape 
Walk along the village’s main street as well as a musical listening experience, “EMOTICHAIR.”

Courses / Seminars -  If you would like to propose to offer a course / seminar in association with 
Acoustics Week in Canada, please contact the Conference Chair. Assistance can be provided in 
accommodating such a course / seminar, but it must be financially independent of the conference.

Student Participation -  The participation of students is strongly encouraged. Travel subsidies 
and reduced registration fees will be available. A hotel room-sharing program will be available to reduce 
costs. Student presenters are eligible to win prizes for the best presentations at the conference.

Paper Submission -  Following are the deadlines for submission of abstracts, and of two-page 
summaries for publication in the proceedings issue of Canadian Acoustics-, submission of abstracts: 1 
June 2008; submission of two-page summaries: 15 July 2008.

Registration -  details of registration fees and the registration 
form will be made available on the conference website. Early 
registration at a reduced fee is available until 5 September 2009.

Local Organizing Committee

• Conference Chair: Ramani Ramakrishnan [rramakri@ryerson.ca]
• Technical Co-Chair: Frank Russo [russo@ryerson.ca]
• Technical Committee: Ben Dyson [bdyson@ryerson.ca]
• Local Co-Chair: Moustafa Osman [moustafa.osman@sympatico.ca]
• Treasurer: Dalila Guisti [dalila@jadeacoustics.com]
• Equipment Exhibition: Rich Peppin [RPeppin@,aol.com]
• Registration: Mandy Chan [machan@ hscensineerins.com]
• Registration: Megan Munro [mmunro@hgcengineering.com]
• Registration: Payam Ezzatian [vayam.ezzatian@,smail.com]
• Website: Payam Ashtiani [pashtiani@,aercoustics.com]
• Translations: Inna Petrennic [inna@echologics.com]

Conference Website at http://www.caa-aca.ca/
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--- PRÉMIÈRE ANNONCE---

S e m a in e  C a n a d ie n n e  d ’A c o u s t iq u e

Niagara-sur-le-Lac, 14-16 octobre 2009

la conférence annuelle de l’Association Canadienne d’Acoustique se 
tiendra à Niagara-sur-le-Lac en Ontario du 14 au 16 octobre 2009. Il 
s’agit de plus important événement canadien de l’acoustique de 
l’année que vous ne voulez pas manquer, car il aura lieu à Niagara- 
sur-le-Lac, un bel et pittoresque village. Trois jours de sessions 
plénières, ainsi que des sessions techniques seront présentées, 
couvrant un large éventail du domaine de l’acoustique. La 
conférence comprendra aussi la réunion annuelle générale de l’ACA, 
l’exposition de divers équipements acoustique, un banquet et autres 
événements sociaux.

Lieu du congrès et hébergement — La conférence se tiendra au Pillar & Post Inn à Niagara-sur- 
le-Lac en Ontario [http://www.vintage-hotels.com/niagara-on-the-lake/hotels/pillar-and-post.php] dans la zone 
résidentielle tranquille, entourée des jardins étonnants à seulement cinque minutes de marche à pied de la rue 
principale de Niagara-sur-le-Lac. Construit au départ à la fin des années 1800, ce bâtiment a été conçu comme une 
conserverie au millieu de la région de vin et fruit de Niagara. Depuis 1970 on le transforme graduellement dans 
une auberge de luxe aux 122 chambres récemment renouvellées, ainsi qu’au ample espace pour des réunions avec 
les derniers outils de bureatique. Les délégués qui résevront leur chambre avant le cinque septembre 2009 
bénéficieront d’un tarif préférentiel de 179 $/nuit (occupation simple et double). Choisissez cet hôtel pour 
participer pleinement au congrès, à proximité de toutes les activités et de vos collegues, et pour assurer le succès 
de la conférence pour le bénéfice de tous les membres de l’ACA.

Sessions plénières -  Les sessions plénières séront présentées dans les domaines de l ’architecture 

and l ’acoustique, la psychoacoustique et la bioacoustique.

Sessions spéciales — Des sessions présentées par des conférenciers invités ou par des communications 
soumises par les délégués sont actuellement organisées autour de divers sujets, tels que:

• Acoustique architecturale et de salles de classe
• Ecoacoustique et Soundscape
• Matériaux absorbants
• Acoustique biomédicale
• Production, perception et troubles de langage
• Contrôle de bruit
• Aéroacoustique
• Consultation en acoustique -  les difficultés et les opportunités
• Normes du bruits au travail
• Psychoacoustique
• Vibroacoustique

Si vous désirez suggérer un sujet de session spéciale et/ou organiser une de 
ces sessions, veuillez communiquer avec le président du congrès ou le 
directeur scientifique.
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Exposition technique -  La Conférence comprendra deux expositions d ’équipement et de produits de 
l ’acoustique, qui auront lieu jeudi et vendredi, le 15 et le 16 octobre 2009. Si vous êtes un fournisseur 
d ’équipement intéressé de participer, veuillez contacter la personne en charge de la coordination de l’exhibition le 
plus vite possible.

Activités — La conférence débutera le mercredi matin avec une cérémonie d ’ouverture et un discours de 
bienvenue par Kendra Schank Smith, professeur et directeur du Département d ’architecture à l’Université 
Ryerson. Mercredi soir, une réception est prévue pour tous les délégués, suivie par une marche Soundscape le 
long de la rue principale du village, ainsi qu’un concert musical “EMOTICHAIR”.

Cours / Séminaires — AFin de présenter un cours/séminaire en association avec la semaine canadienne 
d ’acoustique, veuillez contacter le président du comité d ’organisation. Sous condition d ’une indépendance 
financière, l ’accommodation d’une cours/séminaire pourra être appuyée.

Participation étudiante — La participation d ’étudiants au congrès est vivement encouragée. Des aides 
financières pour le déplacement et une réduction pour l ’inscription seront mises à disposition. Un programme 
pour faciliter le partage des chambres sera mis sur pied pour réduire les dépenses. Les étudiants présentant leurs 
travaux seront éligibles pour les prix des meilleurs présentations au congrès.

Soumission des présentations — Les dates limites pour soumission pour la publication dans 
l ’issue en cours de “L ’Acoustique Canadienne” sont le 1 juin 2009 pour les résumés at le 15 juillet 2009 pour les 
sommaires de deux pages.

Inscription — Les détails ainsi que le formulaire d ’inscription seront 
mis en ligne sur le site Web de la conférence. Une réduction sera 
effective pour tout inscription avant le cinque septembre 2009.

Comité d’organisation
Président: Ramani Ramkrishnan [rramakr@ryerson.ca]
Directeur scientifique: FrankRusso [russo@ryerson.ca]
Comité scientifique: Ben Dyson [bdyson@ryerson.ca]
Directeur: Moustafa Osman [moustafa.osma@sympatico.ca]  
Trésorier: Dalila Guisti [dalila@jadeacoustics.com]
Exposition technique: Rich Peppin [Rpeppin@aol.com]
Inscription: Mandy Chan [machan@hgcengineering.com]  
Inscription: Megan Munro [mmunro@hgcengineering.com]  
Inscription: Payam Ezzatian [payam.ezzatian@gmail.com]
Site Web: Payam Ashtiani [pashtiani@aercoustics.com]
Traductrice: Inna Petrennic [inna@echologics.com]

Site Web de la conférence à http://www.caa-aca.ca/
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A c o u s t i c s  W e e k  in  C a n a d a  / S e m a in e  c a n a d i e n n e  d ’a c o u s t i q u e  

Vancouver, 6-8 October/octobre 2008 
— Photo Report / Rapport en photos — 

by/par Murray Hodgson
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Visit to / Visite à Christ Church Cathedral

Local organizing committee

Mark Bliss
Kimary Shahin 

Christine Harrison 
Hind Sbihi

Comité organisateur

Murray Hodgson
Mark Cheng 

Bernadette Duffy 
Linda Rammage
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The Canadian Acoustical Association / l’Association Canadienne d’Acoustique

MEMBERSHIP DIRECTORY 2008 / ANNUAIRE DES MEMBRES 2008

The number that follows each entry refers to the areas of interest as coded below.

Le nombre juxtaposé à chaque inscription réfère aux champs d ’intérêt tels que condifés ci-dessous

Areas of interest

Architectural Acoustics 1
Engineering Acoustics /  Noise Control 2

Physical Acoustics /  Ultrasonics 3
Musical Acoustics /  E lectro-acoustics 4

Psycho- and Physio-acoustics 5
Shock and Vibration 6

Hearing Sciences 7
Speech Sciences 8

Underwater Acoustics 9
Signal Processing /  Numerical Methods 10

Other 11

Champs d’intérêt

Acoustique architecturale
Génie acoustique /  Contrôle du bruit
Acoustique physique /  Ultrasons
Acoustique musicale /  Electroacoustique
Psycho- et physio-acoustique
Chocs et vibrations
Audition
Parole
Acoustique sous-marine
T raitement des signaux /  Méthodes numériques
Autre

Adel A. Abdou
King Fahd Univ.of Petroleum & Minerals 
Architectural Engineering Dept.
P.O. Box 1917
Dharan 31261, Saudi Arabia
+966 03 860-2762, FAX:+966 03 860-3785
Member, Interest:1,2,10

Acoustec Inc.
Dr. J.G. Migneron 
106 rue de la Chaudière 
St-Nicolas, QC, G7A 2R8, Canada 
(418) 834-1414, FAX:(418) 834-1176 
courrier@acoustec.qc.ca 
Sustaining Subscriber, Interest:1,2,6

Kamel Amichi 
Université de Sherbrooke 
GAUS, Génie mécanique 
2500 boul. Université 
Sherbrooke, QC, J1K 2R1, Canada 
k.amichi@usherbrooke.ca 
Student Member

Dr. Sharon M. Abel
DRDC Toronto
Individual Readiness Section
P.O. Box 2000, 1133 Sheppard Ave. W
Toronto, ON, M3M 3B9, Canada
(416) 635-2037, FAX:(416) 635-2132
sharon.abel@drdc-rddc.gc.ca
Member, Interest:2,5,7,8

Tyseer Aboulnasr
University o f Ottawa
School o f Information Technology and
Engineering
Ottawa, ON, K1 N 6N5, Canada
aboulnasr@eng.uottawa.ca
Member

ACOUSTIKALAB Inc.
Jean Laporte
c.p.52-523, 324 rue Castelneau 
Montral, QC, H2R 1P0, Canada 
(514) 692-1147 
jlaporte@acoustikalab.com 
Sustaining Subscriber

Aercoustics Engineering Ltd
Mr. John O'Keefe
50 Ronson Drive, Suite 127
Rexdale, ON, M9W 1B3, Canada
(416) 249-3361, FAX:(416) 249-3613
aercoustics@aercoustics.com
Sustaining Subscriber, Interest:1,2,3,4,6,10

G. Robert Arrabito 
DCIEM
P.O. Box 2000 
1133 Sheppard Ave. West 
Toronto, ON, M3M 3B9, Canada 
(416) 635-2033, FAX:(416) 635-2104 
robert.arrabito@drdc-rddc.gc.ca 
Member, Interest:5,9

David Arthurs 
McMaster University 
Department of Mechanical Eng 
1280 Main St. West 
Hamilton, ON, L8S 4L7, Canada 
darthurs1 @rogers.com 
Student Member

ACI Acoustical Consultants Inc.
Mr. Steven Bilawchuk 
Suite 107 
9920-63 Ave.
Edmonton, AB, T6E 0G9, Canada 
(780) 414-6373, FAX:(780) 414-6376 
stevenb@aciacoustical.com 
Sustaining Subscriber

ACO Pacific Inc.
Mr. Noland Lewis 
2604 Read Ave.
Belmont, CA, 94002, USA 
(650) 595-8588, FAX:(650) 591-2891 
acopac@acopacific.com 
Sustaining Subscriber

Claude Alain 
Rotman Research Inst.
3560 Bathurst St. (Baycreast Centre) 
Toronto, M6A 2E1, Canada 
(416) 785-2500 x3523 
calain@rotman-baycrest.on.ca 
Member

Alberta Energy & Utilities Board
Library
640 - 5 Ave
Calgary, AB, T2P 3G4, Canada 
Indirect Subscriber

Payam Ashtiani 
Aercoustics Engineering Ltd 
50 Ronson Drive, Suite 165 
Toronto, ON, M9W  1B3, Canada 
pashti@aercoustics.com 
Member

Noureddine Atalla
Université de Sherbrooke
G.A.U.S., Dép. génie mécanique
2500 boul. Université
Sherbrooke, QC, J1K 2R1, Canada
(819) 821-8000 x61209, FAX:819-821-7163
Noureddine.Atalla@USherbrooke.ca
Member, Interest:2,6,9
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Youssef Atalla
1533 rue de Malaga
Rock Forest, QC, J1N 1R8, Canada
(819) 821-8000x2122, FAX:(819) 821-7163
Student Member, Interest:1,2,6

Melanie Austin 
JASCO Research / UVIC 
201 - 4464 Markham Street 
Victoria, BC, V8Z &X8, Canada 
(250) 483-3300 
melanie@jasco.com 
Student Member

Kareem Awny 
McMaster University 
Department of Mechanical Eng. 
1280 Main St. West 
Hamilton, ON, L8S 4L7, Canada 
awnykm@mcmaster.ca 
Student Member

Frank Babic 
Earth Tech Canada.
105 Commerce Valley Dr. W., 7th Floor 
Markham, ON, L3T 7W3, Canada 
(905) 747-7411, FAX:(905) 886-9494 
frank.babic@earthtech.com 
Member, Interest:1,2

Jeffery S. Bamford 
1196 McCraney Street East 
Oakville, ON, L6H 4S5, Canada 
(416) 465-3378, FAX:(416) 465-9037 
jBamford@EngineeringHarmonics.com 
Member, Interest:2,10,11

Laura Anne Bateman 
3325 Fulton Road 
Victoria, BC, V9C 2V1, Canada 
(250) 370-1595 
labateman@shaw.ca 
Member, Interest:8,7,4,9,10

Mr. Alberto Behar 
45 Meadowcliffe Dr.
Scarborough, ON, M1M 2X8, Canada 
(416) 265-1816, FAX:(416) 265-1816 
behar@sympatico.ca 
Member, Interest:1,2,7,8

Beijing Book Co. Inc.
701 East Linden Avenue 
Linden, NJ, 07036-2495, USA 
(908) 862-0909, FAX:(908) 862-4201 
Indirect Subscriber

Elliott H. Berger 
Aearo Company 
7911 Zionsville Rd 
Indianapolis, IN, 46268, USA 
Member

Lucie Bériault
ASSS Montérégie
Centre de documentation
1255, rue Beauregard
Longueuil, QC, J4K 2M3, Canada
(450) 928-6777x4137, FAX:(450) 928-6781
l.beriault@rrsss16.gouv.qc.ca
Member, Interest:2,5,7,8

Olivier Beslin 
MDA
Suite 60, 1000 Windmill Rd.
Dartmouth, NS, B3B 1L7, Canada 
(902) 481-3545 
obeslin@mdacorporation.com 
Member

Rama Bhat
Concordia University
1455 De Maisonneuve Blvd. W.
Montreal, QC, H3G 1M8, Canada
rbhat@alcor.concordia.ca
Member

Benjamin R. Biffard
University o f Victoria
School o f Earth and Ocean Sciences
PO Box 3055, Stn. CSC
Victoria, BC, V8W 3P6, Canada
(250) 472-4343
bbiffard@uvic.ca
Student Member, Interest:9

Steven Bilawchuk
5031 210 Street NW
Edmonton, AB, T6M 0A8, Canada
(780) 414-6373, FAX:(780) 414-6376
stevenb@aciacoustical.com
Member, Interest:1,2,10

Mr. J. Blachford 
H.L. Blachford Ltd.
977 Lucien l'Allier
Montréal, QC, H3G 2C3, Canada
(514) 938-9775, FAX:(514) 938-8595
jblach@blachford.ca
Member, Interest:2

Jean-Francois Blais
Ecole Polytechnique de Montreal
612 A rue Guizot Est
Montreal, QC, H2P 1N5, Canada
(514) 543-3544
jean-francois.blais@polymtl.ca
Student Member, Interest:2,6,10

Chris T. Blaney 
Ministry of Transportation 
Planning and Environmental Office 
3rd Floor, Building 'D'
Downsview, ON, M3M 1J8, Canada 
(416) 235-5561, FAX:(416) 235-3446 
Chris.Blaney@Ontario.CA 
Member, Interest:2,6

Stephen Bly 
Health Canada
Consumer & Clinical Radiation Protection 
775 Brookfield Rd., Room 228A 
Ottawa, ON, K1A 1C1, Canada 
(613) 954-0308, FAX:(613) 941-1734 
stephen_bly@hc-sc.gc.ca 
Member, Interest:2,3

Eugene H. Bolstad 
#202 - 35 Erin Ridge Road 
St. Albert, AB, T8N 0G8, Canada 
(780) 458-3140
Member Emeritus, Interest:1,2,6

Mike Bowie
2955 Northway Avenue 
Windsor, ON, N9E 4J9, Canada 
(519) 969-1044 
bowie1@uwindsor.ca 
Student Member, Interest:2,6

Mr. P.G. Bowman 
Union Gas Ltd.
P.O. Box 2001 
50 Keil Dr. North
Chatham, ON, N7M 5M1, Canada 
(519) 436-4600x2873, FAX:(519) 436 5292 
pbowman@uniongas.com 
Member, Interest:2

Jeff Boyczuk 
148C Elm St.
Ottawa, ON, K1 R 6N5, Canada 
(613)371-9158 
boyczuk@gmail.com 
Member, Interest:5,8,10

J.S. Bradley
National Research Council Canada 
Institute for Research in Construction 
Acoustics Lab., Building M-27 
Ottawa, ON, K1A 0R6, Canada 
(613) 993-9747, FAX:(613) 954-1495 
john.bradley@nrc-cnrc.gc.ca 
Member, Interest:1,2,4

Dr. A.J. Brammer
4792 Massey Lane
Ottawa, ON, K1J 8W9, Canada
(613) 744-5376, FAX:(613) 744-4023
Member, Interest:2,5,6
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Albert BregmanN
McGill University
1205 Docteur Penfield Ave.
Montreal, QC, H3A 1B1, Canada
(514) 484-2592
al.bregman@mcgill.ca
Member

British Library
Acquisitions Unit (DSC-AO) 
Boston Spa
Wetherby, LS23 7BQ, ENGLAND 
Indirect Subscriber

Mr. David W. Brown 
Brown Strachan Assoc.
Two Yaletown Sq.
1290 Homer St.
Vancouver, BC, V6B 2Y5, Canada 
(604) 689-0514, FAX:(604) 689-2703 
Member, Interest:1,2,6

Bruel &  Kjaer North America Inc.
Mr. Andrew Khoury
6600 Trans Canada Highway, Suite 620 
Pointe-Claire, QC, H9R 4S2, Canada 
(514) 695-8225, FAX:(514) 695-4808 
andrew.khoury@bksv.com 
Sustaining Subscriber

Ellen Buchan 
Alberta Infrastructure 
Technical ServicesBranch 
3rd Floor, 6950-113 Street 
Edmonton, AB, T6H 5V7, Canada 
(780) 422-1847, FAX:(780) 422-7474 
ellen.buchan@gov.ab.ca 
Member, Interest:1,2,3

Mr. Claudio Bulfone 
531 - 55A St.
Delta, BC, V4M 3M2, Canada 
(604) 943-8224, FAX:(604) 666-3982 
bulfonc@tc.gc.ca 
Member, Interest:1,2,6

Corjan Buma 
10408 - 36 Ave.
Edmonton, AB, T6J 2H4, Canada 
(780) 984-2862, FAX:(780) 465-2862 
bumacj@superiway.net 
Member, Interest:1,2,4

Cliff Burgess
Simon Fraser University
Linguistics Department
8888 University Drive
Burnaby, BC, V5A 1S6, Canada
(778) 782-4114, FAX:(778) 782-5659
burgess@sfu.ca
Member, Interest:5,7,8

Todd Busch
615 Belmont St. #803
New Westminster, BC, V3M 6A1, Canada
(604)-522-4567
toddbusch@hotmail.com
Member, Interest:1,6,2

Charlene Buske 
National Capital Engineering 
202-100 Craig Henry Drive 
Ottawa, ON, K2G 5W3, Canada
(613) 228-8654, FAX:(613) 228-5453 
charlene.buske@nceltd.com 
Member, Interest:2

Marion Caldecott
University of BC
Totem Field Studios
Vancouver, BC, V6T 1Z4, Canada
(250) 384-8118
mariongc@interchange.ubc.ca
Student Member

Mr. Angelo J. Campanella 
Campanella Assoc.
3201 Ridgewood Drive 
Columbus, OH, 43026-2453, USA
(614) 876-5108, FAX:(614) 771-8740 
a.campanella@att.net 
Member, Interest:1,3,5

Monique Canuel 
8551 Henri-Julien
Montréal, Québec, H2P 2J6, Canada 
(514) 815-5977 
monique.canuel@hotmail.com 
Student Member, Interest:1,2,5

Jerry Carstensen
Wenger Corporation
555 Park Drive
Owatonna, MN, 55060, USA
jerry.carstensen@wengercorp.com
Member

William J. Cavanaugh 
Cavanaugh Tocci Assoc. Inc.
3 Merifield Lane
Natick, MA, 01760, USA
(978) 443-7871, FAX:(978) 443-7873
wcavanaugh@cavtocci.com
Member, Interest:1,2,5,6

N. Ross Chapman
University of Victoria
School o f Earth & Ocean Sciences
P.O. Box 3055
Victoria, BC, V8W 3P6, Canada 
(250) 472-4340, FAX:(250) 472-4620 
chapman@uvic.ca 
Member, Interest:9

David M.F. Chapman 
8 Lakeview Avenue 
Dartmouth, NS, B3A 3S7, Canada 
(902) 426-3100
dave.chapman@ns.sympatico.ca 
Member, Interest:9,4

Brian Chapnik 
HGC Engineering Ltd.
2000 Argentia Rd.
Plaza One, Suite 203 
Mississauga, ON, L5N 1P7, Canada 
(905) 826-4044, FAX:(905) 826-4940 
chapnik@me.utoronto.ca 
Member, Interest:2,5,7

Jeremy Charbonneau
5142 Talbot Trail
Merlin, ON, N0P 1W0, Canada
(519) 999-4889
jeremy_charb@hotmail.com
Student Member, Interest:1,2,3

Mr. Marshall Chasin 
34 Bankstock Dr.
North York, ON, M2K 2H6, Canada 
(416) 733-4342 
marshall.chasin@rogers.com 
Member, Interest:2,5,6

Mario Chavez 
University of BC 
301 - 238 E 13 Ave.
Vancouver, BC, V5T 2K4, Canada 
(604) 871-0889 
mariochavezpeon@gmail.com 
Student Member

M. Cheesman
University of Western Ontario
Dept. Communication Sciences & Disorders
Faculty of Health Sciences, Elborn College
London, ON, N6G 1H1, Canada
(519) 661-2111x80032, FAX:(519) 661-3805
cheesman@uwo.ca
Member, Interest:5,7,8

Z. Chen
Concordia University, EV 6.169 
1455 de Maisonneuve Blvd. W.,
Montreal, PQ, H3G 1M8, Canada
zhichen@alcor.concordia.ca
Member

Ping Chen
840 Everett Crescent 
Burnaby, BC, V5A 2N4, Canada 
(604) 988-2508, FAX:(604) 988-7457 
ping_calgary@yahoo.com 
Member, Interest:1,2,10
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Li Cheng
Hong Kong Polytechnic University 
Dept. o f Mechanical Engineering 
Kowloon, Hong Kong 
8-522-766-6769 
mmlcheng@polyu.edu.hk 
Member

Fabien Chevillotte
Université de Sherbrooke
GAUS, Dept. o f mechanical engineering
2500 boul. Université
Université de Sherbrooke, QC, J1 K 2R1,
Canada
Student Member

Molham Chikhalsouk 
1610 Sherbrooke West, Apt. 106 
Montreal, PQ, H3H 1E1, Canada 
(514) 867-8812 
chikhalsouk@yahoo.com 
Student Member, Interest:2,6,9

Wladyslaw Cichocki 
University of New Brunswick 
Dept. o f French
Fredericton, NB, E3B 5A3, Canada 
(506) 447-3236, FAX:(506) 453-3565 
cicho@unb.ca 
Member, Interest:8

Esen Cintosun 
University o f Sherbrooke 
1783 Fifeshire Crt.
Mississuaga, ON, L5L 2T3, Canada 
(416) 571-1112 
cintosune@polyfab.ca 
Student Member

CISTI
Serials Acquisition 
National Research Council Canada 
Ottawa, ON, K1A 0S2, Canada 
Indirect Subscriber

David Cmar 
Dillon Consulting Ltd.
3200 Deziel Dr., Suite 608 
Windsor, ON, N8W 5K8, Canada 
(519) 948-5000, FAX:(519) 948-5054 
dcmar@dillon.ca 
Member, Interest:1,2,7

Mr. John B. Codrington
Hatch Energy
4342 Queen Street
Niagara Falls, ON, L2E 6W1, Canada
(905) 374-5200, FAX:(905) 374-1157
jcodrington@hatchenergy.com
Member, Interest:2,6

Dr. Annabel J. Cohen
University of Prince Edward Island
Dept. o f Psychology
Charlottetown, PE, C1A 4P3, Canada
(902) 628-4331, FAX:(902) 628-4359
acohen@upei.ca
Member, Interest:4,5,7,8

Abimbola Cole 
University o f Ottawa 
Information Tech. and Engineering 
Ottawa, ON, K1 N 6N5, Canada 
Student Member

Marco Coletta 
1208 Sienna Street 
Mississauga, ON, L5H 4L5, Canada 
(416) 451-4940 
marco.coletta@utoronto.ca 
Student Member, Interest:5,7

Nicole Collison 
DRDC Atlantic 
9 Grove St.
PO Box 1012
Dartmouth, NS, B2Y 3Z7, Canada 
(902) 426-3100x394, FAX:(902) 426-9654 
nicole.collison@drdc-rddc.gc.ca 
Member, Interest:3,9,10

Maureen Connelly 
3998 S.W. Marine Drive 
Vancouver, BC, V6N 43A, Canada 
(604) 327-0209, FAX:(604) 327-0209 
mconnell@interchange.ubc.ca 
Student Member, Interest:1

James P. Cottingham
Physics Department, Coe College
1220 First Avenue NE
Cedar Rapids, IA, 52402, USA
(319) 399-8597, FAX:(319) 399-8010
jcotting@coe.edu
Member, Interest:4

Benjamin Coulson 
415 Barrington Lane 
Waterloo, ON, N2T 1H9, Canada 
(519) 884-7986
bcoulson@jacqueswhitford.com 
Member, Interest:2,4,6

Anna Crawford
DRDC Atlantic
9 Grove St., PO Box 1012
Dartmouth, NS, B2Y 3Z7, Canada
anna.crawford@drdc-rddc.gc.ca
Member

CSIC - Biblioteca
Ctro Tecnol Fisicas L Torres Quevedo 
Serrano 144 
28006 MADRID, SPAIN 
Indirect Subscriber

Dr. Lola Cuddy
Queen's University
Dept. o f Psychology
Kingston, ON, K7L 3N6, Canada
(613) 533-6013, FAX:(613) 533-2499
cuddyl@post.queensu.ca
Member, Interest:4,5,7

Rocco D 'Adamo 
Bombardier Aerospace 
14 Bourgogrie
Kirkland, QC, H9H 5B4, Canada
rocco.dadamo@sympatico.ca
Member

Dr. Gilles Daigle
National Research Council Canada 
Inst. for Microstructural Science 
Ottawa, ON, K1A 0R6, Canada 
(613) 993-6188, FAX:(613) 952-3670 
gilles.daigle@nrc.gc.ca 
Member, Interest:3,2

Dalimar Instruments Inc.
Mr. Daniel Larose 
193 Joseph Carrier
Vaudreuil-Dorion, QC, J7V 5V5, Canada 
(514) 424-0033, FAX:(514) 424-0030 
daniel@dalimar.ca 
Sustaining Subscriber, Interest:1,4,5

Ryan Daneluzzi 
600 Brock St., Apt.5 
Windsor, ON, N9C 2T2, Canada 
(519) 971-0514 
daneluz@uwindsor.ca 
Student Member, Interest:1,2

David Hannay 
JASCO Research Ltd.
2101 - 4464 Markham Street 
Victoria, BC, V8Z 7X8, Canada 
(250) 483-3300, FAX:(250) 483-3301 
dave@jasco.com 
Member

Davidson & Associés Inc.
12 Lafleur St. N
St-Sauveur, QC, J0R 1R0, Canada 
(450) 227-4248, FAX:(450) 227-1613 
Direct Subscriber, Interest:1,2,6
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Peter Davis 
FDI Acoustics 
Suite 250
600 Crowfoot Crescent NW 
Calgary, AB, T3G 0B4, Canada 
(403) 547-9511, FAX:(403) 547-9502 
peterd@fdiacoustics.com 
Member, Interest:2,4,5

Jack L. Davis
6331 Travois Crescent NW 
Calgary, AB, T2K 2S8, Canada 
Member, Interest:2,7

Henk de Haan
HFP Acoustical Consultants
107 Crystal Green Drive
Okotoks, AB, T1S 2N8, Canada
(403) 259-6600, FAX:(403) 259-6611
henk.dehaan@hfpacoustical.com
Member, Interest:1,2,6

Roger Dean
MARCS Auditory Laboratories
Locked Bag 1797
Australia
+61297726755
roger.dean@uws.edu.au
Member

Nico F. Declercq 
Georgia Institute o f Technology 
Mechanical Engineering 
801 Ferst Drive
Atlanta, GA, 30332-0405, USA 
nico.declercq@me.gatech.edu 
Student Member

Carolyn Decock 
Golder Associates Pty.
611 Coronation Drive
Toowong, Queensland, 4066, AUSTRALIA 
61-7-3721-5400, FAX:61-7-3721 -5401 
cdecock@golder.com 
Member, Interest:2,6,9

Himanshu Dehra
American Institute-Industry Forum on 
Energy
1-140 Av. Windsor
Lachine, QC, H8R 1P7, Canada
anshu_dehra@hotmail.com
Member

Hui Qun Deng
Room 508, 625 Rue Milton
Montreal, QC, H2X 1W7, Canada
(514) 849-5718
hui@emt.inrs.ca
Member, Interest:1,5,7

Donald Derrick 
3907 33rd Ave. W.
Vancouver, BC, V6N 2H7, Canada 
(604) 616-7571 
dderick@interchange.ubc.ca 
Student Member, Interest:7,8

Francine Desharnais 
DRDC Atlantic 
P.O. Box 1012
Dartmouth, NS, B2Y 3Z7, Canada 
(902) 426-3100x219, FAX:(902) 426-9654 
francine.desharnais@drdc-rddc.gc.ca 
Member, Interest:9

Terry J. Deveau 
3 Shore Road
Herring Cove, NS, B3V 1G6, Canada 
(902) 479-3398, FAX:(902) 468-7795 
deveau@chebucto.ns.ca 
Member, Interest:3,9,10

Heping Ding
National Research Council Canada 
IMS, Acoustics &  Signal Processing Group 
Bldg. M-36, 1200 Montreal Rd.
Ottawa, ON, K1A 0R6, Canada 
(613) 991-2601, FAX:(613) 952-3670 
heping.ding@nrc-cnrc.gc.ca 
Member, Interest:2,5,10

Stan Dosso
University of Victoria
School of Earth and Ocean Sciences
P.O. Box 3055
Victoria, BC, V8W  3P6, Canada 
(250) 472-4341, FAX:(250) 721-4620 
sdosso@uvic.ca 
Member, Interest:9,10,11

DRDC Atlantic 
Library
P.O. Box 1012, 9 Grove St 
Dartmouth, NS, B2Y 3Z7, Canada 
Indirect Subscriber

Teresa Drew
1000, 940-6th Avenue SW 
Calgary, AB, T2P 3T1, Canada 
((403) 532-5768, FAX:(403) 299-5606 
tdrew@Golder.com 
Member, Interest:1,2,11

Kate Dupuis
University of Toronto
3359 Mississauga Rd. N., CCIT Bldg-
Rm4019
Mississuaga, ON, L5L 1C6, Canada 
(905) 569-4334 
kated@psych.utoronto.ca 
Student Member

Ben Dyson 
Ryerson University 
350 Victoria St.
Toronto, ON, M5B 2K3, Canada 
(416) 979-5000 
b.j.dyson@sussex.ac.uk 
Member

Earth Tech Canada Inc.
Frank Babic
105 Commerce Valley Dr. W., 7th Floor 
Markham, ON, L3T 7W3, Canada 
(905) 747-7411, FAX:(905) 886-9494 
frank.babic@earthtech.ca 
Sustaining Subscriber

Stuart Eaton
#116 - 1235 West 15th Ave. 
Vancouver, BC, V6H 1S1, Canada 
(604) 267-3264, FAX:(604) 279-7407 
Member, Interest:1,2,3

Gordon Ebbeson
DRDC Atlantic
9 Grove St. - PO Box 1012
Dartmouth, NS, B2Y 3Z7, Canada
(902) 426-3100 x150
gordon.ebbeson@drdc-rddc.gc.ca
Member

Eckel Industries of Canada Ltd.
Mr. Bruce Allan 
P.O. Box 776
Morrisburg, ON, K0C 1X0, Canada 
(613) 543-2967, FAX:(613) 543-4173 
eckel@eckel.ca
Sustaining Subscriber, Interest:1,2

ECORE International
Mr. Paul Downey
33 Craighurst Avenue
Toronto, ON, M4R 1J9, Canada
(416) 440-1094, FAX:(416) 440-0730
pcd@ecoreintl.com
Sustaining Subscriber, Interest:1,2,6

Prof. M. David Egan 
P.O. Box 365
Anderson, SC, 29622-0365, USA 
(864) 226-3832 
Member, Interest:1,2,4

Dr. Jos J. Eggermont 
University o f Calgary 
Dept. o f Psychology 
2500 University Drive NW 
Calgary, AB, T2N 1N4, Canada 
(403) 220-5214, FAX:(403) 282-8249 
Member, Interest:5,7,8
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Tarek El-Bialy 
unknown 
, Canada 
Member

Dr. Dale D. Ellis 
DRDC Atlantic 
P.O. Box 1012
Dartmouth, NS, B2Y 3Z7, Canada 
(902) 426-3100x104, FAX:(902) 426-9654 
dale.ellis@drdc-rddc.gc.ca 
Member, Interest:3,9

Engineering Elsevier 
PO Box 830470 
Birmingham, AL, 35283, USA 
Indirect Subscriber

Pascal Everton
#1140, 10201 Southport Road S.W. 
Calgary, AB, T2W 4X9 , Canada 
(403) 259-6600, FAX:(403) 259-6611 
pascal.everton@hfpacoustical.com 
Member, Interest:1,2,11

Fabra-Wall Ltd.
51427A Range Road 270
Spruce Grove, AB, T7Y 1E9, Canada
(780) 987-4444, FAX:(780) 987-2282
sales@fabra-wall.com
Direct Subscriber, Interest:1,5,10

Omar Falou
Ryerson University
Dept. of Physics
350 Victoria Street
Toronto, ON, M5B 2K3, Canada
ofalou@ryerson.ca
Student Member, Interest:3,9,11

James Farquharson 
FDI Acoustics 
Suite 250
600 Crowfoot Crescent NW 
Calgary, AB, T3G 0B4, Canada 
(403) 547-9511, FAX:(403) 547-9502 
jamesf@fdiacoustics.com 
Member, Interest:1,2,4

Andrew Faszer
155 Midglen Place SE
Calgary, AB, T2X 1H6, Canada
(403) 232-0916, FAX:(403) 234-7304
andrew.faszer@ualberta.net
Member, Interest:2,1,3

Clifford Faszer
Faszer Farquharson & Associates Ltd. 
Suite 304, 605 - 1st Street S.W. 
Calgary, AB, T2P 3S9, Canada 
(403) 508-4996, FAX:(403) 508-4998 
ffa@telusplanet.net 
Member, Interest:1,2,6

Shaikh Anowarul Fattah
2077 de Maisonneuve Blvd. W., Apt. 20
Montréal, Québec, H3H 1K9, Canada
shaik_fa@ece.concordia.ca
Student Member

Dr. G. Faulkner
University of Alberta
Dept. of Mechanical Engineering
Edmonton, AB, T6G 2G8, Canada
(403) 492-3446, FAX:(403) 492-2200
gary.faulkner@ualberta.ca
Member, Interest:1,2,6

Vincent Ferraro
Daley Ferraro Associates
127 Walgreen Road
Ottawa, ON, K0A 1L0, Canada
(613) 836-0177
vincent.ferraro@dfagroup.ca
Member

Raymond Fischer 
Noise Control Eng. Inc.
799 Middlesex Turnpike
Billerica, MA, 01821, USA
(978) 670-5339, FAX:(978) 667-7047
nonoise@noise-control.com
Member, Interest:1,2,9

Richard Fleming
DRDC Atlantic
9 Grove St., PO Box 1012
Dartmouth, NS, B2Y 3Z7, Canada
richard.fleming@drdc-rddc.gc.ca
Member

Daniel Fok 
1075 Laurier Ave.
Milton, ON, L9T 6W7, Canada 
(905) 864-1734 
dfok4@uwo.ca 
Student Member

Harold Forester 
1434 Franklin Dr.
Laval, QC, H7W 1K6, Canada 
(450) 681-2333, FAX:(450) 681-2354 
forester@videotron.ca 
Member, Interest:1,2,6

Chris Forrester 
Research in Motion 
305 Phillip St.
Waterloo, ON, N2L 3W8, Canada 
(519) 888-7465 
cforrester@rim.com 
Member

Mr. Stanley Forshaw 
3958 Sherwood Rd.
Victoria, BC, V8N 4E6, Canada 
(250) 721-4075 
Member, Interest:8

Dr. Claude R. Fortier 
State of the Art Acoustik Inc 
Suite 43
1010 Polytek St.
Ottawa, On , K1J 9J3, Canada 
(613) 745-2003, FAX:(613) 745-9687 
Member, Interest:1,2,5

Dany Francoeur 
1563 Marini
Sherbrooke, QC, J1N 4K8, Canada 
(819) 565-2918 
dany.francoeur@usherb 
.ca
Student Member, Interest:2,6

Mr. Leslie Frank
HFP Acoustical Consultants Corp. 
1140, 10201 Southport Rd. SW 
Calgary, AB, T2W 4x 9, Canada 
(403) 259-3600, FAX:(403) 259-4190 
les@hfpacoustical.com 
Member, Interest:1,5,6

Ron Freiheit 
Wenger Corp.
555 Park Dr.
Owatonna, MN, 55060, USA 
(507) 455-4100x139, FAX:(507) 455-4258 
ron.freiheit@wengercorp.com 
Member, Interest:1,4,5

Patrick Froment
10604 - 87 Street
Morinville, AB, T8R 1C3, Canada
(780) 499-1591
patrickf@aciacoustical.com
Member, Interest:1,2,3

Reinhart Frosch 
Sommerhaldenstrasse 5B 
CH-5200 Brugg, Switzerland 
reinifrosch@bluewin.ch 
Member
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Anthony E. Frost 
18 Marcot Road
Solihull, West Midlands, B927PP, United 
Kingdom
+44 7988 763183 
anthony_frost1@hotmail.com 
Member, Interest:1,4

Natalia Fullana 
University of Ottawa
Dept. o f Linguistics - 70 Laurier Ave. East
Ottawa, ON, K1 N 6N5, Canada
(613) 562-5800 x2599
fullnat@gmail.com
Member

W. Robert J. Funnell 
McGill University
Biomedical Engineering & Otolaryngology
3775, rue University
Montréal, QC, H3A 2B4, Canada
(514)-398-6739, FAX:(514) 398-7461
robert.funnell@mcgill.ca
Member, Interest:5

Tony Gambino 
Aercoustics Engineering Ltd 
50 Ronson Drive, Suite 165 
Toronto, M9W 1B3, Canada 
tgambino@aercoustics.com 
Member

Mr. V. Gambino 
Aercoustics Engineering Ltd 
Suite 165 
50 Ronson Dr.
Rexdale, ON, M9W  1B3, Canada 
(416) 249-3361
vince.gambino@aercoustics.com 
Member, Interest:1,2,4,6

Dr. Robert Gaspar 
Spaarg Engineering Limited 
Noise and Vibration Analysis 
822 Lounsborough Street 
Windsor, ON, N9G 1G3, Canada 
(519) 972-0677, FAX:(519) 972-1811 
Member, Interest:1,2,6

Mark Gaudet
BKL Consultants
#308 - 1200 Lynn Valley Road
North Vancouver, BC, V7J 2A2, Canada
(604) 988-2508, FAX:(604) 988-7457
gaudet@bkl.ca
Member, Interest:1,2,6

Marc-André Gaudreau 
133 Biron
Drummondville, Québec, J2C 2Y8, Canada 
(819) 474-0751 #6958 
gaudream@cdrummond.qc.ca 
Student Member, Interest:2,5,7

Philippe-Aubert Gauthier 
51 8e avenue sud 
Sherbrooke, QC, J1G 2P6, Canada 
(819) 347-1127
philippe_aubert_gauthier@hotmail.com 
Student Member, Interest:2,4,6

Sebastien Ghinet
Université de Sherbrooke
Dép. génie mécanique
2500 boul. Université
Sherbrooke, QC, J1K 2R1, Canada
(819) 821-8000x3152, FAX:(819) 821-7163
Student Member, Interest:1,2,10

Bryan Gick
University o f British Columbia
Dept. o f Linguistics
Totem Field Studios, 2613 West Mall
Vancouver, BC, V6T 1Z4, Canada
(604) 822-4817, FAX:(604) 822-9687
gick@interchange.ubc.ca
Member, Interest:8

Mr. Hazem Gidamy 
S.S. Wilson & Assoc.
15 Wertheim Court, Suite 211 
Richmond Hill, ON, L4B 3H7, Canada 
(905) 707-5800, FAX:(905) 707-5801 
admin@sswilsonassociates.com 
Member, Interest:1,5,7

Mr. Philip Giddings
Engineering Harmonics
29A Leslie Street
Toronto, ON, M4M 3C3, Canada
(416) 465-3378, FAX:(416) 465-9037
pgiddings@engineeringharmonics.com
Member, Interest:1,4,5

Christian Giguere 
Université d'Ottawa
Programme d'audiologie et d'orthophonie
451 chemin Smyth
Ottawa, ON, K1 H 8M5, Canada
(613) 562-5800x4649, FAX:(613) 562-5428
cgiguere@uottawa.ca
Member, Interest:5,7,8

Annie C. Gilbert
Laboratoire de sciences phonétique 
Dépt. de linguistique et traduction 
C.P. 6128, Succursale Centre-Ville 
Montréal, Québec, H3C 3J7, Canada 
(514) 343-5672, FAX:(514) 343-2284 
annie.gilbert@umontreal.ca 
Student Member, Interest:5,7,8

Dalila Giusti 
Jade Acoustics Inc.
411 Confederation Parkway, Unit 19 
Concord, ON, L4K 0A8, Canada 
(905) 660-2444, FAX:(905) 660-4110 
dalila@jadeacoustics.com 
Member, Interest:1,2,6
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(418) 828-0001, FAX:(418) 828-0002
octave@videotron.ca
Member, Interest:1,2,4

William L. Martens 
McGill University 
Schulich School of Music 
555 Sherbrooke St. W  
Montreal, QC, H3A 1E3, Canada 
wlm@music.mcgill.ca 
Student Member

John Martyn
Right to Quiet Society
#359 - 1985 Wallace Street
Vancouver, BC, V6R 4H4, Canada
(604) 222-0207
info@quiet.org
Member

Patrice Masson 
3755 Impériale
Sherbrooke, QC, J1N 3W4, Canada 
(819) 821-8000x62152, FAX:(819) 821-7163 
Member, Interest:2,3,6,10

Igor Mastikhin
University of New Brunswick 
Physics, 8 Bailey Drive 
Fredericton, NB, E3B 5A3, Canada 
mast@unb.ca 
Member

Eric Matheson-Jones 
HFP Acoustical Consultants 
1140, 10201 Southport Road S.W. 
Calgary, AB, T6C 3A7, Canada 
(403) 259-6600 
mathesonjones@yahoo.com 
Member, Interest:1,2,6

Ian Matthew 
5089 Old Brock Rd.
Claremont, ON, L1Y 1B3, Canada 
(905) 649-2874 
ianmatthew@headlock.ca 
Member, Interest:1,5,4

Marie-Noel R. Matthews 
40 Oceanic Drive
East Lawrencetown, NS, B2Z 1T6, Canada
mnrioux@eastlink.ca
Student Member, Interest:9,10,11

Mr. Nigel Maybee 
12 Woodmont Pl. SW 
Calgary, AB, T2W  4N3, Canada 
(403) 238-5199, FAX:(403) 259-4190 
nigel@hfpacoustical.com 
Member, Interest:2
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Andreas Mayr 
Hans-Glueck-Strasse 21 
Peissenberg, D-82380, Germany 
0049-170-9611976 
andreas_ma21 @hotmail.com 
Student Member, Interest:1,2

Mc SQUARED System Design Group
Mr. Wade McGregor
Suite 102-145 West 15th Street
North Vancouver, BC, V7M 1R9, Canada
(604) 986-8181, FAX:(604) 929-0642
info@mcsquared.com
Sustaining Subscriber

Nick McCabe 
HGC Engineering
2000 Argentia Road Plaza 1 Suite 2003 
Mississuaga, ON, L5N 1P7, Canada 
(905) 826-4044 
Member

James McKay
University of Western Ontario
Faculty o f Music, Talbot College
London, ON, N6A 3K7, Canada
(519) 661-2111x84326, FAX:(519) 661-3531
jrmckay@uwo.ca
Member

MDDEP
Serv. Qualite de latmosphere 
A/S Dessureault, M.
675 Rene-Levesque Est 6E-B30 
Quebec, QC, G1 R 5V7, Canada 
Indirect Subscriber

Mr. T. Medwedyk 
Group One Acoustics Inc.
1538 Sherway Dr.
Mississauga, ON, L4X 1C4, Canada 
(416) 896-0988, FAX:(416) 897-7794 
goainc@bellnet.ca 
Member, Interest:1,2,4,7

Jim Mellard 
10 Woodthrush Court 
Toronto, ON, M2K 2B1, Canada 
(416) 222-6955 
jjmellard@sympatico.ca 
Member, Interest:1,6,10

Garfield Mellema
Defence Research Establishment Atlantic 
P.O. Box 1012
Dartmouth, NS, B2Y 3Z7, Canada 
(902) 426-3100x252 
garfield.mellema@drdc-rddc.gc.ca 
Member

Sid-Ali Meslioui
Pratt &  Whitney Canada Corp
1000 Marie-Victorin (01PA4)
Longueuil, QC, J4G 1A1, Canada
(450) 647-7339
sid-ali.meslioui@pwc.ca
Member, Interest:1,2,10

Steve Meszavos 
RWDI Air
650 Woodlawn Rd West 
Guelph, ON, N1 K 1B8, Canada 
spm@rwdi.com 
Member

Mr. C.A. Mihalj
Marshall Macklin Monaghan
80 Commerce Valley Dr. E
Thornhill, ON, L3T 7N4, Canada
(905) 882-1100x275, FAX:(905) 882-0055
mihalja@mmm.ca
Member, Interest:1,2,6

Amanda Miller
Dept. of Linguistics, Totem Field Studios 
University of British Columbia 
Vancouver, BC, V6T 1Z4, Canada 
(604) 822-4256, FAX:(604) 822-9687 
miller.amanda.l@gmail.com 
Member, Interest:7,8,10

Danielle Minghella
4485 Weymouth Commons Crescent 
Mississauga, ON, L5R 1P5, Canada 
(905) 890-5205
danielle.minghella@utoronto.ca 
Student Member, Interest:4,7

Ministère des Transports 
Centre Documentation 
35 Port-Royal est, 4e étage 
Montréal, Qc , H3L 3T1, Canada 
Indirect Subscriber

MJM Conseillers en Acoustique Inc. 
MJM Acoustical Consultants Inc.
M. Michel Morin
6555 Cote des Neiges, Suite 440 
Montréal, QC, H3S 2A6, Canada 
(514) 737-9811, FAX:(514) 737-9816 
mmorin@mjm.qc.ca 
Sustaining Subscriber, Interest:1,2,4

Luc Mongeau
McGill University
Dept. of Mechanical Engineering
817 Sherbrooke Street West
Montreal, QC, H3A 2B4, Canada
luc.mongeau@mcgill.ca
Student Member

Mr. T. Monnell 
49 Linburn Grove
Dunfermline, Fife, KY114LQ, SCOTLAND 
Terry.Mcconnell@baesystems.com 
Member, Interest:3,9,10

Mrs. Deirdre A. Morison 
57 Bainbridge Ave 
Nepean, ON, K2G 3T1, Canada 
(613) 829-1938 
d.morison@rogers.com 
Member, Interest:3,5,10

Michael Morley 
420-900 Tolmie Ave.
Victoria, BC, V8X 3W6, Canada 
(250) 382-4363 
mmorley@uvic.ca 
Student Member, Interest:9

Glenn Morris
264 Victoria Street
Mississauga, ON, L5M 1J8, Canada
(905) 826-9030, FAX:(905) 828-3792
gmorris@utm.utoronto.ca
Member, Interest:7

Dr. Geoffrey Stewart Morrison 
School of Language Studies 
Building 110
Australian National University 
Canberra, ACT, 0200, AUSTRALIA 
+61 (2) 6125 4266 
geoff.morrison@anu.edu.au 
Member, Interest:8, 11

Nesrine Mostafa 
unknown 
, Canada 
Student Member

Emanuel Mouratidis 
Jacques Whitford 
3 Spectacle Lake Drive 
Dartmouth, NS, B3B 1W8, Canada 
(902) 468-7777, FAX:(902) 468-9009 
Member

Xavier MOUY 
1135 Queen Street, #21 
Halifax, NS, B3H 2S2, Canada 
(902) 444-0777 
xavier_mouy@hotmail.com 
Student Member, Interest:8,9,10
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Jenn Mowry
Bruel & Kjaer
25935 Detroit, Rd# 238
Weshake, OH, 44145, USA
jenn.mowry@bksv.com
Member

Mr. David L  Moyer
Riverbank Acoustical Labs
Alion Science & Technology
1512 S Batavia Avenue
Geneva, IL, 60134, USA
(630) 232-0104, FAX:(630) 232-0138
dmoyer@alionscience.com
Member, Interest:1,2

Veronica Munoz-Ledo 
USCB
1900 Chapala Street 
Santa Barbara, CA, 93101, USA 
(805) 403-2114 
vemleya@yahoo.com 
Student Member

Murray Munro 
Simon Fraser University 
8888 University Dr.
Burnaby, BC, V5A 1S6, Canada 
(778) 782-3654 
mjmunro@sfu.ca 
Member

Majid Nabavi
1202-6630 Sherbrooke St. W. 
Montreal, QC, H4B 1N7, Canada 
(514) 487-5970 
nabavi1382@yahoo.com 
Student Member, Interest:2,3,10

Musarrat Nahid 
2515 Pearkes Lane 
Vancouver, BC, V6T 2C3, Canada 
(604) 266-4979 
mnahid@interchange.ubc.ca 
Student Member, Interest:1,2

Ann Nakashima 
DRDC Toronto
P.O.Box 2000, 1133 Shepperd Ave. W. 
Toronto, ON, M3M 3B9, Canada 
(416) 635-2000x3064, FAX:(416) 635-2013 
ann.nakashima@drdc-rddc.gc.ca 
Member, Interest:2,6,10

Shruti Nambiar 
McGill University
Department of BioMedical Engineering 
3775 Rue University , Room# 303 
Montreal, QC, H3A 2B4, Canada 
shruti.nambiar@mail.mcgill.ca 
Student Member

Matt Nantais
247 Road 11, RR#2
Woodslee, ON, N0R 1V0, Canada
(519) 839-5290
matt.nantais@gmail.com
Student Member, Interest:2,5,6

Carlos Nash 
USCB
230 Entrance Rd. - Apt. 12 
Goleta, CA, 93117, USA 
(713) 922-4083 
cmnash@umail.ucsb.edu 
Student Member

National Marine Mammal Laboratory 
Library, ASFC 
7600 Sand Point Way, NE 
Seattle, WA, 98115-6349, USA 
(206) 526-4013, FAX:(206) 526-6615 
Sonja.Kromann@noaa.gov 
Indirect Subscriber

Terrance Nearey
University of Alberta
Edmonton, AB, T6G 0A2, Canada
t.nearey@ualberta.ca
Member

Hugues Nelisse 
IRSST
505 Boul de Maissonneuve Ouest 
Montréal, QC, H3A 3C2, Canada 
(514) 288-1551x221 
nelisse.hugues@irsst.qc.ca 
Member

Hoi dick Ng
Concordia University
1455 de Maisonneuve Blvd. W
Montreal, QC, H3G 1M8, Canada
hoing@encs.concordia.ca
Member

Mr. Phat Nguyen 
Produits Acoustiques PN Inc.
2875 RUE JASMIN 
Saint-Laurent, QC, H4R 1 H8, Canada 
(514) 946-6299, FAX:(514) 336-9501 
pn@acoustiquepn.ca 
Member, Interest:1,2,6

Dr. T.R.T. Nightingale 
National Research Council Canada 
Institute for Research in Construction 
Bldg. M-27
Ottawa, ON, K1A 0R6, Canada 
(613) 993-0102, FAX:(613) 954-1495 
trevor.nightingale@nrc-cnrc.gc.ca 
Member, Interest:1,2

Northern Illinois University 
Periodicals Dept., University Libraries 
1425 West Lincoln Highway 
DeKalb, IL, 60115-2868, USA 
Indirect Subscriber

Dr. Colin Novak 
1518 Bruce Ave.
Windsor, ON, N8X 1X9, Canada 
(519) 253-7193, FAX:(800) 241-9149 
novak1@uwindsor.ca 
Member, Interest:1,5,6,2

Novel Dynamics Test Inc.
Mr. Andy Metelka 
R.R. #2
13652 Fourth Line, Halton Hills
Acton, ON, L7J 2L8, Canada
(519) 853-4495, FAX:(519) 853-3366
ametelka@cogeco.ca
Sustaining Subscriber, Interest:2,6,10

Mr. John O'Keefe
Aercoustics Engineering Ltd
Suite 127
50 Ronson Drive
Rexdale, ON, M9W  1B3, Canada
(416) 249-3361, FAX:(416) 249-3613
jokeefe@aercoustics.com
Member, Interest:1

Donald Olynyk 
9224-90 Street
Edmonton, Alberta, T6C 3M1, Canada 
(780) 465-4125, FAX:(780) 465-4169 
don.olynyk@shaw.ca 
Member, Interest:1,2,4

Chip O'Neil
2560 Progress Street
Vista, CA, 92081, USA
(800) 321-0316, FAX:(760) 744-9812
coneil@holdrite.com
Member, Interest:1,6,11

Dr. John C. Osler 
DRDC Atlantic 
P.O. Box 1012 
9 Grove Street
Dartmouth, NS, B2Y 3Z7, Canada 
(902) 426-3100x119, FAX:(902) 426-9654 
john.osler@drdc-rddc.gc.ca 
Member, Interest:9

Owens-Corning Canada Inc.
Mr. Salvatore Ciarlo 
5445 Mennereuil
St.Leonard, QC, H1S 1S7, Canada 
(800) 988-5269, FAX:(800) 989-8298 
salvatore.ciarlo@owenscorning.com 
Sustaining Subscriber, Interest:1,2
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OZA Inspections Ltd.
Mr. David Williams 
P.O. Box 271
Grimsby, ON, L3M 4G5, Canada
(800) 664-8263x25, FAX:(905) 945-3942
oza@ozagroup.com
Sustaining Subscriber, Interest:7,10

Dr. Jeongsoo Park 
Industrial Technology Centre 
200-78 Innovation Drive 
Winnipeg, MB, R3T 6C2, Canada 
(204) 480-0346, FAX:(204) 480-0345 
jpark@itc.mb.ca 
Member, Interest:1,2,10

Camille Perrot 
Université de Sherbrooke 
Département de Génie Mécanique 
2502 boul. De l'Université 
Sherbrooke, QC, J1K 2R1, Canada 
camille.perrot@usherbrooke.ca 
Student Member, Interest:2,3

Pacific Biological Station 
Fisheries and Oceans - LIBRARY 
3190 Hammond Bay Rd. 
Nanaimo, BC, V9T 6N7, Canada 
Indirect Subscriber

Dr. Vijay Parsa
University of Western Ontario
National Centre for Audiology
London, ON, N6G 1H1, Canada
(519)-661 -2111x88947, FAX:(519) 661-3805
parsa@nca.uwo.ca
Member, Interest:7,10

Nils Peters 
McGill University
Schulich School of Music, CIRMMT 
Montreal, QC, H3A 1E3, Canada 
Student Member

Kevin Packer
Faszer Farquharson &  Associates Ltd. 
Suite 304
605 - 1st Street S.W.
Calgary, AB, T2P 3S9, Canada 
(403) 508-4996, FAX:(403) 508-4998 
ffa@telusplanet.net 
Member, Interest:1,2,4,6

M. Packirisamy
Concordia University
1455 de Maisonneuve Blvd. W.,
Montreal, QC, H3G 1M8, Canada
M.Packirisamy@concordia.ca
Member

Mr. Richard Patching
Patching Associates Acoustical Eng.
Suite 100
7777 - 10 St. NE
Calgary, AB, T2E 8x2, Canada
(403) 274-5882, FAX:(403) 516-0544
rpatching@patchingassociates.com
Member, Interest:1,2,6

Sean Pecknold
DRDC Atlantic
9 Grove St., PO Box 1012
Dartmouth, NS, B2Y 3Z7, Canada
sean.pecknold@drdc-rddc.gc.ca
Member

Peutz &  Associés
M. Marc Asselineau
10 rue des Messageries
Paris, F75010, FRANCE
+33 1 45230500, FAX:+33 1 45230504
m.asselineau@peutz.fr
Sustaining Subscriber, Interest:1,2,4

Michel Picard 
7495 Thibault
Brossard, QC, J4W 2P2, Canada 
(514) 343-7617, FAX:(514) 343-2115 
michel.picard@umontreal.ca 
Sustaining Subscriber, Interest:1,5,7

Mr. Thomas Paige 
Kinetics Noise Control Inc.
Vibron products Group
3570 Nashua Drive
Mississauga, ON, L4V 1L2, Canada
(905) 677-4922, FAX:(905) 670-1698
tpaige@kineticsnoise.com
Member, Interest:1,2,4

Richard Palczynski
EnviroChem Engineering Consultants
2 Alline Street
Wolfville, NS, B4P 1J4, Canada 
(902) 542-9891, FAX:(902) 542-0108 
ece@istar.ca 
Member, Interest:2,6,11

Marianne Pelletier 
#119 - 760 Lawrence Ave. W. 
Toronto, ON, M6A 3E7, Canada 
(416) 666-3352
marianne.pelletier@utoronto.ca 
Student Member

Matthew Penner 
MCW Consultants Ltd.
210-1821 Wellington Ave 
Winnipeg, MB, R3H 0G4, Canada 
(204) 779-7900, FAX:(204) 779-1119 
mpenner@mcw.com 
Member, Interest:1,4,2

M. Kathleen Pichora Fuller 
University of Toronto 
Dept. of Psychology 
3359 Mississauga Rd. N 
Mississauga, ON, L5L 1C6, Canada 
(905) 828-3865, FAX:(905) 569-4326 
k.pichora.fuller@utoronto.ca 
Member, Interest:5,7,8

Dr. J.E. Piercy 
14 Kaymar Dr.
Ottawa, ON, K1J 7C9, Canada 
(613) 749-8929, FAX:(613) 749-8929 
jepiercy@cyberus.ca 
Member, Interest:2,3,5

Raymond Panneton 
Université de Sherbrooke 
G.A.U.S.
Dép de génie mécanique 
Sherbrooke, QC, J1K 2R1, Canada 
Member

Scott Penton 
RWDI
650 Woodlawn Road 
Guelph, On, N1K 1B8, Canada 
(519)-823-2275, FAX:(519) 823-1316 
slp@rwdi.com 
Member, Interest:1,2,6

Pinchin Environmental Ltd.
Ms. Robin Connley
2470 Milltower Court
Mississauga, ON, L5N 7W5, Canada
(905) 363-0678, FAX:(905) 363-0681
info@pinchin.com
Sustaining Subscriber

Michel Parent 
FDI Acoustics 
Suite 250,
600 Crowfoot Crescent NW 
Calgary, AB, T3G 0B4, Canada 
(403) 547-9511, FAX:(403) 547-9502 
mitchp@fdiacoustics.com 
Member, Interest:1,2,4

Mr. Richard J. Peppin 
Scantek, Inc.
7060 #L Oakland Mills Rd.
Columbia, MD, 21046, USA 
(410) 290-7726, FAX:(410) 290-9167 
peppinr@scantekinc.com 
Member, Interest:1,2,5,7

Robert J. Plumridge
1426 Colonizatio Road West
Fort Frances, ON, P9A 2T8, Canada
(519) 981-7163
rob_plum@hotmail.com
Student Member, Interest:1,2,6
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Linda Polka 
McGill University
Communication Sciences & Disorders 
1266 Pine Ave. West 
Montréal, QC, H3Z 1Z4, Canada 
(514) 398-7235, FAX:(514) 398-8123 
linda.polka@mcgill.ca 
Member, Interest:5,7,8

Daniel P. Prusinowski 
745 Warren Drive
East Aurora, NY, 14052-1913, USA 
(716) 652-9979, FAX:(716) 652-7227 
Member, Interest:1,2,5

Pyrok Inc.
Mr. Howard Podolsky 
121 Sunset Rd.
Mamaroneck, NY, 10543, USA 
(914) 777-7770, FAX:(914) 777-7103 
info@pyrokinc.com 
Sustaining Subscriber, Interest:1,2

Cheng Qian 
University of Toronto 
438 King St. W  #1317 
Toronto, ON, M5V 3T9, Canada 
Student Member

Robert Quelch 
512 Bathurst St. , #2 
Toronto, ON, M5S 2P9, Canada 
(416) 300-5901 
j.s.bach@sympatico.ca 
Student Member, Interest:5,7

Eve-Marie Quintin 
Université du Québec à Montréal 
Département de psychologie 
1245 Saint-Marc, App#28 
Montreal, QC, H3H 2E6, Canada 
quintin.eve-marie@courrier.uqam.ca 
Student Member

Dr. J. David Quirt
National Research Council Canada 
Institute for Research in Construction 
Acoustics Lab., Bldg. M-27 
Ottawa, ON, K1A 0R6, Canada 
(613) 993-9746, FAX:(613) 954-1495 
dave.quirt@nrc-cnrc.gc.ca 
Member, Interest:1,2

Roberto Racca 
JASCO Research Ltd.
2101 - 4464 Markham Street 
Victoria, BC, V8Z 7X8, Canada 
(250) 483-3300, FAX:(250) 483-3301 
ROB@JASCO.COM 
Member, Interest:9,10,11

Dr. Ramani Ramakrishnan 
27 Ashmount Crescent 
Toronto, ON, M9R 1C8, Canada 
(416) 248-9896, FAX:(416) 979-5353 
rramakri@ryerson.ca 
Member, Interest:1,2,6

Allan Raun
Swallow Acoustic Consultants 
23 - 366 Revus Ave.
Mississuaga, ON, L5G 4S5, Canada 
(905) 271-7888 
araun@swallowacoustic.ca 
Member

Erwin Rebke
Alberta Infrastructure
3rd Floor 6950-113 Street NW
Edmonton, AB, T6H 5V7, Canada
(780) 422-7449
erwin.rebke@gov.ab.ca
Member

Hans J. Rerup
Durisol Consulting Services Inc.
67 Frid Street, Suite 1 
Hamilton, ON, L8P 4M3, Canada 
(905) 521-0999, FAX:(905) 521-8658 
lsorensen@durisol.com 
Member, Interest:1,2

Gordon Reusing 
Conestoga-Rovers & Associates 
651 Colby Drive
Waterloo, ON, N2V 1C2, Canada
greusing@craworld.com
Member

Dilal RHAZI 
l'Université de
Groupe d'Acoustique (GAUS)
2500 Bd. De l'universite 
Sherbrooke, QC, J1K 2R1, Canada 
dital.rhazi@usherbrooke.ca 
Student Member

Werner Richarz 
Aercoustics Engineering 
50 Ronson Drive, Suite 165 
Mississauga, ON, M9W 1B3, Canada 
(416) 249-3361, FAX:(416) 249-3613 
werner@aercoustics.com 
Member, Interest:2,3

Robertson Library 
University of PEI 
550 University Ave.
Charlottetown, PE, C1A 4P3, Canada 
Indirect Subscriber

Susan E. Rogers 
633 Atwater Avenue 
Montreal, QC, H3J 2S9, Canada 
(514) 989-7826 
susan.rogers@mail.mcgill.ca 
Student Member, Interest:5,4

Dr. R.J. Rogers 
University of New Brunswick 
Dept. o f Mechanical Engineering 
P.O. Box 4400
Fredericton, NB, E3B 5A3, Canada 
(506) 447-3106, FAX:(506) 453-5025 
rjr@unb.ca 
Member, Interest:2,6

Jens Rohlfing 
Haupstr. 20
67167 Erpolzheim, Rheinland Pfalz, 
GERMANY
+49-6353-915009, FAX:+49-6353-915120
Rohlfing.Jens@gmx.de
Student Member

Frank A. Russo
Ryerson University
Dept. of Psychology
350 Victoria Street
Toronto, ON, M5B 2K3, Canada
(416) 979-5000 x2647
russo@ryerson.ca
Member, Interest:4,5,7,8

RWDI AIR Inc.
Peter VanDelden 
650 Woodlawn Road West 
Guelph, ON, N1 K 1B8, Canada 
(519) 823-1311, FAX:(519) 823-1316 
peter.vandelden@rwdi.com 
Sustaining Subscriber

Jim Ryan
Sound Design Technologies 
232 Herzberg Rd.
Ottawa, ON, K2K 2A1, Canada 
(613) 270-0458x2772 
jryan@sounddes.com 
Member

Ryerson University Library 
LIB-563
350 Victoria Street
Toronto, ON, M5B 2K3, Canada
Indirect Subscriber

Yacoubou Salissou 
Université de Sherbrooke 
GAUS, , mechanical engineering 
2500 Blvd de l'université 
Sherbrooke, QC, J1K 2RA, Canada 
(819) 821-7366 x69399 
yacoubou.salissou@usherbrooke.ca 
Student Member, Interest:2,3,10
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Claude Sauvageau
Centre de recherche industrielle du Québec 
8475, ave. Christophe-Colomb 
Montréal, QC, H2M 2N9, Canada 
(514) 383-1550, FAX:(514) 383-3234 
claude.sauvageau@criq.qc.ca 
Member, Interest:2,6,10

Hind Sbihi
University of BC
School of Environmental Health
3rd floor, 2206 East Mall
Vancouver, BC, V6T 1Z3, Canada
(604) 827-3509, FAX:(604) 822-9588
sbihi@interchange.ubc.ca
Student Member, Interest:2,5

Scantek Inc.
Mr. Richard J. Peppin 
7060 #L Oakland Mills Rd.
Columbia, MD, 21046, USA 
(410)-290-7726, FAX:(410) 290-9167 
peppinr@scantekinc.com 
Sustaining Subscriber, Interest:1,2,5

Murray Schellenberg 
3954 West 37th Ave 
Vancouver, BC, V6N 2W5, Canada 
(604) 261-6332 
mschellenberg@canada.com 
Student Member

Doug Schillinger 
Dalhousie University 
Dept .of Oceanography 
Halifax, NS, B3H 4J1, Canada 
doug.schillinger@dal.ca 
Member

Bruce Schneider
CCIT Room 4073
3359 Mississauga Rd. North
Mississauga, ON, L5L 1C6, Canada
(905) 828-3963, FAX:(905) 569-4850
bruce.schneider@utoronto.ca
Member, Interest:5,7,8

Stefan Schoenwald 
Frenkenweg 69 
Nettetal,, 41334, Germany 
+43 02157 128604 
stefan.schoenwald@gmx.de 
Student Member, Interest:1,2,6

Vic Schroter
Ontario Ministry o f Environment
Air & Noise Unit, EAAB
2 St. Clair Ave. W
Toronto, ON, M4V 1L5, Canada
(416) 314-8327, FAX:(416) 314-8452
vic.schroter@ontario.ca
Member, Interest:1,2,6

Mr. Henri Scory 
IRSST
505 Maisonneuve Ouest 
Montréal, QC, H3A 3C2, Canada 
(514) 288-1551, FAX:(514) 288-9399 
scory.henri@irsst.qc.ca 
Member, Interest:2,3,6

Mark Scott 
University of BC
Box 490 Marine Drive Building #2, 2205 
Lower Mall
Vancouver, BC, V6T 1Z4, Canada 
(778) 558-0628 
shark_scott@yahoo.ca 
Student Member

Senes Consultants Limited
attn: Ann M. Cox
121 Granton Drive, Unit 12
Richmond Hill, ON, L4B 3N4, Canada
(905) 764-9389, ext. 336
acox@senes.ca
Direct Subscriber

Kimary Shahin
Simon Fraser University
Dept. o f Linguistics
8888 University Drive
Burnaby, BC, V5A 1S6, Canada
kns3@sfu.ca
Member, Interest:5,8,10

Celia Shahnaz
2077 de Maisonneuve Blvd. W., Apt. 20 
Montréal, Québec, H3H 1K9, Canada 
(514) 989-9635 
c_shahna@ece.concordia.ca 
Student Member, Interest:7,8,10

Michael Sharpe
80 Newcastle Street
Dartmouth, NS, B2Y 3M7, Canada
(902) 463-5362, FAX:(902) 463-6854
michaelsharpe@eastlink.ca
Member, Interest:2,5,7

Mr. Neil A. Shaw
Menlo Scientific Acoustics Inc.
P.O. Box 1610
Topanga, CA, 90290-1610, USA 
(310) 455-2221, FAX:(310) 455-0923 
menlo@ieee.org 
Member, Interest:1,2,4

Cameron W. Sherry 
PO Box 190
Howick, QC, J0S 1G0, Canada 
(450) 825-2322, FAX:(450) 825-1355 
cwsherry@aol.com 
Member, Interest:1,2,7

K. Siddiqui
Concordia University
1455 de Maisonneuve Blvd. W.
Montreal, QC, H3G 1M8, Canada
siddiqui@me.concordia.ca
Member

Rebekka Siemens 
UCSB
779 Apt. F Madrona Walk 
Santa Barbara, CA, 93117, USA 
(661) 747-4383 
b3kaboo@yahoo.com 
Student Member

Davor Sikic 
Jade Acoustics Inc.
411 Confederation Parkway, Unit 19 
Concord, ON, L4K 0A8, Canada 
(905) 660-2444, FAX:(905) 660-4110 
davor@jadeacoustics.com 
Member, Interest:1,2,6

SILEX Innovations Inc.
Mr. Mehmood Ahmed 
6659 Ordan Dr.
Mississauga, ON, L5T 1K6, Canada 
(905) 612-4000, FAX:(905) 612-8999 
mehmooda@silex.com 
Sustaining Subscriber, Interest:2,6,7

Gurjit Singh 
University of Toronto 
3359 Mississauga, Rd.N 
Mississauga, ON, L5L 1C6, Canada 
gurjit@psych.utoronto.ca 
Student Member

Jason Smalridge 
Doublevz
902 Gaudry Greenfield Park 
QC, J4V 1J6, Canada 
jason@doublev3.com 
Student Member

SNC/Lavalin Environment Inc.
M. Jean-Luc Allard
Noise and Vibration Control
2271 Fernand-Lafontaine Blvd.
Longueuil, QC, J4G 2R7, Canada
(450) 651-6710, FAX:(514) 651-0885
jeanluc.allard@snclavalin.com
Sustaining Subscriber, Interest:1,2,6

Joel Snyder 
UNLV
4505 Maryland Parkway Box 455030 
Las Vegas, NV, 89154-5030, USA 
(702) 895-4692 
joel.snyder@unlv.edu 
Member
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Soft dB Inc.
M. André L'Espérance
1040, avenue Belvédère, suite 215
Sillery, QC, G1S 3G3, Canada
(418) 686-0993, FAX:(418) 686-2043
contact@softdb.com
Sustaining Subscriber

SounDivide Inc.
C.W. Ray Bakker
Bay J, 1003-55 Avenue NE
Calgary, AB, T2E 6W1, Canada
(877) 816-5435, FAX:(877) 816-5436
ray.bakker@SounDivide.com
Sustaining Subscriber

Don J. South, R.E.T.
Compliance, Environment & Operations Br. 
Energy Resources Conservation Board 
640- 5 Ave SW
Calgary, AB, T2P 3G4, Canada 
(403) 476-4536, FAX:(403) 297-2691 
don.south@ercb.ca 
Member, Interest:2,5,1

Spaarg Engineering Ltd.
Dr. Robert Gaspar 
822 Lounsborough St.
Windsor, ON, N9G 1G3, Canada 
(519) 972-0677, FAX:(519) 972-1811 
gasparr@kelcom.igs.net 
Sustaining Subscriber, Interest:1,2,6

Tiberiu Spulber 
1910 Chesterfield Ave.
North Vancouver, BC, V7M 2P5, Canada 
(604) 988-2508 
spulber@BKL.ca 
Member, Interest:1,2,4

V. Srikrishnan 
53 Happy Avenue East 
Singapore, 369855, Singapore 
65-6747-7264, FAX:+65-6367-9367 
sri@northlab.biz 
Member, Interest:2,6,10

State of the Art Acoustik Inc.
Dr. C. Fortier
43 - 1010 Polytek Street
Ottawa, ON, K1J 9J3, Canada
(613) 745-2003, FAX:(613) 745-9687
sota@sota.ca
Sustaining Subscriber

Tatjana Stecenko
MTI Polyfab
7381 Pacific Circle
Mississauga, ON, L5T2A4, Canada
(905) 564-9700
tatjanas@polyfab.ca
Member

Gavin a.m.w. Steininger 
2234 Mathers Ave.
West Vancouver, B.C., V7V 2H5, Canada 
(604) 926-8057 
gsteinin@alumni.sfu.ca 
Student Member, Interest:2,10

Robert D. Stevens 
HGC Engineering Ltd.
Plaza One, Suite 203 
2000 Argentia Rd.
Mississauga, ON, L5N 1P7, Canada 
(905) 826-4044, FAX:(905) 826-4940 
rstevens@hgcengineering.com 
Member, Interest:1,2,4

I. Stiharu
Concordia University
1455 de Maisonneuve Blvd. W.
Montreal, QC, H3G 1M8, Canada
istih@alcor.concordia.ca
Member

Dr. Michael R. Stinson 
National Research Council Canada 
Inst. for Microstructural Sciences 
Building M-36
Ottawa, ON, K1A 0R6, Canada 
(613) 993-3729, FAX:(613) 952-3670 
mike.stinson@nrc-cnrc.gc.ca 
Member, Interest:2,3,5,10

Mr. Robert A. Strachan 
Brown Strachan Assoc.
Two Yaletown Sq.
1290 Homer St.
Vancouver, BC, V6B 2Y5, Canada 
(604) 689-0514, FAX:(604) 689-2703 
Member, Interest:1,2,6

Dr. D.C. Stredulinsky 
32 John Cross Dr.
Dartmouth, NS, B2W 1X3, Canada 
(902) 426-3100, FAX:(902) 426-9654 
Dave.Stredulinsky@drdc-rddc.gc.ca 
Member, Interest:1,2,9

Clarence Stuart 
City o f Edmonton 
Engineering Services Section 
2nd Flr., 11404 - 60 Avenue 
Edmonton, AB, T6H 1J5, Canada 
(780) 496-8646, FAX:780-944-7653 
clarence.stuart@edmonton.ca 
Member

Dr. Aimee Surprenant
Memorial University of Newfoundland
Psychology Dept., Science Building
St. John's, NL, A1B 3X9, Canada
(709) 737-4786
asurpren@mun.ca
Member, Interest:4,7,8

Elyse Sussman
AECOM - Yeshiva University
1300 Morris Park Avenue
Bronx, NY, 10461, USA
(718) 430-3313
esussman@aecom.yu.edu
Member

Swallow Acoustic Consultants Ltd. 
Mr. John Swallow 
366 Revus Ave., Unit 23 
Mississauga, ON, L5G 4S5, Canada 
(905) 271-7888, FAX:(905) 271-1846 
jswallow@jsal.ca
Sustaining Subscriber, Interest:1,2,4

Swets Information Services Inc 
160 Ninth Ave., Suite A 
Runnemede, NJ, 08078, USA 
Indirect Subscriber

Tacet Engineering Ltd.
Dr. M.P. Sacks 
45 Denver Cr
Toronto, ON, M2J 1G6, Canada 
(416) 782-0298, FAX:(416) 785-9880 
mal.sacks@tacet.ca 
Sustaining Subscriber, Interest:1,2,6

Jahan Tavakkoli
Ryerson University
Dept o f Physics
350 Victoria Street
Toronto, ON, M5B 2K3, Canada
(416) 979-5000x7535, FAX:(416) 979-5343
jtavakkoli@ryerson.ca
Member, Interest:2,11

Dr. John M. Terhune 
University of New Brunswick 
Dept. o f Biology 
P.O. Box 5050
Saint John, NB, E2L 4L5, Canada 
(506) 648-5633, FAX:(506) 648-5811 
terhune@unbsj.ca 
Member, Interest:5,7,8,9

Mr. Peter Terroux 
Atlantic Acoustical Associates 
P.O. Box 96, Station Central 
Halifax, NS, B3J 2L4, Canada 
(902) 425-3096, FAX:(902) 425-0044 
peteraaa@ns.sympatico.ca 
Member, Interest:1,2,5

George H. Thackray 
Greater Toronto Airports Authority 
Lester B Pearson Int Airport 
P.O. Box 6031
Toronto AMF, ON, L5P 1B2, Canada 
(905) 676-5417, FAX:(905) 676-3483 
george.thackray@gtaa.com 
Member, Interest:1,2
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Ron Thomson 
Brock University
Dept o f Applied Linguistics - 500 Glenridge 
Ave.
St. Catherines, ON, L2S 3A1, Canada
rthomson@brocku.ca
Member

TIB und Universitaetsbibliothek Hannover 
DE/5100/G1/0001 
ZO 1935, Welfengarten 1 B 
30167 HANNOVER, GERMANY 
Indirect Subscriber

Dag Tollefsen
School of Earth &  Ocean Sciences
University of Victoria
PO Box 3055, Station CSC
Victoria, BC, V8W  3P6, Canada
(250) 885-6692
dtollefs@uvic.ca
Student Member, Interest:9,10

Aleksander Tonkovich 
270 Bridge Ave.
Windsor, ON, N9B 2M7, Canada 
(519) 566-2834 
amtonkovich@hotmail.com 
Student Member, Interest:2,5,6

Arnaud Touchais 
Université de Sherbrooke 
Dept o f mechanical engineering 
2500 Bd. De l'universite 
Sherbrooke, QC, J1K 2R1, Canada 
Student Member

Godfried Toussaint
McGill University
School of Computer Science
Montreal, QC, H3A 1Y1, Canada
godfried@cs.mcgill.ca
Member

Chris Trimmer
Queen's University
126 Sydenham St
Kingston, ON, K7L 3H5, Canada
4cgt1@qlink.queensu.ca
Student Member

Prof. B. Truax
Simon Fraser University
School of Communication
Burnaby, BC, V5A 1S6, Canada
(604) 291-4261, FAX:(604) 291-4024
truax@sfu.ca
Member, Interest:2,4,5

Jason Tsang 
7 Parkwood Cres.
Ottawa, ON, K1B 3J5, Canada 
(613) 957-0801, FAX:(613) 941-1734 
jtsangeng@yahoo.ca 
Member, Interest:2,3,1

Helen J Ule 
1258 Aubin Rd
Windsor, ON, N8Y 4E5, Canada 
(519) 948-7302, FAX:(800) 241-9149 
ule@uwindsor.ca 
Student Member, Interest:2,5

J. Ulicki
Xscala Sound & Vibration 
Suite 516
234 - 5149 Country Hills Blvd. NW 
Calgary, AB, T3A 5K8, Canada 
(403) 274-7577, FAX:(403) 274-7694 
mail07@xscala.com 
Member, Interest:1,2,6

Université de Montréal 
Bibliothèque Acquisitions Periodiques 
C.P. 6128, Succ. A.
Montréal, QC, H3C 3J7, Canada 
Indirect Subscriber

USAE Engineer R&D Center
attn:Library/Journals
P.O. Box 9005
Champaign, IL, 61826, USA
(217) 373-7217, FAX:(217) 373-7222
Indirect Subscriber, Interest:2,5,6

Svein Vagle
Institute o f Ocean Sciences
PO Box 6000
9860 West Saanich Road
Sidney, BC, V8L 4B2, Canada
(250) 363-6339, FAX:(250) 363-6798
vagles@pac.dfo-mpo.gc.ca
Member, Interest:9,10

Valcoustics Canada Ltd.
Dr. Al Lightstone 
30 Wertheim Court, Unit 25 
Richmond Hill, ON, L4B 1B9, Canada 
(905) 764-5223, FAX:(905) 764-6813 
solutions@valcoustics.com 
Sustaining Subscriber, Interest:1,2,6

Craig Vatcher 
RWDI Air Inc.
1000-736 8th Ave. SW
Calgary, AB, T2P 3G2, Canada
(403) 232-6771x6243, FAX:(403) 232-6762
CMWV@RWDI.com
Member, Interest:1,2,6

G.H. Vatistas
Concordia University
1455 de Maisonneuve Blvd. W.
Montreal, QC, H3G 1M8, Canada
vatistas@encs.concordia.ca
Member

Vibro-Acoustics 
Mr. Tim Charlton 
727 Tapscott Rd
Scarborough, ON, M1X 1A2, Canada 
(800) 565-8401, FAX:(888)-811-2264 
tcharlton@vibro-acoustics.com 
Sustaining Subscriber

Jérémie Voix
Sonomax Hearing Healthcare Inc
8375 Mayrand Street
Montréal, QC, H4P 2E2, Canada
(514) 932-2674, FAX:(514) 932-4994
jvoix@sonomax.com
Member, Interest:2,7,10

Alexander von Stetten
Faszer Farquharson & Associates Ltd.
Suite 304
605 - 1st Street S.W.
Calgary, AB, T2P 3S9, Canada 
(403) 508-4996, FAX:(403) 508-4998 
ffa@telusplanet.net 
Member, Interest:2,4,5

Wakefield Acoustics Ltd.
Mr. Clair Wakefield 
301-2250 Oak Bay Avenue 
Victoria, BC, V8R 1G5, Canada 
(250) 370-9302, FAX:(250) 370-9309 
clair@wakefieldacoustics.com 
Sustaining Subscriber

George Waller
Bombardier Aerospace
Acoustics and Vibration Department,
123 Garratt Blvd
Toronto, ON, M3K 1Y5, Canada
george.waller@aero.bombardier.com
Member

Qian Wang 
University of Victoria 
#420 - 3868 Shelbourne St. 
Victoria, BC, V8P 5J1, Canada 
(250) 721-0858 
wangqian@uvic.ca 
Student Member

Yue Wang
Simon Fraser University 
8888 University Dr.
Burnaby, BC, V5A 1S6, Canada 
(778) 782-6924 
yuew@sfu.ca 
Member
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Andrew Wareing
Bombardier Aerospace
Acoustics and Vibration Department
123 Garratt Blvd
Toronto, ON, M3K 1Y5, Canada
andrew.wareing@aero.bombardier.com
Member

Catherine Weisman 
LIMSI-CNRS
BP 133, 91403 Orsay Cedex France
, FRANCE
+33 1 69 85 8071
weisman@limsi.fr
Member

Erik West
The Boeing Company 
P.O. Box 3707, MC 02-XL 
Seattle, WA, 98124-2207, USA 
erik.west@boeing.com 
Member

West Caldwell Calibration Labs 
Mr. Stanley Christopher 
31 Ready Crt.
Brampton, ON, L6Y 4T4, Canada 
(905) 595-1107, FAX:(905) 595-1108 
info@wccl.com 
Sustaining Subscriber

Larry A. Westlake
High-Impact Health & Safety Services 
126 Essex Court
Thunder Bay, ON, P7A 7P1, Canada 
(807) 345-6691 
ohslaw@shaw.ca 
Member, Interest:2

Mr. Ewart A. Wetherill
28 Cove Road
Alameda, CA, 94502, USA
(510) 769-7040, FAX:(510) 769-7040
redwetherill@sbcglobal.net
Member, Interest:1,2,4

Mr. Ronald G. White 
7 Amber Glen Court 
Holland Landing, ON, L9N 1J6, Canada 
(416) 675-3983, FAX:(416) 675-5546 
Member, Interest:1,2,4

Paul Wierzba
1116 Lake Placid Dr. S.E.
Calgary, AB, T2J 5H1, Canada 
(403)-278-8052, FAX:(403) 278-8098 
pwierzba@telusplanet.net 
Member, Interest:2,6,10

Terence Williams
Busby Perkins + Will Architects
1220 Homer St.
Vancouver, BC, V6B 2Y5, Canada 
(604) 684-5446, FAX:(604) 684-5447 
Member

Nicholas Sylvestre Williams
Ryerson University
314-10 Northtown Way
North York, ON, M2N 7L4, Canada
nsylvest@ryerson.ca
Student Member

Hugh Williamson
Hugh Williamson Assoc. Inc.
205 Bolton Street, Suite 406 
Ottawa, ON, K1 N 1K7, Canada 
(613) 747-0983, FAX:(613) 747-4514 
hughwilliamson@hwacoustics.ca 
Member, Interest:1,2,6

Wilrep Ltd.
Mr. Don Wilkinson
1515 Matheson Blvd. E, Unit C 10
Mississauga, ON, L4W 2P5, Canada
(905) 625-8944, FAX:(905) 625-7142
info@wilrep.com
Sustaining Subscriber

Doug Wilson
3621 Evergreen Street
Port Coquitlam, BC, V3B 4X2, Canada
(604) 468-9406
dougww3@netscape.net
Member, Interest:2,9,10

Mr. Chris N. Wolfe 
Vibra-Sonic Control 
& Materials Handling Ltd.
4004 Gravely Street 
Burnaby, BC, V5C 3T6, Canada 
(604) 294-9495, FAX:(604) 294-8033 
cwolfe@vibra-sonic.bc.ca 
Member, Interest:1,2,6

Galen Wong
#5 - 3409 Centre St. NW 
Calgary, AB, T2E 2X7, Canada 
(403) 891-3834 
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Soft dB Inc.
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State of the Art Acoustik Inc.
Dr. C. Fortier - (613) 745-2003 
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