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Introduction

World Wide Web (WWW) increasingly used as text data source for
rapid adaptation of ASR systems to new languages and domains, e.g.

Crawl texts to build language models (LMs),

Extract prompts read by native speakers to receive transcribed audio
data (Schultz et al. 2007)

Creation of pronunciation dictionary
Usually produced manually or semi-automatically
Time consuming, expensive
Proper names difficult to generate with letter-to-sound rules

|Idea: Leverage off the internet technology and crowdsourcing

Is it possible to generate pronunciations based on phonetic notations
found in the WWW?
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2.1 Data — Wiktionary
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At hand in multiple languages

In addition to definitions of words, many phonetic
notations written in the International Phonetic
Alphabet (IPA) are available

Quality and quantity of entries dependent
community and the underlying resources

First Wiktionary edition: English in Dec. 2002,
then: French and Polish in Mar. 2004

No. | Language “Good” | Admins | Active

The ten largest Entries Users
Wiktionary [ [ French [,786k 21 286
language editions 2 | English [,770K [00 | 1047
(July 2010) 3 | Lithuanian 542Kk 3 14
e ete oy [ 4 | Twksh | 2osk | 6| 50
5 | Chinese 257k 9 31

6 | Russian 246k 6 139

7T | Vietnamese 229k 3 31

8 | Ido 171k 2 13

9 | Polish 165k 25 79

abandonndr /a.bd.dx.ne/ Jansitif 1% groupe (conjugaison) 10 Portucuese 156k 6 112
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Eintrag Diskussion Lesen Bearbeiten Wersic
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Hast du unsere Anderungen bemerkt? Wir haben Wiktionary verbessert. Mehr Informationen. ..

freies Worterbuch sein <dd><a hpef=flagiji/Hilfe:IPA" title="Hilfe:IPA">IPA</ax:
[<span class="ipa" Etylesbrmmincg: 0 1lpx;
Hauptseite text-dec™ === @ span>] (bin: [<span
Themenportals Inhaltsverzeichnis [Verbergen] class="ipa" style="paddingr—9o lpx; text-decoration:
) none; "rbIn<d/spanr], bist: [<span class="ipa"
Zufillige Seite 1 sein (Deutsch) B -" B 1 [<=p 3 ol
_ _ 14 Hilf b style="padding: 0 lpx; text-decoration:
Inhaltsverzeichinis A sve[ none; "> bist</span>], ist: [<span class="ipa"
~ Mitarbait 114 Ublerseizungen ) style="padding: 0 1px; text-decoration:
) 1.2 Possessivpronomen, 3. Person Singular m, n none;">Ist</span>], sind: [<span class="ipa"
Eintrag erstellen 1.2.1 Ubersetzungen =n e . ion:
== style="padding: 0 lpx; text-decoration:
Autorenp_ortal 2 sein (Franzésisch) none; "> zint</span>], seid: [<span class="ipa"
Wunschliste 21 Substantiv, m style="padding: 0 1px; text—decoration:
Literaturliste 211 Ubersetzungen none;"»zaIl_t</span>]), <span style="font-
Letrte Anderungen size:95%; ">Priateritum:</span> [<span class="ipa"
R sein (DEUtSCh) [Bearbeitzn] style= 1.:radd1ng: 0 1px; text-decoration:
none; "> va:e_</span>], <span style="font-
b Werkzaugs 2ize:35%;">Partizip IL:</span> [<span class="ipa"
Hilfsverb [seameiten style="padding: 0 lpx; text-decoration:
* |n anderen Sprachan none; ">ga ve:zon</span>]</dd>
L Anmerkung:
- Alle Verbindungen mit sein schreibt man nach neuer Rechtschreibung getrennt (da sein, weg sein, zusammen sein ...
Brezhoneg
Cosky Sllben_trenn"ung: -
sein, Prateritum: war, Partizip Il: ge-we-sen
Dansk
EMMvIKG Augspraehe ) o . ) , . e . - .
English wl n: [bn], bist: ['b1st], ist: [1st], sind: ['zInt], seid: [zazt]), Prateritumn: ['vaze], Partizip Il [ga've:zan]

sein (Franzésisch) pesmeiten

Subs‘tantiv, M [Bearbeiten]
<dd»<a href="/wiki/Hilfe:IPL" title="Hilfe:IPA">IPL</a>:

S“b‘:;'itr:egm::lﬂ;ems [<span class="ipa" style="padding: 0 lpx:
’ ) text-decoration: none;"»>3s</span>]</dd>

Aussprache:
IPA: [sE]
Harbeispiele: ﬂl} sein, Plural; —
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Data — GlobalPhone

For our experiments, we build ASR systems with GlobalPhone data
for English, French, German, and Spanish

In GlobalPhone, widely read national newspapers available on the
WWW with texts from national and international political and economic
topics were selected as resources

Vocabulary size and length of audio data for our ASR systems:

English | French | German | Spanish
Vocab size 58k 122k 38k 30Kk
Audio train 154h | 249h 14.9 h 17.5h
Audio test 0.5h 2.0h [.5h 1.6 h

GlobalPhone dictionaries

... had been created in rule-based fashion, manually cross-checked

... contain phonetic notations based on IPA scheme
mapping between IPA units obtained from Wiktionary and
GlobalPhone units is trivial (Schultz, 2002)
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Experiments and Results

Quantity Check:

Given a word list, what is the percentage of words for which
phonetic notations are found in Wiktionary?

Quantity of pronunciations for GlobalPhone words
Quantity of pronunciations for proper names (e.g. New York)

Quality Check:

How many pronunciations derived from Wiktionary are identical to
existing GlobalPhone pronunciations?

How does adding Wiktionary pronunciations impact the
performance of ASR systems?
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Experiments and Results — Extraction

Manually select in which Wiktionary edition
to search for pronunciations

Our Automatic Dictionary Extraction Tool
takes a vocab list with one word per line

For each word, the matching Wiktionary
page is looked up

(e.g. http://fr.wiktionary.org/wik

If the page cannot be found, we iterate

IPA-Search

Search for IPA in the World Wide Web

Tpload a file!

Durchsuchen.. ][ uploadFile

Choose language of wehsite:
® English O French O Berman O Bpanish

for results chick here

coverage: 3/ 11 =45454 %

through all possible combinations of upper and lower case

Each web page is saved and parsed for IPA notations:

Certain keywords in context of IPA notations help us to find the

phonetic notation

title=%Tmexe: Prononciation/francas'> i
3 Title="prononciation API "@ .ba.do. n@f span: )

(e-g- <Sspan

For simplicity, we only use the first phonetic notation, if multiple candidates

exist

Our tool outputs the detected IPA notations for the input vocab list and
reports back those words for which no pronunciation could be found
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3.2 Experiments and Results — Quantity Check

Quantity of pronunciations for GlobalPhone words

# words
120,000 .
Searched and found pronunciations for
100,000 words in the GlobalPhone corpora
80,000
60,000
40,000 -
*For French, we employed a word list developed
20.000 - within the Quaero Programme which contains
’ more words than the original GlobalPhone
0 -

English Frenchk German Spanish
(19.79%) (93.27%) (19.67%) (7.71%)

— Morphological variants in the word lists could also be find in Wiktionary

—  French Wiktionary has highest match, possible explanations:
. Strong French internet community (e.g. “Loi relative a 'emploi de la langue francaise )

. Several imports of entries from freely licensed dictionaries in French
Wiktionary (http://en.wikipedia.org/wiki/French_Wiktionary)
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3.2 Experiments and Results — Quantity Check

»  Quantity of pronunciations for proper names

Proper names can be of diverse etymological origin and can surface in
another language without undergoing the process of assimilation to the
phonetic system of the new language (LIitjés and Black, 2002)

important as difficult to generate with letter-to-sound rules

Search pronunciations of 189 international city names and
201 country names to investigate the coverage of proper names:

%

20
80
70
60
50
40
30
20
10

city names

IIL

English
(31)

French German Spanish
(57) (52) (15)

%
20
80
70
60
50
40
30
20
10

0

countrynames

11,

English French German Spanish
(121) (153) (135) (32)
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3.2 Experiments and Results — Quantity Check

»  Quantity of pronunciations for proper names

— Results of only those words that keep their original name
In the target language:

% city names that keep their original name % country names thatkeep their originalname

100 100

90 20

80 80

70 70

60 60

50 50

40 40

30 30

20 20

e N i

0 T ! ! 0 |
English French  German Spanish English French German Spanish
(25/149) (40/145) (35/144) (17/136) (53/104) (52/58) (57/80) (17/80)

/7

# found prons. for country names  # names which keep the
that keep their original name original name in target language
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- Alook at the amounts of Wiktionary pages containing prons.
also shows the differences in quantity betw. the Wiktionary editions:

Language || # pages # pages | % pages || # prons | % prons in target
with with language due to

prons prons tag information

French 1,786k 912k | 51.1% 954k 86.16%
English 1,770k 159k 9.0% 181k 14.92%
German 110k 48k |  43.6% 91k 66.17%
Spanish 48k 8k 16.7% 19k 47.53%

Example:

SU

Cognitive Systems Lab

253%
3.B7%

0.47%
1.11%

0.38% _0.28%

4.11%

21;;;‘;::::::Jfflf*”’”ﬂJﬂrP

Many pronunciations in a given Wiktionary are for foreign languages

German Wiktionary

B German (61k)

B Polish (2k)
m French (8k) ;
m English (2k) (_Accordlr_lg to the language
W Czech (2K) information from the tags)
M Italian (2k)

Faroese (1k)

Spanish (400)

Hurngarian (350)
Latin (250)
others (<250)
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3.3 Experiments and Results — Quality Check

* Impact of new pronunciation variants on ASR Performance

Approach I: Add all new Wiktionary pronunciations to GlobalPhone
dictionaries and use them for training and decoding (System1)

No. | Language | #prons. | % equal | # new
1 French 114k 145 30k
2 Spanish 2k 50% 1k
3 German Tk 28% ok
= English 12k 26% 9k

WER WER rel.
baseline | Systeml | improv’

French 23.43% 23.25% 0.79%

English 21.51% 22.46% | -4.44%

German | 21.60% 21.67% | 40.31%

Spanish 14.68% 14.42% 1.76%

Amount of GlobalPhone pronunciations,
percentage of identical Wiktionary
pronunciations and amount of new
Wiktionary pronunciation variants

Impact of using all Wiktionary
pronunciations for training and
decoding

*Improvements are significant
at a significant level of 5%

How to ensure that new pronunciations fit to training and test data?
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Experiments and Results — Quality Check

Impact of new pronunciation variants on ASR Performance

Approach Il: Use only those Wiktionary pronunciations in decoding that were
chosen in training (System?2)

Wiktionary pronunciations chosen in training during forced alignment are of good
guality for training data

Assumption:
Similarity of training and test data in speaking style and vocabulary

#wikt prons | % wikt prons
Amount and percentage of
French 3.000 10.11% Wiktionary pronunciations
English 845 0.86% selected in training
German 1.439 27.02%
Sp anish 259 22.90% *Improvements are significant
at a significant level of 5%
WER WER rel. WER relative
baseline | Systeml | improv.” | System2 | improvement™
French 23.43% 23.25% 0.79% 23.16% 1.17%
English 21.51% 22.46% -4.44%% 23.39% -8.76%
German 21.60% 21.67% 0.31% 21.07% 2.44%
Spanish 14.68% 14.42% 1.76% 13.62% 7.22%




Conclusion

We proposed an efficient data source from the WWW that supports the rapid
pronunciation dictionary creation

We developed an Automatic Dictionary Extraction Tool that automatically
extracts phonetic notations in IPA from Wiktionary

Best quantity check results: French Wiktionary (92.58% for GlobalPhone word
list, 76.12% for country names, 30.16% for city names)

Best quality check results: Spanish Wiktionary (7.22% relative word error rate
reduction)

Particular helpful for pronunciations of proper names
Results depend on community and language support

Wiktionary pronunciations improved all system but the English one
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Thanks for your interest!
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