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Introduction

It is well known fact that speech recognition based
interfaces could be of great value in many applications.
Thisis particularly true for the applications oriented to the
telecommunication users. A speech input interface based
on speech recognition technology has aready been applied
to many applications. Particular benefits could be achieved
by disabled people. Automatic speech recognition is
potentially of enormous benefit to people with severe
physical disabilities. The tremendous richness of human
speech communication gives the user many degrees of
freedom for control and input. The speed of speech
recognition also gives it a potential advantage over other
input methods commonly employed by physically disabled
people[1].

Also well known fact is that progress in the field of
speech technologies is slow and costly in various senses.
Most of the commercial applications are oriented to the
users of languages with many native speakers. First of the
all this fact shows that successful implementation of speech
based systems requires large intellectua and financial
investments.

In some of our previous papers we presented several
prototype systems using Lithuanian speech technologies. In
[2] were investigated possibilities to use Microsoft Speech
Server'2004 for Lithuanian speech applications. English
speech engine was used in that study to recognize several
Lithuanian voice commands, but the recognition accuracy
of Lithuanian words was too low for practical applications.

From the advent of speech recognition research and
the appearance of first commercial applications the main
efforts were devoted to the recognition of widely used
languages, particularly English language. The reason of
such behavior is very clear — popular widely used
languages have bigger market potential for practical
applications. So looking a the general trend in the
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development of commercial speech  recognition
applications and tools for the development of speech
recognition using information systems next sequence could
be observed: first version of speech recognition engine
oriented to the recognition of English (and particularly US
English) is released, then speech recognition system is
supplemented with the engines for the recognition of other
widely used languages (most often Spanish, French,
German and several others) and sometimes but not
necessarily with recognition modules of some other
relatively widely used languages (in example Dutch,
Italian, Turkish, Polish, etc.). Many other less widely used
languages remains out of the scope of interest for the major
speech recognition solution providers.

In such situation businesses and state institutions in
countries were such less popular languages are used as a
main source of spoken language communication faces a
challenge of development of own speech recognition tools.
Two major ways for solution are as follows:

- to develop own speech recognition engine from the
scratch;

- to adapt foreign language based engine for the
recognition of your native language.

The first approach has potentially higher capabilities
to exploit peculiarities of selected language and hence to
achieve higher recognition accuracy. But the drawbacks of
such approach are the same that major speech technologies
providers avoid the implementation of such languages in
their products — high costs in the general sense of this
word.

The second approach [3] has the potentia to achieve
some practically acceptable results faster than developing
entirely new speech recognition engine. Another advantage
of this approach is potential to achieve faster compatibility
with the existing technological platforms. Such advantage
is often important for business customers since they need to
follow various technical specifications in order to



guarantee consistent functioning of enterprise. But this
approach also requires careful investigation of the ways of
adapting and optimizing adaptation algorithms.

This paper presents our activities to adapt and
compare several foreign language (English, Spanish,
French, German) speech recognition engines for the
recognition of limited Lithuanian vocabulary (digits).
Recognizing of digits is a common task used by wide
variety of applications. Gathering policy numbers, catalog
numbers, license plate numbers, etc., are typical tasks that
involve digits recognition. Main features of the new
version of Microsoft Speech Server - Office
Communications Server Speech Server (MSS 2007) are
described and the results of experiments carried on this
server are presented.

Speech for telephony — Office Communications Server
Speech Server

Part of the Microsoft Office Communications Server
(MOCS) package, responsible for speech interface control
is Microsoft Speech Server (MSS2007) [4]. Previous
version of Microsoft Speech Server MSS2004 was
presented in [5] together with IBM WebSphere Voice
Server [6]. Speech Server MSS 2007 is an interactive
voice response (IVR) platform that integrates with Visual
Studio 2005 or Visual Studio 2008. MSS 2007 provides
tools for developing applications that run over a telephone,
or telephony applications. For example, telephony
applications let you check your bank balance via a
telephone or get an automated call from your doctor's
office reminding you of your next appointment. MSS' 2007
is to a telephony application what a web server such as
Internet Information Services (11S) is to a web application.
MSS 2007 applications can have the following capabilities:

« speech recognition alows users to respond to
application prompts;

e Touch-Tone capabilities, caled dual-tone multi-
frequency (DTMF), let users respond to application
prompts via the telephone keypad,;

« text-to-speech (TTS) capabilities allow applications
to read and speak written text to users.

MSS 2007 supports a powerful Microsoft .NET
Framework-based application programming interface
(Voice Response and Windows Workflow) for low-level
access to core Speech Server functionalities (latest version
of MSS aso supports VoiceXML and SALT (Speech
Application Language Tags)) [7]. By utilizing Windows
Workflow software developer can write managed code and
actualy see the entire cal flow. Microsoft's .NET
Framework is a runtime environment and class library that
dramatically simplifies the development and deployment of
modern, component-based applications.

In Visual Studio, developer may build Voice
Response Workflow application framework in the Dialog
Workflow Designer (Fig. 1): speech diadlog component
answerCallActivityl answers an  incoming  call,
questionAnswerActivityl — asks the question and gets the
user's answer, gotoActivityl jumps to another
component, disconnectCallActivityl — disconnects an
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existing call. Such framework is suitable for testing of
Lithuanian digits recognition by selected speech
recognizer. The prompt, grammar and target properties of
guestionAnswer Activityl and gotoActivityl speech dialog
components should be defined before the testing
procedure.

Speech Workflow
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Fig. 1. The view of Dialog workflow designer window

The simplest way to prepare the prompts — to input
the desirable text for the synthesizer in the QuestionAnswer
Property Builder (Fig.2): the Main prompt is the first
prompt played after the control is selected. The Slence
prompt is played when the user remains silent for the
duration. If the user gives input that isn’t recognized by the
specified grammar, the No Recognition prompt will play.

QuestionAnswer Property Builder 3
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Fig. 2. The view of QuestionAnswer Property Builder window

For an application to recognize speech, it needs to
know which words and phrases to expect. Building
grammar involves compiling lists of predicted user
responses to specific prompts. Grammar is stored in a
W3C-compliant format called Speech Recognition



Grammar Specification (SRGS), specificaly in an XML
format known as Grammar XML (GRXML). When speech
from grammar is recognized, it produces the results in an
XML format called Semantic Markup Language (SML).
When developing an IVR application, building grammar is
the most time-consuming piece. It will take more time than
writing the application itself.

Latest MSS version (2007) supports simplified tool
for building grammars — Conversational Grammar Builder
(CGB). CGB is most appropriate for developing grammars,
where the wuser's answers are single keywords.
Conversational Grammar Builder can aso be used to
develop grammars that use natural language understanding,
or Conversational Grammar grammars.

More advanced Speech Grammar Editor (SGE) is
provided for developing grammars where the user's
answers are more complex than a single phrase, for
example, a grammar used to recognize the Lithuanian digit
“du” (Fig. 3): two transcriptions of Lithuanian digit “du”
are involved in the SGE providing two alternatives for the
recognition of this digit. Another application for Speech
Grammar Editor is speech recognition scenarios involving
mixed-initiative user responses, where the user can provide
information that the system has not yet asked for.

A )+®
$. _walue = "du" \|_
—D[ duuh ]—[;: £, _walue = "duuh" }

Fig. 3. Theview of Speech grammar editor window

du ...duuh

Also it is possible to customize recognized
pronunciations in speech applications running on Speech
Server. Lexicons are supported by Speech Grammar Editor
and Conversational Grammar Builder. Any word could be
placed in the field “Word to look up” in the Pronunciation
editor (Fig. 4) and the proposed transcriptions of this word
would be generated according the UPS (Universal Phone
Set) aphabet [8] and placed in the field “Default
pronunciations’. The user can add any transcription to the
recognition grammar by copying it to the field “Custom
pronunciations”.

The made-up transcriptions could be added in the
field “Custom pronunciations’ using UPS phoneme and
prosodic symbol labels which are specific for each
language. The primary stress S1, the secondary stress S2,
the syllable break and other prosody UPS labels could be
used in the transcriptions.

Currently, the following language packs are available
for speech and DTMF recognition:

English (United States);
English (United Kingdom);
German;
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French (Canada);
Spanish (United States).

Pronunciation Editor [en-US] i
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Fig. 4. Theview of Pronunciation Editor window

Chinese, Italian, Japanese, Korean and Portuguese
language packs supports only DTMF recognition and text-
to-speech synthesis.

Investigation of Lithuanian digitsrecognition

Investigation of Lithuanian digits recognition by
English recognizers was carried out for many years. In
order to improve the accuracy of Lithuanian digits
recognition by recognition engines of other languages, it is
possible to use foreign transcriptions of Lithuanian words.
This way speech recognition engine of foreign language
interprets spoken word as native one and sometimes the
improvement is quite noticeable.

Ten Lithuanian digits from 0 to 9 were chosen to
investigate recognition accuracy. Very high averaged
accuracies of Lithuanian digits recognition by Microsoft
English (U.S) v6.1 recognizer were achieved using trained
speaker profile and experimentally chosen recognizer
settings in 2008 for one speaker (MR, woman):

99.8% - using many transcriptions for each digit;
99.0% - using one transcription for each digit.
SAPI-based  (SAPI Soeech  Application
Programming Interface) transcriptions were used in above
mentioned experiment, for example, the transcription of

digit “0” was nuhlihs.

In order to check the suitability of selected
transcriptions for MSS 2007, the test for the measuring of
the accuracy of the digits recognition was prepared on
MSS 2007. One transcription for each digit from the
previous experiment was used for the measuring of the
accuracy of digits by English recognition engine (Microsoft
Soeech Recoghizer 9.0 for MSS (English — US)). Four
speakers took part in the experiment: each digit was spoken
100 times through the mobile telephone. The averaged
results of recognition accuracy of Lithuanian digits are
presented in table 1.

Low recognition accuracy achieved by English
recognition engine indicates that used transcriptions are not
suitable for Lithuanian digits recognition on MSS 2007.
Universal Phone Set (UPS) [7] should be used on
MSS 2007 instead of SAPI-based alphabet for Lithuanian
digits transcription.



Table 1. Accuracy of Lithuanian digits recognition by English
recognizer through the mobile telephone

Speaker Recognition
accuracy, %
RM, man 64.2
VR, man 52,1
KR, man 61,0
MR, woman 41,0
Average 54.6

Before the investigation of UPS transcriptions the
attempt to find the most suitable recognition engine for
Lithuanian digits recognition was done. German (Microsoft
Soeech Recognizer 9.0 for MSS (German-Germany)),
English (Microsoft Speech Recognizer 9.0 for MSS
(English-US)), French (Microsoft Speech Recognizer 9.0
for MSS (French-Canada)) and Spanish (Microsoft Speech
Recognizer 9.0 for MSS (Spanish-US)) recognizers were
used in next experiment. Foreign transcriptions of
Lithuanian digits were chosen using speech synthesizers of
foreign languages [9]: each Lithuanian digit was
synthesized and the most similar to Lithuanian
pronunciation foreign transcriptions of digit were selected.
The number of transcriptions varied from five
transcriptions for short digits (2) to fifteen transcriptions
for long digits (7, 8). Separate recognition grammars were
prepared for each digit and for each language using SGE:
overall forty recognition grammars. Forty Lithuanian digits
recognition tests were carried out with each recognition
grammar in order to find the most suitable transcriptions of
each digit. Experiment was conducted in noisy computer
room environment, using headset microphone. MSS' 2007
debugger was used in this experiment (Fig. 5): it provides
the recognized text and the confidence score. By default,
the speech recognizer engine returns a single result with the
highest confidence score. The recognition rejection
threshold, by default, is equal 0.20: the digit is not
recognized if the confidence score islessthan 0.21.

¥Yoice Response Debugging Window |

] | Start Becarding |
Text Inpuk:
= Confidence
wihehnahs _j iIII.E =

Fig. 5. Theview of Voice Response Debugging window

Each digit was spoken 100 times by one speaker-man
and one speaker-woman and the recognized transcriptions
were calculated. The transcriptions which were recognized
mostly times were selected and used in the next
experiments. As the example of the given results, the best
transcriptions of Lithuanian digit “nulis’ for German,
English, French and Spanish recognizers are presented in
the table 2. In that case if two or three transcriptions of one
digit received similar evauations in the previous
experiment, all of them were used in the next experiment.
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Four recognition grammars were prepared for each
language using SGE. Each digit was spoken 100 times by
one speaker-man and one speaker-woman and recognized
digits together with the confidence scores were recorded.

The averaged accuracy and the averaged confidence
score of Lithuanian digits recognition by German, English,
French and Spanish recognizers are shown in the tables 3
and 4.

Table 2. The best transcriptions of Lithuanian digit “nulis’ for
German, English, French and Spanish recognizers

German English French
nulis

Spanish
nuhlihs

0 | nuhlihs nouluece

Table 3. The averaged accuracy of Lithuanian digits recognition

by German, English, French and Spanish recognizers
Speaker German | English | French Spanish
KR, man 58.4 76.4 52.8 88.2
GB,woman | 51.8 59.0 76.8 98.8
Average 55.1 67.7 64.8 93.5

Table 4. The averaged confidence score of Lithuanian digits
recognition by German, English, French and Spanish recognizers

Speaker German | English | French Spanish
KR, man 0.44 0.48 0.48 0.60
GB, woman 0.42 0.37 0.57 0.77
Average 0.43 0.43 0.53 0.68

The best averaged accuracy and the best averaged
confidence score of Lithuanian digits recognition was
achieved by Spanish recognizer. The big difference
between the results of speaker-man and speaker-woman is
noticeable: the averaged accuracy of Lithuanian digits
recognition by Spanish recognizer for speaker-man is
88.2% when the averaged accuracy of Lithuanian digits
recognition by Spanish recognizer for speaker-woman —
99.8%.

The accuracy and the confidence score of separate
Lithuanian digits recognition by German, English, French
and Spanish recognizers are presented in the figures 6 and
7. Lithuanian digits “vienas’, “du”, “penki” and “devyni”
were recognized without errors by Spanish recognizer and
the digit “du” — by French recognizer. The confidence
score of these digits recognition validates the previous
conclusion.

Lithuanian digit “keturi” was not recognized by
German and English recognizers. Lithuanian digits which
were not recognized or were recognized poorly:

“2" — German recognizer (speaker-woman);

“3" — German and Spanish recognizer (speaker-man);

“4" — dl recognizers except Spanish recognizer
(speaker-woman);
“5" — German and French recognizers, English

recognizer (speaker-man);

“6" — German recognizer (speaker-woman);

“7" — English recognizer (speaker-woman), French
recognizer (speaker-man);

“8" — French recognizer (speaker-man).
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Fig. 6. Confidence score of Lithuanian digits recognition by
German, English, French and Spanish recognizers

100 1
90 1
80 7
70 7

B German
N English
OFrench

M Spanish

60 7
50 7
40 1

30
20
107

o Hit

&

Fig. 7. Accuracy of Lithuanian digits recognition by German,
English, French and Spanish recognizers

It would be difficult to analyze all cases of bad
recognition, so only Spanish recognizer was examined
further. The accuracy of Lithuanian digits recognition by
Spanish recognizer for speaker-man and speaker-woman
are presented in the Fig. 8.
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Fig. 8. Accuracy of Lithuanian digits recognition by Spanish
recognizer

There are only two cases of bad recognition of
Lithuanian digits by Spanish recognizer (Fig. 8):

“3" — Spanish recognizer (speaker-man), recognition
accuracy - 31%, the confidence score - 0.31;
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“4" — Spanish recognizer (speaker-man), recognition
accuracy - 61%, the confidence score - 0.24.

The accuracies of recognition of these digits for
speaker-woman were very high:

“3" — Spanish recognizer (speaker-woman),
recognition accuracy - 100%, the confidence score - 0.83;
“4r Spanish  recognizer  (speaker-woman),

recognition accuracy - 96%, the confidence score - 0.70.

In order to improve the recognition accuracy of
Lithuanian digits “trys’ and “keturi” the recognition
grammars of these digits were changed by copying the
SGE generated default transcriptions of these digits from
the field “Default pronunciations’ to the field “Custom
pronunciations’ (Fig. 4). The example of such operation
for the transcription “keaturih” of the digit “keturi” is
showninthe Fig. 9.

Pronunciation Editor [es-US] _)Q
Edit custom pronunciations for word: | keaturih
Word ko look up:
! keaturib

Y
El
=

Defaulk pronunciations:
KEATUDRI
KEATUD®]
KEATUDRIW
KEATUD=IA

Cuskorm pronunciations:
SEATUDRI
KEATUDX]
KEATUDEIW
KEATUDXIA

l
ﬁ

Fig. 9. Custom pronunciations of the transcription , keaturih* of
the digit , keturi* of Spanish recognizer

The experiment of recognition accuracy measuring
was repeated: Lithuanian digits “trys’ and “keturi” were
spoken 100 times by the same speakers and recognized
digits together with the confidence scores were recorded.

The accuracy of recognition of Lithuanian digit “trys”
by Spanish recognizer using the custom pronunciations of
this digit increased from 31% to 70% and the accuracy of
recognition of Lithuanian digit “keturi” increased from
61% to 88% for speaker-man. The same high results as in
previous experiment were received for speaker-woman.
These results confirm that the accuracy of Lithuanian digits
recognition by Spanish recognizer could be increased using
the custom pronunciations of Lithuanian digits prepared
using Universal Phone Set (UPS) labels.

Conclusions

Voice servers integrate together telephony, speech
and internet and provide tools for developing applications
that run over a telephone. Using of transcriptions of
Lithuanian words so far is the only solution of voice server
application for Lithuanian language. Main features of the
new version of Microsoft Speech Server - Office
Communications Server Speech Server (MSS2007) are
described and the results of experiments carried on this
server are presented.

The accuracy of recognition of ten Lithuanian digits
by German, English, French and Spanish recognizers was
checked on voice server MSS 2007. The best accuracy of
Lithuanian digits recognition (93.5%) was achieved by
Spanish recognizer. It could be increased using the custom
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AHanu3upyercss BO3MOXXHOCTH Hcnosb3oBanusi Microsoft Office Communications Server Speech Server - MSS 2007 s
pacro3HOBaHUS JIMTOBCKUX IM(p. PeueBble cepBepbl HMHTErpUPYIOT BMECTE TENEe(OHHIO, pedb M HHTEPHET U IIPEIOCTaBILIET
HMHCTPYMEHTSHI JUIsl Pa3pabOoTKU MPUIIOKEHHH, KOTOpBIE NCHOI3YIOT TenedoHb! KaHall. Vcnois30BaHne TPAHCKPHIIINI JINTOBCKUX CIIOB
IO CHX IIOp SBIISIETCS EIWHCTBEHHOM BO3MOXKHOCTBIO CO3MaTh  IPWJIOKEHHS [UISI PEUeBBIX CEPBEPOB Ha JIMTOBCKOM SI3BIKE.
IIpencraBieHsl pe3ynbTaThl HCCICIOBAHMS PACIIO3HABAHUS JINTOBCKUX LHU(P C HCIION30BAaHHEM  HEMENKOIO, AaHTJHMHCKOTO,
(paHIy3cKOTO M HCIAHCKOTO pacnosHaBareneid mmst MSS2007. Jlydmme pes3ynbraThl paclio3HOBAaHMS JIMTOBCKUX HU(P  ObUIH
JOCTUTHYTHI UCTIOJNIB3YSI HCIIAHCKUH pacro3HaBaresib. OHa MOXET OBITH yBEJIMUYECHA C IOMOIIBIO TPAHCKPHIIINH, CO3JJAHBIX C TOMOIIBIO
merok Universal Phone Set (UPS). [lemoncTparus uaeHTH(GHUKALNK T10Jb30BaTelist 110 TenedoHy moarorosieHa. M. 9, 6ubn. 9 (Ha
AHTJIMICKOM s13bIKe; pedepaThl Ha aHITIMHCKOM, PYCCKOM H JIMTOBCKOM SI3.).
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galimybiy tyrimas// Elektronikair elektrotechnika. — Kaunas: Technologija, 2009. — No. 3(91). — P. 15-20.

Nagrin¢jamos Microsoft Office Communications Server Speech Server arba MSS 2007 balso serverio panaudojimo lietuviy kalbos
skai¢iams atpazinti galimybés. Balso serveriai apjungia telefonija, kalbos technologijas ir interneta ir leidzia ruosti taikomasias
telefonines programas. Lietuvisky zodziy uzsienietisky transkripciju panaudojimas kol kas yra vienintelis balso serveriy taikymo
lietuviy kalbal budas. Pateikiami lietuvisky skaiciy pavadinimy atpazinimo su vokieciy, angly, pranciizy ir ispany kalby atpazintuvais
rezultatai. Nustatyta, kad ispany kalbos atpazintuvas geriausiai atpazista lietuvisky skai¢iy pavadinimus. Skaiciy atpazinimo tikslumas
gali buti pagerintas panaudojant transkripcijas, paruostas su Universal Phone Set (UPS) alfabetu. Paruosta vartotojo identifikavimo
demonstracija, kurioje lietuvisky skaiciy pavadinimai atpazistami su ispany kalboas atpazintuvu. I1. 9, bibl. 9 (angly kalba; santraukos
angly, rusy ir lietuviy k.).
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