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ABSTRACT 

In cooperation with klickTel GmbH (Dorsten, Germany) a 
unit selection synthesis system for a directory enquiries 
application was developed on the basis of BOSS II (Bonn 
Open Synthesis System II, Stöber et al. 1999, Klabbers et al. 
2001). The speech corpus used was designed and recorded 
specifically for the needs of proper name synthesis. In the 
following, we will give an overview of some of the steps 
taken for the adaptation of the synthesis system, as well as 
the corpus design and annotation. 

1. INTRODUCTION 

In the project described here, a speech synthesis system 
specialised on the output of names and addresses was 
developed at IKP. The application aimed at was an 
automatic directory enquiries service with the ability to 
present users with a synthesised acoustic output in response 
to their requests. The goal was to not only synthesise 
telephone numbers, but also the complete names and 
addresses of directory entries that match a given query 
input. Proper names pose a major problem for transcription 
and synthesis. From the viewpoint of corpus design they 
are problematic because the segmental transitions covered 
by standard reading texts for corpus recordings do not 
suffice. Proper names often do not follow the phonotactics 
of the standard variety of a language, either as a result of 
historical sound change or dialectal or foreign origin. 
Difficulties in transcription arise from the ambiguities and 
inconsistencies of orthographic conventions, or 
grapheme-to-phoneme mapping, within a language and 
even more so between languages.  

2. BOSS II 

BOSS II is a software architecture for non-uniform unit 
selection synthesis. In a unit selection system the building 
blocks for an output signal are selected at runtime from a 
large corpus of speech. In contrast to classical 
concatenative synthesis multiple units may (and should) 
exist in the corpus for each phone that is to be synthesised. 
Non-uniform means that the units used for a given 
sequence can be of different size and/or from linguistic 
levels. At the moment, BOSS II uses words, syllables and 
phones. Cost functions decide which of the alternatives for 
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n word, syllable, or phone is to be selected. These 
unctions can be divided into unit costs and transition 
 Unit costs measure the deviation of a certain token 
redicted values for duration, phrase position, lexical 

 as well as differences between the canonical 
ription and actual realisation. Transition cost 
ons on the other hand try to optimise the transitions 
en adjacent units, in the case of BOSS II by 
ating spectral differences, using mel-cepstrum 
cients and F0. If a glitch occurs nonetheless, BOSS II 
ys F0 manipulation to smooth the transition. 
ise, duration is manipulated if it differs significantly 
he predicted value. 

TOKENISATION AND TRANSCRIPTION 

one directories contain a large number of 
viations of different types, some of which have to be 
ded to their unabbreviated form, while some need to 
lled (UN) or pronounced in their abbreviated form 

NATO). To achieve a correct transformation, the 
ing tokenisation strategy is employed: By means of a 

ally devised set of regular expressions, the most 
nt abbreviations from our directory database are 

ed to their unabbreviated counterparts. All words that 
d with a period (.) or those that are written in capital 

 after this first stage are checked for presence in an 
tion lexicon. If the lookup succeeds, they can be 
 to the transcription as is. If not, they are checked for 

unceability against a regular expression describing 
raphic syllables that can be pronounced in German. 

re is a match there is another lookup in a list of 
unceable abbreviations that are usually spelled. Only 
 abbreviation is found in this list, or if it does not 
 the regular expression, is it spelled.  
ples: 

known abbreviation, expanded to “Diplom” 
ambig. abbrev. (Christoph/Christian?), spelled 

 pronouncable abbrev., passed to transcription 
unpronouncable, will be spelled 
pronouncable, but not usually pronounced, will 
be spelled. 

SS II, transcriptions are provided by one of three 
ct mechanisms, the first of which is a simple lexicon 
p, that uses BOMP (Bonn Machine-Readable 



Pronunciation Dictionary, Portele et al. 1995) as a source of 
transcriptions. If this fails, morpheme decomposition is 
attempted on the basis of a pronunciation lexicon of the 
most frequent German morphemes (Ortmann 1993). A cost 
function decides which of the possible decompositions is 
selected in case of  an ambiguity. If the input word cannot 
be split into morphemes it is passed on to the last level of 
transcription,  a decision-tree based grapheme-to-phoneme 
conversion. This last transcription module uses three 
different decision trees to sequentially map words to a 
transcription, syllabify the resulting string and then assign 
stress to it, similar to the method described in Busser 
(1998).  

Over 45.000 first names, surnames, company names, street 
and place names from the directory database were 
transcribed in order of descending frequency during the 
course of the project. Combining these with BOMP results 
in a transcription database with about 245.000 entries. The 
name transcriptions alone cover a large portion of the name 
tokens contained in the directory database, although 
millions of types remain untranscribed. 
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Fig. 1: Coverage of name tokens in the 

directory database by the 45.000 
transcriptions of the most frequent names, in 

percent. 
 

As there are significantly more surnames than e.g. place 
names, a much lower coverage of tokens is reached with 
approximately the same number of transcriptions.  

The multilingual origin of the names in the directory 
database is problematic with regard to the definition of a 
proper phone set for transcriptions and the speech corpus. A 
level of nativisation1, in this case, adaptation to the German 
phonology, has to be found that is a sound compromise 
between different, possibly conflicting conditions. Namely 
to be as close to the native pronunciation (in the language of 
origin) as possible, while still being a realistic 
representation of what an average German speaker could 

                                                        
1 Under nativisation we understand the process and the 
result of an adaptation of written or spoken foreign material 
to the phonology of the native language of a speaker in 
perception or production. 
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2 This
Germ
ould realise phonetically. If the transcription and the 
tic output are too authentic, it might be difficult for 

er of the service to understand the name or to relate it 
orthographic representation. Additionally, the sound 
tory needs to be limited to be able to keep the size of 
rpus within certain bounds without cutting back on 
verage in terms of possible triphone contexts too 

.  

 on the demographic proportions in Germany, the 
nce of different languages for the name entries in the 
ory was estimated. For 15 languages (including 
h and French for company names), nativisation rules 
efined to ensure a uniform transcription of grapheme 

s by different transcribers.  

llowing sounds were added to the German phone set 
e transcription of English names. The transcriptions 
ven in BLF (BOSS Label Format, see section 4.) 
 uses the SAMPA set of symbols: 

s in think 
s in this 
s in nose 
s in bay 
s in service 
s in dawn 

 sounds were adapted to the German phonology, e.g. 
/schwa diphthongs to vowel/vocalised-r [å] 2 
ongs  

d"e@/ /d"E:6/ 
f"I@/ /f"i:6/ 

 vowels were adapted in terms of quality and quantity, 
he following example:  

/"leI.dI/ /"leI.di:/ 

sure intelligibility for the average user of the system 
o avoid an explosion of the number of possible 
-to-phone transitions, syllable-final devoicing of 
ents was extended to non-German words: 

/"EdZ/ /"?EtS/ 

he same reasons, the glottal stop, that precedes 
le-initial vowels in German, was also used for the 
ription of foreign words, as can be seen from the 
 example. 

 of the sounds that are part of the so-defined phone set 
stricted for use with certain languages of origin. For 

                                               

 is the way coda-/r/ is usually realised in Standard 
an. 



example, /T/ und /D/, are allowed for the transcription of 
English names, but it was decided not to use them for 
Spanish, because we assumed that German speakers are 
less familiar with their use in Spanish than in English  

4. THE CORPUS 

The experience gained from other projects led to the 
specification of a new set of synthesis units, named BLF 
(Breuer et al. 2001). In this set, liquids, glides and glottal 
sounds ([jh/lVw{®]) are combined with following vowels 
and diphthongs to form new multi-phone units. 

|#t|ra|n|s|.k|rI|p|.t|s|"jo:n| 
(# = word boundary; . = syllable boundary; 
 " = primary lexical stress) 

These sounds exhibit a high level of coarticulation with the 
vowels they precede, which often renders them useless for 
concatenation in all contexts except for the one they were 
recorded in. The combination of these phones leads to a 
reduced number of unacceptable concatenations, but on the 
downside also to a significant increase of different base 
units.  

The corpus designed for the project contains different types 
of texts to serve the various demands: 

• a base set of sentences that covers a large portion 
of phone transitions for Standard German 

• sentences containing about 2000 of the most 
frequent first names, surnames, street names, 
house numbers and place names in the appropriate 
syntactic positions, as specified by the output 
format of the synthesis (phrase slot filling) 

• sentences containing numbers and pairs of 
numbers in different phrase positions 

• spelled letter units, realised in different phrase 
positions 

For a directory enquiries service, the adequate synthesis of 
telephone numbers evidently plays a central role. The 
prosody of telephone numbers is very complex and depends 
on a number of factors such as the number of digits, the 
repetition of single digits, or the degree of orderedness of a 
sequence (1234 vs. 3851), etc. (see Baumann et al. 2001). A 
relatively simple but effective measure to make the prosody 
of synthesised telephone numbers much more natural is the 
arrangement of the digits into phrases of maximally two 
units. If the number of digits is uneven, the first element is 
split off to form its own prosodic phrase. The rest are 
grouped into phrases of two digits, where the second 
element is realised with rising pitch unless it marks the end 
of the sequence of digits, in which case it is realised with 
falling pitch.    
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s end, the digits from 0 to 9 and all 100 possible pairs 
 9 were recorded in different phrase-final positions. 
ay, each first element of a pair received medial pitch 
teristics while the second elements were realised 
ither rising or falling pitch curves. In a similar way, 
ted units for spelling were created. 

ionally, special numbers that have a fixed prosodic 
tion, such as the prefix for toll-free calls, "0800" 
ecorded separately. 

 null-achthundert ('zero, eight-hundred') 

ay, a significant improvement in terms of naturalness 
 be achieved in comparison to the often encountered 

s that use a  monotonous playback of single number 
nces. 

5. SUMMARY AND FUTURE WORK 

election synthesis provides for a greater naturalness 
e more frequent names of the database. On the other 
it is hard to guarantee a certain degree of quality or 
gibility, when it comes to concatenating smaller units 
thesise the less frequent entries. This is why vital 
ation, such as the telephone numbers or the output of 

elling mode has to be covered by dedicated units. An 
tion of the intelligibility of the system is currently in 
ss  

prove automatic transcription, we are planning to 
e the manually transcribed names to yield a list of 
emes or pseudo-morphemic components of names. 
nformation can be used to augment the base list of 
an morphemes.  

ge the quality of our standards for the adaptation of 
n phones, it would be necessary to put the 
sation strategies applied by German speakers on an 
ical basis. Experimental results for speakers of 
nt L2 competence levels are needed. Unfortunately, 

research has been undertaken in this field. Schaden 
) investigated different pronunciation variants of 
names to construct rules for the generation of 

ative transcriptions for a speech recogniser. In 
st to that, for the application in speech synthesis, the 
ould be to generate a single nativised variant that 

 the expectations of the average native speaker of 
an. 
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