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ABSTRACT

Although the synthesis of names is a new topic, a significant
amount of work has been done over the last few years on
methods for their conversion. As the potential applications in
most cases are targeted for public access, very good name
pronunciation capabilities are required. We have been
developing rule-based approaches for the grapheme-to-
phoneme conversion of names (place names, surnames and
first names). Our strategy in the development of
morphological- and letter-to-sound rules was supported by a
database derived from a telephone directory. To provide a
good first name pronunciation, a cluster-based approach has
been developed to predict the origins of names. This paper
reports on our progress and results toward this development.

INTRODUCTION

The synthesis of names is getting very useful for many
applications and will in the near future be integrated in several
services. Many Telephone-network applications and the
broadcasting of traffic information involve person names,
addresses and place names. The synthesis of business names
seems to be practical for getting the rapidly changing
information about current market transactions or about market
reports. However, most commercially available text-to-speech
systems are unable to pronounce names correctly. A test
carried out with our baseline text-to-speech system on two
corpora has shown that 37% of 21.500 place names and 43%
of 22.000 surnames were mispronounced. The German
synthesis systems perform quite well for the segmentation of
compound words into morphemes and for the letter-to-sound
rules, but these algorithms are not necessarily appropriate for
the pronunciation of German names. Furthermore, names
deriving from other languages cannot be processed with the
morphological and phonetic rules of the German language.

The grapheme-to-phoneme conversion of names requires
therefore appropriate algorithms for the morphological
decomposition and appropriate rules for the phonetic
transcription. Additionally, big efforts have to be done in
investigating their accentuation. The critical problems in the
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pronunciation of foreign names can be solved to a large extent
since we can predict their origin. In this case language-
dependent letter-to-sound rules can be applied to the
corresponding category of names.

This paper reports on a joint project between our institute and
Philips Kommunikations Industrie (PKI, Niirnberg). The
project involves the synthesis of names. In the following, we
will first introduce our approaches for the conversion of
German place names and surnames. The second part describes
the phonemisation of first names of diverse etymological
origins. The results gained will also be presented in this paper.

SELECTION OF DATABASES

In order to investigate the morphology of names, a database
containing about 250.000 entries was used. It consists of
corpora containing place names, street names, person first-
and last names and business names. The entries derive from a
telephone directory; they were sorted according to decreasing
frequency of occurrence. The proportions of the corpora to the
whole database is given in figure 1.

52%

[] first names
B sumames
street names

place names
B Business names

Figure 1. Distribution of entries in the database
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The corpora were in a first step, automatically transcribed
using our text-to-speech system [3]. If necessary, the entries
then were corrected manually in a second step. Since the
corpora holding the street names and surnames are very large,
we took two subsets of them containing the most frequent
entries.

CONVERSION OF SURNAMES AND PLACE
NAMES

The morphological decomposition

The first proceeding on the development of our concept for the
grapheme-to-phoneme conversion was to investigate the
morphology of names. We have thus selected the frequent
morphemes occurring in both corpora. We noticed that these
morphemes could be distinctly classified into three groups.
The first group is build up from name-specific suffixes (e.g.,
<au, itz, ow, sen> in ,Bern#au, Born#itz, Pank#ow,
Peterftsen*), the second group consists of stems standing for
expressions of fields or waters (e.g., <berg, feld, see> in
~Heidel#berg, Schone#feld#, Falkenstsee*). The third group is
composed out of stems that occur frequently at the beginning
of names. These morphemes are in most cases adverbs or
adjectives (e.g., <GroB, Alt, Ober> in ,GroB#iena,
Alt#barnim, Ober#hausen”). Table 1 gives an overview about
the most frequent morphemes found in the database.

stems stems suffixes
(end of names) (begin of names)
bach 700" alt 163 ach
berg 631 breit 33 au
8 dorf 1537 frei 38 ding
§| fld 302 groB 232 chen
8 hausen 425 hinter 22 gau
< | leben 199 Klein 169 ham
mithle 243 lang 106 ing
roda 97 neu 283 litz
see 112 nieder 152 ow
tal 113 ober 326 wig
- beck 57 alt 16 chen
g2 berg 36 bern 20 lein
g hart 32 jung 9 ler
2 mann 364 klein 11 sen

: indicates the frequency of the morpheme)

Table 1. The most frequent morphemes in the database

According to this morphological make-up, we developed three
rule sets to support the segmentation of composed names. For
this purpose we used the rule formalism already integrated in
our text-to-speech system, since the insertion and the
modification of rules can be provided easily.

The segmentation of names into morphemes is necessary for
many reasons. First, the most names results from
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compositions of stems e.g., ,Frank#furt, Alt#bau#hof*.
Second, a large number of German place names and surnames
consist of the combination of stems and suffixes. Third, stems
can be joined together with infixes like <s, en, es, etc.> e.g.,
»HAlt#en#burg”, ,Peterfs#hagen“. For the reasons just
described, we have developed an approach for the
segmentation of names into morphemes. This approach
consist of an algorithm supported by the rule sets and based on
the following steps:

1. Step:  conversion of foreign place names using an
exception table, e.g., ,Amerika, Bellevue,
Bevedere*.

2.5tep:  segmentation of suffixes and endings, e.g.,
»Altengrab = ow, Eich = ler, Merzkirch = en“.

3. Step:  segmentation of stems at the beginning of names,

e.g., ,,Ober = ammergau, Klein = haus*.

segmentation of stems at the end of names, e.g.,

»Diissel = dorf, Straus = berg, Winkel = mann*.

5. Step:  segmentation of infixes in the middle of names, e.g.,
»Peter = s = hagen, Dann = en = reich®.

4. Step:

We denote that the processing order of the segmentation can
be changed, although, experiences have demonstrated that the
decomposition order shown above leads to the best results.

Phonemisation of names

As has already been expressed before, the letter-to-sound rules
developed for the standard German vocabulary do not lead to
satisfactory results when applied on names. By running the
corpora through the system we were able to test the
correctness of these rules. Additionally, we discovered a great
number of instances where the morphological decomposition
of names influences the applicability of the rules. This bad
performance is mainly due to following aspects. First, the
general rule in German is that vowels followed by two or more
consonants are spoken short; if no more than one consonant
follows they are spoken long. This criterion cannot be
generally applied to the vowels in names. Some Examples
demonstrate the opposite, for instance the place names
,Ham#burg, /hambURg/“and , Rem#scheid, /REmSalt/* will
be spoken with short vowels. Second, there are some
grapheme strings that must be represented with supplemental
letter-to-sound rules. For example the graphemes <cz, ow, sz>
will be phonetically represented by /tS, o, S/ in names like
»Czerny /tSERnl/“, ,Grabow /gRa:bo/* and ,,Szymanski /
Simanski/“. Since it is well known that there is a difference in
quality between long and short vowels, we tried to model this
fact in our system and the phonetic rules produced a
reasonably good output.

Stress mark assignment
In order to improve the grapheme-to-phoneme conversion of
the system, we finally investigated the accentuation of names.

It should be noted that it was not sufficient to use the stress
rules implemented in the text-to-speech system. Our
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researches have indicated a variability in the stress
assignment. We remarked that wheras generally the first
syllable of names takes the stress, in several exceptions,
names will be accentuated on the second syllable. In
composed names we have found a suite of stems (e.g., <bostel,
werda, roda>) that always take the stress. Finally there are
particular stems occurring at the beginning of names which
will be accentuated according to the context that follows. The
variable stress assignment discussed above is summarized in
table 2. These aspects were consequently taken into
consideration and realized in our system.

Stress location Examples

first syllable -> Fr’ank#furt, B’ochum

second syllable -> Hann’over, Mar’ien#dorf
second stem -> Hohers#w’erda, Falling#b’ostel

first stem (stressed) > L’ angen#feld, ’ Ober#hausen
first stem (destressed) -> Langen#s’eifers#dorf,
Ober#’elf#ringen

Table 2. Stress assignment variability of names

Results

The phonemisation errors where determined by comparing the
system output with the reference transcription. At the first
preparatory phase of this project, our text-to-speech system
has mispronounced about 37% of 21.500 place names and
43% of 22.000 surnames. After implementing the appropriate
rules for the conversion of names, we noted error rates of
about 8% (place names) and 10% (surnames).

CONVERSION OF FIRST NAMES

The pronunciation rules of first names are generally more
difficult than those developed for the conversion of place
names or surnames. This is due to the fact that first name
cannot be decomposed into morphemes. Furthermore apart
from the letter-to-sound rules for the standard vocabulary, first
names requires special transcription rules. A second critical
problem is the pronunciation of first names that are of diverse
etymological origins. The pronunciation of such names often
deviates considerably from the one generated by German
phonemisation rules. Therefore, the origin of Non-German
first names have to be first identified in a first step.
Appropriate language-specific letter-to-sound rules can be
than applied in a second step [6).

Since we have taken all first names from the telephone
directory with a frequency of one or higher, the resulted
number of foreign first names was very large. They are of
different origins, and consequently, they can be classified into
many language categories. The most frequent categories we
found in the reference database are: German, French, English,
Greek, Italian, Slavonic, Arabic, Turkish and Asian. A rest
category comprises all undetermined etymological cases.
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Classification of names

The origin classification is based on the mapping of language-
specific clusters that occur only in names. These units carry a
considerable amount of information on the origin of names.
The position of the clusters in the name can be mapped at the
beginning of the word, in its middle part or at the ending of the
word. Examples of cluster combinations and their occurrence
in first names is shown in table 2. Based on this information
we have supplied for each cluster position a rule set in order to
predict the name origins. The rule files were designed in such
a way that each cluster can be supplied with an appropriate tag
(e.g. GER=German, FRE=French, ARA=Arabic etc.). For
further exact classification such as the exclusion of some
exceptions, a context can be inserted in the rule format. For
instance, names having the ending <han> will generally be
assigned to the Turkish category except ,Johan*, ,Jonathan‘
and ,,Stephan*.

origin bimation of combination of combination of
g initial clusters medial clusters final clusters
. een, ace
English - — Eileen, Grace
lou ¢q, oin ce, elle
French louise Jacquelin, Antoine | Maurice, Michelle
. gio cc lo, ella
Italian Giovanni Facchini Camillo, Antonelia
ody os, kis
Greek Odysseus - Nikos, Diamakis
. SW, 52 ij ev, lav
Slavonic Swetlomir, Szolek | Kosenija Milosev, Jaroslav
. abd aou eh
Arabic Abdelkarim Daoud Adileh, Fadileh
. chu, xi ao, iko
Asian Chung, Xiang — Chao, Yoshiko

Table 2. Cluster-based classification of names

Since the final and medial clusters carry more information
about the origin of names that the initial cluster, it was
advisable to set the following order of mapping: The first
names will first be checked at the final part of the word, then at
its middle and finally at the beginning of the word.

Segmentation and phonemisation of first names

Since names clearly do not follow the morphological structure
of words, they cannot be split into morphemes (prefixes,
suffixes, stems). Once we applied the morphological
segmentation of our text-to-speech system on the first name
database, we noticed that 58% of the entries were
mispronounced. Our investigations of the reference corpus
have however indicated that a large number of names
(especially female names) include endings. We found also a
significant number of first names which end on words like
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<hard, bert> in male names or <gund, hild> in female names.
In addition to that, there are hyphenated names derived from
the composition of two first names. A priori, it would seem
quite useful to decompose them. We have therefore used the
results of this investigation to develop rules for a graphotactic
segmentation of first names. It should be denoted that the
decomposition is context sensitive, so that the ending <ina>
will be split off in the given name ,,Christ - ina* but not in
,,Xina“ or ,Karina“.

Letter-to-sound rules used in text-to-speech systems lead to a
large number of mistakes when applied to person names {1, 2].
The fact that the first names in the database are derived from
different source languages makes it nearly impossible to write
a single rule set for the transcription of all names. Since we are
basically interested in a good name pronunciation, we have
developed for each language origin an appropriate letter-to-
sound rule set. The phonetic rules were extracted from the
transcribed entries in the reference corpus and from the
phonetic transcription of proper names found in different
dictionaries. Although the context of the rules can get very
complicated for some grapheme, the syntax of the letter-to-
sound rules converter allows great flexibility to formulate
them easily. Figure 3. illustrates the approach developed for
the grapheme-to-phoneme conversion of given names.

etymological .
classification < entaes

graphemes English | I
graphotactic > |German
decomposition letter-to-sound

rules

Q phomemes

stress mark
assignment

v

transcribed entries

Figure 3. system organisation in the conversion of first names

A well known aspect in the German language is the
accentuation of words generally on the first syllable.
Exceptions could be found in words that include stressed
prefixes or suffixes. Unfortunately, these quite simple rules
cannot be applied to proper names. One critical problem is to
find regularities in the accentuation of names, and depends
mainly on the origin language they are derived from. It is not
entirely simple to develop rules or algorithms for the
generation of stress marks that should work for all names. In
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this context we noticed first, that 96% of German first names
composed out of two syllables take the stress on the first one;
second, male names are frequently stressed on the first syllable
but female names on the second one. We tried therefore to
compose the accentuation rules on such a way that they are
valid for the frequent cases. Exceptions should be for example
proceeded by an exception table. At present the module
achieves an error rate of 12% in the accentuation of German
proper names.

Results

Before we turn to the discussion of the results, it is important
to mention that the transcription of first names in the reference
corpus was accommodated in many cases to the German
pronunciation. Therefore we cannot yet determine the exact
transcription errors of foreign names since we used language-
dependent letter-to-sound-rules in our system. The conversion
of German first names could be however investigated. A
performance test applied on the German first name (1560
entries) showed error rates of about 5% in the transcription
and only 1% in the stress assignment.

SUMMARY

In this paper we have introduced rule-based concepts for the
grapheme-to-phoneme conversion of names. In the first part
we presented an approach based on a morphological
segmentation for the conversion of German place- and
surnames. The second part reports on the conversion of first
names deriving from different origins. This approach is
supported a cluster-based method for the classification of first
names. A graphotactic segmentation is applied if necessary.
Since we are basically interested in a good name
pronunciation, we developed for each language origin an
appropriate letter-to-sound rule set.
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