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PHONEME-TO-GRAPHEME GONVERSION SYSTEM FOR UNRESTRICTED GERMAN TEXT 

U.Jekosch* 

ABSTRACT 

In this paper a phoneme-to-grapheme system (PTG) for the German language 
is introduced. Since this system is based on rules, a dictionary look-up 

. is not required, and thus the conversion of an unrestricted vocabulary 
is possible. A necessary requirement, however, is a correct segmentation 
of continuously spoken sentences into isolated words. For the PTG system 
the phonemic representation of these words must be error-free, i.e., it 
has to correspond to the standard pronunciation dictionary for German 
(Duden (ref 1)). Nevertheless, an additional system which allows for 
recortstructing such a required error-free phoneme word from a non-stan­
dard phone code word is still in the process of being developed. Due to 
the definition of the input and output interface the phoneme-to-grapheme 
conversion system has to be interpreted as part of a blackboard model 
which collects and uses all information available on the speech-to-text 
conversion. 

PROCESSING STEPS FOR PHONEME-TO-GRAPHEME GONVERSION 

Since the phoneme-to-grapheme conversion system is based on rules, any 
input sentence can be processed, even if such a sentence contains non­
sense words. These phoneme words - whether they are error-free or not 
are converted to a graphemic equivalent by applying an elaborated rule 
system. A correct conversion, however, is only guaranteed if the input 
phoneme word is equivalent to its standardized transcription code. Cur­
rently, the system has been implemented to use CPA-coded input strings 
(cf. ref 2). When such a CPA-coded string is fed to the system, it is 

.segmented into consonant (C) and vowel (V) clusters; blanks are inter­
preted as markers for word boundaries. After that, each phoneme cluster 
is matched against the entries of a list containing the basic C and V 
clusters as well as very specific rules for determining the correct 
Orthographie representation of these clusters. 

Basing the whole conversion process on a relatively small list of fun­
damental clusters turned out to be very efficient. Use can be made of 
the fact that - by concatenating single phonemes to C or V clusters 
the nurober of units to be processed is highly reduced. Amongst others, 
this can be explained by articulatory restrictions (cf. ref 3). Compared 
to the nurober of all possible C-C or V-V combinations the nurober of 
existing clusters is very small. The criterion of the nurober of entries, 

· however, is not sufficient for justifying the choice of the unit. 'clus­
ter' for analysis since, e.g., a method of using single phonemes as the 
basic entity for the conversion process is in fact based on a very small 
list of phonemes, but it requires a !arge rule-system with very specific 
rules. Thus, in order to assess this approach appropriately, the nurober 
of list entries must be correlated to the number of rules which are 
necessary to determine the correct output. 
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Where the efficiency of the rule system is concerned the CIV cluster 
approach is advantageaus not only because there is a reduction as to the 
concatenation of single phonemes to a cluster but, additionally, because 
certain clusters are bound to a certain position within a word, i.e.,. 
they occur in an initial, medial, or final position (cf. ref 4). On the 
one hand this information can be made use of for the determination of 
cluster boundaries in compound words (e.g., if a final C cluster is 
followed by an initial C cluster as in the word I him@l-blAI I (sky­
blue)); on the other hand the utilization of the information on the 
actual position of a cluster within a phoneme word again leads to a 
significant reduction of rules (e.g., the initial C cluster ltl will 
never be written as <tt>). 

THE RULE FORMAT 

The rule system consists of an alphabetically erdered list of phoneme 
clusters to each of which only one or a set of possible graphemic rewri­
ting(s) is assigned. In general, these rewritings are sorted according 
to the definiteness of the phonemic context: The most specific case is 
listed first, the most general is listed last. The rules determine that 
graphemic rewriting that is adequate to the input phoneme word by 
evaluating the context of the cluster; they define the direct syntac­
tic context for each cluster. The size of the context is as large as 
neccessary, but as small as possible in order to avoid redundancy. Gene­
rally, the system produces only one graphemic representation for each 
cluster, and thus only one grapheme word is produced. In those cases, 
however, in which one phoneme word can be written correctly in two dif­
ferent ways (homophones) all these different rewritings are produced 
(e.g. <ferse> (heel) I <verse> (verses)). For sake of a better under­
standing the following extract from the rule system may serve as an 
example. It is cut down to the most interesting cases (the focus here 
lies on the cluster /f/): 

PHONEME CLUSTER 

lea:l 

lfl 

lfRI 

GRAPHEME CLUSTER 

<ea> 

<ph> 
<f> 
<v> 

<f> 

<fr> 

RULE 

( ; *; ) 

(llozo*i:;) 
(I&*ER/z@#) 
(#*ER/z@#, ;*i: l) 

( ; *; ) 

( ; *I ) 

The characters in the column 'RULE' which do not beleng to the CPA have 
the following meaning: 

there may be none, one, or more phoneme(s) either before or after 
the cluster or context 

* marks the cluster which has to be converted 
at this position there must be at least one additional phoneme 
which, however, has not to be specified exactly 

I marks a word boundary 
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& indicates that the following string belongs to an ambiguous word 
and that searching has to be continued. 

This extract shows that there are exception rules as well as general 
rules for each cluster. The general rule is applied in all those cases 
where exception rules do not fit. This guarantees a conversion of any 
input phoneme word. The risk here, however, is that not all of these 
grapheme words are necessarily correct, but experience shows that only 
in very rare cases an incorrect output is produced. If a cluster has 
been converted incorrectly, an additional exception rule can easily be 
inserted. 

A SAMPLE CONVERSION PROCESSING 

For sake of a better understanding of the segmentation and conversion of 
a phoneme word, the following description of the successive processing 
steps may serve as an example: 

- input: error-free phoneme word 

I ?alz@nba:nkno:t@npUNkt I (<Eisenbahnknotenpunkt>) 
(railway junction) 

- segmentation: determination of V and C cluster boundaries (marked by 
'- ' ) 

I ? - al - z - @ - nb - a: - nkn - o: - t - @ - np - U - Nkt I 

- matehing of each cluster against the rule system 

- assignment of the graphemic equivalent corresponding to each phoneme 
cluster 

I ?- al 
< ei 

- z -
s 

@ - nb - a: 
e nb ah 

- nkn - o: - t - @ - np - U - Nkt I 
o t e np u nkt > 

If a cluster match cannot be done (in the example above, the cluster 
lnknl was not found), this string is segmented into smaller sub-units by 
inserting an additional sub-cluster boundary: Starting out from the end 
of the cluster the last phoneme is cut off and then these two new sub­
clusters are examined again; if still no matehing can be done, the ori­
ginal string is segmented again until the remaining left cluster is 
reduced to the size of 1 phoneme. 

I nkn 
I nk - n I 
I n - kn I 

If this searching process is not successful, the string is segmented 
into its constituting phonemes; their occurrence in the rule system is 
guaranteed: 

I n - k - n I 

- output: grapheme word 

< eisenbahnknotenpunkt > 
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GENERAL REMARKS 

The PTG rule system is based on a text corpus of about 25.000 words 
(text type 'office communication'). Currently, 651 clusters have been 
defined, and 3.600 rules are needed to convert them correctly. Gene­
rally, the analysis of another corpus will not lead to a proportional 
increase of the number of rules; the number of additional rules for new 
corpora is decreasing asymptotically to a minimum. This is, of course, 
dependent on the text type~ if the text contains many technical terms, 
e.g., medical terms, possibly many exception rules have tobe inserted 
since the general rules for these words being mainly of Latin origin are 
not always the same as those for the German language. Nevertheless, any 
input phoneme ward, even a foreign ward, can be converted after having 
formulated rules in this format. 

Currently, an additional rule system (a 'text normalizer') is being 
developed. The task of this module is to adequately represent numbers, 
abbreviations, time and date entries etc. The PTG system converts phone­
mically transcribed numbers (e.g., I dRaiCie:n I (thirteen)) to a 
character string (<dreizehn>). The task of the text normalizer is to 
write down such character strings as digits <13>. A similar procedure 
must be applied to abbreviations, which have to be converted to sequen­
ces of single characters, and other special entries. 
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