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ABSTRACT

The synthesis of an artificial language can provide some
interesting extensions for the evaluation of text-to-speech
(TTS) systems. For the alternative evaluation of the TTS
system DRESS a new module for the artificial language
Klingon has been developed. The linguistic and phonetic
structure of Klingon can be modeled mainly by rules, with less
exceptions. This contribution introduces the multili ngual
features of the TTS system DRESS, the fundamentals of
Klingon, the synthesis approach using an allophone inventory
and the integration in the TTS system. Some examples are
presented and the evaluation method is shortly discussed.
Preliminary li stening results validate the TTS approach of
synthesizing an artificial language li ke Klingon and indicate
the appli cabilit y for evaluation procedures. For a practical use,
the speech database for the Klingon synthesis needs to be
enlarged.

1.  INTRODUCTION

The variety of multili ngual text-to-speech synthesizers forces
new methods of evaluation. For instance, perceptual
experiments are influenced by:

- the different language skill s of li steners

- the relation between objective and subjective criteria

The target and the expectation of a near-to-natural speech
qualit y causes major problems concerning the test design. For
example, native speakers do not accept the presented synthesis
qualit y of their own language, i.e. they sometimes ignore
nuances between different test stimuli or slight improvements.
Further questions are connected with the normali zation of the
results: Which reference pattern is the appropriate one - the
natural voice or the synthesizer voice?

The synthesis of an artificial language can provide some
interesting extensions for the evaluation of text-to-speech
systems. For the alternative evaluation of a text-to-speech
system a new language module for the artificial language
Klingon [1] has been developed. Klingon is one of the most
common, artificial languages in the world. The linguistic and
phonetic structure can be modeled mainly by rules, with less
exceptions only.

Many people would not expect, that Klingon was developed
by linguists. It is a complete language basing on a phonetic
alphabet of 34 phonemes.

The chapter 2 presents the idea of integrating an artificial
language module into a multili ngual TTS system and the
language-specific design and performance of the target TTS
system itself. The chapter gives a short overview about the
TTS system DRESS.

The chapter 3 introduces the fundamentals of Klingon and
describes the Klingon TTS module including the text
processing, the unit selection and the speech database.

In chapter 4  some text examples of Klingon are presented.
The potentials of a TTS evaluation using Klingon or similar
languages are shortly discussed.

The Klingon TTS module has been implemented and can be
demonstrated.

2. DESIGN  AND  PERFORMANCE  OF
A  MULTILINGUAL  TTS  SYSTEM

2.1. State of the Art

Innovative communication technology is increasingly
adjusting to the mobilit y and individualit y of users. Cellular
phones and e-mail have already establi shed themselves
throughout the world. Using a text-to-speech system, in future
it will be e.g. possible to have the e-mail s read aloud – by
pressing a button on the cellular phone or telephone. The
remote access to multili ngual, textual data such as an e-mail
via telephone is a great challenge.

In order to create powerful TTS platforms developers and
appli cation designers have to consider following essential
criteria:

- obviously, the intelli gibilit y and naturalness of the voice
generated

- the pre-education and the expectation of the user

- a language-independent module design, a strict code-data
separation and the overall resources or costs

Beside the research in improving synthesis methods, prosody
models and databases, the evaluation of multili ngual TTS
systems offers a great potential. A standard evaluation
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procedure includes the measurement of objective parameters
(response time, use of resources, signal-noise-ratio) or
li stening tests (A/B preference, correct content, etc.).

From the engineer’s point of view there are further interesting
evaluation procedures – the worst-case scenario and the
behavior of the TTS system in non-typical appli cations.

Artificial languages such as Esperanto or Klingon are a
challenge for TTS systems and raise interesting questions for
the developers:

- How language-independent is the TTS architecture: Is it
possible to design and to connect a new language module
without insider knowledge of this language?

- What about the user’s response? Usuall y, he has
insuff icient knowledge of the artificial language.

An artificial language li ke Klingon could be an extreme
scenario mentioned above to test the concept and the design of
a multili ngual TTS system. Additionall y, the Klingon contains
a lot of transient signals and has a high dynamics.

2.2. Language-Independent System Design

For an effective synthesis technique in different languages, it
is necessary to make a separation between knowledge and
processing components and to use uniform representations of
knowledge sources and control sequences. Id est, the main
concept of multili ngual TTS systems is predefined.

For example, the framework of the Dresden TTS system is
strictly modularized, and the interfaces between the modules
are common for a wide range of languages. Originall y
designed for the bili ngual German-Russian synthesis [2] the
system structure is depicted in figure 1.

Each processor consists of  language specific parts with access
to the language specific knowledge sources (different
dictionaries and rule bases on each processing level). The unit
selector and the acoustic processor are the same for all
languages. To avoid ambiguous text conversions in different
languages the input text is converted from ASCII code into
UNICODE, and the text is enriched with so called Extended
Information (EI) [3]. These information are embedded in the
data stream between the processors. The EI are interpreted by
the processor or passed through for a later interpretation. The
processors are allowed to add EI or to remove them if it is
sure, that none of the following processors makes use of them.

The format of EI is: “ { Tag:Value} ” . For instance, the input
text is converted into: “ { SyntLang:Engli sh} <Engli sh ASCII
text>” or “ { SyntLang:Klingon} <Klingon ASCII text>” . Other
EI in the different processing levels are for example:

“ { PhraseBound:b3} ” , “ { WordAcc:0 2 0} ” (word accent in a
three-syllabic word) or “ { Voice:Worf} ” (an exiting Klingon
man).

These Extended Information have proved to be very flexible in
controlli ng language-dependent components of a multili ngual
TTS system on each processing level.

2.3. The Dresden Text-to-Speech System
(DRESS)

DRESS – the Dresden Speech Synthesizer is a multiphone-
based time-domain synthesis platform, which enables the
conversion of any input text into a synthetic speech signal.
DRESS may be adapted with regard to the desired speaker, the
voice type, the prosodic style and additional languages – it
includes modules for German, Chinese, US Engli sh, Italian,
Czech and Russian. Only for the scientific use an experimental
version of Klingon has been integrated recently.

The system design considers the language-independent
principles according to 2.2 and focuses on a small cost-benefit
ratio and a high flexibilit y. The system includes e.g. seven
different modules for intonation and duration control and
enables the learning of language- and speaker-specific prosody
parameters ([4], [5]).

DRESS appli cations are available for Windows98/NT, Unix
(Sun-OS, OSF1) and Linux. For the use in communication
systems, a special pre-processor was added which solves the
specific tasks (e.g. the e-mail i nterpretation in the telephone-
based e-mail access system TelEDRESS).

The DRESS text-to-speech platform is a joint project of the
GWT-TU Dresden mbH www.gwt-tud.de (Department of
Signal Processing and Pattern Recognition) and the Chair for
Speech Communication www.ias.et.tu-dresden.de/kom at the
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Figure 1. Language-independent components of the TTS
system [2]



Dresden University of Technology. Research and appli cation
partners are invited for co-operation (new languages, voice
design, li nguistic pre-processing, etc.). Figure 2 shows
exemplary the GUI (graphical user interface) for Klingon.

3.  KLINGON:  A CHALLENGE  FOR
TEXT-TO-SPEECH

3.1 The Klingon Language

The Klingon language was invented by Marc Okrand [7], for
use in some of the Star Trek1 movies. He invented not just a
few words to make the Klingons sound alien, but a complete
language, with its own vocabulary, grammar, and usage. The
Klingon language is something truly unique. While there have
been other artificial languages, and other languages crafted for
fictional beings, Klingon is one of the rare times when a
trained linguist has been asked to create a language for aliens
([1], [8], [9]).

Although Klingon language has its own character set mostly
the Latin character set is used for convenience. The mapping
between both character sets is shown in figure 3.

The sounds of Klingon individuall y occur in existing Terran
languages, but no single language uses the entire collection.
Okrand wanted the language to be unusual, so he selected
sounds that combined in ways not typicall y found in other
languages (e.g. a retroflex D and a dental t, but no retroflex T
or dental d). The language consists of 21 consonants and 13
vowels. The sounds of Klingon are described in [7].

                                                            
1 Klingon, Star Trek, and all related marks are Copyrights and
Trademarks of Paramount Pictures

3.2 Phonetic Approach

In most concatenative speech synthesis systems units
consisting of multiple phonemes are used for synthesis.
Because of the potential distortions at the unit boundaries
diphones, semisyllables or syllables are preferred for high
qualit y synthesis systems. Larger units cause a higher number
of units needed in the inventory (ca. 1400 or more diphones
and ca. 6000 syllables for German) and increase the effort to
build the system. An allophone approach uses phonemes as
building units for the synthetic speech. Because of the co-
articulation the reali zation of a certain phoneme depends in a
high degree on the phoneme class (vowel, consonant), the
position within the word (stressed/unstressed,
initi al/median/final) and the left and right context. The
combination of these factors again leads to a high number of
possible units. Since not all factors have the same impact the
number of context classes can be reduced. For consonants the
authors used three allophones per phoneme (initi al, median,
final). Vowels are influenced by the preceding and following
consonant. The consonants has been grouped in three classes
depending on the place of articulation. The context classes and
the phonemes belonging to each class are shown in table 1.

context class phonemes belonging to the class

labial b, p, m, v, w

alveolar, dental ch, D, j, l, S, y, n, tlh, y

velar gh, H, ng, q, Q, r, ‘

Table 1.  Consonant context classes

Figure 2.  DRESS – graphical user interface

Figure 3.  Klingon character set [1]



3.3 Synthesis Database

The Klingon inventory consists of  285 allophones extracted
from carrier words which were recorded at 16 bit and 32 kHz.
The carrier words were read by a male speaker (F0=130 Hz,
German). The synthesis inventory was built from this word
database. The allophones are variations of the 34 Klingon
phonemes and are selected from the database depending on
their position and the left and right phonetic context (cf. 3.2).
For each consonant three allophones are stored in the
database, one taken from the beginning of a word (initi al
position), one from within a word (median position) and one
taken from the end of a word (final position). The combination
of the three context classes and the three positions (initi al,
median, final) results in 15 allophones per vowel. Additional
27 allophones have been recorded for the frequently used
glottal stop depending on position and context. Currently, one
male voice is available for Klingon (2.6 MB).

So far, no prosody module has been implemented.

4.  EXAMPLES  AND  EVALUATION

Typical Klingon phrases in conversation and the synthesizer
inputs are presented in figure 4 and figure 5.

Figure 4.  Klingon phrase “I can’ t eat that!” in Klingon
characters (top) and transliteration (bottom)

Figure 5.  Two different versions for the words “Yes”

Informal perceptual experiments proved, that the resulting
speech is intelli gible but lacks the emphasis of the original.
For practical use the speech inventory needs to be enlarged.
Furthermore, at least an intonation module is necessary.

A first evaluation of the required TTS features (see also 2.1)
shows: The multili ngual architecture of DRESS is supporting
special languages, as well . The module was developed during
3 months. Low system resources are used.

The next step is the design of perceptual evaluation methods
with respect to:

- the meaning of the term "natural" considering the
Klingon language

- the intended, typical signal transients in Klingon versus
concatenation distortions of the synthesizer

- the Klingon synthesis as an reference language

Addressing the standard languages of the DRESS system
(Engli sh and German) and this “ reference language” a test is
intended, which subdivides the li steners into groups with
respect to their language skill s (native speaker - familiar with
- not able to speak/ to understand) and according to their
experiences in speech synthesis (expert - not familiar with).
The li steners have to evaluate only general features in A/B-
comparison: naturalness, signal qualit y, intelli gibilit y and
over-all preference.

5. CONCLUSION

Future work has to be done in improving the qualit y of the
Klingon synthesis. Especiall y, the missing prosody module
degreases the performance of the system. There are also a few
missing units in the speech inventory, which have to be added.
Nevertheless, the idea of being able to synthesize any
language is a promising outlook.

Originall y, the authors intended to present the results of a
perceptual test at this place, but unfortunately they had no
contact with native speakers.
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