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Abstract

The major approaches to Machine Translation (MT) are introduced and with respect to these the appropriateness of the main natural language processing (NLP) techniques is discussed. This is followed by a discussion of MT related phenomena evidenced in an English-Text-to-Sign-Language translation system.

The early years of MT research in the 1950s proposed many of the methods which have subsequently been investigated in greater detail (Nirenburg etal 2003) as technological advances have provided greater processing power, faster and larger memories and larger corpora of NL data. There are two major approaches MT: the interlingual approach and the transfer approach. The former represents the semantics as a language-independent ‘interlingua’, which can potentially serve as an intermediate representation between a large number of natural languages. The transfer approach rewrites the input text into an abstract source representation and transfers it to an abstract target representation from which the generation into the output language follows. This latter approach really characterises a continuum where the transfer between languages may be preformed at phrasal, sentential or semantic levels. 

In addition the language processing techniques which support these approaches may at least theoretically use any of rule-based, statistical, example-based and knowledge-based methods. In practice the differing approaches favour different techniques partly due to the availability and coverage of automated linguistic resources. Each of these methods in turn differs in the relative importance it ascribes to linguistic matters versus general background knowledge.

A further issue resides in the use for which the translation is required. A non-critical user whose immediate concern is to understand the general meaning of a foreign document may be satisfied by a low-quality translation. Conversely, a user who requires a more permanent and polished translation will be more critical. Machine translation may satisfy the former but provides at best a rough first draft for the latter.

But whatever the approach and its associated NLP methods, in general translation quality remains poor. This can be explained by the information loss and inaccuracy at each linguistic level (morphological, syntactic, semantic and pragmatic) of translation. Each inadequacy has a knock-on effect on the next level. These difficulties are illustrated by examples of translations to and from English, and by comparison of the accuracy of different commercially available systems. Since significant improvement is unlikely in the near future, there are two issues which should be considered: human aided MT and the uses for poor quality translations. In both cases it is important that consumers are 'educated' about the realistic expectations of MT systems such that they regard them as 'aids' rather than 'solutions'  (Hutchins 1999).

The potential of human aided MT system is illustrated in the second part of the paper. The ViSiCAST English-Text-to-Sign-Language translation system (Safar & Marshall 2002) is an innovation which seeks to promote better communication between hearing and deaf people. After a short introduction to the characteristics of sign languages, the major design decisions (the use of Discourse Representation Theory (DRT) and Head-driven Phrase Structure Grammar (HPSG)) are explained. Examples are used to illustrate the translation difficulties which result from the ambiguity and under-specification (compared to the needs of the target language) in English for a visual realization of meaning. For these reasons such systems involve an even bigger challenge to MT than oral language pairs, therefore it is increasingly important that users are informed about the achievable quality of the system.

1 Introduction to MT

Since the early days of computers in the 1940s, machine translation has been viewed as one of the major challenges and still remains so. Increases in computer processing power and memory capacity have seen a move from direct translation to indirect translation systems. MT also has become a fast growing field. For an approximation of its size see Hutchins (2000).

Direct translation is basically word for word transliteration after finding the basic forms of words. Words are substituted from the target language (TL) for their source language (SL) equivalents and then locally reorganised according to the grammar of the TL. Indirect translation requires a system to transform the 'meaning' of the source text into an abstract representation with the help of different NLP modules which analyse the sentences on the morphological, syntactic and semantic level (Hutchins 1999). The idea of meaning preservation was a leap forward as it allowed greater flexibility and reliability

The number of variations on the approaches with which the task of meaning representation is performed is quite limited and has not changed much since the early days of MT (Kay 1997). Though the distinction between transliteration and indirect translation can distinguish between early and later research, it is insufficiently fine-grained to characterise modern approaches. The interlingua and the transfer are the two approaches most commonly used that employ an abstract meaning representation. Both interlingua based and transfer based approaches use indirect translation. The former represents the semantics of an input text in a language-independent ‘interlingua’, which serves as an intermediate representation between a potentially large number of source and target languages. The latter approach rewrites the input text into an abstract source representation and transfers it to an abstract target representation from which the generation into the output language follows (discussed further in Section 1.1 below). 

A further issue in MT resides in the relative importance of linguistic knowledge versus general background knowledge (Kay 1997) Rule-based systems can be distinguished by the various knowledge sources, which they use in translation. Knowledge-based systems work on the basis of extensive semantic and pragmatic knowledge often extended with non-linguistic knowledge (such as those associated with frame theory). They transform the input text into an intermediate symbolic representation and require a large set of rules and a lexicon with the morphology, syntax, semantics and possibly pragmatics information. However, the trend changed in the mid 1980s to less modular unification-based systems, which incorporate restrictions and conditions in lexical entries rather than within rule collections of separate components at each linguistic level. For more details see Section 1.2.


Between 1988 and 1998 statistical techniques re-emerged alongside the established linguistic approaches. These rely on large corpora but do not require syntactic and semantic rules in the analysis and in lexicon selection (see Section 1.3). In the 1990s another new method was established: the example-based method. In order to enhance translation quality example-based MT systems generate texts using fragments extracted from previously translated texts (see Section 1.4). Hacken (2001) discusses the question 'Has there been a revolution in machine translation?' over this period and concludes that this is less concerned with the techniques employed but with a paradigm shift in thinking about MT. This is exemplified as a research programme that incorporates recommendations that focus on communicative achievement rather than meaning preservation. (Kay et al. 1994) characterise these aims as:

a. Good translation is one that preserves where possible, the intention/the intended effect on the recipient of the original rather than the 'meaning'.

b. Evaluation criteria should test the success of communication.

c. The architecture should allow for a negotiation process (selection from a number of alternative TL translations).

d. Knowledge should not be taken only from linguistic theories but also from the empirical study of human translation.

There have been attempts to employ connectionist approaches like neural networks. These are intelligent programmes that simulate the structure and functioning of neurons in the human brain. Therefore the knowledge is implicit in the organisation and interaction of these neurons rather than the explicit knowledge base of symbolic (knowledge-based) methods. However, as Chen (2002) puts it, connectionist approaches are promising in limited areas, but they fail to account for many interesting aspects of human language phenomena. On the other hand they were only successful with very small domains, as larger vocabularies and grammars inflate the size of the training set, time and networks (Dorr et al. 1998). 

If we seek to find a progression here we may note the similarities of the word level transfer of transliteration, and the phrasal and sentential level syntactic transfer of the newer example based statistical techniques. Though the detailed operation of commercially available MT systems remain largely undocumented, the suspicions is that they are based upon hand-crafted context sensitive word and phrasal level syntactic transfer which have been progressively refined over the past 30 years. The temptation is to conclude that the effect of statistical methods exploited in the past decade has been to partially automate the construction of linguistic data bases for this approach. Though this facilitates development of linguistic resources for language pairs for which translation systems do not exist, it is less clear that the example based approach will deliver increased translation quality to existing hand-crafted language pair systems. Therefore one could say that a 'revolution' is still needed to achieve significant qualitative improvement. Until this happens semi-automatic translation with human consultation can be an intermediate solution to the problem rather than a fully automated process (Kay 1997). 

Hutchins (1999) also stresses the importance of educating consumers about the achievable quality of MT. The image of translation systems has been that they offer a 'solution' to translations needs, however they can only be regarded as 'useful aids'. A non-critical user whose concerns are the immediate need to understand the general meaning of a foreign document may well be satisfied by a low-quality translation. Such translations can be useful for gathering information from different sources when quality of translation does not matter. Conversely, a user who requires a more permanent and polished translation will be more critical and require a better quality translation, which can be achieved if the domain is small and repetitive enough.

1.1 The interlingua and transfer approaches

Figure 1 illustrates the alternative processing e of the main MT approaches. The interlingua approach employs a language-neutral representation to capture the meaning of the input text, the interlingua language (IL).  Often the formalism decomposes lexical items into semantic primitives reminiscent of Generative Semantics

like/gustar: CAUSE(X, (BE(Y, PLEASED)))           (Dorr et al. 1998)

or employs a logic-based formalism. The translation process consists of two steps: the analysis of the source text into the IL and the use of this representation from which to generate the target text.
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Figure 1. The Vauquois' Triangle

The transfer approach is based on an analysis of the structural differences between the SL and TL. In the analysis stage the input of the SL is transformed into a syntactic parse tree or a shallow semantic representation. If transfer is based at the syntactic level, the transfer stage maps a source language parse tree is to a target language parse tree.
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The quality of syntactic transfer is often low for complex sentences. Therefore many systems add a semantic transfer module with semantic transfer rules to resolve language pair mappings without employing as deep a semantic analysis needed to produce the IL representation. 

The semantic transfer approach seeks only to resolve translation problems relevant to the pair of languages concerned. Thus if a language pair involves under-specified constructs or ambiguities that correspond in the SL and TL these are retained without needlessly attempting further analysis. Since IL goes much further than just resolving ambiguities between language pairs, it often provides paraphrases rather than translations. IL gives us a deeper semantic analysis of the SL, however there might be disagreement among linguists about the 'meaning' of the translated text. Further the design of a single interlingua which suits all languages requires multi-language insight which appears illusive.

The advantages of IL are however a highly modular architecture and therefore the addition of a new language to the system is easier. The idea that the same symbolic representation is the target for source language analysis and source for target language generation reduces the number of components when new languages are added to the system. The system then grows linearly 2n, where n is the number of languages, requiring only a new analysis and a new generation module. In contrast, a transfer-based system needs n2 sets of transfer rules (Dorr 1998), though only n2 /2 if the system operates with reversible rules for analysis and generation.

The Verbmobil (Emele 1996) system attempts to combine the two approaches. Its transfer component is not a 'pure' transfer component as it involves an additional interlingual representations for temporal expressions and prepositions.

1.2 Natural Language Processing (NLP) Methods

Analogous to the distinction between shallower MT approaches (direct transliteration and syntactic transfer) and deeper approaches (semantic transfer and IL), NLP methods can be characterised on a similar continuum ranging from robust general/statistical techniques through to sophisticated, though often domain-restricted, semantically rich processing. Though this appears to be the most natural alignment, it is entirely practical to use shallow MT approaches augmented by knowledge rich lexical resources. Conversely it is equally possible to envisage the use of statistical techniques (in the absence of other information) for determining mappings between semantic representations as the basis for deeper MT translation. We briefly indicate some of the possibilities.

1.2.1 Rule-based, unification-based and knowledge-based methods

Rule-based systems map a representation at one linguistic level to a representation at an adjacent level, thus they involve a series of mappings through a complex multi-level representations. At each linguistic level the rule-set that achieves the mapping is typically a collection of formation rules which implement a relatively predictable control strategy based upon the left to right (or vice versa) form of the rules. In the mid 1980s the modularity of such multilevel formalisms became less attractive as unification based architectures became popular. These exploit a smaller set of abstract rules (Hutchins 1995) but incorporate morphological, syntactic and semantic conditions within the lexical entries. Head-driven Phrase Structure Grammar (HPSG) is a typical example of such unification-centred formalisms. However both kinds of formalism can be the basis for transfer based (either at syntactic or semantic levels) and IL based MT approaches.

Knowledge-based systems basically build an IL, which is not only dependent on linguistic semantic theories but also on non-linguistic knowledge. The knowledge base used is a formalized representation of a vast quantity of fundamental human knowledge about objects and events. The most widely known schemes are network representations, frames and scripts (Luger & Stubblefield 1998). The knowledge base is used in the interpretation process to discard parses which contradict the typical knowledge.

The advantage of knowledge-based systems is that they hold the potential for  producing higher quality translations, incorporating common sense reasoning for pragmatic concerns. However, the coding of relevant information is a significant challenge, therefore this is currently most suited for restricted domain translation. Nonetheless the coupling of discourse models with theorem provers and model checking software (Bos and Blackburn 2000) offers a longer term prospect of deeper semantic and pragmatic analysis.

On a smaller scale, semantically rich lexical resources such as WordNet (Milller et al. 1993) have been the basis for investigation of word sense disambiguation (Galley & McKeown 2003). Such approaches can be combined with shallow MT part of speech tagging and shallow parsing techniques to enhance appropriate word sense selection.

1.2.2 Statistical and example-based methods

Statistical techniques were proposed in early MT research but have seen a resurgence over the past 20 years as a basis for general NLP tasks of part of speech (pos) tagging, word sense disambiguation  and more recently within robust statistical parsing. In general such techniques seek to exploit co-occurrence within large natural language corpora to determine the implicit relationships of linguistic phenomena therein. 
The probabilities of translation are calculated by using Bayes' theorem (or variations thereon) (refs): 

P(e|f) = P(e) * P(f | e) / P(f)

Given a word sequence in the target language f, we seek the original word sequence in the source language e from which f was produced. For the estimation of P(f|e), the translation model, statistical machine translation (SMT) use parallel texts in both languages as the training data. SMT also requires a method to compute the language model P(e) probabilities and also a method which searches for the greatest value of P(e|f) (Brown 1990).

The most common problem with this technique is that there are insufficient corpora of parallel texts available as training data to fine-tune them. The sparse data problem means that the estimation of translation probabilities for rare words is unreliable. The question remains how to derive good characterisation of infrequent words automatically. SMT additionally suffers from the alignment problem, as translations are often not distributed over the same number of sentences as the original text. Moreover, as SMT has no notion of syntax and looks only at a window of a certain number of words in a string, non-local dependencies and idioms are handled with difficulty.

Corpora for (different genres of) English and a number of other widely used languages are available, however for minority languages the lack of suitably annotated corpora (or paucity of textual information in general) leads to an inability to apply such techniques currently. We also note that theoretically at least we can envisage statistical analysis of aligned semantic representations in a semantic transfer approach.  Again, the lack of such a corpus for any language pair leaves such an approach untried currently.

The construction of rule-based and knowledge-based systems is a labour intensive process. To avoid this, research has begun within a new paradigm of statistical approaches (Somers 1999), which lead to the idea of using previous translations as examples. Example-based methods (EBMT) are based on a bilingual text archive. The SL text is stored with its TL aligned translations. The input is compared with the SL in the archive, the closest match is chosen by analogy and its aligned translation in the TL is accepted as the translation of the input.

EBMT seem to be closer to the human translation process with the aim of producing high quality translations. However, to achieve such quality, relatively huge corpora with aligned equivalents in both languages are needed. Also the selection of examples and their combination is a difficult task. 
2 Challenges to MT systems
In Section 1 we saw that no specific approach and associated methods solves all the problems within MT. A system may perform in certain aspects better than others, but overall the performance does not achieve results comparable with good human translations. The kinds of 'errors' range from inappropriate word sense selection, inappropriate target language syntax through to inappropriate informational structure. However we can illustrate the translation quality of MT with the following examples mostly taken from commercial translators (mainly from Systran as an exemplar of the best available online MT system) highlighting the difficulties they present.

1. After changing battery, just follow the above instruction.

Nachdem Sie Batterie geändert haben, befolgen Sie einfach die oben genannte Anweisung. (Systran)

2. Bei den meisten von Euch haben wir uns schon wieder viel zu lange

nicht mehr gemeldet.

To most of you we did not announce ourselves already again to much to for a long time no more. (Systran)

or

With most from You we have ourselves again too long no more announced. (Prompt)

3. Würde er sie wachsen lassen, gar nicht vorstellbar, daß das je lange Haare wären.

It would let it grow, not at all conceivable that ever long hair would  be. (Systran)

4. Wollen wir zum Schloß aufbrechen? (Shall we leave/hit the road to the castle?)

Do we want to break open the lock? (Systran)

5. The flesh is weak but the spirit is willing.

La carne es débil pero el alcohol está dispuesto. (Systran)

And back to English: 

The meat is weak but the alcohol is arranged. (Systran)

6. a. Having solved the problem, he went to bed. 

Nachdem er….

b. Having forgotten his book, he went back to fetch it.

Da er…. (Hutchins 1991)

MT can be hard on a morphological level as well, when the alignment of equivalences between morphological forms of languages is not unambigous. In the second Systran example (however the corresponding adverbial phrase helps in disambiguation) the German perfect in this case should have been translated into present perfect in English. Also in Example 4 the phrase Shall we… would have been a more appropriate translation, since the above modal verb in German questions has that meaning. The second problem in Example 4 is that Schloß is a homonym word meaning either castle or lock. There are two ways for disambiguation of the noun: 1. take the syntactic structure into account (V + zu + Det + N rather than V + Nacc) or 2. word sense disambiguation (WSD) techniques, which perform with between 55% and 70% accuracy (Galley & McKeown 2003). In this case the correct syntactic analysis would have helped rather than WSD, as the sense open with force is a possible collocation with lock.

But if there is no additional syntactic information, one of the most common mistakes is the wrong choice of word sense from the lexicon. The first example is a fairly good translation except for the word ändern (modify), as the English word change can be translated into wechseln or ändern depending on context. Similarly announce is the wrong choice instead of contact in the second example. Example 5 represents a further challenge to translation systems on the lexical level. The task is especially difficult in case of collocations and idioms.

It seems also that different syntactic structures, especially on a colloquial level, can cause problems: the translation in the second example follows the word order of the German original too closely. Not producing the right syntactic structure can result not only in a bad grammar but also in incomprehensible translation (Example 3) or mistranslation ( Example 4). 

Example 6 shows a case where the implicit relationship between the clauses (temporal vs causal) in the English sentence has to be made explicit for a correct German translation. This requires general world knowledge about human behaviour.

However, to be fair on translation systems, users often make the task difficult with imprecision and poor grammar in the input texts. In the following example the use of the plural pronoun is not resolvable by a machine currently and therefore pre-processing would be required.

7. Does (s)he tell you if they are wet or soiled? (from Personal Child Health Record of the NHS)

2.1 MT systems performance - some numbers

Given these difficulties how well do MT systems perform? It is very difficult to find a universally accepted method of evaluation. However, attempts have been made to characterise the quality of translation output (Table 1), and it is possible to illustrate how the performance of individual NLP components contribute to the overall performance. 

Part of speech (POS) tagging is one of the most reliable modules of systems, but even tagging  does not achive 100% accuracy. The Brill tagger's (Brill 1995) performance is around 96-97% accuracy. Hence automated parsing techniques are already based on errors introduced by pos tagging and subsequent analysis compounds the propagation of errors. Hermjakob and  Mooney (1997) give results for the translation quality of  Logos by Global Words, Systran and Globalink (not available any more) MT systems in terms of their syntactic and semantic accuracy (Table 1). 

	System
	Syntax
	Semantics

	Logos
	2.57
	3.24

	Systran
	2.68
	3.35

	Globalink
	3.30
	3.83


Table 1: Translation evaluation results. The best possible translation's value is 1.00, the worst possible is 6.00. Human performance is recorded as 1.18 and 1.41 respectively.

Again these figures show that at 'deeper' levels of linguistic analysis the performance of the systems declines. This is not so surprising as even human translators perform worse at the semantic level: 1.18 and 1.41 respectively. Note that there are different opinions among humans regarding the question of what counts as a perfect translation. However, the gap between the numbers denoting quality of human and machine translation is large. The step between syntax and semantics is usually supported by other modules like WSD (see Section 2.1) and pronoun resolution. Pronoun resolution algorithms usually perform with between 50% and 70% accuracy depending on the algorithm implemented and on the text on which they are tested.

Inaccuracy and information loss at each level is accumulative, hence a translation system cannot perform with 100% accuracy. In general the performance lies around 80% accuracy (CHIN 2003). Therefore it is very important to consider MT systems as aids rather than to expect a perfect translation (see Section 1).

3 Further Challenges in the ViSiCAST English-to-Sign-Language Translation System

The ViSiCAST project
 (2000-2002) aimed to investigate and describe aspects of sign language (SiL) communication and incorporate the findings into computer-based models for representing signed communication. The project therefore has investigated the use of a sign language gesture notation to drive virtual humans (avatars) for presenting signing (Kennaway 2001). Further, content creation in this gestural notation is necessary and we have investigated use of MT techniques for achieving this. Such provision, however, introduces social, theoretical and technical challenges.

The social challenges involve the misunderstandings about this research in both the hearing and deaf communities. Hearing people often have misconceptions about sign languages and therefore do not appreciate that the recognition and acceptance of British Sign Language (BSL) as an official minority language is vital to Deaf people in the United Kingdom. However, recognition alone will not help users if there are insufficient interpreters and interpretation and communication services available. There is a need to increase the number of qualified interpreters but conversely there is a need to seek other alternative opportunities to improve everyday communication between deaf and hearing people.  Computer animated 'virtual human' technology whose graphical quality improves while its costs fall has the potential to help.  In the deaf community there is often a fear that machines will take over the role of humans and that the quality of signing they see at the present will be what the hearing community offers them for the future. Therefore it is increasingly important that prospective system providers and users are knowledgeable about the system they are introduced to (See Hutchins argument in Section 1).

Some theoretical and technical challenges are inherent to the nature of the language itself. Languages without a written form (esp. SiLs) lack even the most basic textual input for morphological and phrasal level analysis. So even at these levels any leverage that corpora and statistical techniques may give is unavailable. The position is comparable to the lack of statistical analysis of semantic representations (even statistical analysis of syntactic information is in its infancy in corpus provision). 

The significance of SiL features (see Section 3.2) have been characterised informally within SiL linguistics, however more precise definitions and formulations of such phenomena are required in order to build computational models that can lead to computer based facilities for deaf people. Therefore this research employed a number of data collection and evaluation techniques. Researchers continually aim to extend their knowledge of sign language through sign language classes and interaction with deaf people. Signing is videoed and used as a target form to which synthetic signing should aspire. The synthetically generated signing is reviewed to determine if inadequacies lie with grammatical formulation or with graphical realisation.  The difficulties of this kind of data collection and evaluation is most typical of knowledge based approaches.

To develop a fully functional avatar (virtual human), capable of signing in a wide range of styles and registers, requires a much clearer understanding of SiL grammar.  For example, very little is known about timing, pauses, stress and rhythm in sign languages to be added to the avatar's signing. The linguistic research has yet to be undertaken in this area. Nonetheless synthetic generation of signing provides a novel methodology in which hypotheses of SiL morphology, grammar and information structuring can be visualised and discussed by deaf people and sign linguists.

3.1 Design decisions for ViSiCAST

The overall architecture of the English text to sign language system is illustrated in Figure 2. This is designed as a collection of automatic transformation components augmented by user-interaction. (In reality the realisation of user-interaction functionality in the prototype is rudimentary and requires linguistic insight and knowledge of the system to operate, nonetheless it is indicative of how the system is expected to evolve.)

The ViSiCAST project has implemented a rule-based interlingual approach for the analysis. Since the aim was that the system be adaptable for several language pairs (English text to German, Dutch and British SL), a relatively language independent meaning representation was required. The IL in this system can however be viewed as a  special-case interlingual or multilingual design (Dorr et al. 1998), since it takes the source and the family of target language characteristics into account. A similar architecture is thus possible for several related languages, such as the target sign languages. 

Therefore a form of IL was implemented in the framework of Discourse Representation Theory (DRT) whose derivation is based on the lambda calculus (Blackburn & Bos 1999). However Discourse Representation Structures (DRS), described in (Kamp & Reyle 1993), are modified to achieve a more sign language oriented representation that subsequently supports an easier mapping into a sign language grammar. An ontology for all DRS propositions has been introduced to facilitate the mapping between the relatively flat semantic structure of DRSs to the nested input structure of the target language specific grammar, as required by the generation algorithm in Prolog-based ALE system (Carpenter 1999). The IL in the system is not a pure one. Certain changes in valency between English and a SL are resolved by transfer rules typical for that language pair. This was mostly practical in cases when the concept itself involves a certain number of semantic roles but the SiL incorporates one or more roles in the sign itself. E.g.:  put_on(somebody, apron) -> put_on_apron(somebody).

DRT is suited to the task, as it decomposes linguistic phenomena into atomic meaning components (propositions with arguments), and hence allows isolation of tense/aspect and modifying phenomena that are realized in different sign language grammatical constructs or modalities (for introduction to SiL see Section 3.2). In addition, the centrality of co-referentiality in DRT supports the need to appropriately determine how to assign fixed positions in signing space to significant discourse referents. The analysis is assisted by CMU's link grammar parser (Sleator & Temperley 1991) and a pronoun resolution module based on the Kennedy & Boguraev (1996) algorithm.


           Figure 2. Modules of the English-to-Sign-Language Translation System

Above we noted that there is a lack of corpora for SiLs. Statistical methods were therefore not suitable as the basis for translation. However certain statistical modules can support the analysis of English, such as word sense disambiguation (WSD).  Currently the target SiL lexicon is relatively small and domain specific hence English input has to be constrained such that WSD is still to be employed.

Since good automatic translation quality in open domains and in such a new modality would have been overly ambitious, a semi-automatic, human-aided system has been designed. The parser often produces a number of linkages for one sentence. Currently the user selects the correct linkage by direct intervention. The selected linkage is then transformed into its DRS. In cases where English is underspecified in meaning for a correct translation to sign language (for more details see Section 3.2), the user is asked to choose the correct meaning for the IL meaning representation.

In contrast to the rule-based approach on the analysis side, the SiL generation side is implemented as a Head-driven Phrase Structure Grammar (HPSG), which is a unification grammar. One hypothesis holds that the variation in sign languages is less substantial in their grammars in comparison with their lexicons, therefore a lexicalist approach is suitable for developing grammars for the three target languages in parallel. Differences are encoded in the lexicon, while grammar rules are usually shared with occasional variation in semantic principles across SiLs. A further consideration in favouring HPSG is that the feature structures can incorporate modality-specific aspects (non-manual features) of signs appropriately.

The result of the linguistic processing is then linked with the animation technology (Kennaway 2001) via a Signing Gesture Markup Lanugage (SiGML), that is an XML-compliant representation of gestures (Elliott 2000) and is based on the refined HamNoSys (Prillwitz 1989) sign notation.

3.2 Difficulties for translation

3.2.1 Sign language features in general

Natural sign languages have a number of similarities to oral natural languages, though the three dimensional nature of the space around a signer offers a number of opportunities unavailable to oral languages. The following descriptions of major features of British Sign Language (BSL) are based on (Brien 1992) and (Sutton-Spence 1999).

Sign Order - BSL has a topic-comment structure, in which the main informational subject or topic is signed first. The flexibility of sign order follows from additional information carried in directional verbs and non-manual features, such as facial

expression and eye-gaze.

Non-manual features (multi-modal signs) - Though the phonology of the manual components of signing is the most intensely meaning carrying component of signing, this is augmented by a rich variety of non-manual features which carry additional

information. Facial expressions associated with the position of eyebrows distinguish declarative (neutral brows), yes/no questions (raised brows) and wh-questions (furrowed brows). Mouth patterns can provide adverbial information or help disambiguate manually similar signs. Facial expression and body posture can

indicate the signer's attitude to the accompanying proposition.

Directional or Agreement Verbs - Agreement verbs incorporate within the sign information about person and number of the subject and indirect object. This is realized by the direction of the movement of the verb in the syntactic signing space. The signing of the verb usually begins at the position of the subject and ends at the position of the object(s) (GIVE, PUT, TELL, etc). Because of this agreement Sign Languages can be described as prodrop languages.

Classifiers - Classifiers are handshapes that can denote an object from a group of semantically related objects. The handshape is used to denote a referent from a class of objects that have similar features (e.g. BICYCLE-PASS). Some verbs allow such a handshape to be incorporated within the sign of the verb.

3.2.2 Further major challenges 

In BSL nominal plurals can be expressed in several different ways. Some plurals are formed by repeating the sign (usually three times) each repetition beginning at the location where the previous finished. Neither singular signs which involve internal repetition nor body anchored signs (ones which involve contact between the dominant hand and another part of the body) can be pluralized in this way. However, such signs can take a proform (a 'pronominal' handshape classifier) which can be repeated in a comparable fashion. Quantifiers, which occur before the noun in BSL, are also used for pluralization, but quantifiers can also be expressed as part of the internal construction of a sign. The distributive movement of the verb expresses that members of a group are involved individually in an action, but sweeping movement indicates the collective involvement of the whole group. Repetition of some verbs can mean either that one individual repeats the action or that many individuals do the same action (Sutton-Spence 1999). Currently, of these possibilities of noun pluralization, we handle nouns, which can be repeated and/or used in combination with a sweep motion and non-repeatable ones with external quantifiers. However, for pluralization of the remaining group of nouns the feature structure design contains the relevant classifier information about the possible proforms (substitutors) for future development.

A major challenge for an English-to-Sil translation system regarding plurals is partly due to the under-specification in English. English plural is underspecified in two aspects: 

1. whether the reading of a plural is distributive or collective (E.g.: Every child opened a box. every child opened one box individually versus all the children collectively opened only one box.), where context or world knowledge is needed to resolve the ambiguity.

2. whether plural is inclusive or exclusive (E.g.: We are invited to the party. -> Two  people are talking to a third. Is the addressee included in ‘we’ or not?

In such cases the system expects the user's intervention to decide the meaning of the plural in the context. Currently only the first aspect is implemented.

A further major challenge is, when new referents are introduced into a discourse. They are assigned a location in signing space, which is the area in front of the signer, that starts at waist level close to the body and ends above the head vertically and at arm's length in any direction horizontally. The difficulty lies in the assignment of the location to a referent. This depends on the type of referent and on how it is introduced the assignment may be to an arbitrary position not conflicting with other referents or in relation to locations for other referents. It is the task of the sign space planner component in the generation system to model appropriate signing space planning strategies. HamNoSys is used for storing the phonetic form of individual signs in the lexicon, combining signs into sign language utterances and driving an avatar from this notation. HamNoSys 4.0 (Hanke 2001, Hanke 2002) extends the original HamNoSys 2.0 (Prillwitz 1989) notation to include non-manual features and refinements of the phonology for manual components, which is the basis for the design of the signing space planner. An allocation map of signing space locations can be defined by the combination of basic HamNoSys symbols to define a collection of unique points in signing space.

4 Conclusions

This paper has surveys the available, state-of-art approaches in MT. We also argued that machine translation quality using these techniques cannot achieve the quality of human translation. Therefore it is vital that users are educated about the the possibilities that can be achieved and therefore consider MT systems as ‘aids’ rather than as ‘solutions’ to the needs in translation. For better quality semi-automatic, human-aided systems might be preferred. 

SiLs have no accepted written form, which makes the use of statistical approaches for the transfer and generation components impossible currently. Advances in image processing techniques may permit analysis of signing directly from video content and then allow statistical analysis from video corpora. For the reasons above the English-Text-to-Signing translation system was regarded as a semi-automatic solution, implementing and integrating available language processing techniques and resources. Since such systems involve an even bigger challenge to MT than oral language pairs, it is increasingly important that users are informed about the achievable quality of the system. Such further challenges lie in the different nature of the languages (oral vs visual modalities) and also in the underspecification of the source language for signing. For computer models precise formulations of language characteristics are required, which current SiL linguistics often do not provide. Signing in a wide range of styles and registers demands a much clearer understanding of SiL grammar as e.g. very little is known about timing, pauses, stress and rhythm.
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� This work was incorporated within ViSiCAST, an EU Framework V supported project which built on work supported by the UK Independent Television Commission and Post Office. The project developed virtual signing technology in order to provide information access and services to deaf people.
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