
Computational Synthesis of Sign

Kirsty Crombie-Smith, William Edmondson

School of Computer Science, University of Birmingham, Edgbaston, Birmingham, B15 2TT, United Kingdom

There are numerous signed languages in use around the world. Although these share some common characteristics due to their use of the hands as the primary articulators, they also differ in similar manners to their spoken language counterparts. Since the early 1970s computer scientists have been studying methods of generating speech as well as systems to recognise speech. However, only in the last ten years has there been an increase in research into the synthesis of sign language using computers. One of the main problems with the current work on signing avatars is their theoretical foundation. Although there are a number of notational systems [1,2,3,5-9] upon which this work could be based, the results are limited. The creations of the systems are labour intensive, requiring the use of a data glove to capture the sign. The resultant avatars have restricted movements that can sometimes be difficult to follow. Their vocabulary is limited and adding signs or making changes is costly. The results from these syntheses have been disappointing, although the theories behind them are well researched and linguists frequently use the notations to record signing. In order to examine the root cause of this problem, we need to go back to basics and start re-examining the languages. Firstly, the computational qualities of signed languages need to be investigated, and then used to create a suitable theoretical notation. Using it as the base for a virtual reality signing synthesis then tests the notation. 

This poster investigates the computational qualities of signed languages and in particular British Sign Language. It looks at some of the computational similarities and differences between signed and spoken languages. Historically many linguistic theories are derived from spoken language research and are often adapted and then applied to sign language without full investigation into their compatibility. All spoken languages have diverged (quite considerably in many cases) from parent languages and may derive originally from one language. Therefore, many linguists believe that there is a common set of linguistic principles underlying all spoken languages. Sign languages, on the other hand, have evolved largely independently and a common theoretical linguistic analysis does not always apply. Although there maybe a common set of linguistic principles underlying all languages, each theory should be investigated in both modalities (i.e. speech and sign) before stating that they are genuinely valid for both [4]. 

Following on from this evaluation of the computational qualities, the paper looks at some of the physical limitations of signed languages. Spoken languages are limited by the modalities used to perceive and understand them. Auditory perception limits the sounds of a spoken language and what the hearer understands; likewise sign languages are also limited. Vision limits the signs of sign language and the watcher’s understanding. Therefore in trying to create a computational theoretical notation for sign language we need to know the limits of the perceived movement of the fingers as well as the actual possible movements. The poster briefly reports some experimental results highlighting the differences in perceived and actual motion. At present, we have concentrated solely on the hand and arm movements, although we are aware that facial expressions have a major contribution to the sign’s meaning and intensity.

Having considered basic issues and collated information about the computational qualities, and the physical and perceptual limitations of signs, the paper goes on to present the resultant notation – the Nicene Notation. It uses the information gathered from the above investigations and experiments to generate a three-layered description of a sign. It takes a mathematical approach using a combination of vectors, matrices, velocities and interpolation. The three layers called ‘Thought’, ‘Word’, and ‘Deed’ are all composed using these mathematical structures. This results in a notation that is easily parsable with a computer. The three-layer notation works from conceptual abstraction through to a realisable articulatory specification. 

Finally the poster presents the implementation of the notation in a virtual reality simulation. The simulation uses the Nicene notation as direct input. The result is ‘Ivy Tar’ an animated virtual reality signer. At present she signs thirty British sign language signs, and these are being used as part of a web based evaluation of the quality of the ‘signing’.  The results from this evaluation are presented and discussed, with reference to the underlying Nicene notation.  The on-line evaluation showed included a feedback questionnaire. Eighty-seven people responded to the questionnaire about Ivy. Within the subject group 21% were deaf this is 15% more than the general British population giving the subject group a deaf bias. 62% of the subject group knew some sign language and 30% of the subject group used a signed language on a daily basis. They responded to twelve questions about their own hearing status, their Deaf background, Ivy’s appearance and her usefulness as a product. 66% of the group liked Ivy’s appearance and 81% thought she was a useful tool. The suggestions for the Nicene Notation and Ivy Tar’s potential usage were extremely varied, from television and the Internet to a teaching tool and even a virtual interpreter in theatres and museums. 
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