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	0. EXECUTIVE SUMMARY


The overall goal of the MirrorBot project is the development of biomimetic multimodal learning and language instruction in a robot.  Based on cognitive neuroscience evidence of cell assemblies and mirror neurons we explore how neural architectures can be designed and trained to perform basic actions.  

The project has continued to carry out neuroscience experiments to aid our understanding on how the brain processes words and how the mirror neuron system aids the recognition and understanding of actions.  Furthermore, we have extended the computational models developed in the first year and produced new computational models that perform language processing.  
Neuroscience experiments were performed as part of the project to further extend our understanding of the processing of words and mirror neuron systems and in response to questions from the computational groups.  One such experiment considered mirror neurons in terms of their audiovisual characteristics by training monkeys to recognise and perform actions so they are aware of the acoustic consequences of the action.  Despite only receiving either visual or auditory information it was possible to discriminate between the actions based on the firing patterns of the audiovisual mirror neurons.    We argue that as audiovisual mirror neurons are found in area F5 of the monkey, the area considered to be the monkey’s precursor of the human Broca’s area, this may help us understanding the original of human speech and the multimodal relationship between vision and language.  
A range of multimodal imaging experiments on word-category specific processing could be published and disseminated to a wider public. In particular the differential activation of motor and premotor cortex by action-related words led to some interest in the scientific community (http://www.sciencenews.org/articles/20040207/fob2.asp). In a new series of experiments, words related to visual perceptions were investigated in EEG, MEG and fMRI experiments. These were found to elicit new category specific activations within 200 ms after stimulus onset and in temporal as well as frontal lobes. We interpret these differences in terms of distributed neuronal assemblies in cortex that process lexical material along with the actions and perceptions the words refer to. Interestingly, a subclass of word, abstract form related words, led to pronounced activation in prefrontal cortex, suggesting that their relationship to abstract action concepts might be laid down in this region of cortex.
An additional neuroscience experiment considered how action verbs are processed.  This neuroscience study applied rTMS to the hand and leg/head motor representations of the primary motor cortex after which a lexical test was performed.  As the rTMS did not interfere with the processing of the words as anticipated, the study indicated the need for further studies to assess the role of coding the semantics of action related words.

Feedback of the outcomes of the language model that was developed was provided.  This language model includes models of the cortical assemblies of language areas, a self-organising approach to the representation of action verbs and a mirror neuron based language system for robot learning.  The model of the cortical assemblies of language is based on separate brain regions consisting of 400 spiking associative neurons.  The model was divided into three parts that identify the syntactic components of the phrase for further language processing and can act as a grammar and semantic checker for the MirrorBot sentences.  The model was designed to be able to process phrases that are more complex and was originally intended to improve the robustness of the model.
We used a self-organisation network to recreate the findings neuroscience evidence on action verb processing.  This evidence states that the brain processes action verbs based on the part of the body that performs them.  Sensor readings from the robot represented semantic features that describe the action verbs were clearly clustered into the three body parts that performed them by representing them in different regions of the map.   
A model which interfaces language processing with action representations was developed using learning based on mirror neuron concepts.  This robot simulation extends the behaviour that was performed by the robot in year 1 so as well as doing docking it is also able to wander and pick up an object and move away.  Once the student robot learnt it was able to predict which behaviour was being performed by the teacher and imitate one of these behaviours after a language instruction.  The imitation model used an associator network based on the Helmholtz machine approach to generate representations of data using unsupervised learning. 

We also developed an object recognition approach that is appropriate for object and hand gesture recognition that adds to the approaches we have already developed in the project for object recognition.  The object recognition system localises the region of interest by an attention control algorithm which determines regions containing the object. Coming from these regions features are extracted to classify the object using a hierarchy of radial basis function neural networks.  This gesture/object recognition system can easily be combined with the other systems that have been developed such as the robot docking or object localisation systems.  
A prototype was developed that produces algorithms for perceptive and motor maps on the robot. This approach provides a set of functions that model the behaviour of the LGN (lateral geniculate nucleus) in the processing of vision.  As an extension to this prototype a computational model of cortical maps was developed that combine different information flows.  This prototype demonstrates the semantic associative emergence on the robot by addressing sensori-motor coding in a self-organization framework to associate several modules. This model has been successfully tested on the PeopleBot for the sensori-motor coordination of the camera following a target. By considering mirror neurons for a planning role this model may not only lead to a better understanding of mirror neurons found during motor behaviour but also the speech neurons.  This semantic associative emergence model is appropriate for the integration of multiple modalities such as language and vision and would be particularly suitable for goal-based navigation.  
The MirrorBot project was carefully controlled by the use of three full meetings involving all project partners and additional sub-meetings between two or three partners.  This enabled the partners to work in collaborative manner on the models that were developed and experiments that were performed.  Co-ordination was also aided by the use of project email lists and password protected internal web pages.  

The MirrorBot project has successfully disseminated the project’s findings by the use of a substantial number of publications in journals and conferences and by developing further the website.  In response to the recommendations of our project reviewers we produced papers for robotics conferences and workshops.  A very successful International MirrorBot Workshop was held in Nancy in October and an additional MirrorBot Workshop is planned to take place in Ulm in September as part of the 27th Conference on Artificial Intelligence (KI2004) to describe the project findings to a wider audience.  A further aim of the Ulm MirrorBot Workshop is the invitation of related FET projects and the consideration of a special journal issue or MirrorBot book.  

MirrorBot also took part in the competition for the Machine Intelligence Award by the British Computer Society in December 2003.   The Sunderland team presented the MIRA MirrorBot results to a wide audience at the competition at the International Conference on Artificial Intelligence in Cambridge.  Under difficult sound and lighting conditions we demonstrated the learning MIRA Robot.  We were able to successfully disseminate the outcomes of our project by winning this award and as a response to this articles have appeared in Computer Weekly,  (http://www.computerweekly.com/Article128902.htm), BBC news on-line (http://news.bbc.co.uk/2/hi/uk_news/england/wear/3407227.stm), BCS Computer Bulletin (http://www.bcs.org/publicat/ebull/mar04/news.htm), Sunderland Echo, Northern Echo, British Journal of Healthcare Computing and Information Management and The Newcastle Journal.  

The findings of the MirrorBot project are applicable to many applications both within robotics and computing.  Although we concentrated on the development of models for the uses of a multimodal MirrorBot robot, the findings of the object recognition models for instance can be used in non-robot applications.  In terms of robotics the creation of a MirrorBot robot that combines vision and language inputs offers many applications for highly unpredictable and dynamic environments in the future.  Since the MirrorBot robot has the ability to learn in a biologically inspired manner it should be able to perform multiple applications rather than being restricted to a single preprogrammed activity.  Thus, the mirror neuron concept may provide a better foundation for a general purpose service robot control architecture than is currently available from application specific robots. 

