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	1. EXECUTIVE SUMMARY


The MirrorBot project was successful in achieving the five main objectives of the project.  These objectives were: (i) To collect behavioural, imaging, and neural recording data to clarify the perceptual processing; (ii) To identify a realistic neural architecture for the MirrorBot to process perceptual data and generate actions; (iii) To develop cell assemblies implementing the mirror neuron concept; (iv) To integrate the cell assemblies to produce the behaviour in the MirrorBot; and (v) To train and evaluate the MirrorBot.  

In order to fulfil these objectives neuroscience experiments related to the representation of the brain and mirror neuron system were performed.  In addition brain imaging experiments were also performed to measure brain activity when subjects processed leg-, arm-, and face-related words to indicate the manner that words are represented in the brain.  Such neuroscience experiments were able to provide a great deal of value information related to the nature of the mirror neuron system in that they respond not only when performing an action but also when seeing or hearing the action performed.  A significant finding of these experiments was that mirror neurons fire not due to the actual movements but the goal of the set of movements that these mirror neurons react to.  Hence, what turns a set of movements into an action is the goal and holding the belief that performing the movements will achieve a specific goal.  With regards the representation of words we were able to discover that there is finer grained grounding of language instruction in actions.  This creates a division of representation in the cerebral cortex based on the part of the body that performs that action between leg, head and hand.  The findings of the neuroscience experiments direct the computational models that were developed for the computational and the trainable MirrorBot assistant.
The project also fulfils the objectives by the development of various neural models towards the development of the trainable robot assistant.  A particularly important outcome of the MirrorBot project is the language architecture, which combines three distinct models.  The first model is used to check the grammatical and semantic consistency of a speech input by making use of spiking associative memory.  The next neural model in the language processing architecture recreates the findings on word representation from the neuroscience partners.  The model offers multi-modal information processing, inspired from cortical maps: a phonetic - motor association.  The final component of the language processing architecture performs the grounding of actions in language instructions by recreating characteristics of the mirror neuron system.  This grounding model at the lower level uses the Helmholtz machine wake-sleep algorithm to learn the relationship between action and vision and at the upper layer the Kohonen self-organising approach to combine the output of the lower hidden layer and the language input.  As well as the language architecture various other models have been developed for use on a neural based biomimetic robot.  Examples of these models are a visual attention control system based on self-organising maps, object recognition that combines visual attention control system, feature extraction system and classification system and robot docking based on reinforcement learning.

The models are combined to produce the trainable robot assistant by devising an appropriate scenario and the development of a mirror neuron-based novel architecture.  The scenario involves the robot being placed at a random position in the environment with fruits lying on a table that are not in sight. An instruction is given and the robot needs to detect and approach the table before any docking can take place. The trainable MirrorBot assistant architecture is composed of modules in a three layer structure. The first layer, the sensory layer, contains a Sentence Input and Output module to accept auditory instruction and typed instructions specifying the tasks to be accomplished and a Visual Attention module to search the input picture of the camera for potential places, which could contain the requested object.  
The MirrorBot project has been extremely successful in the area of dissemination with over 120 journal, book and conference publications in the areas of intelligent systems, neuroscience and robots.  We have also produced an edited book associated with the project containing chapters from the project partners on the research produced as part of the MirrorBot project and additional chapters from research in the field of biomimetic robots.  As well as this we have disseminated the project by producing a significant number of journal and conference publications and through our website. Furthermore, the Nancy coordinator (F. Alexandre) contributed to a one hour long documentary film in a series "Science and Philosophy", entitled "The sciences of the mind", for the 5th French national television channel. The MirrorBot project is mentioned several times, through interviews and movies with the robot performing "MirrorBot tasks" are shown. MirrorBot was invited by the 3rd French TV channel, to present a tracking performance by the robot, during the news. 

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.  

Below is the project composition which outlines the partners involved, whether they where computational or neuroscience partners.  Although all partners had an input into the outcomes of the other partners the main result associated with the Medical Research Council – Cognition and Brain Sciences Unit, Cambridge partner was the neurophysiological methods and experiments on word representation, the main result for the University of Parma was neurophysiological methods and experiments on mirror neurons and the main results associated with the computational partners are computational neural network methods and experiments for neuroscience-based multimodal motor-language models and an implemented neurally inspired robot prototype.  

Partners

	University of Sunderland
	Computational

	Medical Research Council – Cognition and Brain Sciences Unit, Cambridge 
	Neuroscience

	Università degli Studi di Parma
	Neuroscience

	Institute National de recherché en Informatique et en Automatique
	Computational

	Universität Ulm
	Computational
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