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	0. Overview


The MirrorBot project will develop new techniques including cell assemblies, associative neural networks, and Hebbian-type learning in order to associate visual, auditory and motor concepts.  Biomimetic multimodal learning and language will be developed in a robot to examine the emergence of representation of actions, perceptions, concepts, and language.  MirrorBot will develop and study emerging embodied representations based on mirror neurons.  To achieve this aim a MirrorBot scenario and grammar was devised and behaviour structure.  This report provides an outline of the main elements of the scenario, grammar and behaviour structure.  

The MirrorBot robot is based on a PeopleBot platform, and has a PC, microphone and speakers and a PC104 audio board (see Figure 1).  Wireless communication between the robot and a computer is used. The robot has an adjustable 120-degree pan-tilt camera and a fixed-field IR sensors to sense the underside of the table.  The robot also has 2-degree gripper that contains break-beam sensors to detect the object.  By using this robot platform we take advantage of speech, motion and vision interfaces and explore the development towards a novel neural architecture. 
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Figure 1  Photographs of the MirrorBot robot

	1. Scenario


As can be seen from Figure 2 the robot will be positioned in an arena between two colour coded tables of the same height.  These tables are approximately 2.4 meters apart and have objects positioned on them.  Based on instructions from a human operator the robot either collects an object from the appropriate table and places it on the other table or shows the object.  These instructions can either be spoken, a gesture or a combination of the two.  The robot should only carry out instructions that are legal and so should not try and pick up the table.  

These instructions incorporate actions performed by different parts of the robot (hand, head and body).  However, the instruction can cause the actual action to be performed at that time or cause a chain of action that culminates in the actual instructed action.  For instance, the instruction ‘BOT PUT PLUM’ when the robot is position in front of the appropriate table just requires the plum to be put on the table.  However, when the robot is not near the table the robot needs to locate the table, navigate to the table, position itself in front of the table and only then can it perform the ‘put’ action.  

In the scenario the robot can carry out the instruction but may also document what it is doing.  For instance, when the MirrorBot robot is given the instruction ‘BOT SHOW BALL’, the robot could say ‘YOU WANT ME TO SHOW YOU THE BALL’ and then ‘LOCATING THE TABLE’ etc.  

To fulfil the requirements of the scenario the robot needs to combine various behaviours such as speech and gesture recognition, language processing, avoidance, object recognition, object localisation, navigation, robot localisation, gripper action, docking behaviour, speech generation and camera movement.  Some of these behaviours such as speech recognition and avoidance will be available continuously, while others such as gripper action will only be enacted when the robot is position in the correct location.  As with the human brain the system will incorporate feedback mechanisms to ensure that it is fulfilling the aims of the instruction.  Object recognition requires the combination of various subsystems such as colour identification and edge detection.  Although in the first instance the camera pan position will be set to 0 degrees and the camera only tilted down when the table is found.  In the future the full pan and tilt functionality of the robot will be incorporated. 


Figure 2  The robot arena for the scenario.

	2. Grammar


The verbal instructions in the scenario are to be based on the MirrorBot grammar.  As can be seen below this grammar is made of around 30 words and allows the construction of a set of basic instruction to manipulate the behaviour of the MirrorBot robot.  The grammar contains two agents the robot and the human, sets of body part related actions, directions, object colours and the actual objects.  The basic grammar, as with any language, allows both semantically and grammatically correct and incorrect speech.  For instance semantically correct speech is ‘BOT PICK NUT’ and a semantically incorrect speech is ‘BOT LIFT WALL’.  As part of the language processing component of the MirrorBot project the robot will be required to identify grammatical and semantic problems and deal with them.  It was decided that the number of objects that can and cannot be manipulated would be the same, the words should only contain one syllable and be phonologically challenging.  
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	3. Software Model


Figure 3 shows graphically the demands on a software model which can combine the different behaviours.  It must deal with two ways of combining behaviours:  First, behaviours may run concurrently, as depicted by nested loops.  For example, while the robot performs some action, it must at the same time recognize speech, avoid obstacles and stop, if the bumpers are pressed.  Secondly, behaviours may run in a sequence, one after another, as depicted by separate arrangements of loops.  For example, the robot may first have to recognise an object and only after that perform the showing or grasping action.

In the figure, a transition toward another behaviour is denoted by an arrow to the target behaviour, underlined.  Note that during this transition between the two behaviours, the other concurrently running behaviours keep running:  the loops for speech recognition, obstacle avoidance and bumper-triggered stopping are present in both upper arrangements.

Another demand to the control software is that it has to set priorities over different behaviour's output.  For example, an action specific motor output may drive the robot forward while the obstacle avoidance behaviour sends a command to stop and turn.  The obstacle avoidance command must be given priority in this case.  In figure 3, this is depicted by arranging those behaviour loops with higher priorities closer to the centre.

We have already identified Miro (Middleware for robots) as the software platform which fulfils all of these demands.  Miro is a contribution by the Ulm MirrorBot partners.  Its main part is the low-level robot control software which accesses all sensors and actuators of the PeopleBot and thus makes us independent of the proprietary and closed-source software of the robot vendor.  On top of this kernel is the "behaviour framework", which allows to combine behaviours according to figure 3. It will provide a common programmer's interface for the contributions of the MirrorBot partners.
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Figure 3  The software model for the MirrorBot Project.
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