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	0. Overview


Biomimetic multimodal learning and language have been developed in the robot to examine the emergence of representation of actions, perceptions, concepts, and language.  MirrorBot has developed and studied emerging embodied representations based on mirror neurons and to achieve this aim a MirrorBot scenario and grammar was devised together with a behaviour structure. Particularly, we now have several robust and working modules that allow the robot to perform the following tasks:

·  Look at objects

·  Recognize an object among others

·  Dock to a table

·  Grasp an object

·  Process and interpret sentences based on proposed grammar

On the basis of previous completed work packages,  this report provides a new and more complex scenario that outlines both the main elements of the scenario, grammar and behaviour structure.  

	1. Introduction


In this report we describe a combined application of methods and models developed in the MirrorBot project. The mirror neuron insight gained from the partners working in biology and physiology has lead to different neuronal models of information processing and learning in the multimodal systems of vision, language and motor control. Extended robotic sensors like sonar sensors and an omni-directional camera that was added to the PeopleBot robot have also been included in the application.

The document is structured as follows. Section 2 introduces the scenario and its distinct phases, as well as the grammar and vocabulary used. Section 3 gives an overview about the implementation of the scenario. Section 4 describes the specific details of the implementation and the results. Section 5 considers technical details of the software used. 

	2. Scenario and Grammar


A physical scenario as well as a grammar have been developed which are simple enough to be tackled using real robots, but which incorporate all required actions that constitute a realistic application. The scenario is illustrated in Figure 1 where the robot is placed at a random position in the environment and fruits lying on a table are not in sight. An instruction of action and goal is given, using the language medium. The robot needs to detect and approach the table before any docking can take place. Then, after having chosen the target according to instructions, it can either show the target, dock and point to the target or dock and grasp the target.
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Figure 1 Proposed scenario
To fulfil the requirements of the scenario the robot needs to combine various behaviours such as speech and language processing, avoidance, object recognition and localisation, navigation, self-localisation, gripper action and camera movement.  Most 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 has reached the correct location. Object recognition requires the combination of various subsystems such as colour identification and edge detection. As with the human brain the system incorporates feedback mechanisms to ensure that it is fulfilling the aims of the instruction

The verbal instructions in the scenario are to be based on the MirrorBot grammar.  The grammar was agreed in a common meeting and was specifically designed to reflect neuroscience findings (e.g. the hand, head, body distinction) directly in the scenario grammar.  This grammar consists of 31 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.  
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::=
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::=
[colour] natural_object




[colour] artefact_object
colour


::=
brown | blue | black | white
natural_object

::=
nut   | plum | dog   | cat
artefact_object

::=
desk  | wall | ball  | cup
	3. Software Algorithm


The software algorithm is based on both concurrent and sequential organization of the various modules and thus, it is necessary to coordinate them in order to complete a given task. Let us consider the scenario where the robot is not in front of a table and where some sentence is pronounced.

Phase 1: 

Using models described in [Elshaw et al. 2004, Weber et al. 2004, Knoblauch et al 2004, Wermter and Elshaw 2004] the robot needs first to perform the following tasks concurrently

· Wandering

· Identifying table

· Sentence processing

· Command sentence understanding

Once a table has been actually identified the robot stops “identifying” and “wandering” tasks.

Phase 2:

Using models described in [Elshaw et al. 2004, Weber et al. 2004] the robot needs now to approach the table and localize objects that are mediated by language.

· Approaching

· Sentence processing

· Command sentence understanding

The sentence processing has to be completed at the end of this task because it  gives the necessary information about the object to look at, point at or grasp. In the end, the robot needs to know the object, the colour and the action to perform.

This sentence processing and command understanding is carried out by a cell assembly-based model of several visual, language, planning, and motor areas to enable the robot to understand and react to simple spoken commands. The essential idea is that different cortical areas represent different aspects of the same entity, and that the long-range cortico-cortical projections represent hetero-associative memories that translate between these aspects or representations.

Phase 3:

Using models described in [Kaufmann et al. 2005, Knoblauch et al. 2004, Rougier and Vitay 2005, Foster et al. 2000] the robot needs now to localize more precisely the object.

· Sequentially localizing objects of the given colour

· Identifying the focused object

· Comparing the focused object with the target object

This phase will not terminate until the target object is actually focused.

During this phase, the distributed representation of the sensory information has to be coherently processed to generate relevant actions. For this purpose, we propose a model of visual exploration of a scene by the means of localized computations in neural populations whose architecture allows the emergence of a coherent behaviour of sequential scanning of salient stimuli while the identification part relies on an object identification system that identifies objects using a hierarchical class grouping that meets real-time constraints.

Phase 4:

Using models described in [Elshaw et al 2004, Weber et al. 2004a, Weber et al. 2004b] and depending on the action, there are now 3 possible sub-phases:

Phase 4.1: look

 Point camera at focused object.

Phase 4.2: point

 Dock toward the focused object

Phase 4.3: grasp

 Dock toward the focused object

 Grasp the object

When either 4.1, 4.2 or 4.3 is completed, the task is considered to be done.

The main difficulty in this phase is to have the robot approach the table so that it can grasp an object. One constraint is that the PeopleBot robot has a short non-extendable gripper and wide “shoulders”. Therefore, it must approach the table at a perpendicular angle so that the gripper can reach over it. The implemented  solution of this stage is based solely on neural networks: object recognition and localisation is trained, motivated by insights from the lower visual system. Based on the hereby obtained perceived location, we train a value function unit and four motor units via reinforcement learning. After training the robot can approach the table at the correct position and in a perpendicular angle.
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