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Introduction

In many service applications, robots are expected to work in unstructured environments and to act, within certain limits, independently. Robots are also a central component in flexible manufacturing and assembly systems. In this context, the keyword flexibility is generally understood as the ability to cope with change. This is a particularly important topic, especially in what concerns exception handling (including execution monitoring, failure detection, diagnosis and recovery), a problem that is far from receiving from the robotics community the due attention.

Failure recovery and related problems must be addressed at multiple levels, including prevention, fault tolerance, action-level failure recovery, task-level failure recovery, reactive and deliberative issues, human-robot interaction issues, etc.

Recovery actions include: retry the failed operation; retry with different parameters; execute corrective operations (e.g. a re-grasp) and then retry the failed operation; update the world model and then reformulate the plan, e.g. using a different path or an alternative available robot. In complex manufacturing systems, the issue of reconfiguration becomes central in failure recovery.

A distinction can be made between local (action-level) and global (task-level) recovery. Local recovery is often handled through pre-defined procedures. When such procedures fail, typically the human operator is called. Sometimes, exception handling is seen as the problem of re-establishing certain properties. When a given property becomes false, the procedural executive fires a pre‑defined procedure. This is a typically reactive approach to failure recovery.
For global recovery, some authors propose to execute any actions that, according to the partially ordered task plan, do not depend on the failed action. Meanwhile, the human operator is called to solve the detected failure. In alternative, automated planning can be used for failure recovery. Only planning fails, the human operator be called.
There are, therefore, several approaches for tackling the failure recovery planning problem:

1. A search-based planner is able to come up with a failure recovery strategy.

2. The robot has enough time to go through trials and eventually comes up with a solution; this is a kind of search, but carried out in the physical world.

3. The robot has been through a similar problem before and was able to solve it; the strategy that was used can now be adapted.

4. If the above approaches fail, an external agent (e.g. a human teacher) can provide an appropriate recovery strategy.

The major problem faced by artificial intelligence planners in the domain of failure recovery is concerned with the search complexity involved in real-world planning. Heuristics are often used to focus search. The problem is that it is extremely difficult to define heuristics for the domain of failure recovery planning. Going through trials in a framework of reinforcement learning is something that the robot can do in spare time or in a training period. However, this does not seem viable for failure recovery in normal operation. Avoiding planning complexity by using knowledge about solutions to similar, previously encountered planning problems is a way out that has been attracting increasing attention from researchers in various domains.
Objectives

It is proposed, therefore, a scenario in which robots do need to reason about the tasks and the environment in order to make decisions. Reasoning should be based on semantic information acquired by the robot through experience as well as through interaction with users and other robots. Modern AI planning techniques (namely PDDL-based), Case-Based Reasoning and Explanation-Based Learning are of relevance to the topic.
The main objectives are the following:

· Study and identify the main types of exception handling problems in robotics

· Identify/select target problems for the dissertation project

· Design, implement and evaluate solutions for the target problems

· Publish the proposed solutions and results

· Elaborate the dissertation
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