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Except for pure reactive robots, that do not work with any explicit repre-
sentation of their world [1], an intelligent robot must possess some symbolic
representation of its environment in order to reason, plan (prediction), and per-
form efficiently (due to the intractable amount of subsymbolic information ac-
quired from the real world). We have been working on that area during the last
decade, in particular exploring the advantages of using abstraction and multiple
abstraction for modeling the environment of a mobile robot. In this sense we
have addressed the following main issues:

1. Automatic construction of the model. Assistive approaches (involving human
operators) are possible [4] but limit the autonomy of the robot.

2. Automatic optimization (adaptation) of the model, for coping with the dif-
ferent situations that the robot may face during its operation without con-
structing an entirely new model each time from scratch.

3. Coherence between the symbols in the model and the real world. This must
be addressed as a dynamic procedure since the real world changes continu-
ously.

4. Efficiency in using the model. We believe that the best model for a given
robot is the one that improves the most the robot’s planning of operations.

Up to now, we have been working on obtaining a comprehensive solution
with abstraction as a basis for coping with all these issues at once. In the next
we describe in more detail our solutions to each one!.

For coping with point 4), we use a symbolic model of the environment
that represents explicitly relational information (for example: places to navigate
related by navigational paths), and also abstraction, based on mathematical
graphs. We have two ”flavors” for that model: one that adds simple or conven-
tional abstraction to the graphs and another one that enriches it with multiple
abstraction. Simple abstraction of detail consists of stacking several graphs that
represent the same information with different levels of detail, which has demon-
strated important improvements in computational efficiency for a number of
operations [2],[5],[6],[7]. We call this model an AH-graph (Annotated, Hierar-
chical Graph). Multiple abstraction, on the other hand, consists of interwaving

! 'We follow the chronological order in which we addressed the points above.



several AH-graphs together, enabling the possibility of abstracting in different
ways the same ground information. Our multiple abstraction model is called a
Multi-AH-graph and it has shown even higher computational efficiency in some
situations [2],[3],[4].

We also have developed a heuristic optimization framework concerning points
1) and 2) [7],[2]. It is based on an evolutionary algorithm that produces at each
time the best model of the environment, given the robot’s operating experience.
We have achieved several important results: first, the cost of constructing the
model is spread along the working life of the robot, tending to be negligible over
time (in contrast with more classical approaches that construct models through
costly processes concentrated in a few moments); second, it acquires an impor-
tant capacity of adaptation to environmental and robot operation variations (in
contrast with approaches that pursue to optimize some static goal predefined by
humans); and third, it is optimized not only with new acquired information, but
also by taking the maximum advantage from past knowledge. Our framework ob-
tains important improvements in the computational cost of planning tasks, even
when the world or the tasks vary, and under any amplitude of those variations.

Finally, point 3) is the most recently problem we have dealt with in our re-
search. We are using for that purpose techniques of anchoring [8], which maintain
dynamic links between real objects or features of space and ground symbols of
the model.
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