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Intr oduction

D , also known as dynamicA, is an algorithm commonly used in robot nav-
Igation systems because of its ef ciency and ability to quickly replan paths
through dynamic environments. We are more speci cally going to study
the FocussedD algorithm which brings considerable improvements to the
original method, noticeably, it examines much fewer cells when planning or
replanning.

However, the D algorithm is very complex, and not very well understood.
It is usually used as a blackbox system, thus preventing improvements and
modi cations from being made to the algorithm. This has prompted the
development of D lite, another algorithm for robot navigation in unknown
terrain. D lite aims to be simpler, shorter, and yet more ef cient than the
original D or even the Focussed methods.
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These two techniques are among the very few in the category of incremen-
tal heuristic searches which take into account the fact that the start location
changes over time as the robot navigates through the environment.

We aim to study both FocussedD and D lite and determine the funda-
mental differences between the two, explaining why the behave slightly
differently, and then manufacture cases where such differences can be
demonstrated.
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Incremental Heuristic Search Methods

Incremental search methods are designed to solve replanning problems
after it was shown that earlier techniques such as repeatedly running the
searches were quite inef cient. Incremental search techniques in robot
navigation focus on the problem related to the position of the robot moving
over time. FocussedD and D lite are both incremental search methods,
with the same major characteristics:

- They operate Iin discretized representations of the environment

- The perform the search from goal to robot location such that the cost at
the goal cell is O

- They use cost heuristics to restrict the search space.
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D examines almost all the states at least once. This is due to the fact
that it will expand all nodes with a cost less than of equal to the cost at the
current robot location. However, FocussedD uses heuristics to determine
how far to develop the search. This results in a much smaller search space,
therefore greatly improving the algorithm's ef ciency .
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Building the Path

Both FocussedD and D lite use a discretized representation of the envi-
ronment. In this grid world, a goal or target destination is one of the cells,
as Is the robot's location. The dif culty of entering a cell is represented by
the cost associated with the transition from one cell to another. If a cell is
easily traversable, then the cost is low and the harder it is for the robot to
traverse a particular type of terrain, the larger the cost of the corresponding
cell.

A path is de ned as a succession of backpointers from the robot's position
to the goal cell, with the cost to the goal decreasing as the robot gets
closer. In order to determine which cell to go to next, both Focussed® and
D lite look at all the neighbouring cells and pick the one with the smallest
cost.
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Updating the Costs

When the robot detects a change in the environment such as detecting a
new obstacle, or noticing that a previously seen obstacle is no longer there,
the need arises to replan.

When the cost of a cell changes, both Focussed and D lite behave sim-
llarly to A , which is they use a list that keeps track of which nodes to
update.

When the cost of a particular state is modi ed, it gets added to the list if
It needs updating. The list is sorted according to a key based on cost and
heuristics. Each algorithm functions in a similar way, which is that they will
examine the states on the list one at a time and propagate the cost changes
to the neighbors until the key exceeds the key of the cell corresponding to
the robot's location.
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The restriction on the key size causes the search space to be limited such
that no state with a cost higher than the one where the robot is will be ex-
panded. However, in many cases, the percentage of expanded states will
still be considerably large.

In order to further reduce the search space, both Focussed and D liteuse
heuristics. For D lite, an important component of the key is based on the
cost from the cell being examined to the goal plus the heuristic cost be-
tween the robot location and the cell. This will further reduce the searchspace.
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What appears to be the main difference between Focussed and D liteis
the actual components of the key used to sort the heap. Given slightly dif-
ferent methods for computing the keys, different priorities will be assigned
to the states to be updated, therefore possibly resulting in a much greater
number of expanded vertices. This is exactly what happens experimen-
tally. However, given the minimal level of description of the smallest details
of Focussed , | have not been able to actually determine the exact algo-
rithmic differences between Focussed and D lite.
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Conclusion

The two incremental heuristic search mechanisms Focussed andD liteuse
the same principles to solve the robot navigation problem in partially or
completely unknown environments. However, they behave slightly differ-
ently in the way they expand vertices, of handle the heap of states to be
updated. D lite s relatively simple to understand, given that the clarity of
the algorithm and the underlying principles was the ultimate goal of the al-
gorithm. However, Focussed is quite the opposite, and as far as can be
told, noone has been able to justify the algorithmic differences between the
two methods, not even the respective authors of Focussed and D lite.
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