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Description

PATH SEARCH METHOD
Technical Field

[1] The present invention relates to a path search method of a mobile object; and more
particularly, to a path search method of a mobile object in which a search time for an
optimal path from a starting position to a destination position in a given grid map can
be reduced using search space reduction.

[2] This work was supported by the IT R&D program of MIC/IITA. [2005-S-033-03,
Embedded Component Technology and Standardization for URC]

Background Art

[3] Path search is widely used in several areas, for example, to move a robot to a des-
tination position for service provision, to move artificial intelligence units in a
computer game, to determine a path of an unmanned surveillance plane, and the like.

[4] In path search algorithms, search time reduction and optimal path search are two
major factors.

[5] Meanwhile, real-time path search is required when a set path of a mobile object
needs to be changed based on surrounding information detected while moving, due to
incompleteness of given map information used in setting the path, an encounter with a
mobile obstacle such as a person while moving along the set path, and a deviation from
the set path caused by control errors, for example. In particular, when the mobile
object encounters the mobile obstacle or when the given map information does not
match with the surrounding information detected while the mobile object is actually
moving, a delay in searching a new path may cause a delay in the movement of the
mobile object. Thus, there is a need for a fast path search method.

[6] Further, in computer games, fast path search algorithm is required in order to find
and control paths of a number of units simultaneously.

[7] A* algorithm based on a grid map is a conventional path search algorithm. The A*
algorithm always secures to find an optimal path from a starting position to a des-
tination position. However, it is difficult to use the A* algorithm in real-time path
search due to its high computational cost.

[8] Further, the A* algorithm has a drawback in that a path search time increases by
geometric progression with an increase of a map size.

[9] Researches have been made to improve a search time of the A* algorithm,
and representative examples thereof include an Anytime A* algorithm and a Dynamic
A* algorithm.

[10] The Anytime A* algorithm was designed to find the best possible solution within a
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given time limit. In the Anytime A*, path search using the A* algorithm is first
performed under relaxed best solution conditions to obtain a rough path, and then if the
time remains, the path search is performed again under tightened best solution
conditions in comparison with those used before to obtain a path nearer to the best
solution than the path obtained before. In the Anytime A* algorithm, the path search

using the A* algorithm would be repeatedly performed until the given time is used up.
[11] In the Dynamic A* algorithm, a path from a starting position to a destination position

is first found using the A* algorithm, and then, when the path needs to be changed due
to an encounter with an obstacle while a robot is moving or the like, the path found
before is partially modified, i.e., the path is reused, without searching the entire path
again using the A* algorithm. This allows the mobile object to change its path quickly.

[12] Though the above-described path search algorithms may reduce the search time to
some extent, since the search time is reduced only to an integral multiple thereof, they
still have the drawback in that the search time increases by geometric progression with
an increase of a map size. This drawback still remains in the Anytime A* algorithm
no matter how the best solution conditions for use in the first path search are greatly
relaxed.

[13] Further, in the Dynamic A* algorithm, a new path is required to be found whenever
the destination position is changed, and, thus, it is difficult to apply the Dynamic A*
algorithm to a large-sized map.

[14]

Disclosure of Invention

Technical Problem

[15] In view of the above, the present invention provides a path search method capable of
reducing an optimal path search time and being applied to a large-sized grid map by
converting a grid map into a block-based block map to find a block path on the block
map and finding an optimal path with respect to cells in blocks on the block path.

[16] The present invention further provides a path search method capable of reducing an
optimal path search time and being applied to a large-sized grid map by converting a
preprocessed grid map into a block-based block map to find a block path in the block
map and finding an optimal path with respect to cells in blocks on the block path.

[17]

Technical Solution

[18] In accordance with a first aspect of the present invention, there is provided a path
search method of a mobile object in a grid map having a plurality of cells, each having
an identical size, including:

[19] generating a block map having a plurality of blocks by merging a specific number of
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3
cells in the grid map;
[20] obtaining a block path by finding a path from a starting position to a destination
position in the block map; and
[21] obtaining a final path of the mobile object by performing a cell-based path search on
cells in the blocks on the block path.
[22] In accordance with a second aspect of the present invention, there is provided a path

search method of a mobile object in a grid map having a plurality of cells, each having
an identical size, including:

[23] generating a preprocessed map by extending, based on the number of cells in the grid
map occupied by the mobile object, a blocked region in the grid map;

[24] generating a block map having a plurality of blocks by merging a specific number of
cells in the preprocessed map;

[25] obtaining a block path of the mobile object by finding a path from a starting position
to a destination position in the block map; and

[26] obtaining a final path of the mobile object by performing a cell-based path search on
cells in the blocks on the block path.

[27]
Advantageous Effects

[28] In accordance with the embodiments of the present invention, the grid map is
converted to the block map to find the block path and the optimal path is found with
respect to the cells in the blocks on the block path. Accordingly, the search time can be
reduced, and also the path search on a large-sized map can be performed in real time.

[29] Also, since the found path, i.e., the path search result, is secured to be an optimal
path, the search quality needs not to be sacrificed in order to increase the search speed.

[30] Further, in a robot movement control using the path search method in accordance
with the embodiments of the present invention, the path of the robot can be changed in
real time when the robot encounters an obstacle while moving, thereby minimizing a
likelihood of a collision between the robot and the obstacle which allows a flexible
motion control.

[31] Moreover, the path search in accordance with the embodiments of the present
invention can be performed in real time, thereby finding paths of a number of mobile
objects simultaneously. Accordingly, a number of units can be controlled flexibly in a
computer game, a multi-robot control system such as a robot soccer, or the like.

[32]
Brief Description of the Drawings

[33] The objects and features of the present invention will become apparent from the

following description of embodiments given in conjunction with the accompanying
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drawings, in which:
[34] Fig. 1 illustrates a block diagram of a path search apparatus of a mobile object using
a path search method in accordance with an embodiment of the present invention;
[35] Fig. 2 illustrates a 2-dimensional grid map which is used as an input of the path

search apparatus of Fig. 1;

[36] Fig. 3 illustrates a preprocessed map generated using the grid map of Fig. 2;
[37] Fig. 4 illustrates a block map generated using the preprocessed map of Fig. 3;
[38] Figs. 5 and 6 respectively illustrate a grid map and a block map for showing a

problem which can occur in a block map due to a block size therefor; and

[39] Fig. 7 illustrates an experimental path search example in accordance with the em-
bodiment of the present invention.

[40]

Best Mode for Carrying Out the Invention

[41] Hereinafter, embodiments of the present invention will be described with reference to
the accompanying drawings.

[42] Fig. 1 illustrates a block diagram of a path search apparatus of a mobile object using
a path search method in accordance with an embodiment of the present invention.

[43] Referring to Fig. 1, the path search apparatus, which is generally installed to a mobile
object, e.g., a robot, a unit, an unmanned surveillance plane, and the like, includes a
preprocessing module 100, a block map generating module 110, a block path search
module 120, and a final path search module 130.

[44] The preprocessing module 100 receives a grid map which is formed of a plurality of
cells each having an identical size, and changes cell states of the input grid map to
thereby generate a preprocessed map. Through the preprocessing, a cell state of an
empty cell into which the center of the mobile object can actually move remains the
empty cell, or, the cell state thereof would be changed to a blocked cell. Therefore, if
the mobile object is larger than a cell size of the grid map, in order to determine
whether the center of the mobile object can actually move into a cell, it is necessary to
check whether its neighboring cells are empty cells. For example, when a center of a
mobile object having a diameter of, e.g., 50 cm is to move into a specific cell in a grid
map having a cell size of, e.g., 10 cm x 10 cm, all of the specific cell and 5x5-1 cells
around the specific cell need to be empty cells. Accordingly, the preprocessing
module 100 of the first embodiment decreases the empty cells (increases blocked
cells), thereby changing the grid map to a preprocessed map.

[45] There exist several methods for use in the preprocessing module 100 to preprocess
the grid map based on the size of the mobile object. Below, an example of the pre-

processing methods will be described.
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First, when a mobile object occupies mxm (m is a natural number) grid cells, the pre-
processing module 100 sets a window having a size of mxm cells which includes a
center cell and its neighboring mxm-1 cells.

The preprocessing module 100 sets, while moving the window in the grid map, a
center cell of the window as a blocked cell if at least one cell among mxm cells in the
window is blocked, and as an empty cell if all of the mxm cells are empty. By doing
so, the preprocessing module 100 performs a preprocessing on the input grid map to
thereby generate a map in which blocked cells are increased.

That is, when the mobile object has a size of mxm cells, the preprocessing module
100 generates a map having a blocked region increased by (m+1)/2 cells compared to
the input grid map.

For example, when the preprocessing module 100 receives an input grid map in
which shaded cells form a blocked region and unshaded cells form a non-blocked
region as shown in Fig. 2 and a mobile object has a size of 5x5 cells, the preprocessing
module 100 changes the input grid map into a map in which the blocked region is
extended as shown in Fig. 3, i.e., the preprocessed map.

The above-described preprocessing on the input grid map eliminates a need for
checking states of neighboring cells in each step of a path search process, resulting in
an increase of a search speed.

The block map generating module 110 receives the preprocessed map, i.e., the map
having the extended blocked region, and generates a block map. The block map
generating module 110 merges a specific number of neighboring cells in the pre-
processed map into one block to thereby generate the block map. In generating the
block map, a block including at least one empty cell is set as an empty block, and a
block including only blocked cells is set as a blocked block. At this time, the block size
is set to be equal to or smaller than the extended size of the blocked region in the pre-
processing, i.e., the difference of the size of the blocked regions in the grid map and in
the preprocessed map. For example, when the mobile object occupies mxm grid cells,
the extended size of the blocked region would be (m+1)/2x(m+1)/2 cells.

A block map generating process of the block map generating module 110 using the
preprocessed map of Fig. 3 will be now described in detail.

The map shown in Fig. 3 is the preprocessed map generated using the grid map of
Fig. 2 in which the mobile object has a size of 5x5 cells. Thus, the block map
generating module 110 sets a block size to 3x3 cells, and then, sets a block including at
least one empty cell (i.e., unshaded cell) as an empty block, and a block including only
blocked cells as a blocked block, thereby generating a block map of Fig. 4.

Here, the natural number m for use in defining the size of the mobile object is

normally an odd value because a path search is performed by using the center of the
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mobile object as a reference point.

As described above, the block size and the block state (i.e., empty or blocked) setting
scheme are key parameters in generating the block map by the block map generating
module 110. The parameters are required to be set such that the mobile object moving
along the path does not fail to move into an available region (empty cells) or try to pass
through an unavailable region (blocked cells). In accordance with the first em-
bodiment, since a block including at least one empty cell is set as an available block,
the mobile object does not fail to move into the available region. Meanwhile, setting
the path to prevent the mobile object from trying to pass through the unavailable region
is closely correlated with the block size setting. When the block size is large, the
block path search time can be reduced, but blocked cells in the input grid map can be
set as empty cells in the block map, resulting in losing original space information (see
Figs. 5 and 6).

Fig. 5 illustrates a cell-based grid map, and Fig. 6 illustrates a block map which has a
block size of 2x2 cells and is generated from the grid map of Fig. 5. In case of finding
a path from a starting position A to a destination position B as shown in Fig. 5, since
the original space information (i.e., information on obstacles) is lost in the block map
of Fig. 6, the path is set to lead the mobile object to directly move from the starting
position A to the destination position B, as indicated by an arrow in Fig. 6.

Accordingly, the block size is set to be equal to or smaller than (m+1)/2x(m+1)/2
cells. This is because the blocked region in the grid map is extended through the pre-
processing process. For example, there exists a laterally extended blocked region
having a thickness of one cell at the center portion of the grid map of Fig. 2, but the
thickness of the blocked region is changed into a thickness of m cells through the pre-
processing process as shown in Fig. 3. At this time, since the sum of vertical lengths
of a block including blocked cells and a block (neighboring block) adjacent thereto in
the upper or lower direction corresponds to 2x(m+1)/2=m+1 cells, one of the two
blocks is necessarily made to be completely contained in the blocked region irre-
spective of a location of the boundary between the two blocks.

The block map generated through the above process is input to the block path search
module 120, which finds a block path from a starting position to a destination position
in the block map. To be specific, when the centers of the mobile object at the starting
position and at the destination position are respectively located on cell S and cell D in
the grid map, the block path search module 120 sets the starting block and the des-
tination block in the block map to a block including the cell S and a block including
the cell D, respectively. After that, the block path search module 120 obtains a block
path from the starting block to the destination block using one of path search al-

gorithms which secure an optimal solution, such as the A* algorithm, the Dijkstra D*
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algorithm, a breadth-first graph search algorithm, a depth-first graph search algorithm,
and the like.

[59] The block path obtained by the block path search module 120 is input to the final
path search module 130, and the final path search module 130 performs path search on
cells in the blocks on the obtained block path to thereby obtain a cell-based final path.
More specifically, the final path search module 130 limits searching target cells to the
cells in the blocks on the block path, and performs a path search on the searching target
cells in the preprocessed grid map using one of the above-described path search al-
gorithms.

[60] According to the present invention, the grid map is preprocessed before generating
the block map, and the block path and the final path searches are performed using the
block map. However, alternatively, the block map may be generated from the grid map
without performing thereon the preprocessing. In this regard, a block including only
empty cells is set to an empty block, and a block including at least one blocked cell is
set to a blocked block.

[61] The alternative embodiment of the present invention can be preferably applied to a
case where the empty region in the grid map has an average width much greater than
the size of the mobile object.

[62] Fig. 7 illustrates an experimental path search example in accordance with the em-
bodiments of the present invention. The experiment was performed using a 3 GHz
Pentium personal computer, and the mobile object size and the block size were set to
7x7 cells and 4x4 cells, respectively. In the experimental result, a search time for a
path from a starting position P to a destination position Q was 0.047 seconds, which is
faster than, by 450 times, a processing time (21.234 seconds) using the A* algorithm
under the same experimental conditions.

[63] In accordance with the embodiments of the present invention, the preprocessed grid
map (in case of the first embodiment) or the input grid map (in case of the second em-
bodiment) is divided into blocks, each having a specific size, to generate the block
map. Based on the block map, the block path is obtained and then the final path search
is performed on cells in the blocks on the block path. Accordingly, the search speed
can be improved.

[64] The embodiments of the present invention further include the preprocessing step and/
or the block map generating step, which are not included in conventional techniques.
However, the preprocessing step and the block map generating step need to be
performed only once throughout the whole path search procedure. Therefore, it should
be noted that the processing time for the preprocessing step and/or the block map
generating step hardly affect an overall path search time.

[65] While the invention has been shown and described with respect to the embodiments,
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it will be understood by those skilled in the art that various changes and modifications
may be made without departing from the scope of the invention as defined in the

following claims.
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Claims

A path search method of a mobile object in a grid map having a plurality of cells,
each having an identical size, comprising:

generating a block map having a plurality of blocks by merging a specific
number of cells in the grid map;

obtaining a block path by finding a path from a starting position to a destination
position in the block map; and

obtaining a final path of the mobile object by performing a cell-based path search
on cells in the blocks on the block path.

The method of claim 1, wherein generating a block map includes:

setting a block size based on the number of cells in the grid map occupied by the
mobile object;

dividing the grid map into the blocks each having the block size; and

setting, based on cell states of the cells in each of the blocks in the block map, a
block state for each of the blocks as either a blocked block or an empty block.
The method of claim 2, wherein when the mobile object occupies mxm cells in
the grid map, the block size is set to be equal to ore smaller than
(m+1)/2x(m+1)/2 cells.

The method of claim 2, wherein in setting a block state, the block state is set to
the empty block if the block has only empty cells, and the block state is set to the
blocked block if the block has at least one blocked cell.

A path search method of a mobile object in a grid map having a plurality of cells,
each having an identical size, comprising:

generating a preprocessed map by extending, based on the number of cells in the
grid map occupied by the mobile object, a blocked region in the grid map;
generating a block map having a plurality of blocks by merging a specific
number of cells in the preprocessed map;

obtaining a block path of the mobile object by finding a path from a starting
position to a destination position in the block map; and

obtaining a final path of the mobile object by performing a cell-based path search
on cells in the blocks on the block path.

The method of claim 5, wherein generating a preprocessed map includes:

setting a window size W to the number of cells occupied by the mobile object
such that a window has a center cell and W-1 neighboring cells; and

setting, while moving the window in the grid map, a cell state for each of the
center cells in the window to an empty cell if all of the center cell and

neighboring cells are the empty cells, and to a block cell if at least one of the
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center cell and neighboring cells is the blocked cell.

The method of claim 5, wherein generating a block map includes:

setting a block size based on the number of cells in the grid map occupied by the
mobile object;

dividing the preprocessed map into the blocks each having the block size; and
setting, based on cell states of the cells in each of the blocks in the block map, a
block state for each of the blocks as either a blocked block or an empty block.
The method of claim 7, wherein the block size is set to be equal to or smaller
than a difference of the size of the blocked regions in the grid map and in the pre-
processed map.

The method of claim 8, wherein when the mobile object occupies mxm cells in
the grid map, the difference of the size of the blocked regions is set to (m+1)/2
cells.

The method of claim 7, wherein in setting a block state, the block state is set to
the blocked block if the block has only blocked cells, and the block state is set to
the empty block if the block has at least one empty cell.
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