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Abstract: Motion planning is an essential part in robotics domain; it is responsible for
guiding the robot motion toward the goal. It generates a path from one location to another
one, while avoiding the obstacles in the way. The planning modules could be configured to
check the optimality, completeness, power saving, shortness of path, minimal number of turn,
or the turn sharpness, etc., in addition to path safety. In this paper the cell decomposition
approximation planar is used to find a safe path; the quad-tree approximation algorithm
divides the workspace into manageable free areas, and builds a graph of adjacency between
them. New methods are proposed to keep the robot far away from the obstacles boundaries by
a minimum safe distance. These methods manipulate the weights of adjacency graph's edges.
They utilize and reflect the size of free cells when planning a path. These approaches give a
lower weight to the connection between big free cells, and a higher weight to the connections
between the smaller cells. The planner after that searches for the lowest cost path based on
these weights. The safe path in this work is the path which keeps the robot far away from
obstacles by specified minimum safety distance and it bias the robot’s motion to follow the
bigger areas in the workspace. The shortest path is not considered. However a tradeoff
between the real path cost and the safe path cost is considered when choosing the weight
values.
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INTRODUCTION

Motion planning is one of the most challenging tasks in robotics fields. The main task for this
problem is to find a suitable path between initial states and desire states. Many approaches
were proposed to solve this problem and many efforts were done to overcome the complexity
and difficulty of this problem. Some of these methods are exact and based on static
environment, like Cell-decomposition algorithms [1]. Another type of these methods based on
sampling-based algorithms, for example, potential field algorithm [2], or probabilistic
algorithm, e.g. probabilistic road map [3], and rapidly exploring random tree [4].

From work principle point of view, some approaches are real time and require low
computation cost. They based on local sensors to generate local path based on surrounding
space, e.g. Bugs [5], VFH [6]. The main advantage is the tolerance to the environment
changes, and main drawback of this algorithm is local minima. Other approaches are global
planning which overcome local minima problem. The planners of these types produce full
path form initial position to goal position. However, they have less tolerance to environment
change.

In this paper we study the path safety problem in static workspace, for omnidirectional robot.
The generated path in this work consider as safe if the robot translate far from obstacles by a



specific distance and follow the large open areas. The cell decomposition approximation is
used for path planning. The algorithm generates a graph of adjacency for free cells.

1. CELL DECOMPOSITION

Cell decomposition algorithms are old applicable solutions for path planning. The idea of
these methods is to find obstacles-free regions, and build a graph of adjacency for them [4,
Ch. 6], [7]. The idea of dividing the space into manageable sections is presented in many
researches. In general two categories of cell decomposition algorithms are existed; the exact
cell decomposition methods and approximation methods [8].

The first category uses geometric based algorithms to explicitly determine the obstacles and
build the cells [9], [10]. The union of all generated cells is equal to the free space exactly.
However, finding exact free cells is not an easy task especially in high dimensions, that lead
to the second category which uses the approximation techniques to divide the spaces, e.g.
quad-tree, octree division, and voxel grid, etc. [1], [11].

In motion planning applications, this algorithm is utilized by dividing the free robot's
workspace into smaller regions called cells. Then it builds a connectivity graph according to
the adjacency relationships between the free cells. The graph's nodes represent the cells, while
graph's edges represent the adjacency relations between the cells. From this connectivity
graph, a continuous path can be found by following the adjacent free cells

1.1 Exact cell decomposition

The trapezoidal decomposition method or vertical cell decomposition decomposes the free
space into trapezoidal and triangular cells. It draws parallel segments from each polygon's
vertex in the workspace to the exterior boundary. The generated cells form the nodes of
connectivity graph. The adjacent nodes in the workspace are linked to form the edges in the
connectivity graph [12], [13]. The path in this graph corresponds to sequence of striped free
cells.
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(a) (b)
Fig. 1. Trapezoidal cell decomposition. a: the generated vertical free cells. b: the graph of
adjacency which corresponding to paths between cells.
Source: own



When planning query is establish, the planner finds the start and goal cells, then it searches
for a path between these two cells, if a path is found the planner connect the start and goal
locations through the free cells on that path [14]. Fig.1-a. shows the principle of cell
decomposition planner. Fig.1-b. shows the generated graph and the corresponding path from
start's cell to goal's cell.

Another example of exact cell decomposition is decomposition based on obstacles edges. This
method considers each edge like a line. It finds the intersections with other edges or cells, and
then it builds the free cells in the free space based on these intersections [1].

1.2 Cell decomposition Approximation

The approximation methods were proposed due to the high computation and geometric
calculation which are required by exact cell decomposition. The most forward approximate
cell decomposition method is voxel grid. It uses regular voxel grid or pixel grid, Fig.2-a. It
excludes the cells on obstacle areas and builds a graph of adjacency for cells on free area.
This method is efficient for low dimensions space. However, it generates large number of
cells. This method is resolution complete; which means the algorithm's completeness depends
on how fine the grid is [1], [11].

Another improvement for approximate cell decomposition was by using quad-tree
decomposition. This approach uses a recursive method. It recursively subdividing the cells
until one of the following scenarios occurs

1- Each cell lies completely either in a free space or in the C-obstacle region.

2- Or, an arbitrary limit resolution is reached.
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Fig. 2. Cell decomposition approximation. a: voxel approximation methods. b: quad-tree
approximation methods
Source: own

Once a cell fulfils one of these criteria, it stops decomposing. After decomposition steps, the
free path is found by following the adjacent free cells [14], [15]. This method is used in 2D
[11, Ch. 14]. Fig.2-b. shows the generated cells of this method. In similar way the Octree
approximate the decomposition in 3D spaces. It decomposes the cell to 8 parts [16].



The quad-tree and octree methods are resolution complete. They can work efficiently for low
dimensions workspaces; three or less [17].

2. PROPOSED METHODS

In this work the path safety problem in static workspace is studied. The path is considered as
safe if 1- It passes through obstacles without colliding with them. 2- If it navigates while
keeping the safety distance R far from obstacles boundaries. 3- If it follows the large open
areas on workspace when it possible. We utilize the cell decomposition approximation
algorithm to find an approximation of free areas, and exploit the resolution feature to satisfy
the minimum distance condition. The resolution R corresponds to the smallest cell’s edge
(box’s edge). We have proposed that the robot pass through the center of the cell when
execute the path; based on that assumption the R is chosen to be equal to 2*(safety distance).

In this work new methods have been proposed to plan a safe path. These methods manipulate
the graph edges' weights in order to make the planner chooses the largest cells when
translating toward goal position. The first approach uses equal weights for translating from
one cell to another. The idea behind this proposal is to minimize the total number of cells in
the path, which in consequence force the planner to use bigger cells, when searching for lower
path cost.

The Second method introduces a penalty for translational between different cells size. This
penalty is added to edge's weight, and it is disproportional to cells size, which means the
weight of translating between the larger cells is smaller than the weight of translating between
the small cells, while the weight of translating between same cells size is kept fixed. This
proposal forces the planner to make the translating in large cells when it possible and at the
same time keep some trade-off between making the translation in large cells, and planning a
path much longer then the shortest path.

The last proposed method is very similar to the second approach in spite of it introduces
disproportional penalty not only with different cells size, but also with cells have the same
size. The benefit of these methods is to push the path toward large cells when it possible by
adding more penalties when translating between small cells, in addition to the benefits of
second approach.

The proposed methods direct the planner to use the large cells more than small cells for
planning a path, at the same time they bias the motion to translate in large cells. In practice
when a robot executes the path, it follows a safe path, because this path keeps the robot far
from obstacles’ boundaries at least by safety distance.

3. RESULTS AND DISCUSSION

The path safety problem in static workspace is discussed in this paper. We utilize the cell
decomposition approxmation algorithm to find an approximation of free areas. The generated
path is considered as safe path, if the robot passes through obstacles and keeps a safe distance
far from them. The value of this safety distance is given as resolution limit to the algorithm.



In the first proposed method, the weights of edges are uniformed to cost of 1, which
corresponding to the cost of translating from one cell to another one, regardless to cells’ size.

In the second proposed method, we associate to each cell of the free cells a level; this level
disproportional to cell size. The level is used when calculating the new graph' weights. The
edge’ weight between two cells is set to be equal to the biggest level between these cells. l.e.
if celll has level of 2, and cell2 is smaller and has the level of 4, The edge's weight between
them has the value of max(2,4) which is 4. The translation between cells from same level is
fixed to the weight of 1.
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Fig. 3. Results of safe path generation; a and b are the testing workspace. The solid line
represents the first methods (equal weights of translation), .... line represents the second

methods (disproportional penalty to change cells size), --- line represents the third methods
(disproportional penalty to size of cells). The safe distance is set to be 0.1
Source: own

The weights in the last proposed method are calculated in the same way as in the 2nd method,
but here the transition between same cells size is vary also based on cell's level. For example
the translation's weight between the cells which have level of 3 will take the value of 3.

The Dijkstra algorithm as graph search algorithm is used to find the path over the graph. The
Dijkstra Algorithm finds the minimal cost of the path efficiently.

The tests are done in two workspaces with three value of safety distance {0.1,0.3,0.75}. The
results are shown in Fig.3, Fig. 4., Fig. 5. respectively.

We can infer from the results that the proposed methods generate a path respect the safety
distance condition. The first method try to minimize the number of cells as shown on Fig.3-
(a,b), where the solid line represent the first method. The path keeps the safe distance but not
follow the large areas. The second method (the dotted line) is better in this criterion. It forces
the planner to go to large cells in order to minimize the cost. However, it follows the large
cells but not if smaller cells are adjacent to each other; in that case the algorithm plan through
these adjacent cells. The last approaches solve this drawback (dashed line), and it plans in
large open regions when it possible.



Fig. 4. Results of safe path generation; a and b are the testing workspace. The safe distances

The Fig. 4-a shows unreachable path based on the safety distance. The same in Fig.5-(a,b).
That because the algorithm excludes the collided cells with obstacles, which break the
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0.3, the goal in a is unreachable. All methods in b have the same results.

Source: own

continuity of graph’s edges. Fig4-b. shows the same results for all methods.

10

gk

sl

10

L
1

L
2

L
3

@

L
b

L
7

L
8

L
9

1

gl

sl

UJ

L
1

L L L L L L
2 3 6 7 8 9 10

()

Fig. 5. Results of safe path generation. a and b are the testing workspaces, The safe distance is
0.75, the goal is unreachable in both workspaces.
Source: own

CONCLUSION

In this paper the cell decomposition approximation planar is used to find the robot’s path; the
quad-tree approximation algorithm divides the workspace into manageable free areas, and
builds a graph of adjacency between them. Three approaches have been proposed to plan a
safe path. These methods manipulate the edges' weights in order to make the planner chooses
the largest cells when translates toward goal position. That keeps the robot far from obstacles
by safe distance. The proposed methods show the ability to plan the desire path. And force the
planner to plan the path in the large open areas over the workspace.
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