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Abstract. In this paper is presented a method of reducing the computational complexity necessary
in path planning for a car-like robot in order to generate the optimal path according to the constrains
set by the user. The proposed method implies adding the following constrains: setting the maximum
and minimum distance between the possible paths and the obstacles placed in the virtual
environment in order to reduce the simulation time and to obtain a real-time application and to
remove the paths that contain unnecessary turns around the environment without avoiding an
obstacle. By applying this method the simulation complexity is reduced and the optimal path is
easier to find.

Introduction

Path planning represents an important research area in robotics domain, consisting in selecting the
optimal path between the start point and the target, without collision with the obstacles placed in the
environment.

In order to obtain the optimal path there are many approaches of determining it and the way in
which the autonomous robot follows it. One of these approaches is to use a virtual force field to
simulate the path planning in a dynamic environment and a fuzzy controller for the robot navigation
[1]. In an environment filled with obstacles, a smooth trajectory can be obtained by using a fuzzy
controller and simulating Bezier curves to generate a continuous-curvature path [2]. In an unknown
environment it can take a long time to generate an optimal path, so it is advantageous the use of
FRIT (Follow and Reconnect with the Ideal Tree) search algorithm because it needs less time to
obtain the shortest path [3]. Another possible constraint for planning a path for a car-like robot is to
remain in a specified lane on the road and one of the best methods that can be used is the rapidly-
exploring random tree (RRT) [4]. Another method recently developed is using genetic algorithms,
but requires high complexity algorithms and computation resources. By using the Population-Based
Incremental Learning (PBIL) technique the computational complexity decreases and an almost
optimal path is obtained [5]. This method is used especially in path planning inside a grid [6].

There are many algorithms developed for path planning, but one of the most commonly used is
A* or A* with post processing in discrete domains and Theta* or S-Theta* in continuous ones [7].
The Corridor Map Method (CMM) can be used in order to generate more natural looking and
smooth paths [8].

Regardless of the chosen method for path planning, in order to obtain an optimal path, all the
possible paths are analyzed and assessed according to a set of constrains initially established. The
path planning algorithm must contain a collision detection module in order to create a safe path with
no accidents between the car like robot and the obstacles. Such a path planning algorithm implies an
increased time simulation in order to perform the computational complexity necessary to determine
all possible paths. To obtain a real time simulation of finding the optimal path considering that the
virtual environment could change by adding or removing obstacles, the computational complexity
must decrease and the simulation time must be minimum.

In this paper is presented a method which establishes the maximum and minimum distance
between the calculated path and the set of obstacles in order to reduce the number of all possible
paths from which is chosen the optimal path that the car-like robot is going to follow. In this way, if
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the dimensions of the virtual environment are too big, the possible paths will remain relatively close
to the obstacles depending on the values of the parameters and will not be composed of unnecessary
turns in the environment. The obtained paths will be fewer, shorter and, in this case, the shortest
path will be easier to be determined and will not have unnecessary turns considering that one of the
constrains selected by the user could be the minimum number of turns in order to obtain a
continuous and safer path.

Path planning for car-like robots

In order to obtain a continous motion along the planned path for a car-like robot, especially when
avoiding obstacles, the transition between a straight segmant and cicle arcs is done through using an
additional curve. Considering the advantages presented by the clothoid, this has been chosen to be
the additional curve used for steering the car-like robot. The most important characteristic of the
clothoid is that its curvature varies linearly with its arclength and this allows the vehicle to travel
along the path with constant high speed evan when it is steering.

Since clothoids are defined by complicated transcendental functions (Eq. 1), it requires an increased
computational complexity in order to simulate in a virtual environment all the posible paths with a
various number of steering
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where: Cy is the starting point of the curve, a- the smoothness of the curve, expressed by the
derivative of the bend (a> 0), ¢,- clothoids steering angle in the starting point, p,- the clothoid

bend in the starting point, FC and FS are the Fresnel cosine and sine integrals (Eq. 2).
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The main repercussion of this high computational complexity is the greater length of time
necessary to simulate all the possible paths that could contain a various number of steering
depending on the positions of the obstacles and the dimensions of the virtual environment. Such
being the case, the simulation may have a considerable delay and it would be difficult to follow the
real time events.

One method to decrease the computational complexity in order to obtain a real time simulation is
to reduce the number of possible paths initially calculated from which the user chooses the optimal
path considering the constrains that he takes into account. Taking into account that the most
commonly used constraints are finding the shortest path or the path with the minimum number of
turns, the number of possible paths could be shrunk by adding an supplementary constraint that
consists in establishing the minimum and maximum distance between the paths and the obstacles.

The virtual reality simulator

Recently many robot simulation platforms have been developed, offering various functionalities,
but they are not fully portable. The Virtual Robot Experimentation Platform (V-REP) [9] offers
many functionalities in order to create complex virtual environments and simulation scenarios.
Also, this platform allows the user to add other programming techniques through plug-ins, remote
API clients or ROS nods. In the virtual scene can be inserted many kinds of objects such as: joints,
shapes, proximity, vision and force sensors, graphs, paths, dummies. Paths allow the definition of
complex movement through the virtual environment especially for different kinds of robots.
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This platform offers many calculation modules such as: kinematics module, dynamics module,
collision detection module, mesh-mesh distance calculation module, path/motion planning
module. The collision detection module allows checking the interference between any type of
shapes or collection of shapes. This module uses data based on a binary tree of oriented bounding
boxes for acceleration. This method is optimized by using a temporal coherency caching technique.
The path planning module handles both holonomic and non-holonomic (for car-like vehicles) path
planning tasks by using a derivation of the Rapidly-exploring Random Tree (RTT) algorithm[10].

The simulation in V-REP can be done using the bullet dynamics engine, ODE dynamics engine
or real time simulation. By executing the script, the simulation time is incremented by the
simulation time step, that is a parameter which can be set by the user. If the time step is too big, the
simulation is fast, but inaccurate, but if the parameter is too small, the simulation takes longer.
While running a real-time simulation, the simulation time may not be able to follow the real time
due to high complexity computation.

The virtual environment created in V-REP initially consists in a 25 sq.m. smooth platform in the
middle of which is placed a virtual car. In the virtual environment are placed two dummies that
represent the start and the stop point of the path followed by the car. The start point is placed in the
same position as the virtual car and the stop point is placed randomly in the virtual environment. At
this moment, if the path planning module is accessed, the resulted path is represented by a strait line
between the two points. Furthermore, in the environment are placed a collection of obstacles that
have cuboid forms with the dimensions established by the user. All the objects from the collection
have the following properties:

e collidable

® measurable

e detectable

e taken into consideration during path planning

The user can place as many obstacles as he wants in the virtual environment by adding a new
object in the collection and establishing its value for translation and orientation in this way creating
as many tipes of virtual scenes as he wants as illustrated in Fig.1.

Setting the minimum and maximum distance between the path and the obstacles

Theoretically the minimum distance between the path and the obstacles should be at least half the
width of the virtual car because the start point is situated initially in the center of the car and the
vehicle follows the path by situating itself simetrically on the path. But in reality, due to its
kinematics, the vehicle will drift slightly from the path, generating errors in following it. This is the
reason why the minimum distance between the path and the obstacles shoul be more than half the
width of the virtual vehicle.
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By not mentioning the maximum distance between the path and the obstacles, the path planning
module will calculate all the possible paths in the virtual platform with the dimension of 25 sq.m.
By setting this parameter, the searching area will be reduced according to the distribution of
obstacles in the virtual environment. If the obstacles are distributed over the entire surface of the
virtual platform, this parameter will not reduce the computational complexity of generating all the
possible paths. But if the obstacles are grouped in a certain area of the virtual environment, as
illustrated in Fig.1, by setting this parameter, the search area of the possible paths will be reduced.
In this case, the computational complexity will be also decreased and the simulation time will
closely follow the real time. Also, by setting this parameter, the possible paths will not be composed
from unnecessary turns in the environment.

The experimental evaluation

The experiment consists in using the path planning module for different values atributed to the
parameters representing the minimum and maximum distances between the generated paths and the
obstacles placed in the virtual environment.After simulating these sets of values for the parameters,
the user obtains the simulation time for each case and he can analize the complexity and numbers of
possible paths.

In order to establish the values of the parameters, the user needs to know the dimensions of the
virtual vehicle. In this case, after scaling the virtual vehicle, its length is 0.19m and its width is
0.09m. In Table 1 is indicated the simulation time for five different cases: without establishing the
minimum and maximum distance between the path and the obstacle, case in which the simulator
searches paths throughout the environment and four cases with different values for these
parameters.

Table 1. The simulation time for different values atributed to the minimum and maximum distance

Minimum/Maximum Distance[m] Simulation time[s]
Without parameters 0.74
Dmin=0.05 Dmax=0.5 0.59
Dmin=0.05 Dmax=0.7 0.56
Dmin=0.07 Dmax=0.7 0.63
Dmin=0.07 Dmax=0.5 0.67
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(@) Without parametexs (b) Dmin=0.05m Dmax—0_5m (<) Dmin=0.05m Dmax—0 7m

(d) Dmin=0.07m Dmax=0.7m (&) Dmin=0.07m Dmax=0_5m

Fig.2. The posible paths or partial paths in the five experimental cases that emphasize the
complexity of the simulation.

The user can also visualize the complexity of this simulation by analyzing all the possible paths
or partial paths in the virtual environment as can be seen in Fig.2. Also in each case in the virtual
environment is emphasized the shortest path By a green dot line.

After analyzing the simulations of this five cases the following conclusions were drawn:

e without setting this parameters, the possible paths may include unnecessary turns in the
virtual environment that do not aim at avoiding obstacles;

e if the maximum distance between the path and the obstacles is too small, it may be difficult
to realize the necessary turns in order to avoid the obstacles;

¢ if the minimm distance between the path and the obstacles is too big, the shortest possible
path could be avoided;

e the optimal values for these parameters are: the minimum distance should be slightly bigger
than half the width of the virtual car and the maximum distance should be big enough to
allow the car to make the necessary steering in order to avoid the obstacles while
restricting the search area for the optimal path.

Conclusions

In this paper is presented a method for reducing the computational complexity while using the
Rapidly-exploring Random Tree method for path planning for a car-like robot in a virtual
environment by adding the following constrains: setting the minimum and maximum distance
between the possible paths and the obstacles placed in the virtual environment. After applying this
method, the paths composed from unnecessary turns around the environment were removed from all
the posible paths from which the optimal one is chosen. Also, by reducing the computational
complexity, the simulation time is reduced and is able to follow the real time. By applying these
constrains, the optimal path that may represent the shortest one or the path with a minimum number
of turns is easyer to find.
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