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ABSTRACT

The harmonic potential fields, a solution to equation of Laplace are widely used in robot
path finding as a suggestion for robot course-plotting in an identified environment. The
computation of these harmonic functions often involves simulations on high-
performance computer. In pursuit to solve the problem of robot navigation, this article
suggests a technique called Half-Sweep Block Modified Accelerated Over-Relaxation
or better known as Explicit Decoupled Group Modified Accelerated Over-Relaxation
(EDGMAOR). To verify the effectiveness of EDGMAOR, simulations of robot
navigation were applied in a static known enclosed environment. Experiments are
provided to assess the performance of the suggested technique. In particular, different
starting and goal positions are used to assess the paths generated from the simulations.
The outcomes show the advantages of the proposed algorithm. In the end, the research
indicates that the proposed method in computing harmonic functions is appealing and
attainable for solving path planning problem.
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INTRODUCTION

Among of arduous task in robotics application is to develop intelligent autonomous
motion planning. Currently, an intelligent autonomous robot has an increasing demand
in various applications such as space, transportation, industry, defense and security
settings. A success autonomous mobile robot should be efficient and reliable in
planning a route from a starting position to a destination position without robot hitting
the obstacles. This article introduces the issue of a mobile robot path finding expressed
as a heat transfer analogy. The heat transmission is illustrated by the equation of
Laplace’s. One of the important features of heat transfer is the ability to overcome the
issue of local minima, make it very promising in robot navigation control.
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In the past, most path generation approaches using harmonic potentials relied on typical
5-point (5P) Laplacian. The attainment of a skewed 5P Laplacian is investigated along
with several experiments in this study. The resulting skewed operator developed a
scheme of algebraic skewed approximation equations. The article presents a new
technique for computing algebraic skewed linear systems. The technique is named
Explicit Decoupled Group Modified Accelerated Over-Relaxation (EDGMAOR). The
performance of the proposed technique in calculating harmonic functions for solving
the problem of path planning is compared against existing algorithm. Numerical
simulations demonstrate that the EDGMAOR outperform the existing methods with the
least computational time and iteration counts.

Harmonic Function in Path Navigation
On domainQ < R", a harmonic function that fulfill the Laplace’s equation as follow

n_ A2 1
v2¢=;%=o M

with x; indicates the i—th coordinates of Cartesian and the dimension be represented as

n. In subject to generate path planning, the domain Q consists of several components
such as the walls, borders, obstacles/hindrances/barriers, multiple initial points and
target point. The formation of a false local minimum in the domain Q is prevented if
Eq. 1 is exploited to limit the functions generated in the environment. This is due to the
advantages of the harmonic functions which fulfill the minimum-maximum condition.
Hence harmonic functions are very practical in robot path finding as they provide
outright path algorithm which will ensure smooth and efficient autonomous robot
navigation [1]. It is known in the literature that Laplace’s equation was computed
numerically by means of ordinary approaches [2-4] for instance Jacobi, Gauss Seidel
(GS), and Successive Over-Relaxation (SOR). In pursuit to speed up the computation,
this article aims to define Eq. 1 via accelerated iterative method named EDGMAOR.

Essentially the potential field is calculated globally in path finding problem. Solving
Laplace expression as in Eq. 1 resulted to the harmonic function. It is employed to find
a route that moves the point robot gradually from initial to the target position point
while never touching any obstacle. The hindrances are always measured as sources of
new while the target is expressed as the sink, which has set of lowermost potential
value. This adds up to the application of Dirichlet boundary conditions. Later, by carry
out the Gradient Descent Search (GDS) on the potential field, a series of potential
points through lower values will guide to the lowermost value which is the goal point,
to be discovered.

To facilitate in describing the outcome of Laplace expression Eq. 1, this study applied
the above mentioned framework for path planning problem. The idea behind is by
applying the concept of how temperature and heat stream works in generating potential
value and path line for robot navigation. The experiment is performed on 2D domain
with different form of obstacles. The proposed iterative scheme, EDGMAOR is
employed to compute Laplace’s Equation as well as to acquire the values of
temperature at every node. To evaluate its performance, comparisons with following
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iterative methods were taken into account: the standard Explicit Group Successive
Over-Relaxation (EGSOR), Explicit Group Accelerated Over-Relaxation (EGAOR),
Explicit Group Modified Successive Over-Relaxation (EGMSOR), Explicit Group
Modified Accelerated Over-Relaxation (EGMAOR), Explicit Decoupled Group
Successive Over-Relaxation (EDGSOR), Explicit Decoupled Group Accelerated Over-
Relaxation (EDGAOR) and Explicit Decoupled Group Modified Successive Over-
Relaxation (EDGMSOR).

Explicit Decoupled Group Modified Accelerated Over-Relaxation Scheme
In 1991, Abdullah [5] was first to initiate the Explicit Decoupled Group (EDG) iterative
approach, also known with the Half-Sweep of block iterative technique in unravelling
equation of 2-dimensional Poisson. Since at that moment, EDG method has been
implemented to find the solution of partial differential equations [6-12] while the
modified version is explored in resolving diffusion equation [13]. Preliminary attempts
have been identified [14] in merging SOR accompanied by other practice. In the
literature, ordinary GS [15] and SOR [16, 17] were executed for solving Eq. (1). This
study suggested a lesser computational timings solver by means of an accelerated
iteration technique, called Modified Accelerated Over-Relaxation (MAOR) iterative
technique, seeking the solutions for Eq. 1. Let the equation of 2-dimensional Laplace’s
as per Eq. 1 signified the following
U o (2)
pw + Y =0.
The basic 5P finite difference method for Eq. 2 are essentially referred to the second-
order central difference approximation, commonly expressed as

U, +U,, +U, ., +U, 4J,,=0 (3)

i+1, ] i,j-1 i,j+1
Intended for the Laplace’s Eq. 2, this approach principally contains of repetitively
swapping every value of the node with an average of its four neighbor nodes. These
nodal values are set fixed that shall be regarded as the internal and external borders,
barriers and the target point.

VU =

i1,
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Figure 1: The computational particles of EDG for (a) full-sweeps and (b) half-sweep
iterations

Instead of applying the EDG approach to the entire points, it is
applied to a reduced point. Hence the computation involved is greatly reduced. As
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shown in Figure 1(b), the execution of EDG iteration are carried out on groups of pair
of red-black nodes only per block contrasted with the full-sweep technique which
iterates all red-black points as Figure 1(a). The half-sweep approach was first utilized
by [18]. The prominent properties of EDG iteration of considering reduced node points
resulted into much simpler computation. The stencil or pattern of full-sweep (standard)
and half-sweep (rotated) iteration practices are demonstrated in following Figure 2.
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Figure 2: The computational patterns for (a) standard and (b) rotated cases

Fundamentally, the approximation equation from EDG is in fact constructed on an
intersect alignment operator that seemingly reached in clockwise direction by rotating
45° of the i-j plane axis. This produce the rotated pattern or also called as skewed 5P
approximation formula define as
Ui—l,j—l +Ui+l,j—1 +Ui—1,j+l +Ui+l,j+l _4Ui,j =0. (4)
Once the weighted parameter from SOR method [19,20] is augmented towards Eq. 4,
the execution of EDG iteration could be stated as
K-+ () K+ K-+ k k k (5)
Ui(,j Y= Z(Ui(—l,?ﬂ +Ui(+l,?—1 +Ui(—l),j+1 +Ui(+1),j+1) +(1- w)Ui(,j) :
To enhance the computational progress, a method of MAOR was employed into Eq. 4.
Although the design for MAOR iterative scheme looks almost analogous to AOR
technique, the MAOR schemes actually contains three distinct weighted parameters i.e.
r,o and »'. The formula of MAOR method, which concerning red-black ordering
strategy, shown as
9

U i(,kj+1) = 1 [U i(—kl),j+1 +U i(g,jﬂ +U i(fl), jatU i(tl),j—lil + (1_ a))Ui(,kj) ) (6)
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where Eq. 6 is for red nodes while Eq. 7 is for black nodes, in which r,® and «' are
the optimal parameters as characterise in [1,2). Until now, obtaining the minimum

value of the optimal parameters does not have a general formula. Normally, the number
of r and ' is carefully chosen to be near to » of the corresponding SOR [21].

EXPERIMENTS AND RESULTS

The area of environment used for simulations were 300x300, 600x600 and 900x900.
Different amount of hindrances with mixed shapes have been set in the configuration
space. The obstacles and all the walls were initially set at high temperature values. In
the meantime, the target point has been set to be a very low temperature while the
starting point does not have any initial value. Zero temperature value was set to all other
points. The experiments were carried out on a personal computer executing at 2.50GHz
speed with RAM 8GB. While waiting for the stopping criterion satisfied, the looping
progression continued to calculate the temperature values at every points. Specifically,
as soon as there has no alteration in the temperature value from one iteration process to
the next or converged to a specified value 1.0%°, Such setting is necessary to avert from
flat areas which lead to failure in generating path to attain the target point. Tables 1 and
2 respectively reported the iteration counts and computing time (in seconds) taken to
compute every temperature values in the configuration space for 8 different procedures
involved for comparisons in the experiment. Figure 3(a) and 4(a) illustrated
performance for standard method while Figure 3(b) and 4(b) illustrated performance for
modified method. The proposed method, EDGMAOR demonstrated to have the least
computing time with less number of iterations needed (refer Figure 3(b) and 4(b)) in
comparison with other existing methods. Clearly, it proved to be the fastest among all.
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Table 1: Iteration counts of different methods subject to 3 dimensions
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Table 2: Computing time (in seconds) of different methods subject to 3 dimensions
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Figure 3: Iteration counts in varying environments
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Figure 4: Computing time (in seconds) in varying environments

When the configuration space potential values are acquired, the trail generation takes
place by employing steepest descent search beginning at any initial point to the specific
target point. The algorithm tracks the negative gradient and repeatedly selects the
lowest temperature around the neighborhood points up until the created path arrives at
its target point. Figure 5 illustrates the successful path generation from numerical
computation, in a known stationary environment. All of the start points manage to end
at the specific target point while escaping numerous barriers in the given configuration
space.
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Figure 5: The generated paths from several different start (green dot/square dot) and
goal positions (red dot/circle dot) for various environment

CONCLUSION

To put it briefly, the investigations in this study highlights that harmonic functions
provide a promising and feasible way of creating pathways in a point robot environment
attribute to advanced finding numerical techniques, together with the new advanced
computing technologies. The simulation outcomes confirmed that the EDGMAOR
iterative scheme is the fastest compared to the standard method (SOR and AOR). While
the obstacles number has risen, the efficiency of the proposed method is not affected. In
reality the calculation becomes quicker as the obstacles zones are omitted throughout
the calculation process. Furthermore, the originality of this work is the use of the AOR
scheme families in robot path finding. In addition to the idea of the full- and half-sweep
techniques, additional—analysis may also be considered on quarter-sweep [22-24]
iterations with the intention of accelerating the rate of convergence for the suggested
iterative method.
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