New Node Location Setting
Using Random Sample Ratio In
Occupancy Area On RRT
Algorithm

by Eki 1

Submission date: 26-Apr-2023 01:49PM (UTC+0700)
Submission ID: 2075913746

File name: ICCED_2022.pdf (417.89K)

Word count: 2843

Character count: 13789



New Node Location Setting Using Random Sample
Ratio In Occupancy Area On RRT Algorithm

utra Wisnu Agung Sucipto
Electrical Engineering Department
Universitas Islam “45™
Bekasi, Indonesia
wisnu @unismabe kasi .ac id

Seta Samsiana
Electrical Engineering Department
Universitas Islam “45™
Bekasi, Indonesia
seta_samsiana@ unismabekasi ac.id

Abstract— The Rapidly Random Tree (RRT) algorithm works to
grow trees gradually based on a random sampling process. Each
growing branch needs to be arranged so that it can reach the target
node. This arrangement is done by maintaining the distance
between the edge knot and the parent knot so that they are always
in the optimal direction and magnitude. This paper offers an
alternative approach to adjust the position of the edge vertices in a
branch based on the modeling occupancy area that can be occupied
by random knots and the distance function which is formulated
using the growth ratio of random samples that inhabit the target
area and the area outside it. Based on the experimental results, the
algorithm has succeeded in making the tree reach min=05 at JI=
265 with PJ = 4.3 from the root node (1.5) and the target node (5.6).
While the basic RRT algorithm has not been able to reach the
target node at JI = 265 with the remaining distance to be reached
is 2.7442 points.
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[. INTRODUCTION

RRT has gained a lot of the attention of the research
community over the past few decades. Most researchers are
interested in RRT because it has the ability to work in high-
dimensional state space. This algorithm provides the
opportunity to achieve a viable optimal solution based on the
growth of randomness of the sampling process.

Since it is sampling-based, RRT has probability content in
the solution. Thus, RRT can grow tree branches that are worthy
or unworthy to develop. The development of these branches, of
course, will also be on two possibilities, namely the feasible and
not feasible path of growth.

Spatially, the growth and development of branches should
be reviewed further. Branches that develop in a residential area
that supports its growth, will leave a viable path seedling to
reach the final node. On the other hand, the area of infertile
branch dwelling will affect the growth of the new branch.

Some researchers have sought for techniques to grow new
branch nodes. This study originated from the basic concept of
edge node growth in RRT based on the safe distance of new
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edge growth or so-called edge node distance threshold against
parental node [1][2][]. The growth direction of this edge
node corresponds to the direction of the parent node distance
line and the random node raised in each iteration, so there 1s a
possibility of developing away from the target node.

Furthermore, the edge node distance setting and its parents
are set to use the minimum cost provision of a collection of the
distances of neighboring parents in a hypersphere centered on
the position of the random nodes. The edge node that is
successfully laid will have the lowest cost to the tree root node
[1][51[6]1[7]. However, the growth direction of a branch is also
likely to grow away from the target node if there is a minimum
cost among the collection of parental nodes in the hypersphere
that is far from the target node.

Another way that can be used to adjust branch length is by
using virtual forces. The edge distance to the parent node is
arranged based on the repulsive and attractive forces in virtual
forces [8][9][1]. The direction of the growth of the edge branch
can reach the target node because of the existence of attractive
forces around the target node. However, the emergence of a
large distance from the resultant of this virtual style needs to get
further attention.

Determination of the new edge location and values in the
direction of branch growth is often also reviewed based on the
setting of the distance function coefficient. For example, the
setting of the target bias coefficient is based on the probability
of transitions between branches. These coefficients are
configured with target gravity 2iliiables, the ratio of the distance
of the target node to the edge node and the ratio of the distance
of the random node to the edge node [10] [11] as well as the
complexity of the environment determined subjectively [16].
This provision does not rule out the possibility of using
quadratic cost functions in Euclidian terminology and
Generalized distance as a traditional traversal method [12] [13]
[14][15].

Setting the direction of branch growth from the root to the
target and its magnitude is a crucial part. This growth will be




better if the random node approaches the target node and vice
versa. Research on the function of branch growth director
generally chooses proximity between adjacent nodes and
derivative aspects as a reference for formalization. There has
been no formulation of restrictions on branch growth based on
the portfolio of growth of random nodes that inhabit an area
around the target and the outside area. So that it can be known
the edge knot that must be maintained to always grow and the
edge knot that needs to be limited to its extension of the parent
node

This paper offers an alternative approach to setting up new
nodes against parental nodes. The main contributions made in
this paper related to the setting of the position of new nodes in
branches lie in modeling the occupancy area of the target node
side and the side of the root node that can be occupied by
random samples, and the function mic distance of the parent
node to the edge node based on the ratio of the number of
random samples inhabiting the target area and the outside area.

II. RESEARCH METHOD

A. Algoritma RRT Basic

Trees grown ellg()lwns are developed by several
operating processes. First, the algorithm ran the initialization of
the roomode . and the target node, gy, in the T tree. Then,
the branch is grown by placing the edge knot, gy, at the end of
the twig. This operation is preceded by the generation of a
random sample, gr.w, by the RandomSample() function. The
laying of gnew 1s calculated based on the proximity of gran to the
parent  knot, Gparrens adjacent  to it.  Using  the
NearestNeighborfunction () is generated a node gparren that is
located from the new gwith a certain value. After successfully
obtaining  Gparene then the new g ;; added to the tree branch
through the AddNewNode() function. The sequence of this
process repeats continuously until the distance .. and
ggoaleaches a certain minimum value, pmin. The details of this
algorithm are organized from [14][16] and described in the
following algorithm.

Algoritma 1 Algoritma RRT Basic
T «— InitTree(Gomwr, §eoal):
fori=1tondo
Grand +— RandomSample(i);
{parrens +— NearestNeighbor(grund);
Guew +— Extend(Grand, Gparrens, £);
AddNewNode(T, gnen);
if Distance(Guew, Jgoat) < Pmin then
return 7T
end if
end for
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New Node Mounting in Branch

The operation of generating a new node as the end of the
branch in the AddNewNode() function in algorithfiedl, is
accompanied by the determination of the direction of the new
node and the length of the parent node's distance to the new
node. Therefore, in stochastic planners such as RRT, it contains
randomness due to the existence of sampling process-based

operations, potentially producing random twig pathways that
limit convergence towards optimal solutions.

Spatially, the space of empty areas that can be inhabited by
random samples as a reference for branch growth and
development can be divided into two parts. The first part is
called the habitable area around the target node and the habitable
area outside the target area. The area around the target node is
the area between the root node and the target node represented
in the form of a rectangle formed from the coordinate
relationships s and g In the coordinate field. While the
area other than this rectangular area is defined as the area outside
it, as described in figure 1.
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Fig. . Nustration of Division between Origin and Target Areas

When the random node has been generated and has
occupied one of the two areas, its existence are detected by (1)

1, if gs < qr < qq

fasariag) = {0, otherwise )
where :
s = root node,
qr = random node, and
Qe = target node.

Number of random samples inhabiting both areas of origin is
explained by expression (2)

flasiariqg)=1

0u (f(4s v 99)) = flasariag) @

where :
0, = Number of samples in origin area.
While those who inhabit the target area are expressed in (3)

2.

f(as9riqg)=0

T, (f (45:ar:49)) = flassariag) 3

where :
Ta = Number of samples in the target area.




The growth of the number of random samples in each area
needs to be noted as one of the considerations in the mechanism
of extension of the new branch path. The more random samples
are in the area of origin as a consequence of the area of
occupancy , the slower arrival of random samples in the target
area. The occupancy area around the target which is much
narrower than the original area will cause less habitable empty
space for random samples around the target.

This condition brings benefits on the other hand. This
difference in conditions can be used as a reference in making the
reciprocation function extend or suppress the growth rate of
branches. Fewer and fewer random samples in the target area
can be used to trigger a slowdown in branch extension in the
area of origin. Conversely, the number of random samples in the
target area that is less than the area of origin can also trigger the
extension of branches in the area of origin.

Given that convergence towards the target node is a top
priority and the fact that the growth of the number of samples in
both areas can be adjusted in ratio, this condition provides room
to implgkEnt the reciprocity paradigm in calculating the
distance of the parent node to the edge node. With this paradigm,
the difference in the length of the edge node distance in both
areas gets the right coefficient. In other words, if the growth
ratio of the area of origin is greater than the target area, this ratio
can be fed as a coefficient of distance function for the target area
that can trigger branch based on the probability of randomness
of the sample in the occupancy space. Conversely, because the
area on the target side is much narrower than the area of origin,
the extension has the potential to reduce the growth ratio of
random samples in the target area, it can be fed to the area of
origin as a reference for shortening of twigs around the edge
knot. The growth ratio of random samples in the area of origin
is defined by equation (4).

0
AO, = —2— Q]
&7 Oq+Ty
where :
AOQ, = Random sample ratio in the origin area

while random sample ratio in the target area is defined by (5)

T,
AT, = —— (5)
@ 04+T,
where :
AT, = Random sample ratio in the target area

Thus, the distance of parent and edge node in each occupancy
area is defined by

if f(QS; qri ‘?g) =1

p { AT, ©)
n = . y
P A0, x dpg, if f{qg; qr; ‘?g) =0

where :

dpn = Distance between parent and edge node

dpp = Distance between ¢, and g,

qp = Parent node.

Thus, the location of edge node in tree branch are

an = (G- — dpy) * c0s (Bpg) ™)
@ = (g9, — dpn) * sin (Bpg) ®)
where :
qn = Edge node coordinate in X axis
qy = Edge node coordinate in Y axis
Opr =Angle between parent and random node

II. RESULTS AND DISCUSSION

The proposed methods and the basic RRT algorithm are
compared based on several performance criteria indicators; path
length (PJ), number of iterations (JI) and number of twigs (JR)
formed and damped. The Comparison are implemented using
Matlab runs on Laptop PCs with Intel i7-9750 @ 2.6 GHz (12
CPUs) processor and 9 MB of RAM.

These two algorithms are compared based on PI, JI, and JR.
The g coordinates are (1.5) marked with a yellow circle and
the g..a coordinates are (5,6) marked red stars. In addition, the
stop condition parameters are set when the edge node
approaches the target at a distance of at least pmin= 0.5.

The experiment result, as seen in figures 2 and 3, shows that
the proposed function has successfully made tree branches reach
pmin = 0.5 in JI = 265 with PJ = 4.3, with the number of
branches formed is 43 branches. Meanwhile, the other
algorithms have not been able to reach the target node even in
the 265" iteration. The remaining distance that still needs to be
reached is 2.7442 points. The PJ formed is 1.4 with the number
of branches formed being 73 branches. Thus, the proposed
algorithm is vastly superior to the basic RRT algorithm.
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Fig. 1. Fig. 2. Trees with RRT Algorithms using Random Sample Growth
Ratios as a Reference for Distance between Parent and Edge node
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Fig. 3. Trees with RRT Algorithms using Threshold distance between Parental
And Edge node

IV. CONCLUSION

This study succeeded in making the function coefficient of
the distance function of the parent's node to the edge node, in
order to achieve convergence of the motion direction of tree
branches in the RRT. The distance function can trigger the
acceleration of branch growth towards the target node. In
addition, the setting of occupancy areas can also be a strategy
for the extension and restriction of branch growth.

As for future works, it is necessary to make additional
settings related to the potential change in the branch direction
movement that approaches the target node but has not
implemented an optimal restriction of branch length yet.
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