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Abstract - In the working process, how efficiently the robotic arm passes the obstacle nodes has a
great impact on its working efficiency. This paper briefly introduced the rapidly exploring random
tree (RRT) algorithm and optimized it with the gravitational potential function based on its
shortcomings. The B-spline curve was used to smooth the path. Experimental analyses were carried
out in two-dimensional and three-dimensional environments. It was found that the improved RRT
algorithm had an average running time of 0.39 s and an average path length of 93.96 mm in the
two-dimensional environment; taking environment 1 as an example, the average running time and
path length of the improved RRT algorithm was 1.03 s and 147.63 mm, respectively, in the three-
dimensional environment, after passing through seven path nodes, which were significantly better
than the standard RRT algorithm. The results prove the effectiveness of the improved intelligent
algorithm for robotic arm path optimization selection. The improved RRT algorithm can be further

promoted and applied in practice.
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1. Introduction

As technical level develops, the application of robots
in life and industry has become more and more
extensive [1]. In industrial manufacturing, the robot
has become an important role in promoting the
development of industrial automation. At present, in
the manufacturing industry, the six-degree-of-
freedom robotic arm, which is flexible and
extensively applicable, can accomplish many
complex tasks. Due to the complexity of the working
environment, how to achieve the path optimization
of robotic arms to avoid obstacles efficiently [2] has
become a key content in current research [3]. Sadhu
et al. [4] improved the firefly algorithm (FA) and
proposed an FA combined with Q-learning. They
verified the superiority of the method in aspects of
solution quality and running time through
simulations and real experiments. Taking a two-
degree-of-freedom robot as an example, Sadiq et al.
[5] combined an improved ant colony optimization
algorithm (ACO) with the D* algorithm to generate
optimal paths and verified the accuracy and
efficiency of the method through experiments. Li et
al. [6] designed an improved A-star algorithm and a
3D collision detection algorithm to plan an optimal
path for the blood taking needle fixed at the end of
the robotic arm and found that the method was
feasible through simulations and experiments. Gai et
al. [7] designed a path planning algorithm based on
the artificial potential field method and proved its
effectiveness through experiments on the MA1440

industrial robot. The algorithm can realize the
collision-free path planning of robotic arms. This
paper focused on the rapidly exploring random tree
(RRT) algorithm. This paper mainly studied the RRT
algorithm, designed an improved intelligent
algorithm, and compared it with the standard RRT
algorithm to highlight its reliability in path
optimization. This work provides a theoretical basis
for improving the efficiency of robotic arms passing
through obstacle nodes. Moreover, this paper also
proved the effectiveness of improving the RRT
algorithm with the gravitational potential function,
suggesting that adjusting the step length could
effectively improving the search ability of the RRT
algorithm. It provides a new direction for the
improvement of the RRT algorithm. In future
research, more improvements can be considered for
the fixed step length in the RRT algorithm.

2. Path Optimization Selection Method
based on an Improved Intelligent
Algorithm

2.1 RRT Algorithm

The RRT algorithm is an intelligent algorithm
based on random sampling [8], which has the
advantages of fast search and easy implementation.
It has excellent performance in path problems in
complex environments [9] and has also been well
used in robotics [10]. The principle of the RRT
algorithm is to obtain random sampling points after
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giving a starting point to make the tree grow toward
the location of the sampling points until the target
point is reached, and the tree nodes cannot collide
with the danger area, as shown in Figure 1.
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Figure 1: Schematic diagram of the principle of the
RRT algorithm

In Figure 1, the red area is the obstacle node,
initial node g;,;, is the starting point, and g, is the
target point. The sample function is used for random
sampling to obtain random point g,,,4. Then, the
nearnode function is used to find point g, that is
nearest to g, .,4- The direction from g, .4, t0 G, qng IS
extended according to step length S to obtain a new
node called g,,,. The collision function is used to
detect whether the path collides with the obstacle
point. If it does, the sampling is repeated again; if
not, g, is added with a random number. After
continuous growth, whether it has grown to the site
near qgoq is determined; if it has, it indicates that
the path has been successfully found.

The functions involved in the RRT algorithm are
as follows.

(1) The sample function: new sampling point
,ang 1S Obtained through random sampling.

(2) The near node function: all nodes are
traversed to calculate the distance between g; and
Grang and find the minimum value, i.e., point g, ..,
that is nearest to q,,,4. The distance formula is:

Distance =

qll({q{cx] - Qrcnd(x]}: +{Q|'(J‘] - rl'rcr!d(y]}: + {QI(Z] - rl'rcr!d(zl} )
(1)

(3) The collision function: point @, .. IS
connected to g,,,. the set of all the points on the
direction from gq,.,. t0 @g.., iS written as:

A Tnow—Inear)
[QJ:Qnew € G Qnew = Qn9w+—r‘1 = [0!1]}

|@new—Tnearl
; the coordinate of the obstacle point is gq(xg, Vo, 2g),

and the coordinate of q; is q; [:xj,y -,zj); then, the

collision-free function is:
Frow — Coflisionfreel:qj,qo,r){d: d;€Ed,d; =

P ——

|Q_; — o |} .
if r < d, there is no obstacle on the path; otherwise,
there is an obstacle.

2.2 Improved RRT Algorithm

The standard RRT algorithm uses a fixed step
length and random node expansion, which will lead
to a slow convergence [11], especially in the case of
many obstacle nodes [12]. In order to further
improve the effectiveness of the intelligent algorithm
for path optimization selection, this paper improves
the RRT algorithm.

First, in order to reduce the random tree from
producing too many useless nodes and to guide the
tree to grow in the direction of the target point, it is
improved by combining the gravitational potential
function [13]. In the standard RRT algorithm, the

growth direction of the new node Iis:
d = rand”Gnear  Based on the gravitational
|@rand—aneard

potential function, the gravitational potential energy
. . k 2
of Qgoal at gy g4y 1S Written as: U= 3 ”':?gaa! - Qnear” ’

where k is the gravitational force coefficient. The

gravitational force of t0  Qpear IS

gravitational

':?,gaa!
U= ’I':”(i’yaa! - Qngar”- Then, the
potential function of the target point to any point g
is:

F(q) — '["(Qgpn:—f{:] [2)

|qgm;—q|'

Through the gravitational potential function, let

Gneqr INCline to q,,,; then, the growth direction of

the new node after the improvement is:

m:qgoﬁl _qnsm']

dr _ rand—9near
|qgoﬂl_qnam'|

(3)

|2rand—nearl

Then, k is adjusted according to the value of
||qgaa; — qma,,H to enable the dynamic adjustment of
the step length.

The path finally obtained by the RRT algorithm is
a polyline. The abrupt direction change of the robotic
arm at the inflection point is not conducive to the
long-term use of the arm. Therefore, this paper uses
a quadratic B-spline curve [14] to smooth the path
obtained by the RRT algorithm, as shown in Figure 2.
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Figure 2: B-spline curve path smoothing

The formula for the k-order B-spline is written
as:

Lin(t) = Xi=0Liss " Qunlt) (4)

Q) = =33K(=1) - €l (e +n— k= )", (5)

where L, is the vertex of the control and @,, ,,(t) is
the B-spline basis function, 0 <t <1, k=0,1,---,n.

In the quadratic B-spline, the expression of the basis
function is:

Qo2(t) = (t—1)?
Qu(8) =3 (—2t2+ 2t + 1), (6)

Q.:(0) = %tz

Then, its segmental expression equation is
written as:

L(t) = Yi=0 Qe (t) - B, =
1 -2 1
I—Z 2 0]
1 1 0

where By, is the curve vertex.

[t2 ¢ 1]

(XA
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3. Results and Analysis

Simulations were performed under the MATLAB
environment to analyze the performance of the
improved intelligent algorithm for the optimization
selection of paths when passing through obstacle
nodes. The analysis was first performed in a two-
dimensional environment with a map size of 100 x
100 mm. In the map, the starting point was (10, 15),
and the target point was (80, 80). The extended step
length of random numbers was 20. The gravitational
coefficient was 1.5. The red areas represented
obstacles. The performance of RRT and improved
RRT algorithms was compared by repeating the
experiment 20 times. The path optimization results
in one of the experiments are shown in Figure 3.
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Figure 3: Results of path optimization selection for
RRT and improved RRT algorithms

It was seen from Figure 3 that the path
optimization selection result obtained by the
standard RRT algorithm was a polyline with a total
length of 133.7 mm; the path result obtained by the
improved RRT algorithm after smoothing was a
curve with a total length of 94 mm, which was
29.69% shorter than the standard RRT algorithm.
The results of the 20 experiments were averaged to
compare the running time and path length between
the algorithms. The results are shown in Figures 4
and 5.
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Figure 4: Comparison of the running time between
different algorithms

It was observed in Figure 4 that the running time
of the RRT algorithm was significantly longer than
that of the improved RRT algorithm, which were all
above 1.5 s, while the running time of the improved
RRT algorithm was below 1 s. In comparison, the
shortest running time of the RRT algorithm was 1.46
s, while the longest running time of the improved
RRT algorithm was only 0.55 s. The average running
time of the improved RRT algorithm was only 0.39 s
after 20 times of experiment, which was 77.84%
shorter than the RRT algorithm. These results
suggested that the improved RRT algorithm was
more efficient in optimizing the path selection for
the robotic arm.
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Figure 5: Comparison of the path length between
different algorithms

It was seen from Figure 5 that the path results
obtained by RRT had a large variation as there was a
large gap between the path lengths obtained from
different experiments. The longest and shortest path
obtained by the RRT algorithm was 141.5 mm and
95.3 mm, respectively, while the paths obtained by
the improved RRT were all below 100 mm, 99.8 mm
the longest and 88.4 mm the shortest. The average
path length of the improved RRT algorithm in the 20
experiments was 93.96 mm, which was 13.69%
shorter than that of the RRT algorithm (108.86 mm).
These results verified the effectiveness of the
improved RRT algorithm in optimizing the path
selection.

Then, the analysis was carried out in the three-
dimensional environment. Figure 6-8 show the
results of the RRT and improved RRT algorithms
obtained from every time of run under three
different three-dimensional environments. The map
size was 90 x 90 x 50 mm. In Figure 6, the black
point was the starting point, the blue point was the
target point, the black line segment was the path
optimization selection result obtained by the RRT
algorithm, and the red line segment was the path

8 88 8

Figure 8: Three-dimensional environment 3

It was observed in Figures 6-8 that that the black
line (the RRT algorithm) was more curved and the
red line (the improved RRT algorithm) was smooth.
In the three environments, RRT and improved RRT

optimization selection result obtained by the algorithms ran 100 times each, and the results were
improved RRT algorithm. averaged, as shown in Table 1.
Table 1. Comparison of algorithm performance in a three-dimensional environment
Environment 1 Environment 2 Environment 3
RRT The improved | RRT The improved | RRT The improved
algorithm | RRT algorithm | RRT algorithm | RRT
algorithm algorithm algorithm
Running time/s 6.72 1.03 6.87 1.05 7.64 1.07
Number of path 72 7 75 8 79 8
nodes/n
Path length/mm | 203.15 147.63 205.77 148.66 217.84 151.33

According to Table 1, the running time of the
improved RRT algorithm was significantly shorter
than that of the RRT algorithm in the three-
dimensional environment. Taking environment 1 as
an example, the running time of the improved RRT
algorithm was 1.03 s, which was 84.67% less than

that of the RRT algorithm. The improved RRT
algorithm required less path nodes. Taking
environment 1 as an example, the RRT algorithm
obtained 72 path nodes, while the improved RRT
algorithm only obtained seven nodes, which was
about 1/10 of the RRT algorithm. As to the obtained
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path optimization selection results, under the three
environments, the path length of the RRT algorithm
was always larger than 200 mm, and the path length
of the improved RRT algorithm was always larger
than 150 mm. Taking environment 1 as an example,
the path length of the RRT algorithm was 203.15
mm, and that of the improved RRT algorithm was
147.63 mm, which was 27.33% less than the RRT
algorithm. These results verified the reliability of the
improved RRT algorithm.

4. Conclusions

This paper studied the path optimization selection
problem when the robotic arm passed the obstacle
nodes and designed an improved RRT algorithm. The
comparison between RRT and improved RRT
algorithms demonstrated that the improved RRT
algorithm had a shorter running time and a shorter
average path length in the two-dimensional
environment; in the three-dimensional environment,
taking environment 1 as an example, the improved
RRT algorithm had a running time of 1.03 s and a
path length of 147.63 mm and obtained seven path
nodes, which was significantly better than the RRT
algorithm. This paper verified the effectiveness of
the improved RRT algorithm in solving the path
optimization selection problem. The proposed
algorithm can be further applied in actual robotic
arms.
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