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Abstract: Rapidly-exploring Random Tree (RRT) is a prominent algorithm with quite successful results in achieving the optimal solution used to solve robot path planning 
problems. The RRT algorithm works by creating iteratively progressing random waypoints from the initial waypoint to the goal waypoint. The critical problem in the robot 
movement is the movement and time costs caused by the excessive number of waypoints required to be able to reach the goal, which is why reducing the number of 
waypoints created after path planning is an important process in solving the robot path problem. Ramer-Douglas-Peucker (RDP) is an effective algorithm to reduce waypoints. 
In this study, the Waypoint Simplified and Smoothed RRT Method (WSS-RRT) is proposed which reduces the distance costs between 8.13% and 13.36% by using the RDP 
algorithm to reduce the path into the same path with fewer waypoints, which is an array of waypoints created by the RRT algorithm. 
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1 INTRODUCTION 
 

In recent years, studies on robot path planning have 
increased massively with the number of fields with 
industrial fields taking the lead [1-3]. The advantages such 
as the ability to complete the assigned task flexibly and 
quickly, discarding the risks that could appear with the 
human factor, and being able to complete tasks like search-
and-rescue, recon missions, discovering unknown 
environments, and health, logistics, etc. increase the 
demand for robots. Path planning is a vital component of 
autonomous systems [4]. Autonomous robots have the 
ability to locate themselves in the environment, the ability 
to map their surroundings, and being able to make use of 
their sensors to detect nearby objects. Autonomous robots 
sustain their movements from their initial waypoint to their 
goal waypoint by finding the best path, avoiding any 
obstacles. The efforts to find the best path to their goal 
during the movement cause path planning problems trying 
to be solved with lots of algorithms, to appear in the 
literature. 

Robot path planning algorithms are divided into two 
basic classes according to the problem: Classical 
algorithms that try to provide the best solution possible in 
an acceptable finite time frame, and heuristic algorithms 
that try to find the best solution in a group of solutions [5]. 
The heuristic methods in this classification require 
excessive computing power for the path planning 
solutions, especially in complex environments [6]. 

A path planning algorithm can be local or global 
depending on the information available regarding the 
operating environment. Global algorithms, as there is 
information available about the environment, work with 
current obstacles while local algorithms continuously 
update the path planning strategy according to the detected 
obstacles and objects during the robotꞌs movement [7]. 

Path planning algorithms can be classified differently 
in many ways. The path planning problem is an 
optimization problem at its roots. Classical approaches 
have excessive computing costs, especially in multi-
dimensional environments. Because of that, heuristic 
algorithms are used extensively in path planning problemsꞌ 
solutions. Heuristic algorithms try to find the best solution 

in all possible solutions. Sampling-based algorithms from 
heuristic algorithms have quite successful results as they 
are quick and have low costs in complex environments [8]. 

Rapidly-exploring Random Trees (RRT) is an 
important sampling-based heuristic algorithm used 
intensively in robot path planning, developed by LaValle 
[9]. In their studies, LaValle and Kuffner present that the 
RRT algorithm allows a tree to be generated from the initial 
waypoint to the goal waypoint through randomly chosen 
waypoints in a multi-dimensional space and that the 
random waypoints generate a new waypoint to the tree in 
every iteration according to the waypoint that is closest to 
the tree and has a constant epsilon distance [10]. Ioannis et 
al. used B-Spline curves to increase the performance of the 
convolutional off-line path planning algorithm in a three-
dimensional space they presented and to make the plan 
smoother. The problem of not being fully used has been 
prevented [11]. Ngoc et al. used B-spline to parameterize 
the path created using RRT or A* algorithms in a non-
convex environment, and a Bézier curve equivalent to the 
B-spline curve was used to increase the power of the 
presented method [12]. Jian et al., in the study they 
presented, defined the path formed as a curve for the 
optimization of the path formed as a result of path 
planning, so that the curve parameters created for the 
defined curve were optimized and made smoother and the 
high dimension problem that would occur as a result of the 
optimization was reduced [13]. Saini et al. used RDP to 
increase the power of the methods used for trajectory 
classification in their study, so that the classification curve 
was created with fewer points [14]. In their study, Liangbin 
and Guoyou used RDP to reduce the rate by compressing 
very large data generated by the automatic identification 
system. As a result of the compression, the most suitable 
compression process of the original trajectory has been 
achieved at low cost in terms of time [15]. Marino and 
Manic have provided the FastTray algorithm they have 
presented by using RDP to reduce the data used to create 
the trajectory and to make the trajectory smoother with 
splines. Thus, they ensured that the GPS data necessary for 
a healthier traffic analysis was obtained from the original 
trajectory with a very small margin of error [16]. Saux and 
Daniel performed the data reduction of the polygonal 
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curves with the fitting method applied over the B-spline 
with the method they presented [17]. 

This study differs from the publications in the 
literature especially with the use of RRT and RDP 
smoothing methods together. In addition, the evaluation of 
different smoothing methods within the scope of the study 
provided successful results. 

In this study, the Waypoint Simplified and Smoothed 
RRT Method (WSS-RRT) which uses the RDP algorithm 
to reduce the path which is created as an array of waypoints 
as an artifact of the RRT algorithm, is presented. This study 
consists of the following sections: after the introduction, 
detailed information about RRT and RDP algorithms in the 
2nd and 3rd sections, respectively, the method and its 
application in the 4th section, and the results and future 
studies are given in the 5th section. 
 
2 BASIC THEORY 
2.1 Rapidly-Exploring Random Trees 
 

One of the algorithms used to solve the path planning 
problem is the Rapidly-exploring Random Trees (RRT) 
approach. The RRT algorithm provides a sampling-based 
solution for path planning [18]. The RRT algorithms work 
by creating a random tree from the initial waypoint to the 
goal waypoint and searching for the best path on this tree. 
After the initial waypoint is decided, the closest waypoint 
on the tree to the randomly decided waypoint is 
determined, taking collisions into account. Then a new 
waypoint between the randomly decided waypoint and the 
closest waypoint is added to the tree taking the predefined 
distance into account and this is repeated until an epsilon 
distance [19]. 

The RRT algorithm operates in an environment 
sterilized from obstacles, called the workspace. 

 
C = Workspace (Configuration Space) 
Cfree = Free Space 
Co = Obstacle Space 
Cfree = C/Co 
 

The obstacles inside the workspace are expressed with 
 
O = {O1, O2, O3, .........., On} ⊂ D2                                 (1) 

 
The new waypoint to be decided after the robotꞌs 

movement should be inside the Cfree space. While q0 ∈ Cfree 
and qgoal ∈ Cfree, T represents the tree generated after the 
algorithm has been run, V represents the waypoints inside 
the tree and E represents the inter-point connections,                   
Tx = (Vx, Ex) is the obtained expression. The treeꞌs 
expansion continues until a possible path between q0 and q 
goal has been found. The RRT algorithm is a quick and 
simple-to-apply algorithm. Although it is not always 
possible to find the optimal path due to its nature 

RRT is an iterative algorithm. Euler integration 
method or similar methods can be used for phase-shift 
equality, to be used to decide the new waypoint to be added 
to the tree according to the waypoint that will be randomly 
generated in the workspace. 
 
xi = xi ‒ 1 + f(xi ‒ 1, ε)      (2) 
 

In this equation, xi ‒ 1 being the waypoint inside the tree 
that is closest to the random waypoint, the new waypoint is 
decided by adding a fixed step size of epsilon (ε) to the 
closest waypoint. 
 

 
Figure 1 Rapidly-exploring random trees expansion 

 
During the movement to the goal waypoint in the 

workspace, in each iteration the designated waypoints are 
designated statistically randomly which can be seen in Fig. 
1. The RRT algorithm, due to its structure, is at the level of 
asymptotic complexity. The random waypoint count to be 
designated to approach the optimal solution will approach 
infinity [20] in most cases, sharp turns are required to avoid 
objects in the environment to reach the goal waypoint. The 
required number of iterations to reach the goal waypoint is 
usually decided according to the time limit or the 
previously determined random waypoint count [21]. 
 

 
Figure 2 RRT Extend Operation [22] 

 
We can graphically express the change in the tree 

structure that is generated during the runtime of the RRT 
algorithm like shown in Fig. 2. The initial waypoint is 
determined first, then a new waypoint is randomized and 
the closest waypoint on the tree is determined relative to 
the new random waypoint, then between those two 
waypoints a new waypoint, avoiding collisions, will be 
determined according to its distance of epsilon to the 
closest waypoint on the tree and added to the tree and this 
will keep on iterating until the goal waypoint is reached. 
The RRT algorithm is a quick algorithm due to its 
structure. Especially remarkable improvements in runtime 
can be made by running the RRT algorithm in architectures 
where parallel processing techniques can be applied. Also, 
the RRT algorithm can be run in parallel with the 
MapReduce programming principle. With this, by using 
this structure the closest waypoint on the tree to the random 
waypoint can be determined quickly [22]. 
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Figure 3 The flowchart of the RRT algorithm [23] 

 
RRT works according to the flow in Fig. 3. Initially, 

the initial waypoint, the goal waypoint, and the obstacles 
are defined in the configuration space and the number of 
waypoints to be generated randomly is determined. The 
random waypoint is added to the tree if there is no obstacle 
collision between itself and the closest waypoint on the 
tree. 
 
2.2 Ramer-Douglas-Peucker Algorithm 
 

It is a line simplifying algorithm developed by Ramer-
Douglas-Peucker (RDP) [24]. The RDP algorithm 
simplifies the lines made of straight-line segments by the 
number of waypoints. A recursive divide and combine 
strategy which can provide fast, compact and precise 
compression for time-critical systems, is used [25]. This 
algorithm is used to reduce the number of waypoints in a 
curve made of an array of waypoints. It simplifies by 
detecting if the first and last elements of the array of 
waypoints forming the curve are a straight line and the 
waypoint farthest from the virtual line. If the waypoints 
between the first and last waypoints are closer than a 
distance of epsilon, all those waypoints are removed. On 
the other hand, if this "deviant waypoint" is farther than the 
epsilon distance from our imaginary curve, the curve is 
split into two, the first one being from the first waypoint to 
the extreme waypoint, and the second one being from the 
extreme waypoint to the last waypoint. So, the formed 
curveꞌs degree of coarsening is controlled by the ε 
parameter which defines the maximum distance between 
the original waypoints and the simplified curve.  

The process is recursively called in both resulting 
curves and both of the reduced forms of the curve are 
combined. The simplified curve preserves the coarse shape 
of the original curve but must be composed of a subset of 
the set of waypoints defining the original curve [26]. 

How the RDP algorithm works is shown in Fig. 4. 
The RDP algorithm is widely used in computer 

graphics, reducing trajectory data and especially 
cartography. As the method detects the deviant waypoints 
in the path or smoothing in the given line, the subject line 
mentioned in RDP can be a line in computer graphics, a 
waypoint in the coordinate plane, or a path in a robotꞌs 
movement. 

 
Figure 4 Ramer-Douglas-Peucker flowchart of the method [15] 

 
A curve is as the following: 

 
C = (P1, P2, P3, …, Pn)   (3) 
 
where: C - curve; P - set of waypoints. 
 

In each iteration, the farthest waypoint to the line is 
determined; 
 
dmax = maxd(Pi, Pn), i = 2, ..., n ‒ 1   (4) 
 
where: d - distance between two waypoints; P - coordinates 
of waypoints. 

 
Euclidean distance is used to find the maximum 

distance with the equation below; 
 

distance =    22
   x x y yp q p q      (5) 

 
where: (px, py) - coordinates of P point; (qx, qy) - 
coordinates of Q point. 

In each iteration the new waypoint that has the 
maximum distance to the line is determined, then a new 
line segment is created for waypoints after that waypoint 
and for each line segment the waypoints with the euclidean 
distance to the line segment < ε are ignored, and waypoint 
reduction in the curve is done. The epsilon parameter, 
which controls the threshold distance to the virtual line 
between the first and last waypoints being ε > 0. 
 
3. PROPOSED METHOD 
3.1 Waypoint Simplified and Smoothed RRT (WSS-RRT) 

Method 
 

The RRT algorithm, due to its working principles, tries 
to find the shortest path on a tree made of randomly created 
waypoints in the search space that are hierarchically 
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connected. It is used widely as it is able to find good 
solutions quickly during the path planning phase [27]. 

Although it is quick to produce solutions, there is the 
problem of not being able to guarantee the optimal solution 
because of the randomness used during the creation of 
waypoints. Though this is a problem that exists in most 
heuristic methods [28], there are multiple methods to 
improve the RRT algorithm. But these solutions usually 
either do not provide the desired improvements or 
drastically increase the runtime of the algorithm [29] in real 
environments. The runtime of the algorithm for path 
planning during the robot’s movement has vital 
importance. The computing taking too long can cause the 
robot to crash or stop until the path planning is complete. 
Likewise, the planned path being too long can cause the 
energy required for the movement of the robot to be 
wasted, decrease its lifetime or increase the maintenance 
costs. If this vehicle is a combatant in a tactical field, too 
much cost in time or movement can cause the vehicle to be 
detected by the hostile elements or even to be destroyed by 
them. Reducing the time and the movement path will 
reduce the possibility of being detected by the hostile 
elements. 

 
Algorithm 1. The algorithm of proposed method 

function RRT(xinit, xgoal) 
V ← {xinit}; 
E ←∅; 
G = (V, E); 
for i = 1, . . . , n do 

xrand← SampleFreei; 
xnearest← Nearest(G ← (V, E), xrand); 
xnew← Steer(xnearest, xrand); 
if ObstacleFree(xnearest, xnew) then 

V ← V ∪ { xnew }; 
E ← E ∪ {(xnearest, xnew)}; 

end if 
end for 
G = (V, E); 
return G; 

end function 
 

function RDP(G, ε) 
end = G.length; 
i, maxd = Farthest(G, Line(G[0], G[end])); 
if maxd>εthen 

lineleft← RDP(G[0, . . . i], ε); 
lineright ← RDP (G[i, . . . end], ε); 
line ← lineleft∪ lineright; 

else 
line ← {G[0], G[end]}; 

end if 
end function 
 
function Main() 

GRRT = RRT(xinit, xgoal); 
GRDP = RDP(GRRT , ε); 
Gsmooth = SmoothPath(GRDP ,ρ);  //Desired method 
return Gsmooth; 

end function 
 

In this study, the RRT algorithm and the RDP 
algorithm are run hybrid, attempting to reduce the planned 
path to the shortest path possible without ramping up the 
time costs too much. The flow of the method is shown in 
Algorithm 1. 

The search space, the obstacles in the space, and the 
outputs regarding the waypoints produced as a result of 
running the algorithm are shown in Fig. 5. The method 
working with randomly generated obstacles has been tested 
on a computer with an Intel Core i7-10750H CPU @ 2.60 
GHz processor, 16 GB of RAM, and Windows 11 Pro 
Operating System. 
 

a) The path on a 10 × 10 
plane 

b) The path on a 25 × 25 
plane 

c) The path on a 50 × 50 
plane 

Figure 5 The comparison of the resulting waypoints of the RRT algorithm and 
the RRT-RDP algorithm without smoothing 

 
As a result of the waypoints of the path generated by 

the WSS-RRT algorithm being added randomly to the 
workspace, sawteeth can appear between waypoints. 

Because of restrictions in robot kinematics, robots 
might have difficulties trying to accomplish their goal with 
paths with sawteeth, which brings the need for the path to 
be smoothed. In this study, 4 different smoothing methods 
were used to smooth the path appropriately to the 1-D 
interpolation structure. These methods are pchip, makima, 
cubic, and spline methods. 

 
3.2 Smoothing Methods 
3.2.1 Pchip Method 
 

At least 4 waypoints are required, the monotony in the 
data is preserved, and the smoothing process will not 
generate extremes even if the data is not distributed 
uniformly. The derivatives are calculated on waypoints 

 kX and kf '  with Pchip [30]. 
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1   2 kw h  + 1kh  , 2   kw h  + 12 kh                                    (7) 

 
where: w - weighted harmonic mean; h - slope of x -
coordinate at waypoint; d - slope of y - coordinate at 
waypoint; f - derivation on waypoint. 

The end slopes are set by using a one-sided scheme 
[31] when Pchip is used as the smoothing method at WSS-
RRT, the outputs are shown in Fig. 6. 
 

a) The path on a 10 × 
10 plane 

b) The path on a 25 × 25 
plane 

c) The path on a 50 × 50 
plane 

Figure 6 The comparison of the resulting waypoints of the RRT and WSS-RRT 
algorithm using pchip method for smoothing 
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3.2.2 Makima Method 
 

At least 4 waypoints are required, it is developed by 
Akima to prevent extreme local fluctuations in 
interpolation [32]. 
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where: w - weighted harmonic mean; d - derivation of 
waypoint; δ - slope of waypoint. 

Though Akimaꞌs derivative formula has to be modified 
to prevent extreme cases where both the numerator and the 
denominator equal 0. 

 

1 2
1

1 2 1 2  
i i i

w w
d

w w w w
 

 
      (10) 

 
To prevent that the Makima method was developed by 

taking the average of lower and upper slopes [31]. 
 

  1 | / 2i i id        (11) 

 
When the Makima method  is used as the smoothing 

method at WSS-RRT, the outputs are shown in Fig. 7. 
 

a) The path on a 10 × 
10 plane 

b) The path on a 25 
× 25 plane 

c) The path on a 50 
× 50 plane 

Figure 7 The comparison of the resulting waypoints of the RRT and WSS-RRT 
algorithm using makima method for smoothing 

 
3.2.3 Cubic Interpolation Approach 
 

At least 3 waypoints are required for the method. A 
uniform distribution of waypoints is required for 
interpolation to be applied. 

1  ,     i i ix x x x x t                                                  (12) 

 

  1    i ix x i       (13) 

 
If the intervals are of equal length the continuity 

conditions of the derivative are same for x and t. 
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For each interval the function is defined as: 
 

  2 3
i i i i iY t a b t c t d t                                               (15) 

 
unknown coefficients in the function is solved with yi 

and through  0i iD Y ' . 
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 0'i i iY D b                                                              (18) 

 

  1 2 31i i i i iY ' D b c d                                            (19) 

 

ia , ib , ic , id  are found using the following equations 

[33]. 
 

i ia y                                                                           (20) 

 

iib D                                                                           (21) 

 

 1 1 3 2 i i i i ic y y D D                                            (22) 

 

 1 12i i i i id y y D D                                              (23) 

 
When Cubic method is used as the smoothing method 

at WSS-RRT, the outputs are shown in Fig. 8. 
 

a) The path on a 10 × 
10 plane 

b) The path on a 25 
× 25 plane 

c) The path on a 50 
× 50 plane 

Figure 8 The comparison of the resulting waypoints of the RRT and WSS-RRT 
algorithm using cubic interpolation approach for smoothing 

 
3.2.4 Spline Method 
 

At least 4 waypoints are required for the spline 
method. It is used in cases where the waypoints are not 
distributed uniformly [34]. 

 

       2 3
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For each interval the function is defined as: 
 

  2 3
i i i i iY a b t c t d tt                                               (29) 

 

ia , ib , ic , id  is determined according to these 

equations: 
 

iia y                                                                           (30) 

 

iib D                                                                           (31) 
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When Spline is used as the smoothing method at WSS-

RRT, the outputs are shown in Fig. 9. 
 

a) The path on a 10 × 
10 plane 

b) The path on a 25 
× 25 plane 

c) The path on a 50 
× 50 plane 

Figure 9 The comparison of the resulting waypoints of the RRT and WSS-RRT 
algorithm using spline method for smoothing 

 
4 RESULTS AND DISCUSSION 

 
The test results of the proposed WSS-RRT method are 

shown in Tab. 1. The method was applied on 3 different 
landscape maps which are respectively 10 × 10 plane with 
7 obstacles, 25 × 25 plane with 19 obstacles, and 50 × 50 
plane with 44 obstacles. 

 
Table 1 The average data of the WSS-RRT algorithm for different landscapes 

 Map 1 Map 2 Map 3 
Map Area 10 × 10 25 × 25 50 × 50 

Number of Iterations 250 500 1000 
Obstacle Count 7 19 44 

RRT Runtime / s 2.84 23.22 182.37 
RDP Runtime on RRT Waypoints / s 0.007 0.009 0.016 

Smoothing Runtime / s 0.001 0.002 0.007 
RRT Path Length 23.52 44.76 108.17 

RRT-RDP Path Length 20.75 40.71 100.04 
RRT Waypoint Count 25 45 109 

RRT-RDP Waypoint Count 4 8 18 
Distance Difference 2.77 4.05 8.13 

Distance difference / % 13.36 9.96 8.13 

 
In Map 1, which contains 7 obstacles on a 10 × 10 

plane, the average path length obtained as a result of 
running only the RRT algorithm after a maximum of 250 
iterations is 23.52 units and the running time is 2.84 
seconds. On the other hand, when the WSS-RRT algorithm 
is run on the same path, the average path length obtained is 
20.75 units and the running time is 2.848 seconds. It has 
been observed that WSS-RRT provides a gain of 

approximately 2.77 units, which is about 13.36% in terms 
of path length, and this is achieved with a loss of only 0.008 
second.  

In Map 2, which contains 19 obstacles on a 25 × 25 
plane, the average path length obtained as a result of 
running only the RRT algorithm after a maximum of 500 
iterations is 44.76 units and the running time is 23.22 
seconds. On the other hand, when the WSS-RRT algorithm 
is run on the same path, the average path length obtained is 
40.71 units and the running time is 23.231 seconds. It has 
been observed that WSS-RRT provides a gain of 
approximately 4.05 units, which is about 9.96% in terms of 
path length, and can achieve this with a loss of only 0.011 
second.  

In Map 3, which contains 4 obstacles on a 50 × 50 
plane, the average path length obtained as a result of 
running only the RRT algorithm after a maximum of 1000 
iterations is 108.17 units and the running time is 182.37 
seconds. On the other hand, when the WSS-RRT algorithm 
is run on the same path, the average path length obtained is 
100.04 units and the running time is 182.393 seconds. It 
has been observed that WSS-RRT provides a gain of 
approximately 8.13 units, which is about 8.13% in terms of 
path length, and can achieve this with a loss of only 0.023 
second.  

The most important reason for the gain is the 
smoothing of the waypoints in the working space due to the 
randomness due to the working principle of the RRT, by 
simplification with the RDP algorithm and smoothing of 
the waypoints in the sharp corners. This is the novelty of 
the proposed method which differs from studies in 
literature. 
 
5 CONCLUSION 

 
In this study the Waypoint Simplified and Smoothed 

RRT Method (WSS-RRT) which allows a path to be 
represented with fewer waypoints by reducing a path 
generated by the RRT algorithm using the RDP algorithm 
is proposed. As a result of the method being applied on 
maps with different sizes, it is observed that there are 
improvements compared to the current RRT algorithm in 
terms of path length, runtime, and waypoint count. It will 
be experimented on with other reduction methods which 
are quicker or with a higher rate of reduction, besides the 
Ramer-Douglas-Peucker method. The RRT algorithm due 
to its nature progresses with creating a tree structure with a 
probabilistic approach. This structure of the RRT 
algorithm causes the waypoints from the initial waypoint 
to the goal waypoint to be numerous. With the proposed 
method there are also improvements in probability-caused 
non-optimal parameters. 

The WSS-RRT method presented within the scope of 
the study was applied in a 2-dimensional workspace. The 
test results data obtained in the study were analyzed in 
accordance with the limitations of the proposed method. 
The operation of the RRT applied in the proposed method 
in 3-dimensional workspace will increase the computation 
time and algorithm complexity. It is thought that the 
computation time and algorithm complexity will increase 
during the operation of RDP in 3-dimensional workspace, 
but it will not be costly since it will still work at relatively 
few points. 



Ayhan GÜLTEKİN et al.: Simplified and Smoothed Rapidly-Exploring Random Tree Algorithm for Robot Path Planning 

Tehnički vjesnik 30, 3(2023), 891-898                   897 

In future work, the methodꞌs results will be evaluated 
on three-dimensional maps. Also, different obstacle 
formations will be placed on maps to evaluate how the 
method works for different obstacle types. In future, work 
will be done on reducing path waypoints according to the 
robot’s kinematic structure by taking its movement 
dynamics into account. The presented study is about 
reducing the path determined with the RRT algorithm and 
avoiding static obstacles in a previously defined movement 
space. In future work, the current method will be improved, 
and waypoint reduction will be done in real-time during the 
RRT algorithmꞌs movement in the workspace. 
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