
Journal of Physics:
Conference Series      

PAPER • OPEN ACCESS

Smooth and collision-free path planning for
holonomic mobile robot based RRT-Connect
To cite this article: Yaaqob Saad Aljamali and M. Juhairi Aziz Safar 2023 J. Phys.: Conf. Ser. 2550
012032

 

View the article online for updates and enhancements.

You may also like
RSP-UV: real-time sampling-based path
planning method for unmanned vehicles
Rui Zhou, Chuanwei Zhang, Ruiqi Zhao et
al.

-

Retro-reflective target with high accuracy
for industrial photogrammetry
Gaoshuang Huang, Guiping Huang, Yang
Zhou et al.

-

A hybrid optimization algorithm of ACO
and RRT for solving mobile robot path
planning
Dong Wu and KaiYue Du

-

This content was downloaded from IP address 103.86.131.140 on 12/12/2025 at 07:28

https://doi.org/10.1088/1742-6596/2550/1/012032
/article/10.1088/1402-4896/ad9cd3
/article/10.1088/1402-4896/ad9cd3
/article/10.1088/1361-6501/ac9921
/article/10.1088/1361-6501/ac9921
/article/10.1088/1361-6501/adee3a
/article/10.1088/1361-6501/adee3a
/article/10.1088/1361-6501/adee3a
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjssKS7eAMlAzLn53msjmUWUHSccnkaY-zFUPCwmBcwHJtjuvHyzlJSYupB6UQ2VfVkmgoFWGgjgFlYgHPzvwTD2okzNpbPDA3ZP_BQ6tGhZJRpVRPIfy8BED0-t88CsHZt9w-G9EbbT4XBMcTWHrAV5b7TbJH7ZAz1jlhupQvP6ZRuXuddoQXPMdVLbJa7mQKJiw9SZvENqRYmL8uv5O9kOZ0nQ0FJlT-LQ7qLalxUS6wr0-1QoQxREJ_RVW0d90D5zC6q2tkmPZGSJ3AgqDHYpf3VXHe0cKin6Uw8zTnmcJvZRthcAjflA3iGBujdLVFgErCQqg-gTEQx4qAXtF4FE8LnX13WBUab7TGmY0Paz2mPU2g2qvMyOO&sig=Cg0ArKJSzLnb4Bw9Y6jg&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://www.electrochem.org/250%3Futm_source%3DIOP%26utm_medium%3Dbanner%26utm_campaign%3D250_IOP%26utm_id%3DIOP%2B250%2Bsubmission


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

ICE4CT-2022
Journal of Physics: Conference Series 2550 (2023) 012032

IOP Publishing
doi:10.1088/1742-6596/2550/1/012032

1

Smooth and collision-free path planning for

holonomic mobile robot based RRT-Connect

Yaaqob Saad Aljamali1*[0000-0003-0960-8170] and M. Juhairi Aziz Safar1,2
1* Faculty of Electrical Engineering & Technology, Universiti Malaysia Perlis, 02600 Pauh 
Putra, Perlis, Malaysia

2 Sports Engineering Research Center(SERC)CoE, Universiti Malaysia Perlis, 02600 Pauh
Putra, Perlis Malaysia

E-mail: 1 yaaqobsaad@studentmail.unimap.edu.my

Abstract. Robot navigation is a crucial aspect of any mobile robot system. Many path plan-
ners generate a path that is zigzag in nature and contains many sharp or angular turns. Such
courses are not adequate for a mobile robot to follow as it has to slow down and then speed up at
these sharp turns. Thus, the integration of the smoothing function is a vital aspect to generate
smooth and continuous paths. Moreover, a collision check after path smoothing needs to be ac-
counted for a possible collision with obstacles surrounding. Herein, a path pruning algorithm is
utilized to reduce the total path waypoints. Then a piecewise cubic B-spline smoothing function
is applied to ensure the path is smooth and continuous. In addition, a post-smoothing collision
checking and improvement algorithm based on mid-point insertion for the collide segments is
proposed. Experiments and comparisons with the geometric RRT-Connect path planner have
shown that the inclusion of a path pruning algorithm, smoothing function and post-smoothing
collision check generates better results with reduced path length.

Keywords: B-Spline; collision detection; mobile robot; point insertion; path pruning;
smooth path

1. Introduction
Recent trends show that the involvement of humans in industrial activities has decreased follow-
ing the introduction of autonomous robots and automation technology [1]. The abilities such
as solving complex motion planning are demanded to equip autonomous robots with higher
performance capabilities replacing the human worker. Motion planning plays an important role
in many mobile robot applications ranging from self-driving cars, Unmanned Aerial Vehicles
(UAV), military drones, cleaning robots, planetary rovers, and rescue bots [2]. It can be divided
into path planning and trajectory planning where path planning is merely geometric planning,
whereas the latter assigned time law to the produced path [3]. Moreover, motion planning is
divided into global or offline planning and local or online planning [1]. Wherein global planning
complete information regarding robots, and the environment is given a prior; mostly this ap-
proach is used with a static environment. Whereas, in local planning the robot must be equipped
with adequate sensors for planning and reacting to any interference; mostly this approach is used
in a dynamic environment.



ICE4CT-2022
Journal of Physics: Conference Series 2550 (2023) 012032

IOP Publishing
doi:10.1088/1742-6596/2550/1/012032

2

Herein, the focus will be on path planning wherein only a merely geometric path will be
produced. Many algorithms have been presented in literature which can be classified based
on their working nature into sampling-based approaches, the combinatorial approach, and bi-
ologically inspired approaches [4]. Sampling-based approaches have proven their efficiency in
which can return a solution in a short time, and overcome the complexity of path planning for
high dimension workspace [2]. Among the most commonly used algorithms are the Probabilistic
Roadmap Algorithm (PRM) [5–7] and Rapidly-exploring Random Trees [8]. The focus here will
be on RRTs based approach specifically RRT-Connect [9] that utilized Rapidly-exploring Ran-
dom Trees (RRTs) with a simple greedy heuristic that aggressively tries to connect two trees,
one from the initial configuration and the other from the goal.

However, most path planning algorithms including RRT-Connect generate a path consisting
of straight lines and sharp turns [10] which is not adequate for the robot to follow. To overcome
such a problem path smoothing functions have been proposed such as inscribed circle [11–13],
removing redundant waypoints or unnecessary turns [14,15], three-point smoothing method [16].
These classical approaches resulted in curvature discontinuities which can result in overshoot-
ing [17], wheel-slippage [18], passenger discomfort [19,20], and mechanical wear [21,22] .
Special curves such as Clothoid have been utilized by several works which can provide continuous
curvature planning [23–25] . However, clothoid-based planning uses global waypoints [10]; thus
required high order approximations to represent them [26]. Parametric curves such as Bezier
and B-spline curves were widely used in computer-aided design [27], which stimulate their use
in robotic path smoothing. Cubic Bezier curve was utilized to produce smoothed path for differ-
ential drive robot respecting the kinematical constraints [28]. RRT-connect was integrated with
goal biasing and sixth order Bezier curve to solve the path planning for non-holonomic mobile
robot [29]. However, the order of the Bezier curve is dependent on the number of control points
which can lead to high computational costs for high-degree curves. The global waypoints affect
the entire curve, and placing new control points might be difficult [10]. B-spline was introduced
as a general type of curve than Bezier curves which use several Bezier curves joined end on end.
Many works in literature employ B-spline curves either as post-smoothing function [30–32], or
integrated into the planning phase such as proposed by [26]. To account for possible post-
smoothing collision mid-point insertion was utilized either for every path segment [26, 33] or
only collide segments [30,34].

Inspired by the work [26,30,34] the RRT-connect path planner was integrated with the prun-
ing algorithm Ramer–Douglas–Peucker, then piecewise cubic B-spline algorithm was deployed
to smoothen the linear path. Post-smoothing collision detection by discrete samples was per-
formed. In the case of collision detection, a sub-waypoint was added for any collided segment
then the smooth path was constructed including the sub-waypoint using cubic B-spline, and this
continued until a smoothed collision-free path is produced.

This paper is organized as follows: Section 2 details the methodology followed to conduct the
experiment, while Section 3 explains the experimental setup to evaluate the effects of pruning,
smoothing, and collision detection algorithms inclusion into RRT-connect concerning total path
length and path feasibility. Section 4 presents and discusses the obtained results. The paper is
concluded in section 5 with future directions.

2. Methodology
Before conducting the experiment assumptions reported in [35] were adopted. The path pro-
duced by solely geometric path planners is zigzag in nature, thus not adequate for the robot to
maneuver. Herein, the path smoothing algorithm is integrated with path planner RRT-connect,
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path pruning algorithm, and collision detection technique and refinement for colliding segment
so that the final path is feasible as well as collision-free.

Figure 1 explains the different procedures of experimenting, wherein, there are five steps
before producing the smoothed collision-free path:
(A) the map is first acquired using any means of mapping tools, then downsized to 500pixels-by-
500pixels so that the experimental time is lesser. It is convenient for the map to be represented
as logical values ”1” and ”0”, thus the original map is binarized, wherein, the black area repre-
sents obstacles (Cobs) and the white area represents free space (Cfree).

Normally the robot is treated as a mass point in the space configuration and the obstacles
are inflated to account for the robot size [36] so that the path solution Ps maintains a safety
distance Ds as indicated by Equation 1.

d(Ps, Cobs) > Ds. (1)

Thus; obstacle regions were inflated using morphological erosion operation with a square struc-
turing element whose width equals to robot virtual width. After obstacle enlargement the start
and goal configurations are set interactively by the user which will be input to the path planner
as (Xs, Ys) and (Xg, Yg).

Figure 1: Flow Chart

(B) The utilized path planner is RRT-Connect which was first introduced by [9] wherein two
rapidly-exploring random trees (RRTs) rooted at the start and goal configurations incrementally
grow toward each other. The RRT-Connect algorithm syntax is shown in Algorithm 1, wherein,
it takes as input environment with obstacles inflated, starts and goals configuration, step size ϵ,
the maximum number of iterations k, and the threshold value. The algorithm will be terminated
either a collision-free path from start to goal is found, or the maximum number of iterations is
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exceeded. The path returned from RRT-Connect contains sharp turns which increases the cost
of robot maneuvering, so the post-processing step is an essential requirement for any motion
planning algorithm.

Algorithm 1 The RRT-Connect algorithm

Input: mapinflated, qinit, qgoal, ϵ, threshold, k
Output: Pathinit, Computation Time, Path Length

1: Ta.init(qinit);Tb.init(qgoal)
2: while i ≤ k do
3: qrand ← RANDOM CONFIG();
4: if not (EXTEND(Ta, qrand) = Trapped) then
5: if CONNECT (Ta, qnew) = Reached then
6: Return PATH(Ta, Tb);

7: SWAP(Ta, Tb);

8: Return Failure

(C) As mentioned previously, the path generated by the RRT-Connect planner is zigzag in
nature and has many sharp turns, thus, it is not adequate for the robot to follow. To tackle
such a problem many smoothing techniques have been proposed, however, herein, the B-spline
algorithm [26,30] was utilized as the post-smoothing algorithm. Before the post-smoothing the
initial path was pruning using Ramer–Douglas–Peucker algorithm [37]. The Ramer-Douglas-
Peucker algorithm takes as input the waypoints of the initial path, and the tolerance value
which specifies how much a point can deviate from a straight line, and its value is between 1 and
0. The pruned path waypoints - control points - are input to the piecewise cubic B-spline, then
the path is sampled uniformly between the specified time interval [0, 5] with an increment of 0.01.

(D) Once the initial smooth path is generated, possible collision is checked with the obstacles
surrounding, see Figure 1. If a collision occurs in the new smoothed path, then the next step is to
locate the segments with collision and perform mid-point insertion [?,30,33]. After inserting the
mid-point Pmid between Pi−1 and Pi, and between Pi and Pi+1, previous pruned path waypoints
are updated with the new waypoints and input to the smoothing algorithm then checked for
possible collision until the whole path becomes collision-free.

3. Experiment
All experiments were conducted on a 2.3 GHz Intel Core i3 machine with 6 GB memory running
Windows 10 Pro. The algorithm was implemented in MATLAB. An environment of a size of
10m-by-10m was utilized to test the algorithm see Figure 2, wherein, obstacles were shown as
black areas while free space as a white plane. The map was discretized so that in each 1 meter
there are 50pixels so that the map input to the algorithm will be of size 500pixels-by-500pixels.

The robot that was considered is a non-circular shape with a length of 0.5m and a width
of 0.3m. Based on the robot dimensions and the map size, the obstacles inflation amount (15
pixels) was calculated based on Equations 2-3.

Pixel/meter = map(colums)/MapRealLength (2)

RobotV irtualWidth = RobotRealWidth× PixelPerMeters (3)
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Figure 2: Map environment

As shown in the previous section RRT-Connect algorithm takes as inputs environment with
obstacles inflated, start and goal configurations, step size ϵ, the maximum number of iterations
k, and threshold value which were set as shown in table 1. The path pruning algorithm takes as
inputs the path generated and the tolerance value(0.03). The pruned path is input to the cubic
B-spline smoothing algorithm. Post-smoothing collision detection is performed, once a collision
is detected then the waypoints with a collision are located to the closest free waypoints, and
then find the consecutive and a new point is inserted in-between using Equation 4

Pmid = (
Pi−1 + Pi+1

2
) (4)

Table 1: RRT-Connect Parameters

Parameters Value

Map 500-by-500
qinitial,qgoal (Xs, Ys) and (Xg, Yg)
Step Size (ϵ) 20 pixels
Threshold Value 20 pixels
Maximum Iterations (k) 10000

4. Result and Discussion
This section presents the effect of path smoothing, post-smoothing collision detection inclusion
in the RRT-Connect algorithm concerning path length, and path feasibility. The total path
length metric is a vital factor for algorithm efficiency since it affects the total travel time as well
as the consumed energy. Path feasibility will be measured by its collision status, even though,
the safety margin is not maintained after the smoothing which will be the subject of future work.
The algorithm has been tested for 10 trails with random start and goal configurations before
and after path optimization using path smoothing and post-smoothing collision check, see table
2.
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Table 2 shows the results obtained from 10 tails, wherein, the decrease in the path length
is observed clearly. The values in bold experienced post-smoothing collision check since the
collision was detected after the first smoothing has taken place, see Figure 3 as an example. As
shown in the process block diagram Figure 1 once the collision has been detected the collided
segments are located then new control points are formed by inserting mid-points for each collide
segment. The total path length is calculated using the formula for distance d between two con-
secutive points (xi, yi) and (xi+1, yi+1) see Equation 5. Another factor that plays a major role in
optimizing the path length is the path pruning algorithm utilized, wherein, the total waypoints
are decreased by removing the redundant points based on the ϵ value set, see table 3. Needless
to say, the location of the start and goal configurations plays a role in the total path length as
well as the curvature of the smoothed path.

d =
√

(x2 − x1)2 + (y2 − y1)2 (5)

Table 2: Path length before and after optimization

Trails
Path Length (Pixels)

Collision Status
Before Optimization After Optimization

1 1226.73 0.18 0
2 1326.50 1120.60 0
3 1001.70 845.89 0
4 1010.05 0.20 0
5 1164.20 969.54 0
6 536.42 481.69 0
7 577.67 493.05 0
8 580.72 510.68 0
9 844.47 0.02 0
10 1244.63 1043.98 0



ICE4CT-2022
Journal of Physics: Conference Series 2550 (2023) 012032

IOP Publishing
doi:10.1088/1742-6596/2550/1/012032

7

(a) Initial smoothed path with collision (b) Smoothed collision-free path

(c) Smoothed collision-free path(closer
look) (d) Legend

Figure 3: Effect of post-smoothing collision check on path feasibility and total path length

Table 3: Effects of path pruning algorithm

Trails
Total Waypoints

Initial Path Pruned Path
Post-Collision
Pruned path

1 62 12 14
2 67 15 15
3 51 12 12
4 52 10 11
5 59 19 19
6 28 8 8
7 30 10 10
8 30 6 6
9 43 7 11
10 63 17 17

5. Conclusion
This paper discussed the effect of path smoothing, path pruning, and post-smoothing
collision check when integrated with geometric path planners such as RRT-Connect concerning
performance metrics (1. Total Path Length, and 2. Collision Status). The effects were observed
by performing path planning for ten different start and goal configurations in a pre-defined
environment with and without path optimization. Results showcased the effect of utilizing
the path pruning algorithm before path smoothing in reducing the total waypoints hence the
decrease in total path length. While the smoothing algorithm utilized -cubic B-spline- result
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in a continuous and feasible path in most cases while other collide with obstacles. Therefore,
post-collision checking and collide-segment reformation were integrated to result in a smooth
collision-free path. A limitation that was found is the feasibility of the smoothed path concerning
the minimum safety distance between the smoothed path and the obstacles surrounding should
be formally addressed in future work.
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