Iraqi Journal for Computers and Informatics

Vol. [45], Issue [2], Year (2019)

ROBOTIC MOTION PLANNING USING CONVEX OPTIMIZATION
METHODS
Thaker Nayl1
1

College of Engineering, University of Information Technology and
Communications (UOITC), Baghdad, Iraq

Thaker.nayl@gmail.com

Abstract - Collision avoidance techniques tend to derive the
robot away of the obstacles in minimal total travel distance. Most of
the collision avoidance algorithms have trouble get stuck in a local
minimum. A new technique is to avoid local minimum in convex
optimization-based path planning. Obstacle avoidance problem is
considered as a convex optimization problem under system state and
control constraints. The idea is by considering the obstacles as a
convex set of points which represents the obstacle that encloses in
minimum volume ellipsoid, also the addition of the necessary offset
distance and the modified motion path is presented. In the analysis,
the results demonstrated the effectiveness of the suggested motion
planning by using the convex optimization technique.
Keywords – Path planning, collision avoidance, convex
optimization .

I. INTRODUCTION
In general, one of the common researches in automation of
mobile robot is motion planning. Motion planning consists of
achieving sensor-based motion control of a mobile robot among
obstacles in static and dynamic environments. Collisions of
obstacles with an obstacle at a given time can be occurred. To
avoid that, designing a ﬁnite optimal sequence of control inputs
according to the initial robot position and a desired target point,
taking into account uncertainty is required.
In order to solve the collision avoidance problem, making safe
motion planning can be achieved by changing the robotic
orientation, where predicting a collision is based on different
techniques according to the robotic kinematic or dynamic robot
model.
In the literature, many collision avoidance motion planning
techniques for robots have been discussed. Many engineering
problems has been widely accepted as a powerful tool to solve
using convex optimization methods.
Convex functions, most importantly, do not have the trap in
local minimal, assuring that the achieved solution always
happens to be the optimal.
In the relative literature, off line path planning can be used to
ﬁnd the optimal trajectories for a set of robots and these
trajectories can then be tracked to avoid collision [1].
Several algorithms were proposed for mobile robots with
nonholonomic constraints can be found in [2], and most of these
methods contain simple models that are not taking the robot that
has the complexity of the modeling being increased and it is
more difficult to proceed to the next stage of the control scheme
design based on highly non–linear model dynamics. Time-

optimal path tracking using convex optimization approach has
been studied in [3], while in [4], convex elastic smoothing
algorithm, for smooth motion planning and optimal trajectory,
which is fast and simple heuristic algorithm is presented.
Smooth trajectory motion planning using convex optimization
techniques for car-like robot has been proposed in [5]. Studying
real time optimization motion planning using convex feasible
set algorithm for robot as a point is discussed in [6]. An
interactive motion planning controller for mobile robot built
with a deform-able virtual zone to move without needing global
path re-planning is presented in [7]. A real-time collision
avoidance module in a robot controller by applying the potential
field approach is implemented in [8].
The problem of avoiding collisions with obstacles while
following the learned trajectory through non-point-based maps
directly by changing the geometric representation of the
complementary configuration area is addressed in [9]. Obstacles
avoidance by creating occupancy grids which describe the
traversal of the terrain in the current vicinity of the vehicle is
presented in [10].
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Figure (1): The modified movement to avoid collisions with obstacles
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Smooth path planning and an optimal collision safe trajectory is
generated for a group of mobile robots synchronously, as
presented in [11], in addition, an adaptive technique for mobile
robot’s navigation has been discussed in [12].
The drawback of motion planning algorithms is falling into
local minimum, when the robot encounters the obstacles like a
corner.
This article presented a new technique to avoid collisions with
the obstacles within the shortest and smooth possible path and
do not be trapped in corner obstacles. The novelty of the article
comes from re-planning and optimization of the reference paths
by creating a new path using convex optimization techniques to
avoid collisions, by moving with the intersected ellipsoid on the
shortest part of the ellipsoid. The algorithm of the modiﬁed path
planning can be written as shown in Figure 1.
Furthermore, for more smoothness motion, the Bezier curve will
be applied to generate a tracked reference trajectory. Bezier
curve is defined by set of control interpolation points. Bezier
curve is used for smoothing path planning algorithms. An
optimally path criterion is based on Bezier curve for path
smoothing which they always be located within the convex hull
of control points.
This article is organized as it follows. In section 2, the convex
optimization techniques. In section 3, results and discussions of
the proposed method and simulation results are being presented
to prove the validity of the proposed scheme. Finally, the
conclusions are provided in section 4.

1. II. CONVEX OPTIMIZATION TECHNIQUES
In this section a collision avoidance path-planning problem
is formulated as convex optimization problems. Typically, the
environments will be used to design the algorithm in order to
avoid the collisions by modifying the shortest path according to
the present information from the environment. There are
different methods to transform the set of control problems into a
series of convex problems when the feasible region is a nonconvex region [13].
Some of motivating results on the optimally problem of local
path planning is discussed in [14]. A convex problem for motion
planning in unknown information about environment for a
mobile robot is applied in [15].
From the coordinates and orientation of the robot and the
geometry and the location of obstacle, the reference path will be
re-planned to bring the robot away of the obstacles.
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Figure (2): The convex hull with minimum ellipsoid around the obstacle’s points

A. Obstacles in Ellipsoids
The classical method to get information from environment
is by using onboard sensors. This will help to determine the
corners of all obstacles as a point. To avoid local sub-optimal
solutions, this will be by finding the minimum ellipsoid that
contains the finite set of obstacles.
A finite set of obstacles can be represented by; 𝑥𝑖 = (𝑃1 , , , , 𝑃𝑚 ) ⊆
𝑅2 . By solving the optimization problem according to
Lowner−John ellipsoid described by the variables A ∈ 𝑆 𝑛 and b
∈ 𝑅𝑛 , that covers all of the points which are parameters by its
center (𝐴−1 b) and the shape matrix A = 𝐴𝑇 ≻ 0, which is a
convex optimization problem that can get obstacles inside an
ellipsoid.
Therefore, the variable log det (𝐴−1 ) , at time t, for moving
inside the ellipsoid, can be got by solving the following convex
optimization formula.
𝑚𝑎𝑥𝑖𝑚𝑖𝑧𝑒
𝑠𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜

log det(𝐴−1 )
∥ A𝑥𝑖 + b ∥ 2 ≤ 1

(1)

The minimum ellipsoid around the obstacle’s points is defined
by the convex hull. Furthermore, defining the safety margin 𝑑𝑟
is to avoid a collision with an obstacle under forward and fixed
velocity. The necessary offset distance 𝑑𝑤 , which is
representing the robot can get through the within this ﬁeld and
its related with the robot width, as shown in Figure 2.
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B. Intersection with the Obstacles
Convex optimization algorithm checks for intersection for
shortest path planning against all obstacle’s points. However,
there will be a question if it can check for intersection. Which
ellipsoids are intersecting the required/suggested reference path?
By using convex optimization techniques, the intersections can
be found with these ellipsoids by applying the formula as the
condition; ∥ A𝑧𝑖 + b ∥ 2 ≤ 1 when 𝑧𝑖 is the shortest reference
path coordinate vector, if this condition is satisfied, the obstacle
should be considered, and the intersection can be computed as
the equation below.
∥ A𝑧𝑖 + b ∥ 2 ≤ 1 𝑓𝑜𝑟 𝑖 = 1, … 𝑛
(2)

ﬁnding the minimum volume ellipsoid around the points deﬁned
by the convex hull. Figure 3 shows the modiﬁcation of the
motion planning with different locations of obstacles. Two
ellipsoid groups are deﬁned to avoid a trap situation problem.
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C. Distance between the Obstacles
The robot can get through the obstacles in the ﬁeld, its related
with the robot width, which is the minimum necessary distance
𝑑𝑤 . The minimum distance between two obstacles can be
represented by two points in the ellipsoids, that are closest to
each other in Euclidean norm, these points can be found by
solving the convex optimization problem:
𝑚𝑖𝑛𝑖𝑚𝑖𝑧𝑒

∥ x−y ∥
𝐴1 ∗ x ≤ 𝑏1
𝐴2 ∗ y ≤ 𝑏2

point

(3)

when x, y are the coordinates of the two points. If the distance
between the two detected obstacles is larger than the width
offset distance d w which is representing the safety distance for
the width of the robot, it means that the robot can get through.

D. Shortest Distance Path Planning
The shortest distance path planning problem is ﬁnding path
between destination and current location in shortest distance.
Creating a new path is to avoid collisions with the obstacles, and
the calculations of the new total path are to traverse all paths
with minimum length. In convex solution of path planning
problem, it consists of solving the following optimization
problem:
∑((𝑥𝑖+1 − 𝑥𝑖 )2 + (𝑦𝑖+1 − 𝑦𝑖 )2 )
𝑚𝑖𝑛𝑖𝑚𝑖𝑧𝑒
(4)
𝑠𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜

nt
Curre

∥ 𝐴𝑗 𝑧𝑖 + 𝑏𝑗 ∥2 ≥ 1
𝑥𝑖+1 − 𝑥𝑖 ≤ 0.1
𝑦𝑖+1 − 𝑦𝑖 ≤ 0.1
𝑥𝑐𝑢𝑟𝑟𝑒𝑛𝑡 = 𝑥𝑖
𝑦𝑐𝑢𝑟𝑟𝑒𝑛𝑡 = 𝑦𝑖

By solving the optimization problem, considering of computing
a minimum volume ellipsoid around points, 𝑥𝑖 in, 𝑅2 , i =
(1, . . . , n), where n is the number of points per an obstacle,
containing the obstacle inside, this is will be equivalent to

Figure (3): The shortest distance path planning problem with obstacle’s points

E. Smoothing the Modiﬁed Path
After solving the optimization to ﬁnd an obstacle free path, the
smoothness of the generated path planning is by applying Bezier
curve algorithm. Bezier algorithm is a parametric curve for an
optimally path generation and smoothing, by moving with the
intersected ellipsoid on the shortest part of the ellipsoid. An
optimally path criterion is based on Bezier curve for path
smoothing which they always be located within the convex sets
of control points, it can be represented of n degree.
𝐵(𝑡) = ∑𝑛𝑖=0( 𝑛𝑖 )(1 − 𝑡)𝑛−𝑖 𝑡 𝑖 𝑃𝑖 , t ∈ [0, 1]

(5)

III. RESULTS AND DISCUSSIONS
For simulating, it was implemented on MATLAB using CVX
package [16] and [17]. The effectiveness of the proposed
technique is for the motion planning problem for mobile robot,
over a terrain with different sizes of obstacles. The kinematic
parameters of the robot that have been used in the simulation
results: the robot width is w = 0.3m, the required safety distance
𝑑𝑟 = 0.5m and the length of the robot is L = 0.6m. Figure 4
shows minimum ellipsoid around number of obstacles, in the
simulation results we assumed that the robot has local infrared
sensors to detect the field in 180o.
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The constraint of the rate of steering angle have been deﬁned as
±0.2rad. In the simulation, the robot position is at the origin, and
the destination points are at different locations (x,y)=(10,10)
and (15,15). We assume that the destination point is known with
unknown obstacles. Figure 5 shows the curvature of the
modiﬁed reference path, adding the offset distance, considering
the optimal distance path. The complex scenarios for this
algorithm are not with different geometric obstacle
conﬁguration, but with multiple obstacles near to each other.
Figure 5 shows that the robot always passes through obstacles
without colliding with obstacles and the smoothness of the
trajectory using Bezier curve is appeared.

Figure (5): Motion planning using convex techniques of robot around the
obstacle’s points

V. CONCLUSIONS
Obstacle avoidance and path planning using convex
optimization techniques for a mobile robot is presented. In this
article the convex optimization motion planning for mobile
robot under constraints of steering angle and velocity shows the
effectiveness of the proposed algorithm. This article satisﬁes
simple and efficient motion planning and collision avoidance
based on path modiﬁcation.
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