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Abstract—A Generalized Pattern Search algorithm (GPS) is 

introduced to design a collision-free trajectory for planar 

redundant manipulators. Cubic-spline interpolation trajectory 

for the end-effectors is designed a priori by selecting three 

intermediate points around the workspace obstacles. The GPS 

algorithm ensures that none of the selected points lies inside any 

of the obstacles. The end-effectors will follow the prescribed 

trajectory in excellent manner without colliding with the 

obstacles. Simulation studies are carried out for three different 

obstacles to prove the validity of the proposed algorithm. 

 
Index Terms— Redundant Manipulator, Genetic Algorithms, 

Generalized Pattern Search, Obstacle Avoidance, Cubic-Spline, 

Optimization.  

I. INTRODUCTION 

In many today's manufacturing applications such as 

welding, spray painting, a robot manipulator must traverse 

with its end-effector a desired trajectory, while its body 

avoids collisions with the obstacles in the environment. The 

obstacle avoidance problem where robotic manipulators are 

required to move from an initial position to a specified final 

goal without colliding with any obstacles in the workspace is 

very important. Obstacle avoidance considering full 

manipulator dynamics is pretty difficult because of 

non-linearity of manipulator dynamics and existence of 

obstacles. An alternative approach is to use some 

optimization techniques rather than the inverse jacobian to 

save computation time and not to be trapped by singular 

points. In the last two decades, Genetic Algorithms (GAs) have 

been successfully applied to solve the obstacle avoidance 

trajectory planning problem of robot manipulators. Genetic 

Algorithms (GAs) are robust optimization tools based on 

natural evolution for complex search problems which can 

cope with discontinuities, non-linearities and even noisy [3]. 

A series of researchers applied the GAs technique to 

solve the collision-free trajectory planning of manipulators. 

Shiller and Dubowsky [12] proposed a method to solve 

optimal trajectory with collision-free problem. A small number 

of candidates of optimal trajectory in a discretized workspace 

were searched for. Then the trajectory is improved using the 

gradient method. It is easy predicted that it takes too much 

time all over the workspace. Yamamoto et al. [16] presented 

a method for time optimal collision-free trajectory planning  

 

based on both the Genetic Algorithms and the gradient 

method using an iteratively improving approach based on a 

gradient method. Their approach applies two global 

methods, a Genetic Algorithms to search multiple initial 

feasible spatial paths for the gradient method. Next, the 

gradient method searches time optimal solution locally 

within the multiple initial feasible solutions. The spatial path is 

represented only by the control points of B-spline. Therefore, if a 

boundary conditions and dynamical constraints of the 

problem are specified, the minimum traveling time can be 

estimated by only the control points. Rana and Zalzala [11] 

developed a method to plan a near time-optimal, 

collision-free motion in the case of multi-arm 

manipulators. The planning is carried out in the joint space 

and the path is represented as a string of via points 

connected through cubic spline. Doyle and Jones [2] 

proposed a path-planning scheme that uses a GAs to search 

the manipulator configuration space for optimum path. The 

GAs generate good path solutions but it is not sufficiently 

robust. Lee and Lee [4] proposed a genetic trajectory 

planning of a robot manipulator producing the optimum 

trajectory between two points. They investigated the proper 

genetic trajectory parameterization and developed an 

efficient scheme for the implementation of genetic 

trajectory planner. Pires et al. [10] presented a method 

based on GAs adopting the direct kinematics. The optimal 

manipulator is the one that minimizes both the path 

trajectory length and the ripple in the time evolution 

without any collision with the obstacles in the workspace. 

Simulation results involving different robot structures and 

trajectories in the workspace were carried out to validate 

the proposed approach. 

Nearchou and Aspragathos applied various heuristic 

techniques to solve the obstacle avoidance problem based 

on known notions and structures from computational 

geometry and computer graphics [6, 7, 8]. A new technique 

based on the concept of convex-hulls was proposed [6]. 

This technique guarantees detection of an imminent 

collision between a robot's link and an obstacle by 

constructing the convex-hull of the following points. An 

algorithm for continuous motion on a desired trajectory 

which computes in each step of the robot movement a small 

change in the vector of the robot's joints displacement was 

presented [7]. These movements should satisfy three 

criteria: the direction of the motion, the proximity to the 
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desired curve, and the obstacle avoidance. In 1998, they 

continued by presenting an algorithm for trajectory 

generation under maximum allowed deviation [8]. The 

algorithm combines Raster techniques and GAs so that the 

tip traverses a trajectory within a maximum allowed 

position deviation from the desired curve. Pack et al., [9] 

proposed a Genetic Algorithms based method to search for 

feasible trajectory to avoid point obstacles in the 

configuration space. Their approach can also be extended 

to n-dimensional space. Tian and Collins [13] proposed a 

Genetic Algorithms using a floating point representation to 

search for optimal end-effector trajectory for a redundant 

manipulator. An evaluation function based on multiple 

criteria such as total displacement of all joints and the 

uniformity of Cartesian and joint space velocities was 

introduced. To verify their approach, simulations are 

carried out in free space and in a workspace with obstacles. 

While in 2004, they extended their work by developing a 

novel Genetic Algorithms for point obstacles avoidance 

trajectory using a cubic interpolation function [14]. Their 

algorithm searches several interior points between the 

starting and target points and uses the Hermit cubic 

interpolation to construct the path. Merchan-Cruz and 

Morris [5] extended the application of GAs for a 

collision-free of a system of two manipulators using 

potential field approach. In this approach each 

manipulators is considered as a moving obstacle by the 

other and collision is avoided. The GAs carry parallel 

optimization to find the best configuration for collision-free 

as well as minimizing the error to their respective goals. 

In this work, a new hybrid optimization algorithm 

combining Genetic Algorithms and direct search as a 

Generalized Pattern Search (GPS) is utilized to design an 

obstacle avoidance trajectory for redundant manipulators. 

This algorithm possesses excellent tracking performance 

when examined to design optimal trajectory for redundant 

manipulators [1]. A three intermediate points are selected 

around the object and collision-free trajectory will be 

designed based on cubic-spline function. The end-effector 

will track the designed trajectory without colliding with the 

obstacle. Three case studies are simulated using MATLAB 

to validate the proposed algorithm. 

II. PROBLEM FORMULATION 

Consider the three degree-of-freedom planar robotic arm 

shown in Fig. (1) Where the end-effectors is required to move 

from starting point to goal point without colliding with the 

workspace obstacles. In order to design the optimized joints 

trajectory accurately a complete description of the environment 

must be known in advance (e.g. shape and orientation of the 

obstacles). In this study, the robot joints are assumed to 

rotate 360 degree without any physical limits. The main target 

here is to search for the optimized joints angles so the 

end-effector can reach the target without collision with the 

obstacles. 

 

Figure 1: Three d-o-f planar robot configuration. 

III. GENERALIZED PATTERN SEARCH(GPS) 

Actually, there are two main advantages for Genetic 

Algorithms approach to solve the obstacle avoidance problem 

of manipulators. First, Genetic Algorithms based methods 

seldom require a priori knowledge of the problem. Furthermore, 

they do not fall into local optima and proceed toward global 

optima. However, they have difficulty in handling equality 

constraints of trajectory boundary conditions because they use 

probabilistic transition rules to find a solution [10,16]. Also 

there are some drawbacks of GAs in terms of inconsistency 

of the solution even if one started from the same population and 

it is also time consuming. To solve some of these drawbacks, 

Wetter and Wright [15] suggested that combining Genetic 

Algorithms with any method of coordinated search technique will 

improve the behavior of the system. Ata and Myo [1] also 

proved that using a Generalized Pattern Search (GPS) which 

consists of Genetic Algorithms as well as Direct Search gives 

excellent results in terms of trajectory tracking with minimum 

tracking error. 

The Generalized Pattern Search is a hybrid optimization 

algorithm combining Genetic Algorithm used for the global 

search and Pattern Search Algorithm for the local search. The 

Genetic Algorithms have the advantage not to be trapped in local 

optima and proceeds toward global optima because GAs 

searches from a population not a single point. Adding the 

Pattern Search optimization method refines the obtained 

result at each stage. 

As with any optimization routine, the evaluation 

function provides the mechanism for determining the 

direction of the search. The evaluation or fitness function is 

defined based on end-effector positioning error and joint 

angle displacements satisfying Cartesian and joint velocity 

uniformity. Since a hybrid optimization approach is applied, 
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the evaluation function is defined separately for Genetic 

Algorithms and Pattern Search methods. The objective 

function for GAs is defined as follows: 

                            (1) 

where, Ee is the error between desired position and 

generated position of end-effectors, Dj is the joint 

displacements between successive points and C1 and C2 are 

weighting factors to control the desired configuration which 

satisfy the constraint  C1 + C2 =1. Since the objective is to 

minimize the error between the desired and generated position 

of end-effectors, Ee will be defined as: 

      (2) 

 

 Where, (x
i
, y

i
) are desired end-effectors positions and   

(xg
i
, ygi) are generated end-effectors positions. The joint 

displacements between successive points are considered in 

evaluation function in order to minimize actuator motions. To 

minimize the joint movements along the trajectory, the function 

will be 

 

                            (3) 

 

IV. SIMULATION & DISCUSSIONS 

In order to validate the proposed algorithm, the 

end-effectors trajectory is designed to move from starting to 

goal points avoiding obstacles in the workspace. Two 

approaches are considered here. The first one describes the 

trajectory generation when all the obstacles coordinates are 

known a priori. A cubic-spline interpolation function is used 

to provide a smoother trajectory based on three selected 

intermediate points between the start and goal at each 

generation. These three intermediate points will be chosen 

outside the obstacles in the course of motion. The proposed 

Generalized Pattern Search algorithm will optimize the joint 

angles so the end-effectors track the prescribed trajectory 

smoothly and accurately without colliding with any obstacles. 

This type of trajectory can be applied mainly for off-line 

applications.  

 

Three cases are considered here and the simulations are 

carried out using MATLAB toolbox of Genetic Algorithm 

and Direct Search. In the first case, a single circle is placed as 

an obstacle with radius 0.15 m and center located at (0.4 m, 

0.7 m). In case of a triangular obstacle, it can be approximated 

as a circle passing through its three vertices where its center is 

the geometric center of the triangle. This adds more flexibility 

of the proposed algorithms to handle more obstacles of 

complex geometric shapes. In all the three cases considered 

here, three points are selected between starting point and 

target point and are then interpolated by using cubic-spline. 

After ensuring trajectory is not colliding with obstacles, 

Generalized Pattern Search (GPS) is used to search for 

optimized joint angles to follow resulted trajectory 

minimizing both displacement error and joint angles 

movements. The parameters applied for simulation are 

summarized in Tables I and II. 

 

 
 

 
 

The simulated results for the three cases are shown in Fig. 

2, 3, and 4. Fig. 2a, 3a, and 4a represent the robot 

configurations while Fig. 2b, 3b, and 4b show the optimized 

joint angles 

 
Figure 2a: Robot configuration with one circle. 
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Figure 2b: Optimized joint angles. 

 

 
Figure 3a: Robot configuration - two circles. 

 

 
Figure 3b: Optimized joint angles. 

 

 

 
Figure 4a: Robot configuration - circle and triangle. 

 

 
Figure 4b: Optimized joint angles. 

 

The second approach can be used for online obstacle 

avoidance trajectory planning. The flowchart indicating the 

Generalized Pattern Search Algorithm for the collision 

avoidance trajectory is shown in Fig. 5 where the desired 

trajectory for manipulators, with end-effectors moving from a 

specified starting point to the goal point is generated. 

 

Specified number of intermediate points is selected and 

interpolated using cubic-spline interpolation to obtain a 

smooth trajectory from the starting point to the goal point. In 

order to avoid manipulator’s end-effectors collision with 

surrounding obstacles, interpolated points are checked either 

inside or outside of obstacles. Points which are inside 

obstacles will be replaced by new points and checked again to 

avoid obstacles collision. Consider a circular obstacle for 

example, if an intermediate point is selected, the algorithm 

will check whether the point is inside the circle or not by 

calculating the distance from the center and comparing it with 

the circle radius. If the point lies inside the circle obstacle, the 

algorithm will add a tolerance to the calculated radius to make 
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sure that it is outside the circle and evaluates the new 

coordinates to be used for trajectory interpolation. After 

ensuring all trajectory points are not trapped inside the 

obstacles, the Generalized Pattern Search Algorithm finds the 

optimized joint angles of each link of the manipulator to track 

the resultant trajectory quite exactly. This algorithm is applied 

again for the three cases treated before and the results are 

illustrated in Fig. 6a, 7a, 8a and 6b, 7b, 8b for robot 

configurations and optimized joint angles respectively. The 

parameters used in the simulation process are the same for the 

previous case. 

It can be observed from the simulation Fig. 2, 3, 4 and 6, 7, 

8 that the end-effector of the redundant manipulator can move 

freely and does not collide with the workspace obstacles. If all 

the intermediate points are initially selected outside the 

obstacles in the course of motion, the algorithm generates a 

smoother trajectory avoiding obstacles during the time 

interval. as seen in Fig. 2a, 3a, and 4a. This is due to the 

excellent tracking performance of the Generalized Pattern 

Search Algorithm as validated in [1].  

 

 
Figure 5: Flowchart of the proposed GPS algorithm. 

 

 
Figure 6a: Robot configuration - one circle obstacle 

 
Figure 6b: Optimized joint angles 

 
 

 
Figure 7a: Robot configuration - two circle obstacle 

 

 

 
Figure 7b: Optimized joint angles. 
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Figure 8a: Robot configuration - circle and triangle. 

 
 

 
Figure 8b: Optimized joint angles. 

 

The proposed algorithm is flexible since the selection of the 

three intermediate points at each stage is arbitrary whether 

inside or outside the obstacles’ workspace and the same cubic 

spline can be applied for different shapes and geometries of 

the obstacles. 

 

V. CONCLUSION 

A Generalized Pattern Search Algorithm combining 

Genetic Algorithms and Pattern Search is introduced to 

design a collision-free trajectory for three link planar 

redundant manipulator. The algorithm starts by assigning 

three intermediate points between starting and goal points 

either inside or outside the obstacle workspace and design a 

cubic-spline trajectory. The algorithm will check if any of the 

desired trajectory lies inside the obstacles’ workspace to 

replace it with another point outside and repeat the designing 

process. It is found that if all the three points are selected 

outside the obstacles’ workspace in advance, the resulting 

trajectory becomes smoother. The introduced algorithm is 

easy, straight forward and benefits from its excellent tracking 

property. This algorithm can be also extended to design 

end-effectors trajectory for flexible links manipulator having 

obstacles in its workspace. Also it can handle dynamic 

constraints as well as kinematic constraints. Although the 

Genetic Algorithms are known for slow response, the 

proposed algorithm can be applied also for the generation of 

online trajectory planning when the manipulator’s workspace 

has some obstacles in the course of motion. 
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