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Abstract- The trajectory planning for robotic arms is a 

significant area of research, given its role in facilitating seamless 
trajectory execution and enhancing movement efficiency and 
accuracy. This paper focuses on the development of path 
planning algorithms for a robotic arm with six degrees of 
freedom. Specifically, three alternative approaches are explored: 
polynomial (cubic and quantic), Whale Optimization Algorithm  
(WOA), and Genetic Algorithm (GA). The comparison of 
outcomes between different methods revealed that polynomial 
methods were found to be more straightforward to implement, 
albeit constrained by the intricacy of the pathway. Upon 
examining the functioning of the WOA, it has been shown that it 
is well suited for all types of pathways, regardless of their level 
of complexity. In addition, when GA is applied, it has been shown 
less smoothness than WOA but also less complexity. In brief, 
WOA is deemed superior in the path planning process since it is 
more thorough in determining the optimal path due to the 
conical spiral path technique it employs in offering optimized 
path planning. in comparison to GA, WOA is better in 
implementation speed and accuracy. However, GA is smoother 
in start and finish path.   

Keywords-Path planning; Cubic Polynomial; Quintic 
polynomial; WOA; GA; KUKA kr4 R600. 

I. INTRODUCTION 

Path planning is defining an appropriate trajectory or series 
of configurations for a robotic arm to follow in order to reach 
its objective while avoiding collisions with impediments. Path 
planning is critical in robotics as it allows robotic arms to 
operate efficiently and precisely within their workspace. 
Because of the complexities of real-world jobs, robots must 
frequently traverse in a coordinated and obstacle-free manner. 
This is especially true for robotic arms with six degrees of 
freedom (6 DOF), which have more movement freedom and 
flexibility [1]. 

At its core, path planning for robotic arms involves 
determining a sequence of configurations that the arm must 
follow to traverse from a starting point to a desired goal while 
circumventing obstacles and adhering to kinematic 
constraints. This task is formidable due to the inherent 
complexities of real-world environments, which often entail 
irregular obstacles, limited visibility, and intricate workspace 
geometries [2]. 

Path planning for 6 DOF robotic arms has improved 
recently. Researchers have examined sampling, optimization, 

and machine learning methods. Rapidly exploring Random 
Trees (RRT) and its variations, as well as Probabilistic 
Roadmaps (PRM), can create feasible paths through high-
dimensional environments. Optimization techniques solve the 
planning problem as an optimization, resulting in smooth, 
energy-efficient journeys. Path planning uses reinforcement 
learning and neural networks for adaptive and data-driven 
decision-making [3]. 

A. Related Work 

Several articles have tackled path planning for a six degrees 
of freedom (DOF) robotic arm. Jiayan Zhang et al. (2018) 
proposed an improved genetic approach to optimize the time 
gap between interpolation points in robotic trajectory 
planning, resulting in smoother movement and shorter 
running time [4].  Lufeng Luo et al. (2018) presented and 
applied an energy-optimal and artificial potential field to 
develop a path planning method for a six-degree-of-freedom 
(DOF) serial harvesting robot in a dynamic uncertain 
environment, demonstrating that the proposed path planning 
algorithm can be applied to the harvesting robot [5].  Loubna 
Bouhalassa et al. (2020) described a path planning method 
based on soft computing techniques, which consisted of 
utilizing a neural network to model the end-effector 
workspace and then finding the ideal trajectory to reach a 
desired position [6]. Ali Abdi et al. (2021) proposed a hybrid 
path planning method with two separate parts: action-finding 
and angle-finding (passive approach), which significantly 
improves the slowness and complexity by using simplified 
agent-environment interaction in the active phase and simple 
computing of joint angles in the passive phase [7]. 

The rest of this paper is organized as follows: Section II 
presents the trajectory planning based on Cubic polynomial, 
Quantic polynomial. Section III describe optimized 
techniques include Whale Optimization Algorithm (WOA), 
and Genetic Algorithm (GA). Section IV simulate the 
planning results on specific case study. Section V discus 
results and limitations. Section VI concludes the paper and 
presents the future work. 
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II. TRAJECTORY PLANNING 
A. Cubic Polynomial  

    When considering the trajectory of a robotic arm between 
two known joint positions, it is common to employ 
polynomial equations, particularly those of higher degrees, to 
ensure smoothness and enable a broad range of motion in the 
arm's movement. The cubic path planning method is widely 
recognized for its effectiveness in controlling movement 
trajectories [8]–[10]. As implied by its name, this approach 
involves determining the path based on a third-degree 
polynomial equation, denoted as (1). 

𝑞!(𝑡) = 	𝑎",! +	𝑎$,!𝑡 +	𝑎%,!𝑡% +	𝑎&,!𝑡&																					  

Where 𝑖 ∈ ℕ	^	𝑖 ≤ 6                              (1) 

The symbol (i) indicates the joint represented by the 
planning equation, where each joint has its own path to move 
from the initial position to the final position which is being 
modeled as a third order polynomial equation with specific 
parameters. 

Assume that the time period to move from the starting point 
to the desired point is represented by [𝑡" − 𝑡$]. Four initial 
conditions are being used at every joint to find its coefficients 
ash shown in (2). Knowing the start and end positions, the 
angle of the joint can be deduced at the beginning and end of 
time. Moreover, we assume zero velocity at the beginning and 
end of time interval. [11]–[13]. The velocity equation for each 
joint I is represented by (3).  . By solving equations (1) and (3) 
subject to the boundary conditions in (2) we get the 
coefficients values for a joint I which are shown in (4). 

 

        

⎩
⎨

⎧
𝑞!(𝑡") = 	𝑞'()*(
𝑞!(𝑡$) = 	𝑞+,-
�̇�!(𝑡") = 	0
�̇�!(𝑡$) = 0

                            (2) 

�̇�!(𝑡) = 	𝑎$,! + 	2𝑎%,!𝑡 +	3𝑎&,!𝑡%                  (3) 

⎩
⎪
⎨

⎪
⎧

𝑎" =	𝑞'()*(
𝑎$ = 	0

𝑎% =	
&(/!"#	1/$%&'%)	

(()"&*+

𝑎& =	
1%(/!"#	1/$%&'%)	

(()"&*,

                         (4) 

    Moreover, all these steps by representing the trajectories of 
all the joints of the robotic arm can be shown in the algorithm 
shown in Table I. 

B. Quantic Polynomial  

When considering the manipulation of robotic arms, it is 
crucial to assess the smoothness of the arm's trajectory to 
ensure compatibility with the joint's range of motion. 
Increased smoothness of the path results in enhanced 
efficiency of movement. In order to improve the trajectory of 

the robotic arm, it is possible to employ a polynomial function 
of a degree higher than cubic. This approach provides more 
flexibility and maneuverability than the cubic polynomial 
apprach, as demonstrated in (5) where a 5th degree polynomial 
is utilized. 

𝑞!(𝑡) = 	𝑎" +	𝑎#𝑡 +	𝑎$𝑡$ +	𝑎%𝑡% +	𝑎&𝑡& +	𝑎'𝑡'									 (5) 
 

Table I. Pseudo code for cubic polynomial path planning 

Algorithm 1:   Cubic Polynomial Path Planning 

Inputs: 
Start pose : ∀!∈ℕ,!%&		𝑞!(𝑡')  
End pose : ∀!∈ℕ,!%&		𝑞!(𝑡()  
Joint angle constraints : ∀!∈ℕ,!%&		𝜃!,)!*	, 𝜃!,)+,  
Velocity constraints : ∀!∈ℕ,!%&		𝑞-̇(𝑡') and 𝑞-̇(𝑡() 
Number of points to be generated : M     
 

Outputs: 3rd polynomial trajectory equation for each joint, trajectory, 
velocity, and acceleration configuration  
Polynomial coefficients : ∀!∈ℕ,!%&		𝑎',!	, 𝑎(,!	, 𝑎.,!	, 𝑎/,! 

1. Generate cubic polynomial coefficients for each joint 
Δ𝑇 = 𝑡( − 𝑡' 
∀!∈ℕ,!%& 

𝑎',! = 	𝑞!(𝑡') 
𝑎(,! = 0	 
𝑎.,! = 3(𝑞!(𝑡() − 𝑞!(𝑡'))/Δ𝑇. 
𝑎/,! = 	−2(𝑞!(𝑡() − 𝑞!(𝑡'))/Δ𝑇/ 

2. Generate waypoints along the trajectory 

      trajectory = () 
∀!∈ℕ,!%& 

Find   {𝑞!(𝑡) = 𝑎0,𝑖+	𝑎1,𝑖𝑡 +	𝑎2,𝑖𝑡2+	𝑎3,𝑖𝑡3} 
where 𝑡 ∈ 6𝑡'	, 𝑡' +

12
3
	 , 𝑡' + 2

12
3
	 , … , 𝑡' + Δ𝑇9 

Append {𝑞!(𝑡)} into trajectory 
Find   {�̇�!(𝑡) = 𝑎1,𝑖+ 	2𝑎2,𝑖𝑡 +	3𝑎3,𝑖𝑡2}  

                  Find   {�̈�!(𝑡) = 	2𝑎2,𝑖+	6𝑎3,𝑖𝑡}  
           
2. Simulate result	
        ∀!∈ℕ,!%&         	
              ∀4∈2where 𝑇 ∈ 6𝑡'	, 𝑡' +

12
3
	 , 𝑡' + 2

12
3
	 , … , 𝑡' + Δ𝑇9 

                   Plot     𝑞!(𝑡) 
                   Plot     �̇�!(𝑡) 
                   Plot     �̈�!(𝑡) 

 
Assume that the time period to move from the starting point 

to the desired point is represented by [𝑡" − 𝑡$]. Now, to solve 
equation (5), we consider boundary conditions not only from 
the joint’s position and velocity but also acceleration. These 
boundary conditions are shown in (6) while (7) and (8) 
illustrate the velocity and acceleration equations, respectively.   

        

⎩
⎪⎪
⎨

⎪⎪
⎧
𝑞!(𝑡") = 	𝑞'()*(
𝑞!(𝑡$) = 	𝑞+,-
�̇�!(𝑡") = 	0
�̇�!(𝑡$) = 0
�̈�!(𝑡") = 	0
�̈�!(𝑡$) = 0

                              (6) 
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�̇�!(𝑡) = 	𝑎$ +	2𝑎%𝑡$ +	3𝑎&𝑡% + 	4𝑎4𝑡3 + 	5𝑎5𝑡4        (7) 

�̈�!(𝑡) = 	2𝑎% +	6𝑎&𝑡$ +	12𝑎8𝑡% + 	20𝑎5𝑡3            (8) 

For each joint 𝑖,	 substituting the known initial and end 
conditions into (5 & 7 & 8) gives the coefficients as in (9): 

⎩
⎪⎪
⎪
⎨

⎪⎪
⎪
⎧

𝑎" =	𝑞'()*(
𝑎$ = 	0
𝑎% = 	0

𝑎& =	
$"(/!"#	1/$%&'%)

(()"&*,

𝑎8 =	
1$9(/!"#	1/$%&'%)

(()"&*-

𝑎9 =	
:(/!"#	1/$%&'%)

(()"&*.

                         (9) 

In addition, all these phases are listed in the algorithm that 
is shown in Table II by calculating the trajectories of all of the 
joints that make up the robotic arm. 

III. OPTIMIZED TRAJECTORY PLANNING 

Path planning optimization is important for robotic arm 
efficiency and other factors such as total trip time, accuracy, 
energy efficiency and motion smoothness. Robotic arms with 
optimized path planning finish tasks faster. In manufacturing, 
shorter cycle durations boost productivity. Accuracy: A well-
planned path helps the robotic arm approach its target 
precisely. Surgery requires accuracy, thus this is crucial. 
Energy Efficiency: Optimized pathways reduce robotic arm 
energy use. Avoiding needless movements and optimizing 
joint trajectories reduces energy expenses. Path planning 
optimization avoids robot collisions by considering 
environmental impediments. This is essential to protect the 
robot and its surroundings. Smooth Motion: Smooth 
trajectories reduce sudden jerks and vibrations, extending the 
robotic arm's lifespan and improving its performance. 
Complex Tasks: Maintaining the end-effector's orientation or 
avoiding singularities in the robot's configuration space are 
complex limitations. Optimization helps solve these issues 
[14], [15]. 

Path planning optimization methods include search-based 
algorithms. These algorithms such as A*, RRT, and PRM 
search configuration space for collision-free paths  . 
Optimization approaches formulate the problem as an 
optimization challenge to discover optimal paths. Gradient-
based optimization, Whale Optimization Algorithm (WOA), 
genetic algorithms, and simulated annealing are examples of 
the optimization approaches that could work to achieve the 
path planning for robotic arms. Also, heuristic techniques are 
being used in real-time applications to achieve the same goal 
by sampling the configuration space randomly to generate a 

path between the start and end points. Furthermore, 
reinforcement learning and neural networks can be used to 
learn and optimize robot motion based on prior experiences 
and simulations [16]. In this paper, two optimization 
approaches were applied to solve the path planning problem 
on a robotic arm with 6 DoF. These algorithms are Whale 
Optimization Algorithm (WOA) shown in section A and 
Genetic Algorithm presented in section B.  

 

Table II. Pseudo code for Quantic polynomial path planning 

A. Whale Optimization Algorithm 

The Whale Optimization Algorithm (WOA) is inspired by 
humpback whale behavior. The algorithm simulates cetacean 
hunting to find the best optimization methods. WOA suitable 
in many optimization problems, especially in robotics systems. 
[17]. WOA consist of main stages as optimization strategy as 
shown in Table III, which describe the pseudo code of whole 
algorithm [18]. 

The Whale Optimization Algorithm (WOA) is a 
metaheuristic optimization algorithm inspired by the bubble-

Algorithm 2:   Quantic Polynomial Path Planning 

Inputs: 
Start pose : ∀!∈ℕ,!%&		𝑞!(𝑡')  
End pose : ∀!∈ℕ,!%&		𝑞!(𝑡()  
Joint angle constraints : ∀!∈ℕ,!%&		𝜃!,)!*	, 𝜃!,)+,  
Velocity constraints : ∀!∈ℕ,!%&		𝑞-̇(𝑡') and 𝑞-̇(𝑡() 
Acceleration constraints : ∀!∈ℕ,!%&		�̈�!(𝑡') and 	�̈�!(𝑡() 
Number of points to be generated : M     
 

Outputs: 5th polynomial trajectory equation for each joint, trajectory, 
velocity, and acceleration configuration  
Polynomial coefficients : ∀!∈ℕ,!%&		𝑎',!	, 𝑎(,!	, 𝑎.,!	, 𝑎/,! , 𝑎5,! , 𝑎6,! 
 
1. Generate cubic polynomial coefficients for each joint      

Δ𝑇 = 𝑡( − 𝑡' 
∀!∈ℕ,!%& 

𝑎',! = 	𝑞!(𝑡') 
𝑎(,! = 0	 
𝑎.,! = 0	 
𝑎/,! = 10(𝑞!(𝑡() − 𝑞!(𝑡'))/Δ𝑇/ 
𝑎5,! = 	−15(𝑞!(𝑡() − 𝑞!(𝑡'))/Δ𝑇5 
𝑎6,! = 6(𝑞!(𝑡() − 𝑞!(𝑡'))/Δ𝑇6 

 
 
2. Generate waypoints along the trajectory 
     

    trajectory = () 
∀!∈ℕ,!%& 

Find   {𝑞!(𝑡) = 𝑎' +	𝑎(𝑡 + 	𝑎.𝑡. +	𝑎/𝑡/ +	𝑎5𝑡5 +	𝑎6𝑡6}  
where 𝑡 ∈ 6𝑡'	, 𝑡' +

12
3
	 , 𝑡' + 2

12
3
	 , … , 𝑡' + Δ𝑇9 

Append {𝑞!(𝑡)} into trajectory  
Find   {�̇�!(𝑡) = 𝑎( +	2𝑎.𝑡( +	3𝑎/𝑡. + 	4𝑎5𝑡/ + 	5𝑎6𝑡5}  
Find   {�̈�!(𝑡) = 2𝑎. +	6𝑎/𝑡( +	12𝑎5𝑡. + 	20𝑎6𝑡/}  

 
3. Simulate results 
 

        ∀!∈ℕ,!%&         	
              ∀4∈2where 𝑇 ∈ 6𝑡'	, 𝑡' +

12
3
	 , 𝑡' + 2

12
3
	 , … , 𝑡' + Δ𝑇9 

                   Plot     𝑞!(𝑡), �̇�!(𝑡), �̈�!(𝑡) 

3
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net feeding behavior of humpback whales. It uses three main 
operators: encircling, luring, and shrinking. The encircling 
operator mimics how whales encircle their prey before 
attacking. The luring operator imitates how whales use songs 
to attract prey. The shrinking operator gradually reduces the 
search space to focus on promising solutions. The WOA 
algorithm is effective for optimization problems like function 
optimization, machine learning, and engineering design. It has 
advantages like being easy to implement and not requiring 
gradient information. The WOA algorithm can be used for 
robot path planning by finding paths that minimize distance, 
avoid obstacles, minimize energy consumption, and minimize 
time to destination. The operators help achieve these goals. 
Though promising, the WOA algorithm's performance for 
path planning can be improved by tuning. 

Table III. Pseudo code for WOA path planning 
Algorithm 3:   Whale Optimization Algorithm Path Planning 

Inputs:  
Start pose for each joint i : ∀!∈ℕ,!%&		𝑞!(𝑡')  
End pose for each joint i : ∀!∈ℕ,!%&		𝑞!(𝑡()  
Joint angle constraints : ∀!∈ℕ,!%&		𝜃!,)!*	, 𝜃!,)+,  
Joint velocity constraints : ∀!∈ℕ,!%&		𝑞-̇(𝑡') and 𝑞-̇(𝑡() 
Joint Acceleration constraints : ∀!∈ℕ,!%&		�̈�!(𝑡') and 	�̈�!(𝑡() 
Number of points to be generated : M 

WOA parameters:  
Number of whales : 𝑁7 
Number of iterations : 𝑁 
Poly Coefficients lower boundary: 𝑎(9,!),;<=  where 0 ≤ 𝑗 ≤ 5  
Poly Coefficients higher boundary:𝑎(9,!),>!?> where 0 ≤ 𝑗 ≤ 5  
 

Output: 5th polynomial trajectory equation for each joint, trajectory 
(desired and optimized) configuration. 
Polynomial coefficients : ∀!∈ℕ,!%&		𝑎(',!)	, 𝑎((,!)	, 𝑎(.,!)	, 𝑎(/,!), 𝑎(5,!), 𝑎(6,!) 
 
1.   

Initialize a matrix W of size 𝑁= × 6 where  
W[j,i] = 𝑎(9,!),;<= + rand × C𝑎(9,!),>!?> − 𝑎(9,!),;<=D		; 𝑖 ≤ 𝑁=, 𝑗 ≤ 5		 

2. 
∀!∈ℕ,!%& 			∀4∈ℝ!,4∈2			

Find	𝑞!,4 = 𝑝𝑜𝑙𝑦_𝑓𝑖𝑡 [𝑞!(𝑡') , 𝑞!(𝑡()] 
Where 𝑇 = 6𝑡'	, 𝑡' +

12
3
	 , 𝑡' + 2

12
3
	 , … , 𝑡' + Δ𝑇9 

And Δ𝑇 = 𝑡( − 𝑡'      
3.   
     

∀!∈ℕ,!%&						∀(%9%|2| 
Find 𝒒B,𝒕R  = 𝑝𝑜𝑙𝑦_𝑓𝑖𝑡 [𝑎(',!)	, 𝑎((,!)	, 𝑎(.,!)	, 𝑎(/,!), 𝑎(5,!), 𝑎(6,!)] 

Where 𝑇 = 6𝑡'	, 𝑡' +
12
3
	 , 𝑡' + 2

12
3
	 , … , 𝑡' + Δ𝑇9  

and 0 ≤ 𝑗 ≤ 5 
 4.   

∀!∈{(,.,..,&}^9∈{',(,…,6}                  
Find fitness parameter 𝑓(𝑗, 𝑖) = norm(	𝒒B,𝒕R 	–  𝑞!,4) 

5.   
∀(%!%&,(%I%J	,(%=%J"	  

    Find best fitness	𝒇𝒊∗  and best whale 𝑾𝒊
∗  

              after substituting with 𝑊[𝑗, 𝑖] in	𝑓(𝑗, 𝑖)    
6.    

  ∀!∈ℕ,!%&         	
              ∀4∈2where 𝑇 ∈ 6𝑡'	, 𝑡' +

12
3
	 , 𝑡' + 2

12
3
	 , … , 𝑡' + Δ𝑇9 

                   Plot     𝑞!(𝑡), �̇�!(𝑡), �̈�!(𝑡) 

B. Genetic Algorithm 
Genetic-based algorithm GA is an optimization algorithm 

that mimics biological evolution via crossover and mutation 
[19]. 

Crossover creates a new agent (child) by randomly 
selecting two agents from the population (parents) and 
creating the child agent's parameters from the parent agents' 
parameters. Crossover involves recombination to find the best 
solution by creating new agents and keeping the best-fitting 
ones in the population. To replace a poorly fitted gene in the 
population, the crossover should produce a better gene. If the 
new agent is inferior, the gene is maintained. 

Mutation replaces an agent in the population by randomly 
selecting its parameters from the solution space without 
regard to fitness function values. A poorer mutated agent can 
replace the better one. Only using the crossover mechanism 
can lead to stagnation, hence the mutation mechanism is 
needed. It lets the GA discover the global optimum instead of 
the local optimum where all agents are. Crossover is 
employed 80% of the time, while mutation is used 1% [20]. 

The genetic algorithm (GA) can be used to solve path 
planning optimization problems for robotic arms. It works by 
generating an initial population of random paths that satisfy 
the constraints. Each path is evaluated based on fitness criteria 
like path length and energy consumption. The best paths are 
selected using selection methods and then crossed over and 
mutated to generate new paths. This process is repeated until 
a satisfactory path is found. The genetic algorithm is a robust 
algorithm and it can handle a variety of constraints.  

GA uses in robotic arm path planning consist of main stages 
[13] as shown in Table IV, which describe the pseudo code of 
whole algorithm [21]. 

 
 

Table IV. Pseudo code for GA path planning 
Algorithm 4:   Genetic Algorithm Path Planning 

Inputs:  
Start pose for each joint i : ∀!∈ℕ,!%&		𝑞!(𝑡')  
End pose for each joint i : ∀!∈ℕ,!%&		𝑞!(𝑡()  
Joint angle constraints : ∀!∈ℕ,!%&		𝜃!,)!*	, 𝜃!,)+,  
Joint velocity constraints : ∀!∈ℕ,!%&		𝑞-̇(𝑡') and 𝑞-̇(𝑡() 
Joint Acceleration constraints : ∀!∈ℕ,!%&		�̈�!(𝑡') and 	�̈�!(𝑡() 
Number of points to be generated : M 

WOA parameters:  
Number of generation : 𝑁? 
Number of iterations : 𝑁 
Poly Coefficients lower boundary: 𝑎(9,!),;<=  where 0 ≤ 𝑗 ≤ 5  
Poly Coefficients higher boundary:𝑎(9,!),>!?> where 0 ≤ 𝑗 ≤ 5  
 

Output: 5th polynomial trajectory equation for each joint, trajectory 
(desired and optimized) configuration. 
Polynomial coefficients : ∀!∈ℕ,!%&		𝑎(',!)	, 𝑎((,!)	, 𝑎(.,!)	, 𝑎(/,!), 𝑎(5,!), 𝑎(6,!) 
 
1.   

Initialize a matrix P of size 𝑁= × 6 where  
𝐺[𝑗, 𝑖] = 	 𝑎(9,!),;<= + rand × C𝑎(9,!),>!?> − 𝑎(9,!),;<=D		; 𝑖 ≤ 𝑁?, 𝑗 ≤ 5		 

2. 
∀!∈ℕ,!%& 			∀4∈ℝ!,4∈2			

Find	𝑞!,4 = 𝑝𝑜𝑙𝑦_𝑓𝑖𝑡 [𝑞!(𝑡') , 𝑞!(𝑡()] 
Where 𝑇 = 6𝑡'	, 𝑡' +

12
3
	 , 𝑡' + 2

12
3
	 , … , 𝑡' + Δ𝑇9 
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And Δ𝑇 = 𝑡( − 𝑡'      
3.   

∀!∈ℕ,!%&						∀(%9%|2| 
Find 𝒒B,𝒕R  = 𝑝𝑜𝑙𝑦_𝑓𝑖𝑡 [𝑎(',!)	, 𝑎((,!)	, 𝑎(.,!)	, 𝑎(/,!), 𝑎(5,!), 𝑎(6,!)] 
 

Where 𝑇 = 6𝑡'	, 𝑡' +
12
3
	 , 𝑡' + 2

12
3
	 , … , 𝑡' + Δ𝑇9  

and 0 ≤ 𝑗 ≤ 5 
 4.   

∀!∈{(,.,..,&}^9∈{',(,…,6}                  
Find fitness parameter 𝑓(𝑗, 𝑖) = norm(	𝒒B,𝒕R 	–  𝑞!,4) 

5.   
∀(%!%&,(%I%J	,(%=%J"	  

    Find best fitness	𝒇𝒊∗  and best generation 𝑮𝒊∗  
              after substituting with 𝐺[𝑗, 𝑖] in	𝑓(𝑗, 𝑖)    
6.    

  ∀!∈ℕ,!%&         	
              ∀4∈2where 𝑇 ∈ 6𝑡'	, 𝑡' +

12
3
	 , 𝑡' + 2

12
3
	 , … , 𝑡' + Δ𝑇9 

                   Plot     𝑞!(𝑡), �̇�!(𝑡), �̈�!(𝑡) 

IV. SIMULATE ALGORITHMS AS CASE STUDY 

All the previous algorithms were applied to the KUKA 
KR4R600 arm, Fig. 1. It can be defined by defining its DH 
coefficients that were deduced through kinematic analysis. 
Table IV describe the lengths of the arm’s links. 

 
 
 
 
 
 
 
 
 
 

 
Figure 1. KUKA kr4 R600 configuration 

Table IV. DH parameters of KUKA kr4 R600 

links 
DH parameter 

a (m) α (rad) d (m) θ (rad) 
1 0 1.57 0.330 q1 

2 0.29 0 0 q1 
3 0.02 1.57 0 q1 
4 0 -1.57 0.310 q1 
5 0 1.57 0 q1 
6 0 0 0.075 q1 

 

 

a) joint angles through path for each joint 

 

b) Velocities through path for each joint 

 

c) Accelerations through path for each joint 

Figure 2. Cubic path planning configurations 

When applying kinematics analysis to the robotic arm and 
determining the start point of the path by default and its end 
point as well. By ensuring that the movement limits of the six 
joints of the robot are appropriate for the ability to reach both 
points. So that, it is possible to deduce the angles of the joints 
necessary for the end effector to reach the end point from the 
start point to the end point (10 and 11). 

𝑠𝑡𝑎𝑟𝑡	𝑎𝑛𝑔𝑙𝑒𝑠	 = 	 [−1.856,−1.73,−0.009, 3.1, −1.8,−0.30] (10) 

𝑒𝑛𝑑	𝑎𝑛𝑔𝑙𝑒𝑠	 = 	 [−0.388,−1.74, 0.248, 1.50,−1.30, 1.7]    (11) 
 
The motion planning of the manipulator from the initial 

point to the desired point is achieved using the cubic 
polynomial interpolation and the quintic polynomial 
interpolation methods, respectively. The curve representing 
the relationship between angle, velocity, and acceleration is 
also derived. Both approaches have a zero velocity and 
acceleration -for quantic polynomial- at both the starting and 
target points.  

Fig 2 displays the curves of angular displacement, velocity, 
and acceleration for each joint, which were derived using 
cubic polynomials. The figure illustrates the continuity of the 
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angular displacement function, angular velocity function, and 
angular acceleration function for each joint. Consequently, the 
robot exhibits a seamless movement during this particular 
motion.  

Fig 3 illustrates that the joint curves generated by the 
quintic polynomial exhibit a higher degree of smoothness 
compared to those generated by cubic polynomials. 
Additionally, the joint acceleration curves exhibit curvature 
rather than linearity, resulting in a more favorable outcome. 

 

a) joint angles through path for each joint 

 

b) Velocities through path for each joint 

 

c) Accelerations through path for each joint 

Figure 3. Quintic path planning configurations 

When creating an integrated program for the WOA that 
includes all the necessary functions, (function of interpolate 
joint angles, function of generate joint angles, and function of 
evaluate fitness) as in algorithm 3, the path of each of the six 
joints of the robotic arm can be represented in (a), also 
velocity profiles in (b), and acceleration profiles in (c) all in 
Fig 4. Here, it can be noted the planned path is suitable with 
unstable environment not fixed as in polynomial planning.  

 

 

a) joint angles profiles through path 

 

b) Velocities profiles through path 

 

c) Accelerations profiles through path 

Figure 4. WOA Joint angles, velocities, and accelerations 
configurations through path 
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When designing a comprehensive integrated program for 
the GA, as in algorithm 4, it is essential to include all the 
requisite functions, such as the path calculation function and 
the fitness calculation function. In Fig 5, the path of each of 
the six joints of the robotic arm can be depicted in (a), while 
the velocity profiles can be represented in (b), and the 
acceleration profiles can be illustrated in (c). also, in those 
figures, the smoothness of planned path is less than in WOA. 
But on the other hand, it is more suitable and adaptive 
technique to unstable path than polynomial planning. 

 

 

a) joint angles profiles through path 

 

b) Velocities profiles through path 

 

c) Accelerations profiles through path 

Figure 5. GA Joint angles, velocities, and accelerations 
configurations through path 

V. RESULTS DISCUSSION  

For robotic arm path planning, this study compares nature-
inspired optimization with the WOA, human-inspired 
optimization with GA, and mathematical curve fitting using 
polynomial approaches. Based on its route analysis technique, 
the WOA may be better at robotic arm path planning than 
other methods. 

When the arm is restricted to suboptimal pathways, 
polynomial path planning may result in constrained optima. 
WOA's exploration and exploitation capabilities enable it to 
avoid local optima, resulting in better global solutions. 

In many instances, adaptability and flexibility are essential. 
Polynomials are mathematical functions that represent 
trajectories. The WOA and GA, on the other hand, may tailor 
the search methodology to the problem at hand, increasing its 
adaptability in path planning settings. 

In multi-objective optimization, WOA and GA use to 
optimize time efficiency, energy consumption, and collision 
avoidance. In practice, polynomials may struggle to balance 
various goals. 

Polynomial approaches can be sensitive to initial conditions, 
producing different results for slightly varied initial 
trajectories. WOA's stochasticity and exploratory processes 
reduce its sensitivity to initial conditions. To alleviate 
collision avoidance constraints, the WOA and GA algorithms 
intelligently reject infeasible pathways. Restriction 
implementation in polynomial methods may be more 
challenging and require more explanation. 

Polynomial algorithms, on the other hand, are simple and 
efficient when applied to well-defined trajectories under 
controlled conditions. The needs and complexities of robotic 
arm path planning should determine whether adaptive or 
polynomial algorithms are used. Combining both approaches 
may be a useful strategy for maximizing their benefits. 

It can now be observed that there is a close similarity 
between the GA and the WOA, as it was discovered that both 
are good at dealing with path planning, particularly unpaved 
paths. The performance of both algorithms in the optimization 
process can be compared. Looking at Fig 6 (a and b), it can be 
seen that whale algorithm is more stable in the process of 
searching for the best results and faster in implementing the 
algorithm, but they are close when looking at the lower value 
of the fitting. GA, on the other hand, got off to a better start 
than WOA. 
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(a) optimization progress of GA 

 
(a) optimization progress of WOA 

Figure 6. GA and WOA progress 

The choice between cubic polynomial, quintic polynomial, 
WOA, or GA depends on the specific context and 
requirements of the path-planning problem. For simple paths 
in controlled environments, polynomial methods offer 
efficiency and simplicity. However, as the complexity of the 
environment, constraints, and objectives increase, WOA 
emerges as a robust contender. WOA's nature-inspired 
optimization enables it to tackle real-world challenges, 
making it a strong candidate for scenarios involving dynamic 
obstacles, changing environments, and multi-objective 
optimization. 

VI. CONCLUSION 

The field of trajectory planning for robotic arms is of great 
importance in research, as it plays a crucial role in enabling 
smooth execution of trajectories and improving the efficiency 
and precision of movements. The primary objective of this 
study was to investigate and analyze the progression of path 
planning algorithms specifically designed for a robotic arm 
possessing six degrees of freedom. This study examined three 
distinct methodologies, namely polynomial (cubic and 
quantic), WOA, and GA, as potential alternative techniques. 
The analysis of results across various methodologies indicated 
that the implementation of polynomial approaches was 
comparatively more straightforward, however it was limited 
by the complexity of the pathway. After conducting an 
analysis of the operational mechanisms of the WOA, it has 
been demonstrated that this approach is very compatible with 
many types of routes, irrespective of their degree of intricacy. 
Furthermore, empirical evidence suggests that the use of GA 
exhibits a lower level of smoothness compared to WOA, 
while simultaneously demonstrating reduced complexity. 
Nevertheless, the presence of compatibility between the two 
methods also necessitates a proportional increase in 
algorithmic complexity to effectively address the diverse 
constraints imposed by the path in both the WOA and the GA. 
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