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INTRODUCTION 
ath planning and control is conducted to simplify robot 

movement and flexibility and also ensure obstacle avoidance 

while in motion. Flexibility and path control has been an active 

research area in robotics. In [1,] a path-planning method for high-

precision robot motion is proposed. Popular methods for planning a 

collision-free path include Rapidly Exploring Random Tree (RRT) [2] 

and probabilistic roadmap [3]. Research in [4] adopt the use of 

distance metric to establish roadmap that enhance flexibility and 

lessen planning time. On the other hand, RRT-based methods, on the 

other hand, typically require more computation time to find the best 

avoidance path, which is inefficient for a quick, reactive, and dynamic 

collision prevention operation. The potential field approach is used by 

the majority of real-time motion planning designers. The motion 

planner guides the robot to the target position while avoiding 

obstacles in the environment by using artificial repulsive and  
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ABSTRACT 
This paper presents a 

real-time path 

planning and control 

technique that 

ensures flexible 

robot. This technique 

ensures a collision-

free path planning for 

the robot arm and 

can store the training 

learned based on the 

algorithm developed 

under the Cartesian 

constraint. For the 

robot workspace, a 

proxy camera is used 

to detect any 

obstacle for the 

robot arm due to 

human or object 

collision. During the 

robot training to 

ensure flexible arm, 

distant images are 

applied in the 

simulation 

environment to 

generate point cloud 

of objects for the 
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attractive forces. Environmental constraints must also be considered when performing robot 

tasks, particularly obstacle avoidance.  
 

LITERATURE REVIEW 

The planning of robot device to avoid Obstacle avoidance is conducted using super-redundant 

manipulators. Because the obstacle avoidance effect of traditional intelligent algorithms is weak, 

research in [8] proposed a path-following motion method called follow-end trajectory. Following 

the end, trajectory means that the super-redundant robotic arm's links and joints move along the 

path curve in the restricted area.  achieve the smallest possible stroke in space regional goals, the 

entire robotic arm is as close to the path curve as possible during the movement. Based on analysis 

[9], the majority of the currently designed hyper-redundant manipulators have a series structure 

with low rigidity and bearing capacity. Furthermore, the joint cannot be assumed to be on the path 

curve with high precision. 

Similarly, the result is complicated and inefficient. As a result, this paper provides a hyper-

redundant robotic arm trajectory or path planning algorithm. The robotic arm is made up of eight 

UCR parallel joints that are linked in series. The UCR parallel joints have three levels of freedom and 

can rotate around the X, Y, and Z axes. A fixed platform, three branch chains, and a moving 

platform comprise the parallel mechanism. The branched chain is composed of universal, 

cylindrical, and revolute elements from bottom to top. The branch chain's universal joint is 

connected to the fixed platform, and the rotary pair is connected to the moving platform. The 

robot arm moves strictly in line with the planned path curve with the assistance of the feeding base 

to avoid obstacles. 

 

Motion planning of the robot dual arm 

Classical motion planning literature is well established, whereas machine learning applications in 

this frame of reference are relatively new. Learning and neural network-based methods [10] have 

recently been investigated to improve approximation methods effectiveness of approximation 

methods or to speed up planning in complex operational situations. [11] investigated a learning-

based approach that improves hand-eye coordination for single-arm robot grasping using existing 

modern motion planning literature. [12] created a novel approach for robotic door-opening tasks 

based on a distributed policy search. [13] proposed a deep reinforcement learning method for 

workspace. A concept used in benchmarked research is adopted using algorithm of Kalman 

filter etc. This is used in for obstacle position estimation and its related velocity in 3D 

environment. Finally, to ensure the robot arm is well planned and controlled, the collision 

avoidance is ensured due to its attractive and repulsive capability driven from the robot end 

effactor. 
 
Keywords: Path Planning, Algorithm, Robot, and Effactor. 
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single-arm assembly robot dexterous manipulation. Deep reinforcement learning was also 

extended to single-arm robot task planning in 3D environments [14]. [18] created a path planning 

algorithm based on soft actor critics for general robotic tasks based on soft actor critics. Dual-arm 

assembly robot path planning in 3D environments is significantly more complex and 

computationally intensive than in single-arm operational environments. Therefore, there is a need 

to develop more research on flexible robot dual arm path planning in collision-free trajectories. 

This major gap in robotics along with the requirement for real-time planning techniques 

approaches persuade the development of a deep learning-based optimization approach method 

to address path planning of robot arm assembly 2D and 3D environments. 

 

METHODOLOGY 

In this paper, the Application of Reinforcement Learning Algorithms concept is used to ensure the 

flexible arms of the robot. These are genetic algorithm, Particle Swarm Optimization Algorithm 

and Reinforcement Learning Algorithms. 

 

Application of Reinforcement Learning Algorithms  

Most of the trajectory planning for robotic arms described above is based on multi-body dynamics 

models. When a robotic arm with flexible components is encountered, it is difficult to establish its 

dynamics model, and the population intelligence algorithm typically falls into local optimal 

solutions. With the advancement of artificial intelligence technology research, self-learning 

algorithms such as reinforcement learning and deep learning are increasingly being used in robotic 

arm motion planning problems [ ]. The benefits of using machine learning algorithms for spatial 

robotic arm trajectory planning include their broad applicability, the ability to simulate training 

without a model, and even prediction and advanced decomposition of planning behavior. This 

research proposed a reinforcement learning approach/algorithm in a workflow graph as in figure 

(1) below. 

 
Figure 1. Proposed Structure of Reinforcement Learning Approach/algorithm 
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The online path planning approach is trained simultaneously with the exclusion of exhibiting the 

dynamics and kinematics of the 3D robotic arm. This exclusion ensures swift scheduling and action 

execution of the 3D robotic arm. In case of obstacle avoidance, the use of deep deterministic policy 

gradients technique is used to ensure robot arm flexibility. The application of reinforcement 

learning approach ensure robust path. And that the robot can determine random selection of 

initiating points and end points at any range. This approach is not limited to only the robot arm but 

for the entire joints. 

By applying three algorithms to ensure robot arm flexibility, the proposed research use cλ(θ ) and 

cψ (θ ) as state costs for path optimization and control. By computing states cost, the distance 

costs of the robot device are required this means two costs will be added together such as the 

Euclidean distance at the robot joint of the standard Rapidly exploring Random Tree (RRT) and the 

robot flexibility as distance costs. Therefore, the flexibility is added using increments of 0.5° along 

a robot path. At this point, computation of node final cost is required and is conducted from 

distance, state cost, and previous cost of a parent node. By conducting this computation, an 

additional node and its edge is then added to the tree. This initiates the application of the three 

algorithms whereby the predecessor nodes get verified and connected to ensure if it trigger less 

cost as compared to an added node. Finally, to verify elimination of robot collision, computations 

are conducted using simulation on standard libraries. 

 

Motion Planning with no Collision  

Immediately the trained arms of the robot engage in collision avoidance behaviors and its effector 

and robot body, the proposed design begins to combine a potential force and a virtual force 

constraint. This is adopted in [1] as in figure 2 below 

 
Figure 2. collision avoidance strategy for robot trajectory planning 

Our proposed planning approach for the robot dual arm in the joint space without affecting the 

motion within the vicinity of the workspace. This makes out proposed robot dual arm create joint 

velocity for robot flexibility during collision. We therefore use kinematics redundancy to maintain 

the desired end effector motion in its workspace by using compensation joints. With no generality 

loss in the proposed scheme, we used a robot dual arm to ensure control and management under 

joint velocity command. This means that the general motion activity and trajectory of the robot 
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can be deduced using a potential force based on an attractive force and repulsive force. For the 

remaining part of the robot body, we initially generate a virtual force using critical control point 

and a constrained velocity and deduce a Cartesian space. We also manage the trajectory primitive 

for the control point due to some constrained joints and other non-constrained joints 

 

3D Obstacle Detection Technique to Ensure Flexible Arm 

For robot arm detection of obstacle, object and graphics are used in the detection process in cases 

of collision. For general robot analysis, obstacle is duly represented using geometry. This control a 

situation where motion of a robot arm is identified with obstacle challenge. Extensive Research 

identified some approaches of detecting an obstacle. However, an obstacle that is confronted by 

a flexible robot arm for special missions is subdivided into two. These are 

i. Stationary obstacles such as service satellite and target satellite 

ii. Moving obstacles. This form of collision detection uses algorithm for dynamic detection 

and collision occurrence by observing at a discrete time interval. During the process, 

sampling is used in random technique to determine path and detect collision for possible 

avoidance. The algorithm will generate information under a deterministic state. We can 

conclude that the robot arm can avoid collision using a discrete collision algorithm. 

 

Motion Planning 

Robot Planning technique is used to generate motions for the flexible arm to grasp an object for 

movement. Figure 3 below, present planning workflow as follows. 

 
Figure 3. Proposed Planning Workflow 

 

Based on the planning workflow used in this study, a grasp planner is used at high level whereas a 

motion planner is used at low level. When using object initial pose and goal pose, a regrasp planner 

creates some sequential grasps for picking an object by a robot. This procedure positions the 
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objects by initiating a move operation to a target destination. Path planner can create a seamless 

and collision-free movement for motion between two adjacent grasps for regrasp sequence. 

Therefore, regrasp planner controls pose sequence by creating a regrasp graph for probing 

regrasp graph. This is for the purpose of finding a shortest path in the graph.  

 

RESULT  

For our experiments, MATLAB 2018b simulation tool is used to ensure robot arm flexibility and path 

planning and control. During the simulation works, the MATLAB 2018b simulator uses 3 control 

modes. These are position, velocity, and torque control. After some series of iteration, it is 

identified that simulation is best initiated with either velocity or position control. This is because 

the torque control is highly challenging to simulate. This is also because simulation of precise forces 

depends on highly precise unified robot description format (URDF) file parameters and system 

identification (correct mass, inertia, center of mass location, and joint friction).  

During the simulation set-up, the joint motors of the robot arm are in velocity control mode. This 

means that the joint velocity represents an action. However, the use of joint angle in representing 

an action can led to challenging joint angle trajectory. On the other hand, using joint torque to 

represent an action can cause trajectory planning challenges. This, however, is beyond the scope 

of coverage of this study. Still in the simulation, the physics engine runs the motors so that it can 

reach some pre-determined velocity in the range of motor forces and some constraints. Another 

vital parameter is the MATLAB 2018b simulation time step TM. During every time step, the MATLAB 

2018b physics engine carries out all its functions of detecting collision, constraint solution and 

integration. This is conducted at a single forward dynamic simulation step. In this simulation, TM is 

set to be 50 ms. This makes joint controller function at 20Hz frequency. Based on analysis, an input 

of our network policy determines the state and its output action. Therefore, input for value 

network is deduced by combining the state and action. Whereas the output for value network is 

deduced based on the action in this state. Hence a structural set up of the actor and critic network 

is adopted in [3] and is represented as in the figure 4 below. 
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Figure 4. Structural Set-up for the Top (actor) and Bottom (critic) networks 

 

Information installed on the intelligent robot arm is vital for learning. In the design using free-

floating mode, we consider motion of the base. This makes the state vector st to have the following 

1. Joint angles θ ∈ R14 with its time derivatives ω ∈ R14 

2. positions Pe ∈ R6 having velocity of Ve ∈ R6 for end effectors 

3. target positions Pgoal ∈ R6 having distances between end effectors. It also has targets d ∈ 

R2 

4. current position Pbase ∈ R3 having base in Cartesian,  

5. orientation with q ∈ R4 having base in quaternion 

6. linear vbase ∈ R3 with angular velocities ωbase ∈ R3 of the base.  

7. At this point, St ∈ R61 remains a vector having 61 dimensions. Considering a robot arm with 

fixed-base mode, the state vector does not require motion of its base. This means St ∈ R48. 

8. St = [θ ω pe ve pgoal d pbase q vbase ωbase] or [θ ω pe ve pgoal d] 

 

The algorithm developed for the robot arm is coded and compiled using MATLAB 2018 on high-

speed personal computer. The computer has specifications of Intel Core i9-9900KF CPU 3.60 GHz, 

32 GB of RAM. The Ubuntu 16.04 operating system is used. 

 

Dataset specifications 

We consider 2D environment size with [ − 20, 20] × [ − 20, 20] and 3D environment size with [ − 20, 

20] × [ − 20, 20] × [ − 20, 20] for assembly robot workspace. This means a three-step technique has 

been applied for dataset generation. 

i. It is crucial to identify the workspace scope, number, and size of an obstacles. 

ii. The user converts the obstacles inform of point clouds 
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iii. The user organizes the clouds in random. This can ensure the attacking obstacle is 

spread in set range using locations at each workspace. 

 

In simulation, we denote the Positions inform of (x, y) and (x, y, z) based on 2D and 3D workspaces. 

For flexible robot arm, each joint is represented with an angle and is defined by (θ1, θ2, ..., θn). For 

path planning results, the use of inputs from RRT* algorithm is necessary for training. We 

considered 50 combinations to only generate the 2D and 3D workspaces. This will produce an 

output of 2 × 80 = 120 testing procedures. All these represent an independent workspace. For 

confirmation of the operational strategy (initial and goal states), the simulator conducts the 

validity checks to ensure the state exactness and their boundary location of the workspace to avoid 

interception with any obstacles. 

 

Robot dual Arm Training Procedure 

It is understood that up to Eighty percent of generated data are considered for robot arm training. 

The remaining percentage are used during validation. For calibration experiments, the proposed 

model becomes flexible rapidly using a learning rate of 0.001 at 1000 training epochs. This can be 

presented as in figure 5 and figure 6 below. 

 
Figure 5. 2D Convergence Analysis 
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Figure 6. 3D Convergence Analysis 

 

The proposed model becomes flexible after enhance training complexity in 3D environment. This 

procedure uses a learning rate of 0.0001 and 5000 training epochs whereas eliminating overfitting. 

However, for batch size, of 100, the number of training epochs using 2D environments is 1000. The 

result is equalized to 5000 using batch size of 256 using 3D environments.  

 

CONCLUSION 

This study presented a heuristic-based deep-learning-based motion planning algorithm for use in 

intelligent manufacturing systems. The algorithm designed ensures smart planning of path for 

robot with flexible arm. This can also solve other challenges faced by the robot such as collision 

avoidance, prevention, and path planning problems when the robot is deployed in complex 

environments. Our developed solution has been benchmarked with state-of-the-art algorithms for 

the purpose of validation using different planning techniques for 2D and 3D workspaces. In our 

results, the proposed technique present better robot performance on simulation average of more 

than two times faster and efficient as compared to the benchmark.  
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