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Introduction

Robotic manipulators stand out as a confluence of mechanical, electrical, and computer engineering disciplines.

The task of motion planning becomes quite
complex due to the additional degrees of
freedom.

Figure 1: A redundant manipulator with 3D kinematic chain

Figure 2: Redundant Manipulator Reaching the Same Point with Different
Joint Configurations
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Research objectives

B For a given path, the inverse kinematics are solved as a Multi-Objective Optimization problem considering the
end-effector position and angle and overall movement cost and speed.

B The optimization is solved with Genetic Algorithmic search, followed by Gradient-Descent refinement.

Figure 3: Pareto-front optimization for the four cost functions
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Figure 5: The simulation built of Franka-Emika manipulator
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Figure 6: Values of the cost functions (G1, G2, G3, G4) over the trajectory
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* This study successfully developed and validated an innovative optimal control framework for redundant
robotic manipulators

* By formulating the trajectory planning as a MOO problem, the research provides a balance of the cost
functions.

* The results pave the way for advanced control strategies in robotic systems where redundancy and precision
are critical.
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