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Abstract:

This project focuses on the design, simulation, and intelligent control of a 6-axis robotic arm developed for
automated pick-and-place operations integrated with object detection and artificial intelligence (Al)
capabilities. The mechanical structure of the arm was precisely modelled using CATIA, allowing for detailed
configuration of joints, links and degrees of freedom required for complex spatial movements. The robotic
system was then simulated in MATLAB and Simulink, where kinematic models were constructed using
Denavit-Hartenberg parameters for accurate forward and inverse kinematics. Al was integrated through the
use of MATLAB’s Machine Learning and Image Processing toolboxes, enabling the robotic arm to detect and
classify objects using vision-based techniques. Object detection was enhanced using Al-driven image
recognition algorithms, which allowed the system to identify object shape, colour and type with improved
accuracy and adaptability. A PID control algorithm and trajectory planning ensured smooth, responsive
motion for pick-and-place tasks. Additionally, the implementation of Al allowed the robot to learn from its
environment and improve task efficiency over time, demonstrating adaptive decision-making capabilities.
Simulation results confirmed the robotic arm’s ability to autonomously detect, grasp and place objects in
varying conditions with high reliability. This project illustrates the synergy of mechanical design, control
systems and artificial intelligence in creating smart robotic solutions suited for modern industrial automation,

warehousing, and smart manufacturing environments.

Key Words: Collaborative robots (cobots), Machine learning (ML), Computer vision, Artificial intelligence
(Al), Industrial automation, Robotic process automation (RPA), Predictive maintenance, Object recognition,
Motion planningSensor, integrationAssembly, Welding, , Material handling, Quality inspection, Pick and

place.
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1. INTRODUCTION

The integration of robotics and artificial intelligence (Al) in manufacturing has revolutionized the industry,
enabling companies to improve efficiency, precision, and productivity. Robotic arms, in particular, have
become increasingly popular in manufacturing settings due to their versatility and ability to perform complex
tasks. By combining robotic arms with Al, manufacturers can create intelligent systems that can learn, adapt,

and improve over time.

CATIA and MATLAB: A Powerful Combination

CATIA, a leading computer-aided design (CAD) software, is used to design and simulate robotic arms and
manufacturing cells. MATLAB, a high-level programming language, is used to develop Al models, integrate
with the robotic arm's control system, and perform real-time control and monitoring. The combination of
CATIA and MATLAB provides a powerful toolset for designing, simulating, and implementing intelligent

robotic systems.
Al-Powered Robotic Arms in Manufacturing

Al-powered robotic arms can perform a variety of tasks, including assembly, inspection, and material
handling. By leveraging machine learning algorithms, computer vision, and sensor integration, these systems

can learn to recognize objects, detect defects, and adapt to changing production requirements.
Tools and Software
CATIA: For designing and simulating the robotic arm and manufacturing cell.

MATLAB: For developing Al models, integrating with the robotic arm’s control system, and real-time control

and monitoring.
MATLAB Robotics System Toolbox: For integrating Al models with the robotic arms control system.

Simulink: For developing real-time control and monitoring systems.

2. LITERATURE REVIEW

[1] Ferreira, L. A., Oliveira, F. A., Lima, P. H., et al.explore Al integration in robotic arms for
manufacturing automation, enabling autonomous complex tasks like assembly and quality control. Al
enhances adaptability, decision-making, and process optimization, but requires high computational power and

reliable sensor data.
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[2] Zzhang, C., Wang, K., Huang, Y.The paper by Zhang, Wang, and Huang. discuss Al-driven
autonomous robots in manufacturing, enhancing capabilities through machine learning, computer vision, and
reinforcement learning. Challenges include data reliability and system integration, but opportunities exist for

increased adaptability, human collaboration, and process optimization.

[3] Nguyen, T., & Tran, T. explore autonomous robotic systems in manufacturing, highlighting challenges
like sensor reliability and system integration. They discuss Al's role in enabling complex tasks and emerging
trends like cobots and smart manufacturing, outlining future directions for enhanced autonomy and human-

robot interaction.
3. METHODOLOGY

Step 1 :Conceptual Design (Sketching)
Use CATIA Sketcher to create 2D sketches of your robotic arm segments.
Focus on the overall layout: base, shoulder, elbow, wrist, and gripper.
Step 2 :3D Part Modeling
Use Part Design workbench:
Create individual components (links, joints, base, gripper).
Apply dimensional constraints and parametric modeling for easy updates.
Assign materials if you're considering weight or stress analysis later.
Step 3 :Assembly Design
Switch to Assembly Design workbench:
Import all parts.
Assemble using constraints (coincidence, contact, angle, offset).
Simulate motion with DOF where needed (use mechanism joints).
Step 4 :Kinematic Simulation
Use DMU Kinematics workbench to define motion constraints.
Simulate joint movements, range of motion, and check for collisions.

Input commands or angles to simulate a pick-and-place task or specific movements.
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Step 5 :MATLAB FOR SIMULATION
Choose Simulation Tool in MATLAB
SimscapeMultibody: for physics-based, dynamic simulation (forces, torques, gravity)

Robotics System Toolbox : for kinematic/dynamic modeling and motion planning (mainly using DH
parameters)

Using SimscapeMultibody (Dynamic Focus)
Use SimscapeMultibody blocks (revolute joint, rigid transform, etc.)
Model each link and joint in Simulink
Assign:
Mass & inertia to each link
Joint limits, initial conditions
Use Transform blocks to position joints correctly
Define Control Inputs
Torque or angle inputs for joints
Use:
Manual Step/Signal inputs
PID controllers (for smooth joint movement)
Trajectory planners (for complex motion)

Run the Simulation
Run for a set duration
Visualize with:
Mechanics Explorer (Simscape)

show(robot) + animation loop (Robotics Toolbox)
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Example Tools and Commands

Task | Tool/Function |

|Kinematic modeling “rigidBodyTree, addBody |

lInverse Kinematics |inverseKinematics |
GetTransform

Forward Kinematics

Trajectory Planning trapveltraj, cubicpolytraj

Simscape Modeling Simulink + SimscapeMultibody Blocks

Visualization show, plotTransforms, Mechanics Explorer

4. RESULTS

The development of a 6-axis robotic arm for pick-and-place operations combined mechanical design in
CATIA with simulation in MATLAB. The arm was designed in CATIA with six degrees of freedom,
replicating the human arm structure. Each joint—base, shoulder, elbow, wrist, and gripper was modeled for
full rotational movement, ensuring reachability and load handling. The components were assembled virtually
to verify joint alignment and motion range.The CATIA model was then exported to MATLAB and Simulink
for dynamic simulation and control. A kinematic model using Denavit-Hartenberg (D-H) parameters enabled
forward and inverse kinematics, essential for accurate positioning. Trajectory planning with polynomial
interpolation ensured smooth, coordinated motion.Object detection was achieved using MATLAB’s Image
Processing Toolbox with a virtual camera, identifying object positions via color and shape detection. These
coordinates were mapped to the robot’s workspace, guiding the end effector. PID controllers were used for

joint motion, ensuring precision.The robotic arm executed a full pick-and-place routine—detecting, picking,

moving, and placing objects—demonstrating repeatability and accuracy. The project validated the design’s
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5. CONCLUSION

The design and simulation of a 6-axis robotic arm for automated pick-and-place tasks with object detection
showcased the effective integration of mechanical design and intelligent control. Using CATIA, the robotic
arm was precisely modeled with accurate joints, linkages, and an end effector, ensuring structural strength and
smooth movement. This mechanical model was imported into MATLAB and Simulink for dynamic
simulation and control. The arm’s motion was governed by forward and inverse kinematics using Denavit-
Hartenberg parameters, while PID controllers and polynomial trajectory planning ensured accurate, smooth
joint movements.Object detection was implemented using MATLAB’s image processing tools, enabling the
robot to identify and adapt to objects in real time using a virtual camera. The robotic arm successfully
performed pick-and-place operations with high precision and repeatability in a simulated environment. The
project demonstrated the power of combining CATIA’s design capabilities with MATLAB’s simulation tools,
providing a solid foundation for future applications in industrial automation and intelligent robotic systems.

VI. FUTURE SCOPE OF WORK

Real-time Learning & Adaptation: Implementation of machine learning algorithms will enable robots to

learn from experience, adapt to new tasks, and improve performance without reprogramming.

Edge Al &IoT Integration: With edge computing and 10T, robots can process data locally, respond faster,

and be integrated into smart factory environments for real-time decision-making.

Deployment in Diverse Sectors: Beyond manufacturing, such systems can be applied in logistics, healthcare

(e.g., surgery, rehabilitation), agriculture, and service industries.
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Advanced Vision Systems: Integration of deep learning with advanced vision (e.g., 3D cameras, LIDAR)
will allow robots to recognize a wider range of objects, materials, and surface conditions with greater

accuracy.
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