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ABSTRACT

In today's industrial landscape, automation plays a pivotal role in enhancing efficiency and precision. This
research paper presents an innovative approach to automation by utilizing a pre-existing SCARA robotic arm for
color-based pick-and-place sorting operations. By integrating a Programmable Logic Controller (PLC) into the
system, we have developed a cost-effective and versatile solution for automated sorting tasks. This paper outlines
the design methodology, discusses the results and implications of our experiments, and concludes with insights
into the potential applications and future developments of this technology.
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1. INTRODUCTION

In the realm of industrial automation, the pursuit of enhanced efficiency, precision, and cost-effectiveness has
been an enduring quest. The integration of robotics into manufacturing processes has been pivotal in achieving
these goals, with robots evolving into versatile tools that can perform an array of tasks. Among these robotic
systems, the Selective Compliance Articulated Robot Arm (SCARA) stands out for its speed and precision,

making it an ideal candidate for a wide range of applications.

In this era of automation, the demand for adaptive and intelligent solutions has given rise to innovative approaches
aimed at streamlining industrial operations. One such innovation is the repurposing of pre-existing robotic arms
for specific tasks, harnessing their inherent capabilities and augmenting them with advanced control systems. This
paper delves into a novel application of a SCARA robot, one that extends beyond its traditional boundaries, to

address the intricacies of color-based pick-and-place sorting operations.

2. DESIGN METHODOLOGY

The design methodology of our color-based pick-and-place sorting system revolves around the integration of a
PLC-controlled SCARA robot into an industrial sorting setup. The following steps outline our approach:
1. System Components: We assembled the necessary hardware components, including the SCARA robot arm, a

camera system for color detection, a conveyor belt for material transport, and a PLC for control and coordination.
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2. Color Detection Algorithm: We developed a robust color detection algorithm using image processing

techniques to enable the SCARA robot to identify and distinguish objects based on their colors.

3. PLC Programming: The PLC was programmed to interface with the color detection system and control the
SCARA robot's movements. It received input from the camera system, processed the data, and sent commands to
the robot for precise pick-and-place actions.

4. Calibration and Testing: We fine-tuned the system by calibrating the camera and robot arm for optimal
performance. Extensive testing was conducted to ensure accurate color-based sorting.

5. Safety Measures: Safety features such as emergency stop protocols and collision detection were implemented
to ensure the safe operation of the system in an industrial environment.

6. Integration with Conveyor System : The system was integrated with a conveyor belt for continuous material

handling, enabling a seamless sorting process.

3. Fabrications and Experimentation work

3.1 Fabrication of the Automated Sorting System:

The development of our color-based pick-and-place sorting system began with the assembly of the essential
components. This included the following key elements:

1. SCARA Robot Integration: The SCARA robot arm, selected for its precision and speed, was securely integrated
into the system. This involved mechanical adjustments to ensure optimal positioning and reach for sorting tasks.
2. Color Detection System: We integrated a high-resolution camera system equipped with appropriate lenses and
lighting for accurate color detection. This camera was strategically positioned to capture objects on the conveyor
belt.

3.Conveyor Belt: A conveyor system was installed to facilitate the continuous movement of objects, enabling a
seamless sorting process. The conveyor's speed and synchronization with the robot arm were fine-tuned for
efficient operation.

4. Gripping Mechanism Design: The development of a specialized gripper or end-effector was a crucial part of
the fabrication process. The gripper design was optimized to securely pick up objects of various sizes and shapes
while minimizing the risk of damage during manipulation.

5. Material Handling: The conveyor system was equipped with mechanisms for material handling, including
mechanisms for object placement, spacing, and orientation adjustment. These features ensured smooth and
controlled material flow during sorting operations

6. Camera Calibration: Calibration of the color detection camera was performed meticulously to ensure accurate
color recognition. This involved fine-tuning camera settings, adjusting lighting conditions, and creating a
reference database of known colors for comparison.

7. PLC Programming: Detailed programming of the PLC was undertaken to establish communication protocols
between the camera, robot, and conveyor system. Custom code was developed to interpret color data from the

camera and send precise commands to the SCARA robot for object manipulation.
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3.2 PLC Setup:

The PLC unit was programmed to interface with the color detection system and control the SCARA robot's
actions. Wiring and electrical connections were carefully established to ensure reliable communication and power
distribution.

3.3 Experimental Setup:

With the fabrication of the system complete, a series of experiments were conducted to assess its performance and
capabilities:

1. Color Recognition Testing: We initiated experiments to test the accuracy and reliability of the color detection
algorithm. Various objects of different colors were introduced onto the conveyor belt, and the system's ability to
identify and categorize these objects was evaluated.

2.Pick-and-Place Trials: The SCARA robot was put through a series of pick-and-place tasks, involving the transfer
of objects from one location to another based on their colors. We assessed the robot's speed, precision, and
repeatability during these tasks.

3.Adaptability Testing: The system's adaptability was examined by introducing objects with varying shapes and
sizes. The ability to adjust to different sorting criteria through simple parameter modifications was a key focus.
4.Safety and Reliability Checks: Safety measures, such as emergency stop protocols and collision detection, were
tested to ensure the system's safe operation in an industrial environment. Additionally, the system's reliability
during extended operation periods was evaluated.

3.4 Data Collection and Analysis:

Throughout the experimentation phase, data related to accuracy, speed, adaptability, and safety were collected.
This data was analyzed to assess the system's overall performance and identify any areas for improvement.

The results of these experiments are discussed in the subsequent section, shedding light on the system's capabilities

and limitations in real-world sorting operations.

4. Results and Discussions

Our experiments yielded promising results. The color-based pick-and-place sorting system demonstrated
exceptional accuracy and efficiency in sorting objects based on their colors. The key findings and discussions
include:
Accuracy: The system achieved a high degree of accuracy in color recognition, with minimal false positives and
negatives.
Speed: The PLC-controlled SCARA robot exhibited rapid pick-and-place capabilities, significantly improving
sorting throughput.
Flexibility: The system's versatility was demonstrated by its ability to adapt to different objects and sorting criteria
by simply adjusting the color detection parameters.
Cost-Effectiveness: Utilizing a pre-existing SCARA robot arm reduced the overall cost of implementation,
making it an attractive solution for small to medium-sized enterprises.
Potential Applications: The system's potential applications extend beyond sorting and could include assembly

tasks, quality control, and packaging operations.
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5. Visual Representation:

Insert clear and high-quality photographs of the SVR Technology SCARA robot. Ensure the images are well-lit
and capture different angles of the robot, showcasing its physical appearance.
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5.1.1 Purpose:

Pneumatic grips are mechanical devices designed to securely hold, manipulate, and release objects using
compressed air. They are widely used in automation and robotics to enable robots to interact with objects, perform
tasks such as picking, placing, and assembly, and work in various industrial settings.

5.1.2 Principle of Operation:

Pneumatic grips operate on the principle of using compressed air to actuate mechanical components, typically
pneumatic cylinders or pistons, to open and close the grip's fingers or jaws. When air pressure is applied, the grip
closes to grasp the object, and when the pressure is released, the grip opens to release the object.
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5.1.3 Advantages:

1.Speed: Pneumatic grips are known for their rapid response times, making them suitable for applications
requiring quick and precise object handling.

2.Simplicity: They are relatively simple in design and easy to control, making them cost-effective for various
applications.

3.Reliability: Pneumatic systems are robust and durable, capable of withstanding harsh industrial environments.
5.1.4 Applications:
Pneumatic grips find applications in industries such as manufacturing, automotive, electronics, packaging, and

material handling, where objects need to be picked, moved, or manipulated.
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6. Conclusions

In conclusion, our research presents a novel approach to automation by repurposing a SCARA robot for color-
based pick-and-place sorting operations. By integrating a PLC and developing a robust color detection algorithm,
we have created an efficient and cost-effective solution for industrial automation. The results of our experiments
indicate that this system has the potential to revolutionize sorting processes across various industries. As we move
forward, further refinements and advancements in automation technology will undoubtedly unlock even greater
potential for this innovative approach. The PLC-controlled SCARA robot represents a significant step toward

achieving more efficient, adaptable, and intelligent manufacturing processes.
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