( IJARSCT

xx International Journal of Advanced Research in Science, Communication and Technology
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal FiEp 00}
ISSN: 2581-9429 Volume 6, Issue 1, April 2026 Impact Factor: 8.2

Smart Robotic Arm for Color and Shape Detector

Miss. Rutika Pawarl, Miss. Rajeshwari Gaikwadz, Miss. Sayali J adhav3,
Miss. Shrushti Bele®, Prof. Atul Atalkar’
1234 Student Electronics and Telecommunication
> Assistant Professor Electronics and Telecommunication
Shivajirao S. Jondhle College of Engineering & Technology, Asangaon, India

Abstract: This paper shows how we made a new robot arm that can sort things by their color and shape.
The arm can handle three colors and three shapes at once using smart ways to see and move things
around. It works fast and gets things right, which is great for factories. The robots arm uses special
tricks to spot colors and shapes, so it can sort stuff without any problems. It also uses smart computer
program to learn about different objects and places, so it can do a good job no matter what.

We made sure it’s easy to use too. People running the machine can tell it what to sort and keep an eye on
how it’s doing. One of the best things about this robot arm is that it can work with lots of different colors
and shapes so it fits in well with other machines in a factory. We built it using new computer languages
like Python and C++, so it can work on all kinds of systems and is easy to set up indifferent factories.

We also followed all the rules for making good software, so it works really well and doesn’t break down
in factories. This project explores the functionality, applications, and impact of robotic arm in
automation, highlighting their critical role in shaping the future of various sectors.
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I. INTRODUCTION
The object sorting Robotic Arm is revolutionizing our processes, making them more efficient and setting the stage for
future breakthroughs in automation. It’s opening up a new era in how we handle and categorize materials, especially as
technology keeps advancing. However, it does have its challenges. The robotic arm must adapt to different types of
objects and real-world environments, which can be tricky. Researchers are constantly working to improve its
capabilities, ensuring it integrates smoothly into various settings.
As technology advances, the potential applications for this robotic arm are expanding. It could be used in detailed
assembly lines or even for personalized logistics. The ongoing development of this technology underscores its
importance in transforming industries. We’re moving toward a future where intelligent robotic systems will play a
crucial role in automating complex tasks and optimizing resource management. One major benefit of the object sorting
robotic arm is its ability to work around the clock without needing breaks, significantly boosting productivity. Plus, its
precision in sorting object can greatly reduce errors, leading to higher quality outcomes. As industries continue to
embrace automation, the robotic arm’s role will likely grow, incorporating advanced Al and machine learning
algorithms to enhance its adaptability and decision-making processes. This continuous evolution not only highlights the
importance of this technology but also shows its potential to revolutionize various sectors, from manufacturing and
logistics to healthcare and beyond.
The robotic arm not only demonstrates the principles of mechanical design and electronics but also integrates software
programming, enabling users to explore the fascinating intersection of hardware and software. The design and
construction of the robotic arm involve several key components, including servo motors, which provide precise control
over movement, and a sturdy frame, which supports the arm’s structure.
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II. REVIEW OF LITERATURE
The review of literature for a smart robotic arm for color and shape detection highlights a shift from simple sensor-
based system to complex, vision-guided automation, driven by the increasing demand for precision and efficiency in
industries like manufacturing, recycling, and logistics.
The key themes in the literature are:
Core Technology and Methodalogy
Vision System: The majority of modern systems rely on a camera (webcam, PI camera, or industrial camera) for real-
time image acquisition.
Image processing Techniques: Early and simpler projects often use traditional computer vision libraries like open CV
with techniques such as:
Color detection: Converting the image from RGB to HSV (Hue, Saturation, Value) color space to make detection more
robust against lighting Variations, followed by thresholding.

Advancements through Al and deep learning

Real-time object Localization: Accurately identifying and finding the co-ordinates (bounding box) of multiple object in
a complex, dynamic environment (like a conveyor belt).

Robustness: Maintaining high accuracy despite variations in object orientation, background clutter, and lighting.

3D Perception: Some cutting-edge systems integrate stereo vision or 3D depth sensing to estimate the object’s 3D co-
ordination. This is crucial for precise grasping and handling of objects of varying heights or in non-flat scenes.

Key Application and Benefits

The primary application remains sorting (e.g. sorting agricultural products like apples, industrial components, or
recyclable materials).

Studies consistently demonstrate that smart systems provide high accuracy (often over 95%) and significantly increase
sorting speed (reducing task time per object).

The system are vital for quality control, where shape and color detection are used to identify defective products in a
manufacturing line.

Challenges and Limitations

Lighting Sensitivity: While HSV conversion helps, maintaining high accuracy in color detection under varying or poor
lighting conditions remains a perennial challenge for simpler systems.

Limited Degrees of freedom (DOF): Many low-cost or prototype system use arms with limited DOF, which restricts
their range of motion and the complexity of the object they can grasp and place.

Handling Complex objects: Accurately detecting and manipulating object with irregular shapes, transparent materials,
or similar colors remains an area of ongoing research.
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Fig.1.shows the block diagram of Operation.
The image you provided is a Block Diagram that explains the core functional components and the flow of information

for a smart robotic arm designed for color and shape detection. Here is a detailed explanation of each block and the
overall process:

ARDUNIO

Arduino board is used for connecting microcontroller to the components and for running and executing the code.
Arduino is powered using a battery backup.

We will program a Arduino in such a way that it will help to display generated voltage and store a generated voltage in
battery.

Fig.2. Arduino.

ESP32-CAM

A powerful Wi-Fi and Bluetooth-enable microcontroller with an integrated OV2640 camera module.

It’s function is the computer vision element: capturing image/video, performing image processing (color/shape
detection, or object tracking), and communicating the results (co-ordinates or classification) to the Arduino UNO.
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Fig.3.ESP32-CAM.

CIRCUIT DIAGRAM

Powss Tppy
Sk

5 [y
Arduino UNO

‘ Servo Motor

Serve Motor

Power Supply
Svaa
»
Fig.4.Circuti diagram.
Hardware Used
e ESP32-Cam
e  Servo Motors
e Robotic ARM
e Adaptor
Software Used
e Embedded C++
II1. APPLICATION

Component Handling: Robotics arms are equipped with specialized end effectors (grippers, suction, cups, or magnetic
tools) that allow them to handle a wide range of components, from small part to large assemblies.

Assembly Actions: The robotic arm are programed to perform a variety of tasks such as inserting parts, screwing,
gluing and placing component into position.

Picking and Placing: Robotic arms equipped with grippers, suction cups, or magnetic tools are used to pick materials
from one location and place them in another.
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Precision and Flexibility: Robots can be pre-programmed for repetitive tasks or adapt to variations in the components
using advanced vision systems, sensors, and Al-based algorithms.

Co-ordination: In complex assembly lines, multiple robotic arms can be synchronized to work together on different
parts of an assembly, ensuring efficiency and reducing the need for human intervention.

Sorting and Organizing: Robots are capable of sorting parts based on size, shape, color, or weight. They can direct
material to different areas of warehouse or production line based on predefined rules.

Stacking and Palletizing: Robotic systems can arrange products or part into specific patterns for easy storage or
shipping. Palletizing involves stacking items in a way that maximizes spaces and ensures the safety of good during
transit.

Packaging: Robotic arms are used to pick products and place them into boxes or pallets, ensuring that the packaging
process is efficient and consistent. This is especially useful in industries like food, consumer goods, and electronics.
Picking: The robotic identifies and picks an item from a designated location (such as a bin, conveyor belt, or pallet).
Placing: After picking up the object, the robot the moves it to another location or performs further operations likes
sorting, stacking, or placing it on a production line.

Precision: These operations require high precision, as the robot must handle various shapes, sizes, and weights of
objects, ensuring that they are picked and placed correctly without damage.

IV. RESULTS

Fig.6.Picking up green square.
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V. CONCLUSION
The ToT-based robotic arm project using ARDUINO UNO and ESP32-CAM represents a significant intersection of
robotics, automation, and internet connectivity. By integrating standard servo motors, the project allows for precise
control and movement, making it suitable for various applications such as remote handling, object manipulation, and
automated tasks. A smart robotic arm can also perform task like pick-and-place different type of color and shape object.
A smart robotic arm for color and shape detection can reliably automate shape detection and it can do sorting an object.
Through this project, you’ll gain hands-on experience in several key areas:
IoT Integration: Understanding how to connect and control devices over Wi-Fi, enabling remote operation and
monitoring.
Robotic Control: Learning how to program and manage the movement of a robotic arm, which involves both hardware
and software component.
Prototyping Skills: Developing skills in circuit design, assembly, and coding, which are crucial in many engineering
fields.
Problem-Solving: Overcoming challenges related to design, control algorithms, and interfacing various components.
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