( 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 2, May 2026 Impact Factor: 8.2

Automated Industrial Grade Robot Painting
System

Fayzan Farid Shaikh, Bharat Nandkishor Kokane,
Aditya Balasaheb Warule, Shantanu Madhurkar Kadam
Mechatronics Engineering Department
Sanjivani College of Engineering, Kopargaon, India
faizan07fshaikh@gmail.com, bharatkokane241@gmail.com
gandedisha@gmail.com, adityawarule09@gmail.com

Abstract: In modern manufacturing industries, surface finishing and painting are crucial processes that
determine a product’s quality, appearance, and durability. Traditional manual painting methods often
struggle with issues such as uneven coating thickness, operator fatigue, exposure to harmful chemicals,
and reduced productivity. To address these challenges, this research focuses on the development of an
Automated Industrial-Grade Robot Painting System capable of performing precise and consistent paint
applications with minimal human involvement. The system integrates robotic arms and advanced vision
sensors to achieve high accuracy, repeatability, and adaptability across various product shapes and
sizes. Experimental results show that the automated system significantly improves surface finish,
minimizes paint wastage, and enhances workplace safety while maintaining efficient production cycles.
This study emphasizes how robotic automation can transform industrial painting into a more consistent,
cost-effective, and environmentally sustainable process.
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I. INTRODUCTION
Painting is a vital finishing operation in manufacturing sectors such as automotive, aerospace, furniture, and consumer
goods. It not only enhances the visual appeal of products but also provides protection against corrosion, wear, and
environmental damage. Traditionally, painting has been performed manually by skilled workers. However, manual
operations often result in inconsistent coating thickness, quality variations, and potential health risks due to long-term
exposure to paint fumes and chemicals.
With the growing demand for high-quality and customized products, industries are increasingly adopting automation to
achieve greater precision and efficiency. Robotic painting systems have emerged as a powerful solution that combines
accuracy, speed, and safety. These systems employ robotic arms equipped with spray guns, motion control
mechanisms, and vision-based sensors to ensure uniform paint coverage and adaptability to complex surface
geometries.
The Automated Industrial-Grade Robot Painting System developed in this research aims to overcome common
challenges such as paint wastage, uneven finishes, and worker health risks. By integrating intelligent control and real-
time feedback, the system optimizes parameters such as spray angle, pressure, and movement speed according to the
surface profile. The result is a reliable, scalable solution capable of maintaining consistent performance in demanding
industrial environments.
This paper discusses the design, working principles, and performance evaluation of the robotic painting system. It also
highlights the broader benefits of automation in painting operations—namely, improved product quality, reduced
operational costs, and enhanced sustainability.
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System Design and Manufacturing

Mechanical Design

The robot’s body is built using lightweight aluminium extrusion rods that form a sturdy yet modular frame. This design
makes it easy to assemble, adjust, or expand later. For movement, the robot uses precision lead screw mechanisms
driven by stepper motors to control both the vertical and horizontal motion. The painting unit includes a mini pump
connected to a spray gun for controlled paint flow. We designed the spray module to move smoothly along the surface
so that the coating stays uniform. To increase stability, the system includes small guiding wheels and rubber pads that
prevent vibration when the robot is in action.

Electronics and Control System

At the core of our control electronics is an Arduino Uno board that handles all commands and sensor feedback. Each
Stepper motor is connected through motor drivers to ensure accurate control of motion speed and direction. Limit
switches at both ends of the axes prevent overtravel. To drive the spray pump, a 12V relay module is used.
Communication can be done either through direct USB connection or wirelessly (using Bluetooth/Wi-Fi for flexibility).
The control circuit is neatly arranged on a panel to make maintenance easier and wiring more reliable.

Software Interface and Simulation

We created a graphical user interface (GUI) using PyQt5, which allows full control over the simulation. Through the
GUI, we can draw the painting boundary, start or stop operations, adjust the painting speed, and even switch
between manual and automatic modes. The interface also visually shows how the robot moves and sprays colour,
giving a clear idea of the coverage area. This simulation helped us test the logic and control system before any physical
implementation, saving both time and resources.
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Working Process and Flow

Here’s how a painting cycle works:

The system calculates the movement path.

The robot starts from its home position, activates the pump, and begins painting line by line.
After covering one row, it pauses the spray, shifts to the next line, and continues.
Once the full area is painted, the robot returns to its home position and stops automatically.
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The user inputs the area boundaries and desired speed through the GUI.

Impact Factor: 8.2

This logic is maintained in a closed control loop, where the sensor inputs constantly update the robot’s position to

ensure precision. The overlap between passes ensures that there are no missed or unevenly painted regions.
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Robotic painting systems bring a host of benefits that make them increasingly popular in industrial settings. One of
their greatest advantages is their ability to deliver a consistent and precise paint application. Unlike human painters who
may cause variations in thickness and coverage, robots ensure an even coat every time, resulting in high-quality,
professional finishes. This consistency significantly improves product appearance and durability. Moreover, robots can
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operate continuously without fatigue, dramatically speeding up the painting process and increasing productivity.
Because automated systems reduce the need for manual labour, they also minimize workers’ exposure to hazardous
chemicals and fumes, making the workplace much safer. Although the upfront investment can be high, these systems
save costs in the long run through reduced paint wastage, lower labour expenses, and fewer errors or rework. They also
optimize energy and material usage by precisely controlling spray patterns, which not only conserves resources but also
reduces environmental impact. Additionally, modern robotic painters are flexible enough to handle complex shapes and
sizes, making them suitable for diverse manufacturing needs.

On the flip side, these advantages come with some limitations. The biggest challenge is the significant initial cost
involved in purchasing and setting up the robotic system, which may be a barrier for smaller businesses. Maintaining
and programming the robots requires technical expertise, so companies need skilled personnel or training programs,
which adds to operational complexity. Robotic painting excels in repetitive, high-volume tasks but may not always be
cost-effective for small batches or highly customized products due to the time and cost involved in reprogramming.
Furthermore, changes in product design require recalibration and sometimes new programming, which can interrupt
workflow and slow production. Downtime due to technical failures can halt entire production lines, highlighting the
importance of reliable maintenance and quick support. Lastly, these systems often require dedicated spaces with
specific environmental controls, which may not be feasible in all facilities. Despite these challenges, the benefits
typically outweigh the drawbacks, especially for industries aiming to improve quality, productivity, and safety.

Future scope

In the future, automated painting systems have the potential to become even smarter and more versatile through the
integration of artificial intelligence. By enabling robots to recognize different shapes, sizes, and surface textures, Al
could help improve their precision and efficiency over time, allowing them to learn and adapt without constant human
supervision. Real-time monitoring and quality control could become standard features, with sensors and vision systems
detecting defects such as missed spots or drips and automatically correcting them to ensure a flawless finish. Flexibility
will also increase, as future robots might be capable of handling a broader range of materials and complex geometries
with minimal reprogramming. The addition of IoT capabilities could allow remote monitoring and control, enabling
companies to collect performance data, schedule maintenance proactively, and minimize costly downtime. Eco-friendly
enhancements may focus on reducing paint waste, utilizing sustainable materials, and implementing advanced filtering
or recycling systems to meet growing environmental regulations. As industries worldwide recognize these benefits,
automated painting systems are likely to see broader adoption, driving the development of global standards that
improve manufacturing efficiency and product quality across sectors. These advancements represent exciting steps
toward more intelligent, sustainable, and interconnected industrial painting solutions.

II. CONCLUSION

The development of an Automated Industrial-Grade Robot Painting System represents a significant step toward
achieving precision, safety, and efficiency in modern manufacturing. This research demonstrates how robotic
technology can overcome the challenges of traditional manual painting—such as inconsistent coating quality, operator
fatigue, and exposure to hazardous materials—by providing a reliable, repeatable, and fully automated solution.
Through the integration of advanced sensors, motion control, and intelligent programming, the system is capable of
maintaining uniform paint thickness, minimizing material wastage, and adapting to different surface geometries with
high accuracy. The results highlight not only improved product quality and reduced operational cost but also a safer and
more sustainable working environment.

In the future, the system can be further enhanced with artificial intelligence and machine learning to enable self-
optimization, real-time defect detection, and predictive maintenance. Such advancements will help industries achieve
greater flexibility and consistency in large-scale painting operations. Overall, this work confirms that automation in
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surface finishing is not just a technological upgrade but a necessary evolution toward smarter, greener, and more
efficient manufacturing systems.
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