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Abstract: In the rapidly evolving field of electronics and embedded systems, the need for compact, intelligent,
and efficient workstations is greater than ever. An Al-Integrated Workstation that combines essential
hardware tools with intelligent software capabilities to streamline the prototyping and debugging process for
electronics engineers and hobbyists. The proposed mini hardware setup includes a soldering station, a
regulated power supply, and a high-resolution camera, all interfaced with a laptop running custom-built Al-
powered software. Key features of the software include automatic resistor value prediction using computer
vision and color code analysis, real-time viewing and interpretation of PCB Gerber files, and design rule check
(DRC) validation to identify layout errors before fabrication. By integrating hardware with Al-based
functionalities, the workstation enhances accuracy, reduces human error, and accelerates the overall workflow
in electronics development environments. The paper explores the system architecture, implementation details,
and potential applications in educational, industrial, and maker spaces.

Index Terms - Al-integrated workstation, resistor colour code detection, Gerber file viewer, design rule
check (DRC), electronics prototyping, computer vision, hardware-software integration.

l. INTRODUCTION

In the world of electronics design and prototyping, efficiency, accuracy, and compactness are critical for
both professionals and enthusiasts. Traditional workbenches are often cluttered with various individual tools—
soldering stations, multimeters, power supplies, and computers running design software—Ileading to
inefficiencies in workspace organization and workflow. With the growing influence of artificial intelligence
(Al) and machine vision in the electronics industry, there is a promising opportunity to merge these
technologies into a single, intelligent workstation that enhances productivity and reduces human error.

An Al-Integrated Workstation, a compact and modular setup that consolidates essential tools into a unified
system. The hardware component includes a mini soldering station, an adjustable power supply unit, and a
high-resolution camera module. These are integrated with a laptop or PC running custom-developed Al
software that offers intelligent assistance to users during the prototyping process.

The Al system is capable of:

e Predicting resistor values using real-time image recognition (YOLOv 11)of resistor color bands.

e Viewing and analyzing Gerber files for PCB layout visualization.

o Performing Design Rule Checks (DRC) to identify violations in PCB designs before manufacturing.

The workstation is designed to support students, makers, and professionals by improving accuracy, saving
time, and making the prototyping process smarter and more user-friendly. This paper discusses the system
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design, hardware-software integration, and potential applications of the Al-integrated workstation in modern
electronics labs and educational settings.

PROBLEM STATEMENT

In conventional electronics workstations, essential tasks such as identifying component values,
analyzing PCB designs, and verifying design rules are performed manually using separate tools and
software. This fragmented workflow often leads to increased time consumption, human errors—
especially in interpreting resistor color codes—and inefficiencies in verifying PCB layouts before
fabrication. Furthermore, the lack of intelligent assistance during prototyping can result in costly
mistakes, particularly for beginners and students.

PROPOSED DESIGN

There is a critical need for a compact, integrated, and Al-powered solution that combines essential
hardware functions with smart software capabilities to assist users in real-time. This research
addresses the challenge of creating an Al-integrated workstation that not only optimizes space and
resources but also enhances the accuracy and speed of electronics prototyping through intelligent
automation.
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IV. APPROACH:

User Authentication (Login)

e The system begins with a secure login interface to authenticate users.

o Credentials are stored in a local or cloud database, ensuring access is restricted to authorized personnel.

o Successful login grants access to the main workstation dashboard.

Machine Selection

« Upon login, users are prompted to select the type of machine or tool they intend to use.

o Options include soldering station, power supply, or smart camera-based features.

« This selection configures the software interface and hardware drivers accordingly.

Resistor Value Prediction

e The user can activate the resistor prediction feature, which uses the connected camera to capture the
image of a resistor.

e The image is processed using computer vision algorithms to detect and decode colour bands.

e The Al model (YOLOV11) interprets the value based on standard resistor colour codes and displays the
resistance in ohms.

Gerber File Viewer

e Users can upload Gerber files (.gbr or .zip format) from local storage.

o The viewer renders the PCB layout with features like zoom, layer toggling, and annotation.

« This allows real-time analysis of the circuit design, ensuring it matches the user’s schematic.

Design Rule Check (DRC)

o The software offers an automatic DRC feature where the uploaded PCB design is verified against
predefined layout rules

« Any violations are highlighted with recommendations for corrections.

« This helps avoid design flaws before sending the file for fabrication.

Integration & Control

e The software communicates with the hardware over USB or wireless interface (e.g., serial
communication or Wi-Fi).

o It ensures synchronization between user inputs and hardware responses for efficient and safe operation.
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V.

GOALS AND OBJECTIVES:
The primary goal of this research is to develop a compact, intelligent, and user-friendly Al-integrated
workstation that streamlines the electronics prototyping process by combining essential hardware
and smart software features into a unified system.
e To design a multi-functional hardware unit that includes a soldering station, regulated power
supply, and a camera module within a compact form factor.
e To develop Al-powered software capable of:

I.  Detecting resistor values from real-time images using computer vision.
Il.  Viewing and interpreting Gerber files for PCB layout analysis.
1. Performing automated Design Rule Check (DRC) on uploaded PCB designs.

e To implement a user-friendly interface that allows users to:
I.  Log in securely.
Il.  Select the appropriate machine or function.
I1l.  Easily navigate through all software tools and Al features.

IV. CONCLUSION:

The development of an Al-Integrated Workstation marks a significant advancement in the field of
electronics prototyping and learning. By combining essential hardware tools such as a soldering station, power
supply, and real-time camera with intelligent software functionalities, this system offers a compact and efficient
solution for students, makers, and professionals alike. The integration of Al enables the automatic prediction
of resistor values, visualization of PCB Gerber files, and execution of Design Rule Checks (DRC), reducing
manual errors and enhancing productivity.
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