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Project’s Abstract:
Engineering students struggle to bridge theoretical circuit knowledge with its practical implementation. Their learning workflow is fragmented: course content lives in a learning management system, simulation requires heavy, licensed desktop tools, and help often comes from general-purpose AI assistants that frequently give incorrect instructions, flawed circuit analysis and misleading debugging guidance, leaving students without reliable support outside the classroom.
This project presents CircuitAI, a cross-platform (web and mobile) hardware learning platform that integrates three components in a single system: a Moodle-like learning management layer for courses, modules, enrollment, assignments, quizzes, grading and progress tracking; interactive circuit simulation, with a real-time, browser-based digital logic simulator and a SPICE-based electrical circuit simulator supporting DC operating point, DC sweep, AC frequency and transient analysis; and a domain-specific AI tutor that uses Retrieval-Augmented Generation (RAG) grounded in An-Najah University course materials to give accurate, cited answers, and that also powers quiz generation and AI-assisted grading.
Building such a platform requires attention to the educational correctness of simulation results, to grounding AI answers in the actual course material to reduce hallucination, and to keeping the final academic decision with the instructor, along with role-based access for students, instructors and administrators, zero-installation access from any browser or phone, and secure handling of user data. Accordingly, the project aims to provide an integrated environment that combines course delivery, student management and assessment tools; to enable hands-on circuit practice with immediate feedback through two complementary simulators; to deliver reliable, curriculum-grounded AI tutoring with source citations; and to support instructors with AI-generated quizzes from lecture slides and suggested grades and feedback that assist, rather than replace, their judgment.
The work followed a software-engineering design-and-implementation approach with a modular, layered architecture (presentation, application logic, computation and data) and incremental development and testing of each feature. The front-end was built with Next.js 15, React 19, TypeScript, CSS Modules and Fabric.js for the circuit canvas, alongside a React Native/Expo mobile app that shares the same back-end. The back-end uses Next.js REST API routes and Python services running PySpice/NGSpice for simulation and LLM inference through Groq. Data is stored in PostgreSQL (Supabase), while lecture PDFs and slides are embedded with Sentence Transformers into a ChromaDB vector database.
Tools such as Multisim and Proteus offer heavy professional simulation, TinkerCAD and CircuitLab offer lighter educational interfaces, and learning management systems and general-purpose AI assistants are widely available. However, no existing platform combines learning management, accurate circuit simulation and curriculum-grounded AI in one easily accessible system, which is what this project delivers, starting with An-Najah University.
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