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This research focuses on the integration of two major technologieS,
intelligence(Al) and blockchain, unlocking the potential of whose combined capabi
significant transformative promise in various fields. Our literature review studies, based on
the analysis of several integration approaches in different application sectors, revealed
significant gaps that hinder a more coherent and efficient exploitation of these technologies
together. In particular, few studies propose a unified architecture that integrates real-time Al
models with decentralized blockchain architectures in critical operational environments. To
address these limitations, this thesis proposes a modular layering integration approach applied
to the context of vehicle inspection centers in Morocco, a sector where reliability,
transparency, and process automation remained major challenges. Firstly, we developed an Al
system based on computer vision techniques for vehicle detection and automatic license plate
recognition. Given that the Al component, combined with 10T devices forms an extensible
cognitive layer of the platform, enabling standardized and autonomous data acquisition. We
then designed and deployed a blockchain architecture based on Ethereum, including a set of
smart contracts dedicated to orchestrating operational workflows within vehicle inspection
centers, assisted by Al, and enabling interaction with end users through interfaces.
Additionally, we implemented a federated learning-based classification framework as a proof
of scalability, interoperability, and robustness of the architecture. It should be noted that this
decentralized model was evaluated using a public online dataset and by adopting performance
metrics dedicated to decentralized machine learning, due to the unavailability of standardized
operational data from inspection systems at the national level.

As a result, this architecture ensures the integrity, immutability, and traceability of
information throughout the inspection process. Consequently, the integration of these two
technological layers resulted in a hybrid Al and Blockchain platform capable not only of
automating the collection of technical data and reducing errors and tampering risks, but also
of enhancing operational transparency and strengthening trust among stakeholders.
Implementation results confirmed the technical feasibility of this integration and paved the
way for future system versions and applications in other domains. To conclude, this
contribution addresses a range of gaps identified in the literature by providing a complete,
reproducible, and extensible model for the operational integration of Al and blockchain in a
critical sector, while offering perspectives for evolution toward an intelligent and auditable
automotive inspection infrastructure.
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