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Abstract

Aiming at issues such as data silos and lack of trust mechanisms in traditional food safety traceability systems, this paper proposes
a four-layer architecture system integrating blockchain and IoT. Through collaborative designs of multimodal data collection at the
access layer, hybrid storage at the data layer, smart contract processing at the logic layer, and dual-end interaction at the presentation
layer, the system achieves tamper-proof storage and efficient traceability of end-to-end data. Experiments show that the system
significantly outperforms traditional solutions in metrics such as data integrity (99.98%), throughput (1,200 TPS), and query response
time (180 ms). The innovations of this paper include: (1) a hybrid blockchain architecture based on SM cryptographic algorithms;
(2) a dynamically scalable consortium blockchain node management mechanism; (3) smart contract validation rules supporting
multisource data fusion. The research results provide a technical reference for digital supervision of food safety.
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