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Abstract
This presentation introduces the AI X Food Lab, a pioneering framework advancing toward fully autonomous, single-person food analysis laboratories. Amid rapid AI-driven research automation, we outline a strategic development roadmap integrating hardware automation, intelligent data pipelines, and embodied robotics. Central to this vision is a five-tier classification system (L1–L5) for smart food labs, culminating in an L5 multi-agent digital brain capable of autonomous experimental design, cross-laboratory coordination, and independent method innovation. Key technical contributions include a high-precision AI dietary assessment system leveraging U-Net and VGG16 for pixel-level macronutrient estimation in complex dishes, alongside novel frameworks addressing model explainability, physical consistency, and the critical "honesty" metric in food AI. We further demonstrate how AI can independently rediscover foundational food science mechanisms, including the Maillard reaction, antioxidant pathways, colloidal emulsion stability, and next-generation food safety early-warning systems. By synergizing edge computing, remote digital twins, and closed-loop process control, the AI X Food Lab transitions traditional workflows into self-optimizing, data-driven research ecosystems. This work highlights AI’s capacity to dramatically reduce operational overhead while enhancing analytical accuracy, predictive reliability, and scientific discovery, ultimately redefining how food analysis and innovation can be conducted by a single researcher. 
