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Abstract

This study proposes an anomaly detection model that integrates EC - pH variation rates with
key environmental factors (temperature, humidity, CO, , PPFD, and soil moisture) to address
nutrient accumulation and pH imbalance in lettuce cultivation. Real-world data from a vertical
farming system were preprocessed, normalized, and used to compare three models: Isolation
Forest (IF), LSTM-Autoencoder (LSTM-AE), and the proposed Temporal Graph Attention
Autoencoder (TGAAE). TGAAE achieved the best performance, with a Precision of 0.92,
Recall of 0.89, Fl-score of 091, and ROC-AUC of 0.93. By jointly learning temporal changes
and inter—variable relationships, TGAAE accurately detected complex anomalies and identified
early signs of EC surges and pH drops. Attention—-based visualization enabled interpretable
insights into variable contributions. The proposed model enhances the reliability of smart farm
monitoring, improving lettuce cultivation stability and productivity while providing a scalable
foundation for intelligent, data—driven agricultural management.
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