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Abstract

This study develops and verifies a cubic polynomial calibration model based on artificial intelligence to
improve diagnostic accuracy and restoration capability for ESS cells. The design specifically targets integration
in smart agriculture systems, where battery efficiency and management loss reduction play critical roles.

Parallel measurements using a HIOKI reference and an in—house diagnostic device recorded voltage, current,
temperature, and internal resistance every second, applying a 13 m< offset correction to reduce error. The Al
model achieved an average resistance estimation error within +10 percent, with R? of 0.91 and RMSE of 0.0107,
across both polymer and cylindrical cells. Restoration improved the state of health from 686 to 8.3 percent
and maintained charge—discharge efficiency above 90 percent, meeting UL 1974 and IEC 62933-2-1 standards
for diagnostic accuracy and RUL prediction.

By integrating cell-level diagnosis, calibration, and restoration into a unified workflow, this study overcomes
the limitations of conventional BMS-based diagnostics and establishes a data—driven standardization framework
that reduces second-life ESS reuse costs and enhances safety and energy efficiency in smart agriculture and
energy storage applications.
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