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Abstract. Recent advances in optical sensing technologies are fostering the de-
velopment of innovative, affordable tools for precision agriculture, enhancing the
monitoring of crop physiological status across spatial and temporal scales. Within
the framework of the PRIN2022 O4A project (Optics for Agrifood), an ongoing
research initiative, a compact and cost-effective hyperspectral imaging system is
being developed for in-field assessment of grapevine water status and ripening
dynamics.

O4A aims to design and validate optical sensing solutions tailored to agrifood
applications, with particular attention to robustness, portability, and economic
sustainability. The proposed hyperspectral system operates in the visible—near
infrared range and enables the extraction of spectral indices correlated with key
indicators of water stress and berry composition. Preliminary tests have shown
promising potential in discriminating different levels of vine water status and
grape maturity under controlled conditions.

The project is currently in progress, and its main experimental campaign is sched-
uled for summer 2026, when field trials will be conducted in vineyards to con-
solidate calibration models and validate system performance across different en-
vironmental conditions. By integrating optical design, sensor optimization, and
advanced data analysis, O4A seeks to bridge the gap between laboratory-grade
spectroscopy and practical agricultural applications, supporting more informed
and sustainable decision-making in viticulture.
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