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Practising sustainable agriculture and forestry requires information on the state of 
forests and crops to support management. In precision agriculture, crops are observed 
in order to treat them precisely in the right place and at the right time, saving both 
production costs and the environment. Similarly, in forests, information on the 
composition and state of forest health are crucial to enable their sustainable 
management. In particular, climate-change-driven insect pests have increased, but 
economic and ecological losses can be reduced by the right actions if up-to-date and 
precise information on the health of forests is available. 

In recent years, drones with cameras have evolved into a flexible way to collect remote 
sensing data locally. Spectral cameras provide accurate information about the 
reflection properties of objects, and photogrammetric methods also provide a cost-
effective way to collect three-dimensional (3D) data from an object. The objective of 
this work was to develop and assess drone-based 3D and spectral remote sensing 
techniques to classify the health status of individual trees and to estimate crop 
biomass, various biochemical parameters such as nitrogen content, and grass-feeding 
quality. The work developed a processing chain in which spectral and 3D features were 
extracted from remote sensing data. Then, combining the features with observations 
and reference measurements collected from plants, machine learning models were 
developed for tree health classification and estimation of crop-related parameters. 

This work was the first to demonstrate the ability of drone hyperspectral data to map 
the health status of a forest by classifying individual trees infested by bark beetles. The 
results of the work also showed that drone-based mapping offers a great tool to 
estimate agricultural crop parameters which can be applied to the optimization of 
various precision agriculture tasks. 
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