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Wheat Is a vital global commodity and essential to food security, yet recent outbreaks of genetically diverse
Puccinia striiformis (wheat rust) have led to over 5 million tons of crop loss—Iikely a conservative estimate.

THE RAL Space UAV HSI System
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The project design combines static and aerial measurements to bridge the gap between controlled lab tests

and real-world field conditions. RE@@ LT@

This dual approach supports the development of accurate crop models and informed decision-making for| |The study demonstrated that hyperspectral imaging can effectively distinguish between healthy and rust-infected
sustainable agriculture. wheat, with yellow and brown rust showing distinct spectral signatures—patrticularly in the red edge region (550-700
nm). The Partial Least Squares Discriminant Analysis (PLSDA) model developed showed strong agreement with
ground-based validation, accurately identifying varying levels of infection. Notably, early detection was enhanced
through spectral ratio analysis, such as a 40% increase in the 580/532 nm ratio in infected samples, supporting timely
and targeted disease management in the field.

5 1. Lab Imaging
Objective: Build spectral libraries of healthy and diseased wheat samples under controlled conditions.

Tools Used:
* RAL Space Hyperspectral Imaging System: Captures 41 wavelengths (420-920 nm). Early detection of yellow and brown rust in wheat
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This study demonstrated the feasibility and effectiveness of hyperspectral imaging (HSI) for the early I i iﬁg;ﬁgﬁgﬂe&traelrrfif:rencetdanocne
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predictions aligned closely with expert ground-based assessments, affirming its diagnostic reliability. While
some healthy plants were occasionally misclassified as lightly infected—Iikely due to spectral mixing effects or CLASSIFICATION

Inherent phenotypic variability—such misclassifications are expected to be less impactful in real-world
scenarios, where monocultures of uniform wheat varieties are typically grown.

Overall, the findings highlight the promise of HSI as a non-invasive, scalable, and environmentally
sustainable tool for precision agriculture. The technology supports timely and targeted disease management,
potentially reducing the need for prophylactic fungicide applications and promoting more sustainable farming
practices.

Future research will focus on improving model robustness and generalizability through advanced machine
learning algorithms, with the goal of expanding the system’s applicability across diverse crops, pathogens, and
environmental monitoring contexts.

To classify hyperspectral image cubes (hypercubes), a two-step process was Implemented. First, pre-
processing was applied using a Savitsky—Golay filter (polynomial order 5, window width 7) for smoothing,
followed by Standard Normal Variate (SNV) transformation to remove bias. The cleaned data was then analysed
using a Partial Least Squares Discriminant Analysis (PLSDA) model, trained on four wheat plants representing
Increasing levels of yellow rust infection. Cross-validation was performed using a venetian blinds approach. Once
trained, the model was applied to the full hypercube—divided into smaller sections due to memory constraints—to
predict infection levels for each plant, enabling spatially resolved disease mapping.
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