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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—likely a conservative estimate. 

 To address this, our project aims to develop a regional 

monitoring tool for early and accurate detection of wheat 

rust using static and aerial imagery. We are conducting 

controlled lab experiments using spectrometry and 

hyperspectral imaging HSI to capture spectral (400-

 1000 nm) and spatial features of healthy and infected plants. In 

parallel, we perform aerial surveys of wheat plots with varying 

rust levels using multispectral and hyperspectral sensors. These 

complementary datasets bridge lab and field conditions, improve 

disease detection models, and support minimally invasive 

treatments, reducing environmental impact. Ultimately, our tool will empower end users to manage wheat 

rust more efficiently, promoting sustainable agriculture and global food resilience.

INTRODUCTION THE RAL Space UAV HSI System

Wavelength

Range (nm)

No of bands No of pixels

per channel

460-600 16 511x272 (~0.14MPix)

665-960 25 408x217 (~0.08MPix)
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NIR mosaic

VIS mosaic

UAS: DJI Matrice 600 pro

HSI Camera: Ximea Snapshot Mosaic

Frame Rate: 170 Hz 

Per-pixel design      Visible: 4x4

                                NIR: 5x5 

Aasen et al., 2018 
doi.org/10.3390/rs1007

1091

Field of view

~14° along the long axis

~11° along the short axis

Ground Sampling Distance 

@ 120 m

• RAW image: ~1.9 cm/pixel

• Vis single channel: ~7.5 cm/pixel

• NIR single channel: ~9.4 cm/pixel

@ 30 m

• RAW image: ~0.5 cm/pixel

• Vis single channel: ~1.9 cm/pixel

• NIR single channel: ~2.4 cm/pixel

Wheat under Yellow Rust attack - Business - DAWN.COM

METHODOLOGY
The project design combines static and aerial measurements to bridge the gap between controlled lab tests 

and real-world field conditions. 

This dual approach supports the development of accurate crop models and informed decision-making for 

sustainable agriculture.

RESULTS
The study demonstrated that hyperspectral imaging can effectively distinguish between healthy and rust-infected 

wheat, with yellow and brown rust showing distinct spectral signatures—particularly 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.

 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).

Process:

• Inoculated wheat leaves were imaged daily (Days 1–24 post-inoculation).

• Spectral libraries were created to track disease progression.

 2. Field Imaging

Objective: Capture real-world spectral data of wheat fields to validate lab findings and create classification 

model.

Tools Used:

• DJI Matrice 600 Pro with:

• RAL Space Hyperspectral Imaging System: : Captures 41 wavelengths (420–920 nm).

• Spectral Evolution RS-3500 Spectroradiometer: Measures full spectra (350–2500 nm).

Process:

• Aerial surveys conducted in May and June 2023.

• Ground validation by NIAB agronomists.

• Spectral data collected from healthy and infected leaves, including yellow and brown rust.

 Integration

•Data from both lab and field were used to:

• Develop spectral libraries.

• Train classification models (e.g., PLSDA).

• Support early detection of rust and improve model accuracy.
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Upper panel: Normalised spectral reflectance values from the RS-3500 spectroradiometer of healthy and infected wheat leaves 
under actual environmental conditions. Discrimination between different varieties and yellow and brown rust is also shown in the 
plot. 
Lower panel: Ratios of infected over healthy samples’ spectral reflectance values in the VIS-NIR spectral region. The RAL Space HS 
channels are depicted in red (VIS imager) and green (NIR imager) vertical lines.

Spectral ratios of 580/532 nm 

in blue, and 580/700 nm in 

red, from spectral reflectance 

measurements performed on 

18th May 2023 in the field 

plots at NIAB. 

Discrimination between 

healthy and diseased 

samples is also given by the 

vertical red dashed line.
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CLASSIFICATION 
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.

% Infection Yellow Rust

0 No infection observed

0.1 1 stripe per tiller

1 2 stripes per leaf

5
Most tillers infected but some 

top leaves uninfected

10
All leaves infected but leaves 

appear green overall

25
Leaves appear ½ infected ½ 

green

50
Leaves appear more infected 

than green

75 Very little green leaf tissue left

100
Leaves dead – no green tissue 

left

CONCLUSIONS
 This study demonstrated the feasibility and effectiveness of hyperspectral imaging (HSI) for the early 

detection and classification of wheat rust diseases under both controlled laboratory and dynamic field 

conditions. By integrating high-resolution, static lab-based imaging with broader aerial surveys, the research 

effectively bridged the gap between experimental precision and real-world variability, paving the way for 

practical agricultural applications.

 Spectral analysis revealed that yellow and brown rust infections produce distinct and consistent 

reflectance signatures, particularly within the red edge region (550–700 nm). These spectral patterns provide 

a reliable basis for early-stage disease identification, enabling interventions before visual symptoms become 

apparent.

 A Partial Least Squares Discriminant Analysis (PLSDA) model was developed and trained on the 

hyperspectral data, achieving high classification accuracy across multiple severity levels. The model's 

predictions aligned closely with expert ground-based assessments, affirming its diagnostic reliability. While 

some healthy plants were occasionally misclassified as lightly infected—likely due to spectral mixing effects or 

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.
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Ground Scoring in RED underneath each plant.

Early detection of yellow and brown rust in wheat
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