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ABSTRACT 

Detecting crop diseases early is vital for boosting 

agricultural output, minimizing financial losses, and 

ensuring global food security. Traditional detection 

methods, which primarily depend on visual 

inspection and RGB imaging, frequently miss early-

stage infections and can result in delayed treatment 

decisions. Hyperspectral imaging has recently 

emerged as a sophisticated sensing technology that 

captures detailed spectral data, revealing subtle 

physiological changes in plants before visible 

symptoms manifest. Meanwhile, deep learning 

techniques have demonstrated significant promise 

in managing high-dimensional data and 

autonomously identifying intricate spectral-spatial 

patterns to achieve precise disease classification. 

This paper offers a comprehensive review of 

research from 2015 to 2024 on leveraging 

hyperspectral imaging and deep learning for the 

early detection of crop diseases. This study 

evaluates and compares various approaches, 

ranging from traditional machine learning models 

and convolutional neural networks to emerging 

attention-based architectures, in terms of their 

effectiveness, scalability, and practical applicability. 

The study also addresses significant challenges, 

including high computational demands, the scarcity 

of labeled datasets, and obstacles to real-world field 

deployment. Furthermore, the study highlights 

critical research gaps and future opportunities, with 

a focus on developing efficient models, data-driven 

learning strategies, and cost-effective solutions for 

precision agriculture. The review highlights the 

increasing significance of combining hyperspectral 

sensing with intelligent algorithms to facilitate 

timely, accurate, and automated crop health 

monitoring. 

 

This research focuses on hyperspectral imaging, 

deep learning, and machine learning for plant 

disease detection within the realm of precision 

farming and agricultural technology.

 

1. INTRODUCTION 

Agriculture remains essential for sustaining the 

global population by guaranteeing food security, 

bolstering rural economies, and fostering economic 

stability. Nevertheless, crop diseases continue to 

pose one of the most significant challenges to global 

agricultural productivity. Fungal, bacterial, and viral 

infections can spread quickly across fields, 

diminishing both the quality and quantity of the crop 

yield. In many instances, farmers depend on manual 

inspection to spot disease symptoms, a process that 

is frequently time-consuming, subjective, and 

ineffective for early detection. A delayed diagnosis 

can lead to severe crop damage, higher pesticide 

consumption, and significant financial losses. 

As sensing technologies advance, modern 

agricultural monitoring is transitioning from 

traditional visual assessments to data-driven 

approaches. Among these methods, hyperspectral 

imaging has emerged as a promising technique for 

monitoring plant health. In contrast to standard RGB 

imaging, hyperspectral sensors acquire detailed 

reflectance data across hundreds of narrow 

https://ijnrd.org/
http://www.ijnrd.org/


INTERNATIONAL JOURNAL OF NOVEL RESEARCH AND DEVELOPMENT (IJNRD) 

© 2026 IJNRD | Volume 11, Issue 3, March 2026 | ISSN: 2456-4184 | IJNRD.ORG 

 

IJNRD2603338 IJNRD - International Journal of Novel Research and Development (www.ijnrd.org)  

 

d289 

wavelength bands. These spectral signatures offer 

insights into the physiological and biochemical state 

of plants, allowing for the early detection of stress 

or disease before visible symptoms emerge. This 

capability renders hyperspectral imaging especially 

valuable for early disease detection and precision 

agriculture. 

Meanwhile, deep learning has revolutionized image 

analysis by facilitating automated feature extraction 

and precise pattern recognition. Models like 

convolutional neural networks and spectral–spatial 

learning frameworks have demonstrated significant 

promise in analyzing complex hyperspectral 

datasets. These techniques can derive meaningful 

representations directly from raw data, thereby 

minimizing reliance on manual feature engineering 

and enhancing classification performance. 

Consequently, combining hyperspectral imaging 

with deep learning is becoming an increasingly 

sought-after solution for the early and precise 

detection of crop diseases. 

Despite these advancements, several challenges 

continue to hinder the widespread adoption of such 

systems. Hyperspectral data presents significant 

complexity and computational challenges, while 

labeled agricultural datasets remain scarce. 

Furthermore, real-world model performance can be 

influenced by variations in environmental 

conditions, crop types, and imaging configurations. 

These challenges underscore the necessity of a 

thorough review of current research to gain a deeper 

understanding of existing methodologies, pinpoint 

their limitations, and uncover avenues for 

enhancement. 

This paper provides a comprehensive review of 

recent advancements in hyperspectral imaging and 

deep learning for the early detection of crop 

diseases. The goal is to assess advancements in this 

field, evaluate the merits and limitations of various 

approaches, and identify research gaps that warrant 

further investigation. By summarizing current 

trends and challenges, the study aims to offer 

valuable insights for researchers developing 

practical, scalable, and efficient solutions in 

precision agriculture.

 

 

 

2.REVIEW METHODOLOGY 

This review study employed a systematic analysis 

of prior research on crop disease detection utilizing 

hyperspectral imaging and deep learning. Relevant 

literature was gathered from prominent academic 

databases such as IEEE Xplore, Springer, 

ScienceDirect, MDPI, and Google Scholar. The 

search mainly targeted research articles from 2015 

to 2024 to ensure the review captures recent 

developments and modern technological 

advancements in the field. 

To identify appropriate studies, we employed 

keywords including hyperspectral imaging, crop 

disease detection, deep learning in agriculture, 

CNNs for plant disease, 3D-CNN hyperspectral 

classification, and precision agriculture monitoring. 

The collected papers were screened for their 

relevance to early disease detection, the use of 

spectral imaging data, and the application of 

machine learning or deep learning models. To 

ensure the review's quality and relevance, studies 

relying solely on RGB image-based detection 

without spectral analysis or those lacking technical 

clarity were excluded. 

We meticulously reviewed the selected literature to 

comprehend the methodologies employed, 

encompassing data acquisition, preprocessing, 

feature extraction, and classification models. 

Particular emphasis was placed on widely adopted 

deep learning architectures, including 2D-CNNs, 

3D-CNNs, attention-based networks, and 

transformer models. We analyzed the performance 

trends, advantages, and limitations of these 

approaches to identify key patterns and research 

directions. 

Consequently, the reviewed studies were 

categorized into major groups to offer a structured 

perspective on technological advancements in this 

field. These findings were subsequently employed 

to identify research gaps, technical challenges, and 

future opportunities within hyperspectral-based 

crop disease detection systems. This methodology 

guarantees a balanced and comprehensive summary 

of existing research while minimizing the risk of 

content duplication.

 

. 
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3.  LITERATURE REVIEW 

In the last ten years, substantial research has been 

conducted on detecting crop diseases through 

advanced imaging and machine learning methods. 

Early research mainly depended on visual 

inspections and standard image processing 

techniques applied to RGB images. Although these 

methods offered fundamental insights into plant 

health, their efficacy was constrained by reliance on 

visible symptoms and manual feature extraction. 

Consequently, they frequently struggled to detect 

diseases in their early stages or maintain consistent 

performance across different environmental 

conditions. 

As machine learning techniques advanced, 

researchers started applying algorithms like Support 

Vector Machines (SVM), k-Nearest Neighbors 

(KNN), and Random Forest classifiers to 

agricultural datasets. These models enhanced 

classification performance over manual methods by 

analyzing patterns in plant texture, color, and shape. 

However, their success relied heavily on manually 

crafted feature extraction and the meticulous 

selection of input parameters. This rendered the 

process time-consuming and ill-suited for large-

scale agricultural use. 

The advent of hyperspectral imaging represented a 

significant turning point in plant disease detection 

research. In contrast to conventional imaging 

systems, hyperspectral sensors acquire detailed 

reflectance data across hundreds of narrow 

wavelength bands. These spectral signatures enable 

the detection of physiological and biochemical 

changes in plants prior to the emergence of visible 

symptoms. Multiple studies have shown that 

hyperspectral data can effectively distinguish 

between healthy and diseased crops by detecting 

subtle changes in leaf composition, moisture levels, 

and stress markers. 

In recent years, deep learning techniques have 

gained increasing popularity for analyzing 

hyperspectral data because of their capacity to 

automatically extract complex features. 

Convolutional Neural Networks (CNNs) have 

demonstrated exceptional performance in image 

classification by directly learning spatial patterns 

from raw data. Two-dimensional CNN models have 

achieved superior accuracy in plant disease 

detection compared to traditional machine learning 

methods. However, these models mainly emphasize 

spatial features and often fail to fully exploit the 

abundant spectral information available in 

hyperspectral datasets. 

To overcome this limitation, researchers have 

developed three-dimensional CNN architectures 

that process hyperspectral data cubes by 

simultaneously capturing both spectral and spatial 

features. These models have demonstrated enhanced 

accuracy and robustness in detecting early signs of 

disease. Although 3D-CNNs are effective, their high 

computational demands and reliance on extensive 

labeled datasets limit their practical application in 

real-time agricultural systems. 

More recently, attention-based networks and 

transformer models have been investigated for 

hyperspectral image analysis. These advanced 

architectures can more efficiently capture long-

range dependencies across spectral bands and 

identify key features. Initial results indicate that 

transformer-based models can achieve state-of-the-

art performance in classification tasks. 

Nevertheless, their application in agriculture 

remains in its infancy, frequently necessitating vast 

amounts of training data and robust high-

performance computing resources. 

Beyond model development, researchers have also 

investigated the application of unmanned aerial 

vehicles (UAVs) with hyperspectral sensors for 

large-scale crop monitoring. This method enables 

non-invasive and rapid data collection across vast 

farmland areas, facilitating prompt disease detection 

and management. Despite their potential, UAV-

based systems encounter significant hurdles, 

including high operational expenses, data 

inconsistency caused by environmental factors, and 

restricted flight endurance. 

In summary, the reviewed literature underscores a 

distinct shift from conventional observation 

methods to intelligent, data-driven approaches for 

detecting crop diseases. Although the integration of 

hyperspectral imaging and deep learning holds great 

promise for early and precise diagnosis, significant 

hurdles regarding data accessibility, computational 

demands, and practical deployment persist. These 

constraints highlight the necessity for ongoing 

research aimed at creating efficient, scalable, and 

cost-effective solutions tailored for real-world 
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agricultural settings.

 

4.RESEARCH GAP 

Although hyperspectral imaging and deep learning 

have achieved notable advancements in crop disease 

detection, several unresolved challenges and 

unexplored domains continue to hinder their 

practical implementation in real-world agricultural 

settings. Most existing research has concentrated on 

attaining high classification accuracy within 

controlled laboratory settings, frequently relying on 

restricted datasets derived from particular crop 

varieties. Consequently, numerous proposed models 

face challenges in generalizing across diverse crops, 

geographical areas, and varying environmental 

factors such as lighting, soil backgrounds, and plant 

growth stages. 

Another significant gap is the lack of large, high-

quality labeled hyperspectral datasets. Gathering 

and annotating this data demands expert knowledge, 

specialized equipment, and significant time, thereby 

restricting large-scale experimentation and model 

training. As a result, the reliance of many deep 

learning models on limited datasets compromises 

their reliability and robustness in real-world 

applications. 

Furthermore, although advanced architectures like 

3D convolutional neural networks and transformer-

based models demonstrate promising performance, 

they typically demand substantial computational 

power and memory resources. This complicates 

real-time deployment, particularly in rural 

agricultural areas where access to high-performance 

hardware is often restricted. There is an increasing 

demand for lightweight, energy-efficient models 

capable of running on portable devices, drones, and 

edge computing platforms without sacrificing 

accuracy. 

Another research gap is the lack of attention to real-

time disease monitoring systems capable of offering 

farmers timely decision support. Many current 

approaches are still experimental and have not yet 

been fully incorporated into user-friendly platforms 

or field-ready solutions. Moreover, studies 

frequently assess performance on a single dataset, 

failing to capture the complexity and variability 

inherent in real-world agricultural settings. 

Finally, there is an absence of standardized 

benchmarking frameworks for comparing different 

models and techniques. The diversity in datasets, 

preprocessing techniques, and evaluation metrics 

complicates the assessment of which approaches are 

best suited for large-scale deployment. Bridging 

these gaps demands future research prioritize the 

development of scalable models, the creation of 

diverse and publicly accessible datasets, and the 

design of cost-effective solutions suitable for 

practical deployment in precision agriculture 

systems.

 

 

 5. CHALLENGES AND LIMITATIONS 

Despite significant advancements, various obstacles 

continue to impede the broad implementation of 

hyperspectral-based disease detection systems. The 

substantial storage and computational resources 

needed for hyperspectral datasets stem from their 

large size and high dimensionality. The scarcity of 

labeled agricultural datasets hinders a model's 

ability to generalize across various crop types and 

environmental conditions. Furthermore, 

fluctuations in lighting conditions, soil 

backgrounds, and plant growth stages can impact 

system reliability. Creating robust and efficient 

solutions continues to be a primary research focus.

 

6. FUTURE ENHANCEMENT 

Future research should prioritize creating 

lightweight, energy-efficient deep learning models 

tailored for real-time field use. Strategies such as 

transfer learning and self-supervised learning can 

help overcome the limitations imposed by a lack of 

labeled data. Combining hyperspectral sensors with 

complementary imaging technologies could further 

improve detection accuracy. Furthermore, the 

creation of standardized datasets and benchmarking 

protocols will facilitate consistent assessment of 

research results.

 

7. Conclusion 

This review offers a thorough examination of recent 

progress in detecting crop diseases through the 

application of hyperspectral imaging and deep 

learning. The study underscores the shift from 
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traditional manual inspection and RGB imaging to 

data-driven methods that enable early detection of 

plant stress and infections. While hyperspectral 

imaging captures detailed spectral data that reveals 

subtle physiological shifts in plants, deep learning 

models facilitate the automated extraction of 

significant spectral-spatial features, thereby 

enhancing both detection accuracy and reliability. 

Existing literature highlights a distinct shift from 

traditional machine learning approaches to 

sophisticated deep learning architectures, including 

convolutional neural networks, 3D-CNN models, 

and novel attention-based methods. These methods 

have shown great promise in detecting diseases 

before visible symptoms emerge, thereby 

facilitating timely interventions and minimizing 

crop losses. Nevertheless, despite encouraging 

outcomes, significant practical hurdles persist, such 

as substantial computational demands, a scarcity of 

labeled hyperspectral data, and challenges in 

deploying these systems in real-world settings. 

The review also highlighted critical research gaps 

concerning model scalability, real-time 

implementation, and the necessity for cost-effective 

solutions tailored to large-scale agricultural 

applications. Future studies should prioritize 

creating lightweight and efficient models, 

enhancing data accessibility via collaborative 

datasets, and merging sensing technologies with 

intelligent decision-support systems. These 

initiatives can help narrow the divide between 

laboratory research and real-world applications. 

In summary, combining hyperspectral imaging with 

deep learning offers a potent and promising avenue 

for advancing precision agriculture. As sensing 

technologies, computational methods, and data 

accessibility continue to advance, intelligent 

systems hold the promise of revolutionizing crop 

health monitoring through early, accurate, and 

automated disease detection, thereby boosting 

agricultural productivity and fostering sustainable 

farming practices.
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