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Abstract

The application of high-performance computing
(HPC), specifically Message Passing Interface
(MPI), in conjunction with sophisticated techniques

for image processing, has transformed monitoring

and management capabilities of plant health within
hydroponic systems. This research paper discusses
the role of HPC in improving the precision and
effectiveness of monitoring plant  health in
hydroponics. With powerful computational resources
at their disposal, real-time image analysis and
machine learning can now be performed to build

frameworks aimed towards early detection of various

diseases, nutrient scarcity, and environmental
stressors on plants. Proposed systems incorporating
imaging devices with heightened resolution capture
data using multispectral and hyperspectral cameras
which are subsequently processed using HPC for Big
Data parallel processing and analysis. Machine
learning algorithms are taught to recognize minute
alterations concerning a given threshold value
holistically within the plant structure or its spectral
signatures and therefore enable timely corrective
actions so that resource allocation are optimally
utilized. Results obtained showcase an enhanced
accuracy when markers for plant wellness were
tracked alongside better yields in conjunction with
efficiency of resources utilized in  farming
hydroponically.

1. Introduction

Hydroponics, a method of growing plants
without soil, has gained prominence as a
sustainable agricultural practice. However,
maintaining optimal plant health in
hydroponic systems requires continuous
monitoring of various parameters, including
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nutrient levels, pH, temperature, and
humidity. Traditional monitoring methods
are often labor-intensive and may not
provide real-time insights. The advent of
high-performance computing (HPC) and
advanced 1image processing techniques
offers a promising solution to these
challenges. By integrating HPC with
imaging technologies, it is possible to
automate the monitoring process, enabling
real-time detection of plant health issues and
facilitating timely interventions.

2. Literature Survey
2.1. Image Processing in Hydroponics

2.1. Hydroponic  Image  Processing
The use of image processing techniques for
hydroponic plant health monitoring has been
investigated in recent studies. Alagambigai
et al. (2020), for example, created an
Internet of Things (IoT)-based hydroponic
plant monitoring system that uses image
processing to evaluate the health of the
plants. The system uses a variety of sensors
and cameras to take pictures of plant leaves,
which are subsequently examined to find
indications of nutrient deficiencies and
disease. Similar to this, Sayed (2024)
unveiled an  Al-powered  precision
aeroponics system that wuses image
processing and deep learning to identify
plants and track their health. The system
analyzes plant photos using deep learning
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algorithms and high-resolution cameras to
provide information about the growth stages
and overall health of the plants.

2.2. High-Performance Computing in
Agriculture

In agriculture, high-performance computing
is being used more and more to process big
data and carry out intricate analyses. When
it comes to hydroponics, HPC makes it
possible to process high-resolution photos
and use machine learning algorithms to
identify minute variations in plant health.
More effective and sustainable farming
methods result from the early detection of
problems like diseases, pests, and nutrient
deficiencies made possible by this
capability.

Table 1: Literature Survey on Image
Processing and HPC in Hydroponics

Author(s),Title /

Author(s), Title /

System,Technology |Key Contributions

Used

Alagambigai et al.

2020 Developed a
system for

IoT-based monitoring  plant

i{ydroponics health using image

Monitoring System analysis and
environmental

Image Processing, [oT|[|[3°™SOTS:

Sensors

Sayed2024 Implemented CNN5s

Al-driven  Precision]° identify ~ plant

diseases and growth
stages; integrated Al
for precision
farming.

Aeroponics System

Deep Learning, High-
Res Cameras

Sharma et al.2021 Applied SVM and k-

NN classifiers on

System,Technology |Key Contributions
Used
Automated Leaf|jsegmented leaf]
Disease Detection images to detect
diseases in
Machine  Learning,|/controlled
Feature Extraction environments.
Li & Chen2019 Used spectral
Hyperspectral Image signatures to identify
Analvsis for Lettuce nutrient deficiencies
y and water stress in
Hyperspectral hydroponic  lettuce
Imaging, PCA, SVM systems.
Kumar et al.2022
Smart Agriculture z,i,rﬁzgzgitegf Hglg
Using HPC  and|. :
. in processing
Remote Sensing satellite data and
HPC Remote|€7OP image analysis.
Sensing, Image Fusion
Zhang et 2023al.2023 Achieved high
Real-time Plant classification
Disease Classification|[ ooy using
usine ResNet ResNet on real-time
g crop images from
CNN (ResNet), Real- gre;nhouse
environments.

time Image Capture

Ahmed et al.2020

Multispectral Imaging
for Disease Detection
in Tomato Plants

Employed machine
learning on
multispectral data to
distinguish between
healthy and infected

Multispectral

. tomato leaves.

Imaging, Random

Forests

Patel & Mehta2018  |[Introduced an
algorithm to enhance

Leaf Disease|jsegmentation

Detection Using|laccuracy of diseased
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Author(s),Title /

System,Technology |Key Contributions

Used

Image Segmentation |regions in  plant
leaves.

Image Processing,

Morphological

Filtering

3. Methodologies
3.1. System Architecture

The proposed system architecture integrates
high-resolution imaging devices, such as
multispectral and hyperspectral cameras,
with HPC infrastructure. The imaging
devices capture detailed images of plant
leaves, which are then processed using
advanced image processing techniques.
Machine learning models are employed to
analyze the images and identify indicators of
plant health, including changes in color,
texture, and shape. The system is designed
to operate in real-time, providing continuous
monitoring of plant heal.

3.2. Image Processing Techniques

Various image processing techniques are
utilized to enhance the quality of the

captured 1mages and extract relevant
features for analysis. These techniques
include image segmentation, feature
extraction, and  pattern  recognition.

Segmentation is used to isolate regions of
interest in the images, such as plant leaves.
Feature extraction involves identifying key
characteristics, such as color and texture,
that are indicative of plant health. Pattern
recognition algorithms are then applied to
classify the plant health status based on the
extracted features.

3.3. Machine Learning Models

Machine learning models, particularly
convolutional neural networks (CNNs), are
employed to analyze the processed images
and classify plant health status. CNNs are
well-suited for image analysis tasks due to
their ability to learn hierarchical features
from raw image data. The models are trained
on a dataset of labeled images, with each
image corresponding to a specific plant
health condition. Once trained, the models
can accurately predict the health status of
plants based on new, unseen images.

4. Comparison of Algorithms

Several machine learning algorithms were
evaluated for their performance in plant
health classification tasks. The evaluation
metrics included accuracy, precision, recall,
and Fl-score. Among the algorithms tested,
convolutional neural networks (CNNs)
demonstrated superior performance in terms
of accuracy and Fl-score. Specifically, the
ResNet-50  architecture  achieved an
accuracy of 99% in 10 epochs,
outperforming other models such as VGG-
19 and AlexNet, which achieved accuracies
of 50% and 80%, respective

The high performance of CNNs can be
attributed to their deep architecture, which
allows for the learning of complex features
from images. So we include MPI
mechanism and its gather function for image
analysis using 4 cluster node.Additionally,
the use of transfer learning, where models
pre-trained on large datasets are fine-tuned
on specific tasks, further enhances the
performance of CNNs in plant health
monitoring applications.

Anveshana’s International Journal of Research in Engineering and Applied Sciences
EMAILID:anveshanaindia@gmail.com, WEBSITE:www.anveshanaindia.com
26


mailto:anveshanaindia@gmail.com
http://www.anveshanaindia.com/

<i ‘\\l‘.

RERF

AIJREAS

VOLUME 10, ISSUE 7 (2025, JUL)

(ISSN-2455-6300)ONLINE

Anveshana’s International Journal of Research in Engineering and Applied Sciences

Accuracy

0875

0.87

0.865

0.86

0.855

B Accuracy
085 -+

0.845 -

0.84 -

Non-MPIVersion MPI Version

Fig 1:Accuracy Comparisons

0.89

0.88

0.87

0.86

0.5 1 Non-MPIVersion

B MPIVersion
0.34 -

0.83 -

0.82 -

FlScore  FlScore  FlScore  Fl-Score
(Class-K) ~ (Class-N)  (Class-P)  (ClassFN)

Fig 2:F1 score Comaparison among MPI &
Non MPI

Training Time (in hours)

14

12

10

6 B Training Time (in hours)

Non-MPIVersion MPIVersion

Fig.3 Training time Comparisons
5. Analysis

The integration of high-performance
computing with advanced image processing
techniques has shown promising results in
plant health monitoring for hydroponic
systems.  The  real-time  processing
capabilities of the system enable the early
detection of plant health issues, allowing for
timely interventions. Furthermore, the use of
machine learning models enhances the
accuracy of plant health assessments,
reducing the reliance on manual inspections.

However, challenges remain in terms of
system scalability and the need for large,
labeled datasets for training machine
learning models. Future research should
focus on addressing these challenges by
developing scalable systems and augmenting
datasets to improve model generalization.

6. Conclusion

The application of high-performance
computing and advanced image processing
techniques in hydroponic plant health
monitoring offers significant advantages in
terms of efficiency and accuracy. By
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automating the monitoring process and
leveraging machine learning algorithms one
can gain remarkable profits in hydroponics
farming,
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