© May 2025 | JIRT | Volume 11 Issue 12 | ISSN: 2349-6002

Plant Species Detection Using Deep Learning

Mr. Sunil Kumar Yadav?, Dr. S.K Singh?, Gaurav Pathak®, Chintu Raj Gupta®, Abhishek Mishra®
IT Department, Galgotias college of engineering & technology knowledge park 2 greater Noida 201310

Abstract—Plants are central to maintaining life on Earth,
providing vital resources such as food, medicine, and
shelter, as well as maintaining biodiversity and ecological
balance. Traditional approaches to plant species
identification tend to be manual, time-consuming, and
reliant on specialized knowledge, hence less accessible to
the general public. This paper introduces the design of
an intelligent mobile app that employs deep learning
algorithms to facilitate effective and precise plant species
recognition and their growth stages. The system is
optimized with a user-friendly interface to provide
simplicity of use across various groups of users.
Moreover, the app involves a novel reward system using
blockchain and crypto technologies to encourage users to
adopt sustainable behavior. Both educational and
conservation goals, this novel framework integrates
artificial intelligence with environmental imperatives,
with the goal of augmenting environmental knowledge
and enhancing sustainable behavior by breaking past the
constraints of conventional identification mechanisms.

Index Terms—Plant diseases Deep learning Precision
agriculture Generalization Review Survey

I INTRODUCTION

Plants: Pillars of Ecosystem Stability

Plants are the backbone of life on Earth, forming the
basis of ecological, economic, and societal well-being.
Their unmatched ability to convert sunlight into
energy through photosynthesis makes them the
primary producers in almost all terrestrial and aquatic
ecosystems. By maintaining biodiversity, regulating
environmental processes, and contributing to human
industries, plants play an indispensable role in the
stability and prosperity of life on the planet.

A. Ecological Significance

a. Biodiversity Support:

Plants provide habitats for an incredibly diverse range
of organisms, from microscopic fungi to large
mammals. A single tree in a forest can support
hundreds of species, providing food, shelter, and
breeding grounds.
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b. Carbon Sequestration:

Through photosynthesis, they absorb atmospheric
carbon dioxide and convert it into organic matter, that
is, serving as sinks for carbon.

c. Regulation of the Water Cycle

Plants play a vital role in the hydrological cycle.
Through transpiration, forests and vegetation regulate
rainfall patterns by releasing water vapor.

d. Oxygen Production;
Oxygen, essential for most life forms, is a byproduct
of photosynthesis.

B. Economic Contributions of Plants

Plants are vital to the global economy, directly and
indirectly influencing numerous industries and
livelihoods.

a. Agriculture:

Primary Source of Food: Cereals such as wheat, rice,
and maize are staples of diet for billions of human
beings across the globe.

b. Medicine:
e Pharmaceuticals: Many lifesaving medicines are
derived from plant-related compounds.

c. Industries:

e Textiles: Cotton, jute, flax, and hemp plants are
the raw materials for fabric production and form
the backbone of the global textile industry.

o Biofuels: Bioethanol is made from sugarcane and
corn with the increasing demand for sustainable
energy, while biodiesel is extracted from oil-
producing crops like jatropha and soybeans.

1. LITERATURE REVIEW

Deep learning and mobile technology advancements
have greatly revolutionized the identification of plant
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species, significantly  enhancing classification
accuracy and efficiency. While manual inspection was
used in traditional methods, Al-based methods now
automate feature extraction, enhancing the robustness
of the recognition process. This section discusses
several studies on machine learning models,
geolocation-based ecological analysis, mobile apps,
and plant species classification.

A. CNN-Based Plant Identification

B.K. Varghese et al. (2020) delved into the
shortcomings of traditional species classification,
which frequently relies on manual trait analysis by
experts.  Their research  demonstrated how
Convolutional Neural Networks (CNNs) are able to
automatically extract and analyze key leaf features to
provide better classification results. They further
discussed the use of TFLite and transfer learning to
enhance recognition functions on resource-limited
devices, enabling wider adoption.

B. Mobile Applications in Plant Research

The application of deep learning models to mobile
apps has facilitated easier plant identification by
farmers and researchers. Prabavadhi & S (2023) used
YOLOv5 for real-time mobile plant detection,
achieving high precision and recall—especially in
distinguishing weeds and medicinal plants. The study
indicates the promise of mobile platforms as feasible
tools for agricultural diagnosis and botanical research.

C. Cross-Platform App Development

Charkaoui et al. (2014) assessed cross-platform
frameworks for developing mobile plant identification
apps, highlighting the benefit of having easier
accessibility. Nonetheless, they also noted that these
frameworks may pay performance costs in relation to
native apps. The research focused on the imperative of
cross-platform solution optimization for ensuring
usability as well as performance.

D. GeoAl-Enabled Mobile Frameworks

Nishikanta Parida et al. (2023) stressed the critical
position of plants in human existence and investigated
the relevance of leaf-based identification, particularly
in emergency cases such as military operations or
explorations in the wilderness. They suggested a
GeoAl system on mobile that performs leaf image
processing with deep learning for real-time
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classification. A prototype illustrated the end-to-end
workflow—from mobile device-based image capture
to server-side processing and model assessment.

E. Ensemble Models for Medicinal Plant
Classification

Epie F. Custodio (2024) conducted a study employing
ensemble methods to classify medicinal plant leaves.
The study merged five CNN architectures—
ResNet50, ResNet101, ResNetl52, VGG16, and
VGG19—and achieved a classification accuracy of
98.22%. The research also emphasized the advantages
of transfer learning (less training time and improved
performance) and data augmentation (increased
robustness with varied image inputs).

F. User Interface Design in Scientific Apps

Pandey et al. (2024) examined the challenges of user
adoption in scientific apps. Under user-centered
design (UCD) practices, they ascertained three crucial
factors affecting usability: intuitive camera
integration, precise result display, and efficient data
collection  workflows. The study concluded
continuous user testing as a prerequisite for ensuring
the long-term usability of plant identification tools in
field settings.

.  METHODOLOGY
The proposed system is designed as a modular and

interconnected framework to ensure robustness,
scalability, and ease of use.

[ FRONTEND }—)[ BACKEND ]—)[ MODEL ]—)[DATABASE]

display data receiving processing store data

L request J

a. Frontend
The frontend is the user interface of the application,
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providing the link between the users and the backend
system.

b. Backend

The backend is the heart of the system, which manages
the flow of data between the frontend and the deep
learning model

c. Deep Learning Model

The deep learning model is at the heart of the system,
performing the critical task of plant species
classification.

d. Application Features

The application proposed here combines modern
technologies and user-centered design to produce an
effective, intuitive, and powerful tool for the
identification of plant species.

e. User-Friendly Design

The application is designed to be simple and
accessible, so that all technical backgrounds can easily
navigate and use its features.

f.  Intuitive Navigation

The application has a clean and minimalistic layout
with core functionalities such as uploading images,
viewing classification results, and accessing additional
information.

g. Real-Time Feedback

After uploading the image, the application processes
the image using the in-built deep learning model and
shows the results within seconds.

h. Sophisticated Detection Features

This app employs state-of-the-art deep learning
models for high-class features in identifying species of
plants.

i.  Multiple Species Identification
It is trained on a large and diverse dataset, covering
various plant species

j- Model Training and Testing

Training and testing a deep learning model is of
paramount importance in achieving high accuracy and
reliability for plant species identification.
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1. Training Process

Training a deep learning model consists of teaching it
to identify patterns and features from labeled data. In
the case of plant species identification, the model
employs labeled images of plants.

i Input Data:
The preprocessed images of plants are fed into the
model. They have been resized and normalized to the
required input dimensions of the model architecture.

ii. Model Architecture:
During the training, the model utilises CNN
architecture composed of the following components.

iii. Regularization
The following is used to fight overfitting in the
training phase.

iv. Training Iterations:
The Data Set is divided into training subset, validation
subset and a testing subset, usually 70%—15%—15%.

2. Testing Process

Once the training phase is complete, the model is
evaluated on a separate testing dataset to measure its
generalization ability.

i. Generalization Testing:
The model is tested on images from other conditions,
such as new environments, lighting conditions, and
growth stages, to check its robustness and adaptability.

ii. Iterative Optimization
Model training and testing are iterative processes.
Testing insights are used to refine the model

iii. Challenges in Training and Testing
Several challenges arise during the training and testing
phases, requiring careful attention to mitigate:

iv. Overfitting:
The model may work well on the training dataset but
fail to generalize to data it has not seen.

V. Model Initialization
The deep learning model is initialized with random or
pre-trained weights.
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3. Training Phase

i. Forward Propagation:
Each image is forwarded to the model, and its output
is compared to the true label.

ii. Backward Propagation and Optimization:
The model adjusts its parameters (weights and biases)
with the help of optimization algorithms.

iii. Epochs and Batch Training:
Training is done over multiple epochs. Each epoch
represents one complete pass through the dataset.

iv. Validation Phase
A separate validation dataset is applied after each
epoch to test the model's performance.

V. Regularization
Regularization methods are applied in an attempt to
enhance.

IV. RESULT

Deep learning algorithms, specifically CNNs, have
also proven to be very promising for plant species
recognition from bespoke datasets with a 82%
accuracy level. The model has also been integrated
successfully into a mobile app, enabling plant
identification to become more user-friendly and
accessible. Still, image quality issues and plant growth
variability persist, and future work focuses on
extending datasets and increasing model resilience
towards higher accuracy and reliability levels.

V. CONCLUSION

The study illustrates the very high capability of deep
learning in identifying plant species with precision and
efficiency, a quicker and more dependable option over
conventional techniques. Through the utilisation of
convolutional neural networks and large databases of
images, the model cuts down on the possibility of
human error and also decreases the expert intervention
required, rendering it immensely practical for farmers,
researchers, and conservationists.

Its flexibility allows it to be more useful in precision

agriculture and biodiversity assessment. It can speed
up crop management, and disease discovery, in
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agriculture, as well as speed up field identification of
species in  conservation.  Improvement in
computational power, model architecture, and dataset
diversity will continue to improve its performance and
ability to generalize.

With continued growth in Al and image analysis, these
types of tools can revolutionize automated agriculture
management, environmental monitoring, and plant
classification, enabling more informed and effective
decision-making.

VI. FUTURE SCOPE

Future development will extend the dataset to include
a broad spectrum of plant species from many different
regions and enhance model precision and flexibility.
Geolocation integration will enable the user to get
information on region-specific plants, making the
system more relevant and useful.—

Optimization for use on mobile phones in real time
will make convenient plant identification and tracking
possible. A customized user perspective will facilitate
plant growth monitoring over time, enabling users to
record images, monitor growth measurements like
height and leaf growth, and see changes with every
new photo. These features will enhance the plant care
experience as more interactive, data-based, and
informative. These developments seek to create a user-
centric, smart tool for encouraging sustainable
agriculture and environmental consciousness.
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