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Problem statement

Identifying medicinal plants and their raw materials
precisely and efficiently is essential for industries
such as pharmaceutical, nutraceutical, cosmetics and
traditional medicine products. Traditionally, this
process depends on the expert knowledge of the
appearance, structure and classification of a plant.
However, these methods are often slow, intensive in
labor and can be prone to errors. In many remote areas
or resources little resources, where a large number of
valuable medicinal plants grow, qualified botanists
cannot be available. This can lead to erroneous
identification or adulteration of plant materials, which
not only reduces the effectiveness of products, but can
also raise serious health risks and cause financial
losses. To address these challenges, this research
focuses on developing a faster, more reliable and
profitable solution through the use of image
processing and automatic learning to automate the
identification of medicinal plants and their raw forms.

ABSTRACT

The identification of species of plants with precision
provides important benefits to a wide range of people
and organizations, including forest, botanical,
taxonomist  services, doctors, pharmaceutical
companies, conservation groups, governments and
the general public. Because of this, there is a growing
interest in creating automated systems that can
recognize different plant species efficiently. This
project presents a fully automated approach to
identify medicinal plants using computer vision and
automatic  learning. Our method combines
information on the front and rear sides of the green
leaves, along with their physical characteristics, to
create a powerful set of characteristics that improve
identification precision.

To build our system, we create a personalized
database scanning and photographing leaves of
medicinal plants commonly used in a laboratory
environment. We collect leaves of several species and
capture images using a standard webcam. From these

images, we extract a wide range of characteristics,
such as the length of the leaf, the width, the perimeter,
the area, the color, the complexity of the shape and
more, and calculate additional  derivative
characteristics. Among the various automatic
learning models that we tested, the random forest
classifier gave us the best performance, achieving an
accuracy of 90.1% using the cross validation 10
times. He surpassed other models such as K-Nears
neighbors, naive Bayes, support vectors and even
neural networks.

These promising results suggest a strong potential for
future development. Our next steps include
expanding the data set and exploring deep learning
methods using high performance computer science.
As far as we know, this is the first project to create a
set of image data specifically for medicinal plants.
We imagine that a future web or mobile application
based on this system could train local communities to
better understand medicinal plants, help researchers
and taxonomists at work and support conservation
efforts for endangered species.

1. INTRODUCTION

Medicinal plants have been used for centuries in
traditional healing practices worldwide, and even
today, they remain a key source to discover new
pharmaceutical products and health related. As the
global demand for herbal remedies and natural
supplements continues to increase, it is more
important than ever making sure that the plant
materials used are authentic, safe and high quality. In
the heart of this effort is the need for a precise
identification of the plant.

Traditionally, plants identification implies to closely
examine parts such as leaves, stems, flowers, fruits
and roots, often requiring expert knowledge and
comparison with preserved samples. These methods
can be slow, subjective and not very practical when it
comes to broken, processed or powdered plant
materials. In addition to that, factors such as
geographical location, environmental conditions and
plant growth stage can affect the way it is seen,
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making identification even more complicated,
sometimes even for experienced botanists.
Fortunately, advances in digital images and automatic
learning offer new powerful tools to address this
problem. With image processing, we can extract
measurable characteristics from the images of the
plant, while automatic learning models can analyze
these characteristics to recognize patterns and
accurately classify different species or raw materials.
This combination of technology and biology is a great
promise to create faster, more reliable and scalable
solutions to identify medicinal plants. Through this
research, our goal is to explore how well these
technologies can address the continuous challenge of
precise identification, something that can benefit all
those involved, from farmers and researchers to
manufacturers and consumers.

2.RESEARCH GAP OR EXISTING METHODS

Medicinal plants, each offers certain benefits, but also
face key limitations. Traditional identification
through the observation of the physical characteristics
of a plant is still widely used, but it can be subjective
and does not scale well when it comes to large
volumes or varied plant materials. The most advanced
techniques, such as chemical analysis, tools such as
chromatography or spectroscopy, can reveal the
chemical composition of a plant and help confirm its
identity. However, these methods often require
expensive laboratory equipment, trained
professionals and sometimes can damage the sample.
Molecular techniques such as DNA barcode are
highly precise, but involve complex steps such as
DNA extraction and analysis, which makes them less
practices for rapid or site identification.

In recent years, interest has grown in the use of
images to identify plants. The researchers have
applied image processing techniques that analyze the
color of the leaves, the shape and the texture, and
combined them with automatic learning models such
as support vector machines (SVM), K-Nearsst
Neighbours (K-NN) and random forests (RF). These
approaches have delivered promising results in some
cases, but generally depend on the manual selection
of characteristics, which can take a long time and
cannot work well in different species or data sets.
With the growing availability of great images of
image data and advances in deep learning, especially
convolutional neural networks (CNN), image
recognition has seen significant improvements.
However, the application of deep learning

specifically to the identification of medicinal plants
and their raw materials still presents several
challenges:

Limited data sets: There is a lack of large and well -
marked image data sets specifically focused on a wide
variety of medicinal plants and their raw forms.
Similarity and variation of species: distinguish
between species of similar aspect and take into
account differences within the same species due to
environmental or developmental factors remains
difficult.

Real -time use in low power devices: Make deep
learning models efficiently work on mobile devices
or field environments without sacrificing speed or
precision remains a technical obstacle.
Interpretability: Understanding how deep learning
models make their decisions is important not only to
improve performance but also to gain confidence and
attract significant biological ideas.

This research aims to address some of these key
challenges [Insert your specific approach here, such
as: Design and test a personalized CNN model, build
a new medical leaf image data set, develop a light
model for mobile use or create a more interpretable
features extraction method.

Traditional methods

1. Manual taxonomy: This traditional approach
depends on the experience of trained botanists who
classify plants carefully examining their physical
features.

Limitations: It is a slow and intensive process in labor
that requires specialized knowledge, which makes the
scale of large data sets or generalized use difficult.

2. Morphological manual: These are enlightened
reference books that help users identify plants when
comparing them visually with images or descriptions.
Limitations: interpretation can be subjective, and
these guides often struggle to explain subtle
differences between similar species.

Computer approaches

- Rule -based systems: These systems use fixed rules
or thresholds to identify characteristics based on
sheets such as sheet shape, size or vein patterns.
Limitations: Although simple, they fight to adapt to
the natural variations found in plants and often fail to
capture complex or irregular forms, which limits its
effectiveness in the real world scenarios.

Basic image processing: This includes methods such
as edge detection, color analysis or comparison of
histograms to extract visual characteristics from the
plant images.
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Limitations: These techniques often work badly when
the images are noisy, unclear or contain overlapping
characteristics, which makes them little reliable for
consistent identification.

Automatic learning techniques

1.K More general neighbors (K-NN): This is a direct
and intuitive algorithm that classifies new samples
based on the 'closest' examples in the training set.
Limitations: Although it is easy to implement, it does
not work well with large or high -dimension data sets,
where the notion of "closeness" becomes less
significant.

2. Support Vector Machines (SVM): Known for its
precision with smaller data sets, SVMs are useful for
separating complex data patterns.

Limitations: its performance depends largely on
choosing the correct nucleus function, and can be
computationally intensive as the data set grows.

3. Bayes Nnive: This algorithm is fast and efficient,
especially with large data sets, and works well in
many cases.

Limitations: It assumes that all the characteristics are
independent of each other, a condition rarely fulfilled
in the plant data, where many characteristics are
interrelated.

Challenges in practice:

Unbalanced data sets: In many plants identification
tasks, rare or less common species are sub -present,
which makes it difficult for models to learn their
characteristics with precision.

Complexity of characteristics: Medicinal plants can
vary widely in form, size and texture. Capture
significant and distinctive characteristics in such
diverse species is a significant technical obstacle.
Challenges

One of the main challenges in the identification of the
medicinal plant is to deal with unbalanced data sets.
Rare or less commonly found species often have
much less image samples compared to the most
common. This makes it difficult for automatic
learning models to learn their unique characteristics
with precision, often leading to biased predictions in
favor of the majority classes.

Another key issue is the complexity of the
characteristics. Medicinal plants vary greatly in their
visual characteristics, such as the shape of the leaf,
color, texture and size, not only between species, but
sometimes even within the same species due to
differences in age, environment or health. Capture
and distinguish these subtle but important features in
a way that a machine

3. PROPOSED METHODOLOGY

To accurately identify medicinal plants and their raw
materials using image processing and automatic
learning, this study follows a systematic approach
composed of several key stages:

1. Data collection:

The basis of this methodology lies in gathering a
different and extensive data set of plants images.
These images will be collected under a variety of
conditions, including different angles, lighting
environments and funds, to reflect real world
scenarios. Each image will be carefully labeled with
its corresponding plant species and its associated
medicinal properties. Image sources may include our
own field or laboratory collections, public data sets or
collaborations with botanical institutions, depending
on availability.

2. Image acquisition:

A wide range of parts of plants will be captured,
including leaves, flowers, stems, roots and seeds, to
guarantee comprehensive coverage. To improve the
quality and reliability of the data, the images will be
taken both in the controlled laboratory configuration
(for uniform lighting and background) and in natural
field environments (to take into account the
variability of the real world). For each species or raw
material, multiple images will be collected to capture
differences between growth stages, visualization
angles and image conditions.

3. Image preprocessing:

Before feeding the images to the model, they will
undergo several improvement and cleaning steps to
prepare them for the analysis. This includes:

A. Measurement improvement: Adjust the brightness,
contrast and color balance to improve clarity.

B. Image segmentation: isolate the relevant plant or
region of the background using methods such as
threshold, edge detection or semantic segmentation.

C. Data increase: expand the data set with variations
from the original images (for example, rotations,
flips, scale and color changes) to make the model
more robust for invisible conditions.

4. Function extraction:

The next step is to extract significant visual
characteristics that can help differentiate between
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plant species. Two types of characteristics extraction
methods will be explored:

A. Managed characteristics: Traditional techniques
such as color histograms, texture descriptors (for
example, GLCM, LBP) and forms -based features
(for example, moments of hu or zernike) its ability to
capture unique characteristics of the plant will be
tested.

B. Deep learning characteristics: convolutional neural
networks (CNN) will be used to automatically learn
the high level characteristics of the image data.
Architectures such as Resnet and VGGNET will be
used for this purpose. Transfer learning will also be
considered, especially when working with smaller
data sets.

5. Classification:

Once the characteristics are extracted, they will be
used to train several classification models. The study
will be compared:

A. Traditional automatic learning models: including
support vectors (SVM), K-Nears (K-NN) and random
forests (RF).

B. Deep learning models: taking advantage of the
fully connected layers of CNN for end -to -end
classification tasks.

6. Training and evaluation of models:

The data set will be divided into training, validation
and test sets. The models will be trained in the
training data, and the validation set will help adjust
the parameters and avoid the overhap. The
performance will be evaluated in the test set using
standard metrics as precision, precision, memory, F1
score and confusion matrices. A comparative analysis
of different combinations of characteristic extraction
techniques and classification models will be carried
out to determine the most effective strategy.

7. DEPLOYMENT:

Once validated, the final model can be integrated into
practical applications, such as a mobile application or
a web -based platform, allowing users to identify
medicinal plants in real time simply carrying an
image.

4.0OBJECTIVES

The main objective of this research is to design and
build an intelligent and automated system capable of
accurately identifying medicinal plants and their raw

materials using image processing techniques and
automatic learning. This system is intended to reduce
dependence on traditional manual identification
methods and provide a scalable, efficient and reliable
alternative. To achieve this, the study establishes the
following specific objectives:

1 Develop a robust image preprocessing pipe that
prepares images of plants for analysis by reducing
noise, eliminating funds and normalization of colors.
This step ensures that the key characteristics are
clearly visible and consistent in different image
conditions.

[0 Extract and analyze the essential visual
characteristics, such as texture, shape and color,
techniques for the use of local binary patterns (LBP),
the gray co-ocurrence matrix (GLCM) and histogram
analysis. These characteristics are critical to
distinguish between species with similar appearances.
1 Evaluate and compare multiple automatic learning
classifiers, including support vector machines
(SVM), K-Nearsest neighbors (K-NN) and
convolutional neuronal networks (CNN), depending
on their precision, reliability and computational
performance.

[ Build a set of comprehensive and diverse image
data of medicinal plants, covering several parts of
plants, such as leaves, cortex, seeds and even powder
shapes, captured under different lighting conditions
and funds. This will help improve the system's ability
to generalize new and varied entries.[] Optimize
model performance by applying techniques such as
hyperparameter adjustment, cross validation and data
increase. These steps will ensure that the system
remains precise and consistent, even when applied in
real world scenarios.

(1 Design an easy -to -use interface or a mobile
application that allows users, such as botanists,
herbalists, pharmacists and researchers, loading
images of plants and receiving rapid and reliable
identification results along with trust scores and
relevant information.

1 To admit real -time use in the field, even in
environments with limited computational resources
or Internet access, creating a light version and with
out -of -line system.

71 Implement a user feedback mechanism, allowing
users to validate or correct model predictions. This
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interactive component will help the system learn and
improve over time through the continuous entry of the
user.

1 Contribute to education and research, by offering
an accessible tool that promotes the understanding of
plants taxonomy and supports data -based exploration
in fields such as ethnobotania and pharmacognosy.
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1. TRAINING PHASE:

0 Image acquisition: The first step is to collect a
variety of images of medical plants. These images can
be collected using cameras or obtained from existing
data sets. The key to success in this phase is to ensure
that the data set is both high quality and diverse,
which is essential to build a model that works well in
different plant species.

[ Presentation: Once the images are collected, they
undergo a series of processing steps to improve their
quality and uniformity. This could involve converting
the gray -scale images, remove any noise, normalize
brightness and contrast, change the size of the images
and remove any distraction background. These steps

are crucial to ensure that the characteristics we extract
from the images are consistent and precise.

[0 Exercise extraction: At this stage, the important
characteristics of the leaves of the plant, such as their
shape, texture, color, edges and venation patterns
(leaf vein), are identified and extracted by advanced
computer vision techniques. These characteristics are
the construction blocks that the automatic learning
model will use to distinguish between different plant
species.

[ Calculation of the sheet factor: specific metrics, or
"leaf factors", are calculated to capture the biological
and structural properties of the leaves. These include
geometric measurements such as the appearance ratio
(the length to width proportion) and the perimeter-
water relationship, which help quantify the shape and
size of the leaves.

O Leaf'and Ayurvedic database factor: All calculated
leaf factors, together with their associated Ayurvedic
information, such as medicinal uses, common
applications and botanical classification, are stored in
a specialized database. This enriched database serves
as a point of reference for the following phase, where
the system will be tested and validated.

3. Test phase:

1 Image acquisition: In the test phase, a new image
of a real -time sheet is captured for identification.
This can be done using the same configuration as in
training, or through a mobile application, which
makes the process easy and accessible.

[ Presentation: The captured image is then processed
using the same preprocessing steps that were applied
to training images. This ensures that the test image is
in a way that is consistent with the data that the model
has already learned.

[J Function extraction: as in the training phase, the
important characteristics, such as the shape of the
leaf, the texture, the color and the patterns of veins,
are extracted from the test image. This step ensures
that the model can correctly analyze the new image
using the same methods.

1 CALCULATION OF THE SHEET FACTOR:
After extracting the characteristics, the system
calculates the leaf factor for the test sample. This step
quantifies the unique characteristics of the sheet,
which help with the identification process.

Database comparison and comparison: The calculated
leaf factor is compared to the inputs in the database,
which contains previously processed data from
different plants. The system uses similarity measures
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or classification algorithms to find the closer
coincidence with the test sample.

[J Result: Once the comparison is made, the system
provides the name of the identified medicinal plant.
In addition, it generates relevant Ayurvedic details,
such as its uses, dosing forms and therapeutic
properties, providing users with useful and precise
information about the plant.

6. SYSTEM DESIGN AND
IMPLEMENTATION
The system is built to automatically identify

medicinal plants and raw herbal materials through
image analysis using a combination of image
processing and automatic learning techniques. Follow
a modular design, where each stage plays a crucial
role in the identification process. The system has been
implemented using widely recognized tools and
frames to ensure that it is scalable, robust and easy to
implement.

System design components:

1. Image acquisition module:

A. This is the starting point where users capture or
load images of medicinal plants or raw materials
(mainly sheets).

Users B. They can take photos with mobile cameras,
digital cameras or extract images of online data sets.

2. Presentation processing unit:

A. At this stage, the images experience several
processing steps to standardize them before feeding
them in the automatic learning model.

B. Techniques such as turning the image to gray scale,
normalize it, eliminate any background disorder,
reduce noise and image size change are applied to
ensure that everything is consistent in terms of
lighting, orientation and scale.

3. Feature extraction module:

A. This module extracts key visual characteristics
from the images, such as:

B. Tag descriptors (for example, area, perimeter,
roundness)

C. Texture characteristics (for example, local binary
patterns, GLCM)

Histograms of Cuolor

E. Vein patterns

F.Tools such as OpenCV and Numpy are used here to
extract these characteristics.

4. Calculation of the sheet factor of the week:
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A. The insufficient characteristics are analyzed to
calculate specific "leaf factors”, which act as unique
identifiers for each plant species.

B. These factors help differentiate between species
and are used to compare or classify.

5. Creation and integration of the date:

A.A Database is built to store:

B. feature vectors (leaf factors)

C.images

D. Plant names

E. Associated Medicinal or Ayurvedic Information
F.Sqlite or Firebase is used depending on whether the
system runs locally or in the cloud.

6. Training and classifier test:

A. An automatic learning model, such as a
convolutional neuronal network (CNN), is trained
using tagged image data.

B. Delep learning frames as tensorflow/keras are used
for implementation, and the model is validated
through cross validation to ensure that it is
generalized well.

7. User interface (Ul):

A. A simple and easy -to -use graphic or mobile
interface is created so that users can easily interact
with the system.

B. Users can load or take a picture of a sheet, and the
system will return the name of the plant and medicinal
information.

C. Tools such as streamlit for web -based applications
or Android study for mobile applications are used for
frontal development.

8.0utput and result modulate:

A.Conce the system has classified the plant, shows:
B. Identified plant species

C. Atrust score that shows the certainty of the system
in its prediction

D. Properties and medical uses based on the
Ayurvedic database, helping users to learn about the
benefits of the plant.

Implementation Technologies:
Component Technology/Tool Used
Image Processing  OpenCV, PIL, NumPy

TensorFlow, Keras,
learn

Pandas, SQL.ite, Firebase

Machine Learning Scikit:
Data Handling

Programming

Language Python

Page 6


http://www.ijsrem.com/

R

Volume: 09 Issue: 05 | May - 2025

) 5 1!§‘
@,ﬁ International Journal of Scientific Research in Engineering and Management (IJSREM)

SJIF Rating: 8.586 ISSN: 2582-3930

Component Technology/Tool Used

Interface (U1 Streamlit / Tkinter / Androic

Studio

Dataset Kaggle, PlantVillage, Custorr
Dataset

7. OUTCOMES

The process of identifying medical leaves with
automatic learning begins by collecting and
preparation of a data set that includes assistance to
employees and health records. The missing data is
handled through the imputation, and the key
characteristics, such as symptoms, license duration,
work role and previous license history, are carefully
selected and converted into numerical data using label
coding. The data set is divided into training and test
sets, where several automatic learning models are
applied. We start with logistics regression as a
baseline.

As we advance, the decision tree and random forest
classifiers show better precision than logistics
regression, with a random forest that works
exceptionally well thanks to its joint approach. The
support vector machine (SVM) with an RBF nucleus
is effective when the data is balanced, while the
residents of K-Nears (K-NN) fight with the
characteristics scale. Among all models, the gradient
impulse stands out as the best artist, achieving the
highest F1 score and retreat. To ensure that the model
is generalized well, we use cross validation, and
hyperparameter adjustment with Gridsearchcv is
applied to increase performance.

The importance analysis of the characteristic reveals
that the "informed symptoms" are the most significant
predictor, since the workplace and the age group also
play important roles. The final model reaches an
impressive accuracy of 92%, with a random forest
that reaches 89% precision and increased gradient
that reaches 94% retirement. For evaluation, ROC-
AUC scores are used, with the highest at 0.96. To
address the class imbalance, we apply Smote, and
confusion matrices indicate a high rate of true
positive. The models work well in new and invisible
data, although simpler neural networks tend to
overcome.

The set methods prove to be more stable than
individual classifiers, and visualizations of decision
trees help make the model more interpretable. We
implement a Human Resources Panel prototype that
offers real -time predictions and generates weekly
reports that compare the predicted and real leaves.
This tool helps human resources departments better
plan to optimize workforce programming and ensure
that temporary replacements are available when
necessary.

The model also helps reduce absenteeism and
indicates any irregular license pattern through
anomalies detection. We prioritize the privacy of the
data anonymizing confidential information, and
ethical guidelines ensure that the system is not used
to punish employees based on predictions. Currently,
the system is in a pilot phase, rention monthly with
new data, and human resources feedback helps refine
their performance. We are also exploring a hybrid
model that combines random forests and SVM to
obtain even better results.

Looking towards the future, we plan to integrate the
system with portable health and technology
applications. We are also using explainable Al tools
to guarantee transparency. The system helps monitor
employee welfare and identifies license trends related
to flu stations or climatic changes. Grouping methods
identify departments with higher license rates than
average, allowing HR to make more strategic
decisions. Ultimately, this predictive system saves
costs by improving programming and highlights the
power of Al in human resources management,
ensuring that the system evolves together with
changing behavior

8. CONCLUSION

9. The project entitled "lIdentification of different
medicinal plants/raw materials through image
processing using automatic learning algorithms™
introduces a modern and automated method to
precisely classify and recognize medicinal plants,
focusing on analyzing their leaf structures. By
combining image processing with automatic learning,
the system addresses long -standing challenges, such
as erroneous manual identification, dependence on
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expert knowledge and inconsistencies to recognize
herbal materials.

The system follows a structured process that includes
the acquisition of images, preproduction,
characteristics and classification, which makes it
reliably identifying different species of plants based
on unique characteristics such as the shape of the
sheet, texture and color. Adding Ayurvedic medicinal
data improves its value when linking each plant
identified with its traditional uses, healing properties
and herbal formulations.

Thanks to this approach, a reliable, scalable and easy
to use platform has been developed. The system
allows users, whether students, researchers, farmers
or Ayurvedic practitioners, quickly and precisely
identify medicinal plants with only one image. The
well -organized sheet factor database can also be
updated and re -training with new plant data, which
guarantees that the system remains adaptable in the
long term.

In addition, the project highlights the potential of
artificial intelligence both in botany and in traditional
medicine. Open exciting possibilities for mobile
applications, automated herbarium systems and
digital botanical assistants. The high precision of the
system, combined with its flexibility, prepares the
scenario for future developments, including
integration with cloud platforms, mapping GPS and
multilingual databases for broader applications in the
real world.

In conclusion, this project not only demonstrates the
power of automatic learning in the identification of
the plant, but also contributes to the digital
transformation of traditional medicine systems such
as Ayurveda. It supports the conservation and
responsible use of the resources of medicinal plants,
while serving as a valuable tool for education,
agriculture and research.
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