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Abstract—a groundbreaking approach aimed at revolutionizing plant identification,
particularly in Ayurveda. Medicinal plants are fundamental resources in Ayurveda,
emphasizing the need for accurate identification in medicine preparation. However, manual
identification is labor-intensive and crucial for ensuring medicinal effectiveness and safety.
Current challenges include adulteration and a lack of trust in the supply chain. This study
implements image processing through machine learning technologies for automated, real-time
plant recognition. By leveraging machine learning algorithms, this innovative solution enhances
identification processes, ensuring the authenticity and safety of Ayurvedic treatments.
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|. INTRODUCTION

Since ancient times, plants have been essential in Ayurvedic medicine. Correct identification is a critical step in
preparing Ayurvedic remedies, which has traditionally been done manually [1]. However, many collectors and
traders struggle with accurate identification, leading to substitution and adulteration, which compromises trust in
Ayurvedic treatments. This study proposes a machine learning-based approach for real-time automated plant
identification [2]. A trained model will be integrated into an application that enables real-time image analysis
[15], ensuring authenticity and reducing adulteration.

Il. LITERATURE REVIEW

Machine learning has recently gained prominence in medicinal plant image processing [5]. Various studies have
explored methods to identify and classify medicinal plants based on visual features.

A. Existing Plant Identification Technologies
Pre-processing, segmentation, feature extraction, and classification methods are commonly employed.
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Studies have demonstrated the effectiveness of different models:

A k-nearest neighbor (KNN) classifier achieved 93% accuracy in classifying 20 plant species.

A probabilistic neural network (PNN) model reached 90.3% accuracy.

Support Vector Machine (SVM) models achieved 90% accuracy [17].

The Fast Region Convolutional Neural Network (FRCNN) demonstrated 92.5% accuracy in classifying
leaves and flowers.

A CNN-based system identified rare medicinal plants with 95%-99% accuracy on a test set of 500 images
[23].

YV VVVYV

I11. METHODOLOGY & IMPLEMENTATION

A. Data Collection

Data was sourced from the National Library of Government, which contains plant images from Karnataka and
Kerala. The dataset consists of 5900 images of 40 plants and 6900 images of 80 plant leaves, captured in
different seasons and varying backgrounds [6].

B. Image processing

Image preprocessing refers to a set of techniques used to prepare and enhance digital images before they undergo
further analysis or processing [8]. It involves a series of operations aimed at improving the quality, usability, and
interpretability of the images. Some common steps involved in image preprocessing are Resizing and scaling,
normalization, noise reduction, background removal, cropping, rotating, etc.

Figure: 1: Dataset images [6]

Image Augmentation

Image augmentation is a technique used in machine learning, particularly in computer vision tasks like image
classification or object detection. It involves applying a variety of transformations to existing images to create
modified versions. Like rotating, flipping, zooming and scaling, cropping, and padding.

Figure: 2: Augmented images

Background Removing

Background removal is a technique used to eliminate or isolate the background from the main subject in an
image, which can aid in reducing noise or distractions.

While it might not directly address all forms of noise, removing the background can help simplify an image,
making it easier for subsequent processing steps to focus on the main subject.
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Figure: 3 Masked Images
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C. Training and Testing data

In machine learning, especially in tasks like image classification for medicinal plant identification, splitting the
dataset into training and testing sets is crucial for model development and evaluation. Divide the dataset into 70-
30% for further model evaluations.

D. Model Selection

To classify the plant Supervised Classifier of Machine Learning and CNN of deep learning were used[18]. Each

model is explained below:

» Logistic Regression: A simple yet effective statistical model used for binary classification. It predicts the
probability of a plant being medicinal based on input features and uses a sigmoid function to map
predictions between 0 and 1. Simple, effective for binary classification problems.

» K-Nearest Neighbor (KNN): A non-parametric algorithm that classifies plants by comparing them to their k
nearest neighbors in the feature space. It is highly effective in cases with clear distinctions between
categories. Effective for distinguishing categories.

» Decision Tree: A hierarchical model that makes decisions by splitting data at different nodes based on
feature importance. It is easy to interpret and works well with categorical and numerical data.

» Simple, interpretable, works well for both categorical and numerical data.

» Random Forest Classifier: An ensemble learning method that builds multiple decision trees and averages
their predictions to improve accuracy and reduce overfitting. It provides high performance and robustness.
Reduces overfitting, better performance.

» Support Vector Machine (SVM): A powerful classification algorithm that finds the optimal hyperplane to
separate different classes. It is particularly effective in high-dimensional spaces. Effective for high-
dimensional datasets.

» Naive Bayes: A probabilistic classifier based on Bayes' theorem that assumes feature independence. Despite
its simplicity, it works well for text classification and certain structured data. Fast, handles structured data
despite assumptions.

» Convolutional Neural Network (CNN): A deep learning model that automatically extracts features from
images. It consists of convolutional, pooling, and fully connected layers that process image data efficiently.
Powerful for automatic image feature extraction.

IV. RESULTS

To train the tree, examples of plants with known outcomes are presented, and the tree learns by identifying the
best questions to ask at each node. The tree splits criteria by selecting those that effectively separate plants into
different categories. Multiple Decision Trees can be combined into an ensemble to enhance performance and
mitigate overfitting, creating a Random Forest. The accuracy came as 80.39%.

A. Random Forest Classifier

Each tree in the forest makes a random decision[9] based on a subset of plant characteristics. The algorithm
gains strength from the diversity of trees, acknowledging that individual trees may not be perfect on their own.
The algorithm identifies the most important features of plants, contributing to understanding what makes a plant
medicinal. For medicinal plant identification, the Random Forest learns from a dataset containing known
medicinal and non-medicinal plants, predicting the medicinal status of a given plant based on this learning. The
accuracy of the model from this random forest classifier came to be 88.23 %.

=—» T, P Treel [P Resultl

Voting
for
Onginal » T» |’ ’I Tree 2 I >I Result 2 lfhel
tramung randonuzed e
= o result
.

_’I Tx H Tree k H Result k |

Figure: 4 Random Forest [9]
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B. Support Vector Machine

Support Vector Machine (SVM)[10] is a supervised machine learning algorithm used for both classification and
regression tasks. SVM is particularly effective in high-dimensional spaces and is well-suited for tasks where
clear decision boundaries are needed[16]. The main idea behind SVM is to find the hyperplane that best
separates the data into different classes. In precis, SVM is a flexible and powerful algorithm for class tasks,
especially when coping with high-dimensional records or when a clear separation among training is desired.
Accuracy came as 81.04%.
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Figure: 5 Support Vector Machine

C. Naive Bayes

Bayes' theorem is the foundation of the Naive Bayes classifier. It mathematically expresses the relationship
between the probability of a hypothesis (or class) given evidence (features) and the probability of that evidence
given the hypothesis

P(Class|Features) = P(Features)P(Class) x
P(Features|Class) 1)

Clarify how data for trend evaluation was collected and the criteria
used for selecting trends.
Ans: mentioned features we are considering

The "naive" assumption in Naive Bayes is that the features used for classification are conditionally independent
given the class label. It allows us to decompose the likelihood term into the product of individual feature
likelihoods:

P (Features Class) =P (Featurel|Class) x P (Feature2|Class) x...x P (Feature2|Class) (2)

Conditional Probability Estimation: For each feature and each class, calculate the conditional probability of
observing that feature given the class. Given a set of features for a new instance, the Naive Bayes classifier
predicts the most likely class using Bayes' theorem.

D. CNN Layers

Convolutional Neural Networks (CNNs), a subset of deep learning models, have demonstrated high effectiveness
in tasks like image recognition, segmentation, and object detection[7]. Automatic Feature Extraction: In contrast
to traditional methods relying on handcrafted features, deep learning allows models to automatically learn
hierarchical representations, capturing intricate patterns and relationships within the data[20].

Transfer Learning's Benefits: The technique of transfer learning within deep learning enables the reuse of pre-
trained models on large datasets, proving highly advantageous for image processing, especially with limited
labelled data.

Continued Technological Advancements[14]: As technology advances, the integration of deep learning
continues to shape the landscape of image processing, offering innovative solutions and pushing the boundaries
of what is achievable in the field[19]. By performing deep learning the accuracy is 80.21 %.
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Figure: 7 Deep learning accuracy

Accuracy-Calculated as the sum of true positives and true negatives divided by the total number of samples[21].

Accuracy=(Numberof CorrectPredictions)/(TotalNumberof Predictions) ?3)
Precision-Calculated as the number of true positives divided by the sum of true positives and false positives.
Precision = True positives/ (True positives + False positives) 4)
Recall-Calculated as the number of true positives divided by the sum of true positives and false negatives  [22].
Recall = True Positives / (True Positives + False Negatives) (5)
F1 Score = 2 * (Precision * Recall) / (Precision + Recall (6)
V. RESULT

In closing, strong classification abilities and thorough process create meaningful change in plant recognition. Its
precision delivers results dependably alongside flexibility for many uses involving botanical matters. The model
excellently recognized different types of plants, reaching a great accuracy level across various plant kinds.

Points like entropy, uniformity, contrast, and activity were skilfully resolved, permitting correct identification. It
has proven its ability to efficiently manage a substantial database, emphasizing its capacity for growth and
increased usage. Individuals can depend on the tool for swift and trusted plant identification, establishing it as a
helpful resource for botanists, scientists [12], and interested people.

TABLE |: RESULT

Classifier Accuracy (%) Precision (%) Recall (%) F1-Score (%)
Logistics Regression 79.08 87.75 62.31 72.88

k -nearest neighbor 82.35 90.38 68.11 77.68
Decision Tree 80.39 85.45 68.11

SVM 81.04 81.63 66.63 73.39
Random Forest 88.23 92 76.66 83.63

Naive Bayes 64.0 56.81 41.66 48.07
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The Table I shows the comparative results for Logistic Regression, K-Nearest Neighbor, Decision Tree SVM,
Random Forest and Naive Bayes Algorithms. The Random Forest algorithm shows most promising results. It
shows 88% Accuracy, 92% precision, 76% Recall and 83% F1-Score.

V1. CONCLUSION

The study confirms that the Random Forest algorithm is the most effective for medicinal plant identification. The
integration of machine learning and deep learning ensures a reliable, automated system that enhances the
credibility of Ayurvedic medicine.

FUTURE WORK

Future research will focus on expanding the dataset with more plant species, developing a mobile application for
real-time classification, and incorporating explainable Al techniques to enhance model interpretability.
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