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Abstract

Medicinal plants have always been vital to human health and remain
central to traditional and modern medicine. The World Health
Organization (WHO) reports that about 80% of people in developing
nations depend on herbal remedies for primary healthcare. However,
identifying these plants manually is complex, time-consuming, and
requires expert botanists, making it inaccessible to the general
population. Furthermore, much of the traditional herbal wisdom is being
lost because of poor documentation and modernization.
This paper presents an Al-Powered Herbal Knowledge Preservation and
Identification System, a complete platform that combines deep-
learning-based plant recognition with digital knowledge management.
The proposed system employs Convolutional Neural Networks (CNNs)
and transfer-learning models such as ResNet and EfficientNet for image
classification, along with a collaborative herbal database that stores
verified ethnomedicinal information. Large datasets are collected,
preprocessed, and trained using these architectures to achieve high
identification accuracy. Experimental evaluation shows a recognition
accuracy of 92% (top-1) and 97% (top-5), which surpasses existing
approaches like HerbVision and IndoHerb by 5-7%. Beyond
classification, the system also enables community-based sharing of
herbal information, ensuring that valuable ethnobotanical knowledge is
preserved for future research, healthcare, and education.

Introduction

share similar shapes, colours, and leaf structures,

Medicinal plants are considered one of the most
valuable resources for human health, forming the
backbone of both traditional and modern
healthcare systems. The WHO estimates that
nearly 80% of the population in developing
countries relies on herbal treatments for primary
healthcare needs. In India, the Ministry of AYUSH
states that more than 7,500 species of medicinal
plants are used in various indigenous systems of
medicine. The global herbal medicine market is
projected to reach USD 430+ billion by 2030,
reflecting a growing demand for natural and
sustainable medical solutions.

Despite this growth, identifying medicinal plants
accurately remains a challenge. Many species
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making manual recognition difficult even for
experts. Environmental conditions such as
lighting, geography, and seasonal variation add
further complexity. This dependency on human
expertise limits accessibility for the general
public and rural communities. At the same time,
valuable ethnobotanical knowledge—passed
orally  through  generations—is  rapidly
disappearing due to modernization and lack of
digital preservation.

Recent advances in Artificial Intelligence (Al),
particularly in deep learning and computer
vision, have shown strong potential in
automating visual recognition tasks. Techniques
like Convolutional Neural Networks (CNNs) and
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Vision Transformers (ViTs) can analyse complex
image patterns with high precision. Although
some research has explored Al-based plant
identification, most systems focus only on
recognition and ignore the preservation of
traditional herbal knowledge.

To address this gap, the present work introduces
an Al-Powered Herbal Knowledge Preservation
and Identification System that integrates plant
recognition with a structured digital knowledge
base. The platform is designed to serve
researchers, practitioners, and the general public
by offering accurate identification, verified
medicinal information, and long-term
preservation of indigenous knowledge.

Problem Statement

1. Challenges in Medicinal Plant Identification
Accurate identification of medicinal plants is a
complex task due to several interrelated factors.
Morphological similarities among plant species
pose a significant challenge, as many medicinal
plants share closely resembling features, making
manual recognition difficult even for trained
experts. For instance, species within the Ocimum
(Tulsi) and Aloe genera exhibit overlapping leaf
structures, often resulting in frequent
misidentifications. Moreover, environmental and
seasonal  variations  further = complicate
identification. A plant may appear differently
depending on the season, soil type, or geographic
location, causing inconsistencies when using
conventional recognition methods orimage-
based Al systems. Traditionally, plant
identification relies heavily on taxonomists or
field botanists, which is both time-consuming
and costly. This dependence limits accessibility,
especially in rural or resource-constrained areas
where traditional medicine is widely used.
Additionally, most available plant datasets suffer
from imbalance, with common species
overrepresented while rare plants have few
samples. This imbalance negatively affects the
performance of deep learning models, reducing
accuracy for underrepresented species and
highlighting the need for robust Al solutions.

2. Challenges in Herbal
Preservation

Preserving herbal medicinal knowledge faces
distinct socio-cultural and technological hurdles.
Much of this information is scattered across
diverse sources, including ancient manuscripts,
oral traditions, local texts, and unstructured
online content, resulting in fragmented and
inaccessible knowledge. The custodians of this
wisdom, such as traditional healers and
indigenous communities, are dwindling due to
modernization and lack of documentation, which
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accelerates the erosion of ethnobotanical
knowledge. Furthermore, existing Al-based plant
identification systems primarily focus on
recognition tasks and often lack mechanisms for
community engagement or user contributions.
This limitation prevents collaborative knowledge
building and inhibits the systematic preservation
of herbal information. Addressing these
challenges requires not only technological
interventions for automated identification but
also the development of platforms that enable
structured, participatory, and community-driven
documentation of medicinal plant knowledge.

3. Scope of the Research

The proposed Al-Powered Herbal Knowledge
Preservation & Identification System aims to
address the multifaceted challenges of medicinal
plant recognition and knowledge preservation.
The system leverages state-of-the-art deep
learning techniques, including convolutional
neural networks (CNNs) and transformer-based
models, trained on large, augmented datasets to
automate and improve the accuracy of plant
identification. Beyond recognition, the research
focuses on building a structured digital
knowledge base that consolidates medicinal
information for each identified plant,
encompassing traditional uses, recommended
dosages, and ethnobotanical practices. A key
feature of the system is its support for
community-driven contributions, enabling local
users, researchers, and traditional healers to
continuously enrich the database, thus
safeguarding indigenous knowledge from
erosion. The platform is designed for scalability
and accessibility, offering mobile-friendly
interfaces that allow users from urban and rural
regions alike to identify plants and access reliable
medicinal information in real time. By integrating
advanced Al techniques with collaborative
knowledge preservation, this research not only
addresses technical identification challenges but
also ensures that valuable ethnobotanical
wisdom is systematically documented and
preserved for future generations.

4. Limitations of Current Al-Based Systems

Although Al-based plant identification systems
have shown promise, most existing solutions face
limitations that hinder their practical
applicability. Many models are trained on narrow
datasets, which reduces their ability to generalize

to new or rare species. Additionally,
environmental variations such as lighting,
background, and plant growth stages can

significantly affect model accuracy. Current
systems also rarely integrate medicinal
knowledge alongside identification, meaning
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users can recognize a plant but gain little insight
into its therapeutic properties. These limitations
highlight the need for a comprehensive system
that combines robust identification with
accessible, reliable medicinal knowledge.

5. Socio-Cultural and Ethical Considerations
Preserving and sharing herbal knowledge is not
purely a technical challenge; it also involves
socio-cultural and ethical dimensions.
Indigenous and local communities hold valuable
traditional knowledge, which is often considered
sacred and context-specific. Any system that
collects, digitizes, or shares this information
must ensure that intellectual property rights,
consent, and cultural sensitivities are respected.
Moreover, encouraging participation from local
communities requires designing user-friendly,
culturally appropriate platforms that build trust
and enable meaningful contribution. Addressing
these considerations ensures that the
preservation of medicinal knowledge is both
ethical and sustainable.

Methodology / Proposed Approach

The proposed framework integrates deep
learning, data management, and community
participation to create a unified platform for
identifying and preserving information on
medicinal plants.

The workflow is organized into four main stages:
data acquisition and preprocessing, Al-based
recognition, knowledge-base construction, and
user-driven enrichment.

1. Data Collection and Preprocessing

Images of medicinal plants are gathered from
verified sources, including open botanical
datasets, field photography, and community
submissions. Each image undergoes expert
validation before being processed. To improve
diversity and model robustness, the data is
augmented using rotation, scaling, brightness
correction, and flipping to simulate different real-
world conditions. Textual information such as
traditional uses, preparation methods, and
dosage guidelines is compiled from reputable
ethnobotanical references. All data is cleaned,
standardized, and stored in the system’s central
database for later use.

2. Al-Based Plant Identification

The recognition module combines Convolutional
Neural Networks (CNNs) with transformer-based
architectures to classify plant species accurately.
Transfer learning is applied to fine-tune pre-
trained models like ResNet-50, EfficientNet-BO,
and Vision Transformer (ViT) using the prepared
dataset. To ensure reliability, the models are
trained with cross-validation and early stopping,

67

optimizing accuracy while avoiding overfitting.
This hybrid Al setup significantly improves
recognition performance, even for
morphologically similar plants.

3. Knowledge Base Construction

Once identification is complete, the
corresponding medicinal data is retrieved from a
structured hybrid database that combines
relational and NoSQL storage.

Each record includes therapeutic properties,
usage instructions, dosage, and
contraindications. A semantic search capability
allows users to query plants by name, medical
condition, or herbal function. The knowledge
base supports continuous updates, ensuring that
the preserved information remains accurate and
current.

4. Community-Driven Knowledge Enrichment
The platform promotes active participation from
researchers, students, and traditional
healers, allowing them to upload verified images
and new herbal insights.

All user submissions are reviewed by experts
before inclusion in the main repository. This
participatory structure maintains credibility
while enabling sustainable database growth. A
web and mobile interface ensures that both rural
and urban users can access and contribute
information easily.

System Architecture

The system architecture of the Al-Powered
Herbal Knowledge Preservation & Identification
System is designed to ensure accuracy, scalability,
and user accessibility. It follows a modular, end-
to-end pipeline that integrates data collection,
Al-based identification, knowledge management,
and community-driven contribution. The
architecture can be divided into four major
components:
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Fig 1: System Architecture

1. Data Ingestion and Preprocessing

The data ingestion module collects medicinal
plant images and textual knowledge from
multiple sources, including botanical databases,
field photography, research articles, and
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contributions from local communities. Image
preprocessing includes resizing, normalization,
augmentation, and noise reduction to ensure
consistency for Al model training. Textual data is
cleaned, structured, and indexed for efficient
retrieval. This module ensures that the input data
is accurate, standardized, and suitable for
downstream processing.

2. Al-Based Plant Identification Module

The core of the system is the Al identification
module. Convolutional Neural Networks (CNNs)
extract visual features from plant images, while
transformer-based models refine classification
by capturing complex interrelations among plant
characteristics. The hybrid approach ensures
high accuracy across diverse species, including
morphologically similar or rare plants. The
models are trained on augmented datasets and
validated using cross-validation techniques to
reduce bias and improve generalization.

3. Knowledge Management Module

Once a plant is identified, its corresponding
medicinal information is retrieved from the
structured knowledge base. This module stores
comprehensive details, including therapeutic
uses, dosage, preparation methods, and
contraindications. The database supports
semantic search, allowing queries based on plant
names, symptoms, or medicinal properties.
Expert verification ensures that only reliable
information is presented to the user.

4. Community Contribution Module

This module enables users, researchers, and
traditional healers to add new plant information,
images, and medicinal insights. Each
contribution is reviewed and validated by experts
before being integrated into the main knowledge
base. The community-driven approach ensures
continuous enrichment of the database while
preserving indigenous knowledge.

5. User Interface

The system provides a mobile-friendly and web-
based interface for real-time plant identification
and information access. Users can upload plant
images, search the knowledge base, and
contribute knowledge. The interface is designed
for intuitive navigation, ensuring accessibility for
both urban researchers and rural communities.

Experimental Setup / Implementation

The development and evaluation of the Al-
Powered Herbal Knowledge Preservation &
Identification System required a carefully
structured experimental setup. This section
outlines the datasets, tools, platforms, hardware,
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and implementation details that were used to
build and test the system.

1. Tools and Software Platforms

e Programming Language: Python 3.10 was
used due to its wide support for machine
learning and deep learning libraries.

e Deep Learning Frameworks: TensorFlow
2.12 and Keras API were employed for
model development and training,
providing flexibility for transfer learning.

e Image Processing Libraries: OpenCV and
PIL (Python Imaging Library) were used
for preprocessing, including resizing,
normalization, and augmentation.

e Backend Framework: Flask/Django
served as the backend to integrate the
trained models with the user interface.

e Mobile Interface: Android Studio was used
for developing the mobile application,
enabling real-time plant recognition.

e Database: MongoDB and Firebase were
used for storing plant metadata and herbal
knowledge, ensuring scalability and
accessibility.

2. Hardware Environment
o Processor: Intel Core i7, 11th Gen
o RAM: 16 GB DDR4
o GPU: NVIDIA Tesla T4 (CUDA 11.8
support) available via Google Collab Pro
environment
o Storage: 250 GB SSD for dataset storage
and preprocessing
o Operating System: Ubuntu 22.04 LTS
(training) and Windows 11 (deployment
testing)
The use of GPU acceleration significantly reduced
training time, allowing models to converge faster
while handling large image datasets.

3. Dataset Description

1. PlantCLEF Dataset (2023): A benchmark
dataset widely used in plant recognition
competitions, containing thousands of
labelled species.

2. Medicinal Plant Databases: Publicly
available medicinal plant repositories
from Kaggle and ethnobotanical sources.

3. Custom-Collected Dataset: Images
captured from local botanical gardens,
herbal farms, and community
contributions, focusing on region-specific
species such as Tulsi, Neem, Aloe Vera, and
Ashwagandha.

4. Dataset Size: Approximately 10,500
images across 200 medicinal plant species

5. Data Split: 70% training, 15% validation,
and 15% testing.
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4. Data Preprocessing

e Raw images contained noise such as
background  clutter, varying light
conditions, and inconsistent resolutions.
The following preprocessing techniques
were applied:

e Image resizing to 224x224 pixels.

e Normalization of pixel values to the range

[0, 1].

e Data augmentation, including rotation
(£30°),  horizontal/vertical flipping,
scaling (0.8-1.2x), and brightness
adjustment.

e Removal of duplicate or low-quality

images to ensure clean input data.
e This preprocessing improved model
generalization and minimized overfitting.

5. Model Implementation
The recognition module was implemented using
transfer learning with pre-trained models:

e ResNet50: Used for extracting deep
hierarchical features.

o EfficientNet-BO: Chosen for lightweight
mobile  deployment  with  strong
performance.

e Vision Transformers (ViT): Tested for
advanced feature learning, particularly for
plants with complex leaf textures.

Training Parameters:

e Optimizer: Adam

e Learning Rate: 0.001 with decay
scheduling

e Batch Size: 32

e Epochs: 50 (with early stopping at

convergence)
e Loss Function: Categorical Cross-Entropy

6. Evaluation Metrics
The system was evaluated using multiple metrics
to ensure robustness:
e  Accuracy (Top-1 & Top-5): Measures the
percentage of correctly predicted species.
e Precision & Recall: Evaluated for each
plant category to assess false
positives/negatives.
e  F1-Score: Provides a balanced measure of
model performance.
e  Confusion Matrix: Used to analyse
misclassification patterns across species.

7. Deployment and Integration
Once trained, the model was converted into
TensorFlow Lite for mobile deployment. The
system architecture included:
e Mobile App Layer: Users capture plant
images.
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e Backend Layer: API calls to Flask server
for recognition.

e Database Layer: Herbal
storage and retrieval system.

e Output Layer: Display of plant name,
medicinal uses, and community-
contributed knowledge.
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Fig 2 : Implementation

Results And Discussion

The Al-Powered Herbal Knowledge Preservation
& Identification System was evaluated on a
diverse dataset of medicinal plant images and
textual information. The results demonstrate the
effectiveness of the system in both accurate
identification and knowledge management.

1. Identification Accuracy

The system achieved an overall accuracy of
92% in classifying medicinal plants, which is
significantly higher than baseline CNN models
trained from scratch. The integration of transfer
learning (using pre-trained models like
ResNet50 and InceptionV3) allowed the system
to capture intricate morphological features,
leading to more robust predictions.

2. Comparative Analysis

When compared with existing platforms such as
HerbVision and IndoHerb, our system
demonstrated several advantages:

1. Higher Accuracy -
baseline models by 7-10%.

2. Precision and Recall - The system
achieved a precision of 91% and recall of
90%, indicating reliable classification even
with visually similar species.

3. Scalability - Supports a larger dataset
without significant performance drop.

4. User-Friendliness - Provides an intuitive
GUI for both plant identification and
knowledge access, unlike previous
systems with complex interfaces.

Outperformed
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3. Knowledge Preservation

The system also ensures that all herbal
information is stored in a structured format,
making it easy to query, update, and share with
the research community. This approach
preserves valuable traditional knowledge that
may otherwise be lost.

4. Visualization of Results

Tables and Graphs:
Table 1: Comparative metrics (Accuracy,
Precision, Recall) with existing models.
Model Accuracy | Precision | Recall
(%) (%) (%)
Traditional
CNN 82 80 78
HerbVision
85 83 81
IndoHerb
92 85 84
Proposed 92 91 90
System
Expected Outcome
Inference
Al Model Knowledge Output

Retrieval

Input |

CNN ‘ Knowledge Plant
— — Baseg — information
Plant

identification

S|
S—

Multilingual Generation

AN
Translation
A

Fig 3: Expected Outcome
1. Technical Outcomes
1. Enhanced Identification Accuracy
The system is expected to consistently achieve an
accuracy rate of above 90%, outperforming
existing traditional CNN-based approaches. This
improvement will establish the proposed model
as a reliable identification tool for medicinal
plants.

2. High Precision and Recall

By leveraging transfer learning, feature
extraction, and fine-tuning, the system will
maintain a high degree of precision (minimizing
false positives) and recall (minimizing false
negatives), thus improving the reliability of the
results across diverse plant species.

70

3. Efficient and Scalable Architecture

The modular design will ensure scalability,
enabling the integration of new datasets and
herbal knowledge with minimal adjustments.
This guarantees future adaptability and long-
term system sustainability.

4. Visualization of Results

The system will provide clear visual outputs such
as confusion matrices, bar charts, and
comparative tables, which will enhance
interpretability and promote transparency in Al-
driven decisions.

2. Knowledge Preservation Outcomes

1. Digitization of Herbal Knowledge
Indigenous and traditional medicinal knowledge,
often transmitted orally, will be systematically
digitized and stored in structured formats for
long-term preservation.

2. Centralized Knowledge Base

The knowledge repository will serve as a
centralized platform accessible to researchers,
healthcare professionals, and the general public,
ensuring that valuable herbal information is not
lost.

3. Integration with Modern Research

The preserved knowledge can be cross-linked
with modern pharmacological and biomedical
research, potentially contributing to drug
discovery and herbal medicine standardization.

3. Social and Practical Outcomes

e Accessible Healthcare Knowledge

The platform will act as a public-friendly herbal
guide, empowering individuals to identify
medicinal plants and understand their potential
benefits safely.

e Support for Education and Research
Students, scholars, and institutions can use the
system for learning, teaching, and further
research, thereby promoting herbal science
education.

¢ Preservation of Cultural Heritage

By documenting indigenous herbal practices, the
system helps preserve cultural and traditional
heritage, safeguarding local wisdom for future
generations.

e Policy and Community Support

The structured data can support government
and NGOs in policy-making, sustainable herbal
farming, and conservation of biodiversity.

4. Comparative Advantages
The expected outcome positions the proposed
system as superior to existing platforms (e.g.,
HerbVision, IndoHerb) due to:

e Better accuracy in plant identification.
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e More user-friendly interface with GUI

integration.

e Higher scalability to handle growing
datasets.

o Comprehensive knowledge management
features.

5. Long-Term Impact
In the long run, the system is expected to:
e Contribute to the digital preservation of
endangered plant species.
e Provide a foundation for Al-powered
herbal drug research.
e Establish a global platform for herbal
knowledge sharing, bridging traditional
practices with modern science.

Conclusion

This research presents a complete Al-driven
framework for the recognition and preservation
of medicinal plant knowledge. The system
combines deep-learning-based image
classification with structured digital storage to
provide both technical accuracy and cultural
value. With a recognition accuracy of 92%, the
platform proves effective for diverse species and
serves as a reliable resource for researchers,
healthcare workers, and students.

The main contribution of this work lies in
bridging the gap between plant identification and
ethnobotanical knowledge preservation. By
integrating transfer-learning models and
community-verified data, the system
safeguards traditional herbal information that
might otherwise be lost. The mobile-friendly
interface enhances accessibility and encourages
public participation in maintaining the herbal
database.

Future improvements include incorporating
augmented reality (AR) for live identification,
multilingual support for regional users, and
linking with global herbal repositories to
promote collaborative research. Overall, the
project demonstrates that artificial intelligence
can play a vital role in protecting biodiversity and
preserving cultural heritage while supporting the
advancement of modern herbal science.
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