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ABSTRACT

The thesis explores the identification of medicinal plants in Bangladesh from images of
plant leaves with the approach of deep transfer learning. The objectives of the study were
to determine the best and less time consuming method to which individual could
differentiate among the leafy medicinal plants and for what purposes.

For this, | proposed and evaluated several deep learning architectures (MobileNet V2,
Inception V3, ResNet50, VGG16 & VGG19). Performance from the test results suggested
that the performance of the model outperforms all of the other models in MobileNet V2.
On the dataset, it achieved an accuracy of 93.78%. In terms of performance, the precision
94%, recall and F1-score are 93%. Combining these results illustrates the efficiency of the
model to predict the medicinal plants via leaf images.

Implications of the study for managers are substantial. It is believed that there may be
numerous advantages for this model such as: The potential applicability makes medicinal
plant used easily identified to people, especially in rural and other disadvantaged areas and
causes the increase in the use of traditional medicine. For academic purposes as well, the
students or researchers would be able to use this tool for exploring the vast variety of
medicinal flora of Bangladesh. The model is in favor of environmental sustainability, as it
helps in accurate identification of the same resulting in conservation of plant species. In
the conservation of biological diversity, it has a great role in reducing the risk of mis-
identification and over-harvesting.

The work | showcased shows promise of deep learning algorithms, such as MobileNet V2,
in the context of the prospects of the effective human-environmental relations. In addition
to setting the stage for future research, this work also provides a road map to enable the
development of useful and user-friendly tools that would empower people to leverage the

technologies of today to improve what they know from classical sources.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Plants, nature’s silent masters of the world’s surroundings, have enchained the imaginative
element in man and sustained life from the beginning of the ages. From the antique zones
of sequoias to the slender flowers that pave glades, plants cover a range of unbelievable
different forms, sizes, and adaptations. They are the prime movers in terrestrial and marine
conditions and therefore are in a fundamental role in shaping the planet’s climate,

environment and to some extent, the bio-diversity.

Medicinal plants have been needful to human existence and prosperity from early eras,
being the main cure in distinctive maladies and disease. These plants, which frequently
accommodate bioactive substances with recuperating attributes, have been a fundamental
support of different conventional medication frameworks over the world. Beginning from
the ancient dispatched of Ayurveda in India to the conventional Chinese restorative system
and Traditional Chinese Medicine and natives of Local American tribes utilizing the inborn

plants, the utilization of such plants remains boundless to space and time.

Restorative plants in Bangladesh secure a central view of its social status, diverse types of
assorted life, and customary medicinal abilities. Having a rich culture that has always
incorporated conventional medications, Bangladesh brags of a disparate class of restorative
plants, which are conspicuous for treating multifaceted maladies. In this case, the
discussion focuses on the origin, relevance, and contemporary importance of restorative
plants in the context of Bangladesh considering their social, biological, and restorative

roles.

Bangladesh, located in the mature delta region of the Ganges-Brahmaputra-Meghna Delta
system, has proper climatic and geographical condition favorable for increasing the number
and size of the important extent of plant species. The utilization of restorative plants can
be dated a long time back when aboriginal populaces utilized the showcase nature to
manage the wellbeing problems.

©Daffodil International University 1



This information has prolonged through generations and eras to form the groundwork of
therapeutic nails that subtly conform the current structured hones, thriving in portions of

alfresco countryside even in the current generation.

The total number of plant species in the entire globe is roughly an astounding 380,000 [1].
Specifically, over 50,000 plants are reported to have medicinal uses within the world [2].
Medicinal plants are considered as those that are used to treat diseases. Medicinal plants
used for Ayurveda and Unani medicines have been used since ancient times. The foremost
Medicinal plants are used in China and India for which there are 11146 and 7500 kinds
respectively [2]. In Bangladesh, 722 species of plants are medicinal plants according to the
Bangladesh Agricultural Research Institute (BARI). Approximately 700 plants are utilized

for medicinal purposes in Bangladesh [3].

Restorative plants in Bangladesh are perhaps one of the widely recognized plants in terms
of social centrality deeply rooted in the country’s history. It is worth underlining that the
key role within the framework of disseminating information concerning restorative plants
and their application belongs to conventional healers: the Kabirajes and Vaidyas. These
healers, conventionally appreciated in their societies, will succeed stockpile of expounding
received through proper training and practice. Theirs are honed with ceremonies,
supplications, and chants, and, an integration of intelligence, muscle, and spirit in healing

processes.

Besides, as social items restorative plants moreover contain colossal climatic importance
in the present day’s Bangladesh. The country consists of several biological systems which
include mangrove forests, wetlands, tropical rainforests that consist a number of plant
species having healing properties. However, there are significant threats associated with
the uncontrolled deforestation, living space corruption and urbanization which are inimical
to these valuable resources, and which also endanger plant diversity and conventional
information networks. In the most recent years, there has been a developing
acknowledgment of the significance of moderating medicinal plants and advancing feasible
gathering hones. Attempts have been made to index traditional knowledge, identify
significant plant types, and establish conservation areas to save their taxa. Furthermore,

efforts directed at increasing consciousness of communities situated near the productive
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use of medicinal plants and the need to preserve their natural habitats are gaining
popularity. The medicinal plants of Bangladesh are a great extent of species and they have
special curing qualities. With reference to the neem tree (Azadirachta indica) persistent
throughout the country because of its cleaning and anti-inflammatory properties, to the
Tulsi (Ocimum tenuiflorum) which is adored for its medical and otherworldly importance
among the plants, this forms an inseparable part of India’s pharmacopeia. Other superb
examples include aloe Vera, turmeric, ginger, and bitter melon, which are extensively used
in conventional remedies for a multitude of ailments ranging from gastrointestinal upsets

to skin disorders.

Utilization of medicinal plants in Bangladesh goes up beyond normal filled hones more
than enhancing corrective associations and makes itself observed in upgraded medicinal
associations too. Afterward, there has been an enhance fascination in home grown
pharmaceutical in the later period because of the disputing side impacts of the administered
drugs and a restores intension to herbal cures. Therefore, there has been emergences of
home-grown items, supplements and make —up in the advertise, exploiting such a rich

source of restorative plants as the nation has to offer.

In addition, research institutions, colleges, and pharmaceutical companies are practically
engaged within the scientific study of medicinal plants, striving to sanction their preceding
appliance, ascertain bioactive compounds, and design newly drugs. This integration of
standard knowledge and cutting-edge rational schemes has the promise for the
identification of new treatments for a broad spectrum of diseases; including cancer,
diabetes, and cardiovascular diseases. Emerging from the social relevance, it is also crucial
to define the role of the medicinal plants in developing the conventional festivities,
ceremonies, and events of Bangladesh. Several plants are valued for possessive spirit
qualities and are mainly for use in religious rituals and cultural practices. For instance, basil
(Tulsi) is not only held in esteem for its curative properties but also holds strict religious
or cult values in the Hindu religion and is perhaps grown in backyards or temples.
Altogether similar to the last one, another sacred tree of India is Ficus religiosa also called

Bodhi tree which is central to Buddhism and the tree of enlightenment. These social
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associations add an extra dimension of meaning to restorative plants in the fabric of

Bangladeshi society, it shows that their role is not just physical healing.

Medicinal plants are not just for healing. They also help the earth in big ways. They keep
the soil together, clean the water, and give homes to animals. For instance, the Sundari tree,
a type of mangrove, gives us medicine but also fights shore wash away, offers a safe place
for fish to grow, and helps people make a living through things like honey and wood. We
see here how healing plants link with the health of our whole environment. This makes it

clear we need to take care of these plants and use them wisely.

Today, in Bangladesh the additional emphasis is given to the traditional medical system
and as such people have started to incorporate the use of the herbal treatment in their
process of healing. Noticing an opportunity of extending possibilities of the modern
medical therapies with the aid of the medicinal plants research, the tendency of introducing
the supplements and formulations from the herbal remedies into the primary healthcare
systems has recently emerged. on the basis of this approach phytotherapy or herbal
medicine can be considered as integrative with a focus on the synergy of traditional
knowledge and scientific innovations. But not only does it give patients an opportunity to
get a broader range of treatments, traditional knowledge and ecosystem are saved as well.

Further, the overall economic uses of the medicinal plants can be a source of empowering
this sector and opening up the idea of new and improved livelihoods in the rural zones of
Bangladesh. The farming, processing and selling of the medicinal herbs and other related
products could be source of income especially among the village people with traditional
systematic knowledge about the plants. The government of Bangladesh can fully unlock
economic value from the nation’s tremendous botanical resources through supporting and
encouraging medicinal plant business and processing in the chain. In the present world, it
is a well-known fact that Medicinal plants are an important source not only in the
conventional system of Healing but also in the Advance system or modern health care
system. Medicinal plants have been applied in health care for not less than two millennia.
Nevertheless, identification and authentication of the medicinal plants are relatively
complicated. The differentiation of the medicinal plants is very challenging event for

persons, even for qualified botanist because the shape and colors in the plant species of
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medicinal plants are so much similar. That is why, necessity arises in the case of an
automated approach for the identification of the medicinal plants. This method of

identification shall be done using the medicinal plant Leaf images.

Leaves of the medicinal plants are different in some aspects that can be employed to
confirm the legitimacy of the plant species. Vegetative ‘physiognomy’ includes parameters
of leaves, and their size and shape, which can significantly differ between different plants.
For instance, the Azadirachta indica (Neem) tree’s leaves are long and pointed; on the other
hand, the Streblus asper (Seura) tree has rigid leaves with an oval shape. The surface and
outer coloring of the leaf also make up other features of the plant leaf. There are plants that
have smooth and shiny foliage while there are those that have rough ones. The contours of
the leaf together with the margins are other attributes that can be used in the categorization

process.

1.2 Motivation
The research aims at simplifying the identification process on the plants for those who do

not have prior information of the medicinal plants.

Most of the conventional methods used in the identification of plants require one to have
prior knowledge or even undergo through a certain training. It will be very almost
impossible for the general public to fully understand. In this context, it is crucial to find an
efficient approach to share this knowledge with a wider audience, which can be possible
by using new methods derived from machine learning and image processing. and enable
ordinary people to recognize various medicinal plants with the help of images of the leaves.
It has the ability to transform the healthcare system because consumers of healthcare can

easily get herbal storage and utilize them properly.

This research aims at building a connection between current horticultural knowledge and
Presentation that is easy to understand by everyone. It encourages sustainable practices of
collecting and using the medicinal plants, and the conservation activities because it
enhances the connection of people with nature. This research aims at transforming the
health care delivery systems while at the same time singing a sweet music of caring for our

planet and its abundance for the later generations.
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1.3 Research Question

The main research question of this study is:

e Can machine learning accurately classify Bangladeshi medicinal plants from leaf
images?

e What are the challenges in plant identification using transfer learning?

e How can issues like lighting, background noise, and image quality be solved?

e How effective is the proposed model compared to other models?

e Can automated identification support conservation and sustainability?

e How can this research connect traditional knowledge with modern healthcare?

1.4 Expected Outcome
The expected output of the study is identification of medicinal plants in Bangladesh using
plant leaf images would be the ideal method or model that would enable people to identify

different plants of medicinal importance depending on their appearance captured in images.

It may entail the use of a predictive model maybe of machine learning type, based on a
large database of medicinal plant leave images in order to a be able to classify the various

species when presented with new leave images.

Additionally, the study may produce insights into the effectiveness of different image
recognition techniques, the feasibility of using machine learning for medicinal plant
identification in diverse ecological contexts like Bangladesh, and potential applications of

such technology in biodiversity conservation, traditional medicine, and related fields.

Ultimately, the desired outcome is a practical tool or system that can assist researchers,
conservationists, herbalists, and other stakeholders in accurately identifying medicinal

plants in Bangladesh using readily available leaf image data.

1.5 Project Management and Finance

The Project management and finance for this thesis are as follows:

e The project would take almost one year, from July 2024 to August 2025.
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e The domain and title selection takes one month.

e Literature review and finding an existing study takes one month.
e The dataset is collected over two months.

e The data preprocessing is required one month.

e The experimentation period takes five months.

e The proposed model is defined over one month.

QUARTER 1 QUARTER 2 QUARTER 3 QUARTER 4

Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug

Title Select
Literature review
Data Collection
Data Processing
Choose Model
Define Model

Training

Testing

Writing Report

Figurel.l: Study life Cycle

©Daffodil International University



CHAPTER 2
BACKGROUND

This chapter presents the theoretical background and literature search for the identification

of medicinal plants by deep transfer learning.

The following sub-categories:

e Terminology: In this section, the reader is provided with the background information
on the components of Computer Vision, including Machine Learning and Deep
Learning.

e Related work: This section evaluates how previous methods and difficulties in
determining the species and veracity of medicinal plants through image analyses.

e Comparative Analysis and Summary: In this context, this section carries out a
summarization and comparison of the features, performances, and existing gaps of the
method in the literature and limitations.

e Scope of the Problem: This section includes the research topic and questions of the
study describes and elaborates the purpose and usefulness of the developed model.

e Challenges: This section describes the main problems and issues encountered in the

course of the research and offers recommendations and approaches.

2.1 Terminologies
In this section, the background information and definitions that will elucidate the subject
of the research work is provided. In this paper, | discuss Computer Vision and classify

Machine Learning and Deep Learning as its sub-disciplines.

2.1.1 Computer Vision

Computer vision is considered a branch of artificial intelligence and computer science that
relates to training computers to analyze and comprehend data received from the physical
surroundings. But it concerns creating algorithms and methods through which the
computers can analyze and understand images or videos. Computer vision applications are

categorically grouped by tasks such as image recognition, object detection, image
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segmentation, image classification among others. Computer vision here imitates the visual
perception of a human to a degree by allowing machines to wake up in the physical
environment, understand objects and patterns and make relevant decisions all by using
visuals. Some of the domains where this technology is useful are, hospitals, self-driving

cars, security cameras, smart glasses, and factories.

2.1.2 Machine learning

Artificial intelligence can be categorized into machine learning, which deals with the
creation of models that allow computers to learn from the data to solve particular tasks
without being taught. it is a process of creating programs that are able to find the patterns
to predict the data with the help of several iterations. Machine learning algorithms are
trained on large datasets, where they identify patterns and relationships, allowing them to

generalize and make accurate predictions on new, unseen data.

2.1.3 Deep learning

Deep learning is a subset of machine learning that uses artificial neural networks with
multiple layers to learn data representations. The brain's structure inspires it and has
succeeded in tasks like image and speech recognition, natural language processing, and

medical diagnosis.

2.2 Related work
This section provides an overview of the previously used approaches and issues in the
identification and authentication of medicinal plant species using images.

2.2.1 Traditional methods

The conventional approach to recognize medicinal plants in Bangladesh through images
deals with the tribal and folk knowledge trade carried generation wise in the respective
regions. Such approaches entail the process of recognizing images of medicinal plants by
comparing them to their known morphological features. This paper also provides a general
view of the previously used methodologies and they involve image preprocessing, feature

©Daffodil International University 9



extraction, and classification of medicinal plants in Bangladesh. Image pre-processing
prepares the image for analysis by enhancing the image and its quality by narrowing down
on the image features. Some of the categories of techniques are noise reduction techniques,
contrast enhancement techniques, techniques for resizing the images, normalization
techniques, edge detection techniques, color correction techniques, registration techniques,
and techniques for removing artifacts. In the application of these preprocessing techniques,
it enhances the quality of the results obtained by the researchers. Attribute extraction is a
kind of basic procedure in image analysis which is concerned with the identification of the
content and/or structure of the data. It may comprise edges, textures, shapes, colors or other
properties that may set off objects or sections in the scene, respectively within the image.
Indeed, categorization is a basic task in supervised learning and pattern analysis where the
main goal is to place the input data in one of the several pre-defined categories. This
process often entails using a training set of images, in which an image belongs to precisely
one labeled class. In the training phase, the model is able to identify patterns and features
of images of classes that are being trained. Once it is trained, the task of the model is to
determine the class label for new images that the algorithm has never encountered and
extracts their features. Such methods can be supporting vector machines, decision trees, or
deep learning neural networks which have the ability to learn and discover more features

and relationships out of the data provided to them.

2.2.2 Recent methods

New approaches of the identification of the medicinal plants in Bangladesh by images are
some of the developing and innovative methods and technologies that have been developed
in the image analysis and machine learning fields. These methods rely on the progress that
has been made in computer vision technologies and pattern and data recognition useful in
plant identification by their images. The recent methods might comprise creating image
recognition algorithms, deep learning models or CNN ensuring the images of medicinal
plants from large datasets. These approaches help in the quick, precise and efficient
identification of plant species which in turn helps the researchers, conservationists and

plant users in Bangladesh.
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2.2.3 Comparative Analysis

In the past decades, many researchers have proposed various works on plant identification.
Some of them were based on low-level feature extraction such as color, texture, leaf vein
extraction, etc. The authors [4] proposed a method based on color, texture, and edge
features for the identification and classification of Indian medicinal plants with 90%
accuracy. The authors [5] proposed a method based on the texture and color features of
digital leaf images for identifying Indonesian medicinal plants with 74.51% accuracy. The
authors [6] proposed a method based on color, and edge features for the classification of
medicinal plant leaf with 92% accuracy. The authors [7] proposed a method based on the
canny edge detector and SVM classifier for Leaf Classification and Identification with 87%
accuracy. The authors [8] proposed an automated system for the medicinal plant
classification with 71.3% accuracy rate. The authors [9] introduced LeaVeS: A Leaf
Recognition Application by Leaf Shape and Venation using Artificial Neural Networks
that aim to classify a plant species by a leaf image alone. This method was able to achieve
95% accuracy in plant species classification. The authors [10] introduced Identification and
Classification of Indian Medicinal Plants by combining color, texture, and edge features
using SVM and radial basis exact fit neural network (RBENN). The method was able to
achieve 74% and 80% accuracies for color, and edge texture features respectively. This
method achieved 90% accuracy with combined color and texture features. The authors [11]
introduced identification of medicinal plants using a hybrid transfer learning technique.
This method was able to achieve 95.25% test accuracy. The authors [12] introduced
Identification of Selected Medicinal Plants Leaves by extracting shape, color, and texture
features from leaf images using an Artificial Neural Network (ANN) classifier. They got
94.4% accuracy from this method with a minimum of 8 input features. The authors [13]
introduced Identification and Classification of tropical medicinal plants by extracting
patterns from the leaf using SMO, Decision Tree (J48), Naive Bayes (NB), kNN, Random
Forest (RF), and Direct Ensemble Classifier for Imbalanced Multiclass Learning
(DECIML) classifiers. They got 50%, 40%, 35%, 40%, 45%, and 65% accuracy

respectively.
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2.2.4 Scope of the problem

The issue here is that this research seeks to establish the most suitable method of analyzing

data that is complex and dynamic.

The study will look into these aspects of the problem:

Data Collection: The research will work with the data of diverse types and apply
appropriate methods to extract, transform and load the data into a specific format.
Data Processing: The specifics of using machine learning, statistical methods, and data
visualization tools, as well the generation of new techniques for analyzing and
interpreting big data are among the objectives of the research.

Data Presentation: The study will identify specific ways of effective communication of
analytical results and will develop sound approaches on how to present the findings of

data analysis through dashboards, reports, and narratives.

2.2.5 Challenges

Various challenges in accomplishing its objectives:

Data Quality: The research has to input raw data that are often fragmented, discordant,
ambiguous and stale and the best ways of preprocessing, merging and updating must
be used.

Data Complexity: The research must adapt to others that stem from high-dimensional,
heterogeneous and nonlinear characteristics of the data set and select an appropriate
procedure that will reduce, transform and model the data set.

Data dynamics: To contain the dataset, the research has to deal with a dynamic,
streaming, and real-time data type, therefore, the methods need to address issues like

monitoring, updating and forecasting of the data type.
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CHAPTER 3
RESEARCH METHODOLOGY

This chapter outlines the background to the research work and the procedure to be followed
in the identification of medicinal plants using deep transfer learning.

The following sub-sections:

3.1 Research Subject and Instrumentation: This sample gives an introduction of the study
topic and the instruments that will be used for data collection and analysis.

3.2 Data Collection Procedure and Dataset Utilized: This section makes it clear the
approach taken for data collection and more to the point the dataset utilized in the research
process.

3.3 Evaluation Matrix and Analysis: This section provides details of the analysis that is
used in relation to the hypothesis testing and response to questions of the study.

3.4 Proposed Methodology or Applied Mechanism: This section introduces the specific
approach or practical method by which the paper aims at distinguishing mango leaf
diseases through the convolutional transformer-based model and justifies why it is logical
and efficient to use the method.

3.5 Implementation Requirements: This section need to state how the proposed

methodology or the applied mechanism need to be implemented.

3.1 Research Subject and Instrumentation

e Research Subject: The study focus of this research is to identify medicinal plants
through deep transfer learning. The major attention is paid to the selections of the plants
which are used in the treatment in Bangladesh. These plants are said to be healthy plants
and are usually used in African traditional systems of treatment. Correct identification
of these plants is very vital for their proper use in treatment.

e Instrumentation: The major method applied in this study is deep transfer learning
model. This model is for the classifying of plant species by the pictures of their leaves
in a given image. For training and running this model, I used Google Colab establishing
itself to a T4 GPU.
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3.2 Data Collection Procedure and Dataset Utilized

Data Collection Procedure: The required set of plant images in the paper was assembled,
including several hundreds of black and white images of plant leaves from different
sources. These activities involved going to botanical gardens, forests, and other gardens
where these plants can be located. All the images were appropriately commented with the
name of the plant depicted. The comprehensive collection includes photographs of
seventeen medicinal plants: Ashok, Benjamina, Chitrashi, Dumur, Gutgutta, Hijal, Jam,
Karanja, Nageshar, Neem, Seura, Tulsi, Ashor, Bajna, Camphor, Debdaru and Minjiri.
Diversity in geographical variations of medicinal plants makes this paper appropriate for
presenting a model for Bangladesh since the list focuses on medicinal plants. A total of
2000 images of single leaves of medicinal plants were captured using Canon EOS 250D
DSLR Camera with an 18-55mm KIT Lens. That has 24. 1 MP resolution and DIGIC 8
image processor. The background of the images can sometimes introduce unwanted feature
influences to the model during the training, and thus, to general features and, therefore, to
exclude them as negative features during the training process, | use white background.
Besides, each class’s image was further augmented by applying the zooming and rotating
to enlarge the size and scaling capability of the images and the final dataset included 4250
images of medicinal plant leaves from 17 classes where each of the classes contained 250
images. The dataset is divided into three subsets: A training set, a validation set and finally
a testing set are used in this study. The training subset includes 70 percent of the data base
containing 2975 images for the training of the proposed model. The validation subset is
formed by 425 images (10 percent to the total data set) where the proposed model can be
validated. The given testing subset is 20 percent of the overall set and has included 850
images for testing the given model.

It was not always an easy task to collect these images. In other cases, the lighting
conditions, weather, or the condition of the plants made it hard to capture good-quality
photos. Still, the process provided me with the actual experience of the diversity of the
medicinal plants in Bangladesh. The dataset | have created is not just a set of numbers; it
is an effort to collect actual leaves from nature, and it can also be of benefit to other

researchers who may wish to work in the same field in the future.
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3.2.1 Dataset Sample
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3.3 Evaluation Matrix and Analysis

Evaluation Matrix: Regarding the performance of the proposed model, several
evaluation metrics were leveraged when comparing the results.

Accuracy: The proportion of plants recognized by the system among all the samples of
plants.

Precision: The number of plants that fall under each category in the evaluation of the
models’ accuracy, precision which is calculated as the ratio of correctly identified
plants within the range of the total identified plants by the model.

Recall: The accuracy of the final results against the total number of plants, counting for
the model’s uniqueness in identifying all instances it is used for.

F1 Score: Average of precision and recall because you cannot optimize for both to get

the optimal value.

3.4 Proposed Methodology

Proposed Methodology: My methodology involved several key steps:

Data Preprocessing: Further, from the images that were extracted from the web, first,
the images were rescaled to specific dimensions to make them more uniform. This
comprised scaling, normalization, and data augmentation to diversify the dataset used
in training the model.

Model Selection: In this case, | employed a deep learning model which was previously
trained and then trained the model on my own data set. The models are MobileNet V2,
Inception v3, VGG16, VGG19, ResNet50. Using transfer learning, an already trained
model is used without having to train it again on a different problem, and in this case,
this enables us to reuse existing knowledge.

Training the Model: The utilized model was pre-trained on my dataset; it was trained
for several cycles to improve the outcomes and achieve the best result. Thus, | applied
concepts such as cross-validation, which helped to avoid overlearning and ensure the
stability of the final results.

Validation and Testing: The performance of the model was the determined by
validation and testing phases with other different datasets in order to fine-tune the
model.
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3.5 Implementation Requirements

Software and frameworks: Python language is widely used not only as a tool for
modelling but also for scripting. Keras are deep learning frameworks for building up
and training deep learning models.

Environment for Development: Interactivities such as development of models are done
from tools like Jupyter Notebooks or Google Colab.

Data Preprocessing: Based on the scaling, normalisation, and augmentation techniques,
tools for preparing images are employed for making models to be less sensitive.
Parameters for training: Make adjustments on the rate of training to improve the process
of the model. Batch size discusses how to define an efficient batch size to improve the
training speed. Epochs also define the number of training necessary to achieve the
model’s convergence. The function reveals the difference between the forecasted end
and actual results and determines the appropriate parameters of the proposed model.
The optimisers as for example Adam Optimizer should be used to maximize the

efficiency of the weights’ changes while conducting experiments.
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CHAPTER 4
EXPERIMENTAL RESULTS AND DISCUSSION

4.1 Experimental Setup

| used deep learning algorithms to recognize medicinal plants, compared the algorithms’
effectiveness and considered possible improvements. The tests were conducted through
Colab with the utilization of Keras, Tensorflow, and Numpy. In the data visualization |
used Matplotlib to make plots. The dataset includes 4250 photos. | used 70% of the images
for training. For validation, I used 10% of the data and for testing 20% of the data set was
used.

Table 4.1: Splitting the dataset for training, validating, and testing

Data Type Data Point
Training 70%
Validation 10%
Test 20%

4.2 Experimental Results & Analysis

The performance of model was evaluated using some key metrics:

4.2.1 Loss

During the training and validation processes, categorical cross-entropy was paid attention

to as the loss. A reduction loss meant that model is gradually improve in terms of recognize
the medicinal plants.

4.2.2 Accuracy
Accuracy of classification computed as the ratio of the number of responded samples to all
the samples, offered an overall estimate of the efficiency of the model.
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accuracy

4.2.3 Confusion Matrix

The confusion matrix was used to analyze the behavior of the model to classify and predict

the occurrences for each class; this comprised of true positive, true negative, false positive,

and false negatives. This matrix gave an indication of some of the possible areas of

emphasis and possible difficulties in identifying the medicinal plants.
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Figure 4.1: Loss and Accuracy, and Confusion Matrix of MobileNet V2
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4.3 Discussion

Machines are capable of identifying the medicinal plants correctly if the picture collection
is well balanced as it is the prerequisite for training the deep learning models. To ensure
the quality and the diversity of the images in the dataset completely new and relevant
photos were collected from botanic gardens, forests and other gardens in Bangladesh. This,
in return, has an impact on the ability of the model to classify as well as identify several

characteristics of medicinal plants correctly.

The analysis of the gathered dataset was further used to recognize medicinal plants using
several deep learning models such as MobileNet V2, Inception v3, VGG16, VGG19, and
ResNet50. Out of these models, MobileNet is a regularization that provides faster detail
and more efficient training compared to the other implementation and higher performance
on the particular dataset. According to the results of the conducted investigation, it was
identified that MobileNet V2 provided the highest average accuracy rate of 93.78%. While
the Inception v3 achieves accuracy rate of 90.85% on average. ResNet50, VGG16, and
VGG19 obtained 46.94%, 90.43%, and 90.10% accuracy respectively. It is crucial to admit
that the influence of the number of parameters on the efficacy of a deep learning model
depends on the specific assignment and data collection. Regarding the training, through the

preformed experiments of having different architectures and parameters to be tested.

Table 4.2: Proposed Model Summary and Performance by Each Label

Plant Name Precision Recall Fl-score Support
Ashok 0.82 0.94 0.88 50
Benjamina 0.94 0.94 0.97 50
Chitrashi 0.97 0.74 0.84 50
Hijal 1.00 0.72 0.84 50
Dumur 0.98 0.88 0.93 50
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Gutgutta 0.85 0.94 0.92 50
Jam 1.00 1.00 0.96 50
Karanja 0.87 0.92 0.89 50
Nageshar 0.98 0.84 0.90 50
Neem 1.00 1.00 1.00 50
Seura 0.68 0.96 0.79 50
Tulshi 0.98 0.98 0.98 50
Ashor 0.94 1.00 0.97 50
Bajna 1.00 1.00 1.00 50
Camphor 1.00 0.98 0.99 50
Debdaru 1.00 0.94 0.97 50
Minjiri 1.00 0.98 0.99 50
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CHAPTER 5
IMPACT AND SUSTAINABILITY

This chapter describes the impact of the research on the identification of medicinal plants
in Bangladesh by using deep transfer learning in the social, environmental, and
sustainability aspects of society.

It covers these sub-sections:

5.1 Impact on Society: In this section, it is illustrated how the research work can contribute
positively to society and especially to the people of Bangladesh in the better identification
and utilization of the medicinal plants. This research can contribute to health care, the
development of traditional medicine, and assisting people in comprehending the natural
ways to determine and treat illnesses using local plants.

5.2 Impact on Environment: This section shows how the research work would enable the
protection of medicinal plants and their sustainable use. In its outcome, the research
contributes to the diminution of synthetic medications’ usage and encourages the use of
natural treatments, which promote the maintenance of species diversification and genetic

plant resources.

5.3 Ethical Aspects: This section also reveals and discusses the ethical considerations and
issues concerning the research work; in this case, data privilege, safety and ownership of
plant image data. It also takes into account some sociocultural effects of the technology
and thus makes sure that the favorable outcomes of the study are shared fairly and gives

regard to cultural practices and values.

5.4 Sustainability Plan: This section presents the sustainability plan of the research that is
the practical continuation of the work, including the maintenance of the methodology and
the deep transfer learning model as well as the scalability and accessibility of the developed
solutions. The plan guarantees that the system will always be current, easily accessible by
the public, and suitable to accommodate technological trends and botanological findings

in the future.
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5.1 Impact on Society

The research work on identification of medicinal plants using deep transfer learning can

have a positive impact on public health and community well-being in various ways:

Healthcare Accessibility: It has been observed that accessibility of modern healthcare
services is still a major problem in many parts of Bangladesh and particularly in Rural
and hard to reach areas. Since it will act as a guide to the relevant medicinal plants,
people can take simple relief for widespread conditions through natural healers. This a
way of minimizing the cocktail like use of expensive drugs and keep control of the
heath costs.

Empowerment through Knowledge: This implies that this technology will enable the
empowering of individuals and communities by availing to them information on how
they can use local resources. These facilities can empower women to become more
independent and sustainable to some extent in cases of disease outbreaks or scarcities.
Educational Value: This piece of technology can be adopted and included in the course
work studies in schools and universities for the better experience of the students in
botany, medicine and environmental studies. By serving an instrument for learning
about plants, it will reintroduce natural sciences and give people more information
about the role of medicinal plants.

Cultural Preservation: The uses of medicinal plants are precondition of Bangladesh
cultural sensation. In this way the technology known as plants also assists in preserving
traditional knowledge that may otherwise not be passed on. This can help promote pride
and Cim attribute continuity within those sub groups that benefit from it.

Research Advancements: To the researchers, this model can act as a reference point
when evaluating plant properties as well as their impact. It can contribute to a
continuing search for the fresh facts concerning herbal remedy and it can open the ways

to find new remedy or drug from natural resources.

5.2 Impact on Environment

The research work on identification of medicinal plants using deep transfer learning can

have a positive impact on environment in various ways:

Biodiversity Conservation: Some plants have specific uses in traditional medicine and

when people over-exploit them, these certain species are eliminated.
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This way the technology can assist in point out more species of medicinal plants for
harvesting and therefore spreading the pressure across a large number of species thus a
positive view on the aspect of biodiversity.

Sustainable Harvesting Practices: When the population of plants is supplemented
through conservation and the right method of harvesting is taught to the public, the
population should not reach its lower limit of sustainability. This can be quite relevant
in the situation where specific plant species may be on the verge of being eradicated
from the face of the earth.

Reduction in Chemical Use: Through encourage usage of natural product man can
reduce the usage of synthetic drugs and chemicals that pollute the environment during
their preparation as well as when they are disposed. Natural remedies are
environmentally friendly more so due to the fact that they are biodegradable products.
Ecosystem Health: Efforts on the conservation also benefit the health of entire
ecosystems with regard to the products derived from medicinal plants. Therefore, plants
are vital structure components in the support of soil, the regulation of water cycle and
being a home to many animals too. Hence, the protection of these medicinal plants will
also help in protecting the balance as well as stability of ecosystems.

5.3 Ethical Aspects

The research work on identification of medicinal plants using deep transfer learning also

involves some ethical aspects and challenges:

Respect for Indigenous Knowledge: Another factor is the apprehension of indigenous
cultural and historical rights and their knowledge on natural resources is appropriate.
Efforts should be made to establish cooperation with these communities to reaffirm
them individual and collective recognition for their intellectual property.

This can include; Availing the gains accruing from the technology to the communities
that have supplied the knowledge.

Data Privacy and Consent: The model uses images of plants which may be originated
from several sources. Any data that is gathered should be collected for the right reasons
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and with permission being sought. Some of the common principles include clarity to
user and contributors on how data is gathered, saved, and utilized in the process.
Accessibility and Equity: It would be best if technology were provided across the
population and irrespective of the starting economic status of the people. There should
be attempts to extend the use of this improvement towards the vulnerable groups of
society that lack the privilege of access to quality health care services. This can involve
releasing the tool in local languages and formats that are easily understandable to the
users.

Avoiding Exploitation: It means, there should be provision for preventing the
technology from being utilised in a manner that is fraudulent for the commercial benefit
of those who do not belong to the local community. Some general measures which
should be set up to avoid the potential use of big data technologies for unethical
purposes and to ensure that the key value orientations of big data applications remain

the pursuit of the public good and sustainability.

5.4 Sustainability Plan

The research work on identification of medicinal plants using deep transfer learning also

proposes a sustainability plan that involves several strategic actions:

Continuous Model Improvement: To such an extent, the updates and refinements of the
model can be frequent as the updated data take time to get improved. This presents a
continuous need of working with technologist, botanist as well as local specialists who
can feed the system with the most recent data on various plant species or their uses in
medicine.

Training and Education: Another measure that may be helpful for the society is to
launch educational programs including holding corresponding workshops to teach
people how to address the problems connected with the using of the technology.
Consequently, training healthcare workers, educators, and other community leaders is
one of the approaches to creating a core group of informed users who can share the
innovation’s benefits with others.

Community Engagement: This implies that involving the locals in the development and

implementation of the technology helps in achieving the set goals while considering
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their way of thinking and doing things. Local monitoring and feedback can assist in
modifying the technology to the specific context thus making the technology more
relevant and efficient.

e Policy Integration: The technology can be adopted if implemented by the government
services it can also work with other organization such as non-governmental
organizations to improve health care and conservation policies in command.
Government endorsement can help in the implementation of the sustainable features
and guarantee that all the advantages of the technology are achieved.

e Partnerships and Collaboration: This is why it can be effective to establish cooperation
with different stakeholders such as academic institutions, healthcare providers, and
environmental organizations as this will form a supportive environment for the
technology. Partnership can open rounded benefits and initiatives that can be achieved
through collaboration as well as provide more rounded solutions for the problems of

sustainability.
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CHAPTER 6

SUMMARY, CONCLUSION, RECOMMENDATION, AND
IMPLICATION FOR FUTURE RESEARCH

6.1 Summary of the Study

In this research work, identification of medicinal plants was achieved through deep transfer
learning, which can be regarded as a complex aspect of artificial intelligence. The first
objective was to design a model for identification of medicinal plants from the image of
the leaves which will help others specifically the people of Bangladesh to identify and use
the plants. It is most relevant when traditional medicine is a significant component of health
intervention and when the use of modem medical facilities may be a challenge.

During the course of the work, | gathered a rich dataset of plant leaf images for which the
conv transformer-based model was trained. This model harnesses deep learning algorithms
in a manner that enables it to classify the plants’ features. It can be seen that the given
model produced fairly good accuracy, and it could be considered as useful for both health

care and schooling applications.

6.2 Conclusions

o Effectiveness of Deep Transfer Learning: To conclude, this work further affirmed that
deep transfer learning in the confirmation of medicinal plants is very effective. In
identifying plants from their leaf’s pictures, the deep transfer learning method achieved
high levels of accuracy.

e Accessibility and Usability: The developed model is very simple to use and any human
who is not so technologically inclined will not face any problems in using it. This
makes it an efficient tool for low reach and impoverished regions of the global society
in that they can fully capitalize on the nutritional and medicinal value of plant products.

e Cultural and Environmental Benefits: Thus, facilitating the identification of medicinal
plants the model contributes to the protection of traditional knowledge and the
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sustainable use of natural resources. It also serves the objectives of conservation of

species by discouraging over exploitation of species that are preferred by many people.

6.3 Recommendation

e Community Training Programs: For optimal results of this technology, it is suggested
to integrate training programmers in the targeted communities. It is suggested that such
programs should raise awareness of people on how best to adopt the model as well as
how to harmoniously harvest the plants for medicinal use.

e Integration with Healthcare Services: Hence, health care providers especially those in
the rural areas need to embrace this technology. This may assist in enhancing the
implementation of the Primary Health Care (PHC) strategy and at the same time
encourage the practice of integrating the Traditional Medicine systems with the modern
systems.

e Educational Initiatives: This should be among the teaching tools listed in faculties of
schools and universities. This can help in creating awareness of botany, and herbal
medicine among the students as well as, passing on traditional knowledge.

6.4 Implication for Further Study

e Model Improvement: More often and in the future, research should be focused on the
further development of the model together with the base that stores information about
the different sorts of medicinal plants. This can be done by cooperating with botanists
and other specialists of the region to gather more data as to flora.

e User Feedback and Adaptation: The collection of data from the users will be very
crucial in the enhancing the implementation of the such technologies. To implement
the proper changes towards increasing the utility of the model, their experiences of
using the model and the difficulties can be identified.

e Cross-Regional Application: As for the limitations of this research, this is essential to
emphasize that despite conducting analyses in Bangladesh, the proposed model could

be applied further to other regions with considerable usage of medicinal plants.
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Research could also look at whether similar structures have effectiveness in other
cultures and other parts of the world or indeed other biomes.

e Integration with Other Technologies: In developing this model further, there is need to
incorporate the other mobile technologies such as; mobile health apps, remote sensing
to enhance efficiency and reach. It can open up more opportunities for the study of the

environment and health and other related discipline.
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APPENDIX

Appendix A: Data Collection

Plant Leaf Images: | gathered images of plant leaves from different place such as botanical
gardens, forests, and local markets in Bangladesh. To each image of the plant, the

appropriate name was written along with the uses of the plant in traditional medicine.
Appendix B: Model Development

Deep Transfer Learning: In this, |1 have employed a deep transfer learning; that means I
transferred a model trained on several classes and fine-tuned it on my classes. This type of
learning follows the previous knowledge whereby new information is modified to suit the

needs of the model and is usually accurate.
Appendix C: Training Process

e Dataset Preparation: Following this | split out data in to three sets of: training,
validation and test. What was described above shows that the training set was used
to train the model, while the validation set enabled the fine tuning of the model and,
finally, the testing set was used to assess the worked-out model.

e Model Training: It was trained with the help of high-performance computers. He
also demonstrated the process of using the model to feed it images and fine-tuning
the parameters in attempt to reduce the errors. Training in this case took several

hours and was repeated several times to obtain the best outcome.
Appendix D: Results

Accuracy: The model worked very well in classifying the medicinal plants with high
accuracy rates. Out of the plants from the test images, it was able to correctly identify a
large percentage thus making it efficient.

Appendix E: Challenges

e Data Variability: Also, the diverse arrangement and color of the plant leaves were some
of the difficulties that were encountered. The change in the direction of light, position,
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and backdrop influences the identified model. This | managed to do by using a diverse
of images in my training dataset.

e Resource Limitations: Some of the deep learning models in the different applications
in this paper require a big amount of computational power. This forced us to adapt to
the available resources to set up an efficient training plan.

Appendix F: Future Work

e Expanding the Dataset: More images and data should be gathered in the future on
further medicinal plants. It will have a positive impact on the model’s accuracy by
establishing more channels of application in different fields.

e Real-World Testing: As for the model’s future, | intend to employ it in real-world
conditions with the Participation of local communities and healthcare institutions. The
opinions received will help to enhance and develop the specifics of the tool.

Appendix G: Additional Visualizations

A section consisting the additional visual materials includes the sample images from the
dataset, the visual representation of the graphs, any other visual aspect that would help to
better understand the conducted research.

Appendix H: Code Repository Information

This appendix provides details of the location of the complete code, including location such
as the link of an online repository, for example, GitHub, GitLab, and the like. This makes
it possible to get the entire source code for independent verification or for additional
analysis.

Appendix I: Contact Information
For any questions or further information, please contact:
Lead Researcher: Shithi Rani Saha
Email: saha242-25-051@diu.edu.bd

Institution: Daffodil International University
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Springer Science and Business Media LLC,
2021

Publication

E Azeil Louisse Codizar, Geoffrey Solano. "Plant <1 %
leaf recognition by venation and shape using
artificial neural networks", 2016 7th
International Conference on Information,
Intelligence, Systems & Applications (IISA),
2016
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23% de-l-ecilned as AI Caution: Review required.

The percentage indicates the combined amount of likely Al-generated text as It is essential to understand the limitations of Al detection before making decisions

well as likely Al-generated text that was also likely Al-paraphrased. about a student’s work. We encourage you to learn more about Turnitin's Al detection
capabilities before using the tool.

Detection Groups

23 Al-generated only 23%
Likely Al-generated text from a large-language model.

0 Al-generated text that was Al-paraphrased 0%
Likely Al-generated text that was likely revised using an Al-paraphrase tool
or word spinner.

Disclaimer

Our Al writing assessment is designed to help educators identify text that might be prepared by a generative Al tool. Our Al writing assessment may not always be accurate (i.e., our Al models
may produce either false positive results or false negative results), so it should not be used as the sole basis for adverse actions against a student. It takes further scrutiny and human
judgment in conjunction with an organization's application of its specific academic policies to determine whether any academic misconduct has occurred.

Frequently Asked Questions

How should I interpret Turnitin's AI writing percentage and false positives?

The percentage shown in the Al writing report is the amount of qualifying text within the submission that Turnitin’s AI writing

detection model determines was either likely Al-generated text from a large-language model or likely AI-generated text that was [
likely revised using an Al paraphrase tool or word spinner.

False positives (incorrectly flagging human-written text as Al-generated) are a possibility in Al models.

Al detection scores under 20%, which we do not surface in new reports, have a higher likelihood of false positives. To reduce the
likelihood of misinterpretation, no score or highlights are attributed and are indicated with an asterisk in the report (*%).

The Al writing percentage should not be the sole basis to determine whether misconduct has occurred. The reviewer/instructor
should use the percentage as a means to start a formative conversation with their student and/or use it to examine the submitted
assignment in accordance with their school's policies.

What does ‘qualifying text' mean?
Our model only processes qualifying text in the form of long-form writing. Long-form writing means individual sentences contained in paragraphs that make up a
longer piece of written work, such as an essay, a dissertation, or an article, etc. Qualifying text that has been determined to be likely Al-generated will be

highlighted in cyan in the submission, and likely Al-generated and then likely Al-paraphrased will be highlighted purple.

Non-qualifying text, such as bullet points, annotated bibliographies, etc., will not be processed and can create disparity between the submission highlights and the
percentage shown.
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