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Abstract: The study developed an artificial intelligence- based
Indian Medicinal Plant Identification and Information System
(IMPIS) that makes use of deep learning-based computer vision. In
order to perform multi-class classification on 50 species of medicinal
plants, the architecture was a two-convolutional neural network
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(CNN) based on ResNet18 and EfficientNet-BO0, which were adjusted
using ImageNet weights. The images were pre-processed by
uniformly resizing them to 224 by 224 pixels, normalizing them, and
image augmentation methods like flipping, zooming, and rotating,
with the aim of enhancing the models' generalization and lowering
the danger of overfitting. The categorical cross-entropy loss was
applied over 50 epochs with early stopping conditions, and Adam
was employed as the optimizer with a learning rate of 0.001.
Measurements of accuracy, precision, recall, Fl-score, and
inference latency performance revealed that EfficientNet-BO could
process in real-time (less than 200 ms) with an approximate
accuracy of 90.3%. The classification outcome was connected to a
knowledge database in the format of a JSON,with a large language
model of a JSON using a large language model (Gemini) to produce
organized information on phytochemical composition, medicinal
use, and administration guidelines. This was created as a complete.
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1. Introduction

The global concern over traditional herbal medicine, especially Indian medicinal plants, shows that there is a need for
quick and easy ways to find and share information. India has a lot of different types of plants, with over 7,500 species of
medicinal plants. The current methods for identifying things mostly depend on people knowing how to do it and using text,
which is time-consuming and can be wrong. Deep learning integration made it possible to automate the process of identifying
species.

Techniques into the identification process helps to make the process of identification very fast in retrieval of important
medicinal information. The tools that can assist in bridging the technological and cultural gaps in botanical knowledge offer
numerous opportunities to enhance clinical and research practice in the designated area through the use of cutting-edge Al-
technology.

Traditional image processing and rule-based systems, which are not flexible or scalable, make up the majority of the
current environment for identifying medicinal plants. Despite the fact that many studies have looked into the use of machine
learning models, the models' accuracy, user interface, and information retrieval capabilities are still limited.

For instance, due to the use of fewer datasets, classical models often overfit or fail to distinguish between a wide variety
of plant species. Furthermore, the existing systems typically lack knowledge extraction functionalities, making it difficult to
provide the user with all contextually relevant information about the uses of herbs. This leads to a discontinuous flow of user
experience in the identification of medicinal applications. The development of a sophisticated Al-based solution that
combines robust image identification with a variety of botanical data has a significant research need. The primary challenge is
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putting in place a deep learning framework that can handle both differentiating characteristics related to various plant species
and efficiently translate these in binary to structured data.

Furthermore, it is crucial to ensure the real-time usage of the proposed system while maintaining high accuracy in the
inference process that will be used at the field level. Innovative approaches to model training and evaluation are required to
address these problems, as is the creation of a single knowledge base that can effectively respond to user requests medical
information.

Based on the most recent developments in the field of deep learning techniques, the proposed project would close this
gap by developing an Indian Medicinal Plant Identification and Information System that employs an Al engine to identify and
offer information about Indian medicinal plants. Convolutional neural networks (CNNs), specifically ResNet18 and
EfficientNet-B0,the suggested solution improves the classification task's accuracy and enables prompt inference, which is what
the field requires in terms of speed and accuracy. Additionally, the use of an LLM-assisted retrieval module facilitates the
extraction of technical data, phytochemical activity, therapeutic application, and precautionary information. A practical platform
that is easy to use, streamlines the identification procedure, and fosters knowledge sharing in the area of medicinal plant use is
critically needed for this study.

The pipeline, which consists of sophisticated computer vision algorithms for image classification followed by an extensive
information retrieval system, can be used to describe the procedure. In order to maximize the model's performance, the input images undergo
rigorous augmentation and normalization. The outcomes are assessed using objective measures such as accuracy, precision, recall, and
inferencelatency.

Additionally, the final web application, which is built using the Streamlit framework and operates on AWS EC2, ensures scalability and
adaptability. The methods employed, the experimental design, the experiment's results, and the study's broad implications for further
research on plant-based medical systems are all thoroughlydescribed in the partsthat follow.

2. Literature Survey
A. Artificial Intelligence-Based Solutions to Medicinal Plant Recognition and Disease

The Sundaresan et al. [1] proposed a multi-agent system that identified medicinal plants using contemporary Al
techniques, such as image processing algorithms and a knowledge-based system that provides a user with extensive information
about plant properties. This paradigm allowed for the quick identification and easy access to medical knowledge. Concurrently, Sathya
et al. [2] focused on classifying plant diseases and developing an Al-driven predictive model of Ayurvedic leaf types using
machine learning algorithms including Support Vector Machines (SVM) and Convolutional Neural Networks (CNN). They
demonstrated that they were highly accurate in their categorization and prediction tasks, demonstrating the value of incorporating
visual analytics into traditional medicinal practice. Altogether, these articles highlight the disruptive nature of Al in improving
the knowledge and application of medicinal flora using new techniques, filling the void between traditional medicine and
technological advancements.

B. Machine Learning Algorithms to identify medicinal plants using images.

The identification of medicinal plants has significantly improved thanks to recent advancements in image processing
techniques based on machine learning algorithms. In order to identify plant species linked to specific diseases, Nandini et al. [3]
presented a novel approach that integrates convolutional neural networks (CNNs) with traditional image processing.

Their method uses a dataset that reflects a broad range of plants and has a high accuracy rate. Similar to this, Alonazi
[4] elaborates on the use of artificial intelligence to classify the traits of medicinal herb plants and provide information on
potential treatments. Using support vector machines (SVM) and decision trees as illustrations of algorithms,

Alonazi showed how data-intensive methods could uncover intricate relationships between the characteristics of plants
and their therapeutic efficacy. When taken as a whole, these studies show how cutting-edge machine learning techniques can
bridge the gap between botanical science and modern medical applications, leading to a better understanding of plant-based
treatments.

C. Medical Plant Recognition and Educational Support based on Al Techniques.

The identification and use of therapeutic plants has significantly improved because to recent advancements in Al
techniques. By utilizing Augmented Reality (AR) and machine learning algorithms to assist users in identifying a medicinal
plant through interaction, the hybrid approach proposed by Panche et al. [5] can aid in the preservation of herbal knowledge. In
order to increase user engagement, this application combines visual information with educational content using image processing
technologies and augmented reality. In keeping with these earlier studies, Lakshmi et al. [6] focus on ensemble learning
techniques for plant identification, employing several classifier algorithms to optimize the accuracy of detecting various
medicinal plant species. They highlight how they use neural networks, decision trees, and support vector machines to improve
the identification rate. Combined, these papers demonstrate a convergence of novel approaches to the conservation of herbal
knowledge and provide viable use of Al, thereby laying the groundwork to powerful educational tools and applications in herbal
medicine.

D. Advanced Recognition Techniques in the Classification of Species of Plants.

Using novel machine learning frameworks, the research of Karnik et al. [7] and Surendran and Rajakumar [8] advances
recognition systems in botanical systems. Karnik and associates employed a They employed image processing to extract and dassify
intricate leaf vein patterns and a multi-scale venation pattern analysis to increase the recognition rate of various medicinal plant species. In order
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to better identify the relevant morphological elements, their model incorporates a hierarchical feature extraction technique. Ina similar vein,
Surendran and Rajakumar proved the efficacy of deep learning models to identify a variety of fruit images by using convolutional neural
networks (CNNs) to achieve autonomous fruit recognition. Their research demonstrates that their feature-learning- optimized architecture
outperforms their conventional techniques in terms of precision and recall metrics. When combined, these studies show how deep learning
algorithms can be combined with contemporary image analysis techniques to produce powerful and efficient plant species identification.

E. Medicine E. Deep Learning architectures of medicinal plants recognition and image processing improvement.

The Significant progress has been made in image analytics and the identification of medicinal plants thanks to recent
advances in deep learning. With the aid of convolutional neural networks (CNNSs), Prathima et al. [9] are able to propose a potent
method for the real-time classification and identification of various medicinal plants with a high accuracy rate, provided that the
transfer learning is used on represented models. Their research indicates that augmenting training datasets is crucial for
improving the models' generalization. Concurrently, Chandra et al. [10] provide an Al- based image processing system that
optimizes quality images before analysis using complex enhancement techniques.

This approach augments neural networks to increase the efficacy of image analytics networks with features of intelligent
contrast enhancement and noise reduction. With the help of these particular architectures, the two studies highlight the radical
opportunities of deep learning in improving the assessment of biodiversity and real-time image processing, which, ultimately,
should lead to the faster recognition and exploitation of medicinal resources across different areas.

3. Proposed Methodology
A. Data Preprocessing and Data Augmentation methods.

The Effective data pre-processing is necessary for the initial stage of the Al-based Indian Medicinal Plant Identification
System in order to optimize image quality and increase model efficiency. To ensure input uniformity throughout the
convolutional neural network (CNN) formulations, ResNet18 and EfficientNet-B0, input photos of the sampled 50 medicinal
plant species are uniformly sized to 224x224 pixels. Pixel values are normalized to fall between 0 and 1, which facilitates training
convergence. Additionally, data augmentation techniques like flipping, zooming, and random rotation are employed as an
overfitting minimization strategy. In order to increase the training data and improve the model's ability to generalize to untested
material by learning invariant properties, this augmentation procedure is artificially dynamic.

The model can enhance its ability to recognize variations in real-world scenarios by basing the augmentation parameter
selection on domain- specific characteristics of the plants. The aforementioned preprocessing techniques are crucial for
maximizing classification metrics and ensuring that the models accurately capture the intricate traits that characterize each
species.

B. CNN Fine-Tuning Architectures.

It ResNet18 and EfficientNet-B0, two advanced deep learning models that are initialized using ImageNet pre-trained
weights, are used in the main classification job.

The proposed transfer learning approach reduces training time and improves initial accuracy by utilizing the hierarchies
of learnt features based on a huge corpus. Because ResNet18's skip connections lessen the vanishing gradient problem, deeper
networks can be trained without noticeably sacrificing performance. In contrast, EfficientNet-B0O optimizes depth, width, and
resolution using a compound scaling technique, which improves high accuracy at lower computation costs. The models are
optimized using the Adam optimizer with a learning rate of

0.001 after being fine-tuned by a categorical cross-entropy loss function, which is appropriate when there are more than
two classes. To prevent overfitting, early halting is used during the 50 epochs of model training and to save on computational
resources. The accuracy and F1- score are performance measures that are monitored to make sure that the models perform their
tasks with the highest classification ability and a balance between the precision and recall.

C. Knowledge Recalling and Organized Information Charting.

Once Following classification, the model class label is mapped to a comprehensive knowledge base consisting of
structured data on the medicinal plants in the form of a JSON-based body. A large language model (LLM) retrieval unit, designed
especially to increase user engagement with the recognized plant species, powers this step. In order to collect accurate
information regarding medicinal uses, phytochemical qualities, and precautionary guidelines, the Gemini module uses natural
language processing to extract the class name and retrieve the knowledge base using the name. In order to close the gap between
machine learning forecasts and expertise and provide consumers with valuable understanding and background about a particular
plant, it is essential to create such structured technical information. The system will have the ability to make the information
given not only accurate but also relevant to the context, and the use of the LLM will improve the educational component of the
application. This combination allows interactive communication with users in real-time in the web application built in Streamlit,
which facilitates accessibility and convinces an audience of various types in seeking credible information on Indian medicinal
plants.
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Fig. 1 - Architecture Diagram

4. Novelty of the Proposed System
1. Application of fine-tuned ResNet18 and EfficientNet-BO models in the context of improving the accuracy of multi-class
classification in recognizing Indian medicinal plant species.
2. Launching of a knowledge retrieval system based on JSON and combines the results of deep learning with detailed mapping
of phytochemical and medicinal information.
3. Application of novel image augmentation methods, i.e., uniform rotations, zooming, to enhance generalization of the models
and address over-fitting in plant recognition exercises.
4. Introduction of a real time inference engine with less than 200 ms latency, improving the usefulness of the implementation
in the field level of field- level identification and information retrieval.
5. Creation of a web application with Streamlit in the container of Docker and with help of docker facilitates smooth integration
and scalability to be able to provide medicinal plant resources to the user.

5. Results and Discussion

A. Performance Metrics: Classification.

The A deep learning-based framework was used to implement the suggested plant identification system, which was then
made available via a Streamlit web interface. The program allows users to upload a picture of a plant leaf, which is then processed
by the trained classification model to determine the species of plant.
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D a S e S e L
Fig. 1 — Plant Identification System Interface for Image Upload

The system interface offers a straightforward image upload mechanism that supports popular image formats like JPG,
PNG, and JPEG, as shown in Fig.

1. Users can choose an image by using the browse option or by dragging and dropping it into the interface. For those
with little technical expertise, this design guarantees accessibility and ease of use.

The system uses the trained convolutional neural network model to classify the image after it has been uploaded. As
seen in Fig. 1, the prediction result is shown alongside the uploaded image. The uploaded leaf image in the example was
successfully recognized by the system as Chilly.

The system offers more details about the plant after identifying its species. This covers information on its culinary
applications, therapeutic qualities, and significance in medical research. For example, chili peppers are a common spice in many
different cuisines and have therapeutic qualities due to the presence of bioactive compounds like capsaicin. The system's
practical utility for educational and medical purposes is improved by the availability of such information.

The results indicate that the developed system can effectively perform plant identification and provide informative
content to users in a single integrated platform.

TR e el

Fig. 2 — System Output Showing Identified Plant (Chilly) and Generated Plant Information

B. Real-Time Processing Efficiency

The system's real-time processing capacity was assessed in addition to classification accuracy. Practical applications
like mobile agricultural tools and field-level plant identification require effective Real-Time Processing Efficiency With an
average inference time of less than 200 ms, the EfficientNet-BO model allowed for rapid prediction following image upload.
Users can get results nearly instantly thanks to this low latency.
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The system's interactive and responsive interface was made possible by its implementation as a Streamlit web
application. The application was hosted on AWS EC2 and containerized using Docker for deployment, enabling scalable
execution and dependable performance. Because of its deeper structure and additional computational operations, the ResNet18
model required a slightly longer processing time (about 220 ms) than EfficientNet-BO.

Compared to EfficientNet-B0, the ResNet18 model required slightly higher processing time (approximately 220
ms) due to its deeper structure and additional computational operations. However, both models were capable of performing
classification efficiently in real-time scenarios.

The experimental results demonstrate that the proposed system can perform plant identification quickly while
maintaining high accuracy, making it suitable for practical use in agriculture, herbal medicine, and educational applications.
The system's application highlighted its real-time processing performance, which is crucial for field- level applications. The
EfficientNet-BO model can be utilized in on-the-go identifications where quick feedback is needed because its inference latency
is less than 200 ms. Additionally, this efficiency was favored by integrating mobile-friendly TensorFlow Lite, which minimized
model architecture without sacrificing performance. On the other hand, due to its deeper layers and higher computational
demands, ResNet18, which could process images efficiently, had a lower inference rate of about 220 ms. Scalability was further
proved by the system's deployment on AWS EC2, which allowed for responsiveness to system utilization even during periods
of high demand.

The efficiency in real-time can greatly aid in the usability of the technology in various environmental factors and
therefore increase the chances of uptake by the practitioners. Even though the latency is reduced to the minimum, continuous
monitoring of performance and adaptive strategies can be investigated to achieve improved processing speeds at different load
conditions.

6. Conclusion

This study was a response to the problem of determining Indian medicinal plants, using deep learning with more accuracy
and efficiency. The suggested. Al-based system was based on convolutional neural networks (CNN) and ResNet18 and
EfficientNet-BO fine-tuned on ImageNet weights, providing a 90.3% classification accuracy with a real-time inference time of
less than 200 ms. Images were boosted with the help of different methods to increase the generalization of the model, and the
measures of performance, such as precision and recall, demonstrated the high effectiveness of the models. A combination of a
JSON-based knowledge base and a large language model (Gemini) enabled the synthesis of structured technical data on
medicinal applications and phytochemical activities after classification. This is an innovative pipeline that is implemented in
the form of a Streamlit web application and containerized using Docker on AWS EC2, highlighting the possibility of
implementing real- time field-level applications. Theresults have a great potential to improve the availability of medicinal plants
identification and accuracy, as well as traditional medicine and contemporary healthcare practices. Future research plans involve
expansion of the dataset to include a wider set of medicinal species, application of transfer learning to increase the robustness
of the model, and the application of an interactive user interface to be able to upload and provide feedback on plant images,
which would increase the level of participation of users in the spread of knowledge and evaluation.
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