Creating Virtual Herbal Garden: An Interactive Platform for Exploring Medicinal Plants
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Abstract— The increased popularity of traditional medicine and herbal medicine brought the medicinal plant usage back in the modern arena of healthcare and wellness. The mini project titled "Creating a Virtual Herbal Garden: An Interactive Platform for Exploring Medicinal Plants" is an attempt to fill the gap in knowledge through an interactive virtual platform to know different medicinal herbs. The site is an interactive web application where users can virtually visit a garden with various herbal plants. Exhaustive information on the botanical features, medicinal values, traditional uses, and cautions of each plant discussed is provided.
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I. INTRODUCTION
Medicinal plants have been a central part of indigenous healing systems for centuries, offering natural remedies for various conditions. With the recent resurgence in herbal medicine and increased demand for ecologically sound healthcare options, there is a demand for information about such plants to be easily available. But to acquire knowledge of medicinal plants, there has typically been a requirement for physical access to botanical gardens or study of sporadic, book-based resources—both of which can be inaccessibly inconvenient or off-limits for students, researchers, and the general public.
This mini project presents a solution to this issue with the creation of a Virtual Herbal Garden—an interactive, web- based interface where users can browse a vast array of medicinal plants in digital form. The website features comprehensive details for the scientific name of every plant, its medicinal value, traditional application, and its visual description. Through this virtual platform, we aim to protect and further the body of knowledge of herbal medicine while harnessing the power of modern technology to make it available to all.


II. LITERATURE SURVEY
In the last few years, there has been an increase in the use of website platforms to share herbal medicine information, as well as educate people about herbal medicines. As noted in their study (Kala et al., 2006), documenting traditional medicine has been framed as a way to help with conservation and education. The Ayush Research Portal (launched by the Indian Ministry of AYUSH) and The Plant List (2013) are both driven primarily by expert users. Bhattacharya et al. (2017) discussed mobile apps designed to identify herbs but suggested that many have gaps in terms of providing information. Some of the more popular apps and sites focused on identifying plants have been PlantNet (2014) and iNaturalist (2011), but through their focus on botany (as opposed to medicinal herbs) they have not been able to provide sufficient information to users. Recently, AR/VR research on virtual gardens (Kumar & Singh, 2020) has been implemented to create highly engaging user experiences, but the equipment used to experience these environments is not commonly found in the majority of end users. As a result, all the research referenced above provides further justification for the need to create an interactive, user-friendly, web -based learning environment for

exploring herbs. this is the objective of the virtual herbal garden project.

III. METHODOLOGY

In order to develop The Virtual Herbal Garden, a comprehensive approach was taken using a multi-phased methodology. This methodology enabled the project to have a structured way of completing each phase of the project: planning,data collection,the design of the system, development and,testing. The end goal is to produce a real-world functioning learning tool that will enable the user to identify various medicinal plants through a virtual learning environment.

A. Requirement Analysis

To begin the project, it was important to gather requirements from the potential end users of the system (students, teachers, and herb practitioners). Users expressed the following primary needs; an easy-to-use interface, a categorized list of all of the plants, details regarding medicinal properties for each plant, and how each plant would be visually represented.
B. Data Collection
In order to provide end users with accurate, reliable information about each plant, Wyeth research portal, journals and books that focus on Ayurveda and ethnobotanical sources were reviewed. The following information is included in the database for each plant; Scientific Name, Common Name, How it is Used (ie..what medicinal properties are associated with that plant) and an image of that plant.
C. System Design

The architecture of the system has been designed using a modular architecture. The database (commonly referred to as backend) has been developed to house all of the plant data in a manner that is efficient, and to create a user interface (commonly referred to as frontend) to create an interactive and easy-to-use experience for the end user. To develop both the database and user interface various design concepts such as wireframes and entity relationships diagrams (ERD) were utilized.

d. Technology Stack
To build an online service platform, we used a web solution that utilized current technologies used in web development To create the web application, we used HTML, CSS, and JavaScript to create the front-end of the application and PHP and a MySQL Database to create the back-end to access and manage the data in the applicaiton. In addition to the front and back ends of the applicatons we utilized responsive web development from a develop. As various web browsers and devices are different to work with, we wanted to make sure we supported all devices in an effective manner.
E. Development

The development of the application took place in iterations from the original application to the finalised development of the

application. This allowed for multiple iterations of application development to create separate modules. Before integration of each module, testing took place on each feature to assure the application was working as it should before adding that feature to the final application. The following features were enhancements to the user experience: Filtering option for searching, Image based browsing, Explore by Category.
F. Testing and Evaluation

The application went through functional, usability, and responsive testing. Additionally, the application went through a process of manually testing for bad links, incorrect/missing information and/or content, and user interface problems. Usability improvements and issues were identified through user feedback received from a selection of users.

IV. PROPOSED SYSTEM

The Virtual Herbal Garden strives to create an online, interactive environment with internet usage. The users can search through the site to find out about the medicinal qualities of different plants. To do this, multiple modules are created that combine database information, web technology, and 3D visualization technologies to simulate a real garden-like environment to allow an experience for the user about the healing qualities, traditional uses, and cultural practices for different types of herbs. There are many different interchangeable modules that accomplish different types of interactions with the system, such as data management, user interface, and visualization.

A . Acquisition and Management Information

The Virtual Herbal Garden has been established based on the principles of the systematic gathering of medicinal plants and their organization into a forest of data. The Plant Information Management Module is the vehicle through which organized data about plants, derived from multiple sources of information about the use of traditional medicine, (e.g., ethnobotanies, Ayurveda, and Unani systems), and compiled at a specific frequency, is methodically collected to provide accurate information for every plant entry. For every plant entry, accurate information will include the proper working name for the plant, as well as its common name, therapeutic uses, the part of the plant that may be used, and some general details about the natural habitat of the plant. The system also classifies plants based on their medicinal uses, their growth rates, and the climate in which they were grown. Each entry will be accompanied by appropriate images and will include all of the metadata required. All plant-related information will be securely stored in a MongoDB database (i.e., secure, scalable, and the database is easily accessible)

B. Interactive Visualization Engine

The Virtual Herb Garden is primarily built on the systematic collection of information that pertains to the medicinal properties of plant life via the Plant Info Management Module. The Plant Info Management Module collects reliable data about plants used in various forms of traditional medicine, including ethnobotany and Ayurveda, for example, and is the primary interface that the user will use to interact with the Virtual Herb Garden; which is a fascinating and interactive 3-D experience in which users will see realistic images of each plant in the Virtual Herb Garden and navigate through it either by using their keyboard or their fingers by using the technology features of three.js and webGL. After selecting a plant in the Virtual Herb Garden, the user will be presented with a professionally created pop-up window that will contain detailed information about the plant that includes its scientific name, common names, how it is traditionally used, how it can be prepared, and other important educational information. The

plant data that is provided via the Plant Info Management Module will include: (1) a scientific name; (2) a common name; (3) how the plant has been used for healing; (4) what part(s) of the plant are used; and (5) where the plant was originally found.
C. Admin and Content Management Module
The established review process ensures all botanical records are validated against a sound scientific source, thereby verifying its accuracy against defined scientific criteria. Role Based Access controls determine what rights any authorized admin have in order to create a safe collaborative environment.
D. Reporting and Analytics Module
The system includes intelligent tracking capabilities that allows an Administrator to gain valuable insights on how visitors engage with the site and on how well the content is performing. User feedback collected directly from visitors regarding the accuracy & usefulness of the content is utilized to improve upon the content’s overall quality. Aggregated reports are available to an Administrator through easy to utilize dashboards that supply the necessary data for making data-driven decisions to improve the system.
E. Integration and Security Layer
The Back End System has a very strong backbone using technology to provide a solid connection, allow for all areas of a system to communicate, as well as protect the privacy and quality of user data. A RESTful API supports the link between the User Interface (UI), the Database and Analytical components of the system in a way that will promote a seamless connection. In combination with security protocols using HTTPS and JWT, these efforts will ensure that user data, and their experiences on this site, is safe and confidential. Additionally, this system will utilize the established digital botanical data standards as part of the architectural standards established along with ethical institutional care.
F. User Interface and Experience
Promotion of Access to All Users through Design: The web-based user interface is designed for all users' and device's access; all users of different devices will be able to use the web- based usernames and their choice of any device(s) and will experience the best possible view by utilizing multiple screen formats. In addition to this, there will be a feature to locate by name, type of therapeutic benefit sought and/or by class, therefore allowing users to quickly locate all plants. There will be a multi-lingual design to support accessibility to the plant information for users who speak all different languages; e.g.,English,Hindi,Tamil,etc.

V. SYSTEM FUNCTIONAL ARCHITECTURE

This portion of the document contains all functional aspects of the overall design of the Virtual Herbal Garden (VHG) system. The VHG system has several different module types that serve specific purposes or provide specific functionality; however, each module works together as a single system in order to provide users with a uniform and interactive experience while discovering various ways to use herbs for medicinal purposes. Each module is scalable, user- interactive, and designed to handle the maximum amount of plant data efficiently.
A. User Interface and Navigation Module
A User Interface (UI) Module is responsible for managing all aspects of user interaction with the website and providing users with the best possible experience when using the VHG. By clicking on any icon that represents a plant within the UI, all users can access the plant’s detail page, which includes information about how to use that particular herb for medicine, such as its scientific name and what preparation methods can be applied. Furthermore, advanced

search and filtering tools will provide users with the ability to conduct searches based on symptoms, names, or the types of treatments indicated within a given category of treatment, by region, or within traditional medical systems such as Ayurveda and Siddha.
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Fig. 5.1. System Functional Architecture

Fig 5.1 represents the Virtual Herb Garden architecture shows how the system is organized. The front end has both mobile and web interfaces, with each interface accessible through either CDN or via the layer where the application runs. All of the requests will be coming from a CDN (Content Delivery Network), so public access to the back end will be done via an API Gateway. The API Gateway will then take the requests and authenticate them before passing them on to either of the three back-end components that provide plant data, user data, and search for information about plants to the requesting user. Also, all media (photos, videos, audio) will be kept in the external database and accessed through an Amazon S3 bucket to speed up access to the media type. Some external service providers will be used to provide capabilities like being able to share through social media and make it easier for the user to interact with the product.

B. Plant Information Management Module
The Module for Plant Information Management serves as a database, or the world's largest collection of medicinal plants, for use by The Virtual Medicinal Plant Garden (the VMPG). The original intention was to support the storage, management and dissemination of structured (database) data from one common database or back office.

C. Interactive Visualization and Engagement Module
The Interactive Visualization and Engagement Module was developed as part of the framework of VMPG to enhance the interactive nature of providing static information about plants, through the creation and use of a Virtual Garden as part of the user's experience. For example, clicking on each individual plant in the garden will enable users to view that plant's information and learn more (i.e., substantial feature) through engaging with these interactions.

E. Admin Panel and Content Management Module

The Admin Panel and Management Module provides a secure interface for users of the VMPG and allows authorized users to manage VMPG content in relation to the management of plant records and monitor user feedback

F. Reporting and Analytics Module

The Reporting and Analytics Module provides educational assessment and longitudinal insight to understand how VMPG is used, by monitoring user activity on a continuous basis.
G. 
Integration and Security Layer

The Integration and Security Layer comprises the foundation to provide access to both the system and the data through both system security and data protection. This layer is modular in design to facilitate integration with other education oriented technology and/or tools.

VI. SYSTEM IMPLEMENTATION

The Virtual Herbal Garden is an interactive virtual environment where users can enjoy medicinal plants in a fun and exciting way.VHG provides users with an educational and entertaining experience by having both unique plant identification features and an easy-to-use interface. Users can access and explore plant characteristics, traditional uses, and botanical information in a very interactive way via a graphic display of the plant.

A. Database Design and Content Preparation

The most essen tial part of the system is the complete plant database. The complete plant database will have every single piece of data needed to study any plant..

B. System Architecture

The three-tier architectural model was used as a guiding design principle to create clear divisions between responsibility and improve the speed and/or flexibility of the system. The front end of the system has an interface that was created using HTML, CSS, and Javascript, and has the capability of integrating optional Three.js to enable 3D visualization. The back end of the system has been developed using either Flask or Node.js, making use of RESTful API's to provide user access to plant data and to record user activity with the system.

C. System Implementation of Feature

This system gives users the ability to visualize an "actual" representation of their virtual garden using an immersive 3D interface, accurately placing each of the many varieties of herbal remedy plants in their natural habitats. Users will have access to a digital experience that allows them to visually navigate through exploring the locations of different plants as well as having interactive capabilities with those same plants in that version of the Earth. Users will also have access to an optional Augmented Reality (AR) experience utilizing markers that allow them to view the herbal remedy plants they are growing in their virtual garden in reallfe.
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Figure 6.1: Home Page of Virtual Herbal Garden
Fig 6.1 represents the (Virtual Herbal Garden Homepage) is a short description of what this website is about, with a simple layout that provides an introductory view to new users about using a digital application to discover the different kinds of medicinal plant

materials via visual representations of each plant. It consists of both visual and written/typographical content, showing the project title as well as its intended objectives.

D. Tools for Searching and Discovering

The search function is fully developed, allowing users to quickly search for plants by either name, therapeutic use, or category. Advanced filters will assist in filtering by user's unique needs or learning objectives. The search system also has intelligent capabilities in that it recognizes searches related to herbal remedies, while returning results for more general searches, providing users with all relevant information in a timely manner, without having to sift through large amounts of unrelated information.
E. Content Management Automation

Our use of Python scripts automates simple content management tasks, allowing quick and easy completion of repetitive processes.

F. Administration & Dashboards
We provide administrators with full content management capability through either Streamlit or Flask-Admin so that they can manage a variety of different types of content in the system (plant entries/media/reference materials) as well as manage the data of all end-users. In addition, we keep log files of user interactions, which provide valuable insight into the behaviour and learning of the end-user within the virtual garden.

G. System Validation & Testing

Comprehensive testing protocols were implemented to evaluate whether our system functioned consistently across different devices/browsers; structured testing of each of our core modules (through multiple regressions) ensured that they were trusted and effective in a variety of usage situations. Both structured questionnaires (through surveys) as well as observational studies were completed to conduct usability testing with students and faculty members.
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Figure 6.2: About and Plant Information Section

Figure 6.2 represents the Virtual Herbal Garden there is an “About Us” section that describes how many species of medicinal plants (for example, Neem, Tulsi) and each will have a description about their category along with an image and description on The About Us page.

VII. RESULT AND ANALYSIS
The Virtual Herbal Garden System was evaluated via extensive functional, user evaluated, and performance-based evaluation methods. The evaluation included analyses on usability, responsiveness, the educational effectiveness of the System, and its ability to accurately deliver information and to be

reliable across all users' experiences when interacting with the various user interfaces and using diverse methods of inquiry through the System. The subsections that follow provide detailed data summarizing the user interface experience, database performance, system response time, and educational performance.

A. System Functionality and Performance Testing

The evaluation of the Virtual Herbal Garden System included extensive evaluations that focused on each core module of the System. The evaluation of each core module was intended to evaluate whether the core module functions properly; whether or not the core module provided accurate information; and whether or not the core module delivered the requested information to the Users. The evaluation of system performance focused on the evaluation of the responsiveness of the System to the Users, the amount of time to retrieve data, and the System's ability to perform independently of the User's computer. The Virtual Herbal Garden System achieved a success rate of 100% for accessing plant information; therefore indicating that it has excellent database connectivity and query handling. The mean time to load an interactive plant was 1.8 seconds; the mean degree of accuracy for both search results and filtered results was 98.6%.

B. User Interaction and Usability Testing

The research study recruited a representative sample of users comprising 25 students and staff members to evaluate the application. The average satisfaction rating recorded by the application was 94 percent, while 88 percent of the users learned something new about medicinal plants as an outcome of using the platform.

C. Educational Insights and Content Engagement

By reviewing user interaction logs and measuring user performance on learning assessments, the research team noted that the way users interacted with the application provided a clear picture of the significant engagement and trends of knowledge acquisition developed while using the application. The most frequent keywords indicated by the users searching for were "Tulsi", "Aloe Vera", and "antifungal"; therefore, these are the types of medicinal plants studied by the users.
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Figure 7.1: Contact and Footer Section

Figure 7.1 represents the “Connect Now” section provides links for navigation (i.e., website), contact telephone number, and access to different types/categories of medicinal plants (i.e., by category). This section has been designed to enhance the user experience and enable those utilizing the site to communicate.

D. System Limitations and Observations
The research team concluded that the overall system performance met expectations. An issue raised during usability testing highlighted the performance limitations of older mobile devices; specifically, it took longer to load the three-dimensional

visualizations because of the older versions of mobile devices being inadequate in processing speed. Future iterations of the system could provide the option of using a vocal narration of the content, as well as taking quizzes, to further improve the educational experience for the student using the application.
VIII. CONCLUSION

The virtual herbal garden was successfully developed and successfully resulted in the ability for people to learn about herbal medicine through an interactive way, making use of the traditional botanical knowledge and the use of technology to engage and educate users about medicinal plants. Users had a high-quality experience learning about and interacting with medicinal plants due to the user-friendly design, the clear and easy methods of finding different types of plants, and the visually appealing ways in which to display plants. Performance measurements indicated that the system successfully retrieved data with 100% success, was able to load data in less than 2 seconds, and provided a large degree of accuracy in searches on users' devices. In addition, based on users' feedback, the large majority of users (94%) reported being very satisfied with their overall experience using the virtual herbal garden, and 88% stated they had learned from their use of the virtual herbal garden. Additionally, there were many users who expressed a great deal of interest in the plants they were learning about, with many of them being very popular, such as Tulsi and Aloe Vera. Additionally, several features of the virtual herbal garden were very well received by users, as evidenced by their popularity, including the interactive pop-ups, daily tips to encourage use of the virtual herbal garden, and the use of gamification. Changes to the virtual herbal garden in the future may include the inclusion of multiple languages, games and activities for users, and other enhancements. Overall, the virtual herbal garden met its original purpose of making herbal knowledge available through an easy method of learning using technology to teach.
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