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Abstract: Understanding weather conditions plays a pivotal role in our daily lives, influencing a wide range of decisions from
outdoor activities to disaster preparedness. Effective weather visualization not only aids in comprehending complex meteorological
phenomena but also enhances our ability to adapt to changing environmental conditions. Augmented Reality (AR) technology has
transformed how users perceive and interact with information in the environment. We aim to present the weather conditions more
descriptively and interactively using AR. In this paper, we present a novel application of AR for visualizing real-time weather
conditions at the user's location. The live weather data from OpenWeatherMap API is integrated into Unity 3D using C# script. The
AR scene dynamically adapts to changing weather conditions, providing users with an immersive experience.

Index Terms — Augmented Reality, Weather Visualization, Open Weather Map API, Unity 3D, C# script.

. INTRODUCTION

Augmented reality (AR) refers to a technological innovation where computer-generated visuals are layered onto the user's real-
world environment, enhancing their perception with supplementary information produced by digital models [1]. AR technology has
ushered in a paradigm shift in the way humans perceive and engage with their surroundings. This technology has opened new
dimensions for interactive learning, visualization, and understanding. In this era of technological advancements, harnessing the power
of AR for educational purposes has become an imperative endeavor.

Weather visualization plays a pivotal role in modern meteorology, offering a comprehensive means of interpreting complex
atmospheric phenomena. Through sophisticated data processing techniques and advanced graphical representations, weather
visualization enables researchers and forecasters to gain valuable insights into atmospheric dynamics, facilitating the prediction of
weather patterns and extreme events. From intricate satellite imagery depicting cloud formations to dynamic simulations of
atmospheric circulation patterns, these visualizations provide a tangible understanding of the intricate interplay between various
meteorological variables.

Furthermore, with the advent of immersive technologies such as virtual reality and augmented reality, weather visualization has
transcended traditional boundaries, offering immersive and interactive experiences that enhance scientific understanding and public
engagement with weather-related issues. These technologies allow users to step into virtual environments where they can observe
and interact with weather phenomena in ways never before possible, fostering a deeper appreciation for the complexities of our
atmosphere and the importance of weather forecasting in our daily lives.

Understanding weather conditions is undeniably crucial in our daily lives, influencing various decisions ranging from travel
plans to agricultural activities. Yet, comprehending the complexities of meteorological patterns and phenomena can often be
challenging, particularly for learners and enthusiasts. Traditional weather maps and numerical data representations, though
informative, may not fully engage the user or aid in intuitive understanding.

Considering these challenges, this paper embarks on a journey to bridge the gap between meteorology and user-friendly weather
understanding. Our innovative approach leverages AR as the conduit for translating raw weather data into dynamic, visual
experiences. By superimposing weather conditions directly onto the user's physical environment, we provide an intuitive and
interactive platform for learning about and engaging with the weather.

In the sections that follow, we delve into the methodology, implementation, results, and prospects of our Weather Visualization
using an Augmented Reality project. We explore the integration of the Open Weather Map API into Unity, discuss the challenges
encountered and overcome, and present the outcomes of our endeavor, offering insights into the potential of AR as a conduit for
knowledge dissemination.

1.2 Scope
The scope of our application is limited to Android devices and can visualize various weather conditions like the sun, different
intensities of rain, haze, clouds, thunderstorms, and snow.
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1.3 Objective
Our project aims to bring weather visualization to life using the latest AR techniques. By leveraging cutting-edge technology,

we aim to create an immersive experience that will help people better understand the complexities of weather conditions. Our
objective is to make weather information more accessible and easier to comprehend, so that everyone can stay informed and prepared.

1.4 Motivation

Our motivation stems from the imperative to enhance public understanding and awareness of meteorological phenomena.
Weather conditions profoundly impact daily activities, yet comprehending and predicting them can be challenging for many.
Leveraging augmented reality (AR) technology, our aim is to transform abstract weather data into tangible experiences, empowering
users with intuitive visualizations and real-time updates. By providing an immersive platform for users to interact with various
weather conditions, our application serves both educational and practical purposes.

1. BASIC CONCEPTS

2.1 Mobile Augmented Reality (MAR):

Mobile Augmented Reality (MAR) refers to the technology that overlays digital information or virtual objects onto the real-world
environment as perceived through a mobile device, such as smartphone or tablets. MAR leverages the capabilities of these devices,
including cameras, sensors, and processing power, to seamlessly blend computer-generated content with the user's physical
surroundings. It enhances the user's perception of the real world by adding contextual information, 3D models, or interactive elements
to their view. MAR applications can vary widely, from gaming and entertainment to educational and practical use cases, making it a
versatile technology for enhancing user experiences.

2.2 Weather Visualization:

Weather visualization complements MAR by presenting meteorological data in visually engaging formats, making it easier for
users to comprehend and interpret weather patterns. Through graphical elements, animations, and simulations, weather visualization
transforms complex weather data into intuitive visual representations, such as temperature maps, precipitation animations, wind flow
simulations, and more. In the context of an AR application, weather visualization brings real-time or forecasted weather conditions
to life by superimposing augmented elements directly onto the user's surroundings. By seamlessly integrating weather data with
visual cues, users can gain a deeper understanding of current weather conditions and anticipate future changes, thereby enhancing
their overall situational awareness and decision-making capabilities.

I1l. LITERATURE REVIEW

Dimitris Chatzopoulos et al. [2] investigate the evolution of Mobile Augmented Reality (MAR), highlighting its transition from
conceptualization to practical implementation driven by advancements in mobile device capabilities, affordable internet access, and
technologies like cooperative networking, computer vision, and mobile cloud computing. The paper covers fundamental MAR
concepts, categorizes application fields with examples, explores user interface and experience aspects, delves into core system
components, examines tracking and registration advancements, underscores the importance of network connectivity in MAR
application performance, and addresses data management, system performance, and sustainability considerations. The survey
concludes by presenting existing challenges and offering a comprehensive overview of MAR's current state and future directions.

Carmen Juan et al. [3] explores the application of Augmented Reality (AR) in educational settings, specifically focusing on
the development of an AR system designed to facilitate the learning of the human body's interior. The research aimed to assess
whether the choice between a Head-Mounted Display and a conventional monitor influenced the learning experience of the children.
The findings revealed that children enjoyed the learning experience with the AR system. Furthermore, the participants regarded the
system as a valuable tool not only for comprehending the intricacies of the human body but also for learning other subjects.

Riya Aggarwal et al. [4] focused on providing a comprehensive overview of Augmented Reality (AR) with the four primary
types of AR namely marker-based, markerless, projection-based, and superimposition-based, highlighting their diverse applications
across fields such as medicine, education, manufacturing, robotics, and entertainment. Positioned within the realm of mixed reality,
AR is explored with Virtual Reality (VR), drawing attention to both shared characteristics and distinctions between the two
technologies. The paper delves into the origins of AR, offering insights into its evolution, types and applications, as well as its inherent
advantages and disadvantages. Furthermore, it provides an analysis of the current and prospective threats facing AR, offering a
forward-looking perspective. Ultimately, the work contributes to a holistic comprehension of the impact of Augmented Reality on
human life.

Neven A. M. El Sayed et al. [5] focused on leveraging Augmented Reality (AR) to create the Augmented Reality Student Card
(ARSC), an innovative and cost-effective educational tool. ARSC utilizes single static markers consolidated into one card, optimizing
tracking processes for different objects. It transforms lessons into 3D formats, providing students with an interactive way to visualize
facts and engage with information effectively. The system's versatility spans offline, online, and game applications, with four markers
doubling as a joystick game controller. The research highlights constraints in marker creation for AR applications and demonstrates
the integration of toolkits and libraries for online and offline functionality.

Remi Paucher et al. [6] focus on leveraging the increasing computational capabilities of mobile phones for augmented reality
applications. The main aim is indoor localization and pose estimation using the phone's embedded camera. This approach enables the
projection of 3D virtual objects into the user's environment. The study details the process of building a database and the pose
estimation algorithm, utilizing the phone's sensors. Offline data acquisition involves capturing images at different locations in the
environment, while online pose estimation is achieved through feature-based matching between the cell phone image and a
precomputed database using the phone's sensors. Users can visualize virtual objects and localize themselves in a familiar environment.

H. Regenbrecht et al. [7] delves into the realm of augmented reality (AR) applications in the automotive and aerospace.
Stemming from experiences at the 2003 International Symposium on Mixed and Augmented Reality, where the author actively
participated in a workshop on potential industrial applications, the paper reflects on over five years of research, development, and
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deployment of AR systems in these industries. The study presents a curated selection of 10 AR projects, conducted during the author's
tenure at DaimlerChrysler in Germany. These projects serve as insightful case studies, offering lessons learned and addressing
challenges faced in implementing AR systems in complex industrial environments. The overarching goal is to contribute valuable
insights to the discourse on AR's practical applications in these sectors, fostering a deeper understanding of both the successes and
hurdles encountered.

Julia Woodward et al. [8] conducts a systematic literature review to address the need for improved situational awareness in
safety-critical domains through augmented reality (AR). Unlike previous studies that primarily focused on AR's suitability, the author
critically examines information design. The review assesses current information presentation methods in AR for situational
awareness, comparing them with established design recommendations. This analysis identifies areas for potential improvement,
offering valuable insights for future research and development. Additionally, the paper discusses opportunities and challenges
associated with leveraging AR for enhanced situational awareness, providing a comprehensive foundation for informed strategies in
this domain.

Noble Saji Mathews et al. [9] addresses the critical issue of air pollution by proposing an innovative solution. The study
emphasizes the need for collaborative efforts between the government and the community, highlighting the importance of easily
comprehensible visualizations to raise public awareness. Mathews introduces AiR, an Augmented Reality application designed for
Android-based devices, aiming to provide an immersive user experience in visualizing 12 pollutants. The application seeks to engage
a diverse user base and create awareness without overwhelming them with complex data. To demonstrate AiR's effectiveness,
Mathews showcases its application on pollution data from the Central Pollution Control Board during the initial COVID-19 lockdown
in India. This study positions AiR as a promising tool for enhancing public understanding and engagement in the fight against air
pollution.

Christoph Runde et al. [10] introduce the concept of Augmented Reality for Construction Control, aimed at optimizing project
management and control processes within construction sites. The development involves establishing a physical building control center
equipped with sensors on vehicles and leveraging virtual reality (VR) and augmented reality (AR) techniques to visualize real-time
information. This approach allows for adaptive responses to current circumstances, ultimately leading to increased efficiency and
cost-effectiveness. The authors detail the development of AR4CC (Augmented Reality for Construction Control) software
architecture, which facilitates the integration of VR and AR technologies into construction site operations. Emphasizing the
significance of information transparency, the software is built upon a meticulous requirement analysis. The study presents findings
from two comprehensive test phases: one conducted within a virtual construction site simulated on a computer, and the other on a
purpose-built construction site mock-up. These tests validate the practical application and effectiveness of the developed software in
real-world scenarios, demonstrating its potential to enhance construction project management.

Joseph L. Gabbard et al. [11] delve into the intricacies of color blending in Augmented Reality (AR) graphics, particularly
through optical see-through AR displays, in their paper titled A Perceptual Color-Matching Method for Examining Color Blending
in Augmented Reality Head-Up Display Graphics.” Recognizing the potential degradation of usability due to color blending, the
authors present a methodology for assessing the robustness of AR interface colors. This assessment involves both quantitative
measurements, such as shifts in the CIE color space, and qualitative evaluations based on users' perceived color names. Through a
human factors study involving twelve participants, the authors examine the perceptual effects of eight AR colors against three real-
world backgrounds, as observed through an in-vehicle AR head-up display (HUD). Analysis of the study suggests that blue, green,
and yellow AR colors exhibit relative robustness, while red and brown are more susceptible to perceptual alteration. The paper
highlights the significance of understanding chromaticity shift and dispersion in outdoor AR interface design and emphasizes the
broader applicability of the proposed methodology beyond transportation contexts, extending to various AR displays across diverse
application domains and settings.

H. Regenbrecht et al. [12] explore the nascent applications of augmented reality (AR) in industrial contexts, specifically within
the automotive and aerospace sectors, in "Augmented reality projects in the automotive and aerospace industries." Reflecting on their
extensive experience at DaimlerChrysler in Germany, spanning over five years, the authors highlight the infancy of AR's real-world
applications in industry. They draw from their involvement in ten AR projects to elucidate primary challenges and lessons learned,
offering valuable insights into implementing AR systems across diverse industrial environments.

Jodo Barreira et al. [13] propose a method titled "A Context-Aware Method for Authentically Simulating Outdoors Shadows
for Mobile Augmented Reality," addressing the challenge of visual coherence in AR applications. Their approach estimates daylight
illumination in real time using context-aware live sensor data, ensuring consistent shadows for virtual objects in outdoor AR
scenarios. The method rapidly implements a skylight model to derive illumination parameters, with the Sun's position calculated
based on user location and time of day. Demonstrating its effectiveness, the method generates visually credible AR scenes with
consistent shadows, enhancing realism in outdoor AR experiences.

1V. METHODOLOGY

Initialize the project
with required
dependencies

| Create 3D models and [Retrieve live location of]|
assets the user

Get the live weather
data from
OpenWeatherMap API

Manipulate the assets
Render the AR Scene [« based on the weather [« JSON parsing
conditions

Figure 1: Methodology diagram showing the flow of the application.
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Our methodology revolves around three crucial components essential for achieving our goal of visualizing real-time weather
conditions using augmented reality (AR) technology: the collection of live meteorological data, accessing the user's location and the
seamless presentation of this information within an AR environment. To ensure reliability and cost-effectiveness, we carefully
selected the OpenWeatherMap API for obtaining live weather data. With its provision of 10,000 free calls per month, this API
emerged as a dependable choice for our project. We achieved integration of the OpenWeatherMap API with Unity, our chosen AR
development platform, through C# programming. This facilitated the seamless flow of weather data into our AR application.

We leveraged Unity's Location Service API to access the user's current location effectively. This involved creating a C#
script designed to retrieve the latitude and longitude coordinates of the user's device. By utilizing Unity's built-in Location Service
API, we were able to seamlessly integrate location retrieval functionality into our application. To ensure the robustness of this feature,
we implemented comprehensive error handling mechanisms within the script. These mechanisms address potential issues that may
arise during location retrieval, such as network errors or instances where the user denies access to their location. Upon successful
retrieval of the user's location, the latitude and longitude information is used to fetch weather data.

To collect weather data, we initiated API calls with latitude, longitude, and a unique API key as inputs. The resultant data,
generated in JSON format, necessitated careful parsing in C# to extract pertinent attributes such as temperature, weather description,
and icon ID. These attributes were then used to classify weather conditions, ranging from sunny and cloudy to heavy rain and
thunderstorms. Each weather condition was associated with visually appealing assets, meticulously chosen to enhance the immersive
experience of the AR environment. Users can explore dynamic representations of various weather phenomena, including the sun,
rain of varying intensities from drizzles to heavy downpours, atmospheric haziness, cloud formations, thunderstorms with lightning
strikes, and snowy landscapes. While some assets were sourced from open-source repositories, others were crafted using Unity 3D
features such as particle systems, ensuring a diverse and engaging visual representation of weather phenomena.

The output of the AR scene, dynamically generated based on real-time weather data, includes critical information such as
the location name, weather description, and relevant visual assets. The integration of the API into Unity 3D using C# scripting played
a pivotal role in this process, requiring meticulous attention to configuration specifics. Furthermore, the incorporation of user location
data allowed for personalized weather visualizations, enhancing the relevance and usefulness of the AR application. Through careful
implementation and attention to detail, our methodology ensures the seamless integration of live weather data into an immersive AR
environment, providing users with a unique and informative experience.

V. RESULTS

The results of our project demonstrate the successful integration of augmented reality (AR) technology with live weather
data to create an immersive weather visualization experience for users.

Location:Vijayawada
lear sky

Figure 2: AR app displaying clear sky

Location:Bengalury
_Weather:few €louds

Figure 3: AR app displaying cloudy weather condition
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Location:Visakhapatnam
Weather:haze

Figure 4: AR app displaying haze weather condition

V1. CONCLUSION AND FUTURE WORK

Our project successfully demonstrates the integration of augmented reality (AR) technology with live weather data to create
an engaging and informative weather visualization experience for users. Through the development of an AR application for Android
devices, we have showcased the potential of AR technology in enhancing user interactions with real-world weather phenomena. The
intuitive interface, dynamic weather representation, and educational value of the application highlight its significance as a tool for
both weather enthusiasts and casual users alike.

There are several avenues for future work and development of the AR weather visualization application. One promising
direction for future work is the integration of machine learning (ML) techniques for weather prediction. By leveraging ML algorithms
and historical weather data, we can enhance the application's forecasting capabilities, improving the accuracy and reliability of
weather predictions. This would involve developing models to analyze past weather patterns and trends, identify correlations between
various meteorological parameters, and generate forecasts for future weather conditions. By incorporating ML-driven weather
prediction into the AR application, we can provide users with more accurate and timely information, empowering them to make
informed decisions and better prepare for changing weather scenarios. Through continued research and development in this area, we
can further enhance the utility and effectiveness of the AR weather visualization application, ensuring its relevance and value in
addressing real-world weather challenges.
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