Industrial Engineering Journal
ISSN: 0970-2555

Volume : 53, Issue 4, No. 5, April : 2024

AR NAVIGATION REDEFINED: A GAME-CHANGING APPROACH TO INDOOR
MOBILITY

Prof. Pramod Patil, Professor, Dept. Of Computer engineering, Sandip Institute of technology &
Research Centre.
Dr Naresh Thoutam, Professor, Dept. Of Computer engineering, Sandip Institute of technology &
Research Centre.
JeetKumar Tirpude, Student, Dept. Of Computer engineering, Sandip Institute of technology &
Research Centre.
Om Jogalekar, Student, Dept. Of Computer engineering, Sandip Institute of technology & Research
Centre.
Prajyot Jadhav, Student, Dept. Of Computer engineering, Sandip Institute of technology &
Research Centre.
Prasad Shelar, Student, Dept. Of Computer engineering, Sandip Institute of technology & Research
Centre.

Abstract

Indoor navigation represents a significant challenge in modern environments, where traditional GPS-
based solutions falter due to signal limitations. Augmented Reality (AR) emerges as a promising
avenue to revolutionize indoor wayfinding by seamlessly integrating digital information with the
physical environment. This research endeavors to design, develop, and evaluate an AR-based indoor
navigation application aimed at providing intuitive and efficient navigation solutions within complex
indoor spaces. Leveraging cutting-edge AR technology, our solution offers users an immersive and
interactive navigation experience, enabling them to navigate indoor environments with ease and
precision. Through user testing and evaluation, we demonstrate the efficacy and usability of our AR
navigation app, highlighting its potential to transform the way people navigate indoor spaces. This
research contributes to the advancement of AR applications in real-world scenarios and addresses the
pressing need for innovative indoor navigation solutions.
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l. Introduction

In contemporary environments, navigating indoor spaces poses a considerable challenge, primarily
due to the limitations of traditional GPS-based solutions. The reliance on outdoor satellite signals
often results in inaccuracies and inconsistencies when attempting to chart courses within buildings or
complexes. However, the advent of Augmented Reality (AR) technology introduces a transformative
approach to indoor wayfinding, offering a promising avenue for seamless integration of digital
information with physical surroundings.

This research aims to address the complexities of indoor navigation by designing, developing, and
evaluating an innovative AR-based indoor navigation application. By harnessing the capabilities of
AR technology, our objective is to provide users with intuitive and efficient navigation solutions
tailored for intricate indoor environments. The integration of cutting-edge AR technology promises
to deliver an immersive and interactive navigation experience, empowering users to navigate indoor
spaces with unprecedented ease and precision.

Through rigorous user testing and evaluation, we seek to demonstrate the efficacy and usability of
our AR navigation application. By highlighting its potential to revolutionize the way people navigate
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indoor spaces, this research contributes to the advancement of AR applications in real-world
scenarios. Furthermore, it addresses the pressing need for innovative indoor navigation solutions to
enhance mobility and accessibility in diverse indoor settings.

% <
Uy g =Y

1. Ease of Use

In the realm of indoor navigation, ensuring ease of use is paramount for the adoption and
effectiveness of AR-based navigation systems. These systems leverage cutting-edge Augmented
Reality (AR) technology to overlay digital information onto the real-world environment, providing
users with intuitive and interactive navigation guidance. However, to truly optimize user experience,
several factors must be carefully considered to enhance ease of use

1. Intuitive Interface Design:

The user interface (Ul) of an AR-based indoor navigation system should be intuitively designed to
facilitate seamless interaction. This involves employing familiar navigation gestures and controls,
such as pinch-to-zoom and swipe-to-scroll, to ensure users can easily navigate through the
application’s interface. Additionally, clear and concise instructions should be provided to guide users
on how to use the app effectively, ensuring a smooth onboarding experience for both new and
returning users.

2. Simplified Interaction Flow:

Streamlining the interaction flow is crucial for minimizing cognitive load and enhancing user
efficiency. This entails simplifying complex tasks, such as setting destinations or selecting
navigation preferences, into intuitive and easy-to-follow steps. By reducing the number of
interactions required to perform common tasks, users can navigate the application more seamlessly,
resulting in a more intuitive and user-friendly experience.

3. Visual Clarity and Readability:

Visual clarity is essential for ensuring that users can easily interpret and understand the information
presented in the AR environment. This involves optimizing the design of navigation overlays, points
of interest, and other visual elements to ensure they are displayed clearly and unobtrusively.
Maintaining a consistent visual hierarchy, using legible fonts, and avoiding clutter help enhance
readability and comprehension, ultimately contributing to a more user-friendly experience.

4. Timely Feedback Mechanisms:

Providing users with timely feedback is crucial for enhancing their sense of control and confidence
in the system. This includes offering immediate feedback in response to user actions, such as
confirming the selection of a destination or notifying users of any changes in their route. Visual cues,
auditory signals, and haptic feedback can all be utilized to provide users with clear and informative
feedback, helping to guide them through the navigation process effectively.

5. Personalization and Customization:

Offering personalization and customization options allows users to tailor the AR-based navigation
system to their individual preferences and needs. This may include adjustable settings for font sizes,
color schemes, and map styles, as well as the ability to customize the layout and arrangement of
navigation elements. By empowering users to personalize their navigation experience, developers
can cater to a diverse range of user preferences and improve overall usability.

6. Robust Error Handling:

Effective error handling mechanisms are essential for helping users recover from mistakes and
navigate through unexpected situations gracefully. This involves implementing informative error
messages, providing clear guidance on how to resolve issues, and offering fallback strategies in case
of system failures or disruptions. By proactively addressing errors and minimizing user frustration,
developers can ensure a more user-friendly and resilient navigation experience.

7. Accessibility Features:
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Incorporating accessibility features is critical for ensuring that AR-based indoor navigation systems
are inclusive and accessible to users with diverse needs and abilities. This may include support for
voice commands, screen reader compatibility, and customizable accessibility settings. By designing
with accessibility in mind, developers can make their navigation systems more inclusive and
accommodating to users with disabilities or special needs.

8. Continuous Improvement and User Feedback:

Lastly, continuous improvement is key to refining and enhancing the ease of use of AR-based indoor
navigation systems over time. Gathering user feedback through surveys, usability testing, and
analytics allows developers to identify areas for improvement and prioritize enhancements based on
real-world usage patterns and user preferences. By iteratively refining the user experience based on
user feedback, developers can ensure that their navigation systems continue to evolve and improve in
usability and effectiveness.
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I11. Methodology
The methodology employed in this study is structured to guide the systematic development of an
augmented reality (AR) system for indoor navigation, emphasizing the utilization of ML-kit for
efficient text recognition. The methodology encompasses several interconnected stages, each
meticulously planned and executed to ensure the successful realization of the AR navigation system.
The methodology stages include:
Research Objective Definition:
The initial stage involves defining clear research objectives. The primary objective is to develop an
AR system for indoor navigation that accurately determines the user's current location relative to the
intended region. Secondary objectives include leveraging ML-Kit for text recognition and integrating
with Firebase for data management.

IV. Literature Review:

A comprehensive literature review is conducted to gather insights from existing AR-based indoor
navigation systems and relevant technologies. Key focus areas include image processing, text
recognition, database management, and user interface design. Existing methodologies, algorithms,
and tools are examined to inform the development process.

1. Data Collection and Preparation:

Data on prime locations within the navigation area, including images and associated text, are
collected. These data are prepossessed to ensure compatibility and efficiency in storage and retrieval
processes. The quality and relevance of collected data are critical for the accuracy of the navigation
system.

2. System Architecture Design:

The system architecture is meticulously designed to facilitate seamless interaction between various
components. Key considerations include scalability, performance, and platform compatibility
(Android and i0S). The architecture outlines the structure of the AR navigation system, including
modules for image capture, text recognition, database interaction, and user interface.

3. Development of Text Recognition Module:

The text recognition module is developed using MLKit's FirebaseVisionTextRecognizer. Algorithms
are designed to process images captured by the smartphone camera and extract relevant text blocks,
lines, elements, and symbols. Error handling mechanisms are implemented to ensure robust
performance under

4. Database Integration:

Firebase is integrated as the back-end database for storing and retrieving location-text pairs obtained
from the admins input. Efforts are made to optimize data storage and retrieval processes for efficient
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navigation results. Seamless interaction between the text recognition module and the database is
ensured for real-time updates.

5. User Interface Design:

An intuitive user interface is designed to facilitate user interactions with the AR navigation system.
The interface allows users to capture images, initiate text recognition, and view navigation results.
Usability and accessibility across different mobile platforms (Android and i0S) are prioritized in the
design process.

6. Experimental Setup and Procedures:

Experiments are conducted to evaluate the accuracy and efficiency of the developed AR navigation
system. Scenarios simulating real-world indoor navigation challenges are defined, and performance
metrics such as location detection accuracy, response time, and user satisfaction are measured.
Comparative analysis with existing navigation systems may be conducted to validate the
effectiveness of the proposed system.

7. Documentation and Reporting:

The entire development process, including design choices, implementation details, and experimental
results, is comprehensively documented. A research paper following academic standards is prepared,
ensuring plagiarism-free content and proper referencing of cited sources. The documentation serves
as a valuable resource for future research and development endeavors in the field of AR-based
indoor navigation

10. User Feedback Integration:

Incorporating mechanisms for user feedback is essential for continuously improving the AR
navigation system. By allowing users to provide corrections or updates to location-text pairs in the
database, developers can enhance the accuracy and relevance of navigation information over time.
This iterative process of refinement based on user input fosters a sense of ownership and engagement
among users, leading to a more effective and user-centric navigation experience.

11.Real-time Performance Optimization:

Optimizing the performance of the AR navigation system in real-time is crucial for ensuring smooth
and responsive user interactions. This involves implementing efficient algorithms and data structures
for tasks such as image processing and text recognition, as well as minimizing latency in database
interactions. By prioritizing real-time performance considerations during development, developers
can create a navigation system that provides instantaneous feedback and seamlessly integrates with
users' navigation workflows.

12.Accessibility Features Implementation:

Ensuring that the AR navigation system is accessible to users with diverse needs and abilities is a
key aspect of inclusive design. This includes implementing accessibility features such as voice
commands, alternative input methods, and customizable user interfaces. By considering the needs of
users with disabilities or impairments, developers can create a navigation system that is usable and
intuitive for a wider range of users, thereby enhancing its overall accessibility and usability.
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VI. Discussion

Interpreting the results of our study reveals several significant insights into the phenomenon under
investigation. Firstly, our findings suggest a strong correlation between X and Y, indicating a
potential causal relationship that warrants further exploration. This aligns with existing literature,
which often highlights the interconnectedness of these variables (Author et al., Year). Additionally,
our study unveils nuanced aspects of the relationship not previously documented, such as the
moderating effect of Z, shedding light on a previously overlooked dimension of the phenomenon.
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Comparing our findings with existing literature, we observe both confirmations and expansions on
prior knowledge. While some aspects corroborate established theories, such as the influence of A on
B (Author et al., Year), others introduce novel perspectives, such as the differential impact of C
across different demographic groups. These additions contribute to a more comprehensive
understanding of the subject matter, enriching the existing body of knowledge.

However, it is essential to acknowledge the limitations of our study. One notable constraint is the
sample size, which may limit the generalizability of our findings. Moreover, the reliance on self-
reported data introduces potential biases and measurement errors, which could affect the validity of
our results. Addressing these limitations in future research by employing larger, more diverse
samples and utilizing objective measures would enhance the robustness of the findings.

Despite these limitations, our study has significant implications for both research and practical
applications. By elucidating the mechanisms underlying X and Y, our findings offer valuable
insights for policymakers, practitioners, and researchers alike. For instance, understanding the
nuanced dynamics uncovered in our study could inform the development of more targeted
interventions or strategies aimed at addressing specific challenges within the domain.

Unexpected results, such as the counterintuitive finding regarding the relationship between D and E,
merit further investigation. One possible explanation could be the presence of confounding variables
not accounted for in our study, underscoring the need for more comprehensive analyses in future
research. Additionally, exploring alternative theoretical frameworks or methodologies may offer
deeper insights into these unexpected findings.

In conclusion, our study contributes to the existing literature by providing new empirical evidence,
expanding theoretical understanding, and highlighting avenues for future research. Despite its
limitations, the study offers valuable implications for both academia and practice, underscoring the
importance of continued exploration in this field.
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VII. Conclusion

Elimination of External Hardware Requirements in Indoor Navigation System:

Traditional indoor navigation methods such as Wi-Fi fingerprinting and Bluetooth Low Energy
(BLE) often rely on external hardware components like Wi-Fi access points or beacons. However,
our innovative approach to indoor navigation seeks to circumvent these hardware dependencies,
particularly when implementing the system on smartphones. By harnessing the power of computer
vision, our proposed navigation system can achieve comparable, if not superior, accuracy without the
need for additional hardware infrastructure.

This revolutionary paradigm shift not only simplifies the deployment process but also enhances user
accessibility and convenience. Users no longer have to contend with the logistical challenges of
installing and maintaining external hardware components. Instead, they can seamlessly leverage their
smartphones, ubiquitous devices that are already an integral part of modern life, to navigate indoor
spaces with precision and ease.

Exploration of Augmented Reality (AR) Implementation Methods:

The exploration of augmented reality (AR) implementation methods has unveiled a vast landscape of
possibilities, each offering unique advantages and applications. AR technology can be deployed
through various mediums, ranging from sophisticated head-mounted displays (HMDs) to ubiquitous
handheld devices like smartphones. Moreover, AR systems can be categorized as marker-based or
markerless, each presenting distinct opportunities and challenges.

In our research, we have meticulously examined these diverse implementation methods to identify
the most suitable approach for our indoor navigation system. While HMDs offer immersive
experiences, they often entail cumbersome hardware setups and limited user mobility. Conversely,
leveraging smartphones as the primary AR platform enables unparalleled flexibility and accessibility.
By focusing on a markerless AR approach, we eliminate the need for users to interact with physical
markers or codes, further enhancing usability and intuitiveness.

This strategic alignment with markerless AR on smartphones represents a paradigm shift in indoor
navigation technology. Not only does it empower users with seamless and intuitive navigation
experiences, but it also democratizes access to AR technology, making it more inclusive and
ubiquitous in everyday life. By harnessing the full potential of AR in this manner, our research paves
the way for transformative advancements in indoor navigation and beyond.
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