s K A
IJ I n cc E e-ISSN: 2320-8801 | n-1SSN: 2320-9798

e — M
-
- 0.

INTERNATIONAL JOURNAL
OF INNOVATIVE RESEARCH

IN COMPUTER & COMMUNICATION ENGINEERING

Volume 12, Issue 5, May 2024

NUMBER
INDIA

' ‘l.\TER.NATlONAL
STANDARD
I b\ \smm Impact Factor: 8.379

L 9940572 462 © 6381 907 438 jjircce@gmail.com @ www.ijircce.com



International Journal of Innovative Research in Computer and Communication Engineering

M % D | e-ISSN: 2320-9801, p-ISSN: 2320-9798| www.ijircce.com | [Impact Factor: 8.379 | A Monthly Peer Reviewed & Referred Journal |
RE

IE]EA@ || Volume 12, Issue 5, May 2024 ||

| DOI: 10.15680/IJIRCCE.2023.1205066 |

Indoor Navigation System using QR Code and
Augmented Reality

Mrs. Nilima Pagarl, Aditi Pardeshiz, Nasima Mallick3, Anish Tejwani4, Tejas Ubale’

* Associate Professor, Department of Computer Engineering, Sinhgad Institute of Technology and Science, Pune, India

7 U.G. Student, Department of Computer Engineering, Sinhgad Institute of Technology and Science, Pune, India

ABSTRACT: Navigating indoor environments efficiently has long been a challenge, particularly in complex structures
like malls, airports, and office buildings. Traditional signage systems often fall short of providing real-time guidance
and personalized navigation. To address this issue, we present an innovative Indoor Navigation System that leverages
QR code technology and marker-based Augmented Reality (AR). By combining these technologies, our system offers
users an intuitive and interactive navigation experience. The system utilizes QR codes strategically placed throughout
the indoor environment, each containing location-specific data. Users scan these QR codes using a dedicated mobile
application built using Unity software. Upon scanning, the app transitions into marker-based AR mode, overlaying
digital markers and directions onto the real-world environment through the device's camera view. This seamless
integration of QR codes and marker-based AR enables users to navigate indoor spaces with ease and precision. The
system provides customizable navigation preferences and real-time updates, ensuring users can reach their destinations
efficiently. Our solution revolutionizes indoor navigation, offering a human-centered approach to navigating complex
indoor environments.

KEYWORDS: OR Code, Indoor Navigation, College Campus, Augmented Reality.

I. INTRODUCTION

In today's fast-paced world, navigating through indoor spaces efficiently and accurately remains a significant challenge.
Whether it's a sprawling shopping mall, a bustling airport terminal, or a labyrinthine office building, finding one's way
around can often be a daunting task. Traditional signage systems may fall short in providing real-time guidance and
personalized navigation, especially in large and complex indoor environments.

To address these challenges, we propose an innovative Indoor Navigation System that harnesses the power of QR code
technology and marker-based Augmented Reality (AR). By combining these two cutting-edge technologies, our system
offers users a seamless and intuitive navigation experience, revolutionizing the way we navigate indoor spaces.

At the heart of our system lies the ubiquitous QR code — a two-dimensional barcode that encodes information and can
be easily scanned using a smartphone camera. QR codes are strategically placed at key locations throughout the indoor
environment, such as building entrances, corridors, intersections, and points of interest. Each QR code acts as a unique
marker, containing location-specific data and instructions.

Upon scanning a QR code using a dedicated mobile application, users are seamlessly transitioned into the realm of
marker-based AR. Through the device's camera view, digital markers and overlays are superimposed onto the real-
world environment, providing users with contextual information and navigation cues. These digital markers serve as
virtual signposts, guiding users along the optimal route to their destination in real-time.

Moreover, our Indoor Navigation System offers additional features to enhance the user experience. Users can
customize their navigation preferences, such as selecting the fastest route, avoiding crowded areas, or accessing
additional information about nearby amenities. The system can also provide dynamic updates, such as real-time alerts
for route changes, closures, or points of interest along the way.

With our QR code and marker-based AR Indoor Navigation System, getting lost in indoor spaces is a thing of the past.
Whether you're a visitor exploring a new city, a traveller navigating a busy airport, or an employee navigating a
corporate campus, our innovative solution empowers you to navigate with confidence and ease, revolutionizing indoor
navigation for the modern world.

The paper is organized as follows. Section II provides an overview of existing research and techniques related to indoor
navigation systems using various technologies. Section III explains the proposed system for indoor navigation using
QR codes and Augmented Reality in detail, including the methodology used. Section IV section outlines the
technologies employed in the development of the indoor navigation system. In Section V, the experimental results

IJIRCCE©2024 |  AnISO 9001:2008 Certified Journal | 5508


http://www.ijircce.com/

International Journal of Innovative Research in Computer and Communication Engineering

(¢
S

| e-ISSN: 2320-9801, p-ISSN: 2320-9798| www.ijircce.com | [Impact Factor: 8.379 | A Monthly Peer Reviewed & Referred Journal |
@ X A

|| Volume 12, Issue 5, May 2024 ||

| DOI: 10.15680/IJIRCCE.2023.1205066 |

demonstrate the performance and effectiveness of the indoor navigation system. Section VI summarizes the key
findings of the study, discusses its implications, and suggests avenues for future research in the field of indoor
navigation systems using QR codes and Augmented Reality.

II. LITERATURE SURVEY

The paper [1] presents indoor navigation using augmented reality for mobile apps, surveying methods, and challenges
in complex buildings. It discusses AR technology's role in visual positioning and compares existing methods. It
proposes a software system leveraging AR Core for accurate indoor navigation, aiming to enhance user experience and
3D object connectivity. System requirements include AR Core compatibility and powerful processors for real-time
object recognition.

The paper [2] focuses on extending OpenStreetMap (OSM) to include indoor environments, addressing the lack of
inner structure information. It introduces a 3D Building Ontology tailored for Volunteered Geographic Information
(VGI) communities to describe building details. The OSM extension based on this ontology is outlined, aiming to
enhance indoor mapping. The study acknowledges challenges regarding data accuracy and quality in user-generated
content and collaborative data collection.

The below table from [2] gives detailed information about the results and costs required as per different approaches

Table 1 Comparison of different approaches

. | Deviation | Blind | Maintenance | Infrastructare
Technique | Accuracy s
Detection | Navigation cost cost
AGPS | Low | High | Medum | High High
Blugtooth | Mudum | Medum Low Medium High
RFID | Medum | Medum | Low High High
g | pe | Lw | Lw | Mefim | Medim
Process
QR code
with High High | Medum Low Medum
Ibeacon

Fig. 1 Comparison of different approaches

The paper [3] utilizes Al and computer vision with QR markers for interior navigation, aiding visually impaired users.
It employs QR codes as location beacons to generate optimal paths and provides audible feedback. The system creates
a marker database and calculates shortest paths offline. Monocular depth estimation ensures safe navigation by
identifying obstacles and warning users of collisions, although path accuracy is limited.

The paper [4] compares navigation system methodologies and suggests utilizing an ultra-wideband anchor for
improved accuracy. The advantage lies in constructing positioning algorithms based on phase measurements. However,
its complexity and requirement for advanced mathematical expertise pose challenges.

The paper [5] emphasizes considering user requirements for indoor navigation system design. It conducted an online
survey across different user groups to gather navigation preferences. Results underscore the importance of
incorporating user needs for higher satisfaction. Various data models like OpenStreetMap (OSM) and Simple Indoor
Tagging (SIT) are discussed for spatial building data representation. The paper highlights the need for detailed indoor
navigation information, including landmarks, accessibility, and obstacle data.

The paper [6] presents a Wi-Fi-based indoor navigation system for university campuses, utilizing fixed routers and
manual mapping. It employs a hybrid algorithm combining proximity and RSSI models for distance estimation. While
showing improved performance, the system requires a constant high-speed Wi-Fi connection for pathfinding,
susceptible to slowdowns with multiple users accessing the same network.

The paper [7] discusses concerns and technologies in Indoor navigation, including RFID, Wi-Fi, and Bluetooth beacons.

It proposes an augmented reality-based model for real-time environment visualization and accurate positioning. The
system utilizes Bluetooth beacons or Wi-Fi locations and employs SLAM algorithms for spatial precision.
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The paper [8] introduces a geocoding framework for indoor navigation using QR codes. Each point of interest (POI) is
encoded with a unique code for location and connectivity. A prototype system is developed for navigation in the
Wuhan University Library, employing QR codes for location and path guidance. The case study demonstrates
successful implementation, allowing users to scan codes for accurate positioning. However, there remains a need for a
comprehensive framework to describe indoor facility information.

The paper [9] proposes indoor navigation using QR codes and Google Maps, allowing users to scan codes for route
guidance. It offers a cost-effective and efficient method for navigation, reducing the need for manual destination entry.
While GPS, Bluetooth, and WiFi are alternative technologies, they have limitations. However, reliance on mobile
phones introduces the risk of system failure if a device malfunctions. Additionally, each new device must be added to
the system individually.

[II. PROPOSED SYSTEM

The previous chapter discusses an idea about how the project was started after studying various previous works and the
techniques that will be used to implement the project. The review gives a brief idea about the papers considered and
analyzed & it also provides a short description and observations regarding the same. This chapter includes the proposed
system in detail.

Indoor Navigation System Architecture
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Fig. 2: System Architecture

The block diagram in Fig.2 gives an overview of the approach towards building a basic version of the intended features
for Indoor Navigation.

1. User Interface (UI):
e The user interacts with the application through a user-friendly interface developed using Unity software.
e  Upon opening the app, the user is prompted to scan a QR code to initialize navigation.
2. QR Code Scanning:
e The app integrates QR code scanning functionality, allowing users to scan QR codes placed strategically
throughout the indoor environment.
e Upon scanning a QR code, the app retrieves location-specific data encoded in the QR code.
3. Destination Selection:
e After scanning the QR code, the app presents the user with a dropdown list of available destinations within
the indoor environment.
e The user selects their desired destination from the dropdown list, indicating where they want to navigate.
4. Pathfinding:
e Once the destination is selected, the app utilizes Unity NavMesh for pathfinding algorithms to calculate the
optimal route from the current location to the selected destination.
e Pathfinding algorithms take into account obstacles, dynamic changes in the environment, and real-time
updates.
5. Marker Based Augmented Reality (AR):
e The app employs marker-based AR technology to overlay digital markers and directions onto the real-world
environment.
e Unity's ARCore integration enables accurate tracking of the device's position and orientation, ensuring
precise placement of AR elements.
6. Navigation Guidance:
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e Using Marker-based AR, the app visually guides the user along the calculated path, displaying arrows,
waypoints, or other visual cues to indicate the direction to follow.
e Real-time updates are provided to account for changes in the environment or route alterations.

IV. TECHNOLOGIES USED
1. Unity:
Unity is a cross-platform game engine developed by Unity Technologies, known for its versatility in creating 2D, 3D, VR,
and AR experiences. It offers a user-friendly interface, powerful scripting capabilities with C#, and a vast asset store for
resources. Unity is widely used in the gaming industry, as well as in architecture, engineering, and simulation applications.
2. Unity NavMesh:
Unity NavMesh is a navigation mesh system that allows developers to create Al-controlled characters that can navigate
dynamic environments intelligently. It works by generating a mesh representation of the environment, enabling pathfinding
algorithms to calculate optimal routes for characters to move from one point to another. NavMesh offers features such as
dynamic obstacle avoidance and dynamic baking for real-time updates.
3. AR Core:
AR Core is a platform developed by Google for building augmented reality (AR) experiences on Android devices. It provides
APIs for motion tracking, environmental understanding, and light estimation, allowing developers to create immersive AR
applications. AR Core supports features like plane detection, point cloud generation, and augmented image recognition,
enabling a wide range of AR experiences.
4. AR Core Tracking:
AR Core Tracking refers to the technology used by AR Core to track the device's position and orientation in the real world. It
utilizes a combination of sensor data from the device's camera, accelerometer, and gyroscope to estimate its position relative
to the surroundings accurately. AR Core Tracking enables precise placement of virtual objects and realistic interactions in AR
applications.
5. Android SDK:
The Android Software Development Kit (SDK) is a set of tools provided by Google for developing Android applications. It
includes libraries, APIs, sample code, and development tools like the Android Studio IDE. The Android SDK allows
developers to create native Android apps using languages like Java or Kotlin, as well as integrate features like camera access,
location services, and push notifications into their applications.

V. RESULTS
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Fig.3: QR Code for User’s Location Fig. 4: Target Cube for Destination Fig. 5: Indicator Line to the Destination
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You have reached
the destination

Fig. 6: Pop Up Message

VI. CONCLUSION

Indoor navigation is a transformative technology aimed at solving the intricate problem of guiding people accurately
within complex, enclosed spaces where traditional GPS systems fall short. The primary objectives are to offer real-time,
user-friendly navigation solutions that will provide a list to choose the desired locations, thereby providing an optimal
route from the starting point to the desired location and turn-by-turn directions improving the overall user experience.
The relevance of indoor navigation extends across a wide range of industries, including Universities, Healthcare, and
Airports, with a shared aim of boosting operational efficiency, enhancing safety, and ensuring a better and stress-free
experience for all individuals. As indoor navigation systems continue to advance and integrate with emerging
technologies like AR, they are poised to play an increasingly significant role in simplifying navigation within intricate
indoor environments, ultimately reshaping how we interact with and navigate through indoor spaces.
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