q

Check for
updates

Accessibility Features for Augmented Reality
Indoor Navigation Systems

Frank Samson!®) Mussa Ally Dida!, Judith Leo!, Deogratias Shidende?,
Godfrey Naman!, and Sabine Moebs?

! Nelson Mandela African Institution of Science and Technology, Arusha, Tanzania
{samsonfr,mussa.ally,judith.leo,godfrey.naman}@nm-aist.ac.tz
2 Duale Hochschule Baden-Wiirttemberg (DHBW), Heidenheim, Germany

{deogratias.shidende, sabine.moebs}@dhbw-heidenheim.de

Abstract. Accessibility plays a pivotal role in developing technological tools that
strive to promote inclusivity for users of all abilities. Regrettably, many technolog-
ical advancements have traditionally disregarded accessibility, assuming homoge-
neous user abilities or treating it as an afterthought. This paper endeavors to provide
a review of accessibility considerations on augmented reality indoor navigation
systems, to enhance navigational experiences in indoor learning environments.
To achieve this, interviews were conducted with visually impaired individuals,
to investigate their existing methods of navigation, identify challenges they face,
and uncover potential accessibility features that could enhance indoor navigation
systems. Additionally, a literature review was undertaken to explore various acces-
sibility features in the context of indoor navigation systems, including localization
technologies and pathfinding algorithms employed in indoor navigation applica-
tions. Finally, the paper concludes by offering insights into accessibility features
specifically tailored for individuals with visual impairments, to facilitate efficient
indoor navigation.
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1 Introduction

Individuals with vision and hearing impairments encounter substantial challenges when
utilizing indoor navigation systems. It is of supreme importance to incorporate inclusive
accessibility features into these systems, thereby significantly enhancing their usability
and functionality for people with disabilities [1]. However, the absence of accessibility
features in indoor navigation systems implemented in higher learning environments,
ultimately leads to significant navigation difficulties for individuals with impairments,
hindering their ability to navigate their surroundings with ease [2, 3]. Navigation systems
play a crucial role in assisting individuals in moving from one location to another. While
outdoor navigation systems have their complexities, indoor navigation systems pose
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more significant challenges [4]. Challenges of indoor navigation systems are associated
with various factors ranging from the complexity of the building map, security concerns,
and mostly the technology for its implementation. Technologies for navigation such as
Global positioning systems (GPS) are commonly used for outdoor navigation and pro-
vide users with accurate position, navigation, and timing information, effectiveness may
be limited in indoor environments or areas with obstructed signals [5]. Ultra-wideband
(UWB) is a short-range radio technology utilizing radio waves to measure the distance
between devices and offers high-precision location tracking with an accuracy ranging
from 10 to 30 cm [6, 7]. Infrared technology utilizes tags that emit signals, which
can be received and read to identify the source and position of the tagged object. It is
commonly used for object tracking or identifying specific locations [7] Also, Wi-Fi,
Bluetooth, and Zigbee wireless communication protocols that employ radio fingerprint-
ing and RSSI (Received Signal Strength Indication) propagation can also be utilized for
localization purposes [5]. Near-field communication (NFC), which is a technology that
enables short-range communication between devices, can be used in combination with
other technologies for context-aware applications [8]. Additionally, Radio Frequency
Identification (RFID) is a technology that utilizes tags and readers to identify and track
objects[7] and an inertial measurement unit (IMU) is a device that integrates sensors such
as accelerometers and gyroscopes by analyzing the data from these sensors to determine
the position and orientation of an object in space [9-12]. The challenges posed by
these technologies are accuracy, coverage, cost, power consumption, and localization
principles, which are fundamental to the success of indoor navigation systems [13] Aug-
mented reality (AR), which uses 3-D visualization in real-time access, has been used in
different areas, including indoor navigation [14—16] with a promising way of handling
these challenges. It has brought precision, localization principles, and accuracy to nav-
igation systems [17]. Consequently, enormous AR applications for indoor navigation
with various functionalities have been developed in higher learning environments [16].
However, most of these AR applications do not have accessibility features that support
indoor navigation for users with various impairments [18]. The objective of this paper
is to review and examine the accessibility features of AR indoor navigation systems in
higher learning environments. The remaining sections of this paper cover various related
works, encompassing explanations of accessibility, localization technologies, distance
distance-finding algorithms, as well as a comprehensive overview of indoor navigation
tools. Subsequently, the methodologies employed for identifying accessibility features
in an indoor navigation system are outlined. The paper then proceeds with a section ded-
icated to presenting the obtained results and engaging in a detailed discussion regarding
the findings. Finally, the paper concludes by summarizing the main results achieved
throughout the study.

2 Related Works

2.1 Accessibility

Accessibility means offering a person with a disability the opportunity to acquire the
same information, engage in the same interactions, and enjoy experience as a person
without a disability in an equally effective and equally integrated manner [19]. For
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individuals with disabilities, accessibility entails the use of techniques or technology that
enables them to effectively engage and interact with their surroundings. In an educational
setting, accessibility means providing education for all individuals, irrespective of their
abilities [20]. Scholars have proposed frameworks and models for accessibility for people
with disabilities emphasizing accommodation, assistive technology, and inclusion as
approaches to address accessibility [16, 21]. Universal design is a framework that places a
strong emphasis on accessibility, usability, and inclusion for people with disabilities [22].
This framework can be effectively adopted when developing solutions across various
sectors, ensuring that accessibility features specific to each sector are incorporated[23].
Disabilities can vary, resulting in diverse ways for individuals to interact. Various fields
have implemented accessibility features by enabling technologies to cater to different
disabilities [24, 25]. Visual-disabled people are used to having assistance from a third-
party person to help them easily navigate inside a building or with the help of a white
cane [26]. Assistive technologies enable individuals with disabilities to embrace life from
different perspectives. Technological advancements, such as indoor navigation systems,
have significantly enhanced mobility for visually disabled people. These innovations
foster a more inclusive environment, enabling disabled individuals to navigate their
surroundings and interact with the world more effectively [27-30]. However, in many
cases, accessibility is often an afterthought during the development of enabling tools [31,
32]. Assuming that all users are of single ability and can use these technologies leads to
numerous accessibility challenges. The development of indoor navigation applications
for learning environments should prioritize accessibility as a fundamental feature. This
ensures that the application accommodates the needs of all users and promotes social
inclusivity and accessibility.

2.2 Localization Technologies

Localization is finding the location of people and places inside the building [17]. Various
mechanisms have been employed by indoor navigation systems to track the location of the
user’s device within a building [5]. These mechanisms are designed to improve accuracy
and minimize complexity in navigation systems, with variations in accuracy and imple-
mentation cost. Simultaneous Localization and Mapping (SLAM) is one such mechanism
that leverages device localization, offering a cost-effective and relatively straightforward
implementation. To shed light on the diverse approaches and technologies employed to
achieve accurate and efficient tracking in indoor environments, we present various prin-
ciples and technologies used for location tracking in indoor navigation. Additionally,
Table 1 shows a summary of localization methods with their challenges.

2.2.1 Ultra-Wideband

Ultrawideband (UWB) is an emerging technology that holds promise for real-time local-
ization in indoor navigation systems. Its immunity to interference from other signals and
low power consumption make it an attractive option [33, 34]. Various arrival mechanisms
are employed to calculate the distance between two points on a map, with time of flight
and angle of arrival serving as signal strength indicators for precise localization [6]. To
achieve better accuracy in tracking location using UWB technology, a minimum of three
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receivers is typically required, and maintaining a clear line of sight is crucial as depicted
in Fig. 1. In tracking the location of UWB tags, pulses of signal are emitted from the
tags containing information such as time of flight, timestamp and identification. These
signals are then detected by nearby nodes, and the captured data is sent to the source
for processing. By determining the measurements of the time of flight, it is possible to
obtain the distance and orientation within a short range. However, the usage of UWB
can still be hindered by electric interference, which will result in signal weakness.
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Fig. 1. UWB based on time of arrival. Source [33]

2.2.2 Simultaneous Localization and Mapping (SLAM)

SLAM algorithm helps the devices to realize their position relative to the surrounding
environment. The algorithm provides real-time updates to the maps while tracking the
location of the device in it. SLAM is made with two fundamental components that
include localization and mapping, localization is for determining the device’s location
on the map, and mapping is for creating the representation of the surroundings relative
to where the device is [35]. Various techniques, such as feature-based, keyframe-based,
and direct methods, are employed in the SLAM for its effectiveness [36]. In indoor
navigation systems, SLAM algorithms rely on different sensor modalities commonly
found in these systems, such as RGB cameras, depth sensors, and inertial sensors found
in the device containing the system [37]. The algorithm is widely used in tracking the
position of an agent on a map for indoor navigation systems and in aligning the virtual
object and real object for a better experience [38, 39]. For instance, AR Foundation which
is a software development framework developed for AR application development across
multiple platforms, supports SLAM for localization and mapping while developing AR
applications for navigation [40]. SLAM has two forms or methods for its implementation,
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which are Visual SLAM (VSLAM) and Laser SLAM (LSLAM) [41]. Visual SLAM uses
three-dimensional vision to map and locate objects when neither the surroundings nor
the sensor’s location is known [42]. Laser SLAM estimates the position and orientation
of the robot by utilizing LIDAR sensors to collect 3D point clouds of the surroundings.
To measure the distance to objects in the surrounding environment, LiDAR measures
the time it takes for beams to reflect to the sensor after they are emitted [43]. Several
studies have shown SLAM effective in indoor navigation systems [44-46]. However,
the algorithm still faces challenges in indoor environments, such as dynamic objects,
low-texture areas, and occlusions [47].

2.2.3 Bluetooth

Bluetooth is the wireless connection type that supports short-range connection up to 10
m between two or more devices [5]. This connection can be managed using software
installed in these devices which makes Bluetooth one of the technologies that are used
for indoor navigation systems for device location tracking inside the building [48].
Suggested Bluetooth low energy (BLE) which checks the signal strength from the nodes
using the receive signal strength indicator (RSSI) and then triangulates the source to
identify the position of the device [49]. Implemented BLE indoor navigation using ES
P32-Node MCU, different indoor systems have been implemented using the network
of Bluetooth devices [50]. BLE has also been used as a location-tracking mechanism
together with AR for the implementation of indoor navigation systems [51]. However,
the implementation cost of Bluetooth-based indoor navigation systems is higher and
there is a challenge signal in mobility caused by interference posed by signals from
other devices [5, 50].

2.3 Distance Calculation Algorithms

Navigating from one point of interest to another requires distance calculation and path
identification toward that distance. Distance calculation algorithms for identifying short-
est paths are used for indoor navigation systems to help the system user navigate from
point to point while serving time. Several machine learning-based algorithms, includ-
ing 2-Nearest Neighbor (2-NN), K-nearest Neighbor, and Euclidean distance-based
Weighted K-Nearest Neighbor, have been proposed for predicting the shortest desti-
nation point [58—60]. Dijkstra’s algorithm is another algorithm used to find the shortest
path between points on an indoor navigation system [61, 62]. The algorithm works on
weighted points, where each edge has a non-negative weight then it starts by assigning
a tentative distance value to every point in the map. The initial point has a distance of 0,
and all other nodes are assigned a distance of infinity [61]. A-star algorithm is a search
algorithm that searches for the shortest path between the initial point on the map to the
destination point on the map, this algorithm has been deployed on indoor navigation for
path determination [5, 63]. However, the selection of algorithm to use depends on its
efficiency, accuracy, and specific requirements of the system, A-star algorithm is widely
suitable for real-time navigation systems. The algorithm works by finding the shortest
path, trimming unnecessary paths during the search, and reducing the number of nodes
visited which improves its efficiency performance.
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Table 1. Localization technologies

Authors | Localization technology | Strength Challenges

[52] Bluetooth Beacons - Precise location indoors | - Limited range
- Low power consumption | - Requires additional

hardware

[53,54] | VSLAM - Extract-able Semantic - Dependency on Ambient
Information Light
- Low Cost - Computational Load
- Simple Structure and - Dynamic Sensor
Diversified Installation Performance
Mode

[55] LSLAM - High Map Construction |- Limited Detection Range
Precision - installation with Structural
- Intuitive Map Requirements
Construction without - Map Lacks Semantic
Cumulative Error Information

[56] UWB - High accuracy in - Requires additional
positioning hardware
- Works in indoor - Limited range
environments - Affected by obstacles
- Immune to signal
interference
- Provides real-time
tracking

[57] Wi-Fi Positioning - Works well indoors - Accuracy depends on
- No additional hardware | WIFI infrastructure
needed - Limited where there is no

power

2.4 Indoor Navigation Tools

Numerous indoor navigation tools have been designed and developed by different
researchers, using various algorithms, technology, techniques for localization tracking,
and calculation of distance between two different points [64, 65]. However, the chal-
lenges for most indoor navigation systems remain, such as accuracy, cost, localization
principles, power consumption for the application, and security concerns [5]. Augmented
reality and virtual reality have brought about another dimension for data visualization
and the creation of virtual spaces for different applications, including navigation sys-
tems [66]. The visualization is extended more in augmented reality and gives a better
experience by presenting data in 2D and 3D in the field of vision [15]. Different tech-
nologies for indoor navigation have been used with implementation on the web platform,
mobile phone, or both [67]. Developed an AR indoor navigation application that utilized
semantic web technologies to display routes and provide contextual information about
the user’s environment relied on detecting environmental characteristics and illumina-
tion conditions to accurately track user movements [68]. Developed a mobile-based AR
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indoor navigation system that utilized 2D maps as its foundation relying on 3D markers
to aid in navigation [3]. Developed an augmented reality indoor navigation system that
leverages Lbeacon and Bluetooth technology on smartphones to determine a user’s initial
position relative to their destination [69]. Developed a marker-based navigation appli-
cation using the Vuforia engine. The app uses markers placed at different entrances of a
building to identify the user’s initial location and destination. However, this developed
application did not include accessibility features for people with different impairments,
such as vision impairment and hearing impairment, Table 2 shows a feature summary
of indoor navigation systems developed using augmented reality.

Table 2. Summary of augmented reality indoor navigation tools

Authors | Problem Addressed Proposed Solution Limitations
[68] Indoor navigation using a | A marker-based - The application didn’t
2D map augmented tool for indoor | have 3D features
navigation - No accessibility features
for people with an
impairment
[67] An Indoor Navigation indoor navigation systems | - Didn’t include
Methodology for Mobile | based on Augmented positioning methods such
Devices by Integrating AR | Reality and Semantic Web | as Wi-Fi or Bluetooth
and Semantic Web technologies to present wireless networks
navigation instructions and | - No accessibility features
contextual
information about the
environment
[69] a marker-based navigation | marker-based navigation - Rescanning of the
application application using the marker each time while
Vuforia engine moving from one place to
another
[3] an augmented reality an indoor navigation - Not accessibility features
indoor navigation system | system that leverages - No advertisements of the
Lbeacon and Bluetooth surrounding environment
technology on - Not enough 3D objects
smartphones to determine | to visualize and enhance
a user’s initial position the navigation experience
relative to their destination
[4] Indoor navigation system | AtlasMap platform that - Improvement in
uses technology fusion that | direction agent
utilizes multiple phone - No accessibility features
sensors integrated with
augmented reality for
localization
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3 Results

This section presents the findings of the study, which include the results obtained from
both the document review and the interviews conducted. The subsection includes results
form from document reviews and interviews.

3.1 Indoor Navigation Systems

A literature review was conducted by accessing major research databases to explore arti-
cles published about accessibility features in indoor navigation systems. The literature
study aimed to answer two research questions: What are accessibility features reported
in indoor navigation systems? Which technologies have been used in these indoor navi-
gation systems? To answer these questions, the search query was designed as follows: -
Keywords used were “accessibility features”, “indoor navigation systems”, “Augmented
reality navigation”, “And Visual impairments”. The search query was performed in June
2023, by including relevant keywords and query expressions to generate meaningful and
relevant results retrieved from databases such as IEEE, MDPI, and Science Direct with a
focus on English-written articles published between 2020 and 2023. This approach aimed
to ensure that the study encompassed the most recent research in the field of indoor navi-
gation systems, with a particular emphasis on accessibility features and the incorporation
of technologies such as augmented reality navigation. Articles were picked considering
their relevance to the study, Table 3 provides the summary of reviewed indoor navigation
systems. The review revealed several findings that emphasize the importance of incor-
porating specific features to address the needs of individuals with vision impairment.
Route planning functionalities tailored to their requirements can greatly assist in effec-
tive navigation [70]. High contrast and auditory interfaces, along with haptic feedback,
enhance accessibility by providing visual and tangible signals [71]. Voice assistance and
routed self-learning apps offer personalized and real-time guidance, promoting inde-
pendent navigation [72]. Audio feedback, text-to-speech (TTS) technology, and voice
recognition further augment accessibility by providing spoken instructions, converting
text to speech, and enabling hands-free interaction with the system during navigation
[73-76]. Suggested an indoor navigation system that makes use of the Atlasmap platform
with automated object detection capabilities. Specifically designed for individuals with
visual impairments, this system includes a crucial feature of object detection to assist
visually impaired individuals during navigation. To enhance the inclusivity and accessi-
bility for users with disabilities, a specialized route specification system was developed
that caters to the specific needs and impairments of different users, ensuring they can
navigate through the environment with ease and independence [77].

3.2 Interview

The open-ended interview was conducted with five participants, who are leaders repre-
senting four centers for people with visual impairments, three males and two females
aged between 30 to 45, who have vision disabilities to access the essence of accessibility
features for indoor navigation systems. The interview was conducted with ethical consid-
eration and participants were asked for their consent to participate in the interview. Based
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on the interview responses, it became evident that an ideal application for vision-disabled
individuals should offer several key features. Firstly, it should provide accurate and clear
audio directions that aid in seamless navigation between various locations. Additionally,
the application should possess the capability to distinguish between objects and people,
ensuring that navigation instructions are specific and relevant. Moreover, it should be
equipped to identify the user’s current location and provide notifications regarding the
surrounding environment. To enhance convenience, the application should support voice
commands as input for navigation instructions. Lastly, it should offer detailed and pre-
cise audio guidance, accompanied by comprehensive descriptions, to ensure accurate
and reliable navigation assistance. A summary of accessibility features responses that
were provided during the interview is shown in Table 4.

Table 3. Summary of reviewed indoor navigation systems

Author | Accessibility feature | Technology used | Localization Path finding
algorithm
[71] High contrast and Bluetooth beacon | K-mean clustering
auditory interfaces
[72] vision, sound, and AR framework BLE beacons Beacon
haptics fingerprints
[73] voice interaction, ARCore Depth SLAM Geolocation and
audible warning API, Jimmy To’s Geocoding APIs
Speech and Text
asset for Unity
[74] text-to-speech iBeacons Bluetooth iBeacons
module
[75] Text to Speech, YOLO V3 computer vision | Wearable device
speech recognition Algorithm
[76] Object detection Augmented reality, | IndoorAtlas IndoorAtlas
YOLOV3 object
[78] turn-by-turn open-source map | EMBC22 BLE | Received Signal
data beacons Strength Indicator
(RSSID)
[77] acoustic and haptic | Augmented reality | smartphone GraphHoppe
feedback, route Sensors

planning
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Table 4. Summary of Interview Response

Gender Response

Person one Male The application should provide audio assistance during navigation

Person two Male The application should have an audio feature and object detection

Person three Female The application should have audio feature and voice command
functionality

Person four Female The application should describe navigation guidance using voice

Person five Male The application should be able to tell me where I am using audio

4 Discussion and Conclusion

Our research findings demonstrate that accessibility is an essential feature in application
development. Specifically, when designing for individuals with visual impairment, gath-
ering requirements directly from them plays a crucial role in meeting their specific needs
and ensuring inclusivity [72]. Voice assistance feedback greatly aided blind individuals
in navigating easily by guiding the navigation process using turn-by-turn [78] navigation
was an essential feature, as it provided clear directions when reaching the next destina-
tion. This aligns with the importance of audio features for providing directions during
navigation for individuals with vision impairments. The features suggested such as route
planning, high contrast, auditory interface, and haptic feedback vividly show they can
help and increase accessibility for visually impaired people in indoor navigation [71,
77]. Additionally, object identification during navigation emerged as a crucial feature
that enhances mobility for people with vision disabilities [76].

Incorporating a localization technique in the indoor navigation system helps deter-
mine the user’s location on the map, facilitating effective navigation. SLAM techniques,
which employ localization and mapping algorithms, can be beneficial in accurately iden-
tifying the user’s location on the map and enabling seamless navigation within indoor
spaces as utilized by [73]. Bluetooth beacons have emerged as an additional method
for localization by triangulating signals from multiple beacons within indoor spaces to
determine users’ location and destination [71, 72, 74, 78]. This technique encounters
challenges such as signal hindrance, which can sometimes result in inaccuracies during
navigation compared to SLAM which relies on a combination of sensor data, such as
visual input from cameras or depth information from depth sensors to construct a map
of the surroundings.
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This paper proposes incorporating specific accessibility features to cater to the needs
of visually impaired individuals, ensuring reliable guidance during indoor mobility.
These features include utilizing sound and audio assistance to provide auditory cues
and directions. By integrating sound-based navigation cues, visually impaired users can
receive real-time guidance and feedback, enabling them to navigate the learning envi-
ronment more effectively. Additionally, for efficient pathfinding within the AR indoor
navigation system, we propose utilizing the A-star algorithm which ensures that visually
impaired individuals can navigate through the learning environment along the shortest
feasible path. A general overview of the proposed system diagram is presented in Fig. 2.
The diagram presents an overview of the system, which can be accessed through a user
interface on a mobile device such as a smartphone or tablet using the device’s camera
and creating a digital representation of navigation instructions. The system utilizes the
SLAM algorithm to determine the positioning and orientation of the device within the
environment, enabling it to localize itself and map the surroundings. To begin using the
system, the user enters their destination from their current location. The system then
calculates the shortest path and provides feedback to the user for seamless navigation.
As the user starts their journey, the system offers visual and audio feedback, providing
direction based on the user’s preferences. Upon reaching the destination, the user can
access a view on the availability status, which is updated by the staff from the web portal.

The analysis of accessibility features for indoor navigation systems, focusing on indi-
viduals with vision impairment, has led to recommendations aimed at facilitating their
ease of navigation. One of the predominant challenges encountered when incorporating
accessibility features into indoor navigation systems is the tendency to assume users’
abilities during the design and development stages. Conducting requirement elicitation
directly from individuals with disabilities before system development is imperative as
it promotes the inclusion of accessibility features and ensures usability for all. Utiliz-
ing localization technology and path-finding algorithms holds significant importance in
the successful development and implementation of indoor navigation systems. Lastly, it
is recommended that more studies should continue to demonstrate the effectiveness of
accessibility in AR systems, particularly within learning environments.
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