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1. Introduction
The effective real-time interaction of the hearing/visually impaired (HVI) with both real and

virtual worlds is the key up-to-date approach for spatial cognition inside multistage buildings. The
importance of augmented reality (AR) technology in this domain (Asakura, 2023; Google, 2024) is
emphasised by the World Health Organization, which reports that over 430 million people
worldwide have disabling hearing loss, and 2.2 billion are affected by vision impairment (World
Health Organization (WHO, 2023; WHO, 2024). Nowadays, indoor spatial cognition remains
challenging (Shahini, Nasr, & Zahabi, 2022) for HVIs because traditional solutions, such as guide
dogs and outdoor global navigation systems (Zubov, Kupin, & Shaidullaev, 2024), are not
functional inside unfamiliar multistage buildings (Jeamwatthanachai, Wald, & Wills, 2019).

Existing assistive solutions, such as DeafSpace (Chidiac, Reda, & Marjaba, 2024), “Smart
Vision: Creating a Vision for the Blind” (Isazade, 2023), and ORB-SLAM2 (Ou et al., 2022),
employ diverse methods, such as Bluetooth beacon fingerprinting and computer vision, and
soft-/hardware like Arduino/ESP8266/32/ Raspberry Pi microcontrollers to support HVIs in their
navigation and spatial cognition. However, these systems present several limitations. For instance,
complicated algorithms, such as image processing, require high-performance devices; additional
equipment like Bluetooth low-energy beacons must be installed on demand. Moreover, successful
localisation and navigation inside a multistage building require the design of a specific map.

In this study, an alternative approach utilising a WiFi map is designed using a passive
reconnaissance technique. This technique is the distinctive feature of the proposed approach
inspired by the penetration testing methods (Conteh, 2021). In the scope of this study, two Java
Android (Mawlood-Yunis, 2022) applications were developed: the first designs the WiFi map; the
second is employed to localise the HVI indoors. The multistage academic building at the Naryn
campus (University of Central Asia, Kyrgyzstan) was used in the experiment. The software is
distributed as an Android .apk file via direct copying. The university website is compatible with
approximately 81 % of Android smartphones as of September 2024 since the software was
developed on the Android operating system (OS) 10.

Although there are similar applications, this study makes several important contributions to
the body of knowledge in assistive technology for individuals with hearing and visual impairments.
One notable aspect is the development of free accessible software – mobile applications were
developed in Android Studio 4.0 with Google ARCore AR software development kit (SDK), which
might be shared for free. The system is designed with a user-oriented approach – a 3D virtual object
with textual information is displayed to the hearing impaired (Okeenea, 2024a), and the audio is
pronounced to the visually impaired (Okeenea, 2024b). In addition, unlike many existing solutions,
the system does not require supplementary equipment, as modern Android smartphones can scan
and identify existing WiFi network parameters using active and passive reconnaissance techniques.
Given that the Android platform is widely adopted, with a world market share of approximately
71 % as of September 2024, the potential for broad implementation is substantial. Furthermore, the
experimental results indicate a 100% positioning accuracy for indoor localisation at the multistage
academic building of the University of Central Asia (Naryn campus, Kyrgyzstan).

Improvement of the company’s reputation (University of Central Asia in this study) is based
on advanced and innovative inclusive technologies presented in this study. Additionally, the
adoption of inclusive technologies by higher education institutions enhances their role in advancing
the development of innovative assistive solutions. This, in turn, contributes to promoting
accessibility and independence for individuals with disabilities.

2. Related Works
Spatial awareness is a critical and challenging aspect of the HVI localisation indoors.

Current positioning methodologies might be categorised into four main types (Plikynas et al., 2020;
Bai, 2014): wireless networks, microelectromechanical sensor systems, magnetic field distribution
methods, and computer vision. Methods based on global navigation systems, such as pseudolite
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GPS (Bai, 2014), are not considered in this research due to the discussion of multistage buildings.
This study is based on the project (Zubov, Kupin, & Shaidullaev, 2024), where the existing campus
WiFi network is employed for successful localisation. In (Zubov, Kupin, & Shaidullaev, 2024), the
drawbacks are as follows: the spatial cognition information is provided to the HVI by clicking the
button, which is not convenient for people with disabilities (the onResume() callback invokes the
WiFi network scanning when something happens to take focus away from the Android application
with AR); the augmented interaction is not implemented, and hence the smartphone blocks the view
around the hearing impaired; the textual information is not a 3D virtual object, i.e., it is not
interactive and not user friendly.

Microelectromechanical sensor systems and methods based on magnetic field distribution
require frequent recalibration, which might be quite complex after software releases and updates.
Computer vision systems demand high-performance hardware and software to deliver accurate
real-time feedback. The authors have positive experience with QR codes (Badawi et al., 2021)
because they are easily placed on walls. However, they usually require extra space and permissions
that organisations, as discussed in this study, are not often able to provide.

Nowadays, wireless local area networks mainly use WiFi and Bluetooth standards. WiFi
access points are widely employed to retrieve Internet/Intranet resources, making them suitable for
HVI localisation without the need for additional equipment installation, such as Bluetooth beacons.
Hence, the HVI localisation is based on the existing WiFi networks in this study – users depend
entirely on a wireless connection to navigate indoors in multistage buildings. The analysis of
previous studies shows that active and passive reconnaissance techniques are usually employed to
scan wireless networks in these types of buildings.

In active reconnaissance technique, additional equipment like Bluetooth low-energy beacons
and RFID (Radio Frequency Identification) tags (Plikynas et al., 2020; Jadhav, Rajput, &
Harshavardhan, 2021) is installed indoors to identify specific locations. Signals received from these
devices are then used for location detection. Typically, network administrators avoid reusing the
same Basic Service Set Identifiers (BSSIDs) when reconfiguring the network or replacing access
points and/or wireless routers. The primary advantage of this technique is that it operates
independently of the host network topology and WiFi characteristics like BSSIDs. A significant
drawback is that the installation of additional equipment incurs costs and is often prohibited by the
organisations’ policies.

This study employs a passive reconnaissance technique (Jadhav, Rajput, & Harshavardhan,
2021; Giudice et al., 2020) to gather information about BSSIDs inside a multistage building at
various locations. This information is used to create a WiFi map, which is then utilised by the
second mobile application for the real-time indoor localisation of HVIs. The primary advantage of
this technique is cost-effectiveness, as it does not require any additional equipment. However, a
significant drawback is that wireless networks can overlap, leading to inaccurate localisation or the
need to account for multiple locations simultaneously.

Nowadays, a few mobile applications have been developed to assist the hearing impaired
using AR techniques (Asakura, 2023; Mehra et al., 2020) because AR is a new and advanced
technology for the Android platform. Google ARCore (Google, 2024) is a native and free SDK that
meets all requirements to employ 3D virtual models on Android smartphones.

Regardless of the localisation technique, the mobile application user interface must include
features that ensure accessibility for HVIs (Okeenea, 2024a; Okeenea, 2024b; Nair et al., 2020):

1. Visually impaired: the audio should play (Jabnoun, Hashish, & Benzarti, 2020) when the
mobile application starts and the whole smartphone screen should be clickable to perform the
WiFi host network scan.

2. Hearing impaired: a 3D virtual object should appear on the smartphone screen with the
textual information on the HVI location.
Figure 1 shows the general architecture of an assistive system for the HVI indoor spatial

cognition based on the mobile application, the passive reconnaissance technique, and the
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above-stated analysis of previous studies. The project’s backend, which includes a database of
BSSIDs and indoor locations, might be integrated into the mobile application or developed using a
Backend-as-a-Service platform like Google Firebase with a cloud-hosted NoSQL Realtime
Database. In the current version, the first approach is employed since the network administrator can
change the WiFi interface BSSID as needed. The AR part is based on the Google ARCore SDK
v. 1.16.0 (Google, 2024). The mobile application utilises the database and the BSSIDs within the
building to identify the location and provide the 3D virtual object and/or audio information to HVIs.

3. Methods
The project lifecycle comprises three phases: first, mapping (Alhmiedat, Taleb, & Samara,

2013) of the multistage academic building at the University of Central Asia; second, designing the
WiFi map employing the first Java Android application; and third, real-time indoor spatial cognition
of HVIs using the second Java Android application.

3.1. Mapping the multistage academic building at the University of Central Asia
The University of Central Asia has several constructions on the Naryn campus, but only the

multistage academic building (indicated by the red arrow in Figure 2) poses a challenge for the HVI
spatial cognition, as other facilities are not typically visited by newcomers. Figure 2 shows a photo
taken from a drone DJI Mavic 3 Pro Cine by the author Nurlan Shaidullaev on 14th June 2024.

Figure 1. HVI indoor spatial cognition inside multistage buildings: General architecture with Google
ARCore SDK v. 1.16.0 and WiFi map
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Figure 2. Multistage academic building (Naryn campus, University of Central Asia, Kyrgyzstan)

Figure 3 presents points inside a multistage academic building used to design the WiFi map:
first, second, and third floor – Figure 3 (A), (B), and (C), respectively. The point numbers represent
the order during the WiFi map design. The internal space of a multistage academic building has
three main zones represented by the following colors: blue (education, e.g., classes), red (restricted,
e.g., apartments of the teaching staff), and green (other, e.g., canteen).

A) B)

C)

Figure 3. WiFi map points: first (A), second (B), and third (C) floor

The first floor points are shown in Figure 3 (A):
● 1 to 3 – apartments (3D virtual object with the textual information “1st floor:

Apartments”; red zone);
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● 4 to 6 – central corridor (“1st floor: Central corridor”; green zone);
● 7 to 9 and 40 – main entrance (“Main entrance”; green zone);
● 19 – computer class (“1st floor: Computer class”; blue zone);
● 20 to 22 – canteen (“Canteen”; green zone);
● 23 to 25 – library (“Library”; blue zone).

The second floor points are shown in Figure 3 (B):
● 10 to 12 – classes (“2nd floor: Classes”; blue zone);
● 13 to 15 – central corridor (“2nd floor: Central corridor”; green zone);
● 16 to 18 – apartments (“2nd floor: Apartments”; red zone);
● 35 – yellow classroom (“2nd floor: Yellow classroom”; blue zone);
● 36 to 39 – corridor to dorms (“2nd floor: Corridor to dorms”; green zone).

The third floor points are shown in Figure 3 (C):
● 26 to 28 – offices (“3rd floor: Offices of teachers”; blue zone);
● 29 to 31 – central corridor (“3rd floor: Central corridor”; green zone);
● 32 to 34 – apartments (“3rd floor: Apartments”; red zone).

The distance between points in the multistage academic building varies from 15 m to 20 m.
In this study, positioning accuracy takes binary values: if the positioning information is accurate
within 10 m of the point, the accuracy is considered 100 %; otherwise, 0 %. The message “Location
Not Available” is displayed if the campus WiFi network is not available or WiFi signals are low
(RSSI<-70 dBm in this research).

3.2. Designing the WiFi map of the multistage academic building at the University of
Central Asia

The WiFi map was created using the first developed Java Android application. The Java
Android class WifiManager provides information about the SSID (Service Set Identifier), BSSID,
and RSSI (Received Signal Strength Indication) for all available WiFi connections at specific
points. Figure 4 presents two screenshots illustrating examples of SSIDs, BSSIDs, and RSSIs at
points 1 and 35.

An analysis of BSSIDs in the multistage academic building at the University of Central Asia
shows that most of the points, from 1 to 40 (see Figure 3), possess unique BSSIDs. For instance, the
details are as follows (SSID, BSSID, RSSI) at point 35:

● “UCA – Guest”, d8:84:66:0f:b9:fb, -50 dBm;
● “UCA – Guest”, d8:84:66:0f:b9:f3, -50 dBm;
● “UCA-WiFi”, d8:84:66:0f:b9:fa, -50 dBm;
● “UCA-WiFi”, d8:84:66:0f:b9:f2, -50 dBm;
● “UCA-Student”, d8:84:66:0f:b9:f9, -50 dBm;
● “UCA-Student”, d8:84:66:0f:b9:f1, -50 dBm.

32



BRAIN. Broad Research in December 2024
Artificial Intelligence and Neuroscience Volume 15, Issue 4

A) B)

Figure 4. Examples of SSIDs, BSSIDs, and RSSIs at points 1 (A) and 35 (B)

Several points have the same BSSIDs, e.g., points 6, 7, and 23 have at least two common
BSSIDs d8:84:66:0f:7d:93 and d8:84:66:0f:7d:90 with quite good RSSI ≥ -63 dBm. Other two
examples include the following points: 5, 21, and 22; 24, 38, and 39.

3.3. Augmented interaction via Google ARCore SDK v. 1.16.0 with locally hosted 3D GLB
models
Augmented interaction makes the user interface transparent, i.e., the smartphone does not

block the view around the hearing impaired since the camera video is displayed on the screen. In
this study, AR is implemented via Google ARCore SDK v. 1.16.0 (Google, 2024) with locally
hosted 3D GLB (Graphics Library Binary) models representing the textual navigation information.
GLB files are created using the text-to-STL (Standard Triangle Language) approach (free online
tool https://imagetostl.com is employed in this research) with the possibility to adjust RGB
(red-green-blue) color scheme: red=(255, 0, 0), green=(0, 255, 0), and blue=(0, 0, 255). GLB files
are locally hosted in the Android project resource folder, and hence Internet connection is not
required at run-time.

The media player and Google ARCore necessary files start in the onCreate() callback. The
WiFi network scanning is invoked in the onResume() callback and by the user tap on the
smartphone screen. Hence, the visually impaired person receives the audio information
independently from the hearing impaired.
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4. Experiment at the University of Central Asia: Indoor Spatial Cognition by HVIs
using a Java Android Application with the WiFi map and Google ARCore Augmented
Interaction
The experiment was conducted from May to September 2024 inside the multistage academic

building at the University of Central Asia. Seventeen people (four females and thirteen males) aged
from 21 to 51 years took part in the software testing. In this study, three fundamental principles are
employed to ensure an impactful AR user experience:

1. Contextual integration: a specific 3D virtual object is shown according to the HIV location.
2. User-centric design: this research implements well-known spatial cognitive stereotypes

associated with three different colors (blue, red, and green) used in 3D virtual objects to
represent three main zones (education, restricted, and others) inside a multistage academic
building.

3. Consistent interactivity: the user can move, scale, and rotate 3D virtual objects.
The WiFi map is used to find the HVI location inside a multistage academic building at

points 1-40 and between them. For this purpose, the second Java Android application was
developed employing the class WifiManager to gather the information about SSIDs, BSSIDs, and
RSSIs of all available WiFi connections at specific points. Figure 5 shows four screenshots with
examples of successful HVI localisation inside a multistage academic building at points 19 (A),
8 (B), 2 (C), and outdoors (D) using a smartphone Samsung M31 with Android 12 OS. The
information is displayed to the hearing impaired (3D colored virtual objects with text), and the
audio .mp3 file (Ivanov, 2010) is played to the visually impaired. The experiment demonstrated a
100 % positioning accuracy for indoor localisation.

5. Results and Discussion
This study introduces an assistive system designed to enhance indoor spatial awareness for

HVIs. Two mobile applications were developed using Java programming language for Android to
create a WiFi map and determine the location of HVIs inside a multistage building. The main
findings jointly include:

1. Experimental results show a 100 % positioning accuracy for indoor localisation at the
University of Central Asia.

2. A user-oriented interface provides audio feedback to the visually impaired and a 3D virtual
object with textual information to people with disabling hearing loss. This makes the user
interface transparent to the real world.

3. The software was created using Android Studio 4.0 and the Google ARCore SDK v. 1.16.0
at no cost, and there are plans to make it available for free in the future.
Two questions have been discussed at the departments of Computer Systems and Networks

(Kryvyi Rih National University) and Computer Science (University of Central Asia):
1. Smartphones should support OpenGL ES v. 3.0 or newer to work properly with the Google

ARCore SDK v. 1.16.0. The second developed mobile application checks the ability of
smartphones to use AR. However, the question is as follows: What is the world market share
that supports this technology?

2. Two Android mobile applications have been developed using the classical imperative
approach with the Java programming language. However, it has been suggested that future
development of the project should adopt a declarative methodology, such as Jetpack
Compose.
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A)

B)

C)

D)

Figure 5. Successful HVI localization inside a multistage academic building at points 19 (A), 8 (B), 2 (C),
and outdoors (D)

35



D. Zubov, A. Kupin, N. Shaidullaev, R. Ismailova - Indoor Spatial Cognition for the Hearing/Visually Impaired:
Google ARCore Augmented Interaction Using WiFi Map

6. Conclusions
In this study, two Java Android applications have been developed to enhance the indoor

spatial awareness of HVIs. The multistage academic building at the University of Central Asia
(Naryn campus, Kyrgyzstan) has been used as the experimental testbed. These applications focus on
designing a WiFi map and localizing HVIs inside a multistage academic building. The key
contributions of this project jointly include the following:
1. Achieving 100 % positioning accuracy for the HVI indoor localisation.
2. Providing a user-oriented interface that offers audio feedback for visually impaired users and

displays 3D AR virtual objects with colored text information for individuals with hearing loss.
3. Ensuring the applications are affordable and widely accessible, as they are available under a

free software license and might be run on over 81 % of Android smartphones as of September
2024.

The developed assistive system has two distinctive advantages. First, it does not require any
additional equipment since modern Android smartphones can scan WiFi networks and identify
BSSIDs using passive reconnaissance techniques, specifically invoking methods of the Java
Android class WifiManager in this project. Second, it features a user-oriented AR interface built on
the Google ARCore SDK v. 1.16.0. Given that the Android platform is widely used, the mobile
applications created with this system can operate on over 71 % of mobile devices worldwide as of
September 2024.

The most promising area for further development is the implementation of the presented AR
ideas for navigation inside industrial facilities since AR is an essential technology in Industry 4.0.
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