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1. Introduction

Among the fundamental human rights, an important 
place belongs to the right to education. One of the leading 
directions of modern education development is inclusive 
education. In the United Nations (UN) Convention on the 
Rights of Persons with Disabilities, inclusive education is 
defined as the basic principle of ensuring equal access to 
education for all people regardless of their physical or intel-
lectual characteristics. 

However, for people with significantly impaired mobili-
ty, the realization of the right to full education is one of the 
most difficult problems of modern education. For example, 
according to the Cerebral Palsy Guide, at the beginning of 
2026, cerebral palsy in the world affects from 1.5 to 3 peo-

ple per 1000 newborns, and many of them have minimized 
motor properties due to severe forms of the disease. People 
with neurodegenerative diseases, multiple sclerosis, and the 
consequences of spinal cord injuries also belong to the speci-
fied category. The conventional way of exchanging messages 
with a computer using a regular keyboard, mouse or joystick, 
where independent control of hands is required, is signifi-
cantly complicated or impossible for them.

For the needs of this category of students, traditional 
teaching methods and standard computer interfaces are 
unsuitable. The inability to fully participate in the educa-
tional process causes social isolation, limited opportunities 
for self-realization, as well as a decrease in the quality of 
life. This renders special relevance to scientific research 
into this area.
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Eye-tracking technology as a means of 
ensuring the accessibility of education for peo-
ple with severe musculoskeletal disorders has 
been investigated in this study. A number of 
assistive technologies have been devised up 
to now that possess significant educational 
potential, but their autonomous use is mainly 
associated with such difficulties as dependence 
on the instability of wireless networks or exter-
nal computing resources. The need to over-
come the technological gap between the capa-
bilities of assistive technologies and their real 
autonomy is a task addressed in this work.

The study’s result is the designed fully 
autonomous architecture based on virtual 
reality headsets (Meta Quest), which enables 
the execution of all eye image processing activ-
ities and provides direct interface control 
using the device’s processor. The hardware was 
improved (frame miniaturization, transition 
to a wired USB interface were carried out); 
software was developed in the Rust language 
in the OpenXR API (Application Programming 
Interface) layer format. 

That has made it possible to get rid of net-
work delays and ensure the system’s operation, 
resistant to any conditions. Direct interaction 
with the headset hardware is provided by effec-
tive optimization of convolutional neural net-
works and the use of low-level system calls. An 
immersive graphical user interface (GUI) was 
designed, successfully tested for system configu-
ration and calibration. The GUI became avail-
able directly in the virtual space of the headset.

The results could be used for individual 
learning at home, as well as at inclusive edu-
cational institutions or rehabilitation centers 
that organize training for people with severe 
musculoskeletal disorders
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2. Literature review and problem statement

The results of the research by a number of scientists 
in [1, 2] provide a toolkit in the form of effective algorithms for 
eye tracking. These papers are considered classic for the in-
dustry; the authors tried to combine approaches and methods 
of eye tracking into a clear structure. However, the proposed 
solutions remained quite expensive and insufficiently adapted 
to a specific user. In subsequent studies, such as [3], to improve 
adaptation, an open-source eye tracking toolkit was proposed 
for reliable collection of gaze data in augmented reality (AR) 
based on Unity 3D and Microsoft HoloLens 2 (USA).

In study [4], 207 papers reporting research results on 
eye tracking were analyzed. The authors note the absence 
of a single approach to the processing of empirical data in 
them and provide recommendations on the methodology for 
processing the results of such experiments. At the same time, 
the similarity of models and algorithms for processing and 
analyzing recorded eye tracking data was taken into account. 
Moreover, the availability of hardware and software tools re-
lated to eye tracking for the average user continues to remain 
an unresolved problem, primarily due to their high cost and 
the need for additional adaptation for a specific user.

An option for overcoming the difficulties related to a 
more widespread and effective use of eye tracking systems 
is proposed in studies on possible ways of practical applica-
tion of developments in eye tracking in education. Thus, in 
work [5], researchers analyzed the features of teachers’ work 
in the classroom using an eye tracking system. It was deter-
mined that there are differences in the attention paid by the 
teacher to individual students.

In [6], a review of the scientific literature on the use of 
eye tracking systems to study the features of students’ use of 
information technologies is given. In the considered papers, 
the use of eye tracking was aimed at studying the interaction 
between a teacher and a student in the educational process. 
The problem of designing an autonomous eye tracking sys-
tem for inclusive education remained unresolved.

Partial ways to overcome the problem of accessibility of 
eye tracking systems were proposed in [7]. It suggested the 
architecture of an effective and inexpensive device that uses 
a camera and software to detect and track human eye move-
ment. The final product is aimed at expanding the capabilities 
of patients with limited mobility, especially those suffering 
from amyotrophic lateral sclerosis (ALS) and quadriplegia. 
The work describes an alternative interface to conventional 
input methods, such as a keyboard, mouse, touch panel, etc.

Eye tracking systems are actively used in medicine, 
for example, during the treatment of stroke consequences. 
Study [8] emphasized that stroke often leads to significant 
impairments in motor function, cognitive processing, and 
visual fields, which requires devising effective rehabilitation 
strategies. In a significant proportion of cases, patients need 
to be retrained to receive information from the environment. 
Scientists also emphasize the insufficiency of the conducted 
studies to determine the most effective conditions for using 
this method and are confident in its prospects [8]. Another 
area of application of gaze tracking systems is the control of 
manipulative robotic systems in production or, for example, 
for controlling a wheelchair or other assistive devices [9].

In the papers considered above [7–9], a change in the 
focus of the use of eye tracking on the issue of inclusion is ob-
served but no ready-made software and hardware solutions 
are proposed to solve the problem.

In [10, 11], the features of the use of virtual and aug-
mented reality tools are mainly concentrated on their ap-
plication in blended and distance learning or on the devel-
opment of software for eye tracking systems. For example, 
in work [12], a variant of such a system is proposed, based 
on the HOG (Histogram of Oriented Gradients) method 
and the linear machine learning algorithm SVM (Support 
Vector Machines) implemented in the Python program-
ming language (The Netherlands) with the connection of 
the OpenCV (Open Source Computer Vision Library, USA), 
Dlib (D Library), NumPy (Numeric Python, USA) libraries.

Another area of research is the use of eye tracking sys-
tems during control activities in education. The studies re-
ported in [13] tackle this issue. This work is more concerned 
with continuous authentication of students in the process of 
remote testing, rather than teaching inclusive students.

To meet the needs in the field of eye tracking, designers 
of virtual headsets have recently prepared a number of new 
products that provide significantly greater functionality of 
these devices and ease of use.

In March 2025, the Bigscreen company (USA) launched 
the next-generation models in the market: Beyond 2 and 
Beyond 2e [14]. These models have an improved system for 
adjusting devices to the features of the facial structure, as 
well as an expanded field of view, ensuring image clarity 
in all areas from the center to the edges. Changes have 
been made to the headset mounting system, which makes 
the face scanning operation for an individual interface 
unnecessary.

Headsets by Play For Dream (PRC) have a number of new 
devices and features:

– VR: Snapdragon XR2+ Gen 2 running Android 15 (USA);
– two micro-OLED (Organic Light-Emitting Diode) displays 

with a resolution of 3840 × 3552 and a frequency of 90 Hz;
– eye tracking;
– automatic adjustment of IPD (Interpupillary Distance), 

wired and wireless streaming from a personal computer (PC);
– a Meta Quest Pro-style battery located on the back panel;
– Meta Touch Plus – similar controllers [15].
Also noteworthy are the technological advancements by 

the following companies:
– HTC (Vive Focus Vision [16]), an updated version of 

the headset is aimed not only at business but also at ordinary 
users with an increased amount of RAM, color Passthrough, 
and built-in eye tracking;

– Samsung, together with Google and Qualcomm (Galaxy 
XR – the first headset on the Android XR platform [17]), the 
device is equipped with a Snapdragon XR2+ Gen 2 processor 
and 16 GB of RAM. The headset has micro-OLED displays 
with a resolution of 3552×3840 per eye, and a refresh rate of 
up to 90 Hz;

– Valve (Steam Frame [18]), a standalone VR headset 
Steam Frame, which runs on the SteamOS operating system 
with a Qualcomm Snapdragon 8 Gen 3 processor and 16 GB 
of RAM, has 2160×2160 LCD panels for each eye, pancake 
optics, variable IPD and a refresh rate of up to 120 Hz.

In addition to new hardware developments, it is worth 
noting the release of new software for eye tracking systems. 
Baballonia is a new generation of software from Paradigm 
Reality Enhancement Labs (USA) for tracking eye and face 
movements. It is a logical continuation and complete rewrite 
of the previous EyeTrackVR and Babble applications written 
in Python [19]. The development team designed Baballonia 
based on C# and the Avalonia framework, which provides 
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better performance, cross-platform compatibility, as well as a 
more flexible architecture for future extensions.

Modern assistive technologies based on digital technolo-
gies open up new opportunities for ensuring the accessibility 
of education. Such technologies include technologies based 
on voice control programs, electronic (on-screen) keyboards, 
a set of touch switches, and eye control systems.

As for the eye control system, it can be implemented in 
several ways. Among these techniques, two are worth high-
lighting:

– using a webcam connected to a personal computer (mo-
bile or stationary);

– using virtual reality headsets (VR headsets).
The use of a webcam has a number of disadvantages, 

namely, dependence on the illumination of the room, the 
need to strictly observe the distance from the webcam, the 
presence of problems in tracking changes in the angle of view 
at small angles of change of view, etc.

The critical review of the literature  [1–19] allows us to 
conclude that significant progress has been made in the de-
velopment of eye-tracking technologies. However, there are 
issues that need to be resolved:

– technological dependence: most open source systems 
(for example, basic EyeTrackVR) require video transmission 
to a personal computer via Wi-Fi, which causes delays and 
leads to a decrease in student mobility;

– lack of complete autonomy: there is no open solution to 
ensure the implementation of all stages of eye-tracking (from 
frame reading to cursor control) only through the VR headset 
processor without external dependencies;

– limitations in the use of modern eye-tracking technol-
ogies in the practice of Ukrainian education, insufficient 
adaptation of international experience in the implementation 
of eye-tracking to the Ukrainian educational context.

The reasons for this state of affairs are the complexity 
of optimizing computer vision algorithms for mobile archi-
tectures and the lack of unified standards for integrating 
third-party hardware into VR environments. Thus, there is a 
need to design an autonomous architecture that would com-
bine open hardware solutions with high-performance software 
adapted for mobile operating systems (Horizon OS/Android).

However, the systematization of the identified problems 
allows us to argue that it is advisable to conduct a study on 
designing an affordable, autonomous, and open eye-tracking 
system for mobile VR devices. Such a system should provide 
minimal latency and high accuracy in actual educational set-
tings without the use of external computing resources.

3. The aim and objectives of the study

The aim of our research is to design a fully autonomous 
eye-tracking system for mobile VR headsets. This will allow 
for effective interaction with educational content for individ-
uals with severe motor impairments regardless of the pres-
ence of external PCs or network infrastructure.

To achieve this goal, the following tasks were defined:
– to modernize the hardware part of the system (based 

on the EyeTrackVR project), including miniaturization of 
camera mounts and ensuring a stable wired connection to 
the VR headset;

– to develop a server software component in Rust, capable 
of using real-time neural network inference directly on the 
Qualcomm Snapdragon XR2 mobile processor (USA);

– to design and implement the OpenXR API layer, which 
provides transmission of gaze data directly to target educa-
tional applications with minimal latency;

– to design an immersive graphical user interface (GUI) 
for configuring and calibrating the system, accessible directly 
in the virtual space of the headset.

4. The study materials and methods

The object of our study is eye-tracking technology as a 
means of ensuring the accessibility of education for people 
with severe musculoskeletal disorders.

The principal hypothesis assumes that an autonomous 
eye-tracking system for mobile virtual reality headsets could 
make it possible to organize interaction with educational con-
tent for people with severe motor disorders regardless of the 
presence of external PCs or network infrastructure.

The most important factor in the development of software 
and hardware technologies is ease of use for the end user. If 
the technology causes discomfort to the user, works unreli-
ably, or requires a significant number of actions, then regard-
less of the level of innovation or benefit of this technology, the 
user will probably not use it in practice.

That is why, among the main areas of research is the 
adaptation of the hardware and software components of 
the eye-tracking system on the VR headset to maximize its 
autonomous operation. That is, all hardware components are 
connected directly to the headset, no wireless communica-
tions such as Wi-Fi are used, and the eye tracking algorithms 
run on the headset’s processor itself.

The need to use a wired connection between system 
components is due to a number of advantages they have com-
pared to wireless communication channels:

– the claimed theoretical speed indicators of Wi-Fi con-
nections (Table 1) are in practice much lower due to the 
presence of interference;

– a large number of neighboring Wi-Fi and other wireless 
networks generates channel noise, which negatively affects 
the speed and quality of signal transmission;

– the claimed signal transmission speed in Wi-Fi is di-
vided by all connections (smartphones, laptops, IoT devices);

– delays in Wi-Fi connections are much higher than in 
USB connections, which can be critical when transmitting a 
series of images.

Comparative data on data transfer speeds according to 
different versions of Wi-Fi and USB connections are given 
in Table 1.

Table 1

Maximum data transfer speeds for various USB and Wi-Fi 
connection protocols

USB standard Maximal speed Wi-Fi standard Maximal speed

USB 2.0 480 Mbps Wi-Fi 4 
(802.11n) to 600 Mbps

USB 3.0 / 3.1 Gen 1 5 Gbps Wi-Fi 5 
(802.11ac) to 6.9 Gbps

USB 3.2 Gen 2 to 10 Gbps Wi-Fi 6 
(802.11ax) to 9,6 Gbps

USB 3.2 Gen 2x2 20 Gbps Wi-Fi 6E 
(802.11ax) to 11 Gbps

USB4 / Type-C 40–120 Gbps Wi-Fi  7 
(802.11be) to 23 Gbps
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In order for the system to meet the main criterion – 
ensuring autonomy, it was necessary to develop a server 
program, which precisely enables autonomy of the software 
component.

The server in the proposed system is a software compo-
nent responsible for:

– communication with cameras and receiving an image 
stream;

– launching a neural CNN (Convolutional Neural Net-
work) model for analyzing the eye image and calculating the 
direction of gaze;

– processing and filtering the data obtained from the 
neural network;

– sending the results of all calculations to the final ap-
plication.

One of the steps to achieving autonomy of the gaze 
tracking system is compiling the server as an APK (Android 
Package Kit) application. This is possible due to the fact 
that Meta Quest headsets run on the Horizon OS operating 
system, which is built on the basis of the Android OS and is 
fully compatible with the installation of Android applications 
distributed in APK format.

The Rust programming language (USA), in which the 
server is written, and the ecosystem of packages and tools 
that have developed around this language make it possible 
to configure the compilation of the same project for different 
architectures and operating systems.

Naturally, some components of the system must have 
specific versions for the respective platforms, such as the 
component responsible for displaying the graphical interface. 
For example, when compiling as an OpenXR API layer, then 
the code that is written to display the interface using OpenXR 
is compiled.

Thus, deploying the server as a standalone Android ap-
plication allows one to perform all stages of gaze processing 
without external computational dependences, which is a key 
step towards full system autonomy.

An OpenXR API Layer was previously designed that re-
ceives data about the gaze direction from the above-described 
server using the OSC (Open Sound Control) protocol and 
implements the OpenXR extension XR_EXT_eye_gaze_in-
teraction. The Steam Link application was chosen to add 
this layer to it because it does not have any modification 
protection systems. The result is that Steam Link successfully 
recognizes support for tracking the direction of gaze and also 
makes requests to which the layer responds with the most 
current information received via OSC.

This approach allows us to implement user-specific set-
ting panels, system status indicators, or notifications directly 
in the VR space without having to change the application 
code. The layer does not violate the application’s logic but 
only “extends” the scene, supplementing it with its layer.

So, the graphical interface is designed using the follow-
ing steps:

– interception of the OpenXR call xrCreateSession, which 
contains the necessary data structures for interaction and 
work with the device’s graphics accelerator;

– call xrCreateSwapchain to construct a texture in video 
memory, into which the graphical interface will be rendered, 
and which will be displayed in space by the composer;

– interception of the call xrEndFrame to transfer to the 
execution system a list of graphic layers that the composer 
should display to the user. Adding your graphic layer with 
your own texture should be done here;

– calls xrCreateActionSet, xrCreateAction, xrSuggestIn-
teractionProfileBindings, xrAttachSessionActionSets, xrGe-
tActionStateBoolean, xrGetActionStateFloat, xrGetAction-
StateVector2f, xrGetActionStatePose, xrSyncActions, and 
others. These calls are necessary to work with the user input 
system according to the OpenXR documentation. Thanks 
to them, one can read the state of pressing buttons, triggers, 
stick movements, position and orientation in space, as well as 
other interactions with the controller.

In this way, user inputs are read and transmitted to sub-
sequent software abstractions that process these inputs at the 
graphical interface level.

Real-time video streaming is demanding on the band-
width and stability of the wireless channel. Any interruption 
in the connection or delay of even a few tens of milliseconds 
can lead to frame loss, which makes it impossible for the eye 
tracking algorithms to work stably. Using a wired connection 
completely eliminates this factor.

For this purpose, a method of directly connecting 
ESP32S3 microcontrollers to the headset using a USB con-
nection was used. 

Let’s consider the software and hardware parts of the 
proposed system.

From a software point of view, the microcontrollers are 
equipped with the open OpenIris software, the task of which 
is to communicate with the camera itself, read frames, and 
then transmit them. In addition to Wi-Fi mode, OpenIris also 
provides the ability to select USB mode, under which the mi-
crocontroller does not launch the Wi-Fi module but transmits 
images using a virtual serial port.

From the headset side, this communication option is pos-
sible because the Android OS has full support for connecting 
third-party USB devices, as well as virtual serial ports.

Meta Quest headsets, and in general autonomous virtual 
reality headsets, have only one USB port. Since one needs to 
connect at least two USB devices (one connection per micro-
controller for each eye), one can use a USB hub.

To be able to simultaneously charge the headset and com-
municate with USB devices, a USB splitter is used, which has 
two physical ports: for charging and for data transfer, and 
combines them into one output port, which is connected to 
the headset.

The transition from wireless to wired communication al-
lows one to completely eliminate the system’s dependence on 
Wi-Fi networks, increase the stability of image transmission, 
and simplify the setup process.

5. Results of the study on designing an autonomous eye 
tracking system for inclusive education

5. 1. Modernization of the hardware component for 
inclusive use

The hardware part is built on the basis of the Meta Quest 2 
headset and includes the following:

– frames mounted on the headset lenses for infrared illu-
mination of the eye and installation of a camera in the frame;

– two boards with a Seeed Studio XIAO ESP32S3 Sense 
microcontroller (China) with a module for connecting a 
camera;

– two OV2640 camera modules without an infrared filter.
The main goal within the hardware component of the 

system was to reduce the dimensions and thereby increase 
comfort for the user.
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Improvement of the frames mounted on the headset lenses: 
the rejection of boards with infrared LEDs, which were includ-
ed in the “V4 mini Fully Solder-less LED Kit”, and the transi-
tion to mounting LEDs themselves, allowed us to significantly 
reduce the size of the system in the plane facing the user’s face. 

In addition to reducing dimensions, there are other ad-
vantages to using LEDs:

1. The ability to turn the LED towards the pupil as the 
smaller dimensions no longer prevent this. This improves the 
quality of illumination of the eye.

2. Ease of fixation and formation of a protective layer 
using superglue.

To switch to LEDs, a new 3D model was built with subse-
quent manufacturing on a 3D printer.

To fix the LED in place and also as a protective layer, 
superglue was used (Fig. 1).

The frame itself was also adapted to better fit in areas of 
unevenness. To do this, a frame model was constructed in the 
3D editor Blender. Owing to this, the frame is even further 
away from the user’s face (Fig. 2).

The camera uses a module based on the OV2640 sensor; the 
module with a viewing angle of 130° was chosen instead of 160°. 
The application of this camera module is due to two reasons:

1. The 130° module is much smaller in size than the 160° 
module, which allows one to place the camera closer to the 
lens and get a slightly better angle of view of the eye.

In the frame of the 160° module, a lot of excess informa-
tion enters the neural network input than is needed to deter-
mine the direction of gaze. With the 130° module, the image 
of the eye covers most of the frame, which gives better detail 
after cropping (Fig. 3).

The disadvantage of the 130° module is the lack of an 
option without an infrared filter. Therefore, the filter had to 
be removed.

USB hub for cameras: as a result of searching online catalogs 
of various USB devices, a set of USB splitters was found that 
solve the problem of simultaneous data transfer and charging.

In order for the splitter not to increase the horizontal 
size of the headset, a USB Type-C extension cable was also 
chosen, the connector of which has a 90° rotation and is con-
nected to the headset to move the splitter away from the front 
of the headset (Fig. 4).

The next step was to connect two microcontrollers with 
cameras, as well as an infrared illumination system, to a 
single USB Type-A port. 5 USB Type-C connectors were 
soldered to the USB hub, in which a short piece of cable was 
also added between the USB hub input connector and the hub 
itself for additional convenience of mounting to the headset. 
The other four USB connectors are directly soldered to the 
hub (Fig. 5).

Fig. 1. Infrared LED soldered to the control system and fixed 
to the frame

Fig. 2. Improved frame model in color lighting on four sides 
for better visibility of added curvatures and final shape

Fig. 3. Comparison of images obtained from the camera 
module at different viewing angles: a – 130°; b – 160°

a b

Fig. 4. USB splitter near the back of the headset, which 
connects on the left side – extension cable to the headset, 

above – cable to the USB hub, on the right – charger

Fig. 5. USB hub that connects to: top – cable to USB 
splitter, yellow cable – power for infrared illumination, two 

green cables – ESP microcontrollers with cameras
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The general view of the headset with connected addition-
al devices is shown in Fig. 6.

In Fig. 7, the USB hub is highlighted in orange, the cable 
from the USB hub to the USB splitter is highlighted in blue, one 
of the microcontrollers is highlighted in purple, and the cable 
from the headset to the USB splitter is highlighted in green.

In order to reduce the amount of computing resources re-
quired to run the model, it was decided to reduce the size of the 
input image from 128 × 128 to 64 × 64 pixels. Owing to this, the 
size of the model decreased from 3.15 MB to 675 KB without a 
significant loss of accuracy in determining the direction of gaze.

5. 2. Design of an autonomous server in Rust
The innovation in this work is the integration of the API 

layer into the overall server architecture, which allows one 
server project to be compiled into a single SO (Shared Object) 
file, which simultaneously plays the role of both the API layer 
and the server.

This means that when OpenXR requests the direction of 
view, no network communications are required, and the most 
current response to the request is already in the process’s 
memory. This provides an advantage in the form of reduced 
latency because the intermediary (PC) disappears from the 
communication chain, compared to the previous work (Fig. 7).

The server, written in the Rust programming language, 
has been significantly expanded by integrating the API layer 
and the ability to compile as a .so (shared object) library for 
Android. To do this, a number of changes were made to the 
compilation process for different platforms.

A total of 5 compilation options were defined:
1) inference is the name of the process of launching an 

already trained neural network model and obtaining the cal-

culation result. This module adds the ort and ort-sys depen-
dences, and is also responsible for loading the CNN model 
from disk, launching the calculation process based on ONNX 
Runtime, and reading the results for further transmission to 
subsequent modules;

2) gui is responsible for displaying the graphical user 
interface based on the ImGui library for convenient creation 
of graphical interfaces and wgpu for interaction with the 
video card, as well as imgui-wgpu that connects these two 
technologies. When compiling for Windows, it forms a regu-
lar window, and for Android, OpenXR calls are intercepted 
and their own layer with a graphical interface in VR space is 
added to them;

3) openxr-api-layer is responsible for all necessary entry 
points for the API layer to work, as well as all the code con-
taining the OpenXR call processing logic;

4) android includes jni dependences for working with the 
Java Native Interface in Rust, as well as android-usbser for con-
necting to serial ports of USB devices within the Android OS;

5) desktop targets compilation for PC platforms and in-
cludes the nokhwa library that allow one to connect to web-
cams. This functionality is not used in this work but owing 
to it, one can use cameras, for example, Bigscreen Beyond 2e.

So, the final project can be compiled both into a PC ap-
plication and for integration into Android applications as an 
OpenXR API layer. The difference between these two results 
is only in changing a few compilation parameters.

The compilation command for a PC application takes 
the form

cargo build --features gui, desktop, inference --bin.

The features parameter allows one to  specify a list of 
compilation options that will be enabled for compilation, and 
bin indicates that the final result should be an executable file.

Instead, to compile the Android version, the following 
command is executed

cargo dinghy -p auto-android-aarch64-api32 build --fea-
tures openxr-api-layer, android, gui, inference --lib.

Therefore, the ability to use the same code for different 
end applications simplifies development. There is a signif-

icant overlap in functionality between them, 
which would otherwise force code duplica-
tion in different projects and their constant 
updating. Another advantage is the ability 
to simultaneously obtain software primarily 
for autonomous headsets that have their own 
computing capabilities and to which cameras 
are connected, as well as for headsets that are 
completely dependent on a PC and do not have 
their own system.

5. 3. Integration via OpenXR API Layer
The architecture of the bridge between the 

server components and the API layer is based on the contin-
uous transmission of the gaze state from the data process-
ing subsystem to the OpenXR query response mechanism. 
The server receives data from the cameras, performs their 
pre-processing, inference and filtering, and then forms a uni-
fied internal representation of the gaze parameters. It con-
sists of a common value of the gaze angle along the vertical 
axis (pitch) for both eyes, a separate value of the angle along 

Fig. 6. External hardware

Fig. 7. Schemes of signal transmission from the camera to the Stream Link 
with the server located on a personal computer (top diagram) or directly in 

the headset (bottom diagram)
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the horizontal axis for each eye (l_yaw, r_yaw), and a sepa-
rate value of its openness for each eye (l_eyelid, r_eyelid).

Architecturally, this interaction ensures the indepen-
dence of the layer from the internal structure of the server 
part. The API layer does not perform calculations and does 
not work with camera streams but receives only the already 
interpreted gaze state. As a result, the server can scale, 
change inference models or implement additional filtering 
methods without the need to modify the OpenXR integra-
tion itself. On the other hand, the API layer has the ability 
to precisely and uniformly adapt the provided state to the 
requirements of OpenXR:

– apply transformations between spaces;
– set validity indicators;
– take into account the time requested by the application;
– generate a response to the request in accordance with 

the requirements of the extension.
This separation forms a flexible architecture in which the 

bridge serves as the central mechanism for synchronization 
and data transfer between the server and the API layer (Fig. 8).

In Fig. 8, the arrows show the general direction of data 
flow from reading it by the server to displaying the results.

After starting active work on integrating the API layer 
into the server, it became clear that it was necessary to 
find a tool that would make it possible to automate the ex-
ecution of a number of commands within the Cargo build 
system, which is part of the Rust language. Cargo-make 
was chosen.

Cargo-make reads its configuration from the Makefile.
toml file in the root of the project, which describes all the 
execution steps, as well as the sequence of execution of 
certain commands. An apk script was written within the 
project, which is conveniently launched from the terminal 
by calling cargo make apk.

As a result, it was possible to obtain a fully automated 
tool for modifying and installing APKs, which significant-
ly reduced development time and minimized the number 
of errors. The cargo make apk command integrates exter-
nal tools (Apktool, zipalign, apksigner, adb) into a single, 
integrated system.

5. 4. Design of an im-
mersive settings interface

For effective user inter-
action with the system, a 
graphical interface (GUI) 
based on the ImGui li-
brary was developed, in-
tegrated directly into the 
VR space (Fig. 9). Since a 
user with mobility impair-
ments cannot independently 
switch to an external moni-
tor, all eyetracker controls 
must be accessible “inside” 
the headset.Fig. 8. Server architecture diagram
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The GUI system allows the assistant teacher to do the 
following:

– see “with the camera’s eyes” to make sure that the head-
set is worn correctly;

– run the calibration procedure;
– adjust “dead zones” and cursor sensitivity;
– check the connection status of the left and right eyes.
The implementation of the specified functionality is 

based on the use of OpenGL ES call interception. A separate 
graphic layer is superimposed on top of any running applica-
tion where the interface rendering takes place. This provides 
convenient access to the system settings at any time of its use.

6. Discussion of the results of design of an autonomous 
gaze tracking system for inclusive education: results 

and summary

As a result of our study, an assistive system was designed 
that is high-tech, based on open software and available hard-
ware components. A significant achievement is enabling the 
full autonomy of the gaze tracking system. Effective results 
were achieved due to the following factors.

The autonomy of the system implies that the entire gaze 
tracking system (hardware and software components) is placed 
on the headset and does not require the transmission of a sig-
nal with images for further processing to a personal comput-
er (Fig. 2, 3, 5, 6). This enables reliability, speed, and the ability 
to quickly adjust the operation of the gaze tracking system if 
there is a need to change the location, communication system, 
computer device, or software with which the system works.

The programming language (Rust) and system archi-
tecture were successfully chosen (Fig. 7, 8). The choice of 
Rust, which avoids the delays typical of garbage-collected 
languages (such as Java or C#) and provides direct access to 
hardware accelerators, has led to the high efficiency of the 
designed system. Ensuring intuitive and natural interaction 
is based on the fact that instead of a separate application, the 
OpenXR API Layer is used. This guarantees the transmission 
of gaze data with the minimum possible delay (<2 ms from 
the moment of completion of the calculation).

It is worth noting that the OpenXR layer is executed with-
in the same process as the application to which this layer was 
added. This gives an advantage over the option of a separate 
APK application since Android systems historically have 
built-in mechanisms for prioritizing active applications and 
slowing down or disabling others to save system resources.

Another significant advantage is the server’s direct access 
to the OpenXR runtime. For example, one can find out with 
the minimum possible delay how many milliseconds in the 
future a request is made for the user’s gaze direction. Or, one 
can add own graphic elements to the virtual space and check 
whether the user presses the control buttons on the controller.

This makes it possible to design a graphical user interface 
in the virtual space of the OpenXR application (Fig. 9). After 
all, if the layer can make any changes to OpenXR calls with-
out restrictions and make its own, then there are no obstacles 
to adding convenient ways for the user to interact with the 
functionality and settings of the layer.

Commercial systems such as Tobii are expensive to use, 
costing between US$ 4,000 and US$ 12,000 for educational 
institutions. However, the prototype designed in our research 
is based on equipment costing up to US$ 200 (excluding the 
cost of the headset itself). This makes the described technol-

ogy accessible even to small inclusive centers, schools, and 
individuals in regions and countries with low levels of educa-
tion and healthcare funding.

Unlike systems based on the use of, in particular, web-
cams, the proposed technology in the VR headset does not 
depend on the lighting in the room since its own IR diodes are 
used to illuminate the eyes inside the closed space of the head-
set. Owing to this, the system could be used both in shaded 
rooms and in bright sunlight from the window. It is also worth 
noting that the wired connection (USB CDC) turned out to be 
much more reliable than Wi-Fi, which is often “clogged” in 
school networks, causing freezes and user disorientation.

The interpretation of the results gives grounds to assert 
that the chosen path of autonomy based on Rust and OpenXR 
is promising for the development and implementation of 
mass and accessible assistive technologies in the future for 
the educational process.

Along with the successful implementation of the re-
search tasks, certain limitations on the use of the system 
were identified:

1. The system setup stage requires the participation of 
specialists who are familiar with the system or have expe-
rience in using similar systems. This especially applies to 
the operation of removing the IR filter. This complicates the 
process of mass implementation of the system.

2. The need for measures to ensure the confidentiality of 
data obtained as a result of the use of biometric gaze data, 
which can be used as access elements to other confidential 
data. Their processing directly on the device is an advantage; 
however, when transmitted to the network, it is necessary to 
ensure their protection in accordance with current legislation.

Using a system based on a VR headset for more than 
45–60 minutes can cause eye fatigue and general fatigue of 
the body.

Future research should be aimed at integrating the sys-
tem with artificial intelligence to implement adaptive learn-
ing. In particular, analysis of reading speed and temporal 
patterns of gaze movement can provide automatic adjustment 
of the complexity of text material or dynamic selection of key 
fragments for students with attention disorders or dyslexia. 
In this context, the use of cascade neural network archi-
tectures for the analysis of temporal patterns of gaze based 
on two-cascade models is promising [20]. In them, the first 
cascade extracts the basic features of eye movements, and 
the second one interprets them in cognitive and educational 
contexts. Also promising is the transition to cameras with a 
global shutter in order to eliminate image blurring during 
rapid saccadic eye movements. In addition, further research 
could be aimed at integrating assistive VR technologies for 
gaze control with interactive information systems for public 
purposes, taking into account the approaches to building 
visual platforms proposed in [21, 22].

Difficulties in the advancement of research may be asso-
ciated with problems of financing both the research itself and 
production and educational institutions for the implementa-
tion of the results.

7. Conclusions

1. The hardware part of the system was modernized 
based on the EyeTrackVR project. First of all, this is the min-
iaturization of the camera mounting system (construction of 
models of thin mounting frames in the Blender3D graphic ed-
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itor and their manufacture using a 3D printer). A wired com-
munication system using a USB connection was designed, 
using the same connection to recharge the system, which 
increased the battery life. Such modernization provided an 
increase in the signal transmission speed from the cameras 
to the image processing system by 1.5 times compared to 
wireless connections and enabled the system’s operation un-
der offline mode without connecting to a personal computer.

2. The server part, written in Rust, was successfully adapted 
for cross-compilation under the Android architecture (AArch64) 
and integrated into the OpenXR API layer format. This allowed 
all computational processes (image reading, CNN inference, fil-
tering) to be run directly on the headset processor, minimizing 
latency and ensuring full system autonomy.

3. The developed API layer successfully intercepts 
system calls and supports three key OpenXR extensions:  
XR_EXT_eye_gaze_interaction, XR_FB_eye_tracking_so-
cial and XR_FB_face_tracking2. A linear transformation 
of eye openness and gaze direction data into standardized 
blendshapes was implemented. An improved rendering sys-
tem was developed and integrated, which uses intercepted  
OpenGL ES and xrEndFrame calls to display a full-fledged 
graphical interface based on ImGui directly in VR space.

4. An immersive graphical user interface (GUI) was 
designed, which was successfully tested for system configu-
ration and calibration. A feature of the designed interface is 
that the GUI became available directly in the virtual space 
of the headset.
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