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MODEL AND METHOD OF INCLUSIVE INTERACTION WITH VISUAL AND
TEXTUAL CONTENT BASED ON CONTEXTUAL GESTURE INTERPRETATION

Abstract. Background. Contactless gesture control, as an auxiliary channel of interaction with an interface, has now
become widely used in various areas of life, as it provides a convenient, safe, and, if necessary, inclusive way of interacting
with visual, graphical, and textual content. The subject of the study is the process of contactless control of basic
navigation scenarios for working with visual, textual, and web content using hand tracking methods and contextual
interpretation of gesture events. The objective of the study is to develop and experimentally validate a method of
contactless interaction with visual and textual content based on RGB hand tracking and contextual interpretation of
gestures for implementing practical user scenarios. The main research task of the study is to develop a conceptual model
of context-adaptive inclusive user interaction with an information system and the external environment. Methods.
Functional modeling, computer vision methods, analysis of hand keypoints, geometric rules for gesture recognition, and
experimental testing were used. Results. A method is proposed in which a gesture event is converted into a command
only after determining the type and analyzing the context, namely the technical and scenario context. The experimental
validation was carried out using five basic gestures and three scenarios. Conclusions. The obtained results confirmed the
operability of the method as an auxiliary channel of contactless interaction with visual and textual content.

Keywords: contactless interaction, tracking, gesture recognition, human-computer interaction, Media Pipe Hands, gesture
control, interface, model, method.

Organization, about 1.3 billion people — or approximately
16% of the world’s population — have significant
disabilities [1]. For some of these users, traditional input

1. Introduction
1.1 Relevance of the topic

The digitization of education, public services,
everyday environments, and professional activities is
leading to an increase in the number of scenarios in which
users interact with visual and textual content via
electronic devices (Human-Computer Interaction, HCI).
At the same time, there is a growing need not only to
create digital content but also to develop convenient,
inclusive, and secure ways to interact with it, with so-
called contactless technologies being in particularly
high demand.

According to estimates by the World Health

methods may be inconvenient, inaccessible, or physically
limited. In this context, gesture-based contactless
interaction can be used as an auxiliary method of
interface control, especially when a user is able to
perform a limited set of hand movements but cannot
effectively use a mouse, keyboard, or touchpad. In
addition, gesture-based interfaces hold promise for
rehabilitation, training, and adaptive environments,
where hand movement can simultaneously serve as both
a command input and a means of assessing motor activity
(Table 1).

Table 1 — An Overview of the Applications of Contactless Human-Machine Interaction Interfaces

Field of application

Situations in which contactless methods are most in demand

Health Care and Surgical
Environments

sterile viewing of CT/MRI/X-ray images, interface control without a mouse or keyboard,
working while wearing gloves

Rehabilitation

fine motor skills training, hand movement assessment, gamified exercises, recovery from
injuries or neurological disorders

Education and Inclusive

Learning

lectures, presentations, interactive whiteboards, LMS, maintaining student attention, learning
for students with special educational needs

Public Information Displays
and Kiosks

public Service Centers, hospitals, universities, museums, exhibitions, transportation hubs, self-
service terminals

Everyday and smart-home
scenarios

controlling media, screens, and household devices when your hands are full or you don't want
to use your voice

Automotive Industry

control volume, calls, and navigation without having to search for elements on the touchscreen

Industry, Manufacturing, and
Robotics

operating robots, manipulators, and equipment in hazardous, contaminated, or hard-to-reach
environments

VR/AR and
Environments

Multimedia

interaction with virtual objects, educational simulators, professional XR training simulators,
controller-free interaction

Special Needs and Assistive
Technologies

assistive computer control, communication aids for people with speech or hearing impairments,
adaptive workstations, speech therapy or motor skills training devices

© Barkovska O., 2026

57



Control, Navigation and Communication Systems. 2026. No. 3

ISSN 2073-7394

It is worth noting the relevance of this issue for
educational and presentation environments. A prime
example of its use is digital learning materials,
presentations, video lectures, interactive whiteboards,
distance learning systems, and public information
screens, which are becoming widespread tools in the
educational process. In such situations, teachers or users
often need to navigate the material without constantly
having to use a keyboard, mouse, or touchscreen — to
switch slides, scroll through text, open interface
elements, confirm selections, or zoom in or out on a
visual object.

Therefore, contactless interaction with content can
be viewed as an additional control channel that enhances
the flexibility and ergonomics of working with
educational and informational materials.

A separate group of scenarios relates to public and
healthcare settings, where reducing direct physical
contact with shared surfaces is crucial. In healthcare
facilities, the issue of touching shared surfaces is
particularly sensitive because, according to the WHO,
among every 100 patients in emergency departments, at
least 7 patients in high-income countries and 15 patients
in low- and middle-income countries may contract at
least one healthcare-associated infection [2]. At the same
time, proper hand hygiene can prevent up to 50% of
infections that can be avoided during the provision of
medical care [3]. Although contactless interfaces do not
replace hygiene measures, they can reduce contact with
shared surfaces and increase the acceptance of digital
services in environments with heightened hygiene
requirements.

The limitations of existing solutions include the
sensitivity and hardware characteristics of the recording
devices used for subsequent hand tracking. The quality
of gesture recognition depends on lighting, background,
video stream resolution, distance from the camera, hand
angle, partial finger occlusion, and movement speed.
Review studies on hand gesture recognition show that,
despite advances in computer vision and deep learning,
challenges related to robustness to environmental
changes, gesture complexity, computational efficiency,

and adaptation to different users remain unresolved.
Therefore, for practical interaction with content, it is not
enough to simply identify which gesture the user is
performing. It is also necessary to determine exactly how
this gesture should be interpreted in the system’s current
operating mode and within a specific interaction
scenario.

1.2 Literature Review and Problem Definition

This subsection analyzes literature sources and
recent studies devoted to hand gesture tracking
approaches that differ in the type of input data, hand
position estimation accuracy, hardware cost, ease of use,
and suitability for large-scale application. The analyzed
approaches include:

- tracking using RGB cameras;

- tracking using depth sensors;

- tracking using wearable sensors.

The analysis made it possible to identify several
local unresolved issues, which can be systematized as
follows:

- RGB-based tracking is accessible and easy to
implement, but it depends on illumination, hand
orientation, distance to the camera, and video stream
resolution;

- most studies treat the recognized gesture as the
final result, rather than as an intermediate gesture event
that must be further transformed into a control command;

- inapplied systems, gestures are often tied to one
narrow scenario and a fixed set of commands;

- insufficient attention is paid to the fact that the
same gesture may have different meanings depending on
the active system mode, content type, hand role, and
previous interaction state;

- complete scenarios of interaction with visual
and textual content, such as file operations, web
navigation, and drag-and-drop, remain insufficiently
studied,;

- the influence of external recording conditions
on gesture recognition accuracy and the stability of
applied interaction scenarios requires  separate
experimental verification (Fig.1).

Approaches to Hand Gesture
Tracking

Approach

Sensor base / hardware platform

I
RGB-based

t

RGB camera, webcam, laptop
camera, or smartphone camera

I

2D RGB image, coordinates of

Type of input data and features e

I

MediaPipe Hands, OpenCV,

Processing and interpretation methods CNN, geometric rules

advantage: affordability;
limitations: sensitivity to

Key advantages and limitations Im \
lighting, BG, and occlusions

Depth-based

Kinect, Azure Kinect, Intel
RealSense, Leap Motion /
Ultraleap

I

depth map, 3D hand pose,
spatial coordinates of the hand

I

3D reconstruction, skeleton
tracking, 3D pose estimation

advantage: spatial accuracy;
limitations: specialized
equipment

Fig. 1. Approaches to contactless hand gesture tracking

‘Wearable sensor-based

l

data gloves, IMU, EMG-
Sensors

I

inertial, electromyographic, or
finger flexion signals

I

time series processing, ML/DL
signal classification

I

advantage: measurement
stability; limitation: need to
wear the device
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This makes it possible to formulate the general
problem in the field of contactless gesture-based content
control in human-machine interaction: the system should
not only recognize a gesture, but also determine which
interface action this gesture corresponds to in the current
operating mode, for a specific type of content, and within
a particular interaction scenario. This unresolved
problem determines the aim of the present study.

In [4], it is shown that depth sensors, in particular
Leap Motion, provide sufficiently accurate estimation of
the spatial position of the hand and fingers based on
three-dimensional hand geometry. However, this
approach requires specialized and relatively expensive
equipment, which is more difficult to integrate into
typical user environments. Therefore, such an approach
is less suitable for large-scale implementation in
educational, public, or everyday interfaces.

In [5], an approach based on wearable inertial
sensors is considered. Its strengths include lower
dependence on illumination, background, and hand
occlusion in the camera frame. At the same time, the user
has to wear an additional device, which complicates the
use of such systems in public or short-term interaction
scenarios. For this reason, wearable sensors are not
always convenient for fast contactless interaction with
information content.

In contrast to these approaches, works [6, 7]
demonstrate the feasibility of using a standard RGB
camera and methods for detecting hand keypoints. In
particular, MediaPipe Hands makes it possible to obtain
the coordinates of 21 hand keypoints without additional
sensors. This approach is inferior to depth sensors in
terms of spatial accuracy, but it has important
advantages: accessibility, low cost, ease of integration,
and the possibility of use on a typical computer or laptop.
Therefore, RGB-based hand tracking is appropriate for
developing an accessible method of contactless
interaction with visual and textual content.

At the same time, even within the RGB-based
approach, a humber of unresolved issues remain. In [8]
and [9], real-time gesture recognition solutions are
proposed using MediaPipe, YOLOv11, Inception-v3,
and LSTM. The main focus of these studies is the
recognition of a gesture as a class, while the further
transformation of the recognized gesture into an interface
action is considered insufficiently. This is because these
studies are mainly aimed at improving classification
accuracy, rather than developing a complete cycle of user
interaction with digital content.

The practical significance of contactless gesture-
based control methods should also be emphasized. The
literature describes a wide range of application areas,
including the use of gesture analysis in educational
environments to recognize teacher signals and support
students’ attention [10]; interaction with public web
displays, where gestures are used for contactless
navigation through information content [11]; inclusive
offline learning platforms for hands-free interaction with
educational materials [12]; rehabilitation and assistive
systems for tracking hand movements during
rehabilitation exercises [13] and controlling rehabilitation
exergame systems [14]; assistive interaction for users with

disabilities in smart-home environments [15]; control of
household or loT devices using local or edge-based gesture
processing, command execution, and feedback generation
[16, 17]; and human-robot interaction, where gesture
recognition is required to form a navigation action or an
operation in the environment [18].

Thus, the analysis of literature sources shows that
gesture-based approaches are applied in education,
public information interfaces, inclusive learning
platforms, rehabilitation, smart-home systems, loT
systems, and human-robot interaction. However, most of
these solutions are focused on a narrow application
scenario and a fixed set of commands.

The weak point of the analyzed studies is insufficient
attention to the problem of contextual gesture
interpretation. In most cases, the gesture is either
recognized as a separate class or directly linked to a fixed
command. However, in interaction with visual and textual
content, the same gesture may correspond to different
actions depending on the current system mode, content
type, hand role, previous interaction state, and user
scenario. Therefore, the unresolved problem is the
development of a method that combines RGB-based hand
tracking with contextual interpretation of gesture events
for contactless interaction with visual and textual content.
This problem defines the aim of the further research.

1.3 Aim and Objectives of the Study

The aim of the study is to develop and
experimentally validate a method of contactless
interaction with visual and text content based on RGB
hand tracking and contextual interpretation of gestures
for implementing practical user scenarios.

To achieve the stated goal, the following tasks must
be addressed:

- develop a conceptual model of context-adaptive,
inclusive user interaction with an information system and
the external environment;

- develop a structural model of a contactless
interaction method that encompasses capturing an RGB
video stream, determining key points of the hand,
calculating geometric features, recognizing gestures,
contextually interpreting gesture events, and generating
interface control actions;

- experimentally evaluate the impact of external
conditions on gesture recognition accuracy, specifically
the distance to the camera, lighting level, hand angle, and
video stream resolution;

- analysis of the obtained results.

2. Materials and Research Methods

The object of research is the process of contactless
management of basic navigation scenarios, related to
work with visual, textual and web content by means of
one-handed, multi-handed or scripted gesture control
based on RGB tracking of the hand and interpretation of
gesture events depending on the context and scenario.

The input data for the system is hand movements
recorded by a regular RGB camera, and the output data
consists of high-level control actions: hovering, selecting
an element, moving an element, scrolling the page,
confirming, canceling, or executing a script command.
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The main hypothesis of the study is that the
implementation of two levels of contextual interpretation
of gestural events, which determine the states and
conditions of receiving input data, will increase the
practical suitability of contactless interaction with visual
and textual content.

The selected context levels include the following:

- technical context of gesture recognition
(illumination, camera distance, hand angle, video flow
resolution, occlusion, background complexity, etc.);

- scenic context of gesture interpretation (system
state - active or passive; type of operating mode - one-
handed, two-handed, pointer mode, sequence mode,
calibration; the class of the involved hand (dominant or
non-dominant); preliminary data on the state of the
system; the selected type of content for interaction is text,
web, graphic, OS element; admissibility of action in the
current state of the interface).

In the development and experimental validation of
the method, the following assumptions and
simplifications are adopted.

Condition 1. The interaction is carried out using a
conventional RGB camera without the use of depth
sensors, wearable devices, instrumented gloves or
additional markers on the user's hand.

Condition 2. The user's hand is in the camera's field
of view for unimpeded detection and presentation as a set
of key points of the hand and geometric relationships
between them.

Condition 3. A gestural event is not seen as a
completed command. Only after analyzing the context,
the gestural event is converted into a control action.

Condition 4. In the work, experimental evaluation
is limited to a fixed set of gestures (OPEN_PALM,
PINCH, FIST, PINCH_MIDDLE, THUMBS_UP) and
user scenarios - basic system and navigation actions,
work with text or web content, management of graphic
objects.

The principal methods employed in the present
study include functional modeling (applied in the
construction of the models), computer vision techniques,
geometric analysis of hand skeletal keypoints, and
experimental validation.

For the acquisition of the input video stream, an
RGB camera was utilized as a cost-effective and scalable
solution for implementing contactless human—computer
interaction (HCI). As substantiated in prior investigations
[9, 19.], gesture-based interaction with computing
systems in educational, clinical, domestic, mobile, and
assistive settings represents a rational approach, since it
obviates the need for dedicated wearable hardware or
complex sensory infrastructures.

The retrieval of 21 keypoint coordinates for the
comprehensive description of the palm and phalanges per
frame is accomplished via computer vision algorithms,
thereby enabling real-time performance even on mobile
computational platforms.

The viability of the MediaPipe Hands framework
and the landmark-based methodology is corroborated by
the findings reported in [14, 20].

The adoption of the landmark-based paradigm is
justified by its capacity to shift the analytical focus from

holistic image processing to a compact feature-based
hand representation, consequently reducing the
dimensionality of the input data through the isolation of
a precisely defined region of interest [9].

The methodological choices delineated in [9, 14,
20] are deemed essential, as they ensure
sensor-independent operation, facilitate straightforward
system integration, and render the approach applicable
across conventional educational, domestic, public, and
assistive environments. Nevertheless, it has been
emphasized in the literature [14, 16, 20] that the practical
efficacy of such systems remains contingent upon a
number of factors, including ambient conditions,
computational resource constraints, illumination levels,
camera-to-user distance, real-time processing robustness,
and the ergonomic suitability of the chosen gesture
vocabulary. These considerations have been duly
addressed within the framework of the proposed system
and are effectively compensated for by the proposed
context-aware interpretation mechanism.

To verify the effectiveness of the proposed method,
three groups of test scenarios have been developed,
which allow for the evaluation of the proposed method
not only in terms of the accuracy of recognizing
individual gestures, but also in terms of its ability to
perform complete user actions while interacting with the
operating system, text, web, and graphical content
(scenarios are listed in order of increasing complexity):

- basic system and navigation actions (testing the
ability to control operating system elements without
using a mouse or keyboard — pointing, moving the cursor
with the leading hand, clicking, and opening folders
using basic gestures — THUMBS_UP, PINCH,
PINCH_MIDDLE);

- working with text or web content (testing
interaction with information content — hovering over a
page element, selecting, scrolling, and navigating to
another part of the content using basic gestures —
THUMBS_UP, PINCH, FIST);

- manipulating graphical objects (testing the
stability of control when selecting, holding, and moving
an object-hovering over the object, triggering the
selection action, moving the object to the desired area,
and completing the action using basic gestures —
THUMBS_UP, PINCH).

The experimental study of the proposed method
takes into account the conditions that affect the quality of
RGB hand tracking and the stability of gesture event
generation. Since the system uses a video stream from a
standard RGB camera, its performance depends on:

- the visibility of the hand in the frame;

- lighting;

- background;

- the distance to the camera;

- the angle of the hand;

- the resolution of the video stream.

The main limitations include partial obstruction of
the hand or fingers, the hand extending beyond the frame,
varying stability of individual gestures, and the
transmission of commands at the operating system event
level without considering the internal state of a specific
application.
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External factors include lighting, background,
distance, and the angle of the hand, while internal factors
include threshold settings, hand detection parameters,
system operating mode, camera resolution, and computer
performance. Controlling these factors allows for an
accurate assessment of the method’s performance and
helps distinguish errors in the algorithmic interpretation
of gestures from errors caused by shooting conditions or
the hardware and software environment.

The basic conditions for conducting the study were
defined as a constant camera resolution, a consistent
distance between the user and the camera, a neutral
background, a frontal hand position, and a fixed set of
gestures. A video stream resolution of 1280x720 was
used as the baseline setting, as it provides a balance
between image detail and processing speed.

n a controlled series of measurements, the user held
their hand approximately 0.5 m from the camera, the
illuminance was about 153 Ix, and the hand was
positioned primarily facing the camera head-on.

First, the recognition accuracy of individual
gestures was determined under baseline conditions;
thereafter, individual influencing factors — illuminance,
distance from the camera, hand orientation (Fig. 2), and
video stream resolution — were systematically varied.

Fig. 2. An example of testing the method's capability
when changing the perspective for the open-palm gesture

Selected user scenario

User query Preprocessing the Processed data
2

., incoming request

Forming a User

User's Individual Needs. Profile

>
Tipe of Assistance .l

Indoor/outdoor navigation ¥

Educational content access Practical Use Cases

Information access

9y

Physical autonomy

¥
Safety Rules

Defining the context

Sensor data on the user's external based on the use case

environment

(2 | Interpreting the Input Data
="« speech recognition;
= user intent interpretation;
= object and obstacle recognition;
*  conlext assessment;
=+ user localization:
* semantic content analysis;

|External environment and scenario parameters
'+ visual and acoustic noise levels:

+ lighting levels:

* presence of obstacles:

« weather conditions;

« type of space: indoor / street / classroom ¢ home;

« level of environmental activity;

+ distance to the visual user interface + assessment of the user’s state or needs:
+ merging data from various sources.

Interpreting the
¥y Input Data

Next, the system’s performance was tested in
practical scenarios involving interaction with the
operating system, as well as text, web, and graphical
content. For each series, recognition accuracy, the
number of omissions and errors, frame rate, response
time, and scenario execution time were recorded. This
methodology made it possible to compare the system’s
performance under standard and modified conditions,
identify the most stable gestures, and determine the
factors that most significantly reduce the accuracy and
speed of the proposed method. Each scenario was run
10 times using gesture control and 10 times using
traditional mouse and keyboard control. The table shows
the average execution time, the total number of errors,
and the number of critical errors.

3. Results of Development and
Experimental Study of the Proposed
Contactless Interaction Method

Within the scope of this study, contactless gesture
interaction is considered not as an isolated method for
recognizing individual hand positions, but as one of the
channels for context-adaptive user interaction with an
information system. The general logic of such interaction
is presented as a conceptual model that takes into account
the user’s input request, individual needs, the application
scenario, the user’s context, the interpretation of input
data, the selection of an assistance strategy, and the
generation of feedback through a multimodal interface.

The proposed conceptual model (Fig. 3)
demonstrates that effective interaction with an
information system depends not only on the method of
entering a command, but also on the context in which it
is used. Such context may include the type of information
content, the level of accessibility of the environment, the
presence of obstacles, the current task scenario, the user’s
sensory or motor capabilities, as well as the available
feedback channels.

(s

—‘v Selecting an
> Assistance —

Strategy v
. >
Generating
Feedback Signals °

Multimodal

by Interaction
Interface
13 b} Selecting an Assistance Strategy ;"i " Multimodal Interaction Interface

* vpice prompts;
+  visual interface;
* tactile interface;

=+ selected type of assistance:
« form of assistance delivery;
« selected activation scenarios;
- system speed adjustment; + volume adjustment;
= selection of visual. auditory, or tactile + adapted educational content;
signals. *  On-screen prompts;
= operating mode indicators.

Fig. 3. A Conceptual Model of Context-Adaptive, Inclusive User Interaction
with an Information System and the External Environment
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In such a system, gesture control can serve as one
of the input channels, complementing voice, visual,
auditory, or tactile means of interaction.

Within the framework of the conceptual model
presented, this article focuses on one of its functional
components — the contactless input channel, in which the
user’s hand movements are converted into commands for
interacting with visual and text content. Unlike the
general model of inclusive interaction, where various
types of sensory data and feedback signals can be used,
this study examines RGB hand tracking, the generation
of basic gesture events, and their contextual
interpretation as interface control commands.

Thus, the proposed method specifies the block
responsible for interpreting input data and generating
feedback control actions in a context-adaptive interaction
system.

Its purpose is to convert hand movements captured
by an RGB camera into high-level interface actions:
pointing, selecting, scrolling, confirming, canceling, or
executing a scripted command.

The model proposed in this paper for a method of

interpretation of gestures, is presented as a functional
diagram consisting of five functional blocks:

RGB frame acquisition / preprocessing;

hand detection / keypoint identification;
gesture event formation;

mode- and context-based interpretation of the
gesture event;

- generation of a remote-control command / OS
action.

The model's primary function is to convert the user's
movements, captured by an RGB camera, into interface
control actions, taking into account the active operating
mode, the role of the hand, the type of content, and the
current interaction scenario.

A key distinction of the proposed model is the
presence of a mode-context interpretation block, in which
an elementary gesture event is mapped to a control action
not directly, but taking into account the system’s active
state, operating mode, previous state, the presence of
confirmation, content type, and interaction scenario.

The proposed IDEFO model illustrates the sequence
of steps for converting an RGB video stream into a high-

non-contact interaction with visual and text content, level remote-control command for visual and text
based on RGB hand tracking and contextual content (Fig. 4).
The state and context of
| the interaction:
= e | active:
Camera Settings  Stage conditions: Rules / thresholds for Gestures | paSS’l_\E‘ acuv.e. .
- lighting, calculating geometric and  Glossary —pre\ll_o_us Sw;.w' £ Ru!es for m h-level OS
- background,  temporal characteristics { - provision of proot; ;  actions generation.
- distance, | - content type; - confirmation;
- angle | - scenario. - cancellation;
| | - cursor control;
i - clicking;
‘ Operation mode: | - scrolling;
simple gesturg event: | ?‘“c'?a"ie'ii - other OS events.
Frame 21 kevpoint, hand OPENLP'”‘M FIST, | ~ vp-lallj o - ]
4 v ; PINCH - pointer / cursor; |
RGB video ! selection , X
RGB Frame PINCH_MIDDLE, | ~seduence
stream A ! v ! e ’ - calibration ]
Acquisition / . THUMBS UP ... . | high-level
> - + / 1 — | high-leve
Preprocessing- —‘ Hand Detection / . | | i}
1) ; ' | ' control
i " Ke?';u)mqt v ! | command
Identification ;. i
a A 4 2) Gesture Event L¥ v ! I
) Formation A Modal- H
N Contextual 0 v » OS Actions
4 Interpretation of a "
Gestural Event— |! Remote-control
P (4 )= Command / OS

RGB-camera
processor

OpenCV
MediaPipe Hands
WinAPI / OS Input

On-screen user

Actions Generation
/ > prompts

'y A \5)

Fig. 4. A Generalized Model of a Non-Contact Interaction Method with Visual and Textual Content Based on RGB Hand
Tracking and Contextual Gesture Interpretation

Block 1, “RGB Frame Acquisition /
Preprocessing,” acquires a frame from an RGB camera
and prepares it for further analysis. At this stage, the
camera configuration and scene conditions — including
lighting, background, distance to the user, and brush
angle — are taken into account. The result of this block’s
operation is a prepared RGB frame, which is passed on
to the brush detection stage.

Block 2, “Hand Detection / Keypoint
Identification,” detects the hand in the frame and
determines the coordinates of the hand’s keypoints. The

output of this block is a compact representation of the
hand in the form of a set of key points, and it also selects
or identifies the hand for further processing. This stage is
an intermediate step between image analysis and the
generation of a gesture event.

Block 3, “Gesture Event Formation,” converts the
coordinates of key points into a basic gesture event. This
is done using rules and thresholds for calculating
geometric and temporal features, as well as a dictionary
of basic gestures. Such gesture events include, in
particular, OPEN_PALM, FIST, PINCH,
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PINCH_MIDDLE, THUMBS_UP, and other valid hand
positions or combinations (Fig. 5). At this stage, the
system does not yet generate an operating system
command, but only determines which basic gesture event
was detected.

L. PINCH_MIDDLE

LB

Fig. 5. Ba5|c hand gestures: a — open palm (OPEN_PALM);
b — pinch with the thumb and index finger (PINCH); ¢ — pinch
with the thumb and middle finger (PINCH_MIDDLE);

d — thumbs up (THUMBS_UP)

L: THUMBS_UP

d

A key element of the model is Block 4, “Mode-
Contextual Interpretation of a Gesture Event.” It is in this
block that a basic gesture event is matched to a possible
control command — not directly, but taking into account
the state and context of the interaction. These factors
include the system’s passive or active state, the previous
state, the presence of confirmation, the content type, and
the current operating scenario. Additionally, the active
operating mode is taken into account: one-handed, two-
handed, pointer control mode, sequence input mode, or
calibration mode.

Within block 4, the same basic gesture event can
take on different functional meanings depending on the
active mode and context. For example, a gesture can be

interpreted as confirmation, cancellation, a sequence
element, activation of pointer mode, or part of a content
control command. If the system is in a passive state or the
confirmation conditions are not met, no control action is
generated. This helps reduce the number of accidental
activations and increase the predictability of the
interaction.

Block 5, “Remote-control Command / OS Actions
Generation,” converts a high-level control command —
received after mode- and context-based interpretation —
into a specific action of the operating system or interface.
Such actions include switching operating modes,
buffering sequences, confirmation, cancellation, cursor
control, clicking, scrolling, and other operating system
events. The model’s outputs are operating system actions
and on-screen user prompts, which provide feedback
during interaction.

The model’s control inputs include the camera
configuration, scene operating conditions, feature
calculation rules and thresholds, the gesture vocabulary,
the state and context of the interaction, operating modes,
and the rules for generating high-level actions of the
interface or operating system. The execution mechanisms
include an RGB camera, a computer, OpenCV,
MediaPipe Hands, a geometric rules module, a
contextual interpreter, and a mechanism for transmitting
events via WInAPI/OS Input. The proposed model
describes not only the technical process of gesture
recognition but also the full cycle of remote, contactless
content control. Its key feature is mode-contextual
interpretation, thanks to which a gesture event is
converted into a control action only after checking the
active mode, previous state, confirmation, content type,
and interaction scenario.

Within the proposed model, passive mode
corresponds to a standby state in which the system
analyzes the video stream but does not generate OS
control events (Table 2). The transition to active mode
occurs only after a valid gesture event or activation
command is detected. This approach reduces the
likelihood of false triggers, since random hand positions
are not directly converted into interface actions.

Table 2 — Operating Modes of the Contactless Interaction System

Mode Purpose

Typical Actions

Passive .
forming commands

Anticipation, frame analysis without

clearing temporary states, updating the OSD

Active (one-handed) hand

Executing simple commands with one

select, cancel, confirm, single gesture

Active (two-handed) Assigning roles to each hand

dominant hand — positioning, non-dominant hand —
confirm/click

Mouse/Pointer Mode Cursor control

cursor movement, PINCH, PINCH_MIDDLE, FIST

Sequence Mode

Entering more complex commands

gesture accumulation, confirm, cancel

Calibration

Customizing thresholds for the user

updating threshold values

Active mode, in turn, is divided into one-handed
mode, two-handed mode, pointer control mode, sequence
mode, and calibration mode. As a result, the same basic
event can be interpreted in different ways depending on
the current interaction scenario.

Since Block 4 is responsible not for image
processing but for decision-making logic, it is advisable
to present its decomposition in the form of a flowchart.
This allows us to illustrate the system activity check, the
selection of the current mode, the mode-based
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interpretation of the gesture, context-based alignment,
and the generation of a high-level command or the reset
of temporary states (Fig. 6).

The block diagram details the operational logic of
Block A4, “Mode-Context-Based Interpretation of a
Gesture Event.” The input for this stage is a basic gesture
event, generated based on the coordinates of key points

Start

b

Simple gesmre event

¥

o System active
and the event
valid?

on the hand and geometric features. In the first step, the
system checks whether it is active and whether the
received event is valid.

If these conditions are not met, a high-level
command is not generated, temporary states are reset, and
then the on-screen prompts, event log, and internal
system state are updated.

¥ yes e Thresholds update
Current }
operating '\\3 Hand-lo-screen
mode and the coordinate mapping
role of the B
hand 1) :
NS Accumilation !/
Confirmation / Cancellation

Is the context yes
- of the action

acceptable?

S Recelving a discrete
command

k
NO ACTIONS
{Reset temporary states)

Legend for Operating Modes:
1 - calibration;
2 - cursor control;

¥

no . -
High-level command generation

\
High-level remote control command
(mode switching / click / scroll / confirm /
cancel)

¥
Updates to on-screen prompis,
the event log, and the system's
internal status

3 - gesture sequence;

¥

4 - single gesiure,

Next Frame

¥

End

Fig. 6. Flowchart of the Mode-Context Interpretation of a Gesture Event

If a gesture event is valid, the system determines the
current operating mode and the role of the hand. The
proposed method provides for four main modes:
calibration, pointer control, gesture sequence, and single
gesture. In calibration mode, threshold values are
updated; in pointer control mode, hand coordinates are
mapped to screen coordinates; in gesture sequence mode,
gestures are used to accumulate, confirm, or cancel a
command; and in single-gesture mode, a discrete
command is generated.

After the mode interpretation, the system checks
whether the action is valid in the current context. At this
stage, the system takes into account the previous state of
the system, the role of the hand, the active mode, the
content type, the interaction scenario, and the presence of
confirmation. If the action does not match the current
context, the system does not generate a control command.
If the action is valid, a high-level remote-control
command is generated, such as mode switching, clicking,
scrolling, confirmation, or cancellation.

The final step is to update the on-screen prompts,
the event log, and the system's internal state, after which
the system proceeds to process the next frame. Thus, the
flowchart shows that the result of the method is not
simply a recognized gesture, but a contextually
appropriate remote-control command.

The data presented in Table 3 confirm that the
proposed method is operational under the selected
experimental conditions and can support the execution of
applied interaction scenarios.

The results demonstrate that the system can process
visual input, detect gesture events, interpret them
according to the current mode and scenario, and generate
corresponding control actions.

Therefore, the conducted experiments validate the
main idea of the study: contactless interaction with visual
and textual content should be based not only on gesture
recognition, but also on contextual interpretation of the
recognized gesture event.
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Table 3 — Summary of the results of the empirical validation of the proposed method

Evaluation Group

Condition / Scenario

Key Indicators

Gesture Recognition
Accuracy

Base conditions, 1280x720

Average accuracy — 0,873

Distance to the camera: 2 m

Average accuracy — 0,673

Low light, 20 Ix Average accuracy — 0,800
Change in the hand angle Average accuracy — 0,513
Resolution 320x180 Average accuracy — 0,854

Resolution 1920x1080

Average accuracy — 0,927

Consistency of Individual
Gestures

OPEN_PALM

The range of accuracy under different conditions: 0,933 —
0,967, average ~ 0,956

PINCH

The range of accuracy under different conditions: 0,300 —
0,867, average ~ 0,578

PINCH_MIDDLE

The range of accuracy under different conditions: 0,333 —
0,867, average ~ 0,650

FIST

The range of accuracy under different conditions: 0,167 —
1,000, average = 0,800

THUMBS_UP

The range of accuracy under different conditions: 0,733 —
0,967, average ~ 0,878

Scenario Testing

Basic system and navigation
actions, using a file operation as an
example — creating and opening a
folder

Time required for gesture control: 48,692 ms,
time spent using the mouse and keyboard — 15,127 ms,
errors — 1, critical — 0.

Working with text or web content
using web navigation as an example
— opening a browser and navigating

Time required for gesture control — 65129 wmc,
time spent using the mouse and keyboard — 16206 ms,

to a page

errors — 0, critical — 0.

Managing Graphic Objects: An

and-Drop Operations

Example Using the Copy and Drag-

Time required for gesture control — 80317 ms,
time spent using the mouse and keyboard — 13401 ms,
errors — 3, critical — 0.

320%180, web scenario

Time — 80433 ms, errors — 5, FPS — 22,2

The Effect of Resolution | 1280x720, web scenario

Time — 65129 ms, errors — 0, FPS — 19,7

on The Scenarios 1920x1080, web scenario

Time — 59379 ms, errors — 2, FPS — 14,4

1920%1080, drag-and-drop

Time — 58862 ms, errors — 6, critical — 1, FPS — 14,4

This makes it possible to reduce the ambiguity of
gesture commands and adapt the system response to the
current interaction scenario.

4. Discussion of the Experimental Results
of the Contactless Interaction Method

An analysis of the overall results shows that the
proposed method provides the most stable performance
under standard shooting conditions and when the video
stream has sufficient detail. The highest average accuracy
was achieved at a resolution of 1920x1080; however, this
mode is associated with a higher computational load and
a lower frame rate. Therefore, for practical use, the
1280%720 mode is recommended, as it provides an
acceptable balance between accuracy, performance, and
the number of errors.

Among the individual gestures, OPEN_PALM
proved to be the most robust. This is because it has a
distinct hand shape and does not require precise
determination of small distances between the fingers. The
PINCH and PINCH_MIDDLE gestures are more
sensitive to image quality, camera angle, and distance
from the camera, since their recognition depends on the
correct determination of the position of the fingertips.
The greatest decrease in accuracy is observed when the

hand’s angle changes, which confirms the critical
importance of finger overlap for RGB-based tracking.

The scenario testing showed that all the actions
considered can be performed using gesture controls. The
most stable use case was web browsing, for which no
errors were recorded in basic mode. The most
challenging scenario turned out to be drag-and-drop, as it
requires not only the recognition of a specific gesture but
also consistent control while moving an object.

A comparison with traditional input methods shows
that gesture control is slower than a mouse and keyboard
in terms of execution time. This is to be expected, since
the proposed method involves additional steps: hand
detection, gesture event recognition, mode verification,
contextual interpretation, and command generation. At
the same time, the absence of critical errors in basic
scenarios confirms the method’s viability as a
supplementary channel for contactless interaction with
visual and text content.

5. Conclusions

This paper proposes a conceptual model of context-
adaptive, inclusive user interaction with an information
system and the external environment, which takes into
account the user’s input request, individual needs, the
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application scenario, the user’s context, the interpretation
of input data, the selection of an assistance strategy, and
the generation of feedback via a multimodal interface.

This paper presents a method for contactless
interaction with visual and text content based on RGB
hand tracking and contextual gesture interpretation. The
proposed method ensures the sequential conversion of an
RGB video stream into an interface control action by
identifying key points on the hand, calculating geometric
features, forming a basic gesture event, interpreting it in
terms of mode and context, and generating a high-level
remote-control command.

A functional model of the method has been
developed, in which the key element is the block for
mode-contextual interpretation of a gesture event. Unlike
a direct “gesture—command” mapping, the proposed
approach evaluates a gesture event by taking into account
the active mode, the system’s previous state, the role of
the hand, the presence of confirmation, the type of
content, and the interaction scenario. This reduces the
number of false triggers and increases the predictability
of command generation.

The effect of external conditions on gesture
recognition accuracy was experimentally evaluated.
Under baseline conditions, at a resolution of 1280x720,
the average accuracy was 0.873. The highest average
accuracy was obtained at a resolution of 1920x1080 —
0.927. H

owever, this mode involves a higher computational
load; therefore, for practical use, the 1280%720 mode is
preferable as a compromise between accuracy, speed,
and the number of errors.

It was found that the most critical external factor is
a change in the hand’s angle, which reduces the average
accuracy to 0.513. Increasing the distance to the camera
to 2 m also negatively affects recognition quality,
reducing the average accuracy to 0.673. Reduced lighting
to 20 lux had a more moderate effect: the average
accuracy was 0.800. This confirms that for the RGB-
based approach, hand visibility, a frontal hand position,
and sufficient image detail are particularly important.

A comparison of the stability of individual gestures
showed that the OPEN_PALM gesture is the most stable,

with its accuracy varying between 0.933 and 0.967 under
different conditions. The PINCH and PINCH_MIDDLE
gestures proved to be more sensitive to image quality,
distance, and viewing angle, since their recognition
depends on the precise determination of the position of
the fingertips.

Scenario testing confirmed the effectiveness of the
proposed method during basic system operations, web
navigation, and control of graphical objects. All basic
scenarios were executed without critical errors,
confirming the method’s suitability as an auxiliary
channel for contactless interaction. At the same time,
gesture control is slower than a mouse and keyboard in
terms of execution time, which is due to the additional
steps involved in hand tracking, gesture event
recognition, mode verification, contextual interpretation,
and command generation.

Further research should focus on improving
resistance to changes in hand orientation, enhancing the
recognition of subtle and dynamic gestures, adaptively
adjusting thresholds for different users, expanding testing
scenarios, and deeper integration of gesture control with
applications.
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Mopeapb Ta MeTOJ iHKJII03UBHOI B3a€MOII 3 Bi3yaJlbHUM i TEKCTOBMM KOHTEHTOM
HA OCHOBi KOHTEKCTHOI iHTepnpeTauii s*ecTiB

O. 0. bapxoBchka

AHoTaunisi. .AKTyaJbHicTb. Be3KOHTaKTHE JKecTOBE KepyBaHHs, K AOTIOMIKHHUNA KaHAll B3aEMOJIi 3 iHTepdeiicoM, Ha
CHOT'OJIHI Ha0yJI0 MUPOKOTO TOMMPEHHS y Pi3HUX cepax KUTTS, OCKUTBKH 3a0e3neuye 3pyqIHuid, Oe3MeuHui i, 32 He0OX1THOCTI,
IHKJTIO3UBHUH CIIOCIO B3aeMOAil 3 Bi3yalbHHM, IpadidHUM Ta TEKCTOBUM KOHTEHTOM. IIpeamMeToM IOCIiIKEHHS € Ipolec
OC3KOHTAKTHOTO KepyBaHHs 0A30BHMH HaBiraliiHUMH CIEHapisiMH AJs poOOTH 3 Bi3yaJbHHM, TEKCTOBHUM i BeO-KOHTEHTOM 3
BHKOPUCTaHHSIM METOMIB TPEKIHI'y KHCTi Ta KOHTEKCTHOI iHTeprperamii >KeCTOBMUX TMoXii. MeTa MOCHIIKEHHsS MONSArae B
PO3po0IIeHHI Ta eKCIIEPUMEHTANbHIHN MepeBipIli MeTOIy O€3KOHTAKTHOI B3a€MOIIT 3 Bi3yabHUM 1 TEKCTOBUM KOHTEHTOM Ha OCHOBI
RGB-TpekiHry KHCTi Ta KOHTEKCTHOI iHTeprperanii )KecTiB AJs peanizalii MpakTHYHUX KOPHUCTYBAalbKUX cleHapiiB. ['onoBHe
3aBJAHHS JIOCTI/DKCHHS TOJIITa€ y po3poOIi KOHIENTyalbHOI MOJeNi KOHTEKCTHO-aJalTHBHOI IHKITIO3MBHOI B3a€MOZil
KOpHCTYBaJa 3 iH)OpMaIiifHOI0 CHCTEMOIO Ta 30BHIIIHIM cepenopuieM. Mertoan. Bukopucrano GpyHKIioHaTbHE MOJICITIOBAHHS,
METO/I¥ KOMIT FOTEPHOTO 30Dy, aHaJi3 KIIFOUOBUX TOYOK KHCTi, FTEOMETPHUYHI IIpaBmIIa pO3Ii3HABAaHHS JKECTIB Ta eKCIICpIMEHTaIbHE
TecTyBaHHS. Pe3yJbTaTu. 3anponoOHOBaHO METOI, Y SKOMY JKECTOBA ITO/is IEPETBOPIOETHCS HA KOMAH/Iy JIMIIE MiciIsT BU3HAYCHHS
THUITy Ta aHali3y KOHTEKCTY (TEeXHIYHOTO Ta CIeHapHOoro). EkcriepuMeHTanbHa nepeBipka MpoBOANIach Ha I1'sITH 0a30BHX KecTax
i TppOX creHapisx. BucHoBkm. OTpuMaHi pe3yibTaTd MiATBEPAWIN MpPAE3JaTHICTh METOLYy SK JOINOMDKHOTO KaHAy
0OE3KOHTAKTHOI B3a€MOIIT 3 Bi3yalbHUM i TEKCTOBHM KOHTEHTOM.

Kaw4doBi caoBa: Oe3kOHTaKTHa B3a€MOJisl, TPEKIHT, pPO3Mi3HABAHHS JKECTIB, JIIOJHMHO-KOMII IOTEPHA B3a€EMOJIIs,
MediaPipe Hands, sxecroBe kepyBaHHs, iHTepdeiic, MOfIeIb, METO/I.
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