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METHOD FOR CONTEXT-AWARE ADAPTATION
OF A VISUAL USER INTERFACE BASED
ON ESTIMATING THE DISTANCE TO THE USER

The relevance of this research topic stems from the need to transition from static interfaces to flexible systems capable of
dynamically adapting to the user’s physical context, particularly to changes in viewing distance, thereby reducing cognitive
load and enhancing the comfort of interaction. The object of the study is the process of context-aware adaptation of the
user visual interface in real time depending on the distance to the user, specifically the typographic parameters of the user
interface. The subject of the study is approaches to determining the distance to the user based on video stream data. The aim
of the study is to develop a method for context-aware adaptation of the user interface based on determining the distance to the user,
which ensures dynamic scaling of the typographic system to reduce cognitive load and enhance interaction comfort in real time.
To achieve the set goal, the following tasks were addressed: existing approaches to determining the distance to an object
were analyzed, and a method for dynamically changing the scale of the user visual interface was developed, based on the
proportional relationship between the distance from the interface to the user and the size of the base typographic unit (point size).
To experimentally verify the high accuracy of determining the distance from the visual interface to the user, the study examined
the impact of various factors (head tilt in the frontal and sagittal planes, rotation in the horizontal plane), as well as the
chosen approach to determining the distance to the object, on the accuracy of distance measurement. The developed method
ensures the adaptation not only of font size but also of related typographic parameters (line spacing, character spacing, and
paragraph indentation). It has been established that the approach based on a depth map with approximation provides the most
balanced results in terms of accuracy and practical applicability, demonstrating an error of 1.83-3.67% in the range of 30-90 cm.
It was also shown that the user’s head orientation is a critical factor affecting measurement accuracy, and the maximum error
at close range reaches 201.3%.
Keywords: interface; distance; computer vision; depth map; model; method.

1. Introduction distance between the user and the screen. Under such

conditions, even a well-designed interface can lose its
ergonomic effectiveness, as fixed typographic parameters
do not ensure adequate readability and ease of
information perception when the user’s position relative
to the device changes. This is particularly relevant for
modern digital systems that operate under variable usage
conditions and involve prolonged visual interaction.
Such adaptation is particularly significant for users
with visual impairments, for whom the ease of perceiving
visual information, the readability of text elements,
and the ability to automatically adjust display settings

Human-computer interaction is a field of study
that examines how people interact with computers
and how effective that interaction is. The effectiveness
of a human-computer interaction system is determined
by high levels of system reliability; ensuring that the user
remains productive over the long term; and facilitating
the user’s professional development.

From the user’s perspective, the functional aspects
include control (the wuser’s initiative, actions, and
commands directed at the system), the interface (the point

of contact, which may be graphical, voice-based,
tactile, etc.), and user information (data that the system
collects and receives about the user through the interface.
This may be explicit information or implicit behavioral
data), and evaluation (the stage at which the user
interprets the
the interface).

At the same time, traditional visual user interfaces
largely remain static and do not account for changes
in the physical context of interaction, particularly the

system’s response received through

directly impact the accessibility of digital services.
In this context, dynamic interface adaptation can be
viewed as a means of enhancing inclusivity and
facilitating the integration of people with visual
impairments into the digital environment.

One promising approach to solving this problem is
the use of computer vision methods to estimate the
distance to the user in real time, followed by dynamic
adaptation of display parameters. This approach enables
a transition from static interface solutions to context-
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aware systems capable of automatically adjusting not
only font size but also related typographic characteristics
in accordance with perceptual conditions. In this context,
the scientific interest lies in selecting a distance
estimation method that ensures sufficient accuracy,
resistance to changes in external conditions, and practical
suitability for integration into adaptive user interfaces.

Based on the above, it is relevant to develop
a method for context-aware adaptation of a visual user
interface, in which the estimation of distance to the user
is used as a contextual trigger for dynamic scaling
of the typographic system.

Previous works dedicated to autonomy and increasing
inclusivity for users with disabilities and various types of
impairments include [1, 2]. The adaptation of visual
interfaces is a logical continuation of these works.

This study focuses on context-aware adaptation of
a visual interface based on estimating the distance to the
user and dynamically scaling typographic parameters.

2. Analysis of the latest research and publications

This confirms the relevance of a dynamic approach,
where, for example, a user may have no vision problems
but be physically far from the screen, which also requires
adapting the information displayed on the screen to the
physical environment in real time.

Also relevant is the visual modeling of the context-
adaptive system to demonstrate the location of the
sensory trigger, as well as to prove that unstable
adaptation is worse than no adaptation at all. Accurately
determining the distance to an object and ensuring
smooth font transitions is a critical task and will reduce
cognitive load.

Thus, developing a method with increased accuracy
in distance determination is not merely a technical task,
but an important step toward transforming existing
theoretical models of user interface adaptation into
practically applicable and reliable tools.

3. Formulation of the research objective

Current scientific works propose various classifications
of adaptive systems, justify the need for personalization —
especially in educational environments — and focus
on the user model (their knowledge, goals, and
preferences) [3, 4]. Adaptation here refers to a response
to the user’s internal state (e.g., their level of knowledge).
A number of articles propose system architectures that
adapt to device characteristics (screen size, memory),
providing a logical framework of rules [5-7]. These works
also identify the primary beneficiaries of adaptation —
people with disabilities (cognitive, visual impairments,
etc.) [7-9]. Adaptation here (e.g., changing fonts,
simplifying the Ul) is viewed as a tool for overcoming
accessibility barriers. The works [2, 7] describe
adaptation rules but assume that the system already
knows the context for activating the rules; however,
no attention is given to the technology that activates
these rules.

In a broad sense, an adaptive interface involves
adjusting information presentation parameters to the user’s
characteristics and interaction conditions. For visual
user interfaces, this specifically means the ability to
dynamically change typographic parameters, whereas in
a more general sense, adaptation may also encompass
auditory, linguistic, or other assistive means of
information presentation aimed at improving accessibility
for various categories of users [10, 11].

The objective of this study is to develop a method
for context-aware user interface adaptation based on
determining the distance to the user, which enables dynamic
scaling of the typographic system to reduce cognitive
load and enhance the comfort of real-time interaction.

Let d be the estimated distance from the user to the

screen, and P(d) be the vector of typographic

parameters of the interface, which includes:
— font size;
— line spacing;
— character spacing;
— paragraph indentation.
Then the adaptation problem consists in constructing

a transformation F:d — P(d), where F is an adaptation

function that establishes a relationship between the
estimated distance d from the user to the screen and

the vector of typographic interface parameters P(d ) )

To achieve this goal, the following tasks must
be solved:

— analyze existing approaches to determining the
distance to an object (user);

— develop a method for dynamically scaling the user
visual interface based on a proportional relationship
between the distance from the interface to the user and
the size of the base typographic unit (font size), from
which all related parameters (line spacing, character
spacing, and paragraph indents) are calculated,;
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— experimentally investigate the influence of
variable factors (head tilt in the frontal and sagittal
planes, rotation in the horizontal plane), as well as the
chosen approach to determining the distance to the object,
on the accuracy of distance measurement; analyze the
obtained results.

4. Materials and methods

The mathematical basis of the proposed method
is a linear scaling model, which establishes a directly
proportional relationship between the physical distance to
the user and the final font size (point size) of interface

reading at the reference distance; L — the current

current
distance to the user, dynamically measured by the system
(e.g., in centimeters); L, the base (reference)

distance (e.g., 50 cm) for which S, ., is calculated.

base
Let’s introduce a scaling factor K =L o/ Liae

to determine how much the current distance differs
from the reference distance. If K =1, the user is at the
reference distance, and the font remains the base size.
If K>1, the user is farther away than expected.
The system proportionally enlarges the font to maintain
readability. If K <1, the user is closer. The system
proportionally reduces the font size to avoid excessive

visual strain and fit more information on the screen.

In addition to distance, it is important to consider
the lighting in the room where the user is located in order
to reduce cognitive load (Table 1).

The proposed structural-functional diagram of the
method for dynamically scaling the user interface based
on the estimated distance to the user is shown in Figure 3.

elements. The target font size S is calculated using the
following formula:

Sfinal = Sbase x ( Lcurrent/Lbase) 1

where S.  — the final (adapted) font size to be displayed

final

to the user; S the base, or reference, font size

base

(e.g., 16pt). This is the size considered optimal for

Table 1. The dependence of sign legibility on distance and lighting

Distance from the eyes Lighting Minimum font size (body text) mm (pt) Font size for important text mm (pt)

Up to 50 cm 200-500 lux 2,5-3 mm (7,1-8,5 pt) 35 mm (8,5-14,2 pt)
Up to 50 cm >500 lux 2-3 mm (5,7-8,5 pt) 2,5-5 mm (7,1-14,2 pt)
50-100 cm 200-500 lux 3-5mm (8,5-14,2 pt) 5-7 mm (14,2-19,8 pt)
50-100 cm >500 lux 2-3 mm (5,7-8,5 pt) 3-5 mm (8,5-14,2 pt)
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Fig. 1. Structural and functional diagram of the method for dynamically scaling a user interface
based on the estimated distance to the user
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The proposed method for dynamically scaling a user
interface is based on estimating the distance to the user
using data from the camera’s video stream.

The input data for the described method consists
of video frames from the camera, the initial configuration
and calibration parameters of the video recorder, and
image preprocessing rules for the subsequent main
stage of the method — determining the distance to the
user. This stage serves as the basis for deciding on further
interface adaptation.

The output is an Adaptive User Interface
(Adaptive Ul), in which the scale and display logic of
elements change according to the estimated distance
between the user and the system.

The accuracy of the interface’s adaptation to the
distance from the user depends most on the object-of-
interest sizing module, since its result serves as the input
data for the distance estimation module. Errors arising
at this stage lead to incorrect determination of the user’s
location and selection of the interface scaling mode.
Thus, the more accurately the object’s size and,
accordingly, the distance to the user are determined,
the more correctly Adaptive UI’s dynamic scaling
is performed. Therefore, further research focuses on
refining algorithms to compensate for the effects of head
rotations and tilts, particularly by using more accurate
models for estimating a person’s posture.

The introduced scaling factor K characterizes the
deviation of the current user distance from the reference
distance. Then the adapted font size is determined as

Other parameters of the interface’s typographic
system are scaled in the same way:
IfinaLI =1 basexK’

Ciinal = Cpase XK,

Asina = Puase X K,
— line spacing, C
A — paragraph indentation; I, C.., Ase — their
final ? c A

calculated based on the current distance from the user.
This approach ensures consistent scaling of the entire
typographic system of the interface and preserves the
visual integrity of information presentation.

This paper presents an empirical study of various
existing approaches for estimating the user’s distance
from the user interface to assess the accuracy of
these approaches [12]:

— using geometric transformations [13, 14];

— using a depth map and approximation [15];

— using a depth map without approximation [16, 17].

The algorithm for the first approach studied is
described in Figure 2. The simplified geometric approach
determines the distance to an object based on the
relationship between its size in pixels and the actual
distance to the camera. After calibration in the range of
30-120 cm, the obtained data were approximated using
a quadratic polynomial, which allowed for rapid
estimation of the distance in centimeters. Despite its
simplicity and speed, the method has limited accuracy
due to its strong dependence on the stability of shooting

base

where | — character spacing,

default values, and 1 et s Arinar — adapted values

S =S..%xK. - . N .
final = Thase conditions: camera position, viewing angle, and lighting.
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Fig. 2. Determining the size of the object of interest in the frame based on geometric transformations
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The algorithm for the second approach studied is
shown in Figure 3. It is based on a combination of object
detection using YOLOv8 and analysis of depth maps
from the Depth Anything V2 model. Unlike the first
geometric method, which estimates distance based on the
object’s size in pixels, this method directly measures the
scene’s depth.

The algorithm includes the following steps:

1. Object detection in the frame (YOLOVS).

2. Selection of the target object of interest.

3. Determining the region of interest (ROI) for it.

4. Calculating the median depth value within this
region from the depth map.

5. Converting relative depth values to absolute
values (centimeters) through pre-calibration. This
approach is independent of the object’s size in the frame
and is significantly less sensitive to changes in viewing
angle, which potentially improves the accuracy of
distance measurement in real-world conditions.
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Fig. 3. Determining the size of the object of interest in the frame based on depth maps and approximations

The algorithm for the third approach studied (using
a depth map without approximation) is similar to the
second, as it is also based on constructing depth maps,
but it includes a simplification: it omits the step of
building a calibration model and does not use a function
to approximate relative depth and actual distance. Instead,
a reference depth is specified at a known distance.

5. Results and discussions

During the research, the influence of the user’s
actual distance from the screen, the lighting level in the
room where the user is located, as well as the angle of
head tilt in the frontal and sagittal planes was evaluated,
corresponding to the real-world conditions of using the
proposed and developed system. Figure 4 demonstrates
the results of the studied methods, which use different

approaches and therefore have different computational
complexity, different execution times, and different
accuracy in distance determination.

The experimental validation of the proposed
approach was conducted in two stages. In the first stage,
a comparison was performed between three methods
for determining the distance to the user: a method using
geometric transformations, a method based on a depth
map with approximation, and a method based on a depth
map without approximation. The comparison was
performed at four reference distances: 30, 60, 90, and
120 cm, corresponding to 12 controlled experimental
configurations. In the second stage, for the method
selected for further analysis, the effect of the user’s head
position was investigated: in the frontal plane, in the
sagittal plane, and during rotation in the horizontal
plane. For each type of orientation, the evaluation was
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performed at three angles of deviation and four reference
distances, resulting in an additional 36 configurations.
Thus, the overall error assessment presented in this work
is based on 48 controlled experimental configurations.

ace 0.81

Fig. 4. Visual demonstration of the experimental results:

The first experiment focuses on determining the
approach that yields the smallest error when measuring
the user’s distance from the screen. The experimental
results are presented in Table 2.

a) display of the calculated distance at 30 and 40 cm using the geometric transformation method;
b) display of the calculated distance at 120 cm using the method based on a depth map and approximation

Table 2. Error estimation for determining the user’s distance from the screen depending on the selected approach and the

actual distance from the screen

Distance Real distance from the screen, cm
Method 30 60 90 120
Method using geometric transformations 2% 0.33% 0.56% 8.92%
Method based on a depth map and approximation 3.67% 1.83% 2.11% 17.08%
Method based on a depth map without approximation 1.33% 1.83 % 13.67% 51.25%

Table 2 presents the results of an experimental
evaluation of the error in determining the user’s distance
from the screen for three approaches: a method using
geometric transformations, a method based on a depth
map with approximation, and a method based on a depth
map without approximation. The comparison was
performed for four reference distances — 30, 60, 90, and
120 cm. The table shows the percentage error values for
each approach at each of the specified distances, allowing
the results of the first stage of experimental verification to
be presented in a comparative format.

The aim of the next experiment is to assess the
effect of head tilt in the frontal plane at various angles
(0°, 15°, 45°), head tilt in the sagittal plane at various
angles (0°, 15°, 30°), as well as head rotation in the

horizontal plane at angles (0°, 15°, 30°) on the accuracy of
determining the distance to the screen (Figure 5). The results
of the second experiment are presented in Table 3.

Table 3 presents the results of an experimental
assessment of the error in determining the user’s distance
from the screen depending on the position of the head in
space. The table shows the error values for three head
orientation scenarios: tilt in the frontal plane, tilt in the
sagittal plane, and rotation in the horizontal plane. For
each option, several angles of deviation were considered,
and the evaluation was performed at four reference
distances — 30, 60, 90, and 120 cm. The percentage error
values presented in the table allow for a general overview
of the results of the second stage of the experimental
study for various spatial positions of the user’s head.
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Fig. 5. Visual demonstration of the results of the experiments:

a) distance measurement at 30 cm with the head tilted 150 in the frontal plane;
b) distance measurement with the head tilted 150 in the sagittal plane

Table 3. Estimation of the error in determining the user’s distance from the screen depending on head position in space

and actual distance from the screen, %

Plane Angle 30cm 60 cm 90 cm 120 cm

0° 253 % 10.7 % 3.6% 1.1%

Frontal plane, tilt 15° 19.0 % 20.0 % 10.8 % 4.9%
45° 40.0 % 8.8% 2.8% 2.3%

0° 1.67 % 7.0% 4.0% 33%

Sagittal plane, tilt 15° 100.7 % 18.7% 33.1% 31.2%
30° 137.0 % 23% 47.7% 13.1%

0° 7.3% 32% 4.0% 0.4 %

Rotation in the horizontal plane 15° 201.3% 89.2% 21.0% 4.5%
30° 127.7% 62.2% 26.0% 10.7 %

6. Discussion of Results

Analysis of the results of the first experiment
(Table 2) demonstrates that for short and medium
distances, all three approaches provide satisfactory
accuracy. However, as the distance increases, the
use of geometric transformations demonstrates
the highest stability. A drawback of this approach
is that it can only determine the distance for specific
objects, for which the system was previously
calibrated. Changing the focal length also reduces the
reliability of this approach, as it requires a complete
recalibration of the system. The third approach
exhibits the highest error values. The second approach
does not require a complete recalibration of the

system when the user changes, so it is recommended
for subsequent experiments.

Analysis of the results (Table 3) showed a clear
dependence of distance measurement accuracy on
the user’s head position. The most critical factor was
a distance of 30 cm, where extreme error values were
recorded — up to 201.3% with a 15° head rotation
and 137.0% with a 30° sagittal tilt. Head rotations
in the horizontal plane consistently produce the highest
errors among all types of movements.

The lowest error values are generally observed
at zero head angles compared with non-zero tilt and
rotation conditions. At the same time, the results are not
uniformly stable across all distances: for example,
in the frontal plane at 30 cm the error reaches 25.3%,
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while at 60-120 cm it decreases to 10.7%, 3.6%, and
1.1%, respectively. There is also a noticeable positive
trend of decreasing error with increasing distance —
at 120 cm, accuracy improves significantly even at
significant angles of deviation.

Based on the results presented in Table 2 and Table 3,
the second research objective, which was to determine
the effect of the user’s head position on distance
measurement accuracy, was experimentally resolved.

The results obtained indicate the need for additional
correction of measurement algorithms, especially for
close distances, through the implementation of
compensation mechanisms that account for the
orientation of the head in space.

The developed methods and results of the
experiments have the potential to be used in the creation
of adaptive visual interfaces for information systems of
various purposes, including educational platforms,
medical services, banking and administrative terminals,
mobile and desktop applications, as well as digital services
for users with visual impairments. The development
holds particular value for industry, as it can be integrated
into HMI solutions, operator panels, smart displays, and
systems for monitoring and controlling production
processes, where readability, speed of information
perception, and reduction of cognitive load on the
operator are critical. In this context, the method can be
viewed as a tool for improving the ergonomics,
accessibility, and reliability of digital interaction in
modern industrial and service environments.

7. Conclusions

A critical influence of the user’s head orientation on
measurement accuracy was identified. The largest errors
(up to 201.3%) were recorded at close range (30 cm) when
the head was rotated in the horizontal plane. This indicates
the need to integrate compensation mechanisms that
account for the user’s posture in real time.

The scientific novelty lies in the development
of a method for context-aware adaptation of a visual
user interface, in which the estimation of the distance
to the user is used as a contextual trigger for dynamically
scaling not only the font size but also related typographic
parameters, as well as in establishing the influence
of the user’s head orientation on the accuracy of
distance measurement.

The practical significance lies in the possibility of
applying the proposed method during the development
of adaptive visual interfaces that automatically adjust
display parameters depending on the distance to the user
and can be used to improve readability, ease of information
perception, and the accessibility of digital services.

Further research will focus on refining algorithms to
compensate for the effects of head rotations and tilts,
particularly by using more accurate models for estimating
a person’s posture. The integration of additional
contextual factors, such as more accurate determination
of ambient light levels and their automatic incorporation
into the scaling model in the future, will also ensure
greater system resilience to changing conditions.
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METO/J KOHTEKCTHO-OBI3HAHOI AJTATITAIIII
BI3YAJIBHOI'O KOPUCTYBAIIBKOT'O IHTEP®EVCY
HA OCHOBI OIIIHKH BIJCTAHI 10 KOPUCTYBAYA

AKTyaJIBHICTh TEMH JOCHIIDKCHHS 3yMOBJICHAa HEOOXIJHICTIO IIepeXody BiJ CTaTUYHHUX IHTEpQEHCIB MO THYYKHX CHCTEM,
3MAaTHUX JWHAMIYHO aJanTyBaTHCA 10 (I3MYHOTO KOHTEKCTYy KOpPHCTyBada, 30KpeMa [0 3MiHH BiJCTaHi Bi eKpaHa,
IO J03BOJISIE 3HM3UTH KOTHITHBHE HABAHTAXKCHHS Ta MIABUIIUTH KOMGOpT B3aeMofil. OO0’€KTOM IOCTiIKEHHSI € TIpolec
KOHTEKCTHO-0013HaHOT ajanTanii KOPUCTYBAalbKOTO Bi3yaJbHOro iHTepdelicy B peaJbHOMY 4Yaci 3aJeXHO BiI BiJcTaHi
0 KOPHCTyBaya, a caMe — THIOrpadivHHX IapaMeTpiB KopHcTyBambkoro intepdeiicy. Ilpeamerom mpocimkeHHS € Miaxomu
0 BU3HAYCHHS BIJCTaHI JO KOPUCTyBadya HA OCHOBI JaHHX BiJeONOTOKYy. MeTOI0 OCTiI:KeHHSI € pO3poOka MeTomy
KOHTEKCTHO-0013HaHO1 amanTaiil KOPHCTYBalbKOro iHTepdeiicy Ha OCHOBI BU3HAYEHHs BiJCTaHI 10 KOPHUCTyBadya, IO 3abe3mneuye
OUHaMiYHe MacmtaOyBaHHS —TUHIOrpadiqyHOi CHCTEMH Uil 3HIDKCHHS KOTHITHBHOTO HABaHTAXKEHHS Ta  ITiJBHILCHHS
KOM(OpPTy B3a€MOJIl B pealbHOMY dYaci.. J[Js JTOCATHEHHs IOCTaBJICHOI METH OYyJO BUPINICHO TaKi 3aBIaHHS: IPOaHAII30BaHO
iCHYIOYl MiAXOAW OO BHU3HAYCHHS BINCTaHI JO 00’€KTa, pO3pOOJICHO METOJ IUHAMIYHOI 3MiHM MacmTaldy KOPHCTYBaI[bKOTO
BI3yJNBHOTO iHTEpdelCy, IO IPYHTYETbCS HA MPONOPLIHIA 3aJeKHOCTI MDK BiACTaHHIO iHTepdeiicy a0 KOopHCTyBada
Ta po3MipaMu 0a3oBoi THmorpadiuHoi omuHUII (Kermo). JIg eKCIepUMEHTANbHOTO IMMATBEP/KEHHS BHCOKOI TOYHOCTI
BU3HAYEHHs BIJCTaHi BiJ Bi3yanbHOro IiHTepdelicy 10 KopucTyBada Oya0 JOCHIUKEHO BIUIMB BapiaTHBHUX (DaKTOpiB
(HaxWia TOJNOBM Y (POHTANBHIA Ta CariTalbHIA TUIONIMHAX, MOBOPOT B TOPU3OHTANBHINA IUIOMIMHI), a TaKOK OOPaHOrO MiIXOIy
0 BHW3HAYEHHS BiACTaHi 0 00’€KTa HA TOYHICTh BHUMIPIOBaHHS BifcTaHi. Po3pobiaenmii Meron 3abesmneuye amanTariio
He juiie po3Mipy mpudTy, a i MoB’s3aHUX i3 HUM TUHOrpadiuHMX mapaMeTpiB (MDKPSIKOBUA Ta MDKJIITEpHUI iHTepBay,
abzarHi BigcTynn). BetanoBieHo, mo migxix Ha OCHOBI ITTMOMHHOI KapTH 3 ampoKcuMallieio 3abe3rnedye HailOiibIl 30aTaHCcOBaHi
pe3yNbTaTH 3a TOUYHICTIO Ta NPAKTUYHOIO NPHIATHICTIO, JeMOHCTpyloun moxubky 1.83-3.67% vy miamazoni 30-90 cm.
Takox TOKa3aHO, IO Opi€HTAlis TOJOBH KOPHCTYBada € KPUTHYHAM (DaKTOPOM BIUIMBY Ha TOYHICTH BHMIPIOBAaHHS,
a MakcUMaJbHa NMOXUOKa Ha OymM3bKil quctannii carae 201.3%.
Kurouosi cioBa: intepdeiic; BiZicTaHb; KOMIT FOTEPHUI 3ip; KapTa TITHOUHA; MOJIENb; METO/I.
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