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ABSTRACT

Context. The display of curvilinear surfaces on flat screens is a complex task. The development of an interface for such surfaces
is a relevant task that requires the solution of numerous issues. This paper presents an approach to UI development for curvilinear
surfaces and shader modifications for the creation of realistic landscape elements. The object of the research is the development of an
interface system based on a custom raycaster to ensure interactivity and create an immersive effect within the game environment..

Objective. The purpose of the paper. The primary objective of this research is to create, optimise and adapt shaders on curved
surfaces to achieve more efficient rendering with high-quality visualisation.

Method. The development of user interfaces (UI) for curvilinear surfaces requires consideration of geometric parameters. To re-
solve this issue, a custom component based on BaseRaycaster was developed, enabling the computation of the intersection between
the camera ray and the physical surface. To provide correct and efficient interaction with the canvas a custom component based on
BaseRaycaster was created. The developed component solves the problem by identifying the ray intersection point from the camera
with the canvas surface. The implementation of this component involves an algorithm for detecting the camera’s ray intersections
with colliders, using a mathematical model to process the detected elements, according for their depth to ensure proper interaction.

Results.This approach facilitates the creation of interfaces on arbitrary static curved surfaces that are applicable in various gam-

ing and interactive scenarios.

Conclusions. The use of splines and modified shaders ensures the placement of text on curvilinear surfaces and the natural ar-
rangement of roads and other landscape elements according to the terrain contours. This approach is important for developing open-
world games or games with complex geometry, where the UI on curvilinear surfaces appears natural and integrated into the environ-

ment.
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ABBREVIATIONS
UI — User Interface.

NOMENCLATURE

C, is a position of the camera in 3D space;

C, is a direction of the beam from the camera;

C, is a parameters of the collider;

P.is a collider parameters;

P, is a normal parameters;

S'is a set of surfaces in 3D space, where each surface
s € S has a collider Cg;

T, is a width of the canvas texture;

T) is a height of the canvas texture;

Ul is a set of UI elements on the texture, where each
element ui € Ul;

T, min 18 @ minimum coordinates on the texture;

T, max 1s @ maximum coordinates on the texture;
T, is a coordinates of the intersection point on the tex-
ture of each Ul element along the x-axis;

T,, is a coordinates of the intersection point on the tex-
ture of each Ul element along the y-axis;

z-depth is a depth of the element;

P; is a control points for creating splines;
1, is a point of intersection of the ray with the surface;

T, is a coordinates of the intersection point on the tex-
ture;

ui is a active Ul element;

R.1is aray from the camera;
1, is a coordinates of the intersection point on the sur-
face along the x-axis;
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1,, is a coordinates of the intersection point on the sur-
face along the y-axis;

Lerp is a interpolation of textures based on the alpha
channel to create smooth transitions between pre-horn

segments.

INTRODUCTION
In the modern world of 3D games, user interaction
with the virtual environment plays a vital role in ensuring
the quality of the user experience. Interfaces are often
displayed on the main screen’s surfaces, which does not
allow maximum immersion in the game. Still, in cases
where the interface is located on the curved surface of an
object, additional implementation difficulties arise. Tex-
ture rendering allows you to create such interfaces, but
ensuring accurate and intuitive interaction on curved sur-
faces is more complex, as standard interaction processing

methods are designed for flat surfaces.

The object of research. The study focuses on creat-
ing an interface system using a specially developed ray
tracing method (raycasting) to increase the player’s inter-
activity and immersion in the game world.

The placement of the interface on a curved surface is
an essential aspect of modern game design, especially in
terms of maximum immersion in the game world, which
allows for a more organic and realistic interaction be-
tween the player and the game world. The use of rendered
textures and modified shaders opens up new opportunities
for integrating UI elements into complex three-
dimensional environments, increasing the level of immer-
sion and aesthetic integrity of the game.
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The subject of study. Modern computer graphics
methods allow you to create virtual worlds with a high
degree of realism. However, modeling curved surfaces
often found in nature and technology remains challenging.
Traditional methods based on polygonal approximation
can lead to loss of detail and shape distortion, so there is a
need to develop effective methods for modifying shaders
and rendering textures that would allow accurate and real-
istic display of curved surfaces. The subject of study is
adapting existing tools and developing new ones to repro-
duce realistic 3D images on varying complex surfaces.

The study aims to develop and adapt computer graph-
ics methods for creating realistic 3D images on various
curved surfaces.

1 PROBLEM STATEMENT
One key approach is to map the interface canvas to a
texture, which allows it to be displayed on any surface,

including curves or uneven planes. It is achieved by using
a separate camera that displays only the necessary layer
with the canvas. It renders it not on the screen but into a
texture, which is subsequently used to overlay the object
material. A shader then processes this rendered texture to
realize the retro style using ShaderGraph.

For example, let’s consider creating text on the screen
of an old tube TV. Since the kinescope in such TVs has a
convex shape, several visual effects must be applied to
make the image realistic, such as additional geometry
curvature (Fig. 1(1)); pixelation effect (Fig. 1(2)); noise
and interference (Fig. 1(3)); stripes (Fig. 1(4)), which can
be vertical or horizontal; displacement and freeze effect
(Fig. 1(5)). To create the desired result, you must develop
each effect separately and combine them into a single
whole (Fig. 1(6)).

placement and freezing (5); holistic picture (6)

Shaders are essential in creating a visual atmosphere
and immersing the player in the game. However, the qual-
ity of shaders can vary, and they do not always meet high
standards. Poor-quality shaders can ruin the atmosphere
of the game and reduce the level of immersion. Poorly
optimized shaders can lead to a decrease in game per-
formance and freezes. Poor-quality shaders can make
game graphics less attractive and detailed. It is also im-
portant to note that the textures generated by the raiders
also mediate the player’s interaction with the game world.
Due to the use of a low-quality shader, the text on the
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screen of the old monitor is displayed with defects, as
seen in Figure 2.

Figure 2 — The result of a low-quality shader
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Shader development affects visual perception, as it de-
termines how the player will perceive the game world’s
elements and how realistically they will be able to im-
merse themselves in it. However, it is essential to provide
visual effects and ensure that the texture on which the
shader is applied remains interactive. This means that the
player should be able to interact with the objects covered
by the texture with the active shader, for example, by
clicking on interface elements or performing other ac-
tions.

Thus, the shader not only adds an aesthetic component
but also considers functionality and interactivity, ensuring
the usability of game elements. Developing shaders that
combine effects to improve graphics and the possibility of
interactive interaction is a complex but essential task to
achieve complete immersion in the virtual world.

The algorithm for implementing a custom Raycaster
component using splines can be represented as a sequence
of stages and key elements that ensure the exact intersec-
tion of the beam with the surface, projection onto the tex-
ture, and construction of splines for modeling curves

(Fig. 3).

Initializing Raycaster components
{Camera and surface parameters)

v
Calculating the intersection of a change
with a surface

2

Project an mtersection pomt onto a texture

v

Identifying UT elements on a texture
(Finding elements based on coordinates)

v

Modeling terrain contours using splines

h 4

Calculate derivatives for a spline
(Smoothness and curvature control)

v
Modeling of physical effects through
derivatives (Realistic movements of objects
on splines)

Figure 3 — Flowchart with the definition of the main stages
and mathematical components

To initialize the Raycaster components, let the input
data be given:

1. Camera parameters ( position, beam direction).

2. Physical surface parameters (collider parameters,
normal parameters).

The task of creating a Raycaster component for inter-
acting with 3D objects is as follows:

— calculating the point of intersection of the ray with
the surface: /,=raycast(C,,C4P,);
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— identifying Ul elements on the texture:
Ullist=findUI(Tc);
— processing interaction with Ul elements:

I=handlelnteraction(Ulactive);

— determining the intersection of the ray with the sur-
face: T.=project(l,);

— applying depth to interact with UI elements:
I'=apply z-depth(i) — where i=0, 1, ..., n.

2 REVIEW OF THE LITERATURE

In today’s video games, shaders are critical to creating
visual effects that make games more realistic and immer-
sive. The book Building Quality Shaders for Unity® [1]
will help beginners understand what shaders are and how
they work. Game engines use different methods to proc-
ess shaders and achieve the desired result.

Creating game worlds is a complex process requiring
developers’ considerable effort and resources. Shaders are
tiny programs that run on the GPU and are responsible for
image processing. The quality of shaders can vary and
lead to rendering failures, which can cause objects to dis-
appear, blink, or display incorrectly. They can signifi-
cantly reduce performance, leading to low frame rates and
freezes. The study’s authors [2] analyzed 12 shader com-
pilers from Intel, AMD, Nvidia, ARM, and Apple and
found more than 16 thousand input data that cause errors
affecting the rendering quality. These errors were identi-
fied and described, and the developers confirmed their
typicality.

Article [3] explores in detail the technical aspects of
using textures and shaders in various game engines to
achieve various goals. The authors also provide recom-
mendations on how to use these tools effectively.

Article [4] represents a research about combining
mesh and shader levels of detail (LOD) using two special
algorithms for leads to smoother visual transitions. The
mesh LOD effectively reduces the quantity of polygons
for distant objects, which hard load the GPU. Shader
LOD, on the other hand, allows to reproduce or save
small image details (such as texture nuances or complex
normals) even on models with a reduced polygon count,
thus improving visual quality without significantly in-
creasing the complexity of the geometry

In article [5], the authors propose several improve-
ments (Improved shader and texture detail level using ray
cones) to the ray cone algorithm that improve image qual-
ity, increase performance, and simplify integration with
game engines. The results show that a GPU-based tracer
can reduce frame processing time by about 10%. The au-
thors also provide an open-source implementation of this
algorithm.

The paper [6] focuses on low-power optimization,
which targets texture memory, geometry engine, pixel,
and rasterization, as these components contribute signifi-
cantly to a typical GPU’s power consumption. The pro-
posed methodology integrates the dynamic voltage fre-
quency scaling (DVFS) technique, adjusting voltage and
frequency based on analyzing the frame rate workload for

3D game scenes.
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The authors of [7] present a tool for researching
shader design using an interactive evolutionary algorithm
integrated with the Unity editor. The framework uses an
essential graph-based representation of the latest shader
editors and interactive evolution to allow designers to
explore multiple visual options starting from an existing
shader. The framework encodes a graphical representation
of the current shader as a chromosome used to spawn the
evolution of a population of shaders. It applies graph-
based recombination and mutation with a set of heuristics
to generate possible raiders.

In [8], the authors presented a new particle-based fluid
surface reconstruction method that includes mesh shaders
for the first time. This approach eliminates storing trian-
gular meshes in GPU global memory, significantly reduc-
ing the required memory. In addition, our method uses a
bidirectional two-level uniform mesh, which speeds up
the computationally expensive stage of surface cell detec-
tion and effectively solves the problem of vertex overflow
among mesh shaders.

The authors of [9] propose using tetrahedra as primi-
tives for volumetric rendering and a pipeline for their
rasterization. The work relies on recently introduced mesh
shaders to encode each tetrahedron so that the rasterizer
calculates the depth of the front and back faces simulta-
neously when interpolating vertex attributes. However,
the fragment shader receives two depths and can calculate
its shading in the interval. The presented method is easy
to implement and efficient, opening up new possibilities
for the pasteurization pipeline.

Paper [10] presents a deep learning-based framework
for predicting the shader simplification space, where
shader variants can be immediately embedded into a met-
ric space for efficient quality assessment. The new struc-
ture allows for a single embedding of the space rather
than a single instance. In addition, simplification errors
can be interpreted by the mutual attention between shader
fragments, presenting an informative focus-aware simpli-
fication structure that can help experts optimize codes.
The results show that the new framework achieves sig-
nificant speedups over existing search approaches. The
focus-aware simplification framework opens up new pos-
sibilities for interpreting shaders for different programs.

The article [11] discusses various ways to use a geo-
metric shader for particle visualization. Geometric shad-
ers are practical and flexible ways to visualize particles.
They allow you to create a variety of visual effects with
significant performance. This article is helpful for devel-
opers interested in visualizing particles using the GPU.

A study [12] used it to fit flash images to a model that
can be efficiently evaluated in real-time using a custom
shader in the Unity game engine. The custom shader ac-
curately represents the object’s mirror properties more
accurately than the standard Unity default shaders, with
little to no performance impact.

Due to the many options for using modern GPUss, it is
usually difficult for engineers to manually check the many
shader codes arising from these programs. To this end, the
authors of [13] developed a framework that converts
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shader codes into graphs and uses sophisticated graph
analysis and machine learning techniques in several ap-
plications to simplify the analysis of shader graphs effi-
ciently and understandably, aimed at speeding up the en-
tire debugging process and improving the overall per-
formance of the hardware. The authors studied the evolu-
tion of shader codes by analyzing time graphs and struc-
ture analysis with frequent subgraphs, using them as the
primary tools, and performing scene detection and select-
ing representative frames. The scene (program) was
grouped to identify typical scenes and predict inefficient
shaders of a new program.

3 MATERIALS AND METHODS

Developing a Ul for curved surfaces is a complex task
that requires considering the peculiarities of geometry and
user interaction.

To provide interaction with the canvas, you should
add a custom component based on BaseRaycaster (since
the standard GraphicRaucaster cannot interact with ob-
jects in this way for several reasons: it is tightly tied to the
main camera and not to the interactive object and does not
take information from it), which determines the intersec-
tion of the beam from the camera with the physical sur-
face. Given the intersection coordinates, it is necessary to
determine the position on the canvas and a list of controls
for further processing. The implementation includes
searching for beam intersections with colliders using a
mathematical formula and further processing the found
elements, considering their depth for proper interaction.
This approach allows you to create an interface on any
curved static surface, which can be used for various gam-
ing and interactive scenarios.

Implementing the custom Raycaster allows you to de-
termine the camera beam’s intersection with the object’s
physical surface. The Raycaster displays the intersection
coordinates and is used to further search for UI elements

(Fig. 4).

Sp—l-
| S51. Determining
intersection 52 |dentification
INPUT Co>| points, positioning T of Ul parameters
I_Cp_; the structure
Tcn\a:l-Tcmm
Zdepth »|53. Detecting the
active element
QUTPUT
: |
{0 Ula, U
. _ §5. Calculating 54. Determining
S?(.”U:ggoir;:‘l:‘nes [*—a;, by, ¢ the coefficients of [€—pF(;—the overlap zones
o splines of objects

Figure 4 — A formalized spline interpolation model for
smoothing planes
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List of input variables:

— Camera position in 3D space;

— Camera ray direction;

— Set of surfaces in 3D space, where each surface
s € S has a collider;

— Width and height of the canvas texture.

The UI is a set of Ul elements on the texture, where
each element ui € Ul has a collider:

— Minimum and maximum coordinates on the texture;

— The depth of the element;

— Set of control points for the construction of splines.

List of output variables:

— Point of intersection of the ray with the surface;

— Coordinates of the intersection point on the texture;

— Active Ul element.

Criteria:

— Maximum accuracy of determining the intersection
point;

— Accurate projection of 7 onto the texture;

— Correct identification of the active Ul element ui,
considering z-depth;

— The smoothness and continuity splines;

— The realism of physical effects modeled using de-
rived splines.

Limitations:

— Restrictions on computing resources;

— Restrictions on the time of operations;

— Restrictions on the accuracy of calculations;

— Restrictions on the complexity of splines.

The area where the beam intersects the physical sur-
face is described by equation (1):

I,=R.C;. (1)

The point of intersection is projected onto the fabric
texture with the following coordinates:

I, 1

px Lpy

I = (T_T_J 2
w h

The resulting coordinates 7, define the position of the
texture

After determining the coordinates on the texture, you
can find the controls in this area and process them, con-
sidering the depth (for proper interaction with objects at
different levels). Suppose rectangles or other geometric
shapes represent the elements in the Ul system. In that
case, we can compare the resulting point 7, with the coor-
dinates and dimensions of these elements on the texture.

Let’s formalize the parameters of Ul elements: T,
and T, .x are the minimum and maximum coordinates of
the Ul element on the texture, defining its rectangular
area.

If the point 7,=(T,,, T,,) is within the UI element, then
this element is active:

Tc,min < Tc < Tc,max . (3)
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If several Ul elements may overlap in the projection,
you should add additional criteria for selecting an ele-
ment, such as depth or layer priority. One of the most
common ways to solve this problem is to use z-depth. Z-
depth is a value that determines which element is higher
than others on the screen. An element with a higher z-
depth value appears on top of elements with a lower
value:

z —depth = element depth UI . 4

For correct interaction with UI elements in a 3D envi-
ronment, it is necessary not only to find the elements but
also to determine exactly which element the user interacts
with, especially when they intersect, using the depth of
the element. Taking into account the accuracy of coordi-
nates and perspective ensures correct interaction, and a
formalized interface allows you to standardize the proc-
essing of input events such as clicks, hovering, and press-
ing. The formalized definition of the interface for interact-
ing with the Ul is determined by formula (2). Identifica-
tion of a Ul element by formula (3), where

Tc,min = (Tcx,min > Tcy,min )a
T, T - oy max )- )

¢,max :( cx,max > £ cy,max

When a user interacts with the interface, it is essential
to know how the elements are relative to each other, that
is, their depth. The depth of a Ul element on a texture
determines its distance from the user or other elements on
the screen. This distance is denoted by the value z, where
7z=0 means that the element is closest, and larger z values
mean that the element is farther away.

A custom Raycaster determines which UI elements
should respond to user actions. To accurately determine
which UI elements are closest to the user and should be
activated, Raycaster calculates the depth (z-depth) of the
point where the ray intersects the surface. This allows you
to prioritize UI elements correctly, providing an intuitive
interaction.

When the ray crosses the surface, you need to deter-
mine which Ul is at this point. Since Ul elements can
overlap, depth (z-depth) determines priority, allowing you
to select the element closest to the user.

Identifying UI elements using z-depth consists of three
steps.

Step 1. Collecting data on the depth of Ul elements.
Each UI element on the texture has a z-depth, i, determin-
ing its distance from the camera in 3D space. The smaller
the depth, the closer the element is.

Let’s say for n Ul elements on a texture, we have sets
of coordinates and depths:

(s Ty oz —depth)} i =1,2,..0m.. ©)

I is an element of the texture, which varies from 1 to
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Step 2: Determining the active Ul element. The task is
to determine which UI element on the texture will be ac-
tive for interaction, considering the z-depth of the ele-
ments. For each intersection point on the texture 7, , the
active Ul element is determined by the following formula:

active Ul element=argmin (z - depth,i). @)

arg min(z-depth, i) is the index of the element for
which the depth is z-depth and is the minimum among all
elements that overlap the intersection point.

Step 3. Check for overlapping Ul elements. Since sev-
eral Ul elements on the texture can overlap the same 7.
point, selecting the element closer to the user is important.
If several elements have the same 7, coordinate, the ele-
ment is selected using depth minimization.

Each element, i, is checked to see whether its area in-
tersects the point 7., and then its depth, i, is determined
for each element.

Of particular interest is the use of modified shaders to
create roads that smoothly follow the contours of the ter-
rain. This approach uses splines for road placement and
ensures its smooth overlay on the landscape, creating
more realistic and detailed scenes. The cubic polynomial
is the basis for building splines, which are widely used in
computer graphics and modeling to create smooth curves
and contours. Splines defined by cubic polynomials pro-
vide a smooth transition between points, making them
ideal for modeling surfaces and paths in 3D environ-
ments. The basic form of a cubic polynomial used to cre-
ate splines is as follows:

F(x)=ax3 +hxlex+d . (®)

The coefficients a, b, ¢, and d determine the shape of
the curve.

A cubic spline consists of a set of polynomials (8),
where each polynomial corresponds to a separate segment
between adjacent points. It is essential to ensure smooth-
ness at the junction points, i.e., that the first and second
derivatives coincide. This ensures the smoothness of the
curve, which is critical for implementing tasks such as
camera trajectories, building roads, or object contours in a
game. For example, for a cubic spline defined by a four-
point formula, it looks like this:

P(x)=(1—x)’Py+3(1—x)*x P +3(1-x)x*Py+x°P;, )

To ensure smoothness and control the curvature of the
spline, you need to calculate the first and second deriva-
tives that describe the slope and curvature of the curve.
We use the product and chain rules to calculate the de-
rivative. The first derivative, P’(¢), is calculated by the
formula (5).

P’(x)=—3(1-x)xPy+[3(1-x)~6(1—x)x]P1+
H[6(1—x)x=3(1-x)x*]Py+3x>P;.
© Sugonyak 1., Marchuk G., Oleksiuk O., 2025
DOI 10.15588/1607-3274-2025-4-19

(10)

214

The second derivative, P”(?), is calculated using the
following formula:

P7(x)=6(1-x)Py+[-6(1—-x)+6x] P+ (a1
H6(1—x)—12x]P,+6xP5.

Both derivatives play a key role in the formation of
splines. The smoothness of a spline is determined by the
first derivative, P’(x), which is responsible for the slope
(or rate of change) of the spline. For a spline to look
smooth, the first derivatives on neighboring segments
must be identical. This means that the spline shouldn’t
have sudden slope changes, ensuring a smooth transition
between points.

The first derivatives also reflect the rate of change of
the spline’s position over time, which can be useful in
animation or motion modeling.

The second derivative, P”(x), is responsible for the
curvature of the spline. It describes how the slope of the
spline changes over time. To ensure a smooth transition,
the second derivatives must also coincide at the bounda-
ries of neighboring segments. This ensures that the curva-
ture of the spline does not change suddenly.

The second derivative also helps control the shape of
the spline, allowing you to create smooth curves and
avoid sharp turns. This is especially important in graphics
and modeling, where aesthetics are critical.

In physical simulations, the second derivative can cal-
culate the acceleration of objects moving along the spline,
allowing you to model realistic movements.

Thus, the first and second derivatives in splines pro-
vide smoothness, curvature control, and aesthetic appeal
of curves, making them essential tools in computer graph-
ics, animation, and modeling, especially in landscape con-
struction.

4 EXPERIMENTS

To conduct the experiments, a prototype game system
was developed for the post-apocalyptic game Broken
World Wandere Last Horizont, where players can ex-
plore, interact, and develop in a post-apocalyptic envi-
ronment.

However, during the development of the menu, a
problem arose with dropdown lists. The standard Drop-
down List used in Unity uses GrapiRaycaster by default,
which does not allow interactivity using a custom Ray-
caster system. This happens because GraphicRaycaster is
tied to the main camera and does not consider the interac-
tion through the new Raycaster. To solve this problem,
we created a custom component called CustomDropdown
based on TMP_Dropdown. It rewrote the interaction in
such a way as to disable GraphicRaycaster on the Drop-
down List element and replace it with a custom MashCol-
liderRaycaster with the transfer of parameters to the new
system. This approach ensures correct interaction with the
drop-down list within the created system, allowing you to
conveniently use the menu in the game, considering all
the effects of shaders and other interactivity on any sur-

face (Fig. 5).
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Figure 5 — The drop-down list

This approach is critical for creating more interactive
and realistic interfaces, especially in games with open
worlds or complex geometry. For example, in post-
apocalyptic or sci-fi game worlds where the player can
interact with large three-dimensional maps or objects, Ul
on a curved surface does not look artificial or discon-
nected from the environment. Instead, it seamlessly inte-
grates into the world, following the shape of the surface it
is placed on, making interaction more natural and attrac-
tive. With transparent textures and alpha channels, shad-
ers allow you to layer different textures that can adapt to
the surface while maintaining transparency and image
structure, allowing you to create more sophisticated gam-
ing interfaces.

It is worth noting the use of modified shaders for the
realization of roads and other elements that should natu-
rally follow the shape of the landscape. Using splines to
create roads allows them to be placed smoothly and or-
ganically in accordance with the contour of the cityscape,
ensuring realism and smooth transitions between different
segments. To do this, the redefined shader and the code
component responsible for width and smoothing dynami-
cally consider and display the spline zones. The modified
shader based on the spline ensures the correct repetition
of the shape of the road surface by passing the height pa-
rameter, allowing it to naturally “wrap” the terrain
(Fig. 6) while maintaining high-quality textures and de-
tails. This is especially important for games where land-
scape details play a significant role in the overall game
experience, such as racing, shooters, or adventure games,
or it makes it possible to use a spline to change the shape
of the landscape dynamically during the game.

Figure 6 — Passing a spline height parameter for a road

The modified shader overlays the height of the road,
taking into account the surface normals and its contours:

Shader ., g=Lerp(Texturepase, TeXxturegesi, Alpha
Chan-nel).
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Lerp is an alpha-channel-based texture interpolation to
create smooth transitions between road segments.

Using this approach allows you to place roads and
other landscape elements by the shape of the terrain, en-
suring realism and smooth transitions between road seg-
ments, i.e., giving smooth bends at their edges for greater
realism (Fig. 7).

[ ——

Figure 7 — Road on the landscape

In addition, modified shaders allow you to control tex-
ture updates in real-time, which can significantly improve
game performance. For example, the interface texture can
be updated on demand only when necessary, reducing the
load on the system and increasing optimization. This ap-
proach allows the implementation of an interface that can
adapt to any surface, such as a curved monitor panel in a
futuristic vehicle or an interface superimposed on a virtual
reality object.

In addition to improving interactivity, modified shad-
ers significantly impact the visual style of the game. They
allow you to achieve a new level of depth and detail in the
design of game environments, making them more believ-
able and rich. Well-chosen shaders can change the per-
ception of the game, making it unique and inimitable. For
example, in post-apocalyptic games like Metro Exodus,
the integration of complex shaders can emphasize the
abandonment and destruction of the environment by add-
ing detail to broken or warped objects.

The image in Figure 8 shows how cubic splines be-
have during the experiment.

PeanicTUuHICTh (iznuHKx etekTis (NoxigHi cnnainy)

-3 -2 -1 ] 2 2 3
x

Figure 8 — Realistic physical effects
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The curve shown in red (F(x)) shows smoothness, in-
dicating that the spline provides continuous and smooth
transitions between specified points. This is critical for
modeling physical phenomena where abrupt changes pro-
duce unrealistic results.

The green line (F'(x)) shows how the slope of the red
line changes. When the green line crosses the horizontal
axis, the red line becomes flat and changes direction. And
all this happens very smoothly, without jerks.

The blue line (F'(x)) shows the linear change in cur-
vature, i.e., how the red line’s curvature changes. This
change occurs evenly in cubic splines, as if in a straight
line. This demonstrates their ability to accurately model
curvature where precise control of the curve shape is re-
quired.

5 RESULTS

The use of standard GraphicRaycaster is unacceptable
because it depends on the main camera and cannot receive
information directly from the interactive object. Based on
the obtained intersection coordinates, the position on the
canvas is determined, and a list of controls is generated
for further processing.

A custom component based on BaseRaycaster was
developed to ensure correct and efficient interaction with
the canvas. The proposed component solves this problem
by determining the point of intersection of the beam com-
ing out of the camera with the physical surface of the
canvas. The implementation includes an algorithm for
searching for beam intersections with colliders using a
mathematical formula and further processing the found
elements, considering their depth to ensure correct inter-
action.

This approach allows for creating an interface on an
arbitrary curved static surface, opening up vast possibili-
ties for use in various games and interactive scenarios.

6 DISCUSSION

The problem of Ul interactivity on uneven surfaces is
relevant in modern game development, especially in
open-world games, where complex geometric shapes are
often used.

The presented research focuses on developing and op-
timizing graphical user interfaces in a 3D gaming envi-
ronment, particularly on curved surfaces. Custom rails
and modified shaders were used to solve the problem of
Ul interactivity on uneven surfaces. The proposed
method, using mathematical formulas to determine the
intersection of the ray with a physical surface, provides
accurate localization of UI elements. This is consistent
with studies [9] emphasizing the importance of accurate
geometry and optimized rasterization pipelines. In both
the study and article [9], accurate geometry is key to
achieving high-quality results. In the study, accurate ge-
ometry is used to calculate ray intersections, and in [9], it
is used to generate shading intervals.

The study used modified shaders to create roads that
smoothly follow the contours of the landscape. This dem-

onstrates the effectiveness of using splines and cubic
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polynomials. The review notes that shaders are critical in
creating realistic visual effects [1, 3].

The study’s results confirm the effectiveness of using
shaders to create realistic roads that smoothly follow the
contours of the landscape. The use of splines and cubic
polynomials allows for a high level of detail and natural-
ness of display.

The use of shaders allows for significant optimization
and increased performance, which is important in creating
immersive gaming environments.

The proposed approach achieves a high level of detail
and smooth transitions, essential for open-world games.
This is consistent with research [5], which proposes im-
provements to ray tracing algorithms to improve image
quality and performance.

CONCLUSIONS

In summary, the use of rendered textures and modified
shaders allows you to create more realistic game scenes
with a high level of immersion and adds visual harmony
between the interface and the game world. Spline tech-
nology and advanced shaders significantly impact interac-
tivity, performance, and game style, providing smooth-
ness, realism, and visual appeal.

The use of rendered textures and modified shaders
significantly improves the integration of the interface into
the game environment, providing a more organic interac-
tion between the player and UI elements. This opens new
possibilities for creating complex game worlds with inter-
active Ul on non-standard surfaces, such as curved panels,
monitors, or books. Another important aspect is the im-
provement of performance and the ability to adapt tex-
tures during the game.

This paper presents a comprehensive approach to de-
signing UI for curved surfaces and using modified shaders
to create realistic roads and other landscape elements.

The scientific novelty of the research is developing
and successfully applying a ray-cast component using
splines to provide efficient and intuitive interaction with
the user interface on complex, curved 3D surfaces. This
innovative approach solves the problem of the limitations
of standard rake tools, which cannot adequately handle
interaction with objects on uneven surfaces. Achieve high
accuracy in determining the points of intersection of the
beam with the surface and their projections by using
mathematical spline models for detailed modeling of
curves. Ensure reliable identification of active interface
elements, considering their depth and possible overlap,
which is key to creating an intuitive user interface.

The obtained results have practical significance be-
cause the developed and modified shaders can adapt tex-
tures during the game, which is an essential aspect for
achieving high performance.

Further research is needed to develop methods for
automatically adapting Ul elements to the geometry of
curved surfaces, which will greatly simplify the process
of creating UI for complex objects.

The study results can be used to create more realistic
and interactive virtual worlds.
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AHOTANLIA

AKTyaibHicTh. KpruBomniHiiiHi MOBEpXHI € CKIaJHUMHE TS BiTOOpa)XeHHsI Ha TIIOCKOMY eKpaHi. Po3poOka intepdeiicy mist Takux moBe-
PXOHB € aKTyaJIbHOIO 3aJjaueto, sika MoTpedye BHUpILIeHHs Oarathox mpobsieM. Y naHiid poOoTi mpencraBieHo miaxia a0 po3pooku Ul mis
KPHBOJIIHIHHUX IOBEPXOHb, & TAKOXK MOAUDIKALlis MeHaepiB A1 CTBOPEHHS PealicTUYHUX eIeMeHTiB JaHamadTy. O0’€KTOM HOCHiIKEHHS
€ po3poOka iHTepeiicHOi CHCTEeMH Ha OCHOBI KACTOMHOTO peiKacTa /st 3a0e3MeueHHs] IHTepaKTHBHOCTI Ta 3aHYPEHHsI y ITPOBHiA CBIT.

Meta po6oru. OcHOBHa MeTa JaHOi pOOOTH TOJISATaE y CTBOPEHHI, BIOCKOHAJICHHI Ta aJanTallii meiaepiB Ha KPUBOJIHIHHUX MTOBEPX-
HSIX JUISL JOCATHEHHsI O11bIl e()eKTUBHOTO PEHJICPHHTY, 30epiralouu Mpy 1bOMy BUCOKY SIKICTb Bizyauizawil.

Merton. Po3po6ka Ul mist kpuBomiHIHHNX HOBEPXOHB MOTpedye BpaxyBaHHS ocobnuBocTeil reomerpii. s BupimeHHs miei npobiemu
Oy1i0 po3poOiieHO KacTOMHHI KOMIOHEHT Ha 0a3i BaseRaycaster, sikuit 103BOJIss€ BH3HAYATH MEPETHH MPOMEHS BiJ Kamepu 3 (Pi3HIHOIO
MOBEPXHEI. 3 METOr 3a0e3ledyeHHs] KOPEKTHOI Ta e(EeKTHBHOI B3a€MOJIl 3 IMOJIOTHOM, PO3POOJICHO KACTOMHHMN KOMIIOHEHT Ha OCHOBI
BaseRaycaster. 3anponoHOBaHHi KOMIOHSHT BHPIIIy€e MpoOIeMy IULIXOM BU3HAUCHHS TOUKH IIEPETHHY IPOMCHS, 10 BUXOUTE 3 KaMepHy, 3
(hi3U9HOIO TOBEPXHEIO IONOTHA. Peanizanis BKitodae B cebe anropuT™ MOIIYKY NEPETHHIB IPOMEHS 3 KoIaifiepaMu 3a JOIOMOTOI0 MaTeMa-
TUYHOI (POPMYJIH Ta TIOAANBITY 0OPOOKY 3HAIICHUX EIIEMEHTIB 3 ypaxyBaHHAM iX TTHOMHM /Tt 3a0€3MeUeHHs] KOPEKTHOI B3aeMOIil. 3aBAsKu
L[BOMY HIJIXOy, 3’ SIBIISIETHCSI MOXKIIMBICTh CTBOPIOBATH iHTepdeiic Ha JOBUIBHIM KPUBil CTaTHYHIN MTOBEPXHi, IO BIJIKPUBAE IIMPOKI MOKIIH-
BOCTI 111 BUKOPHCTAHHS B Pi3HOMAHITHUX IrPOBUX Ta IHTEPAKTHBHUX CLICHAPIfX.

Pesyabrartu. [Ipeacrapnennit miaxia 1o po3podku Ul mis KpHBOMIHIHHUX MOBEPXOHb Ta BUKOPUCTAHHS MOAU(IKOBAHUX IICHICPIB J10-
3BOJISIE CTBOPIOBATH OLIBII IHTEPAKTUBHI Ta peanicTH4Hi iHTepdeiicu Ta irpoBi CBITH.

BucHoBKH. BukopucTaHHs CIUIaifHIB Ta MOAU(IKOBaHUX IIel/epiB 3a0e3Iedye po3TallyBaHHs TEKCTY Ha KPUBOJIHIIHIX HOBEPXHAX Ta
OpraHigHe PO3TallyBaHHS JOPIr Ta iHIINX €IEMEHTIB JaHAma(Ty BiAIOBIAHO N0 KOHTYpIiB MicumeBocTi. Lle# minxin € BaxIMBUM JUIS CTBO-
pEHHS irop 3 BIAKPUTUM CBiTOM ab0 CKIaqHOI reomerpiero, ne Ul Ha KpuBOMiHIiHINA TOBEPXHI BUIIISa€ IPUPOTHO Ta IHTETPOBAHO B cepe-
JIOBHIIIE.

KJIFOYOBI CJIOBA: po3po0ka irop, meiepy, clulaiit, peHJepuHr, KACTOMHUH paiikactep, KpUBOIIHIHHI MOBEPXHi, KOPUCTYBALbKHUI
iHTepdelic, Bizyamizamis.
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