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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. 

KEYWORDS: game development, shaders, spline, rendering, custom raycaster, curvilinear surfaces, user interface, visualization. 
 

ABBREVIATIONS 
UI – User Interface. 
 

NOMENCLATURE 
Cp is a position of the camera in 3D space; 
Cd is a direction of the beam from the camera; 
Cs is a parameters of the collider; 
Pc is a collider parameters; 
Pn is a normal parameters; 
S is a set of surfaces in 3D space, where each surface 

s   S has a collider Cs; 
Tw is a width of the canvas texture; 
Th is a height of the canvas texture; 
UI is a set of UI elements on the texture, where each 

element ui UI; 
Tc,min is a minimum coordinates on the texture; 
Tc,max is a maximum coordinates on the texture; 
Тpx is a coordinates of the intersection point on the tex-

ture of each UI element along the x-axis; 
Тpy is a coordinates of the intersection point on the tex-

ture of each UI element along the y-axis; 
z-depth is a depth of the element; 
Pi is a control points for creating splines; 
Ip  is a point of intersection of the ray with the surface; 
Tc is a coordinates of the intersection point on the tex-

ture; 
ui is a active UI element; 
Rc is a ray from the camera; 
Ipx is a coordinates of the intersection point on the sur-

face along the x-axis; 

Ipy 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)). 

 

 

  
Figure 1 – Step-by-step parameters of the raider: screen curvature (1); pixelation (2); noise (3); stripes on the screen (4); image dis-

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 

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). 

 
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: Ip=raycast(Cp,Cd,Pc); 

– identifying UI elements on the texture:  
UIlist=findUI(Tc); 

– processing interaction with UI elements: 
I=handleInteraction(UIactive); 

– determining the intersection of the ray with the sur-
face: Tc=project(Ip); 

– 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 GPUs, 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 

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 UI 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). 

 
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 UI elements on the texture, where 

each element ui   UI 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 UI element. 
Criteria: 
– Maximum accuracy of determining the intersection 

point; 
– Accurate projection of TC onto the texture; 
– Correct identification of the active UI 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): 
 

scp CRI  . (1)

 
The point of intersection is projected onto the fabric 

texture with the following coordinates: 
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The resulting coordinates Tc 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 UI system. In that 
case, we can compare the resulting point Tc with the coor-
dinates and dimensions of these elements on the texture. 

Let’s formalize the parameters of UI elements: Tc,min 
and Tc,max are the minimum and maximum coordinates of 
the UI element on the texture, defining its rectangular 
area. 

If the point Tc=(Tcx , Tcy) is within the UI element, then 
this element is active: 

 

max,min, ccc TTT  . (3)

If several UI 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: 

 
UIdepthelementdepthz  . (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 UI is determined by formula (2). Identifica-
tion of a UI element by formula (3), where 

 
 
 .,

,,

max,max,max,

min,min,min,

cycxc

cycxc

TTT

TTT




 (5)

 
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 UI 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 
z=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 UI is at this point. Since UI 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 UI 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 UI elements on a texture, we have sets 
of coordinates and depths: 

 
   nidepthzTT cycx ...,,2,1,,,  . (6)

 
I is an element of the texture, which varies from 1 to 

n. 

213



p-ISSN 1607-3274   Радіоелектроніка, інформатика, управління. 2025. № 4 
e-ISSN 2313-688X  Radio Electronics, Computer Science, Control. 2025. № 4 

 
 

© Sugonyak I., Marchuk G., Oleksiuk O., 2025 
DOI 10.15588/1607-3274-2025-4-19  
 

Step 2: Determining the active UI 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 Tc , the 
active UI element is determined by the following formula: 

 

 
 idepthzelementUIactive ,minarg  . (7)

 
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 UI elements. Since sev-
eral UI elements on the texture can overlap the same Tc 
point, selecting the element closer to the user is important. 
If several elements have the same Tc coordinate, the ele-
ment is selected using depth minimization. 

Each element, i, is checked to see whether its area in-
tersects the point Tc, 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: 

 

  dcxbxaxxF  23 . (8)

 
The coefficients a, b, c, 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)3P0+3(1–x)2xP1+3(1–x)x2P2+x3P3. (9)
 
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’(t), is calculated by the 
formula (5). 

 
P’(x)=–3(1–x)2xP0+[3(1–x)2–6(1–x)x]P1+ 

+[6(1–x)x–3(1–x)x2]P2+3x2P3. 
(10)

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

 
P”(x)=6(1–x)P0+[–6(1–x)+6x]P1+ 

+[6(1–x)–12x]P2+6xP3. 
(11)

 
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, UI 
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: 
 

Shaderroad=Lerp(Texturebase, Texturedetail, Alpha 
Chan-nel). 

(12)

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. 

 

 
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 UI 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 
UI 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 

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 UI 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 UI 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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АНОТАЦІЯ 
Актуальність. Криволінійні поверхні є складними для відображення на плоскому екрані. Розробка інтерфейсу для таких пове-

рхонь є актуальною задачею, яка потребує вирішення багатьох проблем. У даній роботі представлено підхід до розробки UI для 
криволінійних поверхонь, а також модифікація шейдерів для створення реалістичних елементів ландшафту. Об’єктом дослідження 
є розробка інтерфейсної системи на основі кастомного рейкаста для забезпечення інтерактивності та занурення у ігровий світ.  

Мета роботи. Основна мета даної роботи полягає у створенні, вдосконаленні та адаптації шейдерів на криволінійних поверх-
нях для досягнення більш ефективного рендерингу, зберігаючи при цьому високу якість візуалізації. 

Метод. Розробка UI для криволінійних поверхонь потребує врахування особливостей геометрії. Для вирішення цієї проблеми 
було розроблено кастомний компонент на базі BaseRaycaster, який дозволяє визначати перетин променя від камери з фізичною 
поверхнею. З метою забезпечення коректної та ефективної взаємодії з полотном, розроблено кастомний компонент на основі 
BaseRaycaster. Запропонований компонент вирішує проблему шляхом визначення точки перетину променя, що виходить з камери, з 
фізичною поверхнею полотна. Реалізація включає в себе алгоритм пошуку перетинів променя з колайдерами за допомогою матема-
тичної формули та подальшу обробку знайдених елементів з урахуванням їх глибини для забезпечення коректної взаємодії. Завдяки 
цьому підходу, з’являється можливість створювати інтерфейс на довільній кривій статичній поверхні, що відкриває широкі можли-
вості для використання в різноманітних ігрових та інтерактивних сценаріях. 

Результати. Представлений підхід до розробки UI для криволінійних поверхонь та використання модифікованих шейдерів до-
зволяє створювати більш інтерактивні та реалістичні інтерфейси та ігрові світи.  

Висновки. Використання сплайнів та модифікованих шейдерів забезпечує розташування тексту на криволінійних поверхнях та 
органічне розташування доріг та інших елементів ландшафту відповідно до контурів місцевості. Цей підхід є важливим для ство-
рення ігор з відкритим світом або складною геометрією, де UI на криволінійній поверхні виглядає природно та інтегровано в сере-
довище.  

КЛЮЧОВІ СЛОВА: розробка ігор, шейдери, сплайн, рендеринг, кастомний райкастер, криволінійні поверхні, користувацький 
інтерфейс, візуалізація. 
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