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Abstract. The article analyzes the features of choosing the polygonal model density level for a 

three-dimensional computer game. The concepts of triangulation, polygonal mesh density, and level 
of detail are described. The relevance of adjusting the density of the object's polygonal mesh is 
justified. The main types of game objects are defined. The dependence of the object surface’s number 
of triangles on the position, type and curvature of the figure, target style, platform and mode of the 
game, the total number of characters, the presence of animated transformations is examined. The 
features of calculating the curvature of a three-dimensional surface point, a polygonal mesh 
triangle’s vertex, and a whole triangle are analyzed. The method of determining the need for 
additional triangulation of a triangle based on the assessment of its overall curvature is described. A 
table that shows the typical sizes of polygonal models in popular three-dimensional computer games 
over the past decade has been constructed. The features of software tools for automatization of the 
surface’s level of detail selection are described. 

Key words: triangulation, curvature of figure, level of detail, polygonal model density. 
Introduction.  
The first major subsystem of the graphics pipeline for computer games scenes 

creating is the geometrical transformations subsystem [1]. One of the main steps of the 
stage is the formation of polygonal models [2] of scene’s objects. A common approach 
to creating polygonal meshes is triangulation, which lies in dividing the surface of a 
figure into triangles. One of the characteristics of the triangulation process, which 
significantly affects the productivity and realism of the game scene formation, is the 
density [3] of the final polygonal mesh. This characteristic is defined as the number of 
surface polygons relative to the size of the figure. The high density of the polygonal 
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model provides a highly realistic reproduction of the characteristics of the figure, but 
it does not always provide the possibility of dynamic graphics scene creation. 
Therefore, it is important to choose the optimal number of surface triangles for each 
frame’s object. 

Purpose of the work.  
The purpose of the article is to analyze the features of using different polygonal 

models density levels in three-dimensional computer games. 
Game objects conventionally can be divided into characters and props (weapons, 

cars). Game characters are the central objects of the game, so they are visualized in 
more details. Usually, characters are visualized in computer games using 10 - 100 
thousand triangles [4] (1 - 10 thousand for mobile games). 1-20 thousand triangles [4] 
are usually used to render game props (100-2 thousand for mobile games). 

Mobile game models are rendered with a smaller number of triangles due to the 
weaker computing capabilities of phones. 

The density of objects’ polygonal models depends on the target style [5] of the 
scene. If the goal is a photorealistic reproduction of the real world (for example, in 
Microsoft Flight Simulator), the surfaces of the figures are divided into the maximum 
reasonable number of triangles. If the goal is to form a stylized scene (for example, in 
Fortnite), the use of a relatively small number of triangles is necessary. 

The density of the polygonal model also depends on the location and number of 
objects [4] in the frame. In real time, it is possible to shade only a finite number of 
frame figures (and, accordingly, polygons). Therefore, the more objects are placed in 
the frame, the fewer triangles on average can fit a single object. 

Objects in the background of the scene have a small size, the increase in the 
number of triangles on their surfaces is often imperceptible to the player. Therefore, 
there may be a need to extract a significant number of microtriangles that do not affect 
the perception of the scene image. Different levels of detail are applied to objects for 
the efficient usage of computing resources [6]. The objects’ surfaces that are farthest 
from the camera are divided into a relatively small number of large triangles. The 
density of the polygonal model of the closest to the camera objects is the highest. It is 
recommended to reduce the number of triangles by 50% at each level of detail [6]. 

Game objects operating in the multiplayer mode [4] are characterized by 
additional restrictions on the number of surface triangles. In addition to rendering a 
large number of characters, computing resources are spent on updating the state of the 
game server. 

The number of polygonal model's triangles directly depends on the level of 
curvature of the object’s surface. To preserve the properties of complex curved 
surfaces, an increase in the number of surface triangles is necessary. The curvature of 
a three-dimensional surface at a point can be represented by Gaussian [7] or mean [7] 
curvature. The Gaussian curvature of the surface K  is calculated [8] as the product of 
the principal curvatures 1 2,k k  (the maximum and minimum curvatures of the object’s 
surface intersections with the normal planes) 
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The mean curvature H  is the mean value of principal curvatures. It is calculated 

using the formula [8] 
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The calculation of the curvature at the triangle’s vertex [9] is as follows. A vertex 
is selected around which a circle of triangles is positioned (Fig. 1). Then the Gaussian 
curvature is calculated according to the expression [9] 

2 jK
A

π θ− ∑
= , 

where jθ  - the angle of the adjacent to the vertex j th−  triangle, A  - the sum of the 
thirds of areas of the adjacent to the vertex triangles. 

The mean curvature at the triangle’s vertix [9] is calculated using the formula  
1 1 (cot cot )( )
2 2 ij ij j ip p

A
α β+ −∑ , 

where ,j ip p  - the positions of the adjacent and central vertex respectively, 
cot cotij ijα β+  - cotangent weights. 

 
Figure 1 – The data for triangle curvature calculation 

Source: [9] 
 

If the triangle has a large curvature, it can be divided into flatter triangles to 
simplify the shading procedure. The total curvature can be estimated by many methods. 

In the simplest case, the deviation of the sum of triangle’s angles from π  is used 
to estimate the total curvature of a triangle. 

One of the approaches is based on the analysis of a spherical triangle [10] formed 
from the normals AN



, BN


, CN


 of the polygon’s vertices. It is assumed that the normals 
of the triangle’s vertices come from a common point (Fig. 2a [10]). The curvature is 
large if the angles (Fig. 2 b [10]) between the edges of a spherical triangle are greater 
than the threshold value. To simplify the comparison of angles, it is possible to use 
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modules of vectors A B( N N ),−
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Figure 2 – The usage of triangle vertices’ normals for the calculation of 
triangle’s curvature 

Source: [10] 
 
If the polygonal model is deformed during scene animation, the number of surface 

triangles should not be too small. Otherwise, the loss of a smooth transition between 
different states of the object is possible. 

Table 1 provides information about the number of used surface polygons [11, 12] 
in famous computer games.  

 
Table 1 – The number of used surface polygons in famous computer games 

Game Year Number of used polygons 
Assassin's Creed 3 2012 Benjamin Franklin – 17 744 

Charles Lee - 25 994 
Mass Effect 3 2012 Shepard – 25 440 

EDI – 28 831 
Reaper – 121 021 

Castlevania: Lords of Shadow 
 

2013 Black knight – 21 718 
Cornell – 19 031 

Infamous Second Son 2014 Character – 120 000 
Call of Duty: Black Ops 3 2015 Futuristic Car – 29 150 

VTOL Aircraft – 67 154 
Crash Bandicoot N. Sane Trilogy 2017 Spaceship – 80 750 

Motorcycle – 59 483 
Vampyr 2018 Bed – 11 218 

Bookcase – 6 531 
Piano – 23 449 

Hell Let Loose 2018 Knife – 3 000 
Howitzer – up to 37 400 

Willis Jeep –up to 110 000 
Land Mine – up to 5 486 

Source: [11, 12] 
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As shown in the table, the number of surface polygons of characters and objects 
varies significantly depending on the characteristics and goals of the game. 

Another category of objects are test figures that are used to test the methods of 
game scenes redering. Usually, testing is done on figures of several levels of 
complexity. The quality of the simplest objects shading is checked on low-polygonal 
figures. For example, Sphere and Suzanne in Blender are built from 80 [13] and 968 
[14] triangles, respectively. For testing more complex models, the Utah teapot, types 
of which are built from 3488 – 145620 triangles [15], can be used. When testing the 
most complex shapes, the "Stanford Dragon" (1132830 triangles) or "Armadillo" 
(7500000 triangles) can be used [16]. 

Adjusting the densities of polygonal object models is a complex operation during 
game development. Therefore, technologies for automatic determination of the object's 
level of detail have been developed. For example, Nanite [17] in Unreal Engine 5 
facilitates the process of shading polygons in real time by dynamically optimizing the 
polygonal model. The downside of Nanite is that the technology only applies to static 
objects. 

Conclusions.  
To ensure the formation of the game frame in real time, it is necessary to adjust 

the density values of the polygonal object models. If the object is the central character, 
is located in the foreground, is characterized by high curvature, the density of its 
polygonal model is high. If the object is a background object, has a flat shape, then a 
small number of triangles is used. 
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Анотація. У статті проаналізовано особливості вибору рівня щільності полігональної 

моделі для тривимірної комп’ютерної гри. Описано поняття триангуляції, щільності 
полігональної сітки, рівня деталізації. Обґрунтовано актуальність налаштування щільності 
полігональної сітки об’єкта. Визначені основні типи ігрових об’єктів. Розглянуто залежність 
кількості трикутників поверхні об’єкта від положення, типу та кривизни фігури, цільового 
стилю, платформи та режиму гри, загального числа персонажів, наявності анімаційних 
трансформацій. Проаналізовано особливості обчислення кривизни точки тривимірної 
поверхні, вершини трикутника полігональної сітки, цілого трикутника. Описано метод 
визначення необхідності додаткової триангуляції трикутника на основі оцінки його загальної 
кривизни. Побудовано таблицю, що відображає типові розміри полігональних моделей у 
популярних тривимірних комп’ютерних іграх за останнє десятиріччя. Описано особливості 
програмних інструментів для автоматизації вибору рівня деталізації фігури. 
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Ключові слова: триангуляція, кривизна фігури, рівень деталізації, щільність 
полігональної моделі. 
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