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IMPROVED RENDERING METHOD OF SKELETAL ANIMATION BASED ON
CONTROL POINTS

During the research, analysis and improvement of visualization methods for human skeleton animation in the Blender 3D
environment were carried out, particularly based on control points for limb movement control. Current research builds on an
investigation of skeletal animation methods, focusing on the use of control points for managing limb movements. It thoroughly
considers the relevance and significance of the chosen topic and its impact on creating realistic and effective visual projects in the
modern world of digital graphics and reproduction. The research includes an analysis of the impact of sample quantity on the frame
transitions smoothness and the rendering time to achieve a balance between quality and efficiency. It also involves refining the
method through adaptation for execution on a GPU graphic processor.

Studied Blender 3D engines (EEEVE and Cycles) allowed to analyze rendering performance on different computational
architectures — CPU and GPU depending on sample values (60 and 128), frame number (250, 500, and 1000), and also the frame
frequency at a rate of 30 frames per second. The goal of the research was an achievement of optimal balance between
performance and realism in animation details reproduction. Three experiments were done to reach this goal and make the following
conclusion: graphical processor utilization through the Cycles engine demonstrated a rendering acceleration of 43%, ranging from
minimal to maximum settings. In the same time, the acceleration of the hybrid system via the EEVEE engine showed an
acceleration of 15.2% only.

By combining two important methods - frame-by-frame animation and using different sample counts - it was achieved a
significant improvement in the quality and realism of displaying motion and dynamics of skeletal animation. Such an approach
allowed a significant reduction in the rendering time of skeletal animation.

Keywords: animation, computer graphics, image, three-dimensional image, acceleration, graphics processor, computing,
Blender

Omnecst BAPKOBCBKA, Onekcannp BIJITYEHKO, I'eopriit YBAPOB

XapKiBchKHil HALIIOHATBHUN YHIBEPCHTET PaIi0CIeKTPOHIKH

Tumyp MAKYIIIEHKO

[NpuBaTHwHii 3aKnag BULIOT OCBiTH "XapKiBCbKHil TexHOJOTIuHMH yHiBepcuTeT "Llar""

BIOCKOHAJIEHU METO/I BI3YAJI3ALIII CKEJTETHOI AHIMAIIII HA OCHOBI
KOHTPOJIbBHUX TOUOK

B Xo4i AOC/TMWKEHHST Oy/I0 MPOBEAEHO aHa/li3 Ta BAOCKOHAJ/IEHHS METO4IB BI3ya/i3alii aHiMauli CKenety JioanHn B
cepegosulyi Blender 3D, 30kpema Ha OCHOBI KOHTDOJIbHUX TOYOK AJIS1 YIpPaB/IiHHS PyXOM KiHLIBOK. B AaHivi poboTti rposBegeHo
AOCTKEHHS] METOLIB CKEIETHOI aHimauii, 6asytoucs Ha BUKOPUCTAHHI KOHTDOJIbHUX TOYOK, AJ1S KEPYBAHHS DYXOM KiHLIBOK.
HoKnagHo po3rnsgaacTbCcs 3aTpebyBaHiCTb Ta aKTyasIbHICTb 06PaHoi Temy Ta if BIVIMB HA3 CTBOPEHHS PEAJTICTUYHNX Ta €QEKTUBHUX
Bi3ya/lbHUX IPOEKTIB Y Cy{aCHOMY CBITi Un@poBoI rpagikv 1a BiATBOPEHHS. PobOTa BK/IIOYAE aHasli3 BI/IMBY KiIbKOCTI CEMIT/IIB Ha
M/1aBHICTb 1EPEXOAIB MK KaApamu Ta 4ac BUKOHAHHS Bi3yani3auli 415 AOCIrHEHHS 6anaHcy MK SKICTIO Ta €QEKTUBHICTIO, @ TaKOX
BAOCKOHA/IEHHS] METOAY 3a PaXyHOK aAantalii 4/15 BUKOHaHHS Ha rpagidHomy ripoyecopi GPU.

Hocnimxysari asuryHu Blender 3D (EEEVE 1a Cycles) aamm 3mMory rpoaHasnizyBatvl poayKTUBHICTE PEHAEPUHTY HA PI3HNX
obyncmoBasibHux apxirektypax — CPU 1a GPU y 3a/1eXHOCTI Bif 3HaYEHHSX CEMIIIB, Lo CTaHoBwm 60 Ta 128, Ki/IbKOCTi Kagpis, Lo
cranosum 250, 500 ta 1000, a Takox Yactora Kkagpis i3 nosHaykowo 30 Kaapis Ha cekyHay. MeTor AociKkeHHS 6y/10 JOCArHEHHS
OnTUMAsIbHOro 6anaHcy MK LBUAKOZIEID Ta PEaiCTUYHICTIO y BIATBOPEHHI JeTaned aHimauii. s AOCSrHeHHs Metv 6ysio
[IPOBEAEHO TPU EKCIIEPUMEHTY, PE3Y/IbTATU SIKUX [10K33a/M HACTYIHE: BUKOPUCTaHHS rpagiyHoro rpoyecopa 3a A[OMOMOrow
asuryra Cycles nokazasno pe3y/ibTaT MPUCKOPEHHS DEHAEPUHIY HA 43%, MOYUHAEIOYMN 3 MIHIME/IbHUX [TOKA3HUKIB 4O MAKCUMAE/IbHOIO,
B TOM Yac 5K MPUCKOPEHHS rBpuAHOI CUCTEMM 38 AOITOMOroro ABuryHa EEVEE OKa3aso rmpucKOpeHHs /mwe Ha 15,2%.

388459k MOEAHAHHIO ABOX BaXX/MBUX METOLIB - MTOKaAPOBOI aHIMALi T@ BUKOPUCTaHHS PI3HOI KiflbKOCTi BUOIpOK - 6yJ10
AOCArHYTO 3HAYHOIO OKPALUEHHS SKOCTI Ta PeasiiCTUYHOCTI BIAOBPaXEHHS PyXy Ta ANHAMIKU CKEETHOI aHiMauli. Takmid rigxig
A03BO/INB 3HAYHO CKOPOTUTU Yac PEHAEPUHIY CKE/IETHOI aHiMalli.

Kto4oBi cioBa: aHimMauis, KOMIMIOTEPHE rpagika, 300DaXEHHS, TPUBUMIDHE 306PaXEHHS, PUCKOPEHHS], pagidHmi
npoyecop, obuncneHrHs, Blender

Introduction

Skeletal animation is an important and influential sphere within the world of computer graphics and visual
effects. It takes a crucial role in creating impressive visual representations, whether it's for video games, animated films,
architectural visualization, or scientific research, VR [1-2]. Exactly skeletal animation is responsible for creating realistic
movement and expressions in digital objects, making this topic important and relevant for many practical spheres
(figure 1).

Current research explores methods of visualizing the skeletal animation process, based on the use of control
points to manage limb movements [3]. It examines the importance of this topic and its impact on creating realistic
and effective visual projects in the modern world of digital graphics [4-6] and reproduction.
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Skeletal animation is a technique in computer animation, where the representation of a character consists of
two parts: an external appearance (handled by the polygonal mesh) and a tree of interconnected bones (skeleton)
necessary for animating the mesh [6-7]. The skeleton is a hierarchical structure of connected bones, used to control
the movement of objects in a 3D environment. One of the differences between image recognition or image analysis
systems and 3D skeletal animation systems is that there is no need for deep learning of noise reduction techniques

(8]

Applications of skeletal animation

Fig.1. The significance of skeletal animation in various applied fields

Besides the technique is typically used for animating people and organic objects in general, its purpose is to
make the animation process more intuitive, allowing the same methods to practically control the deformation of any
object - either it a door, a spoon, or a galaxy.

Inverse kinematics allows creation of more natural movements of objects, by controlling the limbs and
skeleton joints (figure 2) [9-10].

Fig. 2. Existing techniques of skeletal animation

The tools for skeletal animation include:
— keyframes determine the moments in time, where the positions and rotations of the skeleton bones are set;
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— animation curves define how the position and rotation of the skeleton change between keyframes;

— controllers are important components of skeleton animation in 3D graphics. Some controllers may be
linked to others, creating a hierarchical structure for skeleton control. Interpolation determines how controllers move
between keyframes to create smooth and realistic motion;

— animation environments such as Blender, Autodesk Maya, Cinema 4D provide tools for skeleton
animation.

Related works

The selection of an editor for the future research is based on the following criteria (Table 1):

— cost and availability;

— functionality;

— animation system;

— integration and rendering;

— hardware requirements.

Blender 3D: Blender is completely free and open-source software, available to all users. It is a
multifunctional editor that includes tools for 3D modeling, texturing, animation, rendering, and many other
objectives [9-10]. Blender also has a powerful skeletal animation system with support for inverse kinematics (1K)
and bone systems. It provides the capability to perform rendering and compositing in a single software tool. And it
can run on various computers, including less powerful ones, due to its low resource requirements.

Autodesk Maya, Cinema 4D, ZBrush, 3ds Max are commercial software, and the cost of licenses can be
high for individual users or studios. All of them have a wide range of functionality, but they may require an
integration with other programs to perform specific tasks (e.g., for rendering and compositing). They may require
powerful workstations for efficient work with large and complex projects.

Autodesk Maya talso has a powerful animation system with built-in tools for realistic object movement.

Cinema 4D provides tools for creating complex animations using inverse kinematics.

ZBrush, ta 3DS MAX: These programs also support animation, but their main function is modeling and
texturing.

Table 1
Comparative characteristics of the editors
Editor Cost Functionality Animation system | Integration and rendering Hal_'dware
requirements
Blender 3D Free 3D_-mo_de|mg, textqrmg, Skeletal animation Rendering and compositing Low_ resource
animations, rendering system requirements
Autodesk 71263.20 Require an integration with Skeletal animation | Require an integration with More powerful
Maya uah. other programs system other programs workstations
. 32784,00 Require an integration with Skeletal animation | Require an integration with More powerful
Cinema 4D /
uah. other programs system other programs workstations
ZBrush 17 336.59 Require an integration with Skeletal animation | Require an integration with More powerful
uah. other programs system other programs workstations
64 681,00 Require an integration with Skeletal animation | Require an integration with More powerful
3ds Max -
uah. other programs system other programs workstations

Creating a 3D model of a human skeleton based on control points in Blender 3D is a process that involves
the utilization of various tools and techniques to create an animated skeletal structure, which serves as the basis for
realistic character animation.

Various elements are used in this process. Such as the armature (skeleton), control points, and objects that
are connected between each other, for creating dynamic and natural movements of the character in virtual space.
Control points play an important role, allowing animators to effectively control the movement and behavior of the

skeleton.

Using Blender 3D for this process provides a wide range of tools for modeling armatures, placing control
points, and interacting with animated objects. Blender's integrated features simplify the rigging and animation
processes, allowing animators to focus on the creative process of creating lively and expressive characters.

Such kind of modeling opens up broad possibilities for creating realistic animations, from gaming
entertainment content to virtual architectural tours or even scientific visualizations.

In conclusion, for the purpose of the research, the choice of editor for 3D skeletal animation was settled on
Blender 3D, as it is a free and powerful tool. However, other programs also have their advantages and may be ideal
for specific tasks and professional requirements.

To achieve this goal, the following issues have to be covered:

Aims and tasks of the work
The purpose of this research is to improve the method of visualizing human skeletal animation in the
Blender 3D environment based on control points by combining frame-by-frame animation and sampling.
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— problem area review;

— adaptation of the proposed approach for accelerated skeleton animation on different types of computing
systems (massively parallel system and hybrid computing system);

— experimental investigation to determine the impact on the smoothness of transitions between frames by
the number of samples;

— experimental investigation to determine the impact on the visualization execution time by the number of
samples;

— proposed solution testing;

— obtained results analysis.

The further development of the research involves the exploration of skeleton animation algorithms.
Expanding the capabilities of the adapted method for different types of animations and scenarios. Studying the
potential of using machine learning and artificial intelligence to improve animation quality. Exploring new
optimization approaches for further productivity enhancement.

Results and Discussion
Creating a 3D model of the human skeleton based on control points in Blender 3D is a task that involves
several key stages (figure 3) [14]. The stages of this process are described below in detail:
— model and interface preparation;
— armature (skeleton) creation;

— control system development;
— rigging and testing.

STAGE 1 STAGE 4
oMo b, L i ey
EE a8
STAGE 2 STAGE 3
- Amature (skeleon)reaion NEEE SRk R
= @ EE
)

Fig. 3. Stages of skeleton animation development

The first stage of the process of creating a 3D model of the human skeleton in Blender 3D involves
preparation, which includes loading the human model and activating the necessary tools.

This stage aims to create a basic environment for further work, where the model will be ready for creating
skeletal armature and placing control points. The loaded model and prepared environment will form the foundation
for the subsequent stages of the animation process in Blender 3D.

In the second stage of the creation process, the character's movement structure is determined, by the
creation of the primary armature or skeleton (figure 4).
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Fig.4. Model and interface preparation stage

This stage aims to create the basic skeletal structure and control points that will be used for further
animation work. The armature defines the basic form of movement, while the control points allow active control of
the character's behavior and expressions.

The third stage of the 3D model creation process of the human skeleton in Blender 3D, involves control
system development. It includes setting up control objects, configuring motion constraints, and preparing for the
subsequent stages of animation (figure 5).

\ -4

Fig. 5. Skeleton creation stage

This stage is aimed at creating a stable control system that allows animators to effectively control character
movements. Establishing a connection between control points and the armature is crucial for further animation and
provides the opportunity for creative influence on the liveliness and expressiveness of the character.

The fourth stage of this process involves an animation and detailed motion tuning. This stage allows the
keyframes assignment, to create smooth transitions between movements, and enhance the animation with additional
effects (figure 6).

Fig. 6. Control system development stage
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The animation and movement adjustment stage is the final stage in the animation process and allows create
lively and expressive movement for the 3D model of the human skeleton (figure 7). Careful motion tuning and the
use of various effects add realism and dynamism to the animation.

_/

Fig. 7. Animation and movement adjustment stage

The performance of skeleton animation visualization depends on the processor speed, integration and
compatibility of graphic cards, driver compatibility, and RAM, among other factors. The advantage of rendering on
the CPU is the ability to access a large amount of RAM memory, allowing the user to easily render scenes with a
large amount of data. The advantage of rendering on the GPU is the ability to free up CPU resources for other tasks
while providing high rendering performance. It’s possible due to support of special graphics processing technologies
such as CUDA or OpenCL, which efficiently utilize the computational power of the GPU for rendering, using a
significantly larger number of cores and parallel computing units.

When processing complex scenes (many objects, detailed geometry, lighting and shadows, textures and
materials), the GPU provides a more advantageous rendering time difference.

One of the main challenges of the traditional method of skeleton animation in Blender 3D is the increased
rendering time, especially for large or detailed scenes. This problem is important to address, as significant time costs
can limit the creative process and productivity.

Method of control points Method of inverse kinematics

|

Armature
. Body
F1gure model
Human
model
Skeletal
animation
Cru GPuU
Fig. 8. Functional diagram of the proposed approach for accelerating an animation
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One way to reduce rendering time, with saving high animation quality as is to optimize renderer parameters
through some changes in the workflow (figure 8):

1. Reducing the number of samples for managing lighting and shadows can significantly reduce rendering
time without a noticeable loss of image quality

2. Rendering animation frame by frame instead of rendering the entire animation as a single block allows
controlling the rendering process and, if necessary, pausing or resuming the process without unnecessary system
load

3. Using the GPU also allows distributing the load across a large number of stream processors, achieving
acceleration.

The approximate model of the human body, which will be used in the study of skeleton animation, is shown
in the figure below.

3) ' b)

Fig. 9. a) human body model, b) skeleton animation armature

The foundation of the human body model consists of the skeleton armature, which is an invisible support
structure securely embedded in the virtual animated form (figure 9). The skeleton armature plays a critical role in
stabilizing and controlling the movement and dynamics of this digital representation of the human figure.

By combining two important methods - frame-by-frame animation and the use of varying numbers of
samples - it has been achieved a significant improvement in the quality and realism of displaying the movement and
dynamics of skeleton animation.

The first step in improving rendering was the utilizing of frame-by-frame animation. This method allows
for saving and reproducing animated images frame by frame, defining the exact position and state of each object in
each frame. The usage of this method has directly allowed for achieving a high level of realism in the movements,
but we aimed to go further.

The second key element of our approach was integrating the number of samples into the rendering process.
The number of samples determines how many times each point in the image or video is considered and calculated
for each color and lighting. Increasing the number of samples leads to more detailed and refined images, reducing
artifacts and improving quality. The combination of frame-by-frame animation and an optimal number of samples
has allowed to achieve an effect that goes beyond the capabilities of each method separately. Movements have
become smoother, details of animated objects have gained realism, and rendering time has been accelerated.

This approach to rendering skeleton animation is an example of how the integration of different methods
can lead to synergistic effects and significant improvement in the visual experience. Enhanced rendering of skeleton
animation opens up new possibilities for creating larger 3D objects.

Rendering engines
|

Fig. 10. Investigated computational architectures
Within the scope of the study, the setting of 250, 500 and 1000 frames were used to create frame-by-frame

animation. This volume allowed for analyzing the performance of movements processing and dynamics of skeleton
animation on various computational architectures with Blender 3D engines (figure 10).

MDKHAPO/IHUI HAYKOBUI JKYPHAJL ) 77
«KOMII’FOTEPHI CUCTEMMU TA IH®OOPMAILIUHI TEXHOJIOI'II», 2024, Ne 1



INTERNATIONAL SCIENTIFIC JOURNAL ISSN 2710-0766
«COMPUTER SYSTEMS AND INFORMATION TECHNOLOGIES»

To achieve maximum visualization quality and reduce artifacts, different numbers of samples (30, 60, 128,
256, 512) were considered in the preparatory stage. Increasing the number of samples to 512 results in extremely
smooth movements and invisible transitions between frames, providing a realistic character, but it requires more
computational resources. At the same time, experiments with 30 samples showed skeleton movements quite jerky
and unstable. The moments of movement seem somewhat discrete.

The investigated engines in Blender 3D (EEVEE and Cycles) allowed for analyzing the rendering
performance on different computational architectures - CPU and GPU depending on the sample values of 60 and
128, the number of frames of 250, 500, and 1000, as well as the frame rate labeled at 30 frames per second. The goal
of the research was to achieve an optimal balance between speed and realism in reproducing animation details.

The use of EEVEE under these parameters proved to be very effective in terms of rendering speed. The
characteristics described above showed that the EEVEE rendering engine, combined with the method of frame-by-
frame animation and variable sample count, accelerates the rendering of human skeleton animation up to 46.5% with
1000 frames and using 128 samples (table 2).

Table 2
The comparative values of rendering skeleton animation using the EEVEE engine in a hybrid computational
environment (CPU+GPU)

Number Number of Frames Rendering time for different animation formats, min
of processing Proposed method of rendering skeleton Traditional method of

frames samples frequency, FPS animation skeleton animation

250 60 0:01:25 0:02:05

128 0:07:55 0:12:50

500 60 30 0:04:16 0:07:21

128 0:15:34 0:27:45

60 0:09:23 0:16:27

1000 128 0:28:35 0:52:45

Changes in animation parameters (number of frames and samples) affect rendering speed. Increasing the
number of frames has a greater impact on rendering compared to changing the number of samples. Under the
specified conditions, the speed increase ranges from 39% to 46.5%, which makes the research results meaningful for
small model sizes. The percentage of rendering time using the combination of frame-by-frame animation and sample
count can be considered significant, but at small values of the number of frames and samples, the difference in
rendering time is not that big.

Table 3
Comparative values of rendering skeleton animation using the Cycles engine with CPU calculations

Rendering time for different animation formats, min

Number of Number of Frames - —
processing frames samples frequency, FPS Proposed method_ of rgndermg skeleton Traditional n_1eth(_)d of
animation skeleton animation
250 60 0:01:50 0:02:08
128 0:07:35 0:10:12
60 0:05:05 0:07:40
500 128 30 0:16:15 0:25:30
60 0:10:02 0:16:32
1000 128 0:29:45 0:51:27

The next investigated rendering engine in Blender is Cycles, which provides detailed and realistic rendering
of skeletal structures and movements. Cycles can utilize both GPU and CPU for parallel computation and rendering
acceleration.

Using the Cycles engine for CPU calculations showed that the combination of frame-by-frame animation and
sample count accelerates the rendering of human skeleton animation up to 42.5% with 1000 frames and using 128 samples
(table 3).

Under the specified conditions, the speed increase ranges from 26% to 42.5%. The percentage of rendering
time using the combination of frame-by-frame animation and sample count can be considered from medium to high,
depending on the number of frames and samples in animation rendering. Rendering using Cycles with CPU showed
a worse result than using the EEVEE engine in a hybrid computational environment, but these values are not
critically low, which makes the research results meaningful for small model sizes.

Using the Cycles rendering engine for GPU calculations with CUDA technology showed that the
combination of frame-by-frame animation and sample count accelerates the rendering of human skeleton animation
by up to 55% with 1000 frames and using 128 samples (table 4).
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Table 4

Comparative values of rendering skeleton animation using the Cycles engine with GPU calculations

Rendering time for different animation formats, min
Number of Number of Frames Pro 4 method of renderi Kelet Traditional method of
processing frames samples frequency, FPS posed method ot rendering skeleton raditional metnod o

animation skeleton animation

250 60 0:00:58 0:00:86

128 0:05:25 0:08:25

500 60 30 0:04:76 0:06:54

128 0:12:27 0:22:20

60 0:7:15 0:14:45

1000 128 0:22:67 0:50:25

The research allowed for identifying significant advantages of using the GPU, particularly CUDA

technology, compared to the central CPU during rendering skeletal animation in Cycles in Blender. The GPU
proved to be much more efficient in parallel computation, which is especially important when processing large
amounts of data, as in the case of skeletal animation. The CUDA technology enables the use of parallel computation

on thousands of graphic processor cores, which is a key factor in significant computation acceleration.
Table 5 presents summarized data for three performed experiments, demonstrating the advantage of
performing computations and rendering on the GPU over computations on the central processor.

Table 5

Analysis of the obtained acceleration along performing skeletal animation on different types of computational
systems on GPU, CPU, and on a hybrid computational system

Number of frames Number of samples Rendering acceleration
GPU CPU GPU+CPU
250 60 31% 26% 39%
250 128 34% 28% 40%
500 60 39% 32% 43%
500 128 45% 36.7% 44.2%
1000 60 50% 39% 45%
1000 128 55% 42.5% 46%

Considering the difference in productivity between GPU and CPU in rendering, it is important to choose
the computational resource correctly depending on the specific task. In case of skeletal animation, the GPU usage
with CUDA technology proves to be optimal (figure 11).

w CPU e GPU

00:12:00

00:08:00

00:04:00

EENDERING TIME

00:00:00

a)

250 500

GEPU+CPT

1000

NUMEER OF FRAMES

EENDERING TIME

00:30:00

00:20:00

00:10:00

00:00:00

CFU GFU

1] 250

500

GEPU+CPT

1000

NUMEER OF FRAMES

b)

Fig. 11. The comparative dependency graph of skeletal animation execution time to number of samples for CPU and GPU at: a) 60

samples; b) 128 samples

According to the research data, the rendering acceleration is determined not only by the workload (number
of frames and samples), but also by the type of computing system - GPU and CPU. With an increase in the number
of frames and samples, the rendering time also increases, but the acceleration ratio remains stable. The CUDA
technology, which utilizes the GPU, is significantly faster on its own, but using the CPU in combination with the
GPU (GPU+CPU) allows significant acceleration, especially with a small number of frames and samples. However,
as the number of frames and samples increases, rendering with CUDA technology is significantly more efficient
than a hybrid computing system.
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The development of technologies in the GPU field and the continuous improvement of the technical
characteristics of graphics cards can lead to even greater productivity growth and reduce rendering time.

Conclusions

During the research, analysis and improvement of visualization methods for human skeleton animation in
the Blender 3D environment were carried out, particularly based on control points for limb movement control. The
work includes an analysis of the impact of the number of samples on the smoothness of transitions between frames
and the visualization execution time to achieve a balance between quality and efficiency, as well as the improvement
of the method through adaptation for execution on the GPU.

The investigated engines of Blender 3D (EEEVE and Cycles) allowed for analyzing the rendering
performance on different computing architectures (CPU and GPU) depending on the sample values, set at values 60
and 128, the number of frames, set at 250, 500, and 1000, as well as the frame rate with a mark of 30 frames per
second. The aim of the research was to achieve an optimal balance between speed and realism in reproducing
animation details. To achieve this goal, three experiments were conducted, the results showed the following: the use
of the graphics processor using the Cycles engine gave a rendering acceleration result of 43%, starting from minimal
values to maximum, while the acceleration of the hybrid system using the EEVEE engine showed an acceleration of
only 15.2%.

By combining two important methods - frame-by-frame animation and using different sample counts - it
was achieved a significant improvement in the quality and realism of displaying motion and dynamics of skeletal
animation. Such an approach allowed a significant reduction in the rendering time of skeletal animation.
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