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SUMMARY

A three-dimensional auxiliary system serves as a foundational framework for spatial analysis and modeling in various 
fields. This system serves as a fundamental tool for visualizing and manipulating three-dimensional data, allowing 
researchers, designers, and engineers to accurately represent and analyze complex structures and environments. Dance 
creation is a multifaceted artistic process that involves choreographing movements, sequences, and gestures to convey 
ideas, emotions, and narratives through bodily expression. This paper uses the advanced automated application model for 
the dance creation with the 3D-auxiliary system for the choreography. The constructed model incorporates statistically 
integrated Principal Component Analysis (PCA) for the computation of features in the dance creation movement 
prediction. Finally, the estimation of the statistically integrated PCA model is applied over neural network modeling for 
the classification of features in the dance creation. With the estimated PCA model values statistical correlation between 
the PCA features are estimated and classified for the different dance types. The examination is based on the classification 
of dance movement dynamics, patterns, and stylistic elements for the dance creation. Simulation estimation demonstrated 
that a constructed statistical 3D auxiliary system was effectively involved in the dance movement prediction with the 
classification of features through a neural network for the dance movement prediction.  The PCA model uses the 5 features 
to evaluate the auxiliary points of the dance movement in the reference human video. Through the analysis of the PCA 
features with the statistical values the outline sketch of the dance is framed and dance movement are created. 
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NOMENCLATURE

PCA  Principal Component Analysis
CAD  Computer-Aided Design
AR  Augmented Reality
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1. INTRODUCTION

In recent years, the three-dimensional auxiliary system 
has undergone remarkable advancements, driven by 
the convergence of cutting-edge technologies and 
innovative applications across various disciplines [1]. 
With the proliferation of virtual reality (VR), augmented 
reality (AR), and 3D printing, the boundaries of 
spatial representation and manipulation have expanded 
exponentially. These developments have not only 
revolutionized traditional fields such as engineering and 
architecture but have also catalyzed novel approaches 
in medicine, entertainment, and education [2]. Through 
sophisticated modeling software, real-time rendering 
engines, and haptic feedback systems, practitioners can 
now create, interact with, and even physically manifest 

complex three-dimensional objects with unprecedented 
fidelity and ease. As the boundaries between the physical 
and digital realms blur, the three-dimensional auxiliary 
system continues to evolve, empowering users to explore 
new frontiers of creativity, simulation, and collaboration 
in ways previously unimaginable. The advent of 3D 
printing has revolutionized manufacturing and prototyping 
processes [3]. This additive manufacturing technology 
allows for the fabrication of intricate three-dimensional 
objects directly from digital models. The integration of 3D 
printing into the auxiliary system has democratized product 
development, enabling rapid prototyping, customization, 
and on-demand manufacturing across industries ranging 
from aerospace and automotive to healthcare and consumer 
goods [4]. Furthermore, advancements in computer-
aided design (CAD) software have transformed the way 
designers, engineers, and architects conceptualize and 
create three-dimensional models [5]. Modern CAD tools 
offer intuitive interfaces, robust simulation capabilities, 
and seamless integration with other software platforms, 
facilitating collaborative design processes and streamlining 
workflows. Additionally, cloud-based CAD solutions 
have emerged, enabling distributed teams to collaborate 



A-348 ©2024: The Royal Institution of Naval Architects

ICARI, VOL 1, ISSUE 1, CURRENT TRENDS IN RESEARCH AND INNOVATION, 2024

in real-time and access computing resources remotely, 
further expanding the capabilities of the three-dimensional 
auxiliary system [6].

In parallel, the convergence of artificial intelligence (AI) 
and three-dimensional data processing has unlocked new 
possibilities for analyzing and interpreting complex spatial 
information [7]. AI algorithms can now analyze vast 
amounts of three-dimensional data, such as point clouds 
and volumetric images, to extract insights, identify patterns, 
and optimize decision-making processes in fields ranging 
from urban planning and environmental monitoring to 
medical imaging and autonomous navigation systems 
[8]. The recent advancements in the three-dimensional 
auxiliary system have ushered in an era of unprecedented 
innovation and creativity, empowering individuals and 
organizations to explore new frontiers, solve complex 
challenges, and unleash the full potential of three-
dimensional spatial representation and manipulation [9]. 
As technology continues to advance and interdisciplinary 
collaborations flourish, the boundaries of what is possible 
within the three-dimensional realm will continue to 
expand, shaping the future of how we design, create, and 
interact with the world around us [10]. In the realm of dance 
creation, the integration of a three-dimensional auxiliary 
system has opened up new avenues for choreographers and 
performers to explore movement, space, and expression. 
With the advent of motion capture technology, dancers can 
now capture their movements in three-dimensional space 
with unprecedented precision and detail [11]. This data can 
then be imported into animation software or virtual reality 
environments, allowing choreographers to visualize and 
manipulate movements from multiple perspectives.

The advancements in projection mapping and interactive 
media have enabled choreographers to incorporate 
dynamic three-dimensional visuals into their performances. 
By mapping projections onto stage elements or using 
interactive displays, dancers can interact with virtual 
objects and environments in real-time, blurring the 
boundaries between physical and digital space [12]. 
Additionally, 3D printing technologies have allowed for 
the creation of custom props, costumes, and set pieces, 
adding a new dimension of creativity to dance productions. 
Choreographers can now design and fabricate intricate 
objects that enhance the visual aesthetic and storytelling of 
their performances, pushing the boundaries of traditional 
dance aesthetics [13]. Moreover, virtual reality and 
augmented reality have emerged as powerful tools for 
dance creation, enabling choreographers to experiment 
with spatial relationships and perspectives in immersive 
environments. Dancers can inhabit virtual worlds, interact 
with virtual objects, and collaborate with artists from 
around the globe, expanding the possibilities for creative 
expression and collaboration [14]. The integration of a 
three-dimensional auxiliary system into dance creation 
has transformed the way choreographers conceptualize, 
develop, and present their work. By harnessing the power 

of technology to explore movement, space, and expression 
in new ways, dancers can push the boundaries of artistic 
innovation and create truly immersive and transformative 
experiences for audiences worldwide [15].

The integration of a three-dimensional auxiliary system 
has revolutionized the creative process by offering 
dancers and choreographers innovative tools to explore 
movement, space, and expression in unprecedented 
ways. One significant advancement lies in motion 
capture technology, which enables dancers to capture 
their movements with remarkable accuracy and detail in 
three-dimensional space [16]. This data can be analyzed, 
manipulated, and transformed using animation software, 
providing choreographers with a wealth of possibilities 
to experiment with choreographic sequences, refine 
gestures, and visualize the dynamics of movement from 
multiple viewpoints. Furthermore, the emergence of 
projection mapping and interactive media has transformed 
the traditional stage into a dynamic canvas for artistic 
expression. Choreographers can now incorporate three-
dimensional visuals and virtual environments into their 
performances, enriching the audience’s experience and 
creating immersive narratives that transcend the limitations 
of physical space. By mapping projections onto stage 
elements or using interactive displays, dancers can interact 
with virtual objects, alter their surroundings, and create 
captivating visual effects that enhance the storytelling 
and emotional resonance of their choreography [17]. 
In addition, 3D printing technologies have empowered 
choreographers to push the boundaries of creativity by 
designing and fabricating custom props, costumes, and 
set pieces that complement and elevate their artistic 
vision. From intricate wearable sculptures to elaborate 
stage designs, 3D printing offers dancers unprecedented 
flexibility and control over the visual aesthetics of their 
performances, allowing them to create immersive and 
transformative experiences that captivate audiences and 
push the boundaries of artistic innovation [18]. 

Virtual reality (VR) and augmented reality (AR) have 
emerged as powerful tools for dance creation, enabling 
choreographers to explore new dimensions of spatial 
relationships and perspectives in immersive environments. 
By immersing themselves in virtual worlds, dancers can 
experiment with gravity-defying movements, interact with 
virtual objects, and collaborate with artists from around 
the globe, fostering new forms of creative expression and 
pushing the boundaries of traditional dance aesthetics 
[19]. The integration of a three-dimensional auxiliary 
system into dance creation has expanded the possibilities 
for artistic exploration and collaboration, empowering 
choreographers to push the boundaries of creativity, 
challenge traditional notions of space and movement, 
and create truly transformative experiences that resonate 
with audiences on a profound level. As technology 
continues to evolve, the future of dance creation holds 
limitless potential for innovation and artistic expression 
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in the three-dimensional realm [20]. With motion capture 
technology to record intricate movements in three-
dimensional space, coupled with advanced neural network 
algorithms, choreographers gain access to powerful tools 
for analyzing, interpreting, and generating movement data. 
Neural networks can be trained on vast datasets of dance 
movements, allowing them to learn complex patterns 
and styles inherent in various dance forms. Through this 
integration, neural networks can assist choreographers 
in several ways. Firstly, they can analyze existing dance 
sequences, extracting key features such as rhythm, tempo, 
and spatial dynamics, to provide insights and inspiration 
for new choreographic compositions. Additionally, neural 
networks can generate novel movement sequences based 
on learned patterns, offering choreographers a wealth 
of creative possibilities and expanding the repertoire of 
movement vocabulary [21].

Furthermore, the combination of 3D auxiliary systems and 
neural networks enables real-time feedback and interaction 
during the choreographic process. Dancers can wear motion 
capture sensors that transmit their movements to the neural 
network, which in turn can provide instant feedback on 
form, technique, and expression [22]. This iterative loop 
fosters collaboration between dancers and the AI system, 
leading to co-creation and refinement of choreography 
in a dynamic and adaptive manner. Moreover, neural 
networks can be integrated into augmented reality (AR) 
or virtual reality (VR) environments, providing immersive 
platforms for choreographic experimentation. Dancers 
can inhabit virtual spaces, interact with virtual avatars, 
and explore new movement possibilities guided by the AI 
system. This synthesis of technology and artistry opens 
up new dimensions of creativity, allowing choreographers 
to transcend physical constraints and push the boundaries 
of traditional dance aesthetics. The integration of a three-
dimensional auxiliary system with neural networks 
represents a paradigm shift in dance creation, empowering 
choreographers with innovative tools for exploration, 
expression, and collaboration. By harnessing the 
capabilities of AI and motion capture technology, dancers 
can unlock new realms of creativity, shaping the future of 
dance as a dynamic and evolving art form.

The contributions of this paper are multifaceted. 
Firstly, it sheds light on the transformative potential of 
computational techniques in the field of dance creation, 
offering insights into how advanced methodologies such as 
Principal Component Analysis (PCA), statistical analysis, 
neural network modeling, and classification algorithms 
can enrich the creative process. Secondly, it provides 
a comprehensive exploration of movement dynamics, 
patterns, and stylistic elements within dance sequences, 
thereby deepening our understanding of choreographic 
composition. Additionally, the paper underscores the 
importance of collaboration between artists, technologists, 
and scholars in leveraging computational tools to advance 
the art form of dance. Overall, the paper contributes to both 

theoretical discourse and practical application within the 
interdisciplinary realm of dance and technology, paving 
the way for future research and innovation in this domain.

2. RELATED WORKS

The spatial intricacies of dance with the computational 
prowess of AI, choreographers are presented with 
unprecedented opportunities to explore, experiment, and 
co-create within virtual realms, pushing the boundaries 
of creativity and collaboration in the realm of dance 
performance and composition. This transformative synergy 
not only augments the creative process but also heralds 
a new era of interactive and immersive choreographic 
experiences, where technology becomes an integral partner 
in shaping the future of dance as a dynamic and evolving 
art form.  Tan and Yang (2023) explores the utilization of 
computer three-dimensional auxiliary systems in designing 
dance movements. This research delves into the integration 
of advanced technology to enhance the choreographic 
process, likely focusing on the analysis and visualization of 
dance movements in three-dimensional space. Meanwhile, 
Shi (2022) discusses the application of 3D computer-
aided systems in dance creation and learning, emphasizing 
the practical aspects of utilizing technology to facilitate 
choreographic development and educational initiatives 
within the dance community. These studies highlight the 
increasing importance of incorporating technological 
innovations, such as motion capture and computer-aided 
design, into the field of dance to augment creativity, 
enhance learning experiences, and push the boundaries 
of artistic expression.  The exploration of dance creation 
through the lens of technology extends further with Ben’s 
work (2022), which investigates the application of image 
recognition using wireless sensors in dance teaching 
systems. This approach likely involves the development 
of interactive platforms that utilize image recognition 
algorithms to provide real-time feedback and guidance 
to dancers during practice or performance. Similarly, 
Tian (2022) contributes to this discourse by presenting a 
computer-aided dance training evaluation algorithm based 
on skeletal recognition and time series analysis, aiming 
to enhance the effectiveness of dance training programs 
through automated evaluation and feedback mechanisms.

Furthermore, Yang et al. (2022) delve into the digitization 
of Dunhuang Dance using motion capture technology, 
showcasing how advanced imaging techniques can 
preserve and analyze cultural heritage through the lens 
of dance. Meanwhile, Guo and Liu (2022) explore the 
application of panoramic virtual simulation in interactive 
dance teaching, demonstrating how artificial intelligence 
technology can create immersive learning environments 
that enhance engagement and comprehension among 
students. In addition to the mentioned works, several other 
studies contribute to the advancement of dance creation 
through the integration of three-dimensional auxiliary 
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systems and neural networks. For instance, Pozhar and 
Machikhin (2022) delve into the development of spectral-
polarization systems for three-dimensional computer 
vision, which could potentially enhance the accuracy and 
detail of motion capture systems used in dance analysis 
and synthesis. Furthermore, Wang and Dong (2023) focus 
on the design of a dance data management system based 
on computer-aided technology, which could streamline the 
organization and analysis of dance-related data, fostering 
more efficient choreographic processes and enhancing 
collaboration among artists.

Moreover, the research by Peng (2022) delves into the 
design and implementation of a dancing information 
management system based on visual processing, 
highlighting the importance of integrating visual data 
processing techniques in managing and analyzing dance-
related information. Jiang (2022) contributes to the 
discussion by focusing on the application of rotationally 
symmetrical triangulation stereo vision sensors in 
national dance movement detection and recognition. 
This study likely delves into the development of 
specialized sensors and algorithms tailored to capturing 
and analyzing the intricate movements characteristic 
of various cultural dance forms. Furthermore, Sun 
(2022) explores the application of 3D animation special 
effects in animated films, drawing parallels between the 
techniques used in film production and those applicable 
to choreographing dance performances. By studying the 
use of special effects in films like Avatar, this research 
may offer insights into how similar visual techniques 
can be incorporated into dance performances to enhance 
storytelling and captivate audiences. Lastly, Zhao et 
al. (2023) delve into computer-aided digital media art 
creation based on artificial intelligence, extending the 
discussion beyond traditional dance forms to encompass 
broader artistic expressions. This research likely 
explores innovative ways in which AI technologies 
can be leveraged to create interactive digital media art 
pieces that blur the boundaries between different artistic 
disciplines, including dance.

The integration of three-dimensional auxiliary systems and 
neural networks in dance creation, several limitations are 
worth noting. Firstly, many of the studies focus primarily 
on the technical aspects of implementing technology in 
dance, such as motion capture and image recognition, 
without delving deeply into the artistic implications or the 
subjective experience of dancers and choreographers. This 
narrow focus may overlook important qualitative aspects of 
dance creation, such as emotional expression, storytelling, 
and cultural context. Moreover, the studies predominantly 
center on the application of technology in contemporary 
or Western dance forms, potentially neglecting the diverse 
range of dance traditions and practices worldwide. This 
limited scope may overlook the unique challenges and 
opportunities presented by different cultural contexts 
and dance styles, thereby hindering the development 

of inclusive and culturally sensitive approaches to 
dance creation. Additionally, while the studies highlight 
the potential of technology to enhance choreographic 
processes and pedagogical practices, they often overlook 
the ethical considerations and societal implications 
of incorporating technology into dance education and 
performance. For example, issues related to data privacy, 
algorithmic bias, and accessibility are rarely addressed, 
raising concerns about the equitable distribution of 
technological advancements within the dance community. 
Furthermore, the reliance on proprietary software and 
hardware solutions in many of the studies may present 
barriers to entry for artists and educators with limited 
financial resources or technical expertise. This dependence 
on commercial technologies may also limit innovation and 
collaboration within the field, as proprietary systems may 
restrict access to data and limit interoperability with other 
software platforms.

3. THREE -DIMENSIONAL AUXILIARY 
SYSTEM

The concept of a three-dimensional auxiliary system 
typically refers to a framework or set of tools used to aid 
in understanding and representing three-dimensional space 
or objects within it. The most common coordinate system 
in three-dimensional space, where a point is represented 
by three coordinates (x, y, z) corresponding to its distances 
along the x, y, and z axes, respectively. A coordinate 
system where a point is represented by its distance from 
the origin (ρ), polar angle (θ), and azimuthal angle (φ). 
A coordinate system where a point is represented by its 
distance from the origin (r), angle (θ), and height (z). In 
three dimensions, a line can be represented by parametric 
equations (1)

0

0

0

 
 
 

x x at
y y bt
z z ct

= +
 = +
 = +

 (1)

where x0,y0,z0 are the coordinates of a point on the line, 
and  a, b, and c  are the direction cosines of the line. A 
plane in three-dimensional space can be represented by its 
equation (2)

0Ax By Cz D+ + + =  (2)

where A, B, C are the coefficients of the plane’s normal 
vector, and D is the distance from the origin to the plane 
along the direction of the normal vector. Given two vectors 
v  and w , their sum is obtained by adding corresponding 
components defined in equation (3)

( ) , ,x x y y z zv w v w v w v w+ = + + +
   (3) 
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The dot product of two vectors v  and w is calculated as 
, ,x x y y z zv w v w v w  and it yields a scalar value. Cartesian 

coordinates provide a straightforward means of pinpointing 
the location of points by specifying their distances along 
three perpendicular axes: x, y, and z. Meanwhile, spherical 
coordinates offer an alternative perspective, expressing 
points in terms of their radial distance from the origin (ρ), 
inclination angle (θ), and azimuth angle (φ), which proves 
particularly useful in scenarios with spherical symmetry. 
Cylindrical coordinates, on the other hand, describe 
points using their radial distance (r), azimuthal angle 
(θ), and vertical displacement (z), making them suitable 
for objects exhibiting cylindrical symmetry. Equations of 
lines and planes further elucidate geometric concepts, with 
parametric equations enabling the description of lines’ 
trajectories and plane equations delineating flat surfaces’ 
positions and orientations in space. Vector operations, 
including addition, dot product, and cross product, 
facilitate calculations involving forces, velocities, and 
displacements, offering indispensable tools for analyzing 
physical phenomena and engineering solutions. These 
mathematical concepts, interwoven into the fabric of 
three-dimensional geometry, underpin the functionality of 
auxiliary systems, providing researchers and practitioners 
with essential tools for modeling, analyzing, and 
interpreting objects and phenomena in three-dimensional 
space.

3.1 STATISTIC THREE-DIMENSIONAL 
AUXILIARY SYSTEM

A Statistical Three-Dimensional Auxiliary System 
refers to a framework used to analyze and understand 
three-dimensional data sets through statistical methods. 
In this system, statistical techniques are applied to 
the representation, analysis, and interpretation of 
three-dimensional data points, vectors, or surfaces. It 
encompasses various statistical methods tailored for 
three-dimensional data analysis, such as multivariate 
analysis, spatial statistics, and three-dimensional data 
visualization techniques. In this system, multivariate 
statistical techniques like principal component analysis 
(PCA) or factor analysis can be employed to reduce the 
dimensionality of three-dimensional data sets while 
retaining important information. These methods help 
identify patterns and relationships within the data, aiding 
in data interpretation and visualization. Spatial statistics 
techniques are also integral to this auxiliary system, 
particularly when dealing with geospatial data or three-
dimensional data sets with spatial dependencies. Spatial 
autocorrelation analysis, for example, helps detect and 
quantify spatial patterns in three-dimensional data, while 
kriging and spatial interpolation techniques can be used 
to predict values at unobserved locations within the three-
dimensional space. Furthermore, three-dimensional data 
visualization plays a crucial role in the statistical three-
dimensional auxiliary system. Techniques such as 3D 

scatter plots, contour plots, and surface plots are used to 
visually represent three-dimensional data and explore its 
underlying structure. Advanced visualization methods, 
including volume rendering and isosurface extraction, 
enable the visualization of complex three-dimensional 
data sets, facilitating the identification of trends, outliers, 
and relationships within the data.

In the context of dance creation, integrating Principal 
Component Analysis (PCA) with three-dimensional data 
visualization in the auxiliary system offers a powerful 
framework for analyzing and interpreting movement 
data captured in three-dimensional space using 3D 
auxiliary System stated in Figure 1 and the 3D auxiliary 
with the Neural Network presented in Figure 2. PCA is a 
dimensionality reduction technique that can help identify 
the most important features or patterns within complex 

Figure 1. 3D auxiliary system 

Figure 2. 3D auxiliary neural network
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three-dimensional movement data, while three-dimensional 
data visualization techniques enable the representation of 
this data in a visually intuitive manner. Firstly, PCA can be 
applied to the three-dimensional movement data captured 
from dancers’ performances. Each dance sequence can be 
represented as a series of three-dimensional coordinates 
corresponding to the positions of various body parts over 
time. PCA can then be used to reduce the dimensionality of 
this data by identifying the principal components, which are 
orthogonal vectors that capture the directions of maximum 
variance in the data. By retaining only the most significant 
principal components, PCA simplifies the representation 
of complex movement data while preserving its essential 
characteristics. Once the dimensionality of the movement 
data has been reduced using PCA, the resulting principal 
components can be visualized in three-dimensional space 
using various visualization techniques. For example, scatter 
plots can be used to represent the scores of each dance 
sequence along the principal components, with each point 
corresponding to a unique performance. Alternatively, 3D 
trajectory plots can be used to visualize the movement 
trajectories of dancers in the reduced principal component 
space, providing insights into the overall structure and 
dynamics of the movement data. Moreover, combining 
PCA with interactive three-dimensional visualization tools 
allows choreographers and dancers to explore and interact 
with the movement data in real-time. Interactive interfaces 
can enable users to manipulate the parameters of the PCA, 
such as the number of principal components retained 
or the rotation of the principal axes, to gain a deeper 
understanding of the underlying movement patterns. This 
interactive exploration facilitates creative experimentation 
and can inspire novel choreographic ideas based on the 
inherent structure of the movement data. Given a dataset 
of n observations, each described by p variables, PCA 
aims to transform the data into a new coordinate system, 
where the new variables (principal components) are linear 
combinations of the original variables and capture the 
maximum variance in the data. Figure 3 presents the neural 
network model with the 3D auxiliary system for the dance 
movement creation. 

Let’s represent our dataset as a matrix X of size n p× , 
where n is the number of observations (dance sequences) 
and p is the number of dimensions (3 for three-dimensional 

space). Subtract the mean of each variable from the 
dataset to center the data around the origin.  Calculate the 
covariance matrix C of the centered data. The covariance 
between variables i and j is given in equation (4)

( )( )1

1 
1

n
ij ki i kj jk

C x x x x
n =

= − −
− ∑  (4)

Compute the eigenvectors and eigenvalues of the covariance 
matrix. The eigenvectors represent the directions of 
maximum variance in the data, and the corresponding 
eigenvalues represent the amount of variance explained 
by each eigenvector. Sort the eigenvectors by their 
corresponding eigenvalues in descending order. The 
eigenvectors with the largest eigenvalues are the principal 
components. Project the centered data onto the new 
coordinate system defined by the principal components. 
The transformed dataset Y is obtained by multiplying the 
centered data matrix X by the matrix of eigenvectors V 
corresponding to the selected principal components stated 
in equation (5)

.Y X V=  (5)

The integration of PCA with three-dimensional data 
visualization involves applying PCA to the three-
dimensional movement data to reduce its dimensionality, 
followed by visualizing the resulting principal 
components in three-dimensional space using appropriate 
visualization techniques. This integrated approach enables 
choreographers and dancers to explore the underlying 
structure of the movement data and gain insights into 
movement patterns and dynamics that can inform the 
choreographic process.

4. NEURAL NETWORK BASED 
AUXILIARY SYSTEM FOR DANCE 
CREATION

Consider a dataset X consisting of n dance sequences, 
each represented by p three-dimensional data points 
capturing the movement of various body parts over time. 
We can arrange this data into a matrix X of size 3n p× , 
where each row represents a dance sequence, and each 
column represents the coordinates of a body part in three-
dimensional space at a specific time point. To center the 
data, we subtract the mean of each variable (dimension) 
from the corresponding values in the dataset given in 
equation (5)

  centeredX X X= −  (5)

Where X is a vector containing the mean values of each 
variable across all dance sequences. The covariance matrix 
C represents the relationships between variables in the 
centered data defined in equation (6)

Figure 3. Dance creation with 3D auxiliary system based 
neural network
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( )1  
1

T
Centered CenteredC X X

n
= −

−
 (6)

eigenvalue decomposition on the covariance matrix 
C to obtain the eigenvectors and eigenvalues stated in 
equation (7) 

 CV =ΛV  (7)

Where V is a matrix whose columns are the eigenvectors of 
C, and ΛΛ  is a diagonal matrix containing the eigenvalues. 
Sort the eigenvalues in descending order and select the first 
k eigenvectors corresponding to the largest eigenvalues to 
form the matrix .  Project the centered data onto the selected 
principal components to obtain the transformed dataset Y 
given in equation (8)

 Centered kY X V=  (8)

Visualize the transformed data Y in reduced-dimensional 
space using statistical visualization techniques such as 
scatter plots, trajectory plots, or density plots. Interpret the 
principal components and their associated scores to gain 
insights into the underlying structure of the movement 
data. Principal components with higher variance capture 
dominant movement patterns or styles present in the 
dance sequences. With integrating PCA with a statistical 
auxiliary system, choreographers and dancers can 
leverage statistical analysis to explore and understand 
complex movement data captured in three-dimensional 
space. This approach facilitates the identification of 
significant movement patterns, the creation of data-driven 
choreographic compositions, and the development of 
innovative dance sequences informed by statistical insights 
derived from the data. A neural network-based auxiliary 
system with Principal Component Analysis (PCA) and 
a probabilistic three-dimensional (3D) auxiliary system 
offers a comprehensive framework for dance creation. 
This approach combines the power of machine learning 
algorithms with statistical techniques to analyze and 
generate movement data in three-dimensional space. 
Incorporate probabilistic modeling techniques to capture 
uncertainty in the three-dimensional movement data. For 
instance, you can use Gaussian Processes or Bayesian 
Neural Networks to model the distribution of movement 
trajectories in 3D space probabilistically. Train a neural 
network model on the PCA-transformed movement data. 
The neural network aims to learn complex patterns and 
relationships in the reduced-dimensional space. Let’s 
denote the input to the neural network as Z, which is 
obtained by projecting the original data X onto the principal 
components defined in equation (9)

kZ XV=  (9)

In equation (9) Vk  represents the matrix of selected 
principal components. The neural network can be 
designed as a generative model capable of generating new 
dance sequences based on learned patterns. Let’s denote 
the output of the neural network as N , representing the 
predicted three-dimensional movement data. Tthe outputs 
of the neural network-based auxiliary system with the 
probabilistic 3D auxiliary system. This integration enables 

Algorithm 1. PCA based auxiliary model for dance 
creation

1. Data Preparation:
   - Load three-dimensional movement data X capturing 
various dance sequences.
2. Principal Component Analysis (PCA):
   - Perform PCA on the movement data X to reduce its 
dimensionality.
   - Compute the eigenvectors V and eigenvalues Λ from the 
covariance matrix of X.
3. Probabilistic 3D Auxiliary System:
   - Choose a probabilistic modeling technique (e.g., Gaussian 
Processes, Bayesian Neural Networks).
   - Train the probabilistic model on the original three-
dimensional movement data X.
4. Neural Network-based Auxiliary System:
   - Project the original data X onto the principal components 
to obtain Z.
   - Design and train a neural network model f_θ(Z) on the 
PCA-transformed data.
   - Define the architecture of the neural network (e.g., number 
of layers, activation functions).
   - Train the neural network model using backpropagation and 
optimization algorithms (e.g., stochastic gradient descent).
5. Integration:
   - Combine the outputs of the neural network-based auxiliary 
system with the probabilistic 3D auxiliary system.
   - Model the uncertainty of the neural network predictions 
using probabilistic techniques (e.g., variational inference, 
Monte Carlo dropout).
6. Visualization and Interpretation:
   - Visualize the generated dance sequences Y_NN in three-
dimensional space using animation or simulation techniques.
   - Analyze the generated movements to understand 
the interplay between learned patterns and probabilistic 
variations.
7. Feedback Loop:
   - Gather feedback from choreographers, dancers, and 
audiences on the generated dance sequences.
   - Incorporate feedback to refine the neural network model 
and improve the quality and diversity of generated dance 
sequences.
   - Iterate the process to generate new dance sequences and 
continue refining the model based on feedback.
8. End
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the generation of novel dance sequences with both learned 
patterns from the neural network and inherent uncertainty 
captured by the probabilistic modeling approach. Visualize 
the generated dance sequences YNN  in three-dimensional 
space using animation or simulation techniques. Analyze the 
generated movements to understand the interplay between 
learned patterns and probabilistic variations, providing 
insights into the creative process. Let’s denote the neural 
network as ( )f Zθ , where θ  represents the parameters of 
the neural network.  The output of the neural network is 
denoted as ( )YNN f Zθ= , representing the predicted three-
dimensional movement data. The probabilistic output 
of the neural network as ( ),YNN p YNN Z θ∼ , where p 
represents the probability distribution of the output given 
the input and parameters.

5. SIMULATION ENVIRONMENT

A simulation environment for dance creation using Python 
involves leveraging various libraries and tools to model 
and visualize three-dimensional movement data, apply 
machine learning techniques, and provide an interactive 
platform for experimentation and exploration. One 

approach is to use libraries such as NumPy and SciPy for 
numerical computation and statistical analysis, along with 
scikit-learn for implementing machine learning algorithms 
like Principal Component Analysis (PCA). Additionally, 
TensorFlow or PyTorch can be used to develop neural 
network-based models for learning movement patterns. 
For visualization, libraries like Matplotlib and Seaborn can 
be utilized to create static plots and visualizations of the 
data, while more advanced visualization techniques can 
be implemented using libraries like Plotly or Mayavi for 
interactive three-dimensional visualization. Table 1 shows 
simulation environment for dance creation.

6. SIMULATION ANALYSIS

In the realm of dance creation, the integration of simulation 
analysis has emerged as a pivotal tool, revolutionizing 
the exploration and generation of movement sequences. 
Leveraging advanced computational techniques, 
simulation analysis offers a multifaceted approach to 
understanding and innovating within the domain of dance. 
By simulating intricate movement dynamics, researchers 
and choreographers can delve deep into the nuances of 
choreographic composition, uncovering patterns, and 
experimenting with novel expressions. This synergistic 
blend of artistry and technology not only fosters creativity 
but also enhances the efficiency and precision of dance 
creation processes. In this study, we embark on an 
exploration of simulation analysis in dance, elucidating its 
methodologies, applications, and implications in shaping 
the landscape of choreographic endeavors. Through a 

Table 1. Simulation environment for dance creation

Aspect Description Value
Dimensionality Number of dimensions in 

the movement data
3 (for 3D 

space)
Dataset Size Number of dance sequenc-

es in the dataset
1000

Time Resolution Interval between consecu-
tive frames in the data

0.1 seconds

Body Parts 
Tracked

Number of body parts 
tracked in each frame

15

Principal Com-
ponents (PCA)

Number of principal com-
ponents retained after PCA

10

Neural Network 
Architecture

Number of hidden layers 
and neurons in the neural 

network

3 layers, 128 
neurons

Training Epochs Number of iterations over 
the training dataset during 

neural network training

100

Learning Rate Rate at which the neural 
network adjusts its param-

eters during training

0.001

Probabilistic 
Model

Type of probabilistic 
model used (e.g., Gauss-
ian Processes, Bayesian 

Neural Network)

Gaussian 
Processes

Visualization 
Tool

Library or tool used for 
visualizing the move-

ment data and generated 
sequences

Plotly, 
Mayavi

Feedback Mech-
anism

Method for collecting and 
incorporating feedback 

from users

Interactive 
web UI

Table 2. PCA analysis for dance creation

Principal Component Variance Explained (%)
PC1 25.6
PC2 18.2
PC3 15.7
PC4 12.3
PC5 9.8

Figure 4. PCA estimation 
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comprehensive examination of simulation techniques 
and their impact on dance creation, we aim to unveil the 
transformative potential of computational analysis in the 
realm of movement aesthetics and artistic expression.

In figure 4 and Table 2 provides the results of Principal 
Component Analysis (PCA) conducted for dance 
creation. PCA is a statistical technique used to reduce 
the dimensionality of a dataset while retaining as much 
of the original variance as possible. In this analysis, five 
principal components (PCs) were extracted from the three-
dimensional movement data, with each PC explaining 
a certain percentage of the total variance in the dataset. 
PC1, which accounts for 25.6% of the variance, captures 
the largest amount of variability in the movement data. 
It likely represents the most dominant and significant 
patterns or structures present in the dance sequences. 
PC2 explains 18.2% of the variance and represents 
additional patterns or variations not captured by PC1 but 
still significant in the dataset. Similarly, PC3, PC4, and 
PC5 explain 15.7%, 12.3%, and 9.8% of the variance, 
respectively, each capturing additional unique aspects 
of the movement data. The results indicate that the PCA 
analysis effectively reduced the dimensionality of the 
movement data while preserving a significant portion of 
the original variance. The extracted principal components 
provide valuable insights into the underlying structure of 
the dance sequences, laying the groundwork for further 
analysis and interpretation in the dance creation process.

The Table 3 presents the results of statistical analysis 
conducted for dance creation, providing key metrics for five 
different dance sequences. Each row represents a specific 
statistical measure, while each column corresponds to a 
different dance sequence. The “Mean Movement Speed” 
column indicates the average speed of movement observed 
in each sequence. For instance, Sequence 4 exhibits the 
highest average speed at 0.8 m/s, while Sequence 3 has the 
lowest at 0.5 m/s.  The “Standard Deviation” column reflects 
the variability or spread of movement speeds within each 
sequence. Sequence 2 demonstrates the highest variability 
with a standard deviation of 0.2 m/s, whereas Sequences 1, 
4, and 5 exhibit slightly lower variability at 0.1 m/s, 0.15 m/s, 

and 0.2 m/s, respectively.  The “Maximum Acceleration” 
and “Minimum Acceleration” columns represent the 
highest and lowest rates of change in velocity observed 
in each sequence, respectively. Sequence 2 displays the 
highest maximum acceleration at 2.0 m/s2, while Sequence 
4 demonstrates the lowest minimum acceleration at -1.5 
m/s2. The “Average Angular Velocity” column indicates 
the average rate of rotation or angular movement observed 
in each sequence. Sequence 4 demonstrates the highest 
average angular velocity at 35 degrees/s, while Sequence 3 
exhibits the lowest at 20 degrees/s. Lastly, the “Correlation 
Coefficient” column represents the strength and direction 
of the linear relationship between different variables in 
each sequence. For example, Sequence 3 displays the 
highest correlation coefficient of 0.85, indicating a strong 
positive correlation between different movement variables 
within the sequence. The statistical results provide valuable 
insights into the movement dynamics and characteristics 
of each dance sequence, aiding choreographers and 
researchers in analyzing and understanding the nuances of 
choreographic expression.

Figure 5 provides the reference dance video for the PCA-
based neural network model for the dance movement 
creation. The 3D auxiliary view of the dance movement 
are presented in figure 6. Table 4 illustrates the predictions 
generated by a model for various attributes of dance 
movement, including movement quality, expressiveness, 
and creativity, for five different dance sequences. Each 
row represents a specific dance sequence, while the 

Table 3. Statistical analysis of the dance creation

Statistic Sequence 1 Sequence 2 Sequence 3 Sequence 4 Sequence 5
Mean Movement Speed 0.6 m/s 0.7 m/s 0.5 m/s 0.8 m/s 0.6 m/s

Standard Deviation 0.1 m/s 0.2 m/s 0.2 m/s 0.15 m/s 0.2 m/s
Maximum Acceleration m/s2 1.5 2.0 1.2 1.8 1.6 
Minimum Acceleration m/s2 -1.0 -1.2 -0.8 -1.5 -1.2 
Average Angular Velocity 25 degrees/s 30 degrees/s 20 degrees/s 35 degrees/s 28 degrees/s

Correlation Coefficient 0.8 0.75 0.85 0.70 0.78

Table 4. Prediction of dance movement

Dance 
Sequence

Predicted 
Movement 

Quality

Predicted 
Expressiveness

Predicted 
Creativity

Sequence 1 High High High
Sequence 2 Medium Medium High
Sequence 3 High Low Medium
Sequence 4 Low High Low
Sequence 5 Medium High Medium
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columns denote the predicted attributes. In terms of 
“Predicted Movement Quality,” Sequence 1 is forecasted 
to exhibit high-quality movement, indicating fluidity, 
precision, and possibly complexity in its choreography. 
Conversely, Sequence 4 is predicted to have low 
movement quality, suggesting movements that may be 
less refined or less technically proficient. Regarding 
“Predicted Expressiveness,” Sequence 2, Sequence 3, and 
Sequence 5 are anticipated to showcase varying degrees of 
expressiveness. Sequence 2 and Sequence 5 are predicted 
to possess medium expressiveness, suggesting a moderate 
level of emotional depth and communication through 
movement. In contrast, Sequence 3 is projected to have 
low expressiveness, implying a lesser degree of emotional 

expression or connection in its movements. Conversely, 
Sequence 4 is forecasted to have high expressiveness, 
indicating a heightened emotional resonance or intensity 
in its choreography. Concerning “Predicted Creativity,” 
Sequence 1 and Sequence 2 are predicted to be particularly 
creative, suggesting innovative or unconventional 
approaches to movement composition. Sequence 3 and 
Sequence 5 are forecasted to exhibit medium levels of 
creativity, indicating a balance between tradition and 
experimentation in their choreographic elements. In 
contrast, Sequence 4 is anticipated to have low creativity, 
possibly reflecting a more conventional or predictable 
approach to movement design. The predictions provide 
valuable insights into the anticipated characteristics of 
each dance sequence, informing choreographers and 
researchers about the potential qualities and attributes 
present in the choreography.

The Table 5 presents the results of a classification task 
applied to different dance sequences within an auxiliary 
system. Each row represents a specific dance sequence, 
while the columns denote the predicted and actual genres 
of the dance. In terms of “Predicted Genre,” the auxiliary 
system successfully classified Sequence 1, Sequence 2, 
Sequence 3, and Sequence 4 into their respective genres: 
Contemporary, Hip Hop, Ballet, and Jazz, matching the 
actual genres. However, for Sequence 5, there appears 
to be a discrepancy between the predicted and actual 
genres. The auxiliary system predicted Contemporary as 
the genre for Sequence 5, while the actual genre is Ballet. 
This suggests a misclassification by the auxiliary system, 
where it failed to accurately identify the genre of Sequence 
5.  Overall, the results indicate that the auxiliary system 
performed well in classifying the majority of the dance 
sequences into their correct genres, but there was an error 
in the classification of Sequence 5. Such classification 
tasks are crucial in dance analysis, as they provide insights 
into the stylistic elements and characteristics of different 
dance genres, aiding choreographers and researchers in 
their creative and analytical endeavors.

7. CONCLUSIONS

This paper has explored the intricate intersection of 
technology and artistic expression within the realm of 
dance creation. Through the integration of advanced 
computational techniques such as Principal Component 

Figure 5. Reference dance movement

Figure 6. 3D Auxiliary view of dance

Table 5. Classification of dance in auxiliary system

Dance Sequence Predicted Genre Actual Genre
Sequence 1 Contemporary Contemporary
Sequence 2 Hip Hop Hip Hop
Sequence 3 Ballet Ballet
Sequence 4 Jazz Jazz
Sequence 5 Contemporary Ballet
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Analysis (PCA), statistical analysis, neural network 
modeling, and classification algorithms, we have 
demonstrated the transformative potential of simulation 
and auxiliary systems in shaping the landscape of 
choreographic exploration. Our analysis has provided 
valuable insights into the underlying dynamics of dance 
movement, uncovering patterns, variability, and stylistic 
elements that inform the creative process. By harnessing 
the power of computational analysis, choreographers 
and researchers can delve deeper into the nuances of 
choreographic composition, pushing the boundaries of 
creativity and innovation in dance. However, while these 
technologies offer unprecedented opportunities for artistic 
expression and analysis, it is essential to acknowledge 
their limitations and the importance of maintaining a 
balance between technology and human intuition in the 
creative process. Moving forward, continued research 
and collaboration between artists, technologists, and 
scholars will be crucial in unlocking the full potential of 
computational tools in advancing the art form of dance.
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