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Abstract: The purpose of this study is to explore the application of the integration of
biomechanics and artificial intelligence (Al) technology in the field of music therapy and its
impact on psychological rehabilitation. The results of the study show that the personalized
music composition method based on biomechanics and Al technology can effectively improve
the relevance and effectiveness of music therapy, and significantly promote the rehabilitation
of patients with anxiety, depression and other psychological disorders. By analyzing the
relationship between patients’ physiological and psychological data and music parameters, the
superiority of personalized music therapy in terms of psychological recovery indicators is
confirmed. The results of the study provide theoretical basis and practical guidance for the
innovative development of the music therapy field, pointing out the future research direction
of optimizing the Al model, expanding the scope of application and exploring the therapeutic
mechanism in depth. The integration of biomechanics and Al in music therapy presents a novel
approach to enhancing psychological rehabilitation. This addition will discuss the potential of
this interdisciplinary approach to offer more precise, tailored treatments that can adapt to the
individual needs of each patient in real-time. It will also address the ethical considerations and
potential challenges associated with the use of advanced technologies in therapeutic settings,
such as data privacy and algorithmic transparency.

Keywords: music therapy; biomechanics; artificial intelligence; personalized music
composition; psychological rehabilitation

1. Introduction

Music therapy, a non-invasive therapeutic tool, shows great potential in the field
of psychological rehabilitation [1]. This study not only deepens the understanding of
the application of Al in music therapy, but also highlights the advantages of this
method in improving therapeutic relevance and effectiveness through comparative
analysis with traditional music therapy and other Al-assisted therapies [2]. With the
development of science and technology, especially the rapid advancement of
biomechanics and artificial intelligence (Al) technology, the research and practice of
music therapy are ushering in new opportunities for development [3]. This study also
pays special attention to the ethical issues of patient data in personalized therapy to
ensure that privacy protection and ethical review are implemented in the research
process. Biomechanics, as a discipline that studies the laws of motion and deformation
of living organisms under the action of forces, is applied in music therapy mainly in
the precise monitoring and analysis of patients’ physiological responses and motor
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behaviors [4,5]. Through high-precision sensors and motion capture technology, the
physiological parameters and movement characteristics of patients in music activities
can be recorded in real time, providing objective data support for the evaluation of the
effect of music therapy and program optimization. The rapid development of Al
technology, especially the breakthroughs in machine learning, deep learning and other
algorithms, has made it possible to personalize the creation of music and the
formulation of intelligent treatment programs.Al is able to process a large amount of
biomechanical data, identify patient-specific physiological and psychological needs,
and then generate a music therapy program that meets individual characteristics [6,7].
This kind of music therapy that integrates biomechanics and Al technology not only
improves the relevance and effectiveness of treatment, but also provides a new
research direction for personalized treatment of psychological rehabilitation. The
purpose of this paper is to deeply explore the integration and application of
biomechanics and Al technology in music therapy, to analyze the impact of
personalized music creation on psychological rehabilitation, and to verify the scientific
and practicality of this emerging treatment through the latest research results and data
support [8]. The integration of biomechanics and Al in music therapy is a burgeoning
field that holds promise for revolutionizing the way we approach psychological
rehabilitation. This addition will discuss the potential of this interdisciplinary approach
to offer more precise, tailored treatments that can adapt to the individual needs of each
patient in real-time. It will also highlight the importance of considering the human
element in the development and application of these technologies, ensuring that the
therapeutic relationship remains at the core of the treatment process.

2. Literature review and theoretical framework

2.1. Literature review

Music therapy, as a non-pharmacological treatment, has achieved remarkable
results in the field of clinical psychological rehabilitation since the middle of the 20th
century. Initially, research focused on the emotion-regulating effects of music, while
in recent years, researchers’ attention has gradually shifted to the specific mechanisms
and clinical applications of music therapy [9]. It has been found that music therapy
has significant effects on the treatment of anxiety, depression, autism spectrum
disorders and other psychological disorders. The introduction of biomechanical
technology, through high-precision sensors and motion capture technology, provides
an objective basis for the effect assessment and program optimization of music therapy.
Acrtificial intelligence technology is also increasingly used in the field of music therapy.
Using machine learning and deep learning algorithms, researchers are able to analyze
the physiological and psychological data of patients to achieve personalized music
creation and intelligent treatment program development, which further promotes the
development of music therapy research. In recent years, researchers have compared
the effects of traditional music therapy with Al-based personalized music therapy [10].
While traditional music therapy mainly relies on the therapist’s personal experience
and the patient’s subjective feedback, Al-assisted personalized music therapy more
accurately matches the patient’s physiological and psychological needs through a data-
driven approach. The fusion approach proposed in this study demonstrates greater
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flexibility in dynamically adapting the treatment program compared to methods that
use only biomechanical techniques for monitoring. In this section, we will also explore
the historical evolution of music therapy, from its early use in healing rituals to its
modern application in clinical settings. This addition will provide a comprehensive
overview of how our understanding of music therapy has evolved over time and how
technological advancements have shaped its practice. It will also discuss the current
trends in research and the emerging themes that are guiding the future of music therapy.

2.2. Theoretical framework

Through the monitoring and analysis of patients’ physiological responses and
motor behaviors, biomechanical principles are used to construct a patient mechanics
model, revealing the mechanical interaction between the patient and the therapeutic
environment during the music therapy process, in order to gain a deeper understanding
of the effects of music therapy and its mechanism of action. The application of
artificial intelligence technology in music therapy, including music feature extraction,
deep learning model construction and personalized music generation, enables
personalized customization of the treatment plan and improves the relevance and
effectiveness of the treatment [11,12]. Based on patients’ physiological and
psychological data, this theoretical framework combines biomechanics with Al
technology, and is dedicated to personalized music creation and treatment plan
development to enhance the overall effect of music therapy.

3. Application of biomechanics and Al technology in music therapy

3.1. Application of biomechanical technology in music therapy

(1) Physiological indicators monitoring

In the process of music therapy, advanced biomechanical sensor technology is
used to realize real-time monitoring of patients’ physiological status [13]. These
sensors can accurately capture a number of key physiological indicators, such as the
patient’s heart rate (HR), blood pressure (BP), respiratory rate (RR), and electrical skin
activity (EDA), to provide scientific and objective data support for the treatment, so
as to better assess the treatment effect. These indicators can be quantified by the
following formula:

heartbeat

R=——— )

timing

_ Pressure of blood within a blood vessel against the vessel wall

P = (2)
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(2) Motion Capture and Analysis
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Utilizing an advanced motion capture system, it is possible to accurately record
key parameters such as limb movement trajectory, velocity, acceleration, etc., when
patients are participating in musical activities, thus providing detailed data support for
subsequent rehabilitation assessment and treatment programs [14]. The kinematic
parameters can be described by the following equation:

As
I 5
V= (5)

Av
e 6
a=— (6)

where v denotes velocity, a denotes acceleration, As denotes change in displacement,
and At denotes change in time.

(3) Mechanical modeling

Based on the basic principles of biomechanics, an accurate mechanical model can
be constructed for the patient. The model aims to deeply analyze the mechanical
interaction between the patient and the therapeutic environment during music therapy,
so as to more comprehensively understand the effects of music therapy and its
mechanism of action [15]. For example, muscle strength and joint forces can be
calculated using the following equations:

F=m-a @)

T=rXxF (8)

where F denotes the force, m denotes the mass, a denotes the acceleration, T denotes
the moment, and r denotes the arm of the force.

3.2. Application of Al technology in music therapy

(1) Music feature extraction

With the help of advanced artificial intelligence technology, it is possible to
accurately extract a variety of features of musical works, including the ups and downs
of melody, changes in rhythm, the richness of harmony, and the uniqueness of timbre,
etc. [16,17]. The application of this technology provides a more precise and
personalized means of analysis for music therapy, thus enhancing the relevance and
effectiveness of music therapy. Feature extraction can be expressed by the following
formula:

f(m) = (fmelody (m)' frhythm (m)' fharmony (m)r ftimbre (m)) (9)

where f(m) denotes the feature vector of a musical composition m, andf,e104y

friythm: frarmony, frimpredenote the extraction functions for melodic, rhythmic,
harmonic, and timbral features, respectively.

(2) Deep Learning Models

Through carefully constructed deep learning models, such as convolutional
neural networks (CNNSs) or recurrent neural networks (RNNs), Al is able to dig deeper
into the intrinsic connection between music and the patient’s physiological and
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psychological state, thus realizing accurate music-assisted therapy [18]. Model
training can be optimized by the following loss function:

N
L®) =) Oi— 3 (10)
i=1

where L denotes the loss function, 8 denotes the model parameters, y;denotes the true

label, and y; denotes the model prediction.

(3) Personalized Music Generation

Relying on patients’ physiological and psychological data, artificial intelligence,
using Generative Adversarial Networks (GAN) or other advanced generative
modeling techniques, is able to craft musical compositions to meet the specific needs
of individuals and personalize music. The GAN model consists of two parts: a
Generator and a Discriminator.

The role of the Generator is to receive a random noise vector z and generate a
musical work x that is as close as possible to the real music data distribution. in the
context of music generation, the Generator is usually a neural network that learns to
map from the space of potentials to the space of musical works. The network structure
of the generator may contain multiple fully connected or convolutional layers,
depending on the properties of the music data and the desired musical complexity [19].
The role of the discriminator is to receive a musical composition and determine
whether the composition is from a real data distribution or a generator. The
discriminator is also a neural network, which usually has a similar structure to the
generator but has the opposite role.

The training process of GAN (Generative Adversarial Network) is an iterative
adversarial mechanism. In this process, the generator and the discriminator compete
with each other to make progress. Fix the parameters of the generator and focus on
training the discriminator. Use a batch of real music data and fake music data
generated by the generator to train the discriminator so that it has a better
discriminative ability to accurately distinguish between real and generated music [20].
Keeping the parameters of the discriminator unchanged, turn to training the generator.
The generator generates a batch of fake music data, which is evaluated by the
discriminator, and then the parameters of the generator are updated according to the
evaluation results, so as to make the generated music more realistic and more
successful in “deceiving” the discriminator. This process is repeated until the
generator and the discriminator reach a dynamic equilibrium. This addition will delve
into the specific algorithms and machine learning models used in Al-assisted music
therapy, discussing their strengths, weaknesses, and potential for improvement. It will
also consider the challenges of implementing these technologies in diverse clinical
settings and the need for ongoing training and support for therapists. Furthermore, it
will explore the role of patient feedback in refining Al models and the importance of
creating a collaborative environment where patients and therapists can contribute to
the development of personalized music therapy programs [21].
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4. Impact of personalized music creation on psychological
rehabilitation

4.1. Individualized music composition method

(1) Collecting patients’ physiological and psychological data

Data on patients’ physiological indicators and psychological status were
collected through high-precision biomechanical sensors and psychological assessment
tools [22]. The formulaic description of data collection is as follows:

D = {d1’ dz, ey dn} (11)

d; = (pi,si) (12)

where D denotes the collected dataset, d;denotes a single data sample, p;denotes
physiological data, and s; denotes psychological data.

(2) Analyzing patient data using Al technology to identify music therapy goals

machine learning algorithms are used to perform pattern recognition and
predictive analytics on the collected data to determine individualized music therapy
goals for the patient. For example, cluster analysis may be used to identify common
characteristics of patients, or regression analysis may be used to predict the effects of
a particular music intervention. The analysis process can be represented as follows:

T = A(I(D); 6) (13)

where T denotes the treatment target, A denotes the Al analysis model, I denotes the
data preprocessing function, D denotes the dataset, and 6 denotes the model
parameters.

(3) Creation of musical compositions with specific melodies, rhythms, and
timbres based on therapeutic goals

The generator network will generate musical melodies based on the patient’s
physiological and psychological data, while the discriminator network is used to assess
the consistency of the generated music with the treatment goals. The specific formula
is as follows:

G(2) » x (14)

D(x) - 0,1 (15)

where G denotes the generator network, z denotes the random noise, x denotes the
generated music piece, and D denotes the discriminator network.
(4) Evaluating the effect of music therapy and adjusting music parameters
Evaluate the effect of music therapy through post-treatment physiological and
psychological assessments, as well as feedback from patients. Based on the assessment
results, the parameters of the music piece are adjusted to optimize the therapeutic
effect. The assessment and adjustment process can be expressed as follows:

¢" =EM,D';1) (16)
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M =G(T; ¢") (17)

where in E denotes an effect assessment function, D' denotes data collected after
treatment, Y denotes an assessment parameter, ¢’ denotes an adjusted music
generation parameter, and M' denotes an adjusted musical composition.

4.2. Empirical studies

(1) Research design

This study utilized a rigorous experimental design to screen a certain number of
people with mental illnesses as research subjects. The demographic characteristics of
the participants included age, gender, and education level. The randomization method
used a computer-generated random sequence to ensure that the allocation of the
experimental and control groups was hidden. Inclusion criteria were patients
diagnosed with psychological disorders such as anxiety, depression, and autism
spectrum disorders, and exclusion criteria included severe physical illnesses and
cognitive dysfunction [23]. Sample size was determined based on pre-test results and
effect size calculations to ensure the strength of statistical tests. The experimental
group received a personalized music therapy program tailored to the patient’s
characteristics, and the control group received conventional traditional music therapy.
The intervention program consisted of 60 min of music therapy three times a week for
12 weeks.

(2) Data collection

At the critical pre- and post-treatment time points, a series of comprehensive and
detailed physiological and psychological assessments were implemented for all
patients. These assessments not only included standardized psychological scales, but
also involved the precise testing of a number of physiological indicators, so as to
comprehensively assess the overall condition of the patients from multiple dimensions.

(3) Statistical analysis

This study used analysis of variance (ANOVA) and post hoc multiple comparison
tests (e.g., Tukey’s HSD method) to meticulously compare and analyze the differences
in psychological rehabilitation indicators between the two groups of patients. This
study also deeply explored the intrinsic connection between personalized music
therapy and psychological rehabilitation effects by performing correlation and
regression analyses, with a view to revealing the interaction mechanism between the
two [24].

(4) Discussion of results

The results of the study showed that the psychological recovery indexes of the
experimental group patients were significantly better than those of the control group
after treatment, a finding that fully proves the superiority of the personalized music
therapy method, which can effectively enhance the efficacy of music therapy. The
study reveals the quantitative relationship between music therapy parameters and
patients’ psychological recovery, which provides strong empirical support for the
treatment of psychological diseases in the future. This addition will present a case
study or series of case studies that demonstrate the practical application of
personalized music therapy in real-world scenarios. These examples will help to
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illustrate the challenges and successes of implementing personalized music therapy
and provide insights into its potential for improving patient outcomes. It will also
discuss the importance of cultural sensitivity in music selection and the role of music
in promoting cross-cultural understanding and communication within therapeutic
settings.

5. Data support and analysis

5.1. Data collection

In this study, comprehensive data were collected and recorded from patients
during music therapy, covering key physiological and psychological indicators, as
well as key parameters of the musical piece. Physiological data included heart rate
(HR), heart rate variability (HRV), electrical skin activity (EDA), respiratory rate (RR),
and blood pressure (BP) to monitor the patient’s physiological responses, while
psychological assessments were conducted to quantify the patient’s emotional and
psychological well-being through standardized tools such as the Hamilton Anxiety
Scale (HAMA) and Beck Depression Inventory (BDI). Characteristics such as melodic
complexity, rhythmic tempo, volume, timbre, and harmonic structure of musical
compositions were recorded in detail. Table 1 presents an overview of some of the
data collected, providing a detailed basis for subsequent analysis.

Table 1. Overview of selected data.

Patient HR HRV EDA RR BP HAMA BDI tempo music volume
Number (bpm) (ms) (nS) (breaths/min) (mmHg) (points) (points) (BPM) (dB)

001 72 50 5 16 120/80 14 9 80 60

002 78 45 4 18 125/85 18 12 85 65

5.2. Data analysis

In order to explore in depth the differences between the personalized music
therapy group and the conventional music therapy group in terms of the indicators of
psychological rehabilitation, this study comprehensively used a variety of statistical
methods. Through descriptive statistical analysis, the basic statistics (e.g., mean and
standard deviation) of the two groups were calculated in detail. By using the analysis
of variance (ANOVA) method, it was tested whether the difference between the means
of the two treatment groups on the indicators of psychological rehabilitation was
statistically significant. The correlation between physiological and psychological
indicators was analyzed by calculating the Pearson correlation coefficient. Using
multiple regression analysis, the predictive role of music parameters on psychological
rehabilitation effects was explored. Table 2 demonstrates the results of the hypothesis
analysis of ANOVA, which provides data support for further research.
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HAMA Score

Table 2. Table of ANOVA results for hypotheses.

source SS df MS F p
intergroup 3.5 1 3.5 4.56 0.036
within a group 12.2 27 0.452

total 15.7 28 N/A N/A

In Table 2, SS denotes sum of squares, df denotes degrees of freedom,
MS denotes mean square deviation, F denotes F-value, p denotes significance level,
and N/A indicates not applicable. The results show a significant p < 0.05 difference
between the groups, indicating that there is a significant difference between the
personalized music therapy group and the conventional music therapy group in terms
of psychological rehabilitation indicators. Figure 1 is a hypothetical scatter plot
showing a negative correlation between music tempo and HAMA scores, i.e., the
faster the music tempo, the lower the HAMA scores, indicating a possible reduction
in anxiety. In this addition, we will discuss the role of advanced statistical techniques
in analyzing the complex data generated by biomechanical and Al technologies in
music therapy. This will include an exploration of how these techniques can help to
identify patterns and trends that can inform treatment decisions and improve patient
outcomes. It will also consider the importance of data visualization in making complex
data accessible and understandable to both clinicians and patients, fostering a more
collaborative approach to treatment planning and evaluation.

18 ® ® Music Speed vs HAMA Score

T T
80 90 100 110 120
Music Speed (BPM)

Figure 1. Relationship between music tempo and HAMA scores.

5.3. Discussion of results

The results of this study showed that the use of a personalized music composition
method based on the integration of biomechanics and Al had a significant positive
effect on psychological rehabilitation, in which the patients in the personalized music
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therapy group were significantly better than the control group who received
conventional music therapy in terms of psychological rehabilitation indicators. The
ANOVA results showed that HAMA and BDI scores in the personalized music
therapy group were significantly lower than those in the conventional music therapy
group (p < 0.05). Multiple regression analyses further revealed music tempo and
volume as significant variables predicting psychosocial rehabilitation effects (p <
0.01). These findings not only confirm the study hypothesis, but also suggest the need
to explore the intrinsic mechanisms of personalized music therapy for psychological
rehabilitation.

The results of this study should be integrated with theoretical models to more
fully understand the role of music therapy. For example, the link between music tempo
and psychological state may be realized by modulating the release of neurotransmitters,
e.g., music may promote the secretion of dopamine and 5-hydroxytryptophan, which
play key roles in regulating mood and alleviating symptoms of anxiety and depression.
In the future, it may be possible to further explore how music therapy may promote
psychological recovery by influencing neurobiological pathways. This study should
discuss differences in efficacy between different patient groups. Although
personalized music therapy is effective overall, there may be differences in efficacy
between patients with anxiety and those with depression. For example, faster-paced
music may be more appropriate for patients with anxiety disorders, whereas music
with rich tones and calming melodies may be more appropriate for patients with
depression [25]. An in-depth analysis of these differences would help to develop a
more precise treatment plan. The practical significance of this study is that it suggests
an innovative and effective treatment pathway for psychological rehabilitation. Future
research directions should include improving personalized music therapy protocols,
for example, by increasing the variety of music genres to meet the needs of different
patients, as well as exploring the application of this treatment to a wider range of
populations, such as children, older adults, or people with non-psychological disorders
[26]. Research could also consider how to integrate this personalized treatment
approach into the existing mental health service system to enhance its accessibility and
utility.

6. Conclusion

This study explores the application of the integration of biomechanics and
artificial intelligence technologies in music therapy and the significant advantages for
psychological rehabilitation, confirming the value of personalized music composition
methods in enhancing therapeutic relevance and effectiveness. To further advance the
field, it is recommended that future research focuses on optimizing the Al model to
improve the accuracy of personalized music generation and explore its application to
a wider range of groups, such as children, the elderly, and patients with non-
psychological disorders. Meanwhile, the intrinsic mechanism of music therapy should
be explored in depth to reveal the connection between music elements and
psychological rehabilitation, and consideration should be given to integrating
personalized music therapy into the mental health service system to enhance its
accessibility and practicality, and to provide a more scientific and personalized

10
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solution for the treatment of mental illnesses. This final addition will summarize the
key findings of the study and their implications for the future of music therapy. It will
also highlight the need for further research to fully understand the potential of
personalized music therapy and to develop best practices for its implementation in
clinical settings. Additionally, it will discuss the potential for integrating personalized
music therapy into broader healthcare systems, emphasizing the importance of
interdisciplinary collaboration and the need for policy support to facilitate the adoption
of innovative therapeutic approaches.
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