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Abstract

The rapid advancement of artificial intelligence (Al) technology is reshaping paradigms in musical creation,
education, and performance. This paper focuses on vocal music and piano sound assets as core research subjects,
exploring how Al enables innovative applications through cross-dimensional integration (technology, art,
education, and industry). Case studies on interactive smart piano pedagogy, ethical boundaries in vocal synthesis,
and data-driven compositional models are analyzed to demonstrate AI’s multifaceted penetration into the music
ecosystem and its disruptive impact on traditional practices. A fusion strategy balancing technological optimization
and humanistic values is proposed. Findings indicate that Al enhances the efficient management and re-creation
of sound assets, promoting the democratization, personalization, and globalization of music. However, systemic
solutions are required to address challenges in copyright protection, emotional expression, and ethical governance.
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1. Introduction

With the rapid development of artificial intelligence (Al), the music field is undergoing a profound shift from a
"human-dominated" paradigm to one of "human-machine collaboration.” This transformation not only impacts the
modes of musical creation, performance, and education but also unlocks unprecedented possibilities for the
preservation and innovation of musical art. Piano and vocal music, as central pillars of musical expression, have
seen their sound assets—including timbre libraries, performance data, and acoustic features—become focal points
for technological empowerment through digitization and intelligent processing. This paper investigates how Al
deconstructs and reconstructs vocal music and piano sound assets, analyzes the role of cross-dimensional
integration in revolutionizing music education, creation, and performance, and proposes countermeasures to
challenges such as data security, copyright attribution, and limitations in emotional expression.

In musical creation, Al has fundamentally altered the processing and recombination of musical materials.
Traditional composition relies on composers’ personal experience and inspiration, whereas Al systems analyze
vast musical corporato learn and emulate diverse styles, offering novel creative tools and inspiration. In education,
Al transcends geographical and pedagogical constraints, granting broader access to high-quality resources. For
performance, Al’s real-time interactivity enables musicians to explore new modes of expression and immersive
experiences, significantly enriching artistic presentation.

2. Al-Driven Deconstruction and Reconstruction of Sound Assets
2.1 Intelligent Processing of Piano Sound Assets

As a classical instrument, the piano has become a critical domain for Al-driven digitization and intelligent
processing of sound assets. Al-enabled pianos employ embedded sensors to precisely capture keystroke dynamics
(velocity, force) and pedal usage. These data are fed into deep learning models, such as Transformer architectures,
to generate dynamic feedback for real-time performance analysis and pedagogical optimization.

For instance, the Pearl River Amason Al Piano incorporates an "intelligent error-correction” feature. By comparing
performance data with standardized scores, it swiftly identifies errors and provides personalized practice
recommendations. This functionality enhances learning efficiency while enabling precision-oriented pedagogy.
Furthermore, the integration of VGG network models in Al-powered international piano competitions has
revolutionized judging criteria. These models objectively evaluate note intensity and rhythmic accuracy,
establishing a bias-resistant scoring system that addresses inconsistencies in traditional human evaluations.
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Beyond pedagogy and competition, Al applications extend to creative domains. By analyzing extensive piano
repertoires, Al systems assimilate diverse performance styles and techniques to generate innovative compositions.
This approach not only expands creative boundaries but also serves as a catalyst for composers’ inspiration.

2.2 Multidimensional Breakthroughs in Vocal Synthesis

As another pivotal medium of musical art, vocal sound assets have achieved remarkable progress in digitization
and intelligent processing through Al. By extracting acoustic features such as fundamental and harmonic
frequencies, spectral analysis, and timbre modeling, Al enables voice cloning and personalized synthesis. This
technology enhances synthesized vocals in timbral fidelity, pitch accuracy, and expressiveness, offering novel
possibilities for vocal composition and performance.

The audio watermarking technology proposed by the Institute of Acoustics, Chinese Academy of Sciences,
provides an effective solution for copyright protection in vocal synthesis. This method embeds imperceptible
identifiers into synthesized voices, ensuring traceability and authentication during distribution. Such innovation
not only safeguards creators’ rights but also facilitates the legal dissemination and utilization of vocal works.

However, Al-generated vocal pieces still exhibit "mechanical rigidity" in emotional expression. While Al can
mimic basic vocal characteristics, it struggles to convey nuanced emotions or complex affective dynamics
comparable to human singers. To address this, researchers are integrating affective computing models into vocal
synthesis. By incorporating multimodal data—such as facial expressions and physiological signals (e.g., heart
rate)—into emotion generation algorithms, the naturalness and expressiveness of synthetic voices are significantly
enhanced. As this technology matures, it promises to infuse vocal creations with richer emotional depth and artistic
vitality.

3. Innovative Application Scenarios of Cross-Dimensional Integration

The pervasive integration of Al technology is driving unprecedented transformations in music. The digitization
and intelligent processing of vocal music and piano sound assets not only improve efficiency in creation and
performance but also unlock vast potential for innovation in education, composition, and commercial development.
This chapter explores these emergent Al-driven application scenarios.

3.1 Democratizing Music Education

Al applications in music education are breaking down geographical and pedagogical barriers, fostering inclusive
access to high-quality training.

3.1.1 Intelligent Piano Pedagogy

Exemplified by the Amason Al Piano system, Al algorithms generate personalized practice repertoires while VR
technology simulates masterclasses, delivering immersive learning experiences. Traditional piano instruction often
faces constraints due to uneven teacher expertise and geographical disparities. The Amason Al Piano overcomes
these limitations by dynamically tailoring exercises to learners’ proficiency and habits. Its VR integration
transports students into virtual masterclasses, offering one-on-one guidance from renowned pianists. This approach
not only accelerates skill acquisition but also enhances learner engagement and motivation.

3.1.2 Al-Assisted Vocal Training

Al-powered vocal analysis systems play a transformative role in voice training. By real-time monitoring of pitch
accuracy and vocal techniques—such as resonance positioning via spectrogram visualization—these systems
provide objective, data-driven feedback. Traditional vocal coaching relies heavily on instructors’ subjective
auditory judgments, whereas Al analysis offers precise diagnostics. For instance, real-time spectral analysis
pinpoints technical flaws and visually guides learners to adjust resonance placement for optimal vocal production.
This method improves training efficiency, accuracy, and accelerates mastery of proper vocal techniques.

3.2 Human-Machine Collaboration in Creation and Performance

Al is redefining creative and performative paradigms through synergistic human-machine interactions,
empowering artists with novel tools and expressive modalities.

3.2.1 Al-Driven Composition and Improvisation

Generative adversarial network (GAN)-based systems, such as Sony’s Flow Machines, emulate specific musical
styles (e.g., Chopin or jazz) to provide inspirational frameworks for composers. Traditional composition depends
on individual creativity and experience, whereas Al systems analyze vast musical corpora to internalize stylistic
patterns, generating endless creative sparks. This approach expands compositional boundaries while boosting

100 Published by IDEAS SPREAD



hssr.ideasspread.org Humanities and Social Science Research Vol. 8, No. 1; 2025

efficiency and diversity. Concurrently, Al improvisation systems dynamically generate context-aware
accompaniments based on a performer’s input, enriching live performances with adaptive musical layers.

3.2.2 Real-Time Interactive Performances

British musician Imogen Heap exemplifies the fusion of wearable technology and Al in performance art. By
translating body movements into real-time sound effects via wearable sensors and Al algorithms, she creates
immersive, multisensory performances. Traditional performances are often constrained by instrumental mechanics
and performer skill, but Heap’s innovation transcends these limits. Her system captures kinetic data from wearables,
converting gestures into instantaneous audio effects, thereby merging music and physical expression. This
paradigm enhances audience immersion and opens new creative dimensions for performative experimentation.

3.3 Commercial Development of Sound Assets

With the continuous development of Al technology, the commercial development of sound assets has become
possible. The emergence of personalized timbre libraries and virtual singers has brought new business models and
profit opportunities to the music industry.

Regarding personalized timbre libraries, training exclusive timbre models through users' performance data can
meet the customized needs of professional musicians. Traditional timbre libraries usually offer general timbre
options, while personalized timbre libraries can train exclusive timbre models based on users' performance data
and preferences. Such timbre models can not only more accurately reflect users’ playing styles and characteristics
but also provide professional musicians with a richer and more personalized selection of timbres.

In terms of virtual singers and digital copyright, Al vocal synthesis technology has given rise to virtual idols (such
as Hatsune Miku). However, the distribution of their commercial revenues needs to be transparently managed
through blockchain technology. As a new music - cultural phenomenon, virtual idols have gained the love and
pursuit of a large number of fans. Nevertheless, the distribution of commercial revenues of virtual idols is a
complex issue. Through blockchain technology, the transparent management of the commercial revenues of virtual
idols can be achieved, ensuring that the rights and interests of all parties are reasonably protected. At the same
time, Al vocal synthesis technology also provides a more efficient and diverse way for the creation and
performance of virtual idols.

In the current context where Al technology is developing rapidly and deeply penetrating the music field, it has
brought unprecedented changes and innovation opportunities to music creation, performance, and dissemination.
However, just like the widespread application of any emerging technology, the practice of Al in the music field
inevitably faces a series of severe challenges and problems. This chapter will focus in - depth on the challenges in
several key aspects, including data security and copyright disputes, limitations of emotional expression, and ethical
and industry acceptance, and actively explore corresponding effective countermeasures.

4. Challenges and Countermeasures under Technology Empowerment
4.1 Data Security and Copyright Disputes

The phenomenon of Al - generated music works has made the originally relatively clear issue of music copyright
ownership complex. In the process of Al music creation, the rights and interests of multiple parties are involved,
among which creators, Al developers, and relevant platforms all play important roles. Creators usually carry out
creative activities based on their own creative ideas with the help of Al tools. Al developers are responsible for
developing and optimizing the Al music creation system, providing technical support for the creative process. And
platforms assume the function of a medium for the dissemination and display of music works. Therefore,
constructing a reasonable and fair copyright distribution agreement has become the core key to effectively
protecting the rights and interests of all parties.

The American Music Association once put forward an influential proposal, suggesting that Al - generated works
be classified as "derivative works" and that the copyright should belong to the original data provider. To some
extent, this proposal provides a reference idea for the complicated situation of music copyright distribution.
Original data plays a fundamental role in Al music creation, providing rich materials for the training of Al models.
From this perspective, linking the copyright to the original data provider has certain rationality. However, in the
actual operation process, considering only the factor of the original data provider is far from enough.

The contribution of the Al system in the music creation process cannot be ignored. Al analyzes, learns, and
integrates massive music data through complex algorithms, and then generates music works with certain
innovation. This algorithm - driven creative process demonstrates the unique "creative ability" of the Al system.
In addition, the creative input of the creator is the soul of the music work. The creator uses their own musical
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literacy, artistic perception, and unique creative ideas to screen, modify, and perfect the basic content generated
by Al, endowing the music work with a unique artistic style and emotional connotation. Therefore, in the future,
it is necessary to construct a more complete, flexible, and comprehensive copyright distribution mechanism. This
mechanism should fully consider various factors, such as the contribution of the Al system, the creative input of
the creator, and the rights and interests of the original data provider, to achieve fair and just music copyright
distribution and create a good legal environment for the healthy development of Al music creation.

4.2 Limitations in Emotional Expression

At present, in terms of musical emotional expression, Al systems mainly rely on the imitation and learning of
existing data. Although Al can analyze and summarize the emotional characteristics in a large number of musical
works and, to a certain extent, simulate corresponding emotional expressions, there is still a significant gap
compared with the "spiritual essence" demonstrated in the improvisational creations of human musicians. During
the process of improvisational creation, human musicians can create musical works full of vitality and emotional
depth based on their current emotional states, the on - site atmosphere, and their unique musical insights. However,
due to the lack of genuine emaotional experience and subjective perception capabilities, the musical works created
by Al systems often fail to reach the emotionally touching realm of human - created music.

To break through this long - standing limitation, researchers are actively exploring methods to optimize musical
emotion generation by integrating multi - modal emotion models. The principle of multi - modal emotion models
lies in comprehensively analyzing various data information related to emotions to more accurately capture and
express emotions in music. For example, facial expressions are the intuitive external manifestations of human
emotions. Different emotions such as joy, sadness, and anger are often accompanied by specific facial expression
changes. By real - time monitoring and analyzing the facial expressions of singers or performers, the Al system
can obtain rich emotional cues and incorporate these cues into music creation and performance. Similarly,
physiological signals such as changes in heart rate are also closely related to emotional states. When people are in
emotional states such as nervousness and excitement, their heart rates tend to increase; while in a calm and relaxed
state, the heart rate is relatively stable. Incorporating these physiological signal data into the analysis scope of the
Al system can further enhance its ability to understand and express emotions, making the emotional expression of
musical works more delicate and realistic.

In addition, establishing a human - machine collaboration framework is also an effective way to address the
limitations of Al in musical emotional expression. Under this framework, Al is regarded as a powerful creative
tool, providing creators with rich creative inspiration and materials. For instance, Al can quickly generate a large
number of musical fragments and creative concepts according to the requirements of the theme, style, and
emotional tone given by the creator. Human artists, on the other hand, rely on their profound artistic attainments
and keen emotional perception abilities to screen, modify, and perfect the content generated by Al, and ultimately
hold the decision - making power over the work. This human - machine collaboration model can not only give full
play to the advantages of Al technology in data processing and creative generation but also ensure that musical
works maintain innovation while integrating the depth and breadth of human emotions, enabling musical works to
truly touch the hearts of the audience.

4.3 Ethics and Industry Acceptance

Within the music industry, some traditional musicians express deep concerns about the widespread application of
Al technology. They believe that the development of Al technology may gradually undermine the originality of
art. In the traditional concept of music creation, musicians rely on their unique artistic perception, profound musical
foundation, and long - term creative experience to create works with distinct personal styles and unique artistic
values. This originality is regarded as the core value of art. However, the emergence of Al technology has, to some
extent, made the music creation process more procedural and standardized. The musical works generated by Al
seem to lack the unique artistic charm of traditional music.

However, it is important to clarify that the original intention of the development of Al technology is not to replace
human artists but to provide them with more and more powerful creative tools and possibilities. Al technology can
help musicians break through the limitations of traditional creative thinking and explore new musical styles and
forms of expression. In order to dispel the misunderstandings of traditional musicians and other industry insiders
about Al technology and enhance the industry's acceptance of Al technology, it is crucial to fully demonstrate the
great potential of Al technology in empowering music creation rather than replacing human artists through
educational promotion.

The Al Piano Art Festival held by Zhejiang Conservatory of Music is a successful and exemplary attempt. In this
festival, the application achievements of Al technology in multiple fields such as piano education, creation, and
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performance were comprehensively demonstrated. In terms of piano education, the Al intelligent teaching system
can provide real - time personalized teaching guidance and feedback suggestions based on students' learning
progress and performance, helping students to improve their piano - playing skills more efficiently. In the field of
creation, Al - assisted creative tools provide composers with rich creative inspiration and materials, greatly
expanding their creative ideas. In the performance section, the interactive performance between Al and piano
players brings a new audio - visual experience to the audience. Through the display of these practical cases, more
music practitioners and enthusiasts can deeply understand the innovation and development opportunities brought
about by the integration of Al technology and music, thus gradually changing their views on Al technology and
increasing the acceptance of Al technology in the music industry.

Through the in - depth analysis of challenges in aspects such as data security and copyright disputes, limitations
in emotional expression, and ethics and industry acceptance, and the proposal of corresponding countermeasures,
it is helpful to lay a solid foundation for the sustainable development of Al technology in the music field and
promote the innovation and breakthrough of music art in the new era.

5. Conclusions

Al technology has opened up new dimensions for the management and application of vocal music and piano sound
assets. However, its in - depth integration should be centered around the balance between “technical rationality™
and "artistic sensibility™. This paper has explored the innovative application scenarios of Al technology in music
education, creation, performance, and commercial development, and analyzed the challenges and countermeasures
under the empowerment of technology.

Future research directions may include the following aspects: First, develop adaptive learning systems so that Al
- based educational tools can dynamically adjust as users grow. Second, explore the optimization path of emotional
expression by combining neuroscience and Al to improve the ability of Al systems in musical emotional
expression. Third, promote the formulation of international copyright agreements and ethical guidelines to provide
legal protection for the healthy development of Al technology in the music field.

The integration of Al and music is not only a technological revolution but also a cultural evolution. Only by
adhering to the humanistic core in innovation can we achieve the symbiotic prosperity of art and technology. In
the future, with the continuous development and improvement of Al technology, it is believed that the music field
will embrace a broader space for innovation and development.
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