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Abstract

This paper aims to explore the acoustic measurement and modeling of the
traditional Chinese instrument, the guzheng, in the context of digital transfor-
mation, focusing on the spectral and resonance analysis of the standard pitch
A440. By employing various tools to conduct detailed analyses of the fre-
quency response and resonance characteristics of guzheng audio, the study
clarifies the performance of its timbre across different frequency bands and
the distribution of resonance peaks. This research reveals the complexities of
guzheng’s timbre, and the challenges posed by digital transformation, propos-
ing solutions for optimizing spectral models and resonance data processing.
The findings provide theoretical support and technical guidance for digital re-
cording, music creation, preservation, and transmission of the guzheng.
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1. Introduction

The guzheng, a traditional Chinese instrument with a rich historical background
[1], occupies a significant position in Chinese musical culture [2]. With approxi-
mately 2500 years of history [3], the guzheng was named during the Eastern Han
Dynasty by Liu Xi, who noted its high-pitched and urgent characteristics [4]. Its

timbre and structural design bear resemblance to that of the harp [5], producing
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a deep, elegant sound with remarkable artistic expressiveness. The guzheng is
characterized not only by complex playing techniques [6] but also by its rich tonal
layers. The subtle resonance and harmonic variations produced by each string
during performance distinguish it in the realm of traditional Chinese music. Over
time, the guzheng has become a vital symbol of Chinese instrumental culture [7],
undergoing extensive transmission and innovation.

In light of the rapid advancements in digital technology, the effective digital
transformation of traditional instruments, while preserving their unique timbre
and resonance characteristics, has emerged as a crucial topic in music research
and technological innovation. Digitalizing traditional instruments serves not only
to preserve cultural heritage but also to enhance possibilities for modern music
production, education, and dissemination. The thriving development of digital
music has accelerated the digitalization process of instruments, enabling precise
capture, analysis, and reproduction of the guzheng’s sound within a digital envi-
ronment, thus offering musicians a broader palette for tonal choices and expres-
sive means. However, the complexity and uniqueness of the guzheng’s timbre pre-
sent substantial challenges in this process.

The timbre of the guzheng is not a singular sound; its complexity is manifested
in its multidimensional tonal qualities and resonance characteristics. Each string
is supported by a bridge, and its vibration is influenced not only by the player’s
technique but also by factors such as string length, tension, and the structure of
the resonating body. The interaction between the strings and the resonating box
during performance generates a rich array of harmonics and resonances [8], al-
lowing the guzheng to produce distinctly different timbral characteristics under
various playing techniques. This rich variability in timbre necessitates more re-
fined acoustic modeling and spectral analysis during the digitalization process.

In the digital transformation of the guzheng, spectral analysis and resonance
measurement are two key acoustic research methods. Spectral analysis assists in
understanding the distribution of frequency components in the audio signal when
the guzheng is played at different pitches, which is crucial for accurately capturing
the fundamental frequency, harmonics, and their interrelations. Meanwhile, res-
onance characteristic analysis reveals changes in the instrument’s resonance and
vibration properties under various playing techniques and sound production con-
ditions. Through in-depth research of these acoustic characteristics, researchers
can construct more precise digital models of guzheng timbre.

The digital transformation of the guzheng encompasses not only technical chal-
lenges but also profound cultural significance. Digitalization provides new ave-
nues for the preservation and dissemination of the guzheng’s timbre while ex-
panding its applications in contemporary music creation. The diverse tonal de-
mands in digital music production enable this traditional instrument to partici-
pate in modern compositions, facilitating a fusion of tradition and innovation.
Additionally, digital technology offers new possibilities for innovative guzheng
education [9], allowing students to more easily learn and experience the instru-

ment’s sound. Even in the absence of a physical instrument, virtual instrument
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technology can simulate the guzheng playing experience [10]. The application of
such technological transformations not only promotes the popularity and devel-
opment of the guzheng but also enhances the international influence of traditional
Chinese music.

In conclusion, the digital transformation of the guzheng is a complex process
involving interdisciplinary intersections of acoustics, computer science, and mu-
sicology. Through acoustic measurement and modeling techniques, we can better
understand the guzheng’s timbre characteristics and resonance mechanisms, lay-
ing the foundation for constructing digital timbre models. In modern music pro-
duction, the digitalization of the guzheng not only provides musicians with a
richer creative resource but also offers listeners a more diverse musical experience.
Moreover, this process provides technical support for the protection and trans-
mission of guzheng culture, enabling this traditional instrument to thrive in the
digital age.

This study focuses on the standard note A of the guzheng, employing a combi-
nation of spectral analysis and resonance characteristic measurements to investi-
gate the core attributes of the instrument’s timbre and the critical elements for its
digital transformation. High-precision spectral analysis tools were used to sample
the audio signal of the guzheng’s standard note A, with a particular emphasis on
analyzing its spectral distribution, resonance peak locations, and frequency atten-
uation characteristics. Concurrently, the acoustic properties of the guzheng’s
soundboard were examined to evaluate the influence of resonance on its overall
tonal quality. During the experiments, the recording environment was carefully
controlled to minimize noise interference, ensuring the accuracy of the measure-
ment data. By integrating multiple sets of sampling data, the study further ex-
plored how different playing techniques impact the dynamic variations in the

guzheng’s timbre, providing a theoretical foundation for its digital transformation.

2. Acoustic Measurement and Modeling of the Guzheng

The guzheng, as a traditional Chinese instrument, derives its unique timbre from
the intricate interaction between string vibrations and the resonating body. This
complexity makes the measurement and modeling of its acoustic characteristics a
challenging task. To achieve the digital transformation of the guzheng’s timbre,
precise acoustic measurement and modeling techniques are essential, including
in-depth analyses of its spectrum, resonance characteristics, and harmonic struc-
tures. Through these methods, subtle variations in the guzheng’s timbre can be
captured, enabling high-fidelity reproduction in digital environments. Acoustic
measurement and modeling provide not only scientific support for the digital
preservation of the guzheng but also offer technical assistance for virtual instru-

ment modeling and timbre design in modern music production.

2.1. Basic Theories and Methods of Acoustic Measurement

Acoustic measurement is one of the core techniques for studying an instrument’s
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timbre. By analyzing the physical properties of the sound produced by the instru-
ment, researchers can gain a deeper understanding of its compositional elements.
For the digital transformation of the guzheng, commonly used acoustic measure-
ment methods include spectral analysis, resonance characteristic analysis, and
Fourier transform.

First, spectral analysis is a foundational technique in acoustic measurement. It
decomposes sound signals into their various frequency components, helping us
understand the distribution of the fundamental frequency and its harmonics
within the timbre. The guzheng’s timbre is complex and rich, encompassing mul-
tiple harmonics and noise components. Through spectral analysis, we can accu-
rately capture the guzheng’s spectral characteristics under different pitches and
playing techniques. Especially in digital modeling, spectral analysis is a critical
tool for capturing the details of the guzheng’s timbre, facilitating its accurate re-
production in a digital environment.

Second, resonance characteristics are a crucial factor in the generation of the
guzheng’s sound. These characteristics are closely related to the instrument’s phys-
ical structure, materials, and shape, reflecting its vibrational response to external
stimuli. For the guzheng, the vibrations of the strings are transmitted through the
bridge to the resonating body, resulting in complex resonance phenomena. By
measuring the resonance characteristics of the guzheng at different frequencies,
we can understand the vibrational modes of both the body and the strings. This
knowledge is vital for digital modeling, as subtle differences in resonance can sig-
nificantly affect the final generated timbre.

Additionally, the Fourier transform is another important analytical tool used to
convert time-domain signals into frequency-domain signals [11]. By applying the
Fourier transform, the complex sound waves of the guzheng can be decomposed
into various frequency components, providing crucial information for under-
standing its harmonic structure. In digital modeling, the Fourier transform is
widely used for timbre decomposition and synthesis. By processing the original
audio data, it allows for the extraction of fundamental frequencies, harmonics,
and noise components, enabling the reconstruction of these sound characteristics

in a digital environment.

2.2. Common Acoustic Methods in Instrument Digital Modeling

In the process of instrument digital modeling, acoustic measurement methods not
only help us capture subtle details of timbre but also ensure accurate reproduction
of these details in digital environments. For the guzheng, an instrument with a
complex resonance structure, digital modeling presents numerous challenges, in-
cluding how to faithfully reproduce its multidimensional timbre characteristics
and dynamic variations.

First, Physical Modeling Synthesis is a commonly used digital modeling tech-
nique for instruments [12]. This method simulates the sound production mecha-

nisms of instruments based on physical laws. With a long-standing history [13],

DOI: 10.4236/0ja.2024.122002

20 Open Journal of Acoustics


https://doi.org/10.4236/oja.2024.122002

N. Li, D. Li

physical modeling synthesis relies on the physical characteristics of the guzheng,
such as string tension, material elasticity, and the vibration modes of the resonat-
ing body. By employing physical modeling, the vibration characteristics of the
guzheng can be accurately simulated, allowing its complex timbre to be repro-
duced in digital environments. The advantage of physical modeling lies in its abil-
ity to capture subtle acoustic features, resulting in a more authentic timbre simu-
lation, particularly in terms of harmonics and resonance characteristics.

Second, Additive Synthesis is another technique used for instrument modeling
[14]. This method generates complex timbres by layering multiple sine waves. The
key to additive synthesis is the precise capture and reproduction of the guzheng’s
harmonic structure. Through spectral analysis, the fundamental frequency and
the intensity and frequency distribution of higher harmonics in the guzheng’s tim-
bre can be identified, allowing for the simulation of these components using ad-
ditive synthesis. Although additive synthesis simplifies the sound generation pro-
cess, it offers advantages in accuracy and flexibility for timbre reconstruction, par-
ticularly suitable for simulating instruments with complex harmonic structures.

Third, Convolution Reverb technology is primarily used to recreate the spatial res-
onance characteristics of instruments [15]. One significant aspect of the guzheng’s
timbre is its rich resonance, which is closely related not only to the string vibra-
tions but also to the acoustic characteristics of the performance environment.
Convolution reverb allows for the combination of acoustic features from real spaces
with the guzheng’s timbre, simulating the resonance effects of the instrument in
different environments. This method is widely used in virtual instruments and
modern music production, helping digital instruments present a more natural
timbral expression.

In the reproduction of the guzheng’s sound, physical modeling synthesis, addi-
tive synthesis, and convolution reverb techniques each have their advantages and
limitations. Physical modeling synthesis, through mathematical modeling of the
guzheng’s string vibrations and the acoustic characteristics of its resonator, offers
a highly realistic simulation of the dynamic characteristics and physical behaviors
of the instrument. This approach is particularly advantageous in replicating the
subtle tonal variations caused by different playing techniques. However, the mod-
eling process is complex, computationally intensive, and demands precise acqui-
sition of acoustic parameters. Additive synthesis, on the other hand, generates
sound by superimposing multiple harmonic components. It is relatively straight-
forward and especially effective for recreating static timbres, but it struggles to
capture the guzheng’s dynamic tonal changes and intricate resonance character-
istics. In contrast, convolution reverb is primarily used to recreate the guzheng’s
tonal expression in specific acoustic spaces. It effectively captures the spatial re-
sponse and reverberation effects of the resonator but inherently relies on pre-ex-
isting sampled data, making it challenging to independently generate timbre with-
out foundational recordings. Overall, while physical modeling synthesis demon-

strates the greatest potential for comprehensively replicating the guzheng’s tonal
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characteristics, combining it with additive synthesis and convolution reverb tech-
niques can further enhance the realism and expressiveness of the reproduced

sound.

2.3. The Impact of Guzheng Structure on Timbre and Challenges in
Modeling

The guzheng’s structure is intricate, with its timbre influenced not only by the
strings but also by the resonating body, bridge materials, and their positioning.
The vibrations of the strings are transmitted through the bridge to the resonating
body, forming a rich sound field characterized by complex acoustic behavior. Fac-
tors such as the size, shape, and material of the guzheng’s resonating body signif-
icantly affect its timbre. Notably, during performance, the vibration modes of each
string can differ, resulting in an extremely complex spectral and harmonic struc-
ture.

In the process of digital modeling, capturing and faithfully reproducing these
physical details presents a significant challenge. Traditional sampling techniques
can capture some characteristics of the guzheng’s timbre, but they often struggle
to provide sufficient detail and flexibility in the face of dynamic changes and com-
plex resonance. While physical modeling can simulate the relationship between
string vibrations and the resonating body, it requires substantial computational
resources and complex mathematical models. Another challenge lies in the tim-
bral variations resulting from different playing techniques; techniques such as
glissando and vibrato can significantly influence the guzheng’s sound, making it
a focus and challenge of ongoing research to replicate these subtle changes in dig-

ital models.

3. Spectral Analysis and Resonance Characteristics of the
Guzheng

s

lf

~
Neumann KM184 condenser microphone .‘.....-u----..u----...-------....u---...------......

Reverb time: 0.4 seconds

Mic distance: 30cm Background noise: <20dB

Guzheng

D NS

Figure 1. Setup of the recording experiment apparatus.

As a complex string instrument, the guzheng exhibits a rich and variable timbre,

especially under different playing techniques, where significant differences in
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sound can be observed. Through spectral analysis and the study of resonance
characteristics, we can uncover the subtle variations in the guzheng’s audio per-
formance and provide a scientific basis for its digital modeling. In this study, a
single condenser microphone, the Neumann KM184, was used for mono record-
ing. The microphone was positioned approximately 30 centimeters directly above
the guzheng strings to ensure the capture of a comprehensive sound profile, en-
compassing both the string vibrations and the resonance from the soundboard.
To ensure the accuracy of the data collection, the recording was conducted in an
acoustically treated professional studio, where the background noise was con-
trolled below 20 dB, and the reverberation time was kept under 0.4 seconds to
avoid unwanted reflections interfering with the tonal analysis. (Figure 1)

During the experiment, traditional guzheng plectra were used for consistent
plucking, with uniform plucking strength and a consistent angle of attack, ensur-
ing high uniformity and analytical reliability in the collected audio samples. The
digital audio workstation employed was Steinberg Cubase Pro 12, with the
guzheng audio recorded at a sampling quality of 44.1 kHz and 16-bit resolution.
For spectral analysis, iZotope RX 10 was utilized, while FabFilter Pro-Q3 was em-

ployed to measure the resonance characteristics of the guzheng.

3.1. Spectral Analysis

The timbre of the guzheng is composed of the fundamental frequency and higher
harmonics generated by the vibration of the strings. The persistence and decay
characteristics of these frequency components over time significantly determine
the expressiveness of the guzheng’s sound. To study the spectral characteristics of
the guzheng, we selected audio samples of the performance of the standard pitch

A and conducted spectral analysis.

i
:

Figure 2. Spectrum chart from 0 to 1.6 seconds after plucking.

In Figure 2, we analyze the spectral distribution of the guzheng playing the
standard pitch A within the first 0 to 1.6 seconds after the string is struck. The
figure shows that within the frequency range of 370 Hz to 520 Hz, the persistence
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of the frequencies is relatively strong, with no significant decay observed. This
range corresponds to the primary fundamental frequency and lower harmonics of
the standard pitch A, indicating that this frequency band is a crucial component
of the guzheng’s timbre. Additionally, the figure reveals that above 2 kHz, the per-
sistence of frequency components is weaker, with these high-frequency elements
rapidly decaying within 0.75 seconds after the string is struck. The quick decay of
the high-frequency portion illustrates the soft quality of the guzheng’s sound; the
sustained resonance of the lower frequencies enhances its lingering timbre, while
the rapid decay of high-frequency components reduces the sharpness of the
sound, rendering it warmer.

The harmonic distribution of the guzheng’s timbre is complex, yet from the
spectral analysis, it is evident that the fundamental frequency and lower harmon-
ics dominate the overall structure of the timbre. Particularly, the long-lasting res-
onance characteristics in the frequency range of 370 Hz to 520 Hz, as shown in
the spectral graph for the standard pitch A, provide a foundation for the recog-
nizability of the guzheng’s timbre. The persistence of these frequency components
allows the guzheng to maintain a clear and soft sound quality even during ex-

tended play.

3.2. Dynamic Temporal Changes

In addition to spectral analysis, the dynamic changes of the guzheng’s timbre in
the time domain are also important aspects of analysis. Figure 3 displays the dy-
namic waveform of the guzheng playing the standard pitch A within the first 0 to
0.8 seconds after the string is struck, revealing the amplitude variation character-
istics of the guzheng’s sound over time. At 0.034 seconds after the string is struck,
the amplitude reaches its peak, marking the moment when the string’s vibration
achieves maximum energy. This peak amplitude indicates the initial vibrational
intensity during performance, with the acoustic energy at this moment primarily

concentrated in the fundamental frequency and its lower harmonics, providing

the foundational structure of the guzheng’s timbre.

W i ﬁ : L F%M\w\l‘l‘l | .w\il ~ bt W 'l‘" WWW'\\ I;MMWWM A

Hil“ i —
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Figure 3. Dynamic time-domain chart from 0 to 0.8 seconds after plucking.

As time progresses, the amplitude gradually decays, but between 0.13 seconds
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and 0.24 seconds after striking the string, a phenomenon of sine wave phase in-
terleaving occurs. This phenomenon is typically caused by the multimodal vibra-
tions of the string, where the phase relationships of different frequency compo-
nents lead to subtle changes in timbre. The phase interleaving results in a “waver-
ing” effect in the guzheng’s sound, enhancing the dynamic and spatial qualities of
the timbre. Such changes enrich the guzheng’s acoustic characteristics, allowing it
to express more complex timbral details under different playing techniques.
Starting from 0.47 seconds after the string is struck, a clear trend of amplitude
decay is observed. This gradual decay reflects the dissipation of energy from the
string and corresponds to the natural decay of the sound. This process is closely
related to the energy transfer between the string vibrations and the resonance box.
Accurately capturing these dynamic changes is crucial for the digital transfor-
mation of the guzheng’s timbre, as it directly affects the authenticity and spatiality

of the sound.

3.3. Frequency Response Analysis

Figure 4 presents the frequency response of the guzheng playing the standard
pitch A at the moment when the amplitude reaches its peak at 0.034 seconds after
the string is struck. This analysis allows us to gain deeper insight into the fre-
quency distribution of the guzheng’s timbre and the characteristics of its reso-

nance peaks.

1248

+9

, e e

Figure 4. Frequency response chart at 0.034 seconds after plucking.

The figure shows that the guzheng’s standard pitch A exhibits a relatively full
frequency response in the frequency range above 100 Hz. Particularly around 440
Hz, the frequency response reaches a high amplitude, corresponding to the fun-
damental frequency of the guzheng’s standard pitch A. Additionally, other prom-
inent resonance peaks appear at frequencies such as 890 Hz, 1300 Hz, 1800 Hz,
2200 Hz, 2700 Hz, 3100 Hz, and 3600 Hz. These resonance peaks indicate strong
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harmonic resonance phenomena in these frequency ranges.

As the frequency increases, the spacing between the resonance peaks becomes
denser starting from 3600 Hz, suggesting an increase in harmonic components in
the high-frequency region. However, the frequency response amplitude signifi-
cantly diminishes above 14 kHz, indicating that there is less energy present in the
high-frequency range. The rapid decay of high frequencies aligns with the soft and
stable characteristics of the guzheng’s timbre, while also suggesting that during
digital recording, high cut processing above 14 kHz can be applied to eliminate

unnecessary high-frequency noise, thereby optimizing the clarity of the timbre.

3.4. Resonance Characteristics of the Guzheng

The resonance characteristics of the guzheng are closely related to its physical
structure, influenced by factors such as the material and tension of the strings, as
well as the size and shape of the resonance box. Resonance is a crucial element in
forming the guzheng’s timbre, as the vibrations of the strings are transmitted
through the bridge to the resonance box, inducing vibrations in the instrument
body. This resonance phenomenon exhibits different vibrational modes at various
frequencies. The shape and material of the resonance box determine the vibra-
tional characteristics of the instrument body, while the string tension and vibra-
tion modes influence the timbre’s sustain and resonance duration. For instance,
during the performance of the standard pitch A, low-frequency resonance is more
sustained, while high-frequency resonance tends to be brief. This frequency-de-
pendent resonance characteristic gives the guzheng’s timbre a unique sense of
space and depth.

Through analyzing the guzheng’s resonance characteristics, we find that signif-
icant frequency changes occur after the string is struck, which not only affects the
stability of the fundamental frequency but also enhances the dynamic changes in
timbre over time. These resonance characteristics must be accurately captured
during the digital transformation of the guzheng’s timbre, as they directly deter-

mine the authenticity and expressiveness of the digital instrument model.

3.5. Conclusion of Spectral Analysis and Resonance Characteristics
Research

Through the spectral analysis and study of resonance characteristics, we can gain
a clearer understanding of the complexity of the guzheng’s timbre and the key
factors involved in its digital transformation. The spectral distribution, temporal
dynamic changes, and frequency response of the standard pitch A reveal the core
characteristics of the guzheng’s timbre. Furthermore, the research on resonance
characteristics provides scientific evidence for the timbral variations under differ-
ent playing techniques. In the process of digital transformation, appropriate low
cut and high cut processing based on these research data can optimize the sound
quality, ensure minimal noise during recording, and enhance the recognizability

of the timbre through EQ adjustments to the resonance peak positions.
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4. Challenges and Solutions in the Digital Transformation of
the Guzheng

4.1. Challenges Posed by the Complexity of Guzheng Timbre

As a traditional Chinese instrument, the guzheng faces significant challenges dur-
ing its digital transformation due to its complex timbre. Firstly, the timbre of the
guzheng stems from intricate resonance characteristics and multi-layered spectral
features, not merely from simple frequency components. This complexity neces-
sitates capturing different string vibration modes, sound wave reflections in the
resonance box, and other intricate acoustic phenomena simultaneously during the
digital conversion process. Additionally, the guzheng’s timbre is highly suscepti-
ble to variations in playing techniques. Different plucking methods, finger angles,
and pressures can lead to subtle yet complex changes in timbre that are difficult
to capture fully through traditional recording or digital transformation methods.
For example, while standard sampling can record various frequency components,
it often overlooks the unique responses of playing techniques and the resonance
box, resulting in a lack of depth and richness compared to live performances.
These complexities in timbre, particularly the nuanced variations under differ-
ent playing techniques, pose a challenge in faithfully reproducing the sound dur-
ing digital conversion. In the modeling process, capturing these minute changes
is difficult using simple spectral or dynamic range analyses. Therefore, preserving

these details becomes a significant challenge.

4.2. Solutions Offered by Acoustic Measurement and Modeling
Techniques

To effectively address these challenges, modern acoustic measurement and mod-
eling techniques provide several solutions.

Firstly, optimization of spectral and resonance characteristics. To tackle the
complexity of spectral features, more precise spectral analysis tools can be em-
ployed for detailed measurement of the guzheng’s timbre. Using spectral analysis
software, the distribution of resonance peaks across frequency bands can be accu-
rately identified, and frequency adjustments can be made to ensure the integrity
of each resonance peak. Furthermore, capturing the sound wave reflection char-
acteristics within the resonance box can optimize the guzheng’s resonance perfor-
mance, allowing the modeling process to not only capture direct sound sources
but also reproduce the effects of resonance.

Secondly, multidimensional modeling techniques. Single-dimensional acoustic
measurement methods struggle to capture all aspects of the guzheng’s timbre. By
employing multidimensional modeling techniques, information across frequency,
time, and spatial dimensions can be recorded simultaneously. Fourier transforms
allow for the tracking of both spectral changes and the temporal evolution of tim-
bre. Additionally, dynamic time-domain measurement tools can better capture
the dynamic variations in timbre, thus restoring the authentic performance state

during the digital conversion process.
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Thirdly, in-depth modeling of resonance data. The resonance characteristics of
the guzheng are crucial for sound restoration. By analyzing resonance data and
examining the sound wave reflections in different regions of the resonance box,
the spectral model can be optimized to closely resemble real sound effects during
modeling. For example, resonance box data can be used to adjust the harmonic
structure of audio signals, enhancing the fullness and naturalness of the timbre.
Moreover, in digital modeling, this data can guide virtual synthesis, making the
digital representation of the guzheng more three-dimensional.

Fourthly, the application of augmented reality technologies. Modern digital
technologies can also simulate the guzheng’s sound performance through virtual
or augmented reality (AR) platforms. In this context, acoustic modeling extends
beyond two-dimensional audio data to include sound field distribution in three-
dimensional space. For instance, spatial acoustic technologies can simulate the
sound effects of the guzheng in different environments, bringing the digitized

guzheng’s timbre closer to that of a real performance setting.

4.3. Future Optimization Directions for Guzheng Digital
Transformation

Despite the numerous solutions that modern acoustic measurement and modeling
techniques provide for the guzheng’s digital transformation, there remains room
for further optimization. For example, enhancing the resolution of spectral anal-
ysis through more refined acoustic measurement tools could improve timbre res-
toration fidelity. Additionally, integrating more intelligent algorithms, such as AI
generation techniques or deep learning models during the digital modeling pro-
cess, could automate the capture of changes in guzheng timbre. The development
of these technologies will open up greater possibilities for the future digital trans-

formation of the guzheng.

5. Conclusion and Outlook

This study explores the core technologies and application values of acoustic meas-
urement and modeling in the digital transformation of the guzheng through spec-
tral analysis and resonance characteristics of the standard note A. High-precision
acoustic measurement tools were primarily employed to analyze the frequency
response and dynamic characteristics of guzheng timbre in detail. The spectral
analysis and resonance data clarified the main frequency bands, the distribution
of resonance peaks, and the dynamic changes under different playing techniques.
These analyses provide a solid theoretical foundation for the digital transfor-
mation of the guzheng.

The research demonstrates that the guzheng’s timbre possesses a unique spec-
tral distribution and complex resonance characteristics. Frequency response anal-
ysis indicates that the frequency of the standard note A primarily concentrates
above 100 Hz, with noticeable resonance peaks at 890 Hz, 1300 Hz, and 1800 Hz.

The significant attenuation of frequency response in the high-frequency range
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(above 14 kHz) provides clear guidance for frequency trimming and timbre opti-
mization during digital recording. Additionally, the analysis of resonance charac-
teristics reveals the impact of sine wave phase interleaving on the details of timbre,
which is crucial for sound restoration in guzheng digital modeling.

This study clarifies the challenges posed by the complexity of guzheng timbre
in digital transformation. While traditional acoustic measurement techniques can
capture the basic characteristics of timbre, they still face limitations in faithfully
reproducing its rich resonance details. To address these issues, the application of
modern acoustic measurement and modeling technologies is essential. For exam-
ple, optimizing spectral models combined with resonance data can more accu-
rately restore the timbral layers and variations in playing techniques. This not only
helps improve the quality of digital recordings but also provides reliable technical
support for the dissemination and preservation of guzheng timbre in digital envi-
ronments.

Looking to the future, the acoustic digital transformation of the guzheng and
other traditional Chinese instruments holds broad application prospects. Firstly,
in the field of music creation, digital timbre libraries of the guzheng can offer rich
creative materials for composers and music producers, promoting the integration
of traditional music with modern musical technologies. Secondly, digital technol-
ogy provides new avenues for the protection and transmission of traditional in-
struments like the guzheng. Through high-fidelity digital audio capture and stor-
age, the unique timbral characteristics of the guzheng can be preserved intact,
avoiding the loss of sound quality due to time or physical deterioration. Further-
more, digital transformation offers new methods for guzheng education. Students
can learn and experience guzheng timbre through virtual instruments or audio

simulation systems without needing direct contact with physical instruments.
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