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A b s t r a c t 

The collaboration between artificial intelligence (AI) and acoustics marks a groundbreaking 
advancement in creating optimal soundscapes across various environments. This article explores 
the profound impact of AI on reshaping acoustics, transitioning from an art form to a precise science. 
Through AI-driven techniques, architects and designers can now analyze architectural parameters 
and materials to achieve ideal sound properties in room acoustics design. Additionally, AI plays 
a pivotal role in noise reduction and control, mitigating unwanted sounds and enhancing auditory 
clarity. Its application extends to improving speech intelligibility in noisy environments, particularly 
in modern workplaces, and facilitating environmental noise monitoring for urban planning and noise 
pollution mitigation. With numerous case studies highlighting AI’s transformative influence, this 
article provides valuable insights into future innovations and the potential for AI to revolutionize 
our sonic surroundings. In essence, AI harnesses computer systems to simulate human intelligence 
processes, optimizing sound environments and revolutionizing the field of acoustics. 
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Introduction

Artificial intelligence (AI) is increasingly playing a transformative role across 
various industries, and the field of acoustics is no exception. AI refers to the 
development of computer systems capable of performing tasks that typically require 
human intelligence, such as learning, problem-solving, perception, and decision- 
-making. By analyzing large amounts of data, recognizing patterns, and adapting 
behavior, AI systems are revolutionizing traditional approaches in many fields, 
including acoustics.

The main objective of this paper is to explore how AI is reshaping acoustics, 
focusing on its impact in five key areas: room acoustics design, noise reduction and 
control, speech enhancement in noisy environments and its applications in healthcare, 
and automatic signal processing in recording studios. These areas illustrate how AI 
is being applied to optimize sound environments, enhance auditory experiences, and 
improve overall sound management in public and private spaces.

AI-driven algorithms are capable of analyzing architectural parameters and 
materials to create optimal soundscapes, transforming room acoustics design from 
an art to a science. In noise reduction, AI systems mitigate unwanted sounds and 
enhance clarity, with applications ranging from workplaces to urban environments. 
AI also plays a pivotal role in improving speech intelligibility in noisy settings, 
which is particularly valuable in offices and meeting rooms. Additionally, AI-acoustic 
technologies are increasingly being integrated into healthcare, where they enhance 
diagnostic precision and improve surgical safety by analyzing sound patterns and 
supporting real-time decision-making. In recording studios AI can be helpful in signal 
processing, but also in creative work, like songwriting.

These applications highlight the vast potential of AI in the field of acoustics, 
offering new ways to enhance sound quality, reduce noise pollution, and improve 
communication in both professional and everyday environments. The integration of AI 
into acoustics marks a significant milestone, opening the way for future innovations 
that will reshape how we experience and interact with sound in diverse settings.

Artificial intelligence technology and workflow

Artificial intelligence encompasses the development of computer systems capable 
of performing tasks that typically require human intelligence. These systems are 
designed to simulate human cognitive functions such as learning, problem-solving, 
perception, and decision-making (Joiner 2018). AI technologies utilize algorithms 
that can analyze vast amounts of data, recognize patterns, and adapt accordingly. 
This ability to process large datasets makes AI a powerful tool across numerous 
industries, including acoustics. 

At the heart of AI technologies are two main approaches: machine learning and 
deep learning. Machine learning involves algorithms that improve their performance 
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over time through experience. In contrast, deep learning utilizes neural networks 
trained on large datasets, achieving higher accuracy in tasks like image and 
speech recognition. These technologies are particularly useful in fields like 
acoustics, where complex data analysis and decision-making are required  
in real time (Xu et al. 2021). Figure 1 demonstrates a typical AI workflow.

Fig. 1. Flowchart of artificial intelligence workflow

Data acquisition and preprocessing

AI systems rely on vast amounts of data to learn and make decisions. Data 
acquisition involves gathering relevant information from various sources, 
including sensors, databases, and the internet (Aldoseri et al. 2023). Once 
collected, the data undergoes preprocessing to clean and format it for analysis, 
which may involve tasks such as removing noise, handling missing values, and 
standardizing features.

Feature engineering

Feature engineering involves selecting and transforming the most relevant 
attributes from the dataset to represent the problem effectively. This step aims 
to enhance the predictive power of the model by extracting meaningful patterns 
and relationships from the data. Techniques such as dimensionality reduction, 
feature scaling, and encoding categorical variables are commonly used in this 
phase.
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Model selection and training

In this phase, the AI system selects an appropriate algorithm or model 
architecture to learn patterns from the data and make predictions or decisions. 
The choice of model depends on the nature of the problem, the type of data 
available, and the desired output. Popular AI models include linear regression, 
decision trees, support vector machines, neural networks, and deep learning 
architectures like convolutional or recurrent neural networks (Taye 2023). 
The selected model is then trained on labeled data, where it adjusts its internal 
parameters iteratively to minimize the difference between predicted and actual 
outcomes.

Evaluation and validation

After training, the AI model undergoes evaluation to assess its performance 
on unseen data. This step helps determine the model’s accuracy, reliability, and 
generalization capability. Common metrics for evaluating AI models include 
accuracy, precision, recall, a measure of predictive performance, and area under 
the receiver operating characteristic curve (Blagec et al. 2020). Validation 
techniques such as cross-validation and holdout validation are used to ensure 
the model’s robustness and prevent overfitting.

Deployment and monitoring

Once validated, the AI model is deployed into production environments 
to perform real-world tasks. Deployment involves integrating the model into 
existing systems or applications, where it can make predictions or automate 
decision-making processes. Continuous monitoring is essential to track the model’s 
performance over time, detect drift or degradation in performance, and retrain 
the model if necessary to maintain its accuracy and relevance (Aldoseri et al. 
2023).

AI in room acoustics design

Room acoustics design is critical to architectural planning, impacting sound 
quality within enclosed spaces. In recent times, artificial intelligence has become 
a very useful tool in changing the way we work in this complex field. This section 
explores several critical aspects of AI’s role in room acoustics design.
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Architectural analysis and material selection

One of the primary applications of AI in architectural analysis is the ability 
to model sound propagation within a given space. Advanced computational 
techniques, such as finite element analysis and boundary element methods, allow 
for the simulation of sound waves interacting with architectural elements (Falcón 
Pérez 2018). These simulations provide insights into how sound will behave 
within a room, including reflection, absorption, and diffusion factors. AI-driven 
simulations consider many architectural parameters, including room dimensions, 
shape, surface materials, and the positioning of reflective and absorptive surfaces 
(Lopez-Ballester et al. 2023). Architects can explore various design options 
through iterative modeling and analysis to achieve specific acoustic objectives. 
For example, in designing a concert hall, AI can help determine the optimal 
placement of surfaces to enhance sound diffusion and create an enveloping 
auditory experience for the audience (Antoshchuk  et al. 2018).

Furthermore, AI assists in selecting materials that best align with acoustic 
goals. By analyzing the acoustic properties of various building materials, such 
as wood, glass, and concrete, and specialized acoustic treatments, AI aids in 
identifying the ideal materials for achieving desired sound characteristics 
(Ciaburro et al. 2021). This contributes to acoustic excellence and influences 
aesthetic and functional aspects of architectural design. Machine learning 
algorithms analyze data on sound absorption coefficients, reflection properties, 
and dispersion characteristics, allowing designers to make informed choices about 
materials that meet their acoustic objectives. For example, the Elbphilharmonie 
building in Hamburg is a landmark in acoustic design, where advanced 
computational algorithms played a vital role in shaping its unique sound 
environment. Acoustician Yasuhisa Toyota and architectural firm Herzog 
& De Meuron used AI-powered simulations to craft 10,000 custom-designed 
gypsum fiber panels, each with a unique shape and texture to optimize sound 
diffusion (Susskind,  Susskind 2018). These panels are mounted on the walls 
and ceilings of the concert hall like puzzle pieces, providing uniform acoustic 
reflection for every seat in the auditorium. The use of AI in designing these 
panels ensured precision in delivering high-quality sound to audiences, making 
the Elbphilharmonie a model for future concert hall designs.

Acoustic modeling, powered by AI, goes a step further by providing architects 
and acousticians with predictive tools to assess how chosen materials will interact 
with sound waves. These modeling techniques simulate acoustic scenarios within 
a room, considering variables such as room dimensions, layout, and material 
placement. The result is a detailed understanding of how sound will propagate, 
reflect, and attenuate within the designed space. This predictive capability has 
far-reaching implications, particularly in constructing concert halls or educational 
settings (Paknejad et al. 2021). The AI modeling process is described in Figure 2.
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Fig. 2. AI modeling process

Moreover, AI-enhanced acoustic modeling facilitates fine-tuning room 
acoustics throughout the design process. Designers can experiment with various 
materials and configurations in a virtual environment, simulating different 
acoustic scenarios and refining the design. This level of precision was previously 
challenging to achieve without the help of AI, ensuring that the final architectural 
plans align perfectly with acoustic objectives. This step contributes significantly 
to sustainable practices by guiding architects toward using eco-friendly materials 
that offer both acoustic and environmental benefits.

Real-time acoustic adjustment

In the dynamic world of architectural acoustics, adapting room acoustics in 
real-time represents a groundbreaking step forward. AI-driven real-time acoustic 
adjustment systems are redefining how we experience sound within enclosed 
spaces, offering a very high level of flexibility and precision. These systems, 
equipped with an array of sensors and advanced AI algorithms, can transform 
the acoustic character of a room on the fly. The principle is simple: AI steps 
in to optimize the acoustic environment as the needs of a space change, whether 
transitioning from a lecture hall to a concert venue or from a conference room 
to a multimedia presentation space.

One of the critical components of real-time acoustic adjustment is the 
utilization of adaptive acoustic panels and surfaces. These panels, strategically 
placed throughout the room, can dynamically change their properties based on 
the AI’s analysis of the ongoing acoustic conditions. For instance, the panels may 
adjust during a musical performance to enhance sound diffusion and reflection 
to create an enveloping auditory experience (Yang 2017). In contrast, the same 
panels may absorb sound for a conference or lecture to reduce reverberation 
and ensure clear speech. The heart of real-time acoustic adjustment systems 
lies in their ability to sense and analyze sound. AI algorithms continuously 
monitor acoustic parameters such as sound levels, frequency distribution, and 
reverberation time. These data points are processed on the fly, and the system 
adjusts panels, curtains, and even speaker configurations to align with the 
desired acoustic goals. An adaptive acoustic wall idea by architect Robert Kane 
is shown in Figure 3.
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Fig. 3. Adaptive acoustic wall idea by Robert Kane, architect 
Source: based on Kane (2023).

AI-driven systems often have user-friendly interfaces, allowing users 
to select predefined acoustic profiles or customize settings to suit specific needs.  
This democratizes the control over room acoustics, ensuring that anyone, 
from a performing artist to a corporate presenter, can fine-tune the auditory 
environment to their requirements. These systems create adaptable spaces that 
can seamlessly transform to cater to various functions, enhancing the overall 
user experience.

Noise reduction and control

Artificial intelligence is helping in the fight against unwanted noise and 
in the search for peaceful and quiet surroundings. Various dimensions of AI’s role 
in noise reduction and control are described below, illustrating how it contributes 
to a quieter and more peaceful sonic landscape.

Active noise control systems

Active noise control (ANC) systems powered by artificial intelligence are 
a promising solution for reducing noise. They operate in real time and use 
advanced algorithms to counteract unwanted sounds. These systems rely 
on a series of microphones and sensors that capture incoming sounds. The AI 
algorithms then then analyze these sounds, assessing their frequency, volume, 
and other characteristics. ANC systems can generate anti-noise signals that 
cancel out the disruptive sounds by producing sound waves with opposite phase 
(Pauline et al. 2020). The mechanism of the ANC system is shown in Figure 4.
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Fig. 4. Active noise control (ANC) system mechanism

In the workplace, ANC-equipped headphones have become indispensable 
tools for enhancing productivity and concentration. These headphones use AI 
to analyze the surrounding environment and generate anti-noise signals that 
cancel out the background noise, allowing users to focus with clarity.

AI-equipped headphones feature an array of microphones that continuously 
sample the surrounding acoustic environment (Coker, Shi 2019). These audio 
inputs are then processed by AI algorithms capable of identifying specific sound 
sources and their characteristics. For instance, AI can distinguish between 
constant low-frequency noise (such as the hum of an airplane) and intermittent, 
high-frequency sounds (like conversation in a café). AI headphones process 
is shown in Figure 5.

Fig. 5. Headphones powered by AI sound processing
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AI-driven headphones also offer personalized soundscapes (Haruvi et al. 
2021). By learning the listener’s music preferences, EQ settings, and even 
physiological responses (such as heart rate), these headphones can tailor audio 
content to create a truly immersive and enjoyable experience.

While AI-driven ANC systems excel in confined spaces like headphones, large- 
-scale ANC applications face challenges due to the laws of physics. Generating 
a noise-canceling field over a wide area can lead to interference and diffraction, 
amplifying noise instead of reducing it. Despite these challenges, AI-driven 
noise source analysis and mitigation remain crucial areas for future research.

AI in building design for noise reduction

Beyond active noise control systems, AI also aids in building design 
to minimize noise infiltration from external sources. AI algorithms analyze factors 
like traffic patterns, wind direction, and nearby noise sources to recommend 
building configurations that reduce noise exposure (Lam et al. 2021). This 
is especially valuable in urban environments where external noise pollution 
is a constant challenge. In sustainable architecture, AI helps architects select 
materials and design layouts that minimize noise pollution while optimizing 
energy efficiency. AI-driven monitoring systems can track noise levels during 
construction to ensure that noise-reducing features are implemented as planned, 
and these systems continue to monitor the building post-construction to maintain 
optimal acoustic conditions (Kazeem et al. 2023). 

Researchers at Nanyang Technological University (NTU) Singapore developed 
noise-canceling windows that use AI and ANC technology. These windows 
are embedded with microphones and speakers that work together to analyze 
incoming noise and generate sound waves with opposing frequencies, effectively 
canceling out the noise before it enters the building. The AI algorithm adapts to 
different noise conditions, ensuring optimal performance in reducing sounds from 
traffic, construction, and other urban sources. The system offers a promising 
solution for reducing noise pollution in high-density urban environments without 
compromising natural light and ventilation (Tan,  Lau 2024).

Environmental noise monitoring and regulation

Our cities are facing a persistent challenge in the form of noise pollution. 
One of the ways to create peaceful and livable urban environments is to incorpo-
rate artificial intelligence into environmental noise monitoring and regulation.  
AI-powered systems provide a dynamic and data-driven approach to under-
standing, managing, and ultimately mitigating the effects of noise pollution. 
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By introducing AI technology, we can reduce noise pollution, develop effective 
strategies to manage it, and create a better living environment for everyone 
(Liu et al. 2020). At its core, AI-driven environmental noise monitoring relies 
on a network of strategically placed sensors and microphones. These sensors 
continuously capture acoustic data from various points within urban areas. 
This real-time soundscape data is then transmitted to AI algorithms capable 
of analyzing and interpreting the acoustic landscape. One of the notable con-
tributions of AI in this context is its capacity to categorize noise sources with 
high precision (Nourani et al. 2020). AI can distinguish between the hum 
of traffic, the clatter of construction machinery, the chatter of crowds, and more. 
This ability to identify noise sources enables authorities to pinpoint the origins 
of noise pollution and take targeted actions.

Urban noise mitigation is a pressing challenge in the heart of urban 
landscapes. AI’s role in this area extends beyond conventional solutions, offering 
a vast approach to creating more peaceful and livable urban environments. Smart 
city initiatives employ a network of microphones, sensors, and AI-powered data 
analytics to monitor noise levels across urban areas continuously.

People who plan cities and the government can use this information to make 
less noise in busy areas. They can use AI technology to quickly change how 
traffic moves, especially during busy times of the day. By doing this, they 
can reduce how loud it is in these areas. Furthermore, public transportation 
systems equipped with AI can dynamically adjust schedules to minimize noise 
impacts (Abduljabbar et al. 2019). AI also plays a pivotal role in designing 
and implementing noise barriers. These structures are usually placed next 
to highways and busy roads, and they can be planned and designed with the 
help of AI. By using AI’s ability to predict noise levels, city planners can make 
better decisions on where to build things like homes and businesses to reduce 
noise pollution. AI can also help keep noise levels low during construction and 
at night.

Furthermore, AI can predict noise trends based on historical data, weather 
conditions, and urban activities. This predictive capability is instrumental in 
optimizing noise regulation strategies. For instance, AI can anticipate traffic 
patterns during rush hours, enabling traffic management systems to proactively 
adjust routes to minimize noise impacts in residential areas (Tarawneh et al. 
2023). AI-driven noise monitoring networks facilitate not only data collection 
but also communication. Citizens can access real-time noise level data through 
user-friendly apps and web interfaces. This transparency empowers communities 
to participate in noise regulation efforts actively, providing feedback and raising 
awareness about noise pollution concerns. In the field of city planning, AI can 
be very helpful. It can help policymakers design peaceful and comfortable city 
areas by studying sound data and other city-related factors such as land use, 
transportation, and zoning. Zoning rules can be changed to keep noisy industrial 
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areas away from residential areas, and sound walls can be positioned to provide 
maximum protection from noise. 

As part of their smart city initiatives, cities like Barcelona and London have 
adopted AI-powered noise management systems to monitor and mitigate urban 
noise pollution. In Barcelona, thousands of sensors have been installed around 
the city to gather real-time data on noise levels, which are then analyzed by 
AI algorithms. These systems can predict noise hotspots and automatically 
suggest interventions, such as rerouting traffic or adjusting public transportation 
schedules, to reduce noise in the most affected areas. London has similarly 
employed AI to monitor noise from traffic and construction, helping policymakers 
make data-driven decisions to improve urban soundscapes (Kumar et al. 2024).

Speech enhancement in noisy environments

Speech enhancement technologies empowered by artificial intelligence offer 
innovative solutions to one of the most persistent challenges in acoustics: ensuring 
clear and intelligible communication in noisy surroundings. AI algorithms 
have the ability to learn to distinguish between speech sounds and unwanted 
background noise. By analyzing audio input in real time, AI-based systems can 
classify audio components as either speech or noise, making smart adjustments 
to reduce noise levels and amplify speech clarity. The process begins with the 
microphone capturing both the desired speech and the surrounding noise (Zhang 
et al. 2023). AI-driven systems can then reduce unwanted sounds and amplify 
human speech, making it easier to hear and understand.

Artificial intelligence helps to combine different tools like microphones and 
cameras to make speech clearer in noisy places. This approach uses both sound 
and visual signals to improve speech quality. For instance, in video conferencing 
scenarios, AI can analyze lip movements and facial expressions with audio signals 
(Kołodziej, González-Vélez 2019). This technique is particularly valuable 
for assistive listening devices used by individuals who are hard of hearing, 
as it provides both auditory and visual aids to enhance speech comprehension. 
In Figure 6 it is shown how a sound wave looks like before and after processing.

As an example here, Google Meet introduced an AI-driven noise cancellation 
feature in 2020, at some point revolutionizing the way users conduct video 
calls in noisy environments. The AI system can filter out background noise 
such as typing, barking dogs, and construction sounds, allowing the speaker’s 
voice to come through clearly. This technology leverages deep learning models 
trained on large datasets of background noise, allowing the AI to recognize and 
suppress non-speech sounds in real time. Google Meet’s noise cancellation feature 
is particularly beneficial for remote workers and businesses that need to maintain 
professional communication, even in less-than-ideal acoustic conditions.
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Fig. 6. Noisy vs clean speech soundwave after enhancement

Microphone array processing

AI-driven microphone arrays are emerging as a powerful tool for speech 
enhancement, especially in environments with multiple sound sources. These 
arrays use beamforming techniques to process signals from different directions 
and selectively enhance speech while suppressing noise originating from other 
sources. By focusing the microphone’s sensitivity on the speaker, the system can 
minimize interference from background noise, making speech clearer even in 
acoustically challenging settings (Picinali et al. 2022). Applications range from 
boardroom video conferencing systems to voice-controlled smart devices in homes.

Customizable Profiles and Applications

AI empowers users to create personalized speech enhancement profiles 
tailored to their auditory preferences (Gligorea et al. 2023). Users can fine- 
-tune noise reduction settings, emphasize speech clarity, or balance background 
noise, ensuring an adaptable listening experience across different environments. 
These profiles are highly beneficial in diverse industries, from healthcare 
to public safety, where effective communication is essential even in noisy settings. 
AI’s ability to customize speech enhancement means it can support communication 
in a wide variety of acoustic conditions, including chaotic emergency response 
scenarios and quiet healthcare settings.

Automatic signal processing in recording studios

Integrating advanced algorithms and AI technology revolutionizes the audio 
production process. In the area of mixing, automatic signal processing streamlines 
the workflow by efficiently handling tasks such as dynamic range compression, 
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equalization, and spatial enhancement (Vanka et al. 2023). By analyzing the 
audio signal in real-time and making intelligent adjustments, engineers can 
achieve optimal balance, clarity, and spatial imaging within the mix. Moreover, 
in the mastering phase, automatic signal processing plays a pivotal role in refining 
the overall sound quality and ensuring consistency across tracks. Automated 
mastering tools allow engineers to apply precise adjustments to the frequency 
response, dynamics, and stereo imaging, resulting in polished, professional-
grade recordings. This integration of automation in both mixing and mastering 
empowers audio professionals to deliver high-quality productions efficiently, 
while also providing greater creative freedom to focus on artistic expression.

One of the most groundbreaking aspects of implementing AI in this area 
is the ability to separate individual instruments from a finished recording. 
Using sophisticated algorithms and machine learning, recording engineers can 
isolate specific elements of a track, such as vocals, guitars, or drums, with 
unprecedented precision (Pedro, Lordelo 2022). Complex audio signals are 
analyzed and decomposed into their constituent parts, allowing for independent 
manipulation and enhancement of each instrument or vocal track. This capability 
not only empowers creative freedom during the mixing and mastering stages 
but also facilitates tasks such as audio restoration, remixing, sampling, and 
creating alternative versions of existing tracks. An example here can be 
iZotope RX software, which is a powerful AI-driven audio restoration suite 
widely used in professional recording studios for cleaning up recordings and 
repairing damaged audio. The software can automatically identify and remove 
unwanted noise, clicks, pops, and hums from audio tracks. Using machine learning 
algorithms, iZotope RX isolates specific sounds, such as vocals or instruments, 
from background noise, allowing engineers to restore or remix audio with 
incredible precision. This tool is invaluable for restoring old recordings, podcasts, 
or film audio where unwanted noise or damage has compromised the original 
sound quality. 

AI can be as well incorporated into songwriting. It provides musicians with 
powerful tools to break creative blocks and explore new musical directions, 
ensuring a seamless collaboration between human intuition and machine 
precision. For example, Logic Pro X, one of the industry’s leading digital audio 
workstations (DAWs), has introduced new AI-based features to assist musicians 
in songwriting and production. Among these, the AI-driven piano player stands 
out, helping composers generate melodies and harmonies based on user input. 
The tool offers real-time suggestions, improvisations, and chord progressions 
tailored to the artist’s style, making the songwriting process more intuitive and 
creative. Whether you’re an experienced producer or a beginner, this AI-assisted 
feature enhances creativity by automatically generating accompaniment and 
allowing for instant customization. Figure 7 presents screenshot of Logic Pro X 
AI-based piano player tool for songwriting.
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Fig. 7. Logic Pro X AI-based piano player tool

Revolutionizing healthcare  
with AI-enhanced acoustic technologies

The integration of artificial intelligence into the field of acoustics holds 
significant promise across multiple healthcare domains. One of the most 
compelling applications lies in diagnostic tools. AI-driven acoustic analysis 
can detect subtle variations in sound patterns, offering early warning signs for 
various medical conditions (Lauritsen et al. 2020). For instance, by analyzing 
lung sounds, AI can assist in diagnosing respiratory disorders, such as asthma 
or pneumonia, with a level of precision that was previously challenging to achieve. 
Similarly, cardiac acoustics can provide valuable insights into heart health, 
helping identify irregularities and conditions like murmurs or arrhythmias. 
These diagnostic aids enhance the accuracy of medical assessments and can 
expedite the diagnostic process, potentially leading to quicker treatment and 
improved patient outcomes. In particular, AI’s role in monitoring cardiac acoustics 
shows its potential to be a powerful tool for early diagnosis and intervention, 
ensuring better outcomes for patients at risk of heart conditions. One of the 
medical brands, “Eko”, has developed an AI-powered stethoscope that significantly 
enhances the accuracy of cardiac and respiratory diagnoses (Siontis et al. 2021).  
The stethoscope uses AI algorithms trained on thousands of heart sound 
recordings to detect abnormalities like murmurs, arrhythmias, and other heart 
conditions. The device amplifies and filters heart sounds while providing clinicians 
with real-time visual feedback on a smartphone or tablet. This technology reduces 
the margin for human error and allows doctors to diagnose conditions with greater 
confidence, particularly in primary care settings where access to specialized 
diagnostic tools may be limited. Surgical procedures also benefit from AI-driven 
acoustic technologies, as highlighted by Seibold et al. (2021). This specific 
application demonstrates the potential of AI to prevent critical errors during 
surgical interventions. By rapidly detecting drill breakthrough events, AI ensures 
that surgeons can avoid over-drilling into adjacent soft tissues, minimizing the 
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risk of damaging vital structures. AI’s rapid response times allow it to react 
faster than human surgeons, thus improving patient safety and reducing the 
occurrence of complications during surgery.

Beyond diagnostics and surgical safety, AI-acoustic solutions are also 
transforming the healthcare workflow. Voice recognition and natural language 
processing tools powered by AI are increasingly used to transcribe medical 
notes, streamlining administrative processes for healthcare professionals. 
These advancements improve efficiency by automating documentation, allowing 
physicians and nurses to spend more time on patient care and less on paperwork. 
In essence, integrating AI into acoustics redefines healthcare practices, offering 
more precise diagnostics, safer surgeries, and a more efficient and patient- 
-focused healthcare system. This combination of AI and acoustic technology 
is shaping a future where healthcare becomes more predictive, less invasive, 
and more patient-centered.

Summary and conclusions

The integration of artificial intelligence into acoustics has brought trans- 
formative advancements in designing, managing, and optimizing sound 
environments. This paper explored AI’s multifaceted role in reshaping the 
field of acoustics, from room acoustics design to noise reduction and speech 
enhancement. AI has enabled architects and engineers to design spaces with 
acoustical precision by simulating sound propagation and selecting materials 
that optimize sound quality. Real-time acoustic adjustments powered by AI 
have revolutionized how environments can adapt dynamically to varying needs, 
improving the functionality of spaces such as concert halls and conference rooms.

Additionally, AI plays a crucial role in noise reduction, both in urban settings 
and indoor environments. By using AI-driven algorithms, smart cities can 
monitor and mitigate noise pollution, while active noise control systems provide 
personalized noise cancellation in confined spaces like headphones. Speech 
enhancement technologies, also driven by AI, are improving communication 
clarity in noisy environments, enhancing experiences in workplaces and 
healthcare facilities alike.

In the healthcare sector, AI-enhanced acoustics contribute significantly 
to diagnostics and surgical safety. By analyzing subtle sound variations, 
AI assists in detecting early warning signs of medical conditions such as 
respiratory or cardiac disorders. AI-powered tools in operating rooms enhance 
communication among surgical teams, improving patient outcomes. Overall, 
AI has the potential to create more sustainable, efficient, and adaptable sound 
environments. By blending technological innovation with acoustical expertise, 
AI-driven solutions are opening the door for future innovations that will continue 
to transform how we interact with and manage sound in various settings.
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