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ABSTRACT 

  This paper analyzes the synthesis of collaborative edge computing and low-power VLSI 
design for audio in the IoT paradigm. As the need for real-time audio processing on low-power 
platforms grows, the use of these CPUs seems to offer important benefits in terms of latency, 
power usage and added capacity. Collaborative edge computing allows the audio data to be 
processed through near processors hence cutting down on the utilization of cloud resources 
while at the same time enhancing the systems response rate and ensuring privacy. These 
systems are then augmented with low-power VLSI design to ensure that applications with high 
demand for voice will run for a long time without draining battery power. 
 
This paper reviews the essential signal processing techniques common in IoT including noise 
attenuation, spoken word recognition, and audio categorization, and provides insight into their 
adoption in numerous domains including home automation, healthcare, industry, and 
automotive product markets. Moreover, it also examines issues like security threats, numerical 
capability restrictions, and integration issues Lastly, it describes new prospects like AI 
implementation and the development of neuromorphic computing. 
 
In conclusion, this report demonstrates that collaborative edge computing and low-power VLSI 
can revolutionize the authenticated and efficacy of audio processing in IoT applications of 
different fields laying a paradigm towards more intelligent, efficient, and sustainable systems. 
 
Keywords: Collaborative Edge Computing, Low-Power VLSI, Audio Signal Processing, Internet of Things (IoT) 

 
1. I. Introduction 
The Internet of Things (IoT) has shifted the ways that devices communicate and share  
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data for countless smart devices connected today. This has resulted in the development of Smart 
environments where any object requires sensors and communication technology to monitor or 
control these environments Smart homes, Health care smart transport, and smart industries are 
examples of smart environments. However, in the recent past, with a rapid increase in IoT 
devices, the need for data processing and analysis has increased sharply. Conventional cloud 
computing fundamentally does not adequately address these requirements owing to problems 
related to bandwidth, latency, and scalability. 

 
Figure 1: Collaborative Edge Computing 

To overcome these challenges, a newer paradigm known as edge computing has taken root that 
helps in performing computation on data and storing it at source. Edge computing minimizes 
the activity of pushing large amounts of data to the centralized server in the cloud, data 
processing is done at the edge of the network thus enabling faster response rates. In this regard, 
a new concept of collaborative edge computing is being implemented, making it possible for 
several devices to divide the work among them efficiently. This kind of collaboration improves 
computational efficiency, enabling resources to be better allocated, and decisions to be made 
as work proceeds. 
 
Audio signal processing is one of the key applications in the context of the IoT because it is 
the basis of many features, including voice and environmental sounds, as well as human-
computer interaction. Real-time and accurate response to processed audio is critical in smart 
speakers, hearing aids, security systems, and more. The ability to implement further edge 
computing for collaboration in signal processing makes it easier to apply more complex 
algorithms in advanced locales as opposed to infrastructures in the cloud. 
 
2. II. Collaborative Edge Computing: Concepts and Benefits 
Collaborative edge computing is fundamentally a new paradigm of computing in which 
decision-making, data processing, and storage are enabled at the edge of the network, instead 
of centralized cloud data centers. In conventional models of cloud computing, the data collected 
from IoT devices are sent to other remote cloud data centers for analysis thereby incurring 
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latency, bandwidth crowding, and energy consumption. These issues are solved in edge 
computing by performing computations in the areas of data generation where computations are 
required at the edge spots like sensors, gates, and other intermediary tools. 
 
Concepts of Collaborative Edge Computing: In aggregated decentralized computation, there 
are several edge nodes, these may be devices or gateways, that are involved in computation. 
This cooperation model allows computational resources to be distributed among a series of 
connected edge devices, enhancing general system effectiveness [1]. Traditionally D2D 
interactions reside heavily on each device or solely on the centralized server, whereas a 
cooperative manner enables splitting tasks and their successive execution among connected 
devices for improved efficiency, load sharing, and shorter response times. 

 
Figure 2: Efficient Computation Architecture 

For example, in the smart home where multiple IoT devices like a smart speaker, thermostat, 
and smart security approach, the data processing tasks could be done together locally, with 
insights being passed along for quicker action – adjusting the temperature based on voice or 
identifying intruders through the sound data analysis [2]. This distributed computing model 
makes it possible for the system to be scalable especially given the increased number of smart 
devices being connected to the system. 
 
Benefits of Collaborative Edge Computing: 
 
Reduced Latency: Collaborative edge computing brings data processing nearer hence it 
provides a solution because it significantly reduces the amount of time it takes to ferry data 
back and fro to cloud servers. This is especially important in applications that demand real-
time processing including voice recognition and processing for audio signals, health-reducing 
and improving systems, and autonomous cars. 
 
Improved Bandwidth Efficiency: Having the data processed and filtered on the edge means 
only the necessary or approximate is transmitted to the cloud leading to usage of less bandwidth 
[3]. This helps in unclogging up the much-needed networks and thus provides efficient services 
in areas of restricted connectivity. 
 
Enhanced Security and Privacy: Collaborative edge computing is ideal since the aggregation 
means raw data is processed at close quarters minimizing the exchange of critical information 
over long distances. For instance in audio processing, it is possible to forward voice 
information locally and handle them locally which provides better secure protection. 
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Scalability and Resource Optimization: Collaborative edge computing may scale up better 
as it uses the total processing power of multiple edge devices to get the job done without 
straining individual devices or the cloud. This distributed resource utilization focuses on energy 
utilization and hardware working capacity which makes such a design suitable for IoT systems 
with poor power backup. 

 
Figure 3: Low-Power Edge Computing Architecture 

In conclusion, the main benefits of collaborative edge computing can be claimed for IoT 
applications as providing higher efficiency and speed, as well as more secure results of data 
processed [4]. They are most advantageous in real-time domains including the processing of 
the sound signals that require minimal latency time and prudent utilization of the resources. 
 
3. III. Audio Signal Processing Techniques in IoT 
Sound analysis plays an especially important role in IoT where devices need to listen to the 
surrounding environment, analyze it, and act accordingly. Voice-activated devices including 
smart speakers, voice-activated personal assistants, hearing aid devices, and home security 
among others have central applications of audio signal processing for functions including 
speech recognition, sound classification, noise reduction, and analysis of ambient sound. Such 
applications typically work under limited power consumption, and low latency, and often have 
a limited number of computational resources available, so efficient audio signal processing 
techniques become critical for IoT systems. 
 
Key Audio Signal Processing Techniques in IoT: 
 
Fourier Transform (FT) and Fast Fourier Transform (FFT): Within the field of audio 
signal processing, Fourier Transform is one of the basic methods to convert real-time audio 
signals into the frequency domain. This operation is however computationally demanding, a 
fact that can be alleviated by the use of the Fast Fourier Transform (FFT), which is optimal for 
low-power IoT devices. In FFT some different frequency groups of accurate audio can be 
estimated, which can be used in various functions, for example, voice recognition, potential 
sound division into genres, or noise modification. 
 
Wavelet Transform: The Wavelet Transform is another useful methodology of audio signal 



Venkatesh A, Naveen Kumar V, Sathisha S B 
 

Library Progress International| Vol.44 No.3 |Jul-Dec 2024                                                 19274 

analysis, which provides time and frequency characteristics simultaneously. Also, while 
Fourier Transform gives global frequency analysis, Wavelet Transform can analyze variations 
in a given frequency in time so it is relevant for analysis of transient signals such as noise and 
especially speech. In IoT, it has functions in cases like environmental sound classification and 
voice command recognition. 

 
Figure 4: Cloud Collaborative Processing 

Digital Filters (FIR and IIR): Some common filters that are applied digitally include the 
Finite Impulse Response (FIR) and the Infinite Impulse Response (IIR) which helps remove 
noises and distortions from the audio signal. These filters are used commonly in IoT devices 
for increasing voice clarity for voice command recognition, better performance of voice 
recognition, or refining the audio signals in signal processing systems [5]. IIR filters are used 
for computationally effective implementation and FIR for precise results. Due to the 
constrained computational power, IIR filters are most suited to IoT devices. 
Speech Recognition Algorithms: In IoT-enabled devices like smart speakers, or voice-
controlling home automation systems, the speech recognition algorithms form the nucleus of 
processing user voices. The existing technologies as part of voice command implementation 
include Hidden Markov Models (HMMs), Deep Neural Networks (DNNs), and Recurrent 
Neural Networks (RNNs). These models translate the audio signals into textual descriptions 
comprehensible by IoT systems, or commands which the systems can follow. 
 
Noise Reduction and Echo Cancellation: Techniques such as spectral subtraction and 
adaptive filtering are important where there is a lot of interference and which IoT devices 
require clean inputs. Acoustic echo cancellation employed particularly in the communication 
field enables the noise produced by the device’s speaker not to impact the microphone input. 
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All these techniques are useful in enhancing the audio signals in IoT application areas where 
other forms of interference may have a detrimental impact on system performance. 
 
Mel-Frequency Cepstral Coefficients (MFCCs): It defines MFCC as a feature extraction 
technique employed in most audio processing, particularly in IoT-enabling speech recognition 
systems. Indeed, it transforms an audio signal into a set of parameters that characterize the 
signal’s perceptible properties, which can be in a digestible format for Machine learning 
algorithms [6]. 

 
Figure 5: Adaptive Extreme Edge Computing 

 
4. IV. Low-Power VLSI Design for Audio Signal Processing 
VLSI design at low power levels is essential for IoT devices and in particular for signals, such 
as audio, since IoT devices are characterized by (very) low power budgets. Internet of Things 
gadgets including smart speakers, wearable hearing aids, or voice-activated home automation 
devices require real-time audio signal processing most of the time in conditions where the 
batteries or power may be low. For this reason, proper tuning of the storage hardware to 
consume as little energy as possible while delivering high results is critical. The ideas accorded 
by the low-power VLSI design strategies for that reason hold the preliminary key to realizing 
effective audio signal processing paradigm in these types of applications. 
 
Key Concepts in Low-Power VLSI Design: 
 
Power Consumption in VLSI: Consumption of power in VLSI circuits includes two 
fundamental forms of power; dynamic power and static power. Switching power is the power 
consumed when the transistors are on while leakage power (or static power), is the power 
consumed even when the device is not in use [7]. Due to the nature of IoT devices mainly being 
subjected to audio processing wherein the system involves the processing of streams in real-
time, both dynamic and leakage power have to be handled very carefully to ensure that battery 
life is adequately preserved. 
 
Techniques for Low-Power VLSI Design: 
 
Clock Gating: Clock gating is one of the best methods that can be used to minimize dynamic 
power dissipation. This method entails pluralizing selected connections to a circuit to allow 
them to be powered down when not in use, while the clock signal is active to other connections. 
For instance, in audio signal processing, parts of the hardware that are not used when no signal 
is being processed will be gated to minimize switching power loss. 
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Figure 6: Edge Computing in SDN-IoT Network 

Voltage Scaling: Another technique is the architecture of voltage control reduction which 
strongly influences the reduction of overall power consumption because dynamic power 
dissipation has a quadratic dependence on the supply voltage. a system called dynamic voltage 
scaling (DVS) which changes the voltage level according to the processing necessary. In audio 
signal processing, low voltage can be applied when the signal is processed during ‘silent’ times 
for instance by turning off some of the processors or using them with low voltage to conserve 
power. 
 
Power Gating: Power gating is one of the techniques used in reducing static power 
consumption where the power supply path to parts of the circuit not operational is switched off 
[8]. For instance, in an audio processing system, power can go off from the working organs 
once it does not ‘’hear’’ for a while to reduce leakage power. 
Low-Power Architectures: Another way is to design low-power architectures for identifying 
audio signals separately. For example, for compute-intensive operations such as Fast Fourier 
Transform (FFT) or Mel-Frequency Cepstral Coefficients (MFCC) extraction, having 
dedicated hardware accelerators improves both the power and performance advantages of the 
system over a simple general-purpose processor. 
 
Optimizing Memory and Data Transfer: The two primary forms of access – memory access 
and data transfer – are known to be amongst the largest consumers of power within VLSI 
circuits. These techniques such as memory compression, and optimized data bus designs 
minimize data transfer and storage, which is very effective in audio processing due to the large 
amounts of data (audio samples) being accessed most of the time. 

 
Figure 7: AI-based Mobile Edge Computing 

Energy Harvesting Integration: Some of the progressive IoT systems use energy harvester 



Venkatesh A, Naveen Kumar V, Sathisha S B 
 

Library Progress International| Vol.44 No.3 |Jul-Dec 2024                                                 19277 

approaches such as solar and piezoelectric to provide low-power VLSI circuits [9]. 
Specifically, in audio signal processing applications, we harvest small amounts of energy to 
perform a simple analysis of the signal, which may include voice detection or noise rejection. 
 
5. V. Integration of Edge Computing and VLSI for Audio Processing 
The integration of edge computing with low power Very Large Scale Integration VLSI for 
audio processing in the Internet of Things IoT systems brings two important innovations 
together to solve the key issue of embedding real-time data analysis at the edges of the IoT 
systems. This integration caters to an increasing trend in applications like voice emulation, 
acoustic detection, sound analysis, adaptive voice tool kits, utterance interactive systems, etc., 
requiring a vast amount of audio analysis while consuming less power and offering high 
performance. 
 
Edge Computing in Audio Processing: Edge computing allows data collection, processing, 
and analysis to occur near the source which may be IoT sensors, microphones, or even any 
audio-capturing device instead of sending lots of data to the cloud for processing [10].  
 
Audio signal processing usually includes high computational processing including noise level 
reduction, voice activity detection, speech-to-text conversion, and feature enhancement (Like 
FFT, MFCC, etc.). Performing these tasks at the edge introduces more capabilities as other 
tasks since it enables real-time computation and response irrespective of cloud latency. 
 
VLSI for Low-Power Audio Processing: The points made in low-power VLSI design include 
the energy needed for working with tones, particularly in resource-limited conditions, for 
example, IoT devices. Traditional methods of power optimization include clock gating which 
reduces dynamic power during audio processing, dynamic voltage scaling (DVS), and power 
gating [11]. Hardware accelerators in the form of Application Specific Integrated Circuits 
ASICS that are designed for some specific algorithms for processing audio like FFTs for signal 
processing or layers of an AI-based speech recognition neural network which will often run 
many parallel threads can improve processing efficiency while lowering power requirements. 

 
Figure 8: Edge Computing in Industrial Internet 

Synergy Between Edge Computing and VLSI: The union of edge computing and low-power 
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VLSI offers a robust environment for implementing audio signal processing architectures. 
Audio processing becomes more efficient, immediate, and less power-hungry if computation 
is handed over to local edge devices integrated with customized VLSI circuits. The VLSI 
components can efficiently compute with less energy supply and hence require less supply of 
energy thereby enabling the IoT gadgets to continue working without the need to be recharged 
or have their batteries replaced frequently. 
Benefits of the Integration: 
 
Low Latency: The integration minimizes the additional journeys to the cloud to get new 
information, enabling application responses in real-time needed for data such as virtual 
assistants or security systems. 
Energy Efficiency: Here, the use of low-power VLSI circuits means that audio processing 
consumes very little power which means that IoT devices will not be frequently drained of 
power. 
Bandwidth Efficiency: Performing feature extraction and feature selection on a voice signal 
at the edge reduces the amount of data sent to the cloud and the load on the network [12]. 
Scalability: The ideas presented combined can be implemented to cover the increased number 
of IoT devices connected to a network, without the chances of the number of the devices 
exceeding the load of the system something that makes it ideal for large-scale implementations. 
 
6. VI. Challenges and Limitations 
Significant advantages of using collaborative edge computing for sound signal processing 
include low latency, low energy consumption, and real-time computing facilitated by the 
combination of low-power VLSI. Nevertheless, there are a number of constraints and 
limitations that must be considered and solved in order to use this approach to its fullest. These 
issues are related to the limitations of edge computing and low-power VLSI design in response 
to resource-based activities such as audio processing within IoT systems. 
 
1. Power and Energy Constraints: Although power saving is the major aim in low-power 
VLSI design, signal processing of audio signals in Internet of Things systems consumes a 
substantial amount of computational resources, especially for complex tasks like speech 
recognition or noise elimination. Consumption vs. performance is a constant dilemma The 
major drawback of the computer [13]. It is for this reason that while power gating or voltage 
scaling, there are always techniques that can be taken to minimize power consumption thus 
bringing out these techniques we at times find that to do this other parameters like performance 
or accuracy of an audio processing job may be compromised particularly in real-time tasks. 
These devices depend on battery power; therefore, power management has to be well 
coordinated so that the batteries are not periodically recharged. 
 
2. Limited Computational Resources at the Edge: Smart devices normally have low 
computational capacity and limited space for storing data compared with cloud systems. Some 
of the audio processes such as voice detection, sound categorization, or audio coding can be 
rather time-consuming or require large computational resources. Many complex algorithms 
like deep learning for speech recognition or audio feature extraction seem to be hard to apply 
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when mobilizing resource-starved edge devices [14]. To this end, VLSI accelerators are 
beneficial as they perform algorithm operations on pre-configured substrates that are optimized 
for hardware, but there is always a trade-off between the specificity of the chosen algorithm 
and the power capacity of the particular edge device within use. 
 
3. Latency and Real-Time Processing: The advantage of edge computing refers to the ability 
to decrease latency since a large portion of data can be processed at the edge. However, real-
time processing of an audio signal especially in applications such as voice-activated systems 
or hearing aids, demands not only low latency computations but also deterministic response 
time. They could reduce the quality of the user experience, especially in those contexts where 
the feedback needed to be delivered almost instantly – like in IVR systems or security 
notifications. Maintaining real-time response even when under different utilization levels 
continues to pose a major challenge. 

 
Figure 9: AES Encryption in Edge Computing 

 
4. Security and Privacy Concerns: The processing of audio signals in GOP and other edge-
based applications such as the IoT scale smart home or surveillance systems may come with 
the issue of security to data. Recording based on audio data provokes a sense of privacy 
violation as such type of data usually includes valuable and often private information (people 
talking on the phone, business negotiations, etc.). It is necessary to guarantee that the 
environment where edge computing is performed is protected concerning information transfer 
and storage [15]. Storing data in encrypted format, or using cipher communication protocols 
may add overhead which in turn may complicate low-power VLSI design. 
5. Scalability Issues: The utilization of multiple combinations of devices for collaborative 
edge computing, especially in huge IoT networks, entails difficulties in resource management 
load distribution, and data synchronization. When there are several devices for audio 
processing involved, coordination and organization of work, as well as correct utilization of 
resources and low latency, become a challenging task. Such VLSI chips tailored for a certain 
device often do not transport well to other devices or arrangements without major re-
architecting, which complicates deployment. 
 
7. VII. Future Trends and Directions 
Therefore the use of cooperative edge computing along with low-power VLSI (Very Large 



Venkatesh A, Naveen Kumar V, Sathisha S B 
 

Library Progress International| Vol.44 No.3 |Jul-Dec 2024                                                 19280 

Scale Integration) for audio signal processing in IoT devices is expected to progress as the 
complexity of the devices and the need for better efficiency increases. Potential future trends 
of this kind of work will be determined by essential demands for higher performance, lower 
power consumption, and the capability to solve more intricate problems of audio processing in 
real time. As mentioned below, these are some of the significant future trends and directions 
defining the developments of this technology. 
 
1. AI and Machine Learning Integration: Another clear trend, is the growing relevance of 
artificial intelligence (AI) and/or machine learning (ML) within edge computing platforms. In 
audio signal processing, AI can be used for tasks that include speech recognition, noise 
canceling/elimination, and sound categorization [16]. AI algorithms on low-power VLSI 
circuits at the edge are a challenge that is being supplemented by dedicated deep learning and 
neural network hardware accelerators. Such accelerators, for example, neuromorphic chips 
work on AI computing requirements while keeping energy consumption at one of the lowest. : 
They are used in the ongoing trend to boost real-time audio analysis straight on the edge devices 
instead of the Cloud. 
 
2. Neuromorphic and Bio-Inspired Computing: The other emerging direction that aligns 
well with low-power VLSI design is neuromorphic computing, which implements computing 
by emulating the human brain’s neural tissue. Neuromorphic chips are quite famous for their 
efficiency in handling sensory data such as sound and are proficient in pattern matching with 
little power consumption. Because of these neuromorphic architectures, the next generation of 
processing devices which could be incorporated into edge devices could be intelligent and 
adaptive to the current environment. This is especially helpful for applications such as voice-
activated assistants or IoT for sound monitoring in their surroundings. 

 
Figure 10: Practical Overview of Edge Computing 
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3. Ultra-Low Power Design Techniques: It is envisaged that future work in low-power VLSI 
will continue to target the realization of total power levels through design techniques. Other 
examples include sub-threshold voltage operation, where transistors operate far below the 
normal voltage level, cutting power consumption of audio processing circuits almost in half 
[17]. Moreover, techniques such as power gating and dynamic voltage scaling (DVS) will be 
applied with better granularity to handle power consumption depending on the need of 
applications. Such techniques will help IoT devices to analyze audio signals for extended 
durations and with less need to recharge their batteries. 
4. Collaborative AI at the Edge: This is the beginning of the distributed AI design, where 
many edges cooperate to solve problems at the same time. In audio signal processing, this 
strategy may imply the interactions of several devices to identify various features of the sound 
environment, including the detection of diverse sound sources, as well as the separation of 
desired signals from noises. This distributed approach saves the computational power of each 
device and thereby allows for more complicated audio processing methods to be implemented 
without exceeding power constraints. At the edge, collaborative AI will also enhance 
scalability and reliability in extensive IoT environments. 
 
5. Edge-to-Cloud Continuum: Although edge computing has proven helpful in cutting down 
latency and power utilization, some responsibilities will still need the cloud. This means that 
future systems will bring a paradigm of the edge-to-cloud continuum where certain parts of the 
audio processing tasks are running on and managed on the edge devices, while others are 
handled in the cloud but seamlessly collaborating and coordinating their tasks [18]. Consumer-
side low-power VLSI devices will pre-process less complex, power-sensitive tasks such as 
voice-on or noise filtering while complex tasks such as deep learning-based speech synthesis 
will be offloaded to the cloud. This hybrid model will improve both performance and power 
efficiencies. 

 
Figure 11: Service Collaboration Method for Edge Computing 

6. Enhanced Security and Privacy Mechanisms: Future systems will incorporate various 
techniques that emphasize security and privacy because of the growing volume of audio data 
processed at the edge. Open issues in the area of hardware-based encryption and secured data 
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channels for low-power VLSI circuits also guarantee that the required audio data are also 
protected from any unwanted access while processing locally. As novel approaches for privacy-
preserving data processing, concepts such as homomorphic encryption, which enables 
processing data in the encrypted form, might offer a direction to address privacy preservation 
without a negative impact on the efficacy of the VLSI-based edge devices. 
 
8. VIII. Case Studies and Real-world Applications 
Collaborative cooperative edge computing with low-power VLSI implementation in audio 
signal processing has had many real-world uses in many fields. Due to the advantages of real-
time data processing, low latency, and power consumption, these technologies have stirred up 
intelligent home, health care, and security solutions. Listed below are a few examples, a few 
success stories, and use cases relating to these advancements and their possibilities. 
 
1. Smart Home Voice Assistants: Among all the other fields of audio signal processing with 
the help of edge computing, the most popular one is home devices, namely voice-activated 
assistants, including Amazon Alexa, Google Home, etc. These devices employ low-power 
VLSI chips to perform real-time voice processing operations such as the detection of wake 
words, or the execution of commands [19]. The edge computing framework ensures that most 
of the processing takes place near the data source, thus reducing latency also ensures that most 
of the data is processed locally thus trying to enhance the user’s privacy by reducing data to be 
sent to the cloud. For example, if a user utters “Hey Alexa,” the wake word is processed on a 
local device and anything more compute-intensive is handled on the cloud. Technologies with 
sharp features and powerful clouds enable improved usability and better optimization of 
systems simultaneously. 
 
2. Hearing Aids and Assistive Listening Devices: Low-power VLSI and edge computing 
have been instrumental in the advancement of the current hearing aids and assistive listening 
devices. For these devices to be effective, they have to perform real-time signal processing of 
the audio signals to remove all the noises and at the same time amplify the speaker’s voice 
without exceeding minimum power consumption to maximize the battery backup time. For 
instance, modern hearing aids from Oticon as well as Phonak employ low-power VLSI 
technology in the execution of noise reduction, DM control, and filtering. These devices 
operate on real-time processing on the node to avoid depending more on any extraneous server 
to process information Implies User-friendly. 
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Figure 12: Catching Techniques in Edge Computing 

3. Environmental Sound Monitoring: In smart city infrastructures, collaborative edge 
computing is employed for applications in low-power VLSI for environmental sound 
monitoring systems. These systems assess noise situations in cities and take measurements of 
contributing noise levels for safety, compliance with legal norms and regulations, and negative 
effects on the environment [20]. For example, it is possible to install intelligent sensors in 
different zones of a city; if a car accident, shooting, or any other large group conflict appears, 
the system will send alerts to security forces at once. By analyzing audio at the edge postures 
these systems can react quicker to incidents while conserving most of the energy which is 
important in these systems designed for long-term low-maintenance operations. 
4. Wearable Devices for Health Monitoring: Audio signal processing wearable health 
monitors such as heart-rate monitors or sleep apnea detection systems take advantage of 
reduced power VLSI and edge computing. Such devices utilize sound to monitor key body 
signs, or signals, such as heartbeats or breathing patterns, and can only afford to undergo 
frequent, low-delay analysis to effectively operate. For instance, wearables for sleep apnea 
diagnoses can process audio data from patterns of breathing in real time. Analyzing this data 
locally minimizes latency thereby improving the speed at which diagnosis is made while the 
low-power VLSI methodology improves battery longevity for continuous use at night. 
 
5. Industrial IoT and Predictive Maintenance: In many industrial applications, edge 
computing with the low-power VLSI for era processing is applied in the predictive maintenance 
system. Machinery condition monitoring is a technology used to constantly observe and 
identify alterations in the sound being made by machines; rattling, squealing or grating could 
signal a failure of an equipment part. Manufacturers such as General Electric and Siemens are 
using audio signals to monitor the likely breakdown of industrial machinery, cutting on the 
costs of maintenance.  
 
6. Security and Surveillance Systems: Security and surveillance systems are yet another field 
where audio signal processing is important at the edge. Most of today’s surveillance cameras 
and microphones incorporate sound analysis so that they can easily distinguish dangerous 
sounds like breaking glasses, loud noises, or unfamiliar voices [21]. The fog computing enables 
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this device to process the audio data locally thereby making real-time decisions on whether to 
cause an alarm or record the event.  

 
Figure 13: Deep Learning Architecture in Edge Computing 

7. Automotive Applications: For automotive applications, audio signal processing is highly 
sensitive in noise cancellation, voice recognition, and driver assistance systems. Self-driven 
cars and premium vehicles, including the models developed by Tesla and Mercedes-Benz, use 
low-power VLSI chips for real-time processing of sound data in vehicles. These systems 
eliminate exterior noise such as that made by the engine or the wind but let through clear vocal 
communication between the driver and the car’s artificial intelligence.  
 
 
9. IX. Conclusion 
The introduction of collaborative edge computing in conjunction with low-power VLSI design 
especially for audio signal processing in IoT has revolutionized several industries making 
different industries smarter, efficient, and more real-time. This synergy will enable audio-
intensive tasks to be processed directly at the edge of the network resulting in low latency, 
optimized power consumption, and maximized security at the diminution of data transmission 
to cloud servers. In the applications of smart homes, healthcare wearables for patients, 
industrial IoT elevators, and home automation security systems, this approach enables the 
development of adaptive and sustainable solutions for resource-constrained environments. 
 
The algorithms in noise suppression, voice recognition, and monitoring for environmental 
sounds are also improved with the help of real-time computation that deserves edge computing. 
Low-power VLSI circuits deliver the needed computational resources while keeping the energy 
consumption to feasible levels for such systems to be used in long-term, battery-driven devices. 
The use of this technology is already apparent in consumer electronics but can also be applied 
in automotive and industrial technology. 
 
At the same time, there will always be imperatives associated with the edge, such as security 
challenges, low processing density, and the general difficulties involved in promoting the use 
of AI algorithms there. Nevertheless, future trends like AI edge devices, neuro-inspiring 
computing, and more progressive ultra-low power design approaches do manifest exhibits 
some spectra that could potentially be farther away from these limitations. These innovations 
are now geared towards a new wave of changes to the audio processing for smart devices in 
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the IoT setting, which will make various devices even smarter, more optimized for specific 
tasks, and capable of handling more complex operations. 
 
Therefore, the integration of collaborative edge computing and low-power VLSI is an 
important initiative to realize the IoT systems of the future that heavily rely on audio signal 
processing. In the future with the development of technology, there will always be a way to 
find a more efficient way to even this integrated system to make it smarter and more energy-
friendly to support the ever-growing connected systems of today. 
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