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A B S T R A C T : 

Active Noise Control (ANC) has been a vital technique for reducing acoustic disturbances in electroacoustic and electromechanical systems. This paper provides a 

comprehensive overview of significant advances in ANC methodologies over the last decade, including linear algorithms such as filteredx least mean square (Fx-

LMS) based adaptive filtering techniques, as well as nonlinear approaches such as functional link neural network (FLN) based nonlinear filtering and deep learning 

enabled ANC strategies. We also highlight recent innovations and applications of ANC in various domains, identifying future research challenges and opportunities 

in this field, such as the need for more robust and adaptive algorithms, improved noise reduction performance, and improved system stability and reliability 
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1. Introduction 

Active Noise Control (ANC) is a technology that eliminates unwanted noise by introducing a sound wave to cancel it out. It operates on the basis of 

destructive interference, in which two opposing sound waves cancel each other out. The concept of ANC was created in the 1930s, but it was not 

practicable until the 1970s due to developments in signal processing, control theory, and electronics [1].The working premise of ANC is based on 

destructive interference, which occurs when two sound waves cancel out. ANC systems typically include a reference microphone, an adaptive controller, 

a loudspeaker, and an error microphone. The reference microphone detects incident noise, the adaptive controller processes the signal to produce an anti-

noise waveform, and the loudspeaker outputs it. The error microphone detects remaining noise, and the controller automatically updates to ensure 

continual effective noise reduction. The main idea behind ANC is to employ sensors (microphones) to identify undesired sound, process the signal in real 

time using algorithms such as filtered-x least mean square (Fx-LMS), and then use actuators (loudspeakers) to create an anti-noise wave with the same 

amplitude but opposite phase. 

 This anti-noise wave cancels out undesirable noise, resulting in significant fluctuations in noise levels, particularly at low frequencies. Recent ANC 

technologies have progressed greatly, incorporating artificial intelligence (AI), hybrid system topologies, and novel signal processing methods. Leading 

ANC systems employ deep learning models to generate the most effective noise cancellation filters for real-time adaption. Hybrid ANC systems [2], 

which combine feedforward and feedback techniques, are gaining popularity as they improve noise cancellation across a wider frequency range. Some 

new ANC solutions use psychoacoustic concepts and active noise equalizing methods to shape the resulting noise spectrum for increased human comfort. 

However, actual environments rarely sustain linearity, and nonlinearities can be caused by parts like speakers and microphones or by sounds that are 

wide-band, impulsive, or chaotic. To solve this problem, nonlinear ANC (NLANC) methods have been developed, using sophisticated forms like Volterra 

filters, FLANN, kernel adaptive filters, and heuristic optimization techniques. The latest generation of ANC systems, like GFANC[3][4], use neural 

networks to automatically create or choose the best control filters depending on the noise characteristics. This gets rid of the need for repeated adaptation 

and lowers the chance of filter divergence, allowing ANC to quickly and reliably cancel out a wide range of acoustic situations. 

1.1. Methodologies in Active Noise Control 

Various methods have been created to apply ANC, based on the configuration and nature of the noise that is to be attenuated. The most typical arrangement 

is the feedforward ANC system, where a reference microphone is located upstream of the source of noise. The system anticipates the noise prior to arrival 

at the listener and produces an anti-noise signal ahead of time. Feedforward systems are highly common in products like headphones, ducts, and car 

cabins. Compared with feedback ANC systems, the latter do not need a reference microphone. They use only the error signal to generate adaptively anti-
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noise. Although the feedback systems have less hardware complexity, they tend to be less stable for wideband noise. The hybrid ANC approach uses both 

the feedforward and feedback methods together to achieve better performance and stability over a wider range of frequencies. The adaptive algorithm 

plays a significant role in ANC performance. One of the initial adaptive techniques used in ANC was the LMS (Least Mean Squares) algorithm. Due to 

not taking into consideration the acoustic delay from the speaker to the error microphone, it was eventually substituted with Filtered-x LMS (FxLMS), 

which is the one typically used in practical systems. Others include the more recent version of Normalized FxLMS, Recursive Least Squares (RLS), and 

frequencydomain FxLMS algorithms, which offer faster convergence speed and higher accuracy. In recent years, researchers have investigated deep 

learning-based ANC systems that employ neural networks to directly learn the intricate relationships between the reference and error signals. These 

models better handle nonlinearities and time-varying noise compared to conventional linear filters. Other emerging methodologies are model predictive 

ANC, robust H-infinity control, and hybrid passive–active systems combining sound-absorbing materials with active control to achieve broadband noise 

attenuation. The various methods classified under ANC are: 

1.2. Linear ANC Technologies: 

This section explores linear ANC techniques developed over the past few decades The standard LMS algorithm can become unstable when a secondary 

path is introduced, prompting the development of the F-xLMS algorithm, which addresses noise and stability concerns. Additionally, a linear feedback 

ANC approach has been proposed to mitigate acoustic noise in functional magnetic resonance imaging (fMRI) applications. The linear ANC systems that 

have addressed non-Gaussian noise, showcasing the various methods developed over the years. Researchers have suggested novel strategies to address 

the problem of attenuating non-Gaussian impulsive noise, such as a recursive noise mitigation process and an online estimation technique [5],[6]. The 

need for sophisticated ANC systems is highlighted by the growing prevalence of industrial and medical equipment, which has increased acoustic noise 

concerns. Strong similarity metric correntropy has been successfully used in signal processing and machine learning, resulting in the creation of a stable 

adaptive filtering method and the GMCC [7]. Building on this, the maximal correntropy Kalman filter (MCKF) [8] was proposed to increase performance 

in noisy situations by strengthening the resilience of conventional Kalman filters against nonGaussian impulsive noises. In order to minimize computing 

complexity and guarantee consistent estimation error, researchers have also developed an ideal approach for ANC systems [9]. This strategy uses a 

recursive algorithm [10] that adaptively changes the weighting factor. An other noteworthy advancement is a new technique called MF-xAPLMCC [12] 

that offers improved performance by combining informationtheoretic learning with affine-projection-based data reuse. The proposed F-xRNLMAT [13] 

algorithms offer enhanced resilience and speed of convergence in order to overcome stability issues. With the introduction of the F-xEHCAF method 

more recently, the AF-xEHCAF algorithm—which uses an affine combination technique—achieves faster convergence and smaller residual error in non-

Gaussian situations.. 

1.3. Nonlinear ANC Technologies 

Although linear filters work effectively under perfect circumstances, they have trouble with nonlinearities in practical settings. In [14], a feedback 

ANC system that combines variable step-size learning and an adaptive neural controller yields faster convergence and better noise reduction. Improved 

FLN (IFLANN) and SIFLANN filters [15] include a corrective filter prior to trigonometric function expansion in order to enhance performance. Kernel 

adaptive filters are used by the KFxLMS method [16] to manage Gaussian white noise and numerous narrowband signals. Sparse modeling [17] reduces 

complexity while capturing the features of nonlinear secondary routes. Non-stationary primary noise is addressed using a novel method [18] that combines 

an adaptive CN filter with CEMD. The SAF-VGMCC [19] employs spline interpolation and correntropy-based methods to achieve faster convergence in 

dynamic situations. Traditional adaptive filters, like the classic filtered-s LMS (FsLMS) algorithm [1], fail to control nonlinearities and impulsive noise 

in real-world situations, resulting in limited noise reduction, instability, and slower convergence. This is especially difficult in nonlinear active noise 

control (ANC) systems, where non-Gaussian or extremely impulsive noise is common. To overcome these restrictions, a robust FsLMS algorithm [20] 

has been presented for FLANN-based nonlinear adaptive controllers, offering increased performance and stability in ANC systems. Researchers have 

presented a variety of nonlinear robust ANC algorithms to meet noise reduction difficulties in complicated situations. The VFxlogCLMP algorithm [21] 

can eliminate parameter selection and threshold estimation in white Gaussian noise settings. Algorithms like FsqLMS [22] and RFsSAF-qMCC [23] 

enable faster convergence in impulsive noise circumstances.  

1.4. Heuristic Methods of ANC 

Recent research has investigated numerous heuristic strategies for improving single-channel ANC technology. The fireworks algorithm (FWA) [24] 

can handle both linear and nonlinear optimization scenarios, resulting in increased performance in ANC applications. Other heuristic approaches have 

been studied, including the particle swarm optimization (PSO) algorithm [25], which addresses the local minima problem, and the flower pollination 

algorithm (FPA) [26]. Researchers studied the hybrid grasshopper optimization using the sequential quadratic programming method (GOA) [27]. 
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Additionally, the cuckoo search (CS) algorithm [28] has been applied for single-tone and real noise reduction in indoor environments, while a genetic 

algorithm (GA) [29] has been used to address low-frequency noise, achieving superior performance despite spatial constraints. 

1.5. Deep Learning ANC Technologies: 

Current research in ANC targets systems to be more intelligent, adaptive, and efficient. With the advancement in deep learning, ANC frameworks have 

been introduced that apply convolutional recurrent networks (CRN) and long short-term memory (LSTM) models for processing complex, non-stationary 

noise environments [3],[4]. These data-based systems are capable of handling nonlinearities and acoustic condition variations better than conventional 

algorithms. Rencently a novel fixed filter using extended Kalman filter was used in [30]  ( 

2. APPLICATIONS OF ACTIVE NOISE CONTROL 

ANC is commonly applied in numerous areas because of its effectiveness and versatility. In manufacturing, it decreases fan noise, factory vibration, and 

pipeline noise, enhancing comfort and noise standard compliance. In transportation, it reduces motor, road, and tire noise in vehicles, engine and propeller 

noise in aircraft, and ship and submarine vibrations for quieter and more stealthy operation. ANC is a main feature in consumer electronics for headphones, 

laptops, phones, and home appliances, providing a quieter life. In structures, Active Structural Acoustic Control (ASAC) minimizes vibration on walls 

and panels, while smart structures utilize sensors and speakers for noise control dynamics. In medical ANC reduces MRI machine noise and improves 

hearing aid functionality, neonatal care units reduce the incubator noises and illustrate their increasing influence in enhancing comfort and sound quality 

throughout everyday life 

3. CHALLENGES IN ANC IMPLEMENTATION 

In spite of its achievement, ANC is also subject to a number of challenges that keep it under research. Among these challenges is secondary path 

variability, where the speakerto-microphone acoustic path changes because of movement or environmental changes. Nonlinearities in loudspeaker and 

microphone can also decrease the performance of the system. Computational expense is another aspect, especially for multi-channel systems that need 

real-time processing. Additionally, latency, i.e., the time lag between noise picking up and generation of anti-noise, has to be reduced to avoid instability. 

Making robustness in dynamic and uncertain environments is still the most critical goal of research in contemporary ANC development. 

4. FUTURE SCOPE 

  The future of ANC is in bringing artificial intelligence, advanced control theory, and smart hardware together. AI-based ANC will enable systems to 

adapt and learn in new settings autonomously, and spatial sound control will make it possible to have individualized quiet spaces in public areas. IoT and 

smart home integration will make living spaces quieter, with devices controlling sound in real time. Hybrid passive–active systems will also become 

prevalent, merging power efficiency, adaptability, and wide frequency control. As research advances, ANC will further augment its function in healthcare, 

transportation, consumer electronics, and industrial noise control. 

5. CONCLUSION 

The reviewed papers showcase important progress in machine learning and signal processing. They are used in consumer audio equipment, image 

categorization,and hearing protection systems. An effective method for enhancing nonlinear transformations in deep networks is the Smish activation 

function. By using smart noise categorization, the selective fixed-filter ANC approach overcomes the main drawbacks of conventional adaptive 

algorithms. With an emphasis on dependable implementation, the feedback FxLMS hybrid ANC system offers workable solutions for low-frequency 

noise settings. For the next generation of wearable audio systems, further research will include integrating novel activation functions with ANC designs, 

modifying CNN-based noise classification for multi-channel spatial audio, and developing unified frameworks that link hardware optimization and 

software algorithms 
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