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This article presents a review and compilation of the techniques that should be used to cancel the 

noise of the engines of a vehicle where an acoustic array is mounted. A localization system based on 

microphone arrays mounted close to these high-level noise sources, such as a car engine or the rotors 

and blades of a drone, introduces strong localization errors that can render the system inoperative. 

Assuming that the position, the revolutions of the engines and the characteristics of the noise gener-

ated by the vehicle engines are known, this article analyzes the current state of the art of the algorithms 

used for the cancellation of noise sources in the field of beamforming. This article analyzes and clas-

sifies the different approaches depending on the application and the objective of the acoustic system. 

Finally, it presents proposals to improve the current algorithms. 
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1. Introduction 

Sound sources localization is a big discipline with several different applications that has increase a lot 

in the last years. The three main sound localization techniques are Beamforming, Holography and Inten-

sity. Holography and Intensity are focused basically on near-field measurements. So their related appli-

cations are mainly limited to indoor testing. Beamforming have countless approaches and applications 
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[1, 2] and it´s easy to find this technology from R+D projects to audio home-appliances and devices [3, 

4], even military and defence application [5]. A common system, based on a microphone array and basic 

beamforming algorithms, can work well in many scenarios, localizing the main noise spots and the sec-

ondary ones, and also performing analysis in the frequency domain. But in complex scenarios, with sev-

eral noise sources surrounding the point of evaluation, localization can be complicated due to the influ-

ence of unwanted noise sources on the microphone array acquisition. 

As for the use of an acoustic array, considering the possibility that it is not fixed on a tripod on the 

ground opens up and increases its possible applications. The automotive sector and new autonomous 

vehicles open the opportunity to use new techniques never used before, like acoustic and ultrasound 

technologies to localize obstacles, pedestrians or other vehicles while moving. In other hand, the big 

development on Unmanned Vehicles in the last years provides multiple solutions to carry a complete 

localization system including data recorder, microphone array, transmitter and power supply. But in their 

possible workflows, the engines and propellers are very important noise sources, very close to the acqui-

sition sensors. This situation made complicate or impossible some applications, like the ones related with 

the localization of low level sound emissions.  

But engine and propellers acoustic fingerprints can be identified and analysed in order to define their 

contribution to the signals recorded by the microphone array [6]. The position of the engines are fixed 

and known in relation with the array position, so it´s possible their correlation. The dependence on load, 

wind condition and engine revolutions could be also taken into account in this correlation. When these 

variables are knew, it is possible include them on the localization equation to minimize their affection.  

In order to analyse noise cancellation and localization techniques, from a general point of view, a 

specific application related to industrial noise sources and audio devices has been investigated, beside 

the ones related to vehicles. So, in this article the authors study and analyse different techniques, algo-

rithms and approaches used in sound localization, providing a compilation of them classified by their 

application or purpose: short sound events localization; objects, people and vehicles detection; industrial 

noise sources mapping and sound devices. 

2. Noise cancellation techniques 

Noise cancellation techniques in signal processing can be divided into three main categories [7], as it 

is shown in Figure 1: 

- Homomorphic Signal Processing → Kepstrum: Complex cepstrum, estimation of acoustic path 

transfer functions [8,9]. 

- Sensor Array Signal Processing → Beamforming: Sum and subtraction from the signals of each 

microphone input; Delay and Sum beamforming is one of the more common algorithms [10,11]. 

- Statistical Signal Processing → ANC: Adaptive Noise Cancelling: Adaptive filtering, in general 

FIR (Finite Impulse Response), LMS (Least Mean Square) or IIR (Infinite Impulse Response) 

algorithms [12,13]. 

This article will be focused on beamforming algorithms based on arrays of acoustic sensors. 

3. Algorithms classification depending on the application 

Depending on the final application, four different categories has been distinguished depending on the 

localization target: 

1- Short sound events: Like gunshots, crash facilities, help yelling or emergency sounds. 

2- Objects, people and vehicles detection: Obstacles, vehicles and pedestrian detections from a mov-

ing vehicle. 

3- Industrial noise sources: Noise mapping on industrial areas or facilities.  

4- Sound devices: Voice recognition, echo cancelling and free hand systems. 
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Figure 1:  Signal processing techniques and the application of methods for noise cancellation [1] 

3.1 Applications related to short sound events 

Defence and emergency fields are potential scenarios to apply sound localization with several targets. 

As examples: i) the identification of the position from which a gunshot has come in order to control 

prohibited hunting areas; ii) in emergency situations where other techniques, like thermography, can`t be 

used (smoke or mist conditions), the localization of the position where a help yelling or a whistle sound 

is emitted.  

These applications have a common feature: sound emissions to be localized are very short in time, or 

impulsive. In these cases, it is possible to compare these sounds with the more stable background noise 

in order to have a clearer acoustic pattern to process or to look for.  

Table 1 shows a list of algorithms which are commonly used in these applications. 

Table 1: Algorithms classification depending on applications related with short sound events localization. 

Application Algorithm 
Tested / 

 Simulated 

Real Time / 

Post processed 
Reference 

Gunshot 

Localization 

Direction of 

Arrival 

(DoA) 
Both PP 

Gunshot airborne surveillance with 

rotary wing UAV-embedded micro-

phone array [14] 

Spectral 

Subtraction 
T RT 

A spectral subtraction based algo-

rithm for real-time noise cancellation 

with application to gunshot… [15] 

Emissions 

localization 

Spectral + 

beamforming 
T PP 

An acoustic source localization 

method using a drone-mounted 

phased microphone array [16] 

Multiple 

Signal Classi-

fication  
T RT 

Design of UAV-embedded micro-

phone array system for sound source 

localization in outdoor… [17] 
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3.2 Applications related to objects, people and vehicles detection 

The automotive sector is in the middle of a revolution. In one hand, new propulsion systems have 

arrived and autonomous driving is a real fact in these days. In addition to the multiple acquisition sensors 

used on board, obstacles, people and other vehicles can also be located by beamforming, based on emit-

ters and a microphone arrays. One of the great advantages of this technology is the independency on light 

conditions. Table 2 shows a list of algorithms which are commonly used in these applications. 

Table 2: Algorithms classification depending on applications related with objects, people and vehicles detection. 

Application Algorithm 
Tested / 

 Simulated 
Real Time / 

Post processed 
Reference 

Obstacles  

localization 

Direction of 

Arrival (DoA) 
T RT 

Hearing What You Cannot See: 

Acoustic Vehicle Detection around 

Corners [18] 

Intensity + 

Kalman filter 
T PP 

Acoustic detector of road vehicles 

based on sound intensity [19] 

People          

localization 

Wide Band 

Beamforming 

+ DoA 
T PP 

Feasibility of using a mems micro-

phone array for pedestrian detection 

in an autonomous emergency brak-

ing system [20] 

Direction of 

Arrival (DoA) 
T PP 

Feasibility of discriminating UAV 

propellers noise from distress signals 

to locate people in enclosed environ-

ments using MEMS… [21] 

Band-pass     

filter (BPF) 
T PP 

Victim Detection Using UAV with 

On-board Voice Recognition System 

[22] 

Drones        

localization 

Hidden Mar-

kov Model 

Classification 

(HMM) 

S PP 

Classification, positioning, and 

tracking of drones by HMM using 

acoustic circular microphone array 

beamforming [23] 

Convolutional 

neural network 

(CNN) 
T RT 

Detection of nearby UAVs using a 

multi-microphone array on board a 

UAV [24] 

Time-Freq   

Delay & Sum 

Beamforming 

(TDSB+FDSB) 

T PP 
Acoustic localization estimation of 

an Unmanned Aerial Vehicle using 

microphone array [25] 

Time Delay & 

Sum Beam-

forming 

(TDSB) 

T PP 

Prototype development of cross-

shaped microphone array system for 

drone localization based on delay-

and-sum beamforming in GNSS-de-

nied areas [26] 
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3.3 Applications related to industrial noise sources localization 

Noise levels in industrial areas are controlled under standards, laws and regulation. The first step to 

reduce noise levels is the localization of where noise sources are located. The advantage on this applica-

tion is, in most cases, that the noise is stationary. The typical workflow of an industrial facility is constant, 

from the point of view of noise acquisition. This fact facilitates the identification of the main noise 

sources and their correlation with frequency. This approach has been used for years with commercial 

Acoustic Cameras. But sometimes the points of evaluation on the ground are not the best ones or are 

limited by the terrain and structures; a point of view from the air offer many new possibilities, like taking 

points from a virtual grid on height, flying over a chimney to know the noise emission depending the 

directivity, or reaching inaccessible areas.  

No special algorithms have been founded applied to perform sound localization in industrial environ-

ments from far away distances or from the air, besides Delay and Sum beamforming in time and fre-

quency domain [27]. 

3.4 Applications related to sound devices 

The applications, possibilities and customer needs from user sound devices has increase exponentially 

in the last years.  Cell phones with two or three MEMS microphone inside, hands-free systems, voice 

recognition systems or adaptive speakers systems follow the same target: increase the sound quality ex-

perience. Beamforming and noise cancellation are used on this application too. Table 3 shows a list of 

algorithms which are commonly used in these applications. 

Table 3: Algorithms classification depending on applications related with sound devices 

Application Algorithm 
Tested / 

Simulated 

Real Time / 

Post processed 
Reference 

Audio   

Quality 

Acoustic Echo 

Cancellation 

(AEC) + Kalman 

filtering+ Recur-

sive expectation-

maximization 

T PP 

An online algorithm for echo cancel-

lation, dereverberation and noise   

reduction based on a Kalman-EM 

Method [28] 

Robust general-

ized sidelobe can-

celler (RGSC) + 

Instantaneous 

DoA (IDoA) 

T PP 

Robust adaptive beamforming algo-

rithm using instantaneous direction 

of arrival with enhanced noise     

suppression capability [29] 

Mobile    

Cellular   

System 

Null steering + 

Min. variance 

distortion-less re-

sponse (MVDR) + 

Min. mean square 

error (MMSE) 

S P 
Performance Analysis of          

Beamforming Algorithms [30] 

Hands-free 
Wiener, Elko´s 

and Max. SNIR 

Beamforming 

S P 
Performance analysis of Speech   

Enhancement methods in Hands-free 

Communication… [31] 

 



 

 

The 28th International Congress on Sound and Vibration (ICSV28), 24-28 July 2022   6 

4. Conclusions 

In this publication, we have analysed different beamforming algorithms, developed or applied to dif-

ferent applications or purposes: short sound events localization; objects, people and vehicles detection; 

industrial noise sources mapping and sound devices. 

Variables such as background noise, signal-to-noise ratio, noise source level, acoustic fingerprint or 

the need for real time are some of the important characteristics to develop the technique that best fits the 

specific application. In some cases, different algorithms, noise cancelation techniques and frequency fil-

tering can be all used together the same application. 

In future works, suitable beamforming algorithms will be used in order to minimize engine-noise 

affection and improve sound localization results from vehicle-mounted acoustic microphone arrays. On 

top of that, a different idea will be tested, installing acoustic MEMS microphone arrays in no-engine 

vehicles, exploring the improvement when the localization system is not affected by noise sources 

nearby. 

Acknowledgements 

This research was funded by Ministerio de Ciencia, Innovación y Universidades, grant number 

RTI2018-095143-B-C22. 

REFERENCES 

1 Dmochowski, J., & Goubran, R. (2005). Combined Beamforming and Noise Cancellation. 

2 Van, B. D. (n.d.). Beamforming: A Versatile Approach to Spatial Filtering. 

3 Sällberg, B. (2012). Chokkarapu Anil Acoustic Fan Noise Cancellation in a Laptop Microphone System. 

www.bth.se/ing 

4 Gannot, S., Burshtein, D., & Weinstein, E. (2001). Signal enhancement using beamforming and nonstationarity 

with applications to speech. IEEE Transactions on Signal Processing, 49(8), 1614–1626. 

https://doi.org/10.1109/78.934132 

5 Scanlon, M. v, Young, S. H., & Hillis, D. B. (n.d.). Approved for public release; Distribution unlimited net-

worked acoustic sensor array’s performance during 2004 horizontal fusion-warrior’s edge demonstration. 

6 Oeckel, K., Angermann, S., Frahm, A., Kümmritz, S., Kerscher, M., & Heilmann, G. (n.d.). Validation of 

Optoacoustic Propeller Noise Examinations. 

7 Jeong, J. (2011). Real-Time Noise Cancelling Approach on Innovations-Based Whitening Application to Adap-

tive FIR RLS in Beamforming Structure. In Adaptive Filtering. InTech. https://doi.org/10.5772/16296 

 
8 Jeong, J., & Moir, T. J. (2005). Kepstrum approach to real-time speech-enhancement methods using two mi-

crophones. In Res. Lett. Inf. Math. Sci (Vol. 7). http://iims.massey.ac.nz/research/letters/ 

9 Jeong, J. (2009). System identification based kepstrum analysis and real-time application to noise cancellation. 

https://www.researchgate.net/publication/264385758 

10 Johnson, D., Dudgeon D. (1993). Array signal processing: Concepts and techniques. Prentice Hall. 

11 Williams, E. G., Maynard, J. D., & Skudrzyk, E. (1980). Sound source reconstructions using a microphone 

array. Journal of the Acoustical Society of America, 68(1), 340–344. https://doi.org/10.1121/1.384602 

 

 

 



 

 

The 28th International Congress on Sound and Vibration (ICSV28), 24-28 July 2022  7 

12 Balaji, P., Narayan, S., Sraddha, D., P, B. K., & Kumar Muthu, R. (n.d.). Performance Analysis of Adaptive 

Noise Cancellation for Speech Signal. 

13 Lampl, T. (2020). Implementation of adaptive filtering algorithms for noise cancellation. (n.d.). 

14 Serrenho, F. G., Apolinário, J. A., Ramos, A. L. L., & Fernandes, R. P. (2019). Gunshot airborne surveillance 

with rotary wing UAV-embedded microphone array. Sensors (Switzerland), 19(19). 

https://doi.org/10.3390/s19194271 

15 Ramos, A. L. L., Holm, S., Gudvangen, S., & Otterlei, R. (2013). A spectral subtraction based algorithm for 

real-time noise cancellation with application to gunshot acoustics. International Journal of Electronics and 

Telecommunications, 59(1), 93–98. https://doi.org/10.2478/eletel-2013-0011 

16 Go, Y. J., & Choi, J. S. (2021). An acoustic source localization method using a drone-mounted phased mi-

crophone array. Drones, 5(3). https://doi.org/10.3390/drones5030075 

17 Hoshiba, K., Washizaki, K., Wakabayashi, M., Ishiki, T., Kumon, M., Bando, Y., Gabriel, D., Nakadai, K., 

& Okuno, H. G. (2017). Design of UAV-embedded microphone array system for sound source localization 

in outdoor environments. Sensors (Switzerland), 17(11). https://doi.org/10.3390/s17112535 

18 Schulz, Y., Mattar, A. K., Hehn, T. M., & Kooij, J. F. P. (2021). Hearing What You Cannot See: Acoustic 

Vehicle Detection around Corners. IEEE Robotics and Automation Letters, 6(2), 2587–2594. 

https://doi.org/10.1109/LRA.2021.3062254 

19 Szwoch, G., & Kotus, J. (2021). Acoustic detector of road vehicles based on sound intensity. Sensors, 21(23). 

https://doi.org/10.3390/s21237781 

20 Izquierdo, A., del Val, L., & Villacorta, J. J. (2021). Feasibility of using a mems microphone array for pedes-

trian detection in an autonomous emergency braking system. Sensors, 21(12). 

https://doi.org/10.3390/s21124162 

21 Izquierdo, A., del Val, L., Villacorta, J., Zhen, W., Scherer, S. and Fang Z.  (2020). Feasibility of Discrimi-

nating UAV Propellers Noise from Distress Signals to Locate People in Enclosed Environments Using MEMS 

Microphone Arrays, Sensors. https://doi.org/10.3390/s20030597 

22 Yamazaki, Y., Tamaki, M., Premachandra, C., Perera, C. J., Sumathipala, S., & Sudantha, B. H. (2019). 

Victim Detection Using UAV with On-board Voice Recognition System. Proceedings - 3rd IEEE Interna-

tional Conference on Robotic Computing, IRC 2019, 555–559. https://doi.org/10.1109/IRC.2019.00114 

23 Guo, J., Ahmad, I., & Chang, K. H. (2020). Classification, positioning, and tracking of drones by HMM using 

acoustic circular microphone array beamforming. Eurasip Journal on Wireless Communications and Net-

working, 2020(1). https://doi.org/10.1186/s13638-019-1632-9 

24 Cabrera-Ponce, A. A., Martinez-Carranza, J., & Rascon, C. (2020). Detection of nearby UAVs using a multi-

microphone array on board a UAV. International Journal of Micro Air Vehicles, 12. 

https://doi.org/10.1177/1756829320925748 

25 Blanchard, T., Thomas, Jean-Hugh, Raoof, & Kosai. (n.d.). Acoustic localization estimation of an Unmanned 

Aerial Vehicle using microphone array. 

26 Madokoro, H., Yamamoto, S., Watanabe, K., Nishiguchi, M., Nix, S., Woo, H., & Sato, K. (2021). Prototype 

development of cross-shaped microphone array system for drone localization based on delay-and-sum beam-

forming in gnss-denied areas. Drones, 5(4). https://doi.org/10.3390/drones5040123 

27 Santos, L. M. C. (n.d.). Ranking Industrial Noise Sources with Noise Mapping and Beamforming Techniques. 

28 Cohen, N., Hazan, G., Schwartz, B., & Gannot, S. (2021). An online algorithm for echo cancellation, dere-

verberation and noise reduction based on a Kalman-EM Method. Eurasip Journal on Audio, Speech, and 

Music Processing, 2021(1). https://doi.org/10.1186/s13636-021-00219-2 

29 Yoon, B.-J., Tashev2, I., & Acero2) ’), A. (n.d.). Robust adaptive beamforming algorithm using instantaneous 

direction of arrival with enhanced noise suppression capability. 

https://doi.org/10.2478/eletel-2013-0011
https://dx.doi.org/10.3390%2Fs20030597


 

 

The 28th International Congress on Sound and Vibration (ICSV28), 24-28 July 2022   8 

30 Gaokar, R., Cheeran, A. Performance Analysis of Beamforming Algorithms 

31 Sallberg, B., & Renu Vuppala, S. (2011). Performance analysis of Speech Enhancement methods in Hands-

free Communication with emphasis on Wiener Beamformer Binaural Hearing Aids with Emphasis on Beam-

forming and Howling Control. Array Binaural Hearing Aids with Emphasis on Beamforming and Howling 

Control. www.bth.se/ing 

 


