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Abstract 

Active Noise Control (ANC) is a technique known to produce 

high level of attenuation in the low frequency range. This paper 

presents an initial study performed to investigate the 

possibilities of applying ANC on a wind turbine blade. 

Investigations were carried out to determine where the ANC 

system will be installed together with microphones placed 

strategically and close enough to determine aerodynamic noise. 

When installed, they were used to measure aerodynamic noise 

generated which in turn was compared with the noise produced 

when ANC is installed. The result of this investigation was then 

implemented to reduce noise in wind turbine blades. While 

carrying out this study, many factors were considered such as: 

turbulence, directivity, types of noise generated by the blades 

and the type of control system that was to be used. Furthermore, 

a Feed-forward ANC system based on the FXLMS algorithm 

was applied. Computer simulation, using MATLAB shows 

how the source noise and the anti-noise together with how they 

cancelled out are presented.  

Keywords: Wind Turbine, Aerodynamics, Noise, FXLMS 

Algorithm, ANC, Directivity.  

 

INTRODUCTION  

Beginning from the nineteenth century onwards, Wind turbines 

became popular and have gone on to be a source of mechanical 

power for the last thousand years [1]. The energy produced 

from Wind is one of the major sources of renewable energy. It 

is clean, with no emissions, nonpolluting and can be claimed to 

be the cheapest method of energy generation. However, noise 

is among the problems associated with Wind Turbines; they are 

not known to cause hearing loss, but they produce low 

frequency noise and vibration which may have adverse health 

effects on humans [2] and has become an important concern 

globally [3]. The occurrence of noise depends on the level of 

acoustic emission of the turbine and secondly on the distance 

between the turbine and nearest residences [4]. The noise from 

wind turbines are categorized into mechanical noise and 

aerodynamic noise. The objective of this study is to introduce 

an opposite phase that is generated and combined with the 

primary “anti-noise” wave through an appropriate array of 

secondary noise, developed using FXLMS algorithm to 

minimize residual error, which consequently leads to reduction 

of low frequency aerodynamic noise from wind turbines. 

 

CLASSIFICATION OF NOISE IN A WIND TURBINE 

Mechanical noise is associated with the rotation of the 

mechanical and electrical components and it produces tonal 

sounds which can be described as a hum or whine. This type of 

noise is developed from the relative motion of mechanical 

components in the nacelle and the wind turbine tower and can 

be transmitted and radiated by the hub [3]. Aerodynamic noise 

on the other hand is as a result of the flow of air around the 

blades. This is the major source of noise from the turbine and it 

generally increases with rotor speed and it produces a 

broadband noise which is usually described as “swishing” or 

“whooshing” sound. Aerodynamic noise is divided into three 

[3]: 

1. Inflow Turbulence- this is due to atmospheric 

turbulence which results in local force or local 

pressure fluctuations around the blade. 

2. Low frequency noise- this is concerned with the low 

frequency part of the sound spectrum which is 

generated when the blade while rotating encounters 

localized flow deficiencies due to the flow around a 

tower, wakes and shed from other blades and wind 

speed changes. This is also referred to as tip noise. 

3. Airfoil self-noise- this includes noise generated by 

flow of air along the surface of the airfoil. In general, 

there are six regions in which air foil self-noise are 

found on a blade as illustrated in Figure 1. 

Modern active noise control is generally achieved through the 

use of analog circuits or digital signal processing. Adaptive 

algorithms are designed to analyze the waveform of the 

background aural or non-aural noise, then based on the specific 

algorithm, generates a signal that will either phase shift or 

invert the polarity of the original signal. This inverted signal is 

then amplified and a transducer creates a sound wave directly 

proportional to the amplitude of the original waveform, 

creating destructive interference. This effectively reduces the 

volume of the perceivable noise. 
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Figure 1: Sources of noise on a wind turbine blade [4]. 

 

Past work on ANC 

It is a known fact that ANC is the preferred approach when it 

comes to reducing low frequency noise. It consists of a 

reference microphone, a controller and an error microphone as 

shown in Figure3. No previous research has been conducted in 

the field of noise reduction on wind turbine blades using ANC; 

however extensive research has been carried out on noise 

reduction using passive methods [5], [3], [6], [7], [8], [9], and 

[10]. This method was able to reduce noise but had some 

disadvantages [7], [4], [10] but on the other hand, the technique 

of using ANC for attenuation of fan noise has proven that it is 

a very efficient method [11], [12],[13],[14], [15], 

[16],[17],[18]. The reduction of tonal noise from large-

diameter spray-dryer exhaust stacks was carried out by [19], 

using sufficient in-duct control sources and error sensors. 

Investigation for turbofan engine noise using ANC was carried 

out by [20] where a special fan rig called “Advanced noise 

control fan” was built and used in a wide range of experiment. 

Unlike noise propagated through a duct or enclosed region, 

Wind turbines operate openly and the noise it emits is radiated 

in free field [21], and the arrangement for Active noise control 

of the noise is shown in Figure2. 

 

 

 

Figure 2: Active noise control arrangement for a free-field fan noise [14]. 
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An important reason why active noise control is more important 

than passive noise control at low frequencies [13], [22] is that 

ANC uses a digital signal processing (DSP) system as the 

canceler, which can execute complicated mathematical 

operations with enough speed and precision in real time [23]. 

ANC systems have the advantage of being small, compact, 

environmentally adjustable, and they are cost effective [24]. 

The success of an ANC system depends mainly on fulfilling 

two main criteria: the anti-noise waveform must closely match 

the shape and frequency of the noise waveform and the wave 

must be precisely 180o out of phase with respect to the original 

noise waveform, when reached to the target area [25], [24], or 

else a second acoustic noise is generated. For a highly effective 

cancelling system, the source of noise must be nearly stationary 

in relation to the speaker emitting the anti-noise waveform; 

secondly, the noise source should be located very close to the 

ANC system and for the best result, the target noise should be 

dominantly radiating in one direction [24]. 

ANC systems can be broadly classified into Feed-forward and 

Feed-back control [26], or a combination of hybrid ANC [27], 

[28].  Depending on the noise signal and environmental 

characteristics, they both have their advantage and 

disadvantages [29], [30].  

An ANC has to be adaptive due to environmental changes, 

system component degradation and noise source alteration 

[30], and are generally designed on the basis of a mathematical 

description and its linearized model [30]. Acoustic delay is also 

a factor that must be sufficiently dealt with in a noise cancelling 

system [24]. 

In this paper, a single-channel feed-forward ANC system with 

one reference microphone and one error microphone will be 

used. 

ANC’s have also been used in high-speed elevator in which 

various transfer paths of noise are transmitted from motor and 

rope to cabin interior. A noise reduction of 8dB was achieved 

in the cabin at ear level [31]. It was also effective in attenuating 

impulsive noise which occurs in channels which suffer from 

switching, manual interruptions, ignition noise and lightning, 

for example Digital Subscriber Line systems (DSL) and digital 

TV [32], and the focus of the author was on removing additive 

impulsive noise from a lowpass signal [33]. 

 

MATERIALS/METHODS 

Acoustic noise measurements were taken according to [34], and 

implemented in the simple model presented in Figure4. The 

primary source emits a wave P(t). This wave is detected by a 

sensor placed at a distance rt relative to the primary source and 

a distance ru relative to the secondary source and fed to the 

Adaptive controller C. After the detected signal has been 

adjusted in phase and amplitude, it is emitted by the secondary 

source to be superimposed on the unwanted noise. The result of 

this superposition is then observed at an observation point 

located at a distance rv relative to the primary source and a 

distance rw relative to the secondary source. 

From the block diagram in Figure5 [35]: 

T(s) Transfer function of path rt 

U(s) Transfer function of path ru 

V(s) Transfer function of path rv 

W(s) Transfer function of path rw 

M(s) Transfer function of detector 

C(s) Transfer function of the controller 

N(s) Transfer function of necessary electronics 

L(s) Transfer function of the secondary source 

P(s) Primary source output 

S(s) Secondary source output 

 

 

Figure 3: Simplified block diagram of an ANC system (Lopez-Caudana et al, 2008) 
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Figure 5: Block diagram of Feed-forward control system [35]. 

 

The detector output D(s) and secondary source output S(s) are: 

𝐷(𝑠) = 𝑇(𝑠)𝑃(𝑠) + 𝑈(𝑠)𝑆(𝑠)        (1) 

And 

𝑆(𝑠) = 𝑀(𝑠)𝐶(𝑠)𝑁(𝑠)𝐿(𝑠)𝐷(𝑠)  (2) 

Substituting for D(s) from Eq. (1) into S(s) in Eq. (2): 

𝑆(𝑠) = 𝑀(𝑠)𝐶(𝑠)𝑁(𝑠)𝐿(𝑠)[𝑇(𝑠)𝑃(𝑠) + 𝑈(𝑠)𝑆(𝑠) (3) 

And the transfer function 𝐴(𝑠) between the secondary source 

𝑆(𝑠) and primary source 𝑃(𝑠) output is given as: 

𝐴(𝑠) =  
𝑆(𝑠)

𝑃(𝑠)
=  

𝑀(𝑠)𝐶(𝑠)𝑁(𝑠)𝑇(𝑠)

1−𝑀(𝑠)𝐶(𝑠)𝑁(𝑠)𝐿(𝑠)𝑈(𝑠)
  (4) 

To cancel noise at the observer position, 

𝑃0(𝑠) =  −𝑆0 (𝑠) (5) 

From the Figure5: 

𝑃0(𝑠) = 𝑉(𝑠)𝑃(𝑠) (6) 

𝑆0 (𝑠) = 𝑊(𝑠)𝑆(𝑠)  

𝑆(𝑠) = 𝐴(𝑠)𝑃(𝑠) (7) 

Substituting for 𝑃0(𝑠)  and 𝑆0 (𝑠)  from Eq. (6) into Eq. (5) 

using Eq. (7) gives: 

𝑉(𝑠) = −𝑊(𝑠)𝐴(𝑠) (8) 

The equation given above is the relation under which full 

cancellation of noise is achieved at the observation point. 

Solving for 𝐶(𝑠) yields: 

𝐶(𝑠) =
𝑉(𝑠)

𝑀(𝑠)𝑁(𝑠)𝐿(𝑠)∆(𝑠)
 (9) 

Where: 

∆(𝑠) = 𝑈(𝑠)𝑉(𝑠) − 𝑇(𝑠)𝑊(𝑠) (10) 

A feed-forward control system is an arrangement in which the 

basis for the disturbance sensed can be used as a reference for 

control signal generation [36], thereby removing the non-zero 

restriction on the error signal [25]. Many on the electronic 

systems used in feed-forward control systems derive control 

inputs via modified adaptive signal processing/architecture 

combinations. Adaptive signal processing is a field born out of 

the requirements of modern telecommunications systems, 

where there is a need to filter a signal, so it can be extracted 

from contaminating noise. In this context, a digital signal 

processor will be implemented to filter the background 

surrounding noise from the wind turbine noise. Feed-forward 

control system as comprised of two parts, the ‘physical’ control 

system (actuators and sensors) and the ‘electronic’ control 

system [25], and it was further explained that the feed-forward 

input carries out the modification of the zeroes of the system in 

which it is being implemented. The equations of motion for a 

case in which the control input is introduced to cancel out a 

primary noise or disturbance is given as: 

 ẋ(𝑡) = 𝐴𝑥(𝑡) + 𝑏𝑢(𝑡) + 𝑤(𝑡)  (11) 

𝑦(𝑡) = 𝒄𝒙(𝑡)    

Where w(t) is an (nx1) primary disturbance vector and it is 

equal to 𝒎 (which is the transfer function between the input 

sinusoid r(t) and w(t)) given as: 

𝒘(𝑡) = 𝒎𝑟(𝑡)  (12) 

If the feed-forward control input’s objective is to cancel the 

primary disturbance at the error sensor, it can be shown that: 

𝒄[𝒎𝑟(𝑡) + 𝑁𝒃𝑟(𝑡)] = 0  (13) 

Substituting for Eq. (13) into Eq. (12), and representing the 

result in frequency domain, output between the output y and 

reference signal r is: 

𝑦(𝑠)

𝑟(𝑠)
= 𝑐(𝑠𝑰 − 𝑨)−1(𝑁𝒃 + 𝒎)𝑟(𝑠)  (14) 

From Eq. 13, it follows that: 

 
𝑦(𝑠)

𝑟(𝑠)
= 0   (15) 

This shows that the controller for a feed-forward system places 

zero transmission at the reference signal frequency. 

The feed-forward ANC structure is able to handle both 

narrowband noise and broadband noise, but the hybrid structure 

 Po(s) 

 

                        +            D(s)                                                                           S(s)             So(s)             +      

P(s)                                                                                                                                                            O(s)   
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presented by [28], which consists of a feed-forward structure, 

was used to estimate the noise path and a feedback structure 

used to cancel the feed-back acoustic noise 

 

STUDY DESIGN 

In the course of carrying out this research, the need to determine 

the tone levels, masking noise levels, tonality and declaration 

of sound power levels of the turbine was required. Also, 

experiments were carried out from which data for conclusion 

will be derived. 

Determination of the masking noise levels Lpn,iT 

The 12 sound pressure levels of the masking noise Lpn,I are 

defined as follows: 

Lpn= Lpn,avg +10Lg [
𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝑏𝑎𝑛𝑑𝑤𝑖𝑑𝑡ℎ

𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑛𝑜𝑖𝑠𝑒 𝑏𝑎𝑛𝑑𝑤𝑖𝑑𝑡ℎ
]      (16) 

Where: Lpn,avg is the energy average of the spectral lines 

identified as masking. 

 

Determination of the tonality ∆Ltn 

The tonality ∆Ltn,i is the difference between the sound pressure 

level Lpt,i and the level Lpn,i. the 12 ∆ Ltn,i are then energy 

averaged to one ∆Ltn 

 

Declaration of Sound Power Level, Sound Pressure Level 

and Tonality Levels of wind turbines, 

The sound power level of a source, Lw , in units of decibels (dB) 

is given by: 

Lw  = 10 log10(
𝑃

𝑃0
)               (17) 

With P equal to the sound power of the source and P0  a 

reference sound power (usually 10-12 Watts) 

The declared sound power levels for a wind turbine can be 

determined from n measurements results {Li}=1,…..n obtained 

by performing one measurement at each of n individual 

turbines of the same type. The n measurements results in a 

mean value Lw and a standard deviation s is defined as follows: 

Lw= ∑
𝐿𝑖

𝑛

𝑛
𝑖=1                                                        (18) 

S= √1/(𝑛 − 1) ∑ (𝐿𝑖 − 𝐿𝑤)2𝑛
𝑖=1                     (19)       

The standard deviation of production 𝜎𝑝 can be estimated from: 

√(𝑠2-𝜎2) ≤  𝜎𝑝 ≤ 𝑠                              (20)                                                            

An estimate of the standard deviation of reproducibility 𝜎𝑅 is 

0.9dB (given in Annex D of [34]). 

The standard deviation 𝜎 used for the declaration (including the 

standard deviation 𝜎𝑅  and 𝜎𝑝 ) from the n existing 

measurements and the standard deviation 𝜎𝑅  and 𝜎𝑝 of 

verification measurement is then determined by: 

𝜎=√
1

𝑛
(𝜎𝑅

2 + 𝜎𝑃
2)+(𝜎𝑅

2 + 𝜎𝑃
2)                               (21) 

= √
1+𝑛

𝑛
(𝜎𝑅

2 + 𝜎𝑃
2)                                                   (22) 

With 𝜎𝑅= 0.9dB and 𝜎𝑝=s 

The declared sound power level is calculated from: 

Lwd= Lw+ k= Lw+1.645 𝜎                                       (23) 

The sound power level shall be declared by dual power noise-

emission values reporting both Lw and k. k represents a certain 

confidence level and k= 1.645. 𝜎 Represents a probability of 

5% that a sound power level measurement level result made 

according to [34] performed at a turbine of the batch exceeds 

the declared value. 

Sound level meters are the instruments used to measure Sound 

Pressure Levels. They are recorded on a meter and make use of 

a microphone that converts pressure variations into a voltage 

signal [3]. The sound pressure level (SPL) of a noise, Lp , in 

units of decibels (dB), is given by: 

Lp =  20 log10(
𝑝

𝑝0
)   (24) 

With p equal to the effective (or root mean square, rms) sound 

pressure and p0 a reference rms sound pressure (usually  

20 x 10-5 ) 

Broadband energy is created by the interaction of turbulence 

with the leading and trailing edges. Turbulence leading-edge 

interaction noise is dominated by the spectrum of the inflow 

turbulence in the atmospheric boundary layer. The peak energy 

for this type of noise is contained at a frequency. The frequency 

of the peak energy is given as [37]: 

fpeak = 
𝑆𝑡𝑉𝑡𝑖𝑝

ℎ−0.7𝑅
    (25)    

With: 

𝑆𝑡 16.6 

ℎ hub height  (m) 

𝑉𝑡𝑖𝑝 rotor tip speed (rpm) 

R blade radius (m)  

And the first order Blade Tower Interaction (BTI) interaction 

noise source strength is given as [38]: 

𝐿𝐷𝑻

𝑉𝒕𝒊𝒑 𝒒𝒄𝒍
= 2𝜋𝛼

𝐷𝑇

𝑉𝒕𝒊𝒑
 (26) 

Where:  

L Time derivative of lift 

DT Tower diameter (m) 

q Dynamic pressure of the flow approaching the blade tip 

(N/m2)  

c Blade chord  
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L Span wise region of the blade 

𝛼  Time derivative of the blade angle of attack  

 

RESULTS AND DISCUSSION 

The performance of FXLMS algorithm in reducing wind 

turbine aerodynamic noise is illustrated in this section. ANC 

scenarios are simulated in a MATLAB environment. The 

impulse responses of the primary, secondary and secondary 

path estimates were modelled (Figure 6, 7, 8 and 9). 

For this simulation, the noise was sampled at 22050Hz for 2 sec 

and it combines the noise signal, the FXLMS filter and the 

primary path filter. An FIR filter was used for the primary 

propagation path, and it was band limited from 200 to 800Hz 

and for the secondary path, it was 160 to 2000Hz. The 

simulation was in three stages: importation of the noise signal 

into MATLAB workspace, processing the noise through the 

primary filter and finally processing the output through 

FXLMS filter. 

 

Figure 6: Primary path impulse response 

 

Figure 7: True secondary path impulse response 

 

Figure 8: Secondary path impulse response 

 

 

Figure 9: Secondary path impulse response estimation 

 

Even though a wide range of algorithms can be used to design 

the secondary propagation path estimate, the Normalized LMS 

algorithm was used because of its robustness and simplicity. 

Plots of output and error signals are shown in Figure 10. 
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Figure 10: Secondary identification using NLMS algorithm 

 

Figure 11: Power Spectral Density measurements 

 

The Welch Power Spectral Density (PSD) estimate using 

spectral estimation of the signal was computed. Then the main 

frequency was found by looking at the spectral density and 

locating the frequency at which the PSD reaches its maximum, 

this was found to be at 0.08613 KHz (86.13Hz).  This is 

therefore the “true frequency”. This continuous wavelet 

transform of the signal was computed and the spectral 

information is presented in Figure 11. 

 

 

Figure 12: Original and attenuated noise 

 

 

Figure 13a: Magnitude and 13b- phase response of the 

original signal 
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Figure 14a: Magnitude and 14b-phase of the attenuated 

signal 

 

For the MATLAB implementation the frequency domain plots 

above represents information about the turbine aerodynamic 

noise magnitude and phase at each frequency. The magnitude 

response shows the strength of the frequency components while 

the phase shows how all the frequency components aligns in 

time. From the fig 13a, it can be seen that the highest magnitude 

of noise is found between 0 to 200 Hz. This indicates that the 

noise has low frequency components. Figure 13 and 14 shows 

the magnitude and phase responses for both the original and 

attenuated signals. 

 

CONCLUSIONS 

An active noise control system is proposed for reducing the 

noise level from wind turbine blades using the FXLMS 

adaptive filter. The input to the system is noise signal which 

was measured according to IEC 61400-II standard. NLMS 

algorithm was used for updating filter coefficients. The 

implementation in MATLAB environment has been described. 

FXLMS algorithm was able to minimize residual error. The 

results of the simulation shows that noise was reduced by about 

29dB. This approach can be used to attenuate wind turbine 

aerodynamic noise emmisions and noise in fans radiating in a 

free field. 
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