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ABSTRACT 

This study proposes a new method for active noise cancellation (ANC) of cavity noise of 

a tire. A general method for ANC of road noise is to use several accelerometers for 

acquirement of reference signals. Cavity noise of tire is caused by the resonance of tire 

cavity mode. Resonance frequencies of tire cavity are determined by the cavity structure 

of tire. Therefore, harmonic sinusoidal signals related to resonance frequencies can be 

used for reference signals. However, resonance frequencies could be varied due to small 

change of tire cavity during driving of a car. For the overcome of this variation, adaptive 

filter of ANC system was designed and applied to the ANC of a cavity noise. It is called 

optimized weights filtered-x LMS algorithm (OW-FxLMS). The proposed method did not 

need accelerometers for the ANC of cavity noise and practically was applied to the ANC 

of cavity noise of a tire in a car. Tire cavity noise of a test car was attenuated to 3-5 dBA. 
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INTRODUCTION 
Since pneumatic tires have excellent riding comfort, they are applied to most commercial 
vehicles. However, since tire resonance occurs in an annular cavity formed between a 
tire and a wheel, resonance vibration noise may be transmitted to the interior of the 
vehicle. In conventional internal combustion engine vehicles, engine noise masked tire 
resonance, but as the driving method of vehicles changed to motor-based, reduction of 
tire resonance became more important [1]. Tire resonance noise is a tone noise 
corresponding to a tire resonance frequency generated when a tire cavity is excited from 
a road surface, and since tone noise is easily recognizable inside a vehicle, it can cause 
discomfort. T. Sakata found that the resonance frequency of automobile tires exists 
between 230Hz and 300Hz [2]. At these two frequencies, resonance noise caused by 

road excitation is generated inside the vehicle. In general, when no load is applied to 
the tire, if the tire's resonant frequency is fb, when a load is applied to the tire, 



resonance noise is generated around the resonant frequency fb, at a frequency fl 
lower than the resonant frequency fb and at a frequency fh higher than the resonant 
frequency fb [3]. In order to reduce tire resonance, it is necessary to control the 
resonance generated at two frequencies. Various studies have been conducted 
to reduce tire resonance. A typical method is to attach a sound-absorbing material 
to the inside of a tire, and recently, a study on attaching a metamaterial has been 
introduced [4-5]. In addition, research on reducing resonance transmitted to the 
room by installing a resonator in a tire has been conducted [6-8]. These methods 
require weight gain in a passive manner. The technology of reducing the 
resonance without increasing or decreasing the weight is an active method. The 
active method is a technique of electronically controlling the phase of noise. Tire 
resonance is a part of road noise, and recently, a technology to reduce resonance 
using road noise active noise control technology has been commercialized [9]. 
For active noise control of road noise, it is necessary to attach an accelerometer 
sensor to the chassis of the vehicle. The acceleration sensor plays a role in finding 
the resonance frequency of the chassis parts, which is the transmission path of 
road noise generation. In the road noise active noise control technology, the signal 
measured by the acceleration sensor is used as a reference signal for active noise 
control. Resonant frequencies of chassis components are largely classified into 
three types. These are the booming frequency in the low frequencies, the tire 
resonant frequency in the middle frequencies, and the rumbling frequency in the 
high frequencies. In order to find all these frequencies, multiple acceleration 
sensors are required, and the optimal attachment location must also be selected. 
By finding three main frequencies and reducing them all, the noise reduction effect 
is great, but many acceleration sensors are required. In this study, we present an 
indoor active control technology for tire resonance noise that does not require an 
acceleration sensor. In general, the tire resonance frequency can be obtained 
through a simple transfer function experiment. During driving, the resonance 
frequency fluctuates due to a change in the resonance shape of the tire. For active 
noise control of tire resonance noise, the tire resonance frequency was used as a 
reference signal, and a new adaptive filter was designed and applied to the active 
noise control algorithm for the influence of resonance frequency variation during 
driving. The new adaptive filter is an order filter [10]. When the reference signal 
fluctuates, the active noise control effect using order filter is excellent. The 
resonance sound of test tire in this study fluctuates in a frequency band of 200 Hz 
to 230 Hz. In general, the FxLMS algorithm has used for active noise control and 
the notch filter has been used as adaptive filter. In this study, an order filter is 
applied to the active noise control of tire noise. Although the frequency of tire 
resonance is determined by the shape of the tire, it is not a completely single 
frequency component, so a notch filter used for active noise control of a single 
frequency is not suitable for active control of tire resonance. Under these 
conditions, the order filter can be applied even if there is a slight frequency 
difference between the frequency of the reference signal and the actual noise 
signal. In this study, we discuss the difference in mutual noise reduction effect 
between the case of applying the active noise control technique and the case of 
reducing the tire resonance by installing the existing resonator, and suggest the 
applicability of the proposed tire active noise control technology. 
 

ACTIVE NOISE CONTROL ALGORITHM 

The tire's internal resonance frequency is excited by the contact force between the tire 
and the road surface. The resonant sound generated at the frequency excited by the road 



surface is amplified to a level of noise that can be recognized inside the vehicle through 
the transmission path of air and structure. Since the tire cavity noise frequency generated 
inside the vehicle has a correlation with the two tire resonance frequencies, a sinusoidal 
harmonic signal formed by the two frequencies was used as a reference signal. The tire 
resonance sound was applied to the active noise control algorithm in the same way as in 
Fig. 1. 

 

 

 Fig. 1 Diagram of the FxLMS algorithm using in ANC system 

 

Fig. 1 shows flow chart of the FxLMS algorithm which is similar the algorithm used for  
engine active noise control technology, except for the commonly used reference signal. 
The control signal y(n) is generated using the reference signals x1 and x2, the secondary 
propagation path S (z) and the LMS filter coefficient W(z), and y(n) destructively interferes 
with the tire resonance sound d(n) By doing so, the indoor noise, e(n), is minimized. The 
difference between the active noise control technology used in this study and the existing 
technology is the selection of the reference signal. The existing active noise control 
technology for road noise uses the signal measured by the acceleration sensor as the 
reference signal. In this paper, the reference signal is generated considering resonance 
frequency of test tire. The effect of slight fluctuations in the tire resonance frequency was 
solved by using order filter. The order filter is a band pass filter with a frequency band 
width that tracks fluctuating frequencies. The FxLMS algorithm is mathematically given 
by 

𝒘𝑘(𝒏 + 𝟏) = 𝒘𝑘(𝒏) + 𝜇 𝑒(𝑛)𝒙̂𝑘(𝑛)     (1) 

Here, 𝒙̂𝑘(𝑛) is the value obtained by convolving the transfer function of the secondary 

propagation path with xk(n) which is the reference signal. If you want to control tire 
resonance using an existing algorithm, you must either measure xk using a sensor or 
know the exact frequency. On the other hand, the order filter can reduce the effect of 
frequency mismatch between the reference signal and the noise signal by securing an 
appropriate filter bandwidth. The transfer function of the secondary transfer path is 
measured and used experimentally in an experimental vehicle. wk(n) is the order filter. μ 
and e are the step size and error value, respectively. The step size is a constant required 
to update the adaptive filter, and the error is the difference between the secondary sound 
source provided through the audio speaker and the vehicle interior noise in order to 



cancel the tire resonance in the room. The secondary sound source y(n) is a signal that 
is reproduced through the speaker and offset with the resonant sound. It is obtained 
through the convolution of the reference signal x(n) and the adaptive filter w(n) and is 
expressed as in Equation (2). 

𝑦𝑘 = ∑ 𝑤𝑙,𝑘(𝑛)

𝐿−1

𝑙=0

𝑥𝑘(𝑛),   𝑘 = 1,2                     (2) 

In order to cancel the tire resonance, the filter coefficient wk(n) must be updated at every 
step. The adaptive filter is updated using Eq. (2). At this time, the step size μ is a value 
specifying how quickly the filter coefficients are updated, and the following condition must 
be satisfied. 

0 < 𝜇 <  
2

𝐿𝑜𝑃𝑥
       (3) 

Here, Lo is the size of the adaptive filter, and the value of Lo must satisfy the following 
condition to secure the frequency bandwidth [10]. 

0 <  𝐿𝑜 <  
2×𝑓𝑠

𝑓𝑂𝐵
              (4) 

 

ACTIVE NOISE CONTROL OF TIRE CAVITY NOISE  

In order to proceed with active noise control for the vehicle resonance sound, first, the 
cavity resonance sound for the experimental vehicle is analyzed, the secondary 
transmission path is measured, and the active noise control effect during driving using 
the proposed method is verified. Finally, the noise reduction effect of the method using a 
resonator and the proposed method was compared. 

Tire resonance sound analysis and resonance frequency 

In order to apply the ANC algorithm, the resonance frequency of the tire cavity was 
measured experimentally. To conduct the experiment, as shown in Fig. 2, the 
experimental vehicle was installed on the vehicle chassis dynamometer, the impact bar 
was attached to the tire driving roller, and the vehicle interior noise was measured while 
driving the dynamometer. The tire continuously receives an impact force by the impact 
bar, and a resonance sound is generated from the tire cavity, and the resonance vibration 
is transmitted to the inside of the vehicle through a transmission system. Fig. 3 (a), (b), 
and (c) show time-series data, frequency analysis, and time-frequency (spectrogram) 
respectively measured in the test vehicle. 

 

Fig.2 Test car excited by impact bar on roller of chassis dynamometer. 



  

(a)                                         (b).                                        (c) 

Fig.3 Time and frequency component of measured signal (a) time history (b) FFT of time 
data (c) spectrogram of time data 

 

According to the frequency analysis result as shown in Fig. 3 (b), the two frequencies at 
which the measured resonant sound is maximum are 215Hz and 225Hz. 220 Hz is the 
side effect of 215 Hz. This effect means that frequency fluctuations occur around the two 
frequencies analysis. In the paper, active noise control technology was applied with the 
goal of reducing noise in these two frequency bands. 

 

 Active control of tire resonance 

An active noise reduction device for reducing resonance was installed in the test vehicle 
and driving was conducted. The experimental equipment and peripheral equipment used 
in the experiment are as shown in Fig.4. The test vehicle was driven at a constant speed 
of 50 km/h on the public road. As shown in Fig. 4(a), error microphones were installed on 
the left and right sides of the driver's seat head to measure indoor noise before and after 
active noise control. The secondary sound reproduction speaker was installed in the seat 
behind the driver's seat. 

 

     

(a)                                                           (b) 

Fig.4 Equipment for active noise cancellation of cavity noise (a) error microphone and 
speaker for 2nd sound source (b) Auto box controller, lowpass filter and speaker amplifier. 

 

In order to prevent the aliasing phenomenon in the data processing process of the noise 
signal measured by the error microphone, a low pass filter was applied to the microphone 
measurement signal to block components of 500Hz or higher. As a controller for active 
noise control, Micro Autobox (dSPACE Co.) was used. The low-pass filter and controller 
used in the experiment are shown in Fig.4(b). The FxLMS algorithm was fabricated using 
Matlab Simulink (MathWorks Co.) and then embedded in the controller to perform active 



noise control. In order to apply the FxLMS algorithm, it is necessary to measure the 
secondary transmission path as shown in Fig.1. The random excitation method was used 
to measure the secondary transmission path between the secondary sound source 
speaker and the microphone. Fig.5 shows the flow chart of the equipment used for 
measuring the secondary transfer path. 

 

 

Fig. 5 Equipment and data flow used for transfer function of secondary path. 

 

The transfer function and impulse response of the secondary transfer path measured 
using the white signal excitation method are shown in Fig. 6 (a) and (b) respectively. 
According to these results, a main resonance frequency exists between 200 and 300 Hz. 
The resonance of the secondary path affects the active noise control of tire noise. The 
adaptive filter executes the real time control of the amplitude influenced by the secondary 
path. Specially in the resonance frequency, adaptive filter should be band stop filter of 
noise amplified by secondary path. 



 

  

(a)                                                               (b) 

Fig. 6. Transfer function of secondary path for active noise cancellation of tire cavity noise 
(a) transfer function (b) impulse response. 

 

 

 

Fig.7 System for the active noise cancellation of tire cavity noise 

 

Fig. 7 is a schematic flow chart of the equipment used in the active noise control system 
for active noise control of tire resonance used in this study. The tire resonance noise 
control procedure generates a sine wave harmonic signal corresponding to the measured 
tire resonance frequency in real time using signal processing technology in a control 
computer. The generated sinusoidal signal is used to create a reference signal for the 
FxLMS algorithm. This sinusoidal signal is used as a reference signal by convolutional 
multiplication with the measured secondary path impulse response function. This 
reference signal is used to update the order filter of the FxLMS algorithm shown in 
Equation (1). The secondary sound source was amplified by convolutional multiplication 
of the sine wave signal and the updated order filter, and then the secondary sound source 



transmitted to the speaker was created. In order to cancel the resonant noise reproduced 
through the rear seat speakers, the phase and amplitude are adjusted by the controller 
in real time. 

 

Noise control result 

Fig. 8 and Fig. 9 shows the result of controlling the tire resonance noise using the tire 
resonance active noise control system. Fig. 8 shows the effect of ANC proceed by several 
experiments while the vehicle is driving on a straight road at constant speed. In order to 
verify the effect of the active noise control system, the effect of the active noise control 
system is compared with the case of mounting the resonator on the tire and shown in Fig. 
9. Fig. 8 shows the difference in sound pressure between the applied and non-applied 
ANC in each driving test. It shows the degree to which the sound pressure is reduced 
between 210 Hz and 230 Hz corresponding to the resonance frequency band. The filter 
length of the algorithm was 15 and the test run was repeated 18 times. In all trials, when 
ANC was applied, it was confirmed that noise was reduced in the frequency band 
corresponding to tire resonance. When the test results were averaged, the reduction 
effect of 2.79 dB at 218Hz and 3.63dB at 226Hz in the case of the measurement signal 
of the driver's seat left microphone during ANC, and the noise reduction effect of 4.01 dB 
and 2.54dB at the right microphone position, respectively, were confirmed. In addition, in 
order to compare the active noise control performance with the passive method, the 
resonance noise reduction results using the Helmholtz resonator conducted in the same 
vehicle and the same driving conditions were compared. Figure 9 compares the noise 
level before and after ANC and under each experimental condition using a resonator. A 
resonator was installed on the test tire, and cavity noise was recorded while driving on 
the same road at 5 km/h. When the resonator is installed, the interior noise is 3.54dB and 
3.71dB for the left microphone and 3.65dB and 3.31dB for the right microphone. 
According to the comparison results, the noise reduction effect of the two methods was 
similar. To show the effect of ANC in time and frequency, the interior noise is analyzed 
by short time Fourier transform. Fig. 10 is a spectrogram of interior noise when ANC is 
activated midway while the vehicle is driving. It can be confirmed that the filter converged 
quickly after ANC operation. The proposed ANC method is successfully applied to reduce 
the road noise caused by tire cavity resonance. 

 

   

(a)                                                               (b) 

Fig.8 Comparison of the effect of ANC in each experiment (a) left error microphone (b) 
right error microphone 



   

(a)                                                                (b) 

Fig.9 Comparison of tire resonant noise attenuation between passive and active method 
(a) left error microphone (b) right error microphone 

 

 

Fig. 10. Spectrogram of Interior noise measurement during the experiment ( Active noise 
control is activated 9 seconds after the beginning of the measurement) 

 

CONCLUSIONS 

In this study, a technique ANC technology to reduce road noise generated by tire 
resonance is proposed during vehicle is driven. Since tire cavity resonance occurs in the 
cavity inside the tire and has a certain bandwidth. To reduce this kind of road noise using 
ANC, a sine wave signal is used as a reference signal in this study. There is no need for 
an acceleration sensor to acquire a reference signal, and the resonance frequency 
problem that fluctuates during driving is solved by using an order filter. Since tire 
resonance is determined by the shape of the space inside the tire, it is necessary to apply 
a different design for each tire shape in order to reduce tire noise using a sound absorbing 
material or a resonator. Therefore, active noise control technology can be effective for 
reduction of tire noise providing advantages in time and cost. In addition, ANC method 
for the reduction of tire cavity noise is possible without measurement of a reference signal 
such as acceleration. ANC is a new possible method to replace the conventional methods 
for tire noise reduction. 
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