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ABSTRACT

Active Structural Acoustic Control (ASAC) is a well-
established technique for managing noise and vibration in
vibro-acoustic systems. This study investigates the appli-
cation of ASAC to vibrating plates with corner openings,
a configuration that presents unique challenges due to lo-
calized stress concentrations and complex vibro-acoustic
coupling. The placement and configuration of inertial ac-
tuators, which are integral to ASAC systems, are experi-
mentally analyzed to optimize performance. The results
show that the position of the opening significantly in-
fluences the overall system response, making the place-
ment of inertial actuators unique to each configuration.
Changing the location of the opening alters the vibrational
and acoustic characteristics of the plate, requiring a tai-
lored actuator arrangement for effective control. For fully
clamped plates, placing actuators near the edges reduces
their effectiveness in suppressing sound due to the high
stress concentrations and limited vibrational energy at
these regions. Additionally, positioning actuators around
the openings introduces greater instability and nonlinear-
ities into the system, further complicating the control dy-
namics. These findings highlight the necessity of consid-
ering both the opening location and actuator placement to
optimize performance in vibro-acoustic systems.
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1. INTRODUCTION

Openings in plate structures play a vital role in numerous
engineering applications, particularly in vibro-acoustic
coupled systems. These structures are widely employed
across various domains, including household appliances,
manufacturing, and vehicle engineering [1]. The shape,
location, and relative position of openings concerning the
noise source in such systems significantly influence the
system’s sound power response. For systems where open-
ings are located in high-stress areas of vibrating plates,
such as plate corners, additional sound power resonances
are expected. Therefore, special attention is required to ef-
fectively address these systems [2]. Different techniques
are employed to improve sound reduction in such systems,
including both passive and active control methods [3].

Active Structural Acoustic Control (ASAC) plays a
crucial role in mitigating noise transmission in various
engineering applications by actively controlling structural
vibrations. When properly implemented, ASAC can not
only attenuate noise in localized regions but also achieve
global noise reduction [4, 5]. It is generally implemented
using a combination of passive noise barriers, vibration
actuators, sensors, and a control system, as outlined in [6].
ASAC mitigates noise transmission through a structure by
actively controlling its vibrations.

The authors in [7] theoretically evaluated a radiation-
mode-based ASAC system for an enclosure with vent
openings. However, their study was limited to tonal dis-
turbances and did not explore practical real-world appli-
cations. A feedforward ASAC algorithm was later imple-
mented on the lining panels of an aircraft cabin using a
low-cost microcontroller, achieving a tonal noise reduc-
tion of 23 dB [8]. In [9], the authors examined the ef-
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fectiveness of a tonal ASAC strategy that employs an ex-
perimentally identified radiation matrix to regulate sound
power radiation, demonstrating superior performance over
conventional active vibration control methods. However,
their study did not consider broadband excitation.

Despite these advancements, the existing literature in-
dicates a notable research gap in ASAC applications for
systems with openings compared to fully enclosed struc-
tures. This highlights the need for further investigation to
enhance ASAC effectiveness in such configurations.

The filtered-x least-mean-square (FXLMS) algorithm
is the most popular active control algorithm due to its sta-
bility and simple structure [10]. The reference signal to
the controller is filtered through the model of the sec-
ondary path between the actuator and the error sensors,
ensuring effective noise attenuation. More features and
have been added to FXLMS to enhance its characteristics,
such as the Leaky FXLMS that introduces a small leakage
factor to prevent coefficient drift and instability, making
it more robust in nonstationary environments [11]. The
Normalized FXLMS (NFxLMS) algorithm adjusts the step
size based on the filtered reference signal power, ensur-
ing faster convergence and better stability in varying input
conditions [12].

The selection of the inertial actuator location on vi-
brating plates is crucial, as it directly affects the control
system’s ability to reduce noise [13]. Various studies have
addressed this placement problem. Some studies opti-
mize actuator placement based on vibration response [14],
while others incorporate radiated sound into the cost func-
tion [15, 16]. The main contributions of this paper are
twofold: 1) an analysis of ASAC’s effectiveness in miti-
gating noise from vibro-acoustic systems with openings,
and ii) an investigation into the optimal placement of iner-
tial actuators on vibrating plates, specifically considering
corner regions with high stress concentrations.

The reminder of the paper is organized as follows:
Section 2 is introduction of the experimental setup. Sec-
tion 3 presents the results and the discussion. Finally, the
conclusion is presented in Section 4.

2. EXPERIMENTAL SETUP

The experimental setup is designed to provide flexibility
in testing actuators at various positions. The test plate can
be replaced to evaluate systems with openings located at
different corners. The laboratory room measures 5.8 me-
ters in length and 3.5 meters in width. While the walls
are lined with sound-absorbing materials, the presence
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of equipment and other objects within the room gives it
acoustic characteristics more representative of a typical
real-world environment rather than those of a dedicated
acoustic chamber. The setup comprises a rectangular steel
plate mounted on a concrete enclosure containing a loud-
speaker. The plate is composed of steel with a density p =
7850 kg/m?3, Young’s modulus E = 210 x 10° Pa. The
dimensions of the plate are ¢ = 0.42m, b = 0.39m, and
h = 0.001 m, representing its length, width, and thick-
ness, respectively. The loudspeaker generates a random,
band-limited noise signal with a position fixed at (0.3 m,
0.1 m, -0.3 m) for all the considered configurations. The
concrete enclosure offers substantial sound attenuation,
ensuring that the majority of the acoustic energy exiting
the enclosure propagates through the plate and the circular
opening. The active control system employs three Beyer-
dynamic MM1 error microphones and three DAEX32EP-
4 inertial actuators, as illustrated in Fig. 1.

Figure 1: An overview of the experimental setup,
showing a vibrating plate that contains a circular
opening of a radius 0.05 m with center coordinates at
(0.105 m, 0.265 m). Actuators (Act 1, Act2, and Act
3) are mounted on the plate at (0.2 m, 0.1 m), (0.27
m, 0.2 m), and (0.2, 0.295 m), respectively. Micro-
phones (Mic 1, Mic 2, and Mic 3) are positioned at
the coordinates ( -0.18 m, 0.12 m, 0.25 m), (0.21 m,
-0.1 m, 0.4 m), and (0.53 m, 0.24 m, 0.25 m), respec-
tively.
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2.1 Algorithm

For active control, a feedforward multichannel FXLMS al-
gorithm with a leakage factor is employed due to its sim-
plicity and robustness [3], as illustrated in Fig. 2. The sys-
tem normalizes based on the power of a single reference
signal. The reference signal, denoted as R(n), can be arti-
ficially generated or obtained via a reference microphone.
The adaptive filter coefficients, represented by the vector
W, consist of K elements generating the control signals
Y (n), while the canceling signals are given by Y (n).
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Figure 2: Block diagram of a single-reference mul-
tichannel feedforward FXLMS algorithm. M and K
denote the number of outputs and secondary sources,
respectively.

Since the secondary path matrix .S is not directly available,
it is approximated using an estimate S. The K x M sec-
ondary paths are modeled as FIR filter impulse responses
and adapted using the NLMS algorithm. The adaptive fil-
ter coefficients Wy (n) are updated as:

M
Wi(n+1) = (1=n(n)B)Wi(n)+1(n) Y Ry (n) Epn(n),

ey
where R} (n) is the filtered reference signal, E,,(n) is
the error signal, and n(n) is the normalized step size ex-
pressed as follows:

n(n) a

Yriet Comet | B ()12

where 1 is the fixed step size, || - || denotes the L2-norm,
and [ is a leakage regularization factor.

(@)
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In real-time operation, the total system latency from
ADC input to DAC output is approximately 2.16 ms,
which is close to the acceptable threshold for active con-
trol applications. This delay results from the combined
effects of the output buffer (0.33 ms), the group delay in-
troduced by IIR filters during downsampling (to 3 kHz)
and upsampling (0.83 ms), and the inherent processing de-
lay of the ADC and DAC at a 48 kHz sampling rate. The
system is implemented using the Analog Devices SC598
with an SHARC+ core, integrated with the EVSOMCRR-
EZKIT development board [17], featuring a 4-channel,
24-bit ADC and a 12-channel, 24-bit DAC.

3. RESULTS AND DISCUSSION

This study investigates the effect of actuator positioning
on the performance of vibro-acoustic systems by eval-
uating four distinct actuator arrangements, as illustrated
in Fig.3. The selected configurations are designed to re-
flect both critical and potentially optimal actuator place-
ments, informed by the physical characteristics of the sys-
tem [2,15].

The mass of the actuators is approximately 140 g,
which can alter the system’s response even without con-
trol. Fig. 4 compares the power spectral density (PSD)
of the three error microphones for the four configurations
under consideration.

The difference between Configuration 1 and Config-
uration 4 is particularly noticeable in the frequency range
between 150 Hz and 200 Hz. This is due to the fact that,
in Configuration 4, the actuator masses are positioned near
the edges of the clamped plate, regions of high stress, re-
sulting in a higher sound power response.

In contrast, Configuration 1 places two of the three
actuators closer to the opening, which helps to reduce vi-
brations in that region, thereby minimizing the radiated
sound power. Moreover, Configurations 2 and 3 exhibit
similar performance, as the actuators are more concen-
trated near the center of the plate. To assess the reduction
achieved through active control, the four configurations
are compared to the average microphone response in the
absence of control. As shown in Fig. 5, ASAC effectively
minimizes the system’s sound power response, indicating
that it is not only effective in reducing radiated sound but
also in mitigating noise leakage through the opening. The
actuator placement near the clamped edges in Configu-
ration 4 restricts the system’s ability to vibrate actively.
The displacement is constrained, and this helps generate
anti-noise waves that counteract sound leakage through
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Figure 3: An overview of the four configurations of
the actuators’ arrangements.

the opening.

Configuration 3 demonstrates the best performance
across the considered frequency range. This is at-
tributed to one actuator being positioned closer to
the opening—allowing greater flexibility for displace-
ment—combined with a central actuator arrangement that
provides a balanced response across most mode shapes.
Configurations 1 and 2 may be advantageous when target-
ing specific resonances. For instance, Configuration 2 po-
sitions the actuators closer to the anti-nodal regions of the
third and fourth mode shapes of the rectangular plate [2],
making it more effective in that frequency range.

To evaluate the influence of the relative position of
the opening with respect to the excitation source, as well
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as the effect of actuator arrangement, Configuration 5 is
tested and compared with Configuration 1. This compari-
son is considered fair, as both configurations share a sim-
ilar actuator arrangement, as illustrated in Fig. 6.

Configuration 5 exhibits lower sound power levels
compared to Configuration 4, particularly in the frequency
range between 135 Hz and 200 Hz. This improvement is
attributed to the fact that the opening in Configuration 5
is positioned farther from the internal noise source, result-
ing in reduced sound leakage through the opening. When
ASAC is applied, Configuration 5 demonstrates enhanced
control performance due to the revised opening location,
which makes the actuator placement—particularly that of
Act 1 and 3—more favorable for inducing effective vibra-
tional displacement near the aperture. As a result, despite
having the same actuator arrangement as Configuration 1,
the system achieves over 5 dB additional noise reduction
in the frequency ranges of 70-125 Hz and 170-200 Hz
due to the relocated opening.

4. CONCLUSION

This study experimentally examined the application of
Active Structural Acoustic Control (ASAC) in vibro-
acoustic systems with structural openings, focusing on the
influence of inertial actuator placement and opening loca-
tion on control effectiveness. Five actuator configurations
were evaluated on a fully clamped vibrating plate to assess
how spatial arrangement and structural characteristics im-
pact both passive and active noise control performance.

The results demonstrate that actuator positioning sig-
nificantly affects the system’s vibrational and acoustic re-
sponse. Configurations with actuators placed near the
clamped edges—regions of high stress and low vibra-
tional energy—showed limited effectiveness in both pas-
sive damping and active control. In contrast, configura-
tions with actuators distributed closer to the plate center
or near the opening, such as Configuration 3, provided
more balanced control across the frequency range, ben-
efiting from greater displacement flexibility and improved
mode shape engagement. Moreover, Configuration 5 re-
vealed that relocating the opening farther from the noise
source, even with the same actuator arrangement as Con-
figuration 1, can lead to an additional 5 dB reduction in
key frequency ranges. This highlights that the opening’s
position, in relation to the excitation source and actuators,
plays a crucial role in minimizing sound leakage and en-
hancing ASAC performance.

These findings underscore the importance of tailoring
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Figure 4: PSD of the three error signals for the configurations without active control.
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Figure 5: PSD of the three error signals for the configurations with active control.
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Figure 6: Mean square error (MSE) of the three error microphones signals for Configurations 1 and 5.
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actuator placement strategies to the specific structural and
acoustic context, particularly in systems with openings,
to maximize control efficiency and achieve optimal noise
reduction.
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