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Abstract
Background and aims: One of the methods to increase sound transmission inside Keywords
buildings is through doors and windows. Considerable effort has been made to reduce Traffic noise
noise within the building. This study examines the methods of active sound control in .
windows. Window
Methods: In this systematic review, English articles were searched based on the Active noise control

PRISMA guide between January 2020 and December 2021 in Google Scholar, PubMed,
Scopus, and ISI Web of Science databases without time limits for publishing articles.
The selection of keywords was done based on the Pico principle and from the Mesh Occupational health
database. Selected keywords were used individually or in combination to search for

articles. Articles that had the word “noise control” in their title or summary, along with

any related words such as window, transportation, active noise control, active noise

canceling, traffic noise, low-frequency control, low-frequency sounds were selected.

Then the titles, abstracts, and keywords of these articles were reviewed, and related

articles were separated from unrelated articles, and duplicate articles were also removed.

Further, after applying the entry and exit criteria, the full text of the entry articles was

collected and analyzed.

Active noise cancelling

Results: In the first step of the search, a total of 638 studies were found that were published

in the investigated databases during the years 2020-2021. Then, by checking the titles Received: 2023/01/1
of the articles, 456 duplicate or unrelated articles were removed. According to the entry
and exit criteria and evaluations and screenings, 97 articles were retrieved, of which 17 Accepted : 2023/11/17

articles were included in the study based on the PRISMA guidelines, of which 16 were
original articles and one was a review article. The largest number of articles belonged to
the researchers of Singapore followed by the United States of America, who accounted
for 8 and 5 input articles, respectively. The findings showed that the main solutions to
prevent the transmission of sound inside the building include three categories: passive
control, active control, and hybrid sound control. Active sound control methods are
performed according to the closed and open status of the window in different ways such
as cavity control, speaker installation on the window frame, speaker installation in the
wall, short duct control.

Conclusion: Today, active sound control is considered a potential solution to control
low-frequency sounds and traffic noise. Using the active sound control method for
glass windows improves sound transmission loss without increasing the mass of the
window. Due to geographical and cultural differences, the application of active sound
control systems on windows is done in three main categories, fully closed windows, fully
open windows, and half-open windows. It is suggested that researchers focus more on
absorbent layer technologies, calculation methods, and numerical simulations.
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EXTENDED ABSTRACT

INTRODUCTION

Currently, noise pollution is recognized as a
significant societal threat that can impact human
quality of life, efficiency, and physical and mental
health. Numerous efforts have been undertaken to
mitigate acoustic noise in the environment. Noise
control, or the total or partial reduction of acoustic
noise, is implemented in various ways. Generally,
two noise control methods are prevalent: passive and
active noise control.

Passive noise absorbers, such as insulation with
absorbers, are used in acoustic noise removal methods.
However, these have limitations, the most significant
of which is inefficiency at low frequencies. At these
frequencies, the sound wavelengths increase compared
to the thickness of the sound absorber. Therefore, to
prevent the transmission of low-frequency waves, a
heavy barrier with high volume, weight, cost, and size
of sound insulation is required. In this case, the active
noise control method must be employed.

In many respects, active noise control is a
complementary technology to passive control. The
most significant advantage of the active method is
that, unlike the passive method, noise can be reduced
in a small space, especially at low frequencies (below
500 Hz).

Therefore, this Systematic Review was conducted
to provide a history of the Active Noise Control
(ANC) system on windows in closed, fully open, and
semi-open states.

METHODOLOGY

In this systematic review, English articles were
searched based on the PRISMA guide between January
2020 and December 2021 in Google Scholar, PubMed,
Scopus, and ISI Web of Science databases without
time limits for publishing articles. The selection of
keywords was done based on the Pico principle and
from the Mesh database. Selected keywords were
used individually or in combination to search for
articles. Articles that had the word “noise control” in
their title or summary, along with any related words

such as window, transportation, active noise control,
active noise canceling, traffic noise, low-frequency
control, low-frequency sounds were selected. Then the
titles, abstracts, and keywords of these articles were
reviewed, and related articles were separated from
unrelated articles, and duplicate articles were also
removed. Further, after applying the entry and exit
criteria, the full text of the entry articles was collected
and analyzed.

RESULTS

In theinitial step of the search, a total of 638 studies
were found that were published in the investigated
databases during the years 2020-2021. After checking
the titles of the articles, 456 duplicate or unrelated
articles were removed. Based on the entry and exit
criteria and evaluations and screenings, 97 articles
were retrieved. Of these, 17 articles were included in
the study based on the PRISMA guidelines, of which
16 were original articles and one was a review article.
The largest number of articles belonged to researchers
from Singapore, followed by the United States of
America, who accounted for 8 and 5 input articles,
respectively.

The findings showed that the main solutions
to prevent the transmission of sound inside the
building include three categories: passive control,
active control, and hybrid sound control. Active
sound control methods are performed according to
the closed and open status of the window in different
ways such as cavity control, speaker installation on the
window frame, speaker installation in the wall, short
duct control.

The results of the studies showed that active noise
control eliminates unwanted sound by producing
a similar (co-amplitude) sound wave, but with the
opposite phase. The interference of annoying sound
(noise) waves and the generated sound wave eliminates
both sounds. In later years, considerable progress was
made by using digital techniques instead of complex
analog systems and the use of digital signal processing
science. As a result, Active Noise Control (ANC)
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Fig. 1. The basic concept of a sound active control system (9,10)
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Fig. 2. Active Noise Control Method on Various Type of Windows

systems could be accessed in a variety of applications.

Active noise control systems are typically time-
varying due to changes in the acoustic system,
environmental conditions, and changes in the behavior
of sensors and actuators due to working friction.
Generally, active noise control is fully adaptive to
perform detection and control simultaneously. With
the development of digital processors and their
reduction in cost, adaptive techniques are widely used
in the design of active noise control systems today.
In the active noise control system, the main source
of noise is the same annoying noise that results from
the source of environmental noise pollutants. The
secondary noise sources are generated by an actuator
with a different algorithm.

Its worth noting that adaptive filters are used
to control active noise due to their nature of self-
regulation and self-design.

In general, Active Noise Control (ANC) methods
that can be applied to closed windows, fully open
windows, and semi-opened windows are divided
into six main categories: cavity control, panel control,
embedding speaker arrays on the window frame
grid, embedding speaker arrays on the wall, a hybrid
approach, and duct type active noise control (10-16).

1. Active noise control on the closed window
In closed windows, two ANC methods are mainly
applied to windows as follows: Cavity control method
and Panel control method.

1.1. Cavity control method In the cavity control
method, the secondary source is placed in the space

y

between two plates, causing a transmission loss.

1.2. Panel control method The effort to preserve
the beauty of the window led to the provision of
innovative solutions in the source of the active sound
control system. In this method, by creating vibration
in the window panel, a sound signal with the opposite
phase is produced. The polyvinylidene fluoride layer
connected to the electrodes based on transparent
carbon nanotube was used as a transparent speaker in
the window by Yu et al. (17,18).

2. Application of Active Noise Control to a Fully
Open Window One of the limitations of double-glazed
closed windows, which reduces their popularity, is the
problem of opening the window and the lack of natural
ventilation needed by residents in tropical areas. This
is why the design of the active sound control system
with open windows has attracted the attention of
researchers.

Active sound control with open windows is done in
four ways: embedding speaker arrays on the window
screen, embedding the speaker array on the wall next
to the window, using a short duct-like channel, and
the hybrid method.

2.1. Embedding Speaker Arrays on a Window
Frame Screen One of the methods of using speaker
arrays in the active sound control system for an open
window is to install the speaker arrays on the window
frame.

2.2. Embedding Speaker Arrays in the Wall Since
the installation of speakers on the window frame
affects the beauty of the window, researchers decided

Iran Occupational Health. 2024 (01 Feb);20: 30.
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to embed them in the window wall to hide the
speakers.

2.3. Active Control of Sound Through a Short Duct-
Like Channel In the study conducted by Wongeun Oh,
to reduce the noise passing through the windows, they
used a simple duct-type active sound control system.
This system consists of a short-length duct that is used
to remove noise from the outside into the room using
an algorithm (15, 23).

2.4. Hybrid Method of Active and Passive Control
Murao used the active sound control system in the
open window and used a splitter silencer to improve
the level attenuation of broadband sounds. Before this
research, they presented a similar idea with a silencer
and a speaker inside a short duct. In their research,
they achieved noise reduction in an open window
with an array of active sound control systems (12, 24).

3. Applying Active Noise Control on the Semi-
Open Window Carme et al. conducted their study on
semi-open windows, which, in addition to providing
the possibility of natural ventilation of a room, also
made it possible to reduce the transmission of noise
into the room by using an active sound control system.

CONCLUSION

Indeed, active noise control is increasingly seen as
a potential solution for controlling traffic noise that
enters buildings through windows. The application
of active noise control for glass windows enhances
the Sound Transmission Loss (STL) at resonant
frequencies effectively without increasing the window
mass.

Active control of windows is performed in three main
categories due to geographical and cultural differences:

Completely Closed Windows: This involves two

forms of control methods - cavity and panel control.

Fully Opened Windows: This involves four
methods - embedding speaker arrays on the window
frame grid, embedding speaker arrays into the wall, a
hybrid approach, and Duct Type Active Noise Control.

Semi-Open Windows: The general method of using
active sound control is the cavity control method.

For future research in Active Noise Control (ANC)
design on closed windows, it is suggested to use thin
piezoelectric films with greater transparency and the
ability to produce high sound pressure. These can be
aesthetically acceptable as a speaker in the production
of secondary sound to eliminate annoying ambient
sounds.

To achieve better results, save cost and time in
ANC design on windows, it is recommended to
use simulation software. The results should then be
compared with experimental experiments.
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- Speaker arrays mounted on grid of window frame

- Speaker arrays embedded into the wall
- The duct type active window systems

- A hybrid approach to active and passive noise control
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2 - Speaker arrays embedded into the wall

1 - Speaker arrays mounted on grid of window frame
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- splitter silencer
- broadband noise
- splitter silencer
- loudspeaker

- duct
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