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The article presents the development and selected uses of methods of active noise reduction
in Poland: from the first theoretical studies of Prof. Wojciech Rubinowicz to the latest study
with the use of neural networks. The article discusses the principles of active compensation
of sound. It also presents the results of Polish research centres’ work on the use of active sys-
tems for reducing noise in ducts, power transformers: noise and to improve hearing protectors
parameters.

1. Introduction

The noise is one of the most basic hazards for people’s life and work environment.
According to the Central Statistical Office data for 2002, about 33% of Polish popula-
tion is exposed to various noise at levels exceeding standards, and 240 000 of employ-
ees are exposed to noise at above > 80 dB. The most difficult noise to control is the
low-frequency noise, generated by flow machines, e.g. compressors, fans and blowers.
Active methods are the most effective methods for the low-frequency noise control.

The active methods’ origin may be found in Christian Huygens (1629–1695) works
and is based on well known Huygens–Fresnel interference rule. The first concepts for
practical application of active noise control methods emerged in 1930s (Henry Coanda
and Paul Lueq patents). The development of different sciences, e.g. electronics, control
theory and information science, enabled development of first practical solutions, first in
the laboratory and then in the industrial scale. Several technical and scientific centres,
dealing with basic research and practical applications for various technical domains,
may be found worldwide.

The number of scientific and technical elaborations related to the active noise control
proves the active noise control’s development.

According to D. Guicking, the Physics Institute of Goetingen, who managed the list
of references related to the noise control by the early 1990’s, over 3500 publications by
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authors from 37 countries worldwide were issued by 1992. Guicking gave up managing
the list, as the number of publications increased dramatically in the following years.
Currently, several thousand publications per year are issued.

The active noise control methods’ significance is also proved by the fact that since
1991, ACTIVE scientific symposium is organized in different countries every two years;
this symposium is held under auspices of the International Institute of Noise Control
Engineering (I-INCE).

The papers are presented on other conferences and scientific conventions, including
plenary papers related to the active noise control methods; special scientific sessions are
also organized.

In Poland, only some scientific centres deal with the active noise control methods.
In spite of the small quantity of the researchers dealing with these methods, it can be
assumed that Polish scientists elaborations significantly contributed to the active noise
control method development.

The following researchers’ works contributed to this development: Władysław Bo-
gusz, Stefan Czarnecki, Roman Gutowski, Zbigniew Engel, Ignacy Malecki, Wojciech
Rubinowicz, Stefan Ziemba. The results of their research work became a base for further
active noise control research and applications.

Polish active noise control research and application elaborations are presented fur-
ther in this paper.

2. The first works in Poland

The research related to the active methods in acoustics were started in Poland in
1970’s (S. CZARNECKI [12–14], Z. ENGEL). It should be noted that previous elabora-
tions of Polish scientists contributed to the active noise control method’s basics devel-
opment all over the world. The authors of the active noise control method theoretical
basics (M. Jesset, G. D. Malużeniec and other) based on elaborations of Prof. Woj-
ciech Rubinowicz (1899–1974), world famous physicist, who dealt with optical phe-
nomena rather than with acoustic ones. In 1917, in Die Beugungswelle in des Kirch-
hoffshen Teorie der Beugung dissertation Rubinowicz described the edge wave theory
(called afterwards Rubinowicz’s edge wave). He demonstrated an equivalence of Fres-
nel and Young opinions related to the diffraction phenomena formation, and reviewed
T. Young’s view to the voltage phenomena matter. Rubinowicz also demonstrated that
the wave motion, resulting from Kirchhoff’s assumptions, may be decomposed into “the
geometrical-optical wave” and the wave of “diffraction”. In further elaborations Rubi-
nowicz also demonstrated that for the first approximation, the diffraction wave may be
treated as a wave generated by reflection of the wave directed to the diffracting edge.
He analyzed the wave motion examined by Kirchhoff which existed in the whole space
and was expressed by Helmholtz equation. Without going into details of the mathemat-
ical description, the existence of non-transparent bodies (called screens) in the space
is assumed. Depending on the boundary conditions, used when solving Helmholtz’s
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equation, “hard” and “soft” screens are distinguished in the acoustics. Rubinowicz con-
cluded that the wave motions on illuminated and shadowed side of the screen differ
only by the incident wave. The screen absorbs the incident wave, but is non-transparent
for other waves, as it is left unchanged after screen deformation. Kirchhoff specified
the screen in his diffraction theory as a “black” screen. This screen absorbs only the
incident wave. The motion wave in the system including such a screen is expressed by
the Kirchhoff’s integral, so this screen is called Kirchhoff’s screen. The issues related
to the part of the screen which is shadowed on the illuminated side by the wavy shape
of the diffracting screen are considered. This screen may be freely deformed, which en-
tails no changes in diffractions phenomena. Such a screen is called Kirchhoff’s “wavy
screen” or Kirchhoff’s “corrugated screen”. Rubinowicz also found that a wave “leap”
occurs for this screen, and concluded that the screens absorb the incident wave. For a
screen created by any surface, the “light rays”, i.e. half lines coming out of the light
source, cross the screen two or more times. In this case, the incident light behaves in
a paradox way on the Kirchhoff’s screen. This paradox is called the “Rubinowicz’s
paradox”.

M. Jessel in his active noise control methods theoretical basics says that the “con-
cavity effect has its beginning in Rubinowicz’s paradox”. When analyzing the acoustic
field area, he observed that some part of this area supports the conformity of Huygens’
sources, while the other part supports active source reduction. Rubinowicz anticipated
such a case for Kirchhoff’s corrugated screen. The issues related to Kirchhoff’s diffrac-
tion theory have been theoretically re-worked in details by W. Rubinowicz. The phe-
nomena of mutual interference of light waves falling onto the screen’s edge and effect
of the wave compensation in some part of the examined area have been described. The
wave falling onto screen’s surface (edge) may compensate the wave of the same type,
but shifted by π angle, resulting in total light extinguishing. Prof. Rubinowicz, outstand-
ing radiation theory specialist, dealt in his research with the optical issues. Nevertheless,
the optical and acoustic wave phenomena may be expressed with the same equations.
Therefore, the results of Rubinowicz’s research, who introduced a new approach to the
wave phenomena, may be considered as theoretical fundament of active noise control
methods.

This paper doesn’t present active noise control methods in vibration analysis, but
please note that the issue of active methods for vibration control appeared ca. fifty years
ago. That research concerned mechanical system synchronization and auto-synchroni-
zation. R. Gutowski dealt with the vibration control issue, and Cz. Cempel performed
the synthesis of the vibration isolation system with compensation in 1973. First elabora-
tions related to active car vibration isolation (E. Kamiński, J. Osiecki) were developed
at that time. The research of active hydraulic and pneumatic vibration isolation sys-
tems and seat vibration isolation systems (J. Nizioł, J. Kowal) has been conducted. The
works of A. Muszyńska and Z. Gosiewski concerned rotor system vibration control.
Other elaborations concerned active vibration control in materials (A. Tylikowski).

The research related to active methods in acoustics were started in early 1970’s by
Stefan Czarnecki and Zbigniew Engel.
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Prof. S. Czarnecki dealt mainly with active sound compensation methods. The doc-
tor’s thesis which specified the phase compensation conditions in openwork resonance
screens has been performed under his direction.

On Prof. Z. Engel initiative, the active method laboratory with special test benches,
mainly for active noise control in the waveguides, has been created in Central Insti-
tute for Labour Protection – National Research Institute in Warsaw (Centralny Instytut
Ochrony Pracy – Państwowy Instytut Badawczy) (CIOP-PIB).

In the following years, another research centres dealing with active methods in
acoustics were developed. Apart from the Mechanics and Vibration Acoustics Insti-
tute of AGH (University of Science and Technology), the Automation Institute of the
Silesia University of Technology, the research is also performed by the University of
Rzeszów.

These studies are discussed below.

3. Active sound compensation’s conditions

The active compensation phenomenon occurs when appropriate phase and ampli-
tude conditions of the signals involved are met, and the compensation level and its range
depend also on the signal type, mainly on their correlation parameters. The compensa-
tion principle is presented in Fig. 1.

Fig. 1. The compensation circuit diagram.

The primary source Zp (compensated source) generates the time alternating acoustic
signal x(t), and the secondary source Zw (compensating source) generates the signal
y(t). Assuming that the propagation medium is linear, the superposition rule is in effect,
so that the resultant signal Z(t) in the observation point O is given below:

Z0(t) = x0(t) + y0(t + T ), (1)

where T – time of delay caused by the difference of the propagation paths from Zp and
Zw sources.
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The phase compensation in the point O occurs, when for average signal powers in
this point [137, 139]:

Px0y0 = Pz0 ≤ Px0 .

The compensation level achieved in the O point may be expressed with the compen-
sation coefficient k, which is defined as the compensated signal’s acoustic power to the
primary signal’s power ratio.

k =
〈PSkp〉
〈PXp〉 =

〈PXp〉 − 〈PZp〉
〈PXp〉 = 1− 〈PZp〉

〈PXp〉 , (2)

where 〈PSkp〉 – an average compensated signal’s power.
Since 〈PSkp〉 < 〈PXp〉, so the compensation coefficient k meets the following con-

dition:
0 < k < 1. (3)

The value of this coefficient depends on the correlation parameters of the signals
involved in the compensation process.

By introducing the mutual correlation functions of the signals originated by the
sources Zp and Zw, and performing proper transformations, the following condition is
achieved [137]:

1
2
√

a < −b <
1
2

1 + a√
a

, (4)

where the coefficient a represents the x(t) and y(t) component signal average power
ratio, and b is the mutual correlation coefficient for these signals.

These coefficients may be expressed as follows:

a =
RTyy(0)
RTxx(0)

, (5)

b =
RTxy(0)

(RTxx(0)RTyy(0))0.5
, (6)

where RTxx(0), RTyy(0) – the auto-correlation functions.
The condition expressed in (4) combines all the most significant parameters related

to the signals x(t) and y(t).
The course of changes b(a) achieved based on this inequality is presented in Fig. 2.
Analyzing the diagrams presented in Fig. 2, and the inequality (4), it is possible to

determine for which power ratio the compensation is possible. The right and left side
of an inequality (4) are non-negative, so the mutual correlation coefficient b must be
negative and fall in the following range:

1
2
√

a < −b < 1. (7)

Thus the compensating signal’s power to the compensated signal’s ratio meets the fol-
lowing condition:

0 < a < 4. (8)
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Fig. 2. The conditions for the phase compensation vs. x(t) and y(t) signal parameters.

The inequalities (7) and (8) determine the conditions which have to be met by
the compensating and the compensated signal amplitudes for the compensation phe-
nomenon to occur.

The relationships referred to above enable determination of the relation between the
compensation coefficient k, the signals power ratio and the mutual correlation coeffi-
cient b:

k = −2b
√

a− a. (9)

The relation of the compensation coefficient k vs. an average power ratio a for
different mutual correlation coefficient b values is presented in Fig. 3.

Fig. 3. The relation of the compensation coefficient k vs. parameter a.

The figure shows that maximum compensation occurs for a = 1 and b = 1.
The curve determined for b = −1 shows also the previously determined relation (4),

which is related to the parameter a changes. Analyzing the relations referred to above
in relation to the signal amplitude ratio, one can state that the compensation coefficient
is k = 1, when the compensated signal amplitude X and the compensating signal am-
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plitude Y are equal. The extent of changes for the compensation coefficient k vs. the
amplitude ratio x/y is presented in Fig. 4.

Fig. 4. The extent of changes for the compensation coefficient k.

Another condition for the active compensation to occur, apart from proper compen-
sated signal’s amplitude, is to provide proper phase shift angle between the compensated
and the compensating signal. We can demonstrate, without reviewing detailed analysis
of the phase error significance that when retaining unitary amplitude ratio and increas-
ing the phase deviation, the compensation coefficient k decreases gradually to 0. For
sinusoidal signals with identical pulsation, this value is achieved for the phase error of
60◦. Higher phase deviation causes that the compensating signal results in the sound
level increase in the observation point O in relation to the sound related only to the
compensated source. Please note that the active compensation effect is more sensitive
to the phase deviation, if the compensating signal’s amplitude is lower or equal than the
compensated signal’s amplitude. For practice applications, the parameters describing
the signal (noise) sources x(t) and y(t) decide on the active system effectiveness and
the noise control type (global or local).

Both types of the compensations – for simple sinusoidal signals and more complex
periodical signals – are based on the principles referred to above. As the type of the
signals involved in the compensation process directly implies the complexity of active
noise control system solutions, one of several practically accepted system classifications
divides them into single-channel and multi-channel circuits. Considering various clas-
sification criteria, general classification of active noise control systems is presented in
Fig. 5.

Theoretical work results and simultaneous development of the electronics and IT
enabled, in 1970’s and 1980’s, the development of practical active noise control system
solutions. The multi-purpose test bench, developed in CIOP-PIB, may be considered
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Fig. 5. Active noise control system classification.

one of the forerunning ones; this test bench enables experimental verification of succes-
sive active noise control system’s synthesis stages. The acoustic waveguide, featuring
segmented structure with single compensating and compensated signal source, is a pri-
mary test bench’s component. The test bench‘s design enabled both basic examinations
necessary to recognize physical features of active noise control, and the research includ-
ing real noise source simulations. Accepting of high universality of the test bench has
been also related to flexible division of hardware & software functions, and capability
of stand-alone analysis and synthesis of the following operations:

• gathering necessary set of data related to the acoustic parameters of the compen-
sated field;

• processing the data gathered;
• generating the compensating field.
Basic diagram of the waveguide being a part of the test bench described above is

presented in Fig. 6.
This circuit detects, with the microphone M, and processes the sound generated by

the compensated source Zp. The microphone output, properly delayed to compensate
the time necessary for the primary wave to pass from the microphone to the compensat-
ing source, controls the secondary source Zw.
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Fig. 6. Basic diagram of active noise control system in the waveguide.

The compensation level is controlled by the microphone M2, located at the waveg-
uide’s outlet.

For initial simple experiments, control of the secondary source for sinusoidal signals
with fixed amplitude was achieved by relocating of the microphone M1. For successive
studies, this system has been enhanced with additional modules: analogue and digital
control circuits, measuring circuits, etc.

This test bench, operating successfully up to now, facilitated multiple examinations
and research projects, became a basis for development and verification of author’s sys-
tem solutions (mainly control systems), and was also used for three doctor’s thesis and
didactic courses.

The waveguide acoustic compensation research became a basis for in-house CIOP-
PIB designing and developing of the multi-purpose test bench related to active noise
control in the ventilation systems.

The diagram of this system is presented in Fig. 7.
The test bench comprises the measuring waveguide, the ventilation system and nec-

essary equipment. The ventilation channel comprises 30 removable elements (segments,
T-connections, elbows, flexible pipes, angle reducers, throttles – indicated in the figure
as 1–14).

Active noise control system includes the speaker casing and built-in compensating
source, and the measuring components, the amplifiers and the controller. The controller
features 8 input channels and 2 output channels. Basic system functions are imple-
mented with the software, in-house developed with C++.

This test bench, featuring flexible setup capabilities, enables studying the active
noise control system both in laboratory and real environment. The software developed
enables simulating of active noise system operation for various controller’s configura-
tions and control algorithms. The control algorithms, verified when performing simula-
tion calculations, are implemented in form of the real-time software.
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Fig. 7. Test bench diagram.

The block diagram of real-time active noise control system, with an example con-
troller structure, is presented in Fig. 8. This system includes the elements representing
the transmittances (transfer functions) measured between the system key points (ref-
erence detector, error detector, secondary source) and digital filters. The research per-
formed with this test bench, involving real fans acting as the primary sources, demon-
strated that the noise level has been reduced in test room by 5÷25 dB by means of active
noise control system.
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Fig. 8. Controller diagram.

4. Active noise control system’s components

In Poland, active noise control system’s component research is performed mainly
by the Acoustics Institute of the Silesian University of Technology (Instytut Akustyki
Politechniki Śląskiej), the Central Institute for Labour Protection – National Research
Institute (Centralny Instytut Ochrony Pracy – Państwowy Instytut Badawczy CIOP-PIB)
and by AGH University of Science and Technology (Akademia Górniczo-Hutnicza)
[References].

The monograph for these problems has been developed, several publications have
been published, and the doctor’s theses prepared. The active noise control system related
research is developed by the CIOP-PIB. That research focused mainly on the controllers
for active noise control systems. Such a controller is mainly responsible for secondary
source control in order to generate the compensating signal with the parameters neces-
sary for continuous noise reduction.

For many years, the scientific team of Silesian University of Technology, lead by
Prof. A. Niederliński, deals with the control theory problems, including the adaptative
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control problems, i.e. a kind of control, which enables updating of control algorithm
based on the object’s mathematical model identification.

Since the active noise control is the process influenced by multiple fast transient
disturbances, the controller has to react fast enough to provide with high noise reduction
performance for rapidly changing operating conditions. For this reason, the adaptative
circuits and the effective adaptation algorithms play significant role for active noise
control systems. The adaptative circuit research is performed simultaneously in several
areas using the state-of-the-art electronic and IT technologies, e.g. the neural networks
or the genetic algorithms.

The automated control and compensation circuits are still in use; for applications
demanding particularly high stability quality, both circuits are used, constituting the
automated control circuit with compensating function for the most relevant interference
variables (so called hybrid circuits).

The block diagram of active noise control system with the controller is presented in
Fig. 9, and the typical adaptative active noise control system for the acoustic waveguide
is presented in Fig. 10.

Fig. 9. The block diagram of the active noise control system with the controller and built-in reference
model.

LMS algorithm, usually customized, is the most commonly used algorithm for the
controllers. This algorithm has been also used for the controllers developed in CIOP-
PIB, which assumed as a rule that the role of a controller is performed by the customized
software incorporating a specified algorithm.

The block diagrams of several active noise control system versions, developed in
CIOP-PIB, with different algorithm and controller versions. Since the error signal for
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Fig. 10. The block diagram of the active noise control system in the waveguide.

waveguide active noise control systems is not directly available, as assumed in classical
LMS algorithm, but is filtered by the acoustic transmittance (transfer function) of the
error path, Fig. 11 presents practical solution for transformation of an adaptative LMS
filter, which relies on filtering of its input signal by the transmittance Hw(z).

Fig. 11. The block diagram of LMS algorithm with filtered input.

For active noise control systems, which account for the secondary signal path, the
effect of this path may be partially eliminated by embedding, within the error signal
path, the filter of transmittance being an inversion of the signal path’s transmittance.
The block diagram of such a system is presented in Fig. 12.

Quite different principle of operation is featured by active noise control systems
with reference signal circuits. These systems, also called notch filter systems, are best
suited for tonal noise control. However, these systems, by connecting in parallel rele-
vant number of filters, may also be adopted to control the noise incorporating several
frequencies (base frequency and their harmonic components). The example structure
with two notch filters, tuned to n-th harmonic component, is presented in Fig. 13.
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Fig. 12. The block diagram of the active noise control system incorporating the controller, which eliminates
the secondary signal path effect.

Fig. 13. Active noise control systems with two notch parallel filters.
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Only some controllers and control algorithms has been described as above. Most
of results and developed solutions has been presented without delay at an international
and national scientific conferences, and published in scientific magazines and books.
Note also some works related to the optimization of active noise control systems and
the stability studies.

5. Active ventilation noise control system

Based on results of the research using acoustic waveguide performed in 1993–1995,
the adaptative noise control system for low-frequency noise, generated by the ventilation
systems, has been developed and built. This system has been used to eliminate the noise
generated by real ventilation fan.

The system’s block diagram is presented in Fig. 14.

Fig. 14. The block diagram of active noise control system for the ventilation channel, developed and
installed in CIOP-PIB.

Proper adaptative algorithm’s parameter selection resulted in predominant harmonic
elimination by over 20 dB.
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6. Active noise control systems for ear protectors

The Central Institute for Labour Protection – National Research Institute (Centralny
Instytut Ochrony Pracy – Państwowy Instytut Badawczy CIOP-PIB) and the Automatic
Control Institute of Silesian University of Technology (Instytut Automatyki Politech-
niki Śląskiej) conducted several research works related to active noise control system
application for the ear protectors.

As an example, the model ear protector will be described shortly.
The ear protector with active noise control system has been developed and built by

the Active Noise Control Unit of CIOP-PIB; the diagram is presented in Fig. 15. The
control circuit features surface mounting technology, and that is why this circuit could
be placed inside the protector’s bowl (each bowl features separate control circuit). The
belt or pocket battery pack supplies the power to the control circuit via single cable. The
ear protector features the following technical parameters:

Active noise control’s frequency range – 20÷500 Hz;
Active noise control level – to 10 dB;
Power supply – 9.6 VDC;
Battery operating duration (minimum) – 8 h;
Weight (incl. cable).

Fig. 15. The diagram of the ear protector with active noise control system.

Figure 16 presents the AOS-2 ear protector developed by CIOP-PIB.
Figure 17 presents the results of active noise control measurement for this ear pro-

tector. Active noise attenuation has been defined as a difference of acoustic pressure
under a protector’s bowl for active noise control system turned ON/OFF.

Above diagram shows that application of active noise control system allowed to
improve the passive protector’s attenuation by 9 dB within 20÷500 Hz frequency range.
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Fig. 16. The AOS-2 ear protector with active noise control system developed by CIOP-PIB.

Fig. 17. Active noise attenuation for AOS-2 protector.

7. Active noise control for power transformers

Apart from research and technical works referred to above, several other research
works related to active noise control have been conducted in Polish R&D centers. For
example, interesting research related to power transformer noise elimination has been
conducted by CIOP-PIB. For power transformers, casing panels are basic noise source;
these panels generate the vibratory-acoustic energy to an ambient environment.
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Radiation of this energy to an ambient environment has been analyzed theoretically,
and several experiments have been conducted using intensity and correlation methods.
Experiment results have been used to design and to build the system whose operation
has been verified in real environment. We can assume, without reviewing detailed analy-
sis of vibratory-acoustic disturbance sources for power transformers that the noise gen-
erated by them has predominant frequency components, and the spectrum is almost
constant over time (Fig. 18).

Fig. 18. Course of an acoustic pressure level L vs. frequency for typical power transformer operating
at 50 Hz.

The system, presented in Figs. 19 and 20, has been used to compensate the noise
generated by selected power transformer.

Application of active noise control systems enables to reduce the noise related to
doubling of power line standard frequency to the background noise, and the sound level
to 25 dB.

Specific conditions and limitations imply that the piezoelectric elements, apart from
speakers, are more frequently used as actuators for active noise control systems. Piezo-
electric elements are directly mounted on the transformer’s housing or placed in spe-
cially designed casings. The former solution actively reduces the transformer’s housing
vibration amplitude. Such an approach enables reduction of total acoustic energy emit-
ted by the transformer to an ambient environment. In the latter solution, the piezoelectric
elements act as typical casing combined with the resonant circuit tuned to predominant
noise frequencies generated by the transformer. This element features high efficiency
(operating in resonance condition), which enables continuous operation and high noise
reduction. Additional advantage is compact size and low weight as compared with the
speaker casing, which is very important as the piezoelectric elements may be freely
located and mounted in locations normally inaccessible for speaker casings.

Recently performed CIOP-PIB research have been related to the neural network
application for active noise system control purposes.
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Fig. 19. The active noise control system for the power transformer.

Fig. 20. The power transformer with the active noise control system implemented.
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Figure 21 presents a diagram of active noise control system based on the neural
network. The doctor’s thesis, concerning this issue, has been performed in the CIOP-
PIB.

Fig. 21. The multi-channel active noise control system based on the neural network.

8. Conclusions

Active noise control methods are currently developed in Poland in several scientific
centers. These issues have been shortly discussed in this paper. Polish scientists greatly
contributed to development of active noise control methods, which is proved by multiple
publications, doctor’s theses and post-PhD dissertations. The seminars and scientific
courses of “Active noise control methods” are organized; up to date, five events have
been held.

Initial applications of active noise control methods have proved their effectiveness
in extent of low-frequency noise reduction. The methods are effective up to 250 Hz.
Further research and technical applications improved an effectiveness of active noise
control methods for frequency ranges over 250 Hz. Further research should be con-
ducted to cover the frequency range beyond 1000 Hz. The works fulfilled up to date
have revealed that extent of current practical applications is very broad, and the future
application capabilities are almost unlimited. Unfortunately, the active noise control ap-
plications are very expensive despite the cost reduction. Therefore, active noise control
methods must be simultaneously cover two important directions: enhancing the appli-
cation range and reducing the active method costs.



ACTIVE NOISE CONTROL METHODS IN POLAND 337

In particular, very broad range of applications becomes probably available due to
greater application of the neural networks and the genetic algorithms for active noise
control. Currently conducted research demonstrate that the neural networks, in many
potential applications, enable achieving much more higher noise control effectiveness
than the adaptative digital filter based controllers. It can be assumed that dynamic tech-
nology and science development in extent of noise control brings even greater opportu-
nities. Undoubtedly, Polish scientists will use them.
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[23] ENGEL Z., Rozwój aktywnych metod zwalczania hałasu, Kwartalnik AGH Mechanika, 12, 1, 9–28
(1993).
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[34] FIGWER J., BŁAŻEJ M., A new look at adaptation in active noise control systems, Proc. of 6th

Conference on Active Noise and Vibration Control Methods, Kraków 2003.

[35] FIGWER J., OGONOWSKI Z., PAWEŁCZYK M., Stanowiska laboratoryjne do badań algorytmów
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zamkniętej, Materiały XLIV Otwartego Seminarium z Akustyki, Jastrzębia Góra, 1997, s. 299–
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badań nad aktywną redukcją hałasu w systemach wentylacyjnych, Materiały XLVI Otwartego
Seminarium z Akustyki OSA’99, Zakopane, s. 503–508, 1999.

[64] MAKAREWICZ G., MATUSZEWSKI G., MORZYŃSKI L., ZAWIESKA W.M., Stanowisko do
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[66] MAKAREWICZ G., MATUSZEWSKI G., MORZYŃSKI L., ZAWIESKA W.M., Transformator ener-
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[67] MAKAREWICZ G., ZAWIESKA W.M., MORZYŃSKI L., Zastosowanie programowania obiek-
towego do symulacji systemów aktywnej redukcji hałasu, Materiały V Szkoły Metody Aktywne
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[73] MORZYŃSKI L., The use of neural network for active noise control in a duct, Mechanika, 22, 3,
361–366 (2003).
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Szczecin 1995.
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[114] PAWEŁCZYK M., Aktywny ochronnik słuchu, Materiały XXIV Zimowej Szkoły Zwalczania Za-
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