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Abstract: This paper presents the performance of the
portable analog active noise control system developed
in this research by conducting experiments for reducing
tonal (periodic) noise and broadband noise generated by a
ventilation fan. The amount of noise reduction obtained is 3
- 15 dB for one-third octave band tonal frequencies between
63 Hz to 1000 Hz. The broadband noise reduction achieved
is 6 - 9 dB for two different fan noise sources. The results
showed that the analog ANC system developed is compact
and moderately working on reducing low frequency noise
sources in air handling acoustic ducts. The several reasons
for a low noise reduction performance using analog ANC
system are discussed in this paper.

Keywords: Active noise control, Analog ANC system, Low
frequency noise reduction.

I. INTRODUCTION

The problem of low frequency acoustic noise in the industrial
environment has grown with increase of industrial equipment
such as engines, fans, blowers, transformers, and air conditioning
ventilation ducts etc [1 - 4]. Current traditional passive noise
control techniques either affects low frequency noise or incur
extreme high costs (e.g., passive silencers and barriers), making
these techniques ineffective in reducing low frequency noise
in ventilation ducts [5 - 7]. Active Noise Control (ANC) is
potential low frequency noise mitigation technique in view of
the falling costs of electronic components as well as incurring
minimal obstruction when installed on ventilation ducts [8].
The first generation embedded Active Noise Control (ANC)
Systems are Analog Control Systems and used a simple “delay
and invert” approach. They showed some promising noise
reduction, but their effectiveness is limited due to the rapid
changes in the environment. On the other hand, analog systems
are often faster and less expensive.

Analog systems are dealt with in terms of automatic control
theory, where the external noise is viewed as a disturbance
source to be minimised.

The Analog ANC System is designed and implemented for
reducing tonal noise and ventilation fan noise sources. The tonal
noise is generated at different octave band frequencies with the
help of a function generator and the output is connected to a
loudspeaker to produce the tonal noise. Another loudspeaker is
used as an actuator to generate anti-noise by developed analog
ANC system by simple delay and invert approach.

II. LITERATURE REVIEW

Most of the analog ANC devices have been built in earmuff
or supra-aural headset configurations, an earplug example,
has been prototyped [9]. The recent data published in the
open literature on ANC-based applications from analog to
digital are reported [10, 11]. Some researchers experimented
and demonstrated feasibility of active noise canceling using
analogue chips for real world applications [12 - 14].

To achieve maximal noise cancellation, physical mixing of
the anti noise signal with the offending noise signal is critical,
so correct geometric placement of transducer components, as
well as accurate timing in the generation of the anti-noise, are
fundamental to the success of an ANC device [15]. In an ideal
sense, because ANC circuitry adds two out-of-phase noises
that are of equal amplitude, the resultant amplitude should
be zero and the effect one of complete cancellation. But this
would require propagation with zero time delay between the
various system, transducers and the listener, which is physically
impossible with the loudspeaker, microphone, and listener’s
position all located at different points in space.

Due to the phase shifts that can be attributed to these transducer
location differences, as well as the possibility of throughput



Development of Low Cost and Portable Analog Active Noise Control System for Reduction of Low Frequency Noise 17

delays in signal processing, establishing the correct phase
relationship of cancellation signal and noise becomes more
difficult as the bandwidth of the noise increases; therefore,
ANC has typically been most effective against low-frequency
noise. For example, with contemporary analog ANC devices,
maximal attenuation values of about 20 dB are typically found
to be in a range from about 100 to 250 Hz, and there will be no
attenuation above the frequency of 1000 Hz [16].

Noise reduction (typically 3 to 6 dB, but in some cases more)
occurs in the midrange frequencies (about 1000 to 3000 Hz)
with some analog ANC devices [17]. This can occur when the
overall acoustic gain is close to unity, and the phase relationship
is close to the in-phase condition, producing addition rather
than cancellation. In the midrange, due to the transducer and
headset characteristics, there may be a rapid variation in phase
with frequency that can result in wave addition. Midrange
enhancement in some devices has manifested when a loss of
earmuff cushion seal occurs, resulting in instabilities in the
cancellation system [17]. However, it has been demonstrated
that enhancement can be minimized by appropriate electro
acoustic design [18].

Amar Bose [19], provides a classical example of a closed loop
system for active noise cancellation, which produces a noise
reduction of 20 dB. The headphone / ear-cavity system is
treated as a physical plant to be controlled, and the open loop
gain is increased as much as possible without compromising on
the stability of the closed loop system. Bose’s circuit consists of
a lead-lag compensator which achieves this requirement.

III. DESIGN AND DEVELOPMENT OF
ANALOG ANC SYSTEM

A generic Analog Active Noise Control System is designed and
developed for reducing low frequency noise generated by a noise
source. The functional block diagram depicting the components
of a typical analog ANC system for one dimensional acoustic
duct is shown in Fig. 1. It is a closed-loop analog ANC System
that receives input from a reference microphone that detects the
input noise produced by a noise source in the one dimensional
acoustic duct.

to increase the strength of the input noise signal as the output
of reference microphone is weak signal. The amplified noise
signal is fed to the controller, which contains delay and phase
shift controller. The delay controller (MN 3008) makes a suitable
amount of delay to the input noise signal and fed to the phase
shift controller. The phase shift controller (LM 4136) inverts
the input noise signal to 180 degrees out of phase noise and is
fed to the loudspeaker through a power amplifier to obtain a
required output noise in the acoustic duct. Then the secondary
noise generated by loudspeaker through the power amplifier (HA
13007) is acoustically combined in the duct with the primary
noise and thereby reduces noise due to destructive interference.

The various components of typical analog ANC system in the
form of circuit diagram are shown in Fig. 2.
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Fig. 2: Circuit Diagram of Analog ANC System

The related circuit diagrams like power supply and pre-amplifier
circuit diagrams are shown in Fig. 3(a) & Fig. 3(b).
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Fig. 1: Components of Typical Analog ANC System

The input noise signal is then fed back through a pre-amplifier

Fig. 3(a): Pre-Amplifier Circuit
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The final prototype of analog ANC system is housed in a box as
shown in Fig. 4(a) and Fig. 4(b).

Fig. 4(b): Prototype of Analog ANC System

IV. ANaLOG ANC SySTEM FOR ToNAL NOISE
REebuCcTION

The experimental setup of one dimensional acoustic duct was
built in the Embedded Systems Laboratory of Department of
Computer Science & Systems Engineering (CS & SE) at Andhra
University College of Engineering (A) for testing analog ANC
system. The experimental test setup consists of a rectangular
wooden acoustic duct and an Iron acoustic duct. Further, a
modular and detachable two cubical boxes were fabricated for
housing noise sources (a loudspeaker and a ventilation fan) for
generating tonal and broadband / fan noise respectively. The
objective of this experiment is to reduce low frequency noise
generated by the primary noise source fitted at one end of the
duct and the noise level is measured at the other end of the duct
using analog ANC system.

A. Experimental Setup for Tonal Noise Reduction

The experimental setup of tonal noise reduction for 1/3 octave
frequencies using analog ANC system consists of a primary
noise source (loudspeaker) attached to one end of the duct. It is
driven by a function generator through an amplifier to generate
tonal noise of 1/3 octave frequencies ranging from 63 Hz to
1000 Hz. The reference microphone at one end of duct senses

the tonal noise generated by the loudspeaker as input signal and
then fed to the analog ANC controller, which contains delay and
the phase shift controller. The analog ANC controller, converts
input signal to anti-noise and fed to the loudspeaker through a
power amplifier to obtain a required output (secondary) noise in
the acoustic duct. Then the secondary noise generated by loud
speaker is acoustically combined in the duct with the primary
noise and thereby reduces noise due to destructive interference.
The functional diagram of experimental setup of tonal noise
generated by a loudspeaker in an acoustic wooden duct is shown
in Fig. 5. The corresponding experimental setup in laboratory
is shown in Fig. 6.

v
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Fig. 5: Functional Diagram for Testing Analog ANCS with
Speaker

Fig. 6: Experimental Setup for Testing Analog ANCS with
Speaker

B. Operating Procedure

The experimental setup consists of a function generator for
generating octave band frequencies and loudspeaker to produce
source noise. The loudspeaker is placed at the left side of the
duct and is connected to a function generator to produce source
noise. After placing the noise source unit, acoustic duct, Analog
Active Noise Controller, Ref. Mic., and anti-noise speaker as per
the experimental setup shown in the Fig. 6, the interconnections
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were made and varied the controls on the front panel of analog
controller unit.

By trial and error variation of the control knob, phase shift
knob, bias control knob and delay knobs are adjusted until the
maximum reduction of noise is achieved.

C. Brief Details of the Analog ANC System

The following are the brief details of the analog ANC system
using Analog Controller for an acoustic duct.

Physical System: Acoustic Duct: 10’ x 12”7 x 127

Noise Source: Ventilation Fan: RPM: 2250, Blades: 4,
BPF = 150Hz

Sensors: Ref. Mic.: Sensitivity: 2.5 mV/Pa at 1kHz
Frequency Response: 50-15000 Hz
Actuator: Woofer: 8 Ohms, 40Watts, 20Hz- 1kHz
Noise Controller Unit:
1. Analog Controller ANC System,
1- Ref. Mic., 1 Anti-noise control output,
Manual feedforward control
2. +5V @ 2A and +12V @1A Power Supplies
3. Power Amplifier for Output Control

D. Results for Analog System for Tonal Noise Reduction

The experimental results of Analog ANC system for reduction
of tonal noise levels are compared using a bar chart as shown in
Fig. 7. The grey color bars show that when Analog ANC OFF,
i.e., without switching on the Analog ANC System, the source
noise directly reaches the receiver microphone. The black color
bars show that when the Analog ANC System was ON, i.c.,
the source noise is reduced by switching on the Analog ANC
System.
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Fig. 7: Tonal Noise Levels Using Analog
ANC (OFF) and (ON)

It can be clearly seen from the Fig. 7 that the Analog ANC
System is functioning and achieving an appreciable tonal noise
reduction of 3 - 15 dB using developed Analog ANC System.
The corresponding experimental results of tonal noise control
using Analog ANC system are given in Table 1.

TaBLE I: REsuLts oF ToNAL NoiSE REbucTiON USING ANALOG
ANC SYSTEM

 Octave Frequencies 63 80 100 125 160 200 250 314 400 | 500 630 800 1000
in Hz
Amplitude in dB
ANC OFF

385 374 453 524 425 397 411 362 358 333 328 31.1 300

Amplitude in dB 343 267 321 372 311 255 291 i 316 276 236 267 i 265 271
ANC ON
Noise Reduction

in dB

- 42 107 132 152 114 142 120 48 82 97 61 46 29

V. ANALOG ANC SYSTEM FOR VENTILATION
FaN Noise REpucTioN

The experimental setup of one dimensional acoustic wooden
duct is also used for reducing Ventilation Fan noise reduction
with the developed Analog ANC System. The objective of this
experiment is to reduce Blade Pass Frequency (BPF) noise,
which is a dominant source of noise generated by the ventilation
fan. The developed Analog ANC System is tested for its noise
reduction performance with two different fans (noise sources)
attached independently with two different rectangular acoustic
ducts, namely, wooden acoustic duct and an Iron acoustic duct.
These Fans are attached at one end of the duct and measured the
blade frequency noise levels at the other end of the ducts. The
experimental details are presented in the succeeding sections.

A. Wooden Acoustic Duct (Experiment 1)

The functional block diagram of experimental setup for testing
Analog ANC System with a ventilation fan in a rectangular
one dimensional acoustic wooden duct is shown in Fig. 8. This
experiment is conducted for testing Analog ANC System to
reduce the Blade Pass Frequency (BPF) noise generated by the
fan.

Reference

Microphone
Sound Level
Meter

Personal Computer FFT Analvzer

pico
e

Analog ANC
Controller

Fig. 8: Functional Diagram for Testing Analog ANCS
with Fan
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The Experimental setup consists of a ventilation fan as a
primary noise source for generating BPF noise noise in a
wooden acoustic duct. The ventilation fan is placed at the left
side of the acoustic duct. After attaching the Fan unit to the
duct, Analog Active Noise Controller, Ref. Mic., and Anti-noise
speaker are connected as per the experimental setup shown in
the Fig. 9. The controls on the front panel of analog controller
unit are varied as explained in the previous section to achieve
the maximum reduction of blade pass frequency noise of a fan.
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Fig. 9: Experimental Setup for Testing Analog ANCS
with Fan

B. Results of Analog ANCS for Wooden Duct

The experiment conducted for testing the complete Analog
ANC System configured for reducing Fan noise in wooden
acoustic duct. The ventilation fan is attached to the left end
of the acoustic wooden duct is measured with a microphone
placed at the other end of the wooden duct using analog ANC
system. The Blade Pass Frequency (BPF) noise levels of the
fan at 153 Hz is measured at the right side of the wooden duct,
while analog ANC system OFF and Analog ANC System ON.
The corresponding experimental results without and with
Analog ANC controller are plotted as shown in Fig. 10.

Fig. 10: Noise Levels of Fan Using
Analog ANC OFF and ANC ON

The corresponding noise levels are tabulated in Table II. The
results showed an appreciable reduction of 5.7 dB using Analog
ANC System with a minimum time delay of 40.96 ms.

TaBLE II: REsuLTs oF BROADBAND / FaN Noise REpuctioN UsING
ANALOG ANC SYSTEM

le:'rizig:;; Input Noise  Output Noise ~ Residual Delay in
(BPF) of Fan indB indB Noise in dB ms
153 Hz 87.3 826 47 40.46

C. Iron Acoustic Duct (Experiment 2)

The second experimental setup for testing Analog ANC System
for reducing Fan noise in a rectangular one dimensional acoustic
Iron duct is shown in Fig. 11. The Noise source is a ventilation
fan with Blade Pass Frequency of 93 Hz.

Analog ANC System

Sound level
Meter

Cancelling
Speaker

BROADBAND/
FAN NOISE
(NOISE SOURCE)

Error Mic

Fig. 11: Experimental Setup for Analog
ANCS with Fan (Iron duct)

The front view of the Analog ANC System is shown in Fig. 12.
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Fig. 12: Front View of the Analog ANC System

D. Brief Details of the Analog ANC System for Iron Duct

The following are the brief details of the ANC System using
Analog Controller for an acoustic Iron duct.

Physical System: Acoustic IRON Duct: 50” x 187 x 18”

Noise Source: Exhaust Fan: 1400 RPM, Blades: 4,
BPF =93 Hz

Sensors: Ref. Mic. Sensitivity: 2.5 mV/Pa at 1 kHz
Frequency Response: 50-15000 Hz

Actuator: Woofer: 8 Ohms, 40 Watts, 80 Hz- 1 kHz

Noise Controller Unit:
1. Analog Controller ANC System
1 - Ref. Mic., 1 Anti-noise control output,
Manual feedforward control
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2. +5V @ 2A and +12V @1A Power Supplies
3. Power Amplifier for Output Control

E. Results of Analog ANC System for Iron Duct

The experiment conducted for testing the complete Analog
ANC System configured for reducing real-time Fan noise in
an acoustic Iron duct. The ventilation fan is attached to the
left end of the Iron duct and the Sound Pressure Levels (SPL)
of blade pass frequency (93 Hz) noise of the fan is measured
at the right side end of the acoustic duct. The SPL amplitudes
while analog ANC System switched off (ANC OFF) and with
Analog ANC System switched on (ANC ON) are given in
Table III. The results showed an appreciable reduction of 8.42
dB using analog ANC system for acoustic duct.

TaBLE III: REsuLTs oF FAN Noise LEVELS USING
AnaLoG ANCS (IroN Ducrt)

?:I,aed?,::s S Input Noise Output Noise  Residual
(BPF) of Fan N dB in dB Noise in dB
93 Hz -15.24 -23.66 8.42

The corresponding acoustic noise data is measured from
reference and error microphones are plotted while analog ANC
controller OFF and analog ANC System ON as shown in Fig.
13 and Fig. 14 respectively. The black color represents ref. mic
signal and grey color indicates error mic signal. When Analog
ANC System is OFF, i.e., analog ANC System switched off,
the source noise directly measured with the error microphone
and when analog ANC System is switched on, i.e., the source
noise is measured after controlling through the analog ANC
System.

Ref. Mic. & Error Mic. Frequency Domain Signals Before
ANC Freq.:92.14Hz, CH-A(BLUE) = -25.16dB, CH-B(RED)
=-15.24dB

029211z, A=-25.1608, B=-15.24dB

Fig. 13: Fan Noise Levels Using Analog
ANC OFF (Iron Duct)
Ref. Mic. & Error Mic. Frequency Domain Signals After
ANC Freq.:92.14Hz, CH-A(BLUE) = -25.16dB, CH-B(RED)
=-23.66dB
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[

Fig. 14: Fan Noise Levels Using Analog ANC ON (Iron Duct)

VI. RESULTS AND DIScUSSION

The development of low cost and portable analog active
noise control was fairly successful in this research work.
After completion, the analog ANC for reduction of tonal
noise and broadband noise in an acoustic duct worked fairly
satisfactorily, and were able to cancel blade pass frequency
noise of two different types of ventilation fans attached to two
different types of air handling acoustic ducts, namely, wooden
and Iron acoustic ducts. The analog ANC system is tested by
observing the noise reduction performance of various sources
of noise generated such as tonal noise at octave frequencies and
broadband noise of two different types of ventilation fans.

The noise reduction achieved for one-third octave tonal
frequencies is 3 - 15 dB with this analog ANC system in the
acoustic duct. The broadband noise reduction of nearly 6 - 9 dB
for two different fan noise sources. There are several reasons
for this kind of a low noise reduction performance using analog
ANC system. The reasons for noise reduction performance of
the system are given below:

i) There will be an acoustic propagation delay occurs
between the disturbing noise reaching the microphones
placed near the source noise and at the receiver end of the
duct. The anti-noise signal generated by the loudspeaker
is not perfectly inverted, but is also out of phase. The
difference in phase delay leads to increase with the
frequency of the disturbing noise, tends to performance
degradation.

ii) The reference microphone is placed at a point close
to the source noise. There is a chance that the source
noise propagates in the duct is detected by the reference
microphone, and that reaching the receiver end of the duct
are different. This will happen if the position of the source
keeps changing. Further, the dynamics of the duct would
alter the noise reaching the receiver end of the duct vis-
a-vis the noise reaching the reference microphone. The
positioning of reference and error microphones would
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also lead to a mismatch between the noise and anti-noise
signals.

iii) The system depends upon the tuning of microphone pre-
amp gain manually, in order to achieve required amount
of noise reduction. The tuning of microphone pre-amp
gain lead to mismatch with the source noise level may
lead to a degradation in the performance.

VII. ConcLusION

The main contribution of this research is a design and
development of a portable analog ANC system that can reduce
low frequency tonal / fan noise in an air handling acoustic duct
with low cost, compact and with a considerable amount of noise
reduction.

One major disadvantage of this analog system is that it does not
allow the freedom of designing filters to achieve an optimality
criterion - such as least mean squares. It is limited in scope
of practical issue of implementing analog domain transfer
functions. Thus, the level of noise cancellation possible from
analog systems is lower than what is possible from digital
adaptive filters.

The present analog ANC system requires further tuning in order
to achieve anti-noise signal that exactly matches the source
noise level with the same amplitude. However, this analog
ANC system demonstrated the analog active noise cancellation
with reasonable noise reduction in a low cost and compact in
size compared to traditional passive noise control approaches.

ANC today is a realizable technology and not black magic. It
has been successfully applied to a variety of applications and
will see a significant wide application in the coming years.
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