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ABSTRACT: In modern years, noise related disputes caused by construction tools, Operating heavy machines and
electric train in automotive have been increasing, resultant to delays and heavy budget in the manufacturing or
construction progress and automobile car-in cabin case. This leads to severe vulnerabilities, health problems to
neighboring residents in construction surrounding, health problems for Labors in an industrial unit and environmental
pollution as well. The causes of the above issues to deal with passive noise control approaches such as acoustic
materials, enclosures and sound proof barriers have been broadly used. Though those passive approaches have a narrow
outcome when used to attenuate low frequency noise band.

The primary objective of this project is to propose a new methodology for low cost and high performance Active Noise
Control (ANC) system to enhance the constraint, here the online or real time Active Noise Control System constructs
by using ARM CORTEX M3 controller with inbuilt high speed Analog to Digital (A/D) converter and Digital to
Analog (D/A) converter.

The concern noise level is measured by the microphone, acquired signal converted into the digital controller will
generate an opposite phase signal, which will feed into the dynamic loud speaker and it will control the closed loop.
Root locus analysis of the adaptation process performed in online active noise control.
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I.LINTRODUCTION

Nowadays, serious concerns over environmental pollution and noise pollution have increased. Because of this
circumstance concerning the environment, many complaints have occurred related to noise problems. According to the
National Environmental Disputes Resolution Commission of Korea (NEDRC 2013), complaints related to Noise
pollution accounted for 85% of all environmental-related cases during the last decade. The disputes related to
construction site acoustic produces number of risks, including cost overruns and project delays. Noise caused by
construction process has important psychological effects such as stress, depression, hearing impairment, heart disease,
sleep disturbance and even insomnia. The quality of lives also adversely affected. During many attempts diminish noise
induced by construction equipment, these include the use of passive controls such as sound proof barriers, enclosures,
and silencers at construction sites. However, such passive noise control efforts have a certain limit in reducing mental
stress and physical damage experienced by people living near construction sites, where the existing system is efficient
only for high frequency noise not to low frequency noise. Over the last two decades of research in academic and
industrial field in ANC technology, suggested that the primary acoustic disturbances can be interfered and controlled
by the generated secondary noise disturbances. A most popular algorithm for ANC techniques is fXLMS Algorithm
which controls only stationary or sinusoidal noise which does not take care of transient noise and white noise. So this
system introduces Root Locus algorithm to control the transient noise. Difficult to select exact control measures since
most construction equipment generates a high noise level, Noise level is defined as A weighted-decibels (DBA), which
indicates the acoustic noise absorbed by a person. Although the noise level generated can be changed depends on the
construction activities and equipment used.
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Basedon research the proposed system is an active noise controlin the construction process. Active Noise Control is an
alternative for passive noise control, by estimating the traditional noise management efforts and their associated
problems.Resulting the series of researches on the construction noise disputes active noise management model ANC
issuggested, so the acoustic and damage produced by the construction equipment is reduced.The system contains dB
measurement unit at both ends, electric microphone to measure the primary noise produced by construction area the
absorbed noise is the input of the microcontroller and its phase shift the primary noise with 180 degrees, the addition of
primary noise and phase shift noise to be cancelled and the silence will be produced and measured by the dynamic
loudspeaker. The system can measure the input noise and output noise in dB to confirm the noise reduction.

The paper is organized as different section such as the System Frame Work for noise cancellation theory, hardware and
circuit design, experimental results and validation are presented. Final section concludes the paper.

ILEXISTING SYSTEM AND LIMITATION

In the Current System, the machinery operators in factory, heavy machine operators in construction site and workers in
heavy machinery running environment used to wear “ANC headphones” to avoid the damage caused to humans in
heavy noise generation environments that leads to increasing of over cost in construction site and factories. But the
generated acoustic noise might affect the people other than operators those who are working on construction sites.

The efficiency of the manpower also decreases significantly. For its solution, a specially designed system is proposed,
which is to be installed at the construction site or near to machinery operators who are exposed to sounds of SPL
>90dB. This headphone will be devised in a special manner to allow only the human voice to reach the ears. So as to
filter out all the sounds having frequencies outside the human audible frequency range and will cancel out the undesired
noise within human audible range. The basic principles behind the headphone are Active Noise Cancellation to cancel
out the undesired noise within the audible frequency range and a Band pass filter to filter out noise which are outside
the human audible frequency range. The noise dose of the operators handling noisy equipment, e.g., vibrating screens,
pay loaders, mine exhaust fans, drills, dumpers, Dozers, compressors, etc. were observed to be quite high.

Limitations are of noise related clashes caused by construction equipment have increased, resulting in delays and cost
overruns in the construction process. Heavy noise leads to hazards, serious health problems for workers in factory.
Automotive industry facing Noise, Vibration and Harshness (NVH), sound quality is very important to customers. LMS
Algorithm widely adopted in ANC for relatively stationary disturbance (Stationary sinusoidal or Stochastic white noise
environment).

I11. SYSTEM FRAMEWORK

Theory of ANC Basics

ANC is a way for dropping undesired noise. ANC is achieved by introducing a cancelling “anti-noise” wave through
subordinate sources. These inferior sources are connected through a Data Acquisition (DAQ) system using a precise
signal processing procedure for the certain cancellation scheme. The proposed method is to build a Noise-cancelling
system by means of active noise control and a band pass filter to be used by workers in the construction sites. The band
pass filter will filter out the noise having frequency lying outside the human audible frequency range.And then the
noise, will be cancelled out by ANC technology. Essentially, this involves using a microphone, placed near the acoustic
noise environment, and DAQ circuitry which generates an "anti-noise" sound wave with the opposite polarity of the
sound wave incoming at the microphone. This effect in destructive interference, which cancels out the noise within the
enclosed volume of the headphone. The paper demonstrates the approaches that | take on tackling the noise
cancellation effects, along with results comparable.

Ambient Noise
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Fig 1.Signal Cancellation of two waves 1800 out of phase
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Destructive interference to be used for the concept of noise cancellation. During the sinusoidal wave and opposite
phase of that sinusoidal wave overlays, this result depending on the frequency, amplitude and relative phase of the two
waves. If the primary wave and the inverse of the primary wave come across at a junction at the same time, occurs the
total cancellation. The identified original signal and generate the inverse without delay in all directions are the
challenges where noises interaction and superimpose. Most importantly, ANC can block selectively. ANC is
developing rapidly because it authorizes perfections in noise control, often with potential benefits in size, weight,
volume, and cost. Blocking low frequency has the priority since most acoustic noises are under 1 KHz, for example
excavator noise or noise from the compressor. This mainly led us to focus our project on low frequency noise
cancellation.

Algorithm

The specific objective of this paper is to conduct a root locus analysis of the FxLMS algorithm for repetitive
impulses without any simplification for the secondary path. The main contributions can be summarized as: Building an
equivalent transfer function of the FXLMS algorithm for repetitive impulses, and a numerical solution for the root locus
analysis is given, and deriving an explicit formula of the maximum step size for the stability of the FXLMS algorithm
for a pure delay secondary path. Extensive numerical simulations were conducted to validate the accuracy of the
theoretical analysis.

Pulse train reference
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Adaptive controller

Fig2. Feed forward control diagram configured with fXLMS algorithm.

Fig2 shows the representation of control diagram is the common feed forward control configured with the FXLMS
algorithm, where the reference signal, is the primary noise, and error signals after superposition of the primary noise
and secondary cancelling noise. The secondary transfer path (electroacoustic dynamics from the control speaker to the
error microphone) model S (z) can be estimated by using an online or offline system identification method.

The output signal, error signal, and the filter weight update equation of the fXLMS algorithm are summarized
respectively as,

y(n) = W(n)T *X(n) (1)
e(n) = d(n)-y’(n) (2)
W(n+1) =W(n)+ue(n)[s™(n)*X(n)] ©)

Where W(n) = [WO(n) W1(n) ... WL-1(n)]T is the adaptive filter weight vector and the reference signal vector is X(n) =
[x(n) x(n-1) ... x(n-L+1)]T, L is order of the adaptive filter, x'(n) = (i=0)>,(M-1) si*x(n-i), and y'(n) = (i=0)X(M-1)
siy(n-i), M is the order of the FIR structure secondary path S*(z), s"(n) is the estimated impulse response function of
S™(z), and W is the step size determining the convergence and stability
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Proposed System block diagram

Analog input 2

Analog Output

Fig 3. Block Diagram of Active Noise Control System

In the fig3, the ANC system consists of four modules: a reference microphone, a controller, a loudspeaker, and an error
microphone. The purposes of each module in the system are as follows:

Reference microphone—records the noise to be revoked, and pass on the measured noise signals to the controller.
Control system: This system generates a signal with the reverse phase and the similar amplitude by processing the noise
signal sent from the error sensors and microphones, and spreads the signal to the control speaker.

Control speaker: This component serves to produce a sinusoidal wave to revoke construction noise in response to the
signal processed by the controller.

Error sensor: This sensor evaluates whether the noise was cancelled successfully. If noise cancellation is insufficient,
the controller received the measured error signal transmission from error sensor, and the signal is modified to improve
the cancellation effect.

In the ANC system, the arrangement of the system’s modules for noise management has a significant effect on the
performance of the system. Therefore, it is important to determine an appropriate placement pattern so as to enhance
the noise elimination effect. This consists of modifying the positioning of the microphones, the control speakers, and
the error sensors First, to cancel noise effectively, it is desirable that the noise generated by construction equipment and
the control source released from the speaker have dependability. However, maintaining consistency between noise
sources at a construction site can be challenging, as more noise sources may cause noise-related disputes. Moreover,
construction activities are conducted usually over wide areas. Therefore, it is effective to minimize the distance
between the control source and the noise source by installing the control source at a location close to the equipment.
Second, the amounts of the noise source and the control source must be balanced. If the processed control source is
greater than the noise source caused by the construction equipment, the noise reduction effect occurs in only certain
areas, follow-on in a limit to reduce the sound pressure in construction areas. For comparison, if the control source is
too large compared with the noise source, the sound pressure level can increase for the reason of that constructive
interference. Therefore, an environmental manager needs to fine-tune the amounts of sources to progress the noise
effect when the active noise control is applied.

Third, as the quantity of control speakers is greater than before, the noise cancellation performance generally will
improve. However, even if the quantity of the speakers is greater than before, the noise cancelling effect is constant at
some point. In other difference of opinion, even active noise control has some degree of noise cancellation effect.
Moreover, there is struggle associated with mounting the ANC system all over sites where construction equipment is
driven, as construction sites are usually very large, as previously noted. Therefore, it is essential to define the optimal
number of speakers making an allowance for the ANC system’s performance and the cost.
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IV.HARDWARE CIRCUIT DESIGN

The project will be using various hardware circuits are as a noise measurement circuit, ARM CORTEX M3 (LPC1768
Microcontroller) Processor circuit (converting the measured noise to opposite noise from the total noise is being
neutralized), and noise cancellation circuit. In this section we will see about the noise measurement and noise
cancellation circuit.

+3109\l’0ﬂ3T

Elactret
Microphone

Fig 4. Noise measurement circuit

In the Fig 4. Shows the noise measurement circuit which is used to measure primary noise from Electret microphone
and the measured noise is to be fed into the DAQ system.

4TuF
2P JIMP 1‘ electrolytic
&
{_P0.36 >J I—H UL 3.+ vour B3 [
0.1uF il S i L1 0uF
1K 0.1luF 7 8 3 Speaker
'“— BYPASS GAN ——
6 4
—] VS GND 1 =
GND LM386M-1 e 30F =
GND GND
0.1uF =
GND

GND
Fig 5. Noise cancellation circuit

In the Fig 5. Shows the Noise Cancellation Circuit,Whichreceives the opposite phase noisegenerated from DAQ
System and feed into speaker for the noise to be cancelled.

In the Fig 6. Shows the Complete Setup of ANC Project which contains ARM CORTEX M3 processor (DAQ System),
electret microphone circuit, and dynamic loudspeaker circuit and labview window in a top view.
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V. SOFTWARE TOOL

The project utilizes labVIEW software because of its graphical programming feasibility, so that user can drag the
controls and build the block diagram of our requirement in block diagram window. The purpose of this labVIEWwas to
get familiar with the functions and limitations ofanalog-to-digital converters (ADC) and digital-to-analog convertors
(DACQC). In fig 7,a labVIEWprogram was written that would utilize the DAQ's DAC in order to create an analog signal
using labVIEW, then an ADC was built using the built in DAC of the DAQ. The advantages are to reduce test costs and

improve measurements.
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Fig 7. Block Diagram of ANC system in LabVIEW

Fig 7. Block Diagram of Active Noise Control System in Lab View which contains the COM Port selection connected
to system, data read from COM port that feed to microphone and convert the sinusoidal wave using controller then send

to loudspeaker.
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VI. EXPERIMENTAL RESULTS AND VALIDATION

In the fig 8, it shows the graph of time Vs amplitude of generic form of analog sinusoidal wave produced from
frequency generator and observed by the microphone.
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Fig 8. Shows the sinusoidal wave as primary noise produced from signal generator.

In the fig 9, it shows the graph of time Vs amplitude of generic form of analog sinusoidal noise and the anti-noise, the
signal in green color or at the upper graph is sine wave and the signal in red color or at the lower graph is the opposite
phase of sine wave.

Fig 9. Shows the concept of sinusoidal noise and anti-noise of sinusoidal wave.

In the fig 10, it shows the graph of time Vs amplitude of theoretical form of ANC system which consists of analog
sinusoidal noise, analog anti-noise of sinusoidal signal and cancelled noise. Here we cannot observe the cancelled noise
because of neutralization.

Fig 10. Shows the theoretical concept of superposmon of sine wave noise and anti-noise being cancelled
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In the fig 11, it shows the graph of time Vs amplitude of real time ANC system which consists of primary noise, anti-
noise of primary noise and cancelled noise. Here we can observe the cancelled noise because in real time ANC does not
cancel the whole noise because of few seconds time delay to generate anti-noise.

Fig 11. Shows the real time noise cancellation by the superposition of noise and anti-noise being cancelled.

VII.CONCLUSION

Thus an active noise control management model was suggested for construction site, so that simulation to assess the
applicability of the ANC was conducted. For the noise cancellation, low frequency bands less than 1000Hz were found
to be efficient in the simulations. However the frequency increased then noise cancelling to be declined. The project
suggested a process model and possibility of the site application on ANC as a measure to supplement the current
limited passive noise control used throughout construction. Moreover, noise management using ANC can contribute
not only to attenuating the noise produced by construction sites, but also to reducing adverse effects such as project
delays and compensation payments.
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