
133

Copyright © 2012, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.

Chapter  10

DOI: 10.4018/978-1-4666-0909-9.ch010

Dhifaf Azeez
Universiti Kebangsaan Malaysia, Malaysia

Mohd Alauddin Mohd Ali
Universiti Kebangsaan Malaysia, Malaysia

Hafizah Husain
Universiti Kebangsaan Malaysia, Malaysia

Gan Kok Beng
Universiti Kebangsaan Malaysia, Malaysia

Cila Umat
Universiti Kebangsaan Malaysia, Malaysia

Active Noise Control for 
Hearing Screening Test:

Simulation and Experiment

ABSTRACT

A hearing screening test is a method to determine human ear disorders and conventional audiometers and 
audiologists are required to perform the test. However, this procedure is difficult to implement, especially 
in a remote site such as a factory or a school due to the ambient noise that may cause test inaccuracy. In 
this work, the application of active noise control (ANC) is proposed to reduce the ambient noise using a 
personal computer in a hearing screening test. The ANC algorithm was simulated in MATLAB software 
and implemented using a computer with data acquisition modules and LabVIEW software. Results show 
that anti-noise was successfully generated in the electrical domain but no reduction was observed in 
the acoustic domain. ANC is a deterministic application that requires a real-time operating system to 
respond to the input with precisely timed output. To have an effective ANC system, the processing time 
has to be less than 0.125 ms at 8 KHz sampling rate.
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INTRODUCTION

Acoustic noises always influence and disturb 
people who are working nearby to its source. The 
problem becomes obvious with increased number 
of industrial equipments such as engines, blowers, 
fans, transformers and compressors that are in 
use (Robert & Joseph, 1993; Thayer & Sataloff, 
2006). Passive techniques using enclosures, barri-
ers and silencers are commonly used to attenuate 
the unwanted noise. However, passive methods 
are costly, bulky and not effective to reduce the 
lower frequency noises which come from the 
industrial equipments (Colin, 2001).

The limitation of the passive techniques moti-
vated the researchers to investigate the possibility 
of active techniques to reduce low frequency noise 
less than 500 or 1000 Hz. Active noise control 
(ANC) (Elliott & Nelson, 1993) which consists of 
feed-forward and feed-back system is a promis-
ing technique in noise reduction by using a DSP 
controller, microphones and loudspeakers. The 
ANC systems are effective when the unwanted 
noise is periodic. However, it is not effective 
when the system influenced with random noises 
(white noise).

One possible application of the ANC technique 
is the hearing screening test. Pure tone audiometer 
is a device used to perform the hearing screening 
test by sending pure tones to each ear by using a 
headphone (American Speech-Language-Hearing 
Association, 1997; Brad, 1998; Daniel, 2005; 
Lewis & Douglas, 1994; William, 2007). The 
stimuli sent to the ear are varied in intensities and 
frequencies. By recording the subject’s responses, 
we are able to classify them into pass or fail group 
(Reilly, Wingfield, Troiani, & Grossman, 2007). 
When a subject failed the test, he may then be 
referred to an audiologist for in-depth evaluation. 
Normally, hearing screening test is conducted in a 
quiet room where the ambient noise, when using 
20 dB hearing level (HL) to screen the ear, should 
not exceed 46 dB sound pressure level (SPL) at 
1000 Hz, 54 dB SPL at 2000 Hz and 57 dB SPL 

at 4000 Hz (ANSI S3.1 (R2003), 1999). In order 
to perform the test under normal working environ-
ment, the headphone has to be incorporated with 
noise reduction features.

In hearing screening test application, the feed-
forward ANC system is preferable compared to 
the feedback system. In the feedback system, 
the stimuli are considered as noises and will be 
attenuated by the anti-noise which is produced 
by the headphone. As a result, the stimuli that 
reached the subject’s ear have different intensity 
from the sent stimuli. Feed-forward ANC system 
will only attenuate noise which is correlated to 
the reference signal. Since the stimuli are not cor-
related with the noise, they are not cancelled by 
the ANC system (Yong-Kim, Liang, See-Chiat, 
& Woon-Seng, 2005).

In this paper, the feasibility of the PC-based 
ANC system is evaluated using LabVIEW and the 
problems encountered during the test are reported. 
The use of a high clock speed personal computer 
is proposed to implement the filtered-x LMS 
algorithm which may be suitable for screening 
application without the attendance of an expert. 
The use of DSP chips for ANC implementation has 
been widely reported (Lorenzo & Paolo, 2007). 
However, such implementation may not be easily 
made interactive for usage by non-experts.

EXPERIMENTS

A. Filtered-x LMS Algorithm

LMS algorithm is a commonly used algorithm in 
ANC application (Collier, Kaliski, & Ray, 2003; 
Brammer, 1996; Pan, Brammer, & Crabtree, 2007; 
Ray, Collier, & Kaliski, 2002; Pan, Brammer, 
Goubran, Ryan, & Zera, 1994; Pan, Brammer, 
& Pan, 1998) but it is constrained by the time 
of convergence. In order to reduce the noise 
acoustically, the anti-noise has to be generated as 
soon as the noise reaches the ear. Filtered-x LMS 
(FxLMS) algorithm as proposed in (Widrow & 



 

 

9 more pages are available in the full version of this document, which may be

purchased using the "Add to Cart" button on the publisher's webpage:

www.igi-global.com/chapter/active-noise-control-hearing-screening/65708

Related Content

mVITAL: A Standards Compliant Vital Sign Monitor
Yusuf Ozturkand Jayesh Sharma (2011). Smart Healthcare Applications and Services: Developments and

Practices  (pp. 174-196).

www.irma-international.org/chapter/mvital-standards-compliant-vital-sign/50660

Counterobe: A Mobile and Web Platform for Weight Management Incorporating Unique

Behavioral-Strategy Features
Yiannis Koumpouros (2017). International Journal of Reliable and Quality E-Healthcare (pp. 59-70).

www.irma-international.org/article/counterobe/187037

Mobile Computing at the Department of Defense
James A. Rodger, Parag C. Pendharkarand Mehdi Khosrow-Pour (2002). Effective Healthcare Information

Systems (pp. 192-209).

www.irma-international.org/chapter/mobile-computing-department-defense/9230

Human Cognition in the Design of Assistive Technology for Those with Learning Disabilities
Boaventura DaCostaand Soonhwa Seok (2010). Handbook of Research on Human Cognition and Assistive

Technology: Design, Accessibility and Transdisciplinary Perspectives  (pp. 1-20).

www.irma-international.org/chapter/human-cognition-design-assistive-technology/42825

"Do No Harm": Can Healthcare Live Up to It?
Nat Natarajanand Amanda H. Hoffmeister (2005). Creating Knowledge-Based Healthcare Organizations

(pp. 254-269).

www.irma-international.org/chapter/harm-can-healthcare-live/7240

http://www.igi-global.com/chapter/active-noise-control-hearing-screening/65708
http://www.irma-international.org/chapter/mvital-standards-compliant-vital-sign/50660
http://www.irma-international.org/article/counterobe/187037
http://www.irma-international.org/chapter/mobile-computing-department-defense/9230
http://www.irma-international.org/chapter/human-cognition-design-assistive-technology/42825
http://www.irma-international.org/chapter/harm-can-healthcare-live/7240

