INTRODUCTION

         Noise cancellation is a method to reduce or completely cancel out undesirable sound, such that you can't hear it.  There are two basic approaches to noise cancellation, passive and active.  Passive or low-tech method to cancel out noise is simply to wear closed-back, circumaural (around the ear) headphones or very snug earplugs.  Active noise cancellation, on the other hand, is far more complicated and involves some serious science.    Since noise is a form of sound it must posses all the properties of sound waves.  For instance, when two sound waveforms are out of phase the volume will disappear.  This characteristic is the underlying concept of active noise cancellation.
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Fig 3. Narrowband Feedforward ANC System




         Anti-noise is the basis of noise cancellation, in which a second sound wave, identical to but out of phase with the unwanted sound, is used to quiet the unwanted sound.   It should be noted that the noise and anti-noise combine to create a residual waveform, which has smaller amplitude than the original noise.  Figure 1 illustrates this idea. 

Noise Cancellation Technology

         Active noise cancellation is based on one of two methods: feedforward and feedback controls.  Feedforward active noise cancellation is the main technique used today.  Feedforward systems are broken down further into adaptive broadband feedforward control with an acoustic input sensor and adaptive narrowband feedforward control with a nonacoustic input sensor.  

Broadband Feedforward System
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         The basic principle of broadband feedforward systems is that the time delay in the system allows reintroduction of the noise at a position that will generate anti-noise on the knowledge of the noise and cause cancellation.  In this design shown in Figure 2, a microphone is placed near the origin of the noise to obtain a measurement of the noise that is used as a reference input to the noise controller.   The anti-noise that correlates with the reference input is used to drive the canceling speaker to produce a canceling sound that decreases the noise.  The decreased noise signal is then obtained by the error microphone, which is sent to the controller to minimize the noise further.  

Narrowband Feedforward System

         The narrowband feedforward system works well for applications where the noise is periodic.  A nonacoustic sensor such as a tachometer, an accelerometer or an optical sensor can therefore replace the microphone, as in Figure 3. [image: image5.png]noise
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                        The nonacoustic sensor signal holds all the information necessary to simulate an input signal that contains the fundamental frequency and all the harmonics of the noise.  Adaptive filtering can then be used to produce a canceling signal.  

Feedback System

         Feedback control uses an active noise controller to attempt to cancel noise.  In this design, a microphone is used as an error sensor to detect the undesired sound.  The error signal is sent to an electronic filter, amplifier, which produces a magnitude and phase response designed to produce cancellation at the sensor through a loudspeaker located near the microphone.   This design can only decrease the noise signal over a restricted frequency range for periodic noise.  However, given the periodic nature of the signals, a system that uses the error sensor’s output to predict the reference input has been developed, Figure 4. [image: image2.jpg]Noise Source
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                The regenerated reference input is combined with the narrowband feedforward active noise control system.
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