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Noise Cancellation

Active Noise Control, more commonly known as noise cancellation reduces unwanted ambient sounds by means of anti-noise. Essentially, this involves using a microphone, placed near the ear, and electronic circuitry which generates an "antinoise" sound wave with the opposite polarity of the sound wave arriving at the microphone. This results in destructive interference, which cancels out the noise.  Noise Cancellation technologies rapidly developed during the 1980’s and 90’s.  This rapid development was caused by the advancements in electronics during the period and the reduction of costs.  Inexpensive digital signal processors have become widely available resulting in the feasible and practical implementation of active noise control.  The application that has achieved the most widespread commercial production is the “noise-canceling headset”, which suppresses sounds in the region of the listener’s ears.  Even though currently noise cancellation is only widely used in personal headphones, there are many applications of noise cancellation that are yet to be discovered.   


In a simple single-channel active noise control system, sound is detected by a microphone and processed via a digital filter prior to being input to a loudspeaker that radiates the sound that is intended to destructively interfere with the “primary” unwanted sound.  The success of the system is monitored by and “error microphone” placed downstream of the loudspeaker.  The characteristics of the digital filter are designed in order to minimize the time-averaged signal at the error microphone.


Noise Canceling headphones are widely available but are severely limited.  First, these headphones need a source of power; a battery.  Designers are left with difficult decisions, have a larger battery, and have a longer life, while at the same time being bulkier, or have a smaller battery, smaller headphones, and a shorter battery life.  Another problem with noise canceling headphones is that they are far from perfect.  The headphones work well on sounds that are constant but when introduced to changing sounds, for example speech, the headphones perform poorly.  In addition the headphones cancel low frequency sounds but high frequency sounds are not canceled.  Another problem with noise canceling headphones, is that they some times introduce a sound of there own; usually a high-pitched hiss.  In addition, electromagnetic fields that are produced by cellular telephones and other devices can interfere with the performance of the headphones by creating a high-pitched sound.  Lastly, they are huge!


Another use of Noise Cancellation is to replace an engine exhaust muffler.  Sound is a pressure wave formed from pulses of alternating high and low air pressure.  In an engine, pulses are created when an exhaust valve opens and a burst of high pressure gas suddenly enters the exhaust system.  The molecules in this gas collide with the low-pressure molecules in the pipe, causing them to stack up on each other.  They in turn stack up on the molecules a little further down the pipe, leaving an area of low pressure behind.  Because of this, the sound wave makes its way down the pipe much faster than the actual gases do.  When the pressure pulses reach your ear, your eardrum vibrates and the brain registers that vibration as a sound.  The faster an engine runs, the higher the pitch we hear.  Destructive interference is a principle of both Noise Canceling headphones and of exhaust mufflers.  When a sound wave reaches your eardrum, it vibrates it, and in turn, your brain registers it as a sound.  For sounds that have a steady amplitude and period, it is possible to produce another sound wave exactly the same, except out of phase.  Out of phase means that when the first waves amplitude is at its highest, the second wave is at its lowest.  An issue with noise canceling headphones is that sounds like speech, are far from consistent.  On the other hand, and engines exhaust is fairly consistent.


In an engines’ exhaust muffler, there are a set of tubes that are designed to create reflected waves that interfere with each other or cancel each other out.  Mufflers have a chamber called a resonator, which produced the wave that cancels out the exhaust sound.  Depending on the volume depends on whether the muffler is effective or not.  Because an engine does not run at a consistent speed, the frequencies change, there for not allowing the mufflers to cancel out all sound.  Instead, designers, design the muffler to be most effective through a range of frequencies.


Modern day mufflers are very quiet but there are down sides.  In the process of muffling the sound, mufflers create something called backpressure.  This backpressure subtracts power from the engine and at the same time robs gas mileage.  There are other types of mufflers that do reduce the sound and only produce a little bit of backpressure, but they are loud.  For this reason, racecars have no muffler at all.  Racecars can carry less fuel, meaning less weight, and get more power from their engine.  Although racecar exhaust systems would allow streetcars to be faster and get better gas economy, they are obnoxiously loud.  The solution is very simple.  Eliminate the standard muffler, and replace it with an Active Noise-Canceling Muffler.  Just like Noise-Canceling headphones, these mufflers have two microphones and a speaker.  In this case all three are positioned in the exhaust pipe so that the sound is exiting from one location.  A microphone is placed in the exhaust pipe and picks up the sound produced from the engine, and after that a computer processes the sound, and sends a sound that is out of phase to a speaker that is positioned further down the exhaust pipe.  Then an error microphone is placed even further down the pipe to monitor the system for error. 


Active Noise Cancellation is a very simple principle that has many applications yet to be explored.  Before computers, engineers designed the car muffler that used mechanical noise cancellation techniques, and in today’s modern society engineers have designed a car muffler that uses Active Noise Cancellation techniques.  As technology becomes more affordable, noise cancellation keeps advancing.  Through the advancement of noise cancellation, cars will become quieter and more fuel efficient, and it will be possible to immerse yourself in complete silence by just putting on headphones, and that’s just the beginning.  Noise Cancellation has the potential to change the world.  
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