
A layman’s guide to the difficult subject of  

Noise Measurement  

Summary

International Standards Organisation (ISO) agrees measuring methods etc. using international working groups. In the case of aircraft and airfield noise, International Civil Aviation Organisation (ICAO) may put forward standards based upon the ISO-recommended methods of assessment; the ICAO standards could (but not always will) form the basis of individual countries’ standards.
ICAO has developed two methods for certification of take-off noise for individual aircraft types – “Chapter 6”, and “Chapter 10”.  The latter is now most commonly used.  The noise impact from an aircraft is measured as the total noise effect established on the ground 2.5 kilometres from the rolling point of the aircraft, on the extended centreline of the runway. The level is expressed in the universal “decibels" (dB).  It is derived from the sum of the noise energy received over the most noisy 10 seconds from the start of take-off until well past the microphone, rather than the peak noise level.  FAI has agreed to support the use of this as an appropriate measure for aircraft certification. 

Airfield noise, as experienced at a place such as a nearby house or a measurement spot, is usually expressed in the form of an average, over a certain period of time, for example a 16-hour Leq.  It represents the sum of all the noises made by individual aircraft flying past.  If the point of measurement were on the ground 2.5 kilometres from the rolling point of the aircraft and on the extended centreline of the runway, a good approximation could be derived from ICAO “Chapter 10” data.  That is the method set out in Dr. P. V. Brüel’s 1998-99 paper, “Noise Evaluation of Small Airfields”.
The calculated average is influenced heavily by the noisiest aircraft used, very little by any events 10 dB quieter than that, only moderately by the number of starts of the noisier aircraft, and hardly at all by the number of starts of the quieter aircraft.

Average Noise Levels for Flying Sites
The only measure which seems likely to be able to be applied fairly universally to flying sites, and which is paralleled by the kind of noise assessments applied to factories, homes near railways or major roads, etc., is a noise measure known as Leq over a certain period of time.  (Appendix 1 gives definitions of dB, Leq, etc.)

For example a 16-hour Leq would be a sort of average noise measured at a specific point or series of points near an airfield during the period O7OO to 23OO. Measures of this kind are already in use in several countries for deciding acceptable limits to airfield noise, in addition to their more widespread use for assessing industrial and traffic noise.  Research in various places has established that Leq is the measurement which corresponds best to human reactions.

The effects of a single noise to be taken into a 16-hour Leq is arrived at by “integrating” (adding up) the short term effects of the noise with regard to time, using an agreed frequency weighting (usually the “A” rating, which is deemed to be that which best corresponds to the way the human ear works).  This yields noise measurements commonly referred to by a number followed by the letters dB[A]. An individual noise event results in a short term Leq, which is then converted to the equivalent noise which would give the same exposure had it been emitted at a constant level over the 16 hour period.  

Sometimes, local authorities which use Leq may also apply a restriction on the maximum noise of any one event - LAmax.  This has the effect (as an additional condition) of limiting the maximum noise to which neighbours could be subjected, as well as the total average exposure.

The Calculations (without mathematics)

By working in appropriate units, the effect of one noise can be added to that of another, and the combined effects of a series of noises such as aircraft takeoffs and landings can be added together to arrive at the effective level of exposure given by an airfield. There are of course a large number of parameters to be agreed, such as microphone placing, technical definitions of noise measurements, etc., but the principle is simple to explain, understand, and apply.

So why have any complicated Mathematics?

The use of numbers of decibels to express noise levels is common. Unfortunately, decibels are not units which can simply be added together to get a combined total. Two noises of 55 decibels each, happening simultaneously, do not give 110 dB as a combined sound.  If a 55 decibel noise occurs for one hour, the equivalent noise over a ten-hour period is not 5.5 decibels. In order to add noise effects together, or to average them, it is necessary first to convert them to units which are capable of being added or averaged; then go through the correct process to add or average the correct units of measure; and finally convert the results back to a combined or average decibels effect.  The mathematics behind these conversions are not necessary to be understood in detail in order to appreciate the merits of a universal way of assessing airfield noise. 

Appendix 2 gives brief answers to the question: "Why does a sound of 0 decibels added to another of 0 db give a 3 db noise?"

For those who wish to see more detailed mathematics of noise measurement and averaging, Appendix 3 gives details of the process.  

C J Nicholas

Appendix 1

Definitions

Decibels (dB): a unit of level derived from the logarithm of the ratio between the value of a quantity and a reference value. It is the logarithm of a ratio, not a physical quantity of measure - not energy, not pressure, not time, not mass, just a ratio.  For sound pressure level, the reference quantity is 20 microPascals;  the threshold of normal hearing is in the region of 0 dB; and 140 dB is the threshold of pain.  A change of 1 dB is perceptible only under controlled conditions. 

dB (A): decibels measured on a sound level meter incorporating a frequency weighting ("A" weighting) which differentiates between sounds of different frequency in a similar way to the human ear. Measurements expressed as dB[A] broadly agree with people's assessment of loudness. A change of 3 dB[A] is the minimum perceptible under normal conditions, and a change of 10 dB[A] corresponds roughly to halving or doubling the loudness of a sound.

LAeq, T:  the equivalent continuous sound level - the sound level of a notionally steady sound having the same energy as a fluctuating sound over a specified measurement period T. LAeq, T is used to describe many types of noise and is written as “Leq” in connection with aircraft noise.

L Amax: the highest A-weighted noise level recorded during a noise event.
Noise Energy:  The energy of one noise can be added to that of another, and the combined noise energy of a series of noise events can be averaged. Unfortunately, energy is not the same as decibels (see above). The energy of a noise is related to the square of the sound pressure and the time for which it acts. 

Appendix 2

"Why does a sound of 0 decibels added to another of 0 db give a 3 db noise?"

For those interested, stop at whichever level you feel is adequate for your needs and curiosity!

Level 1 Answer:

Because log 2 is 0.3, and 10 times that is 3.

Level 2: Why log of 2, and why 10?

Because decibels are 10 times the logarithm of the noise energy level. Double the noise energy, therefore log 2.

Level 3: Deeper explanation of why log and why 10.

The only sensible way to add noise levels is by adding their energy. We don't "hear" energy directly in proportion, but the calculations have to work with energy. We then can and do convert them to something meaningful to our ears, "decibels".

This is where it gets more mathematical.

Our ears (in good condition) can hear an extraordinarily large range of sound energy levels. If the quietest audible noise has "1" unit of energy, the loudest before damage occurs to the ears has about 100,000,000,000,000 times as much. This range makes the numbers in energy terms somewhat unwieldy for everyday use.

Also, it does not sound as though noises vary that much in magnitude. We perceive a noise of 10 units as being about twice as loud as one of 1 unit. We perceive a noise of 100 units as twice as loud as one of 10, or 4 times as loud as one of 1 unit, and so on.

Fortunately, using logarithms (logs to base 10, to be technical) compresses the range of numbers to manageable proportions, and gives a scale which is more meaningful to our ears.

The barely audible sound is given the value "1" energy level. Log 1 is Zero.

Any louder sound has its noise energy level related to that starting point as a ratio, a pure number. Double the noise energy level is a ratio of "2", and ten times the noise energy level has a ratio of "10", that is a ratio of "1 followed by 1 zero". Log of 10 is 1.

The loudest tolerable sound is about 100,000,000,000,000 times more energy than the lowest audible sound - a ratio of 1 followed by 14 zeros - and its log is 14.

These ratios have a name - the little known/used terminology "Bell" (in honour of Alexander Graham Bell, of telephone fame).

Historically, the "Bell" was found to be a bit too coarse as a unit for everyday use. Perceptible differences in noise level would have had to be denoted not just in Bells, but in fractions or decimals of Bells.

So it was then decided to work in units of a tenth of a Bell – a "decibel", abbreviated to "dB".

There are of course ten times as many dB as Bells in the log of any number, so the conversion from (ratio of) noise energy level to dB is 10 times log of that ratio.

The starting point - 1 unit of noise energy - has log 1= 0. Ten times 0 is still = 0, so the quietest sound we can hear is termed 0 dB.

Twice that energy level is 2 units; log 2 is 0.3; 10 times 0.3 is 3, therefore 3 dB. THAT IS WHY 0dB + 0dB = 3dB.

Doubling any noise adds 3 dB, e.g. 30dB + 30dB = 33 dB.

In this example, we are adding 3 Bell + 3 Bell;

3 is log of 1000; 3 Bells +3 Bells is 1000 + 1000 = 2000 units of noise energy level; log of 2x1000 is log of 1000 plus log of 2 - that's how logs work.

Log of 1000 is 3, log of 2 is 0.3, so log of 2000 is 3.3 Bells. To get dB, multiply by 10, i.e. 33 dB.

Successive doubling of noise energy levels keeps adding 3dB (i.e. adding 10 times the log of 2).

Note that doubling noise energy levels and doubling perceived ("heard") noise is not the same thing. Twice the energy adds 3 dB. Twice the perceived noise adds 10dB.

The loudest noise we can tolerate is a ratio of about 1 followed by 14 zeros more energetic - and its log is 14, so about 140 dB.



Appendix 3


The Mathematics of Airfield Noise Measurement

How to Go From One Noise Event to Total Airfield Noise

This is a layman’s guide for how to work from an individual aircraft noise event to an “average” airfield noise level. This has not been compiled or reviewed by a noise expert and is not guaranteed to be correct. It does, however, illustrate the principles.

1. What is the “Chapter 10” aircraft noise?
It is usual to express the answer in decibels - specifically, in dB[A], using “chapter 10” methodology.

First, measure the noise of an aircraft passing overhead while climbing, at a point 2.5 km from its start.  The noise grows from imperceptible, to a maximum, and dies away. We use an instrument which does a series of things. First, it cuts off the beginning and end (which are insignificant in total sound energy terms) and measures the sound as it rises, peaks, and falls for the most noisy 10 seconds (or some such defined period) of the event.

Within the measuring period, the instrument compares the sound pressure at each instant with a reference standard, and derives a ratio.  Suppose it detects 20 Pascals (20 Pa, or 20,000,000 microPascals) at one instant - and compares it with the reference level of 20 microPascals - a ratio of 1,000,000. This ratio is equivalent to 10 raised to the power 6 (log10 1,000,000 = 6). If Bels were the widely-used unit of ratio, this would be called 6 Bels. We usually work in units 10 times smaller than that - decibels, or dB. To convert a figure in Bels to decibels, multiply by 10. 

6 Bels x 10 = 60 dB - so the instrument has detected an instantaneous noise level of 60 dB. If you had set the instrument to read out what it is instantaneously measuring, you would see the needle go to 60 dB (provided the background noise was low - and background noise is a complication best ignored for this illustration).

But we don’t want an instantaneous reading, if we are to use a measure which research shows to be the best way of assessing a series of noise events - we want some sort of average - the sort known as LAeq, T. 

The process continues inside the instrument. It “integrates” (an addition process) the changes in noise over a period of time (say ten seconds) to arrive at a total equivalent sound energy, “E”.  Integrating means taking each instantaneous measurement which relates to a tiny period of time and multiplying it by that tiny time period; then doing the same for the next tiny time period, etc., and finally adding all these up for all the tiny time periods between the start, t1, and the end, t2, of the whole time period.  

Not only does it do all that, it has to work with the square of the sound pressure in the process, because energy level is related to the square of the sound pressure and only energy levels can meaningfully be added.  So the mathematical expression for all this is:


       t2

E = /Pa2 dt   

[Note: the “/” is supposed to be an “integral” symbol.]


     t1
We do not see this number directly on the instrument’s readout - there is more to be done. To find out what the measured noise equates to, if it had been a constant noise over the ten second period, it is divided by the time period - 10 seconds, if that is what it covers, but in general say a time period t0.

But this is still an energy level, not dB.  And the world is used to talking in dB units, not energy levels, for noise.  To convert to dB, we have to take the logarithm of the ratio between this noise and the reference noise level, and multiply that ratio by 10.

So the equivalent sound in dB is:





       t2

LAeq, T = 10 log10 {([1/t0) /[Pa2(t)]  divided by [P02] dt)} [Note: the “/” = an “integral” symbol.]

    


     t1
In the above equation,  LAeq is the equivalent (eq)  level (L) measured on the A-weighting method (A), over time T - which was t0, or say 10 seconds.

And that is what the instrument tells us on its read-out, if that is what we set it to do.

This process obtains for us the aircraft noise, during takeoff, by the ICAO “chapter 10” method.

2. Adding up the aircraft noise levels to obtain the Airfield noise.

Again, we want the answer in decibels - specifically, in dB[A], using “chapter 10” methodology.

But we can’t “add” dB numbers directly - we have to convert them back to the energy levels, add those, and finally convert back to dB.

Suppose we have two aircraft types, one with 70 dB and the other with 80 dB “chapter 10” ratings. The airfield is used once by the first and twice by the second during a 16-hour day - three movements in total.

The “LAeq, T” would be the “average” noise level, which if continuous for 16 hours (T) would equate to the same noise exposure (at a point 2.5 km from the aircraft start points) as the combined effect of the three specific starts.

The first aircraft (with its 70 dB) must have registered the equivalent of  107 x 20   microPascals (= 200 Pa) for 10 seconds, once,  and the second aircraft (with its 80 dB) the equivalent of  108  x 20  microPascals (= 2,000 Pa) for 10 seconds, twice.

The total noise exposure E (using Pascals rather than microPascals) is therefore 1 x (200 Pa)2 plus 2 x (2,000 Pa)2 for 10 seconds. The equivalent over a 16-hour day would be that sum, multiplied by a factor of 10 seconds/16 hours - i.e. 10/(16 x 60 x 60).


       t2

E = /Pa2 dt

[Note: the “/” is supposed to be an “integral” symbol.]

     t1

   = [(200 Pa)2 + 2 x (2,000 Pa)2] x 10 / (16 x 60 x 60) 


   = [40,000 + 8,000,000] x 10 / (16 x 60 x 60)


   = [8,040,000] x 10 / (57,600)  [Note - not much different from the effect







of only the two starts by the noisier aircraft]


   = [1396]Pa2 


   =(37 Pa)2
So the Airfield noise, from these movements, “averaged” over a 16 - hour day, would yield a ratio to the reference sound pressure level of (37 x 1,000,000 /20); or 1.85 x 106.  The logarithm of this is about 6.3.  Multiplying by 10 to get decibels yields about 63 dB.
To summarise this:


One 10-second event of 70 dB and two 10-second events of 80 dB result 



in a 16-hour Leq of 63 dB.  Almost all the effect comes from the two 


noisier movements, almost none from the quieter event.

I think that is how it works.

Note: The eventual “LAeq, T” is influenced heavily by the most noisy aircraft used, very little by any events 10 dB quieter than that, only moderately (square root effect) by the number of starts of the noisier aircraft, and hardly at all by the number of starts of the quieter aircraft.
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