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1. INTRODUCTION

Specific noise level Lu“, is defined in Clause 2.3 of BS4l42:l990 [l] as the “equivalen/ continuous
A-weighted soundpressure level in decibels at Ihe measuremenlpasitian produced by the specific noise
source over a given reference lime intervar‘. The phrase “produced by" is important, and implifi that
the specific noise level LAN," is that solely attributable to the specific noise source. This means that
contributions to specific noise level LAW“ of noise from sources other than the specific noise sourca
must be negligible.

Specific noise level LAN," can be determined (Clause 5.I.l) fi'om one or more specific noise
measurement(s) LN“. Each specific noise measurement LMIT is measured over timeinterval T with
the specific noise source on. Since contributions to specific noise level Lu“ of noise from sources
other than the specific noise source must be negligible, it follows that each specific noise measurement
L J must be corrected for any significant contributions from residual noise. This is a form of
bar: ground noise correction, and is provided for in the standard by Clause 5.4.4. The method ofClause
5.4.4 appears to be based on decibel subtraction of the background noise level Lm.T of the residual
noise from the specific noise measurement Lmr

in this paper', the results of a theoretical analysis and a practical investigation are used to critically
analyse the background noise correction procedures of Clause 5,4,4. The paper may answer some of
the questions previously reported [2], [3] and [4] regarding BS4142:l990,

Terminology and symbols
The terms “background noise" (as in general use) and “residual noise” (as in BS4142:l990) are both
used in this paper. It appears that the terms have similar meanings,

The following symbols are used. where appropriate. to indicate source(s) of noise:
L‘WW = A,“ due to source noise

mm, = l..Mu due to background/residual noise _ I
LMWM, = LAW, due to combined source and background/resrdual notse
LWITM = LA,” due to background/residual noise

|This paper is based. in part. on an IOA Diploma project: ‘Buckground noise correction for source noiseLMI1

: implications for delcnnining specific noise level Lu”, using BS4|42: 1990'. M F Rickaby, N.E.S.C.0.T.. 1993.
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2. THEORETICAL ANALYSIS

For determining the total Lmlm.” from a source and a background. the source and the background can
be considered as separate noise sources. Since LR,” values over the same time interval T can be added
using decibel addition, it follows that:

LAM”, = lO’logmUO" “mm + 10"W‘W] . . . (I)
where time intervals T are concurrent and of equal duration.

Equation I can be rearranged to give the following background noise correction equation which uses
decibel subtraction of hum.) of the background noise:

Lhum = 10‘log,,[lo""“‘“'""" - row-W] .
where time intervals T are again concurrent and of equal durationr

. (2)

In practice, LAN“) cannot normally bemeasured concurrently with Lump”. and has to be measured
before or alter measurement of LMW”. This may introduce random errors if Lm'm, is time variable.

Equation 2 can be compared with the following background noise correction equation which uses
decibel subtraction of me, of the background noise:

LN“, = 10‘logw[10°”"‘“'7“'°’ - ro°-'M“m’] . r . (3)

For time-varying background noise, L m) is not normally equal to LAWN). Comparison of Equations
2 and 3 therefore shows that Equation rs incorrect for time-varying background noise. Equation 3
would only be conect in the special circumstances ofme, equal to mem, which would occur with
timeeonatant background noise not thought relevant in the present context

3. PRACTICAL INVESTIGATION

3.l Method

A sound source providing constant-level wide band noise was set up outdoors, on grass-covered ground,

at a distance cf23 m from a lightly trafficked road. Noise measurements were taken at positions 8, 16,

32 and 64 m from the source, and lying on an imaginary straight line parallel to the road. At each noise

measurement position. Luv.“ M, was measured with the sound source on, and memm and
Lmlmimm were measured with tile sound source ofi'. Noise measurements were taken with the sound
source at a first output setting I, and a second output setting ll 10 (13 lower than setting 1.

All noise measurements were taken with time weighting "F". and included all prevailing ambient noise,
the main component of which was noise from passing road vehicles. The intervening ground between
source and measurement positions was grass covered. The site was open, and free of reflecting surfaces.

The noise measurements were taken with an integrating-averaging sound level meter complying with
Type I of BS 6698, and positioned at a height of 1.2 m above the ground. The sound source and sound
level meter were calibrated before and after the series of noise measurements. The weather was mild
and dry. with a wind speed of not more than 2 m/s.
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3.1 Calculations
For each noise measurement position, the following calculations were made:

(i) me) was calculated by decibel subtraction of LAW-m, from Lmlnmr
(ii) LAMTP, was calculated by decibel subtraction of me) from Lmlm,"
(iii) The ‘true” mel, of the sound source was calculated using the inverse square law fromthe noise
level LAM“, measured at the 8 m position with sound source setting I (at which sound source noise
level LAWN" was more than to dB above harm). The value of Lmym, calculated is, of course. only
“true” Within the accuracy of inverse square law prediction, which is thought adequate for present
purposes.
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3.3 Result
The measured values of Luau.” Lam“, and LA '19,, and the measured/calculated values of Law“

are given in Figure i (sound source setting I) andEITIgure 2 (sound source setting ll). Figures l and 2

both show that measured source Lung, is nearer the true source LAM...) with measured lawn.”

corrected for background noise using decibel subtraction of Lmflw rather than using deci e

subtraction ofLAnm. This is consistent with Equation 2 being correct, and Equation 3 being incorrect.

The results of the practical investigation are therefore in agreement with the theoretical analysis. lt can

be seen from Figures l and 2 that decibel subtraction of LAN“, using Equation 3 consistently

ovemtilnated source Lmlmr The overestimatiOn became increasing y large as source LAN.“ reduced
with distance from source.

4. CRITICAL ANALYSIS OF CLAUSE 5.4.4

4.1 Choice of procedures contained in Clause 5.4.4

Table A below is thought to summarise the criteria contained in Clause 5.4.4 for determining choice

of procedures.
Table A

LAqJ - Lu»: 2 W use Clause 5.4.4 lines I to 4
(background noise correction not required)

3 5 Luu ‘ Lm'r < '0 use Clause 5.4.4(a)
(residual noise steady) (background noise correction required)

3 S Li.“ - Lt.“ < In use Clause 5.4.40»
(resian noise fluctuates) (background noise correction required)

Lug: - Lat-1.7 < 3 use Clause 5.4.4(c)
(measure closer to specific noise source)

All four criteria above involve a comparison of L,“J with specific noise source on (i.e. lawn”) and

LA,“ with specific noise source off (Le. Lmlm ). This corresponds to use of Incorrect background noise

correction Equation 3. The criteria may there are be invalid.

  

 

         

  

     
The criterion for choosing between Clause S.4.4(a) and Clause 5.4.4(b) requires a determination of

whether the residual noise is Steady or fluctuates. Clause 2.10 is understood as implying that residual

noise is deemed steady if residual noise sound pressure level L,A fluctuates over a range of not more

than 5 dB on time weighting “S”, and is deemed fluctuating if residual noise sound pressure level LM

fluctuates over a range of more than 5 dB on time weighting "S". Residual noise may therefore need

to be measured twice. once with time weighting “S” (Clause 2.10) to determine if the residual noise

is steady or fluctuates, and once with time weighting “F” (Clause 3.2) to determine background noise

level LN“.

The criterion for use of Clause 5.4.4(c) in eiTect means that mem minus Lmlm, must be less than

3 dB. This may limit the use of Clause 5.4.4(c). Clause 5.4.4(c) does not provide a background nois:

correction procedure, and is not considered further in this paper.
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4.2 Table 1 of Clause 5.4.4
4.2.1 Derivation of Table] corrections. Table 1 gives corrections for use in the background noise
correction procedures of Clause 5.421(3) and Clause 5.4.4(b). me, is obtained by subtracting the
correction from measured LMm,,,).

Thus, LN,” = Lum,» - background noise correction
Therefore, background noise conection = LAM“, - LAWN.)

Equation 3 can be rearranged to give the required background noise correction:

Lmnr.” - LMWI) = .mologmn _ lo-oiruunmr-unmnl (4)

Equation 4 can be used to calculate the corrections of Table l, as in Example 1.

Example 1
LMW,” - mm) = 4 dB (as given in lelt column of Table I)
Background noise correction = -l0'log..[| - l0'°‘] = 2.2 dB

= 2 dB to nearest dB (as given in right column of Table I)

It would therefore appear that the corrections of Table 1 correspond to use of incorrect Equation 3, and
may therefore be in error. It is observed that in Table l. the time intervals T for L“, and LA,“ are
not necessarily of the same duration.

4.2.2 Use of Table 1. The errors in measured Ludo, caused by use of the'Table l corrections can
be predicted. a shown in Example 2.
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Example 2 '
Consider: a source having a true hum, of 47 dB mourned in midual noise A having lenmm of 45
dB and LN,“ of 46 dB.
From Equation I. measured me, = I0‘logw[l0” + 10"] = so an (to nearest dB)

‘ Noise level reading Lump“ - backgound Lmvm, = 50 - 45 = 5 dB
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Thus. Table l correction = 2 dB; corrected me, = 50 - 2 = 48 dB

Therefore, predicted error in measured LAM-rm = 48 - 47 = +1 dB

The errors in measured Lmlm, caused by use of the Table l corrections have been predicted, as shown

in Example 2, for illustrative source and residual noise levels. These illustrative noise levels are a true

source LAM." from 43 dB to 61 dB measured in residual noise A having Law“ of 45 dB and Lmlm,

of 46 dB. and in residual noise 8 having Lm'm, of 45 dB and hum.) of 50 dB. The predicted errors

caused by use of Table I corrections with residual noise A and residual noise B are given in Figure 3.

Figure 3 appears to show that predicted errors in measured Lam“ caused by use of the corrections of

Table l generally increase (i) as the difference between LAN”, and LAN“, increases. and (ii) as true

source L‘q'm, reduces for given values of me and mer

Note Figure 3 shows that errors using Table l corrections follow a stepcharaeter function This step character

is mused by rounding of all noise levels to the nmrest whole number of decibels. Thus. the corrections in Table

l are given as integers, although they correspond to use of Equation 3. The predicted errors in measured Lmm

caused by use of Equation 3 can be mlculated directly. as shown in Example 3. Thse predicted enors caused

by use of Equation 3 for the above illustrative noise levels are also given in Figure 3.

Example 3
Source and residual noise levels as Example 2.

From Equation 1, measured LAM, = lO'logmUO” + 10"] = 49.54 dB
From Equation 3. measured LAW, = lO‘log.a[I0“”‘ - 10”] -= 4166 dB
111us. predicted error in mmred Lam, - 47.66 - 47 = +0.66 dB

Note. The errors identified in Section 4.2.2 are theoretiml en'ors which appear to be inherent in the

Table l corrections. The errors which could arise in practical use of Clause 5.4.4 are considered in

Sections 4.3 to 4.6 below.

4.3 Use of Clause 5.4.4 line 1 to 4
Lines l to 4 of Clause 5.4.4 indicate that background noise correction is not required if masured LANA.

with specific noise source on (i.e. L mm) is 10 dB or more above measured LA,” with specific noise

source off (Le. me . The value c 10 dB is presumably related to the decibel subtraction contained

in Equation 3. Thus, nation 4, derived from Equation 3. gives the background noise education as

less than 0.5 dB for me,“ minus me, equal to 10 dB. The procedure of lines 1 to 4 of Clause

5.4.4 therefore seems to conespond to use of incorrect Equation 3. and may consequently fail to

correctly determine whether or not a background noise correction is required.

Example 4
Suppose the true LA“, produced by a Specific noise source at an assessmentposition is 47 dB. and that

the residual noise has LMm of 40 dB and LA,” of 47 dB.

Measured noise levels would be:

LA“, (specific noise source on) = Lug...) = lO‘logm[10""+lo"’] = 50 dB (Equation l)

LMM (specific noise source ofi) = 40 dB

Since LA,“ (specific noise source on) of 50 dB exceeds LA,” (specific noise source off) of 40 dB by

lo dB. lines I to 4 of Clause 5.4.4 indicate that background noise correction is not required. This gives

measured specific noise LmlT of 50 dB compared with true specific noise LA“, of47 dB. i.e. an error

of +3 dB.

170 PIOCJDA. Vol 15 Part 8 (1m)
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Note. A question has been reported [2] and [4] asking how one can deal with a situation where Lm, exceeds
LmT by more than 10 dB even when the source noise is not operating. The question states that in such a
situation, the standard would appear to predict a likelihood of complaints for a totally silent machine. This
situation can be explained by considering the errors caused by the Table I corrections with a residual noise having
me, minus me, greater than 10 dB. The hypothetical error, predicted as in Example 2 above, is equal to
Lu”, for Law“ equal to are dB.

4.4 Use of Clause 5.4.4(a)
A number of visits to residential areas have been made in an attempt to find steady residual noise’.
One of the visits was at night (Ol:15 hrs. to 0l:45 hrs.) to a residential area thought to be particularly
quiet, Over 5-mins. periods, the residual noise sound pressure level has, on each occasion,
fluctuated over a range of more than 5 dB on time weighting “5" (Clause .10). It may be that steady
‘residual noise will be encountered only rarely using the standard, since the standard relates to outdoor
noise levels in mixed residential and industrial/commercial arms. The likelihood ofsteady residual noise
being encountered during use of the standard could be determined, if necessary, by undertaking an
ambient/residual noise survey covering different types of mixed residential and industfianommercial
areas.

A digital audio tape recording of ambient/residual noise was made in the middle of a public park (i.c.
not near a dwelling). The tape was analysed on time weighting “8” (Clause 2.l0), and a number of
individual non-consecutive 1-minute periods of steady residual noise were identified. These 1-minute
portions of the tape were analysed using time weighting "F" (Clause 3.2), and gave values of Lm‘huhm
minus LAmmm varying between i and 2 dB. Residual noise A referred to in Figure 3 has me,
minus hum, equal to 1 dB, and could therefore represent sturdy residual noise. It can be seen from
Figure 3 that en’ors in specific noise measurement Lam, caused by use of the Table l corrections of
+2 dB could arise with such steady residual noise. The errors would be correspondingly larger if the
steady residual noise had me, minus me, equal to 2 dB.

4.5 Use of Clause 5.4.4(b)
4.5.1 General. The procedure of Clause S.4.4(b) seems to involve taking a series of individual noise
level readings during intervals when the residual noise level has subsided to “low” valu, apparently
either as short-term Lu, noise levels (see reference to Clause 5.l.2). or as sound pressure levels
if the specific noise sound pressure level LEA is steady (see reference to Clause 5.1.3). Each measured
L~er or L” noise level is then eoneeted, If necessary, for background noise. The corrected L T or
LM noise levels are subsequently used to calculate specific noise level using Equation 2 ofClause”; l .2‘

 

'ssauz: I990 makes no reference to pausing out discrete noise events when taking period noise
measurements. During the above visits. additional period noise measure:nt were made attanpting to use the
sound level meter pause button to pause out discrete noise evens. it was obsa'ved that random noise events
having a relatively low onset rate (e.g. a pasing road vehicle, an over-flying aimfl) can be paused out rusonably
easily, wherw random noise events havinga relatively high onsa rate (e.g. adog's bark, a carhom, a door slam)
are less easy to pause out because they occur suddenly and cannot be anticipated. it may be possible to correct
a period noise measurement L“, for noise contribution from a noise event occurring during the measure-null
period if the sound exposure level (SEL) of the noise evurt is known. -
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(for LAN: noise levels) or Equation 3 of Clause 5. L} (for LM noise levels). The procedure ofClause
5,4.4(b) seems complex, and could be impracticable.

4.5.2 Use ofshort-term L,| ‘1. noise levels. Figure 3 indicates the error in specific noise measurement

Lm, caused by use ofthe Tshle 1 corrections when measurements are made in residual noise B having
LmlT of 45 dB and L“, of 50 dB, which could be an example of fluctuating residual noise. By
measuring short-term LA“, noise levels during intervals when the residual noise sound pressure lech
LM fluctuates less, the error in each individual short-term LA,“ noise level can be reduced, for example
towards the errors indicated in Figure 3 for use of the Table l corrections with residual noise A.

The fluctuations in residual noise sound pressure level L” occurring during the measurement intervals
are unlikely to be less than those occurring with steady residual noise.The error in any individual
corrected short-,tcmt LM‘T noise level will apparently therefore be at least as large as the error with
steady residual noise identified in Section 4.4 above. The user may have difi‘rculty identifying suitable
measurement intervals, and this could lead to further errors. The overall error afler combining the

conected individual L 1 noise levels using Equation 2 of Clause 5.1.2 is likely to be considerably

larger than the error wi steady residual noise identified above.

The standard gives no indication of the time interval T of the short-term L“, noise levels. However,
the time interval T presumably should be attainable with the measuring equipment specified in Clause

3. In this respect. it is noted that a common type of integrating-averaging sound level meter (Clause

3.l.(a)) complying with Type I of BS 6698, has a minimum time interval T of l min. for measurement

of LAB“, and 5 mins. for measurement of LA,”

4.5.3 Use of LM noise levels. Specific noise source sound pressure level A which is deemed to be

steady in the terms ofClause 2.10, may nevertheless fluctuate over a range 0 up to 5 dB measured on

time weighting “S”. The user may therefore have to contend with bothfluctuations of the specific noise
source sound pressure level L” and fluctuations of the residual noise sound pressure level L”, and this
may makemeasurement of the individual L9,, noise levels problematical.

Table l of Clause 5.4.4 uses LA,“ and LA,” noise levels, and it is therefore unclear how that table can

be used to make the required corrections to the measured individual LDA noise levels. Also, it does not

seem clear how the time intervals Ti required for use of Equation 3 of Clause 5.l.3 are to be

determined.

4.6 Mislnterpretation of Clause 5.4.4
4.6.1 Choice between Clause 5.4.4(a) and Clause S.4.4(b). As previously explained, it seems

necessary to make a separate measurement of residual noise on time weighting “S” to choose between

Clause 5.4.4(a) and Clause 5.4.403). This is inconvenient. Also, the procedure ofClause S.4.4(b) seems

complex. In consequence, some users may misinterpret Clause 5.4.4, and may make a single

measurement of noise level LA,“ with the specific noise source on, and a single measurement of noise
level LA,” with the specific noise source off. and then make a correction according to Table I. This

approach may constitute use of the simplified procedure of Clause 5.4.4(a) for measurements in the

presence of fluctuating residual noise. although that simplified procedure is intended for measurements

in the presence ofateady residual noise. The resulting errors in specific noise measurement LM'T COUld
be large (see, for example. the errors indicated in Figure 3 using the Table l corrections with residual

noise B).
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4.6.2 Simultaneous measurement 01'mer and Lu“. it appears that some users may be using a
measurement method whereby noise levels LAN, and LA,” are measured simultaneously over the same
time interval T with the specific noise source on. The measured noise level LA," is then used as the
background noise level Lu”. This measurement method is clearly not in accordance with Clauses 2.7,
2.8 and 6.3.2. and also would not seem to enable a valid background noise correction to be made.

5. DISCUSSION

The method of Clause 5.4.4 is based on decibel subtraction of the background noise level LA”.Y of the
residual noise from the specific noise measurement LANJ. Theoretical Equation 2 requires decibel
subtraction of L“...- of the midual noiSe (i.e. Lung. rather than LA,” of the residual noise (i.e.
mey). For time-varying residual noise. LAN, is normally higher than Lm'T. It would therefore seem
that any errors caused by decibel subtraction of Lm.T of the residual noise will normally be positive.
The method of Clause 5.4.4 therefore appears to contain an inherent systematic error which could lead
to overestimation of the specific noise level LAN], and, consequently, the assessment level.

The background noise correction procedures referred to in this paper generally relate to A-wcighted
noise levels. Many industrial/environmental noise problems can be adequately assessed using A-
weighted noise levels. However, A-weighted noise levels may not be suitable for measuring and
assessing certain types of noise [5] and [6} in order to identify the noise components ofa specific noise
source for noise assessment and control. it may accordingly be necessary to carry out detailed spectral
analysis.

An amended version of BS 4l42 is currently being prepared. it is hoped that this paper may be of use
in making any necessary amendments.

6. CONCLUSIONS

1. Clause 5.4.4 of BS4I42: I990 gives a method for carrying out a background noise correction
which is based on decibel subtraction of the background noise level LAM. of the residual noise
from the specific noise measurement LAM. This method could lead to errors which may
overestimate the specific noise level LAM“.

to A th ret‘cal e uation usin thes bols of this a r for back und noise con'ection is:co I cl L ( g 10.13;" [wail/«wflvfi figwumnmlgm
mm) W .where time intervals T are concurrent and of equal duration.
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