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Abstract

Noise with prominent impulsive sound is more annoying
than continuous types of noise (without impulses) with the
same equivalent sound pressure level. Therefore, an adjust-
ment is added to the measured LAeq if prominent impulsive
sound is present. In ISO 1996 [1][2], three categories of
impulsive sound are defined, with adjustments for each.
However, the list of sources of impulsive sound for each
category is incomplete. Therefore, ISO developed a method,
ISO/PAS 1996-3 [3], which defines an objective method to
measure the prominence of impulsive sound relative to resi-
dual sound. This can be used to categorize the impulsive
sources, complementing the ISO 1996-2 environmental
noise assessment method. The method is based on logging
LpAF with 10-25 ms time intervals. Short-term LAeq (e.g.
10 ms), although not preferred, can be used to compute these
values. 100 ms sampling is permitted for surveys and scree-
ning. Annex A of ISO/PAS 1996-3 encourages further rese-
arch to support the development of a full ISO standard. This
includes the application of real-world sources assessed at
receiver locations including typical signal to residual noise
ratios. This paper describes such a study under these conditi-
ons that investigates the impact of the time intervals on re-
sults, including an update on recent progress.

Introduction

The authors have published papers describing the study and
its initial results [4][5]. Recent progress described in this
paper includes new measurement data, a review of the initial
analysis and further assessment.

The ISO/PAS 1996-3 Objective Method

The objective measuring method in ISO/PAS 1996-3 catego-
rises sources by determination of the prominence of impulsi-
ve sound, with the aim of correlating to community respon-
se. The method is intended for sources not identified as gun-
fire or high-energy impulsive sound. It typically produces
adjustments in the range 0,0 dB to 9,0 dB. These adjust-
ments are intended to be used to categorise the sources as
either regular impulsive or highly impulsive sound sources
and apply the penalty indicated in ISO 1996-1 [1]. However,
the adjustments may be applied directly, as is done in Nord-
test Acou 1125 [6], subsequently adopted in Denmark [7],
and in BS 4142:2014+A1:2019 [8], where it has also been
adopted.
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The method is based on the onset rate and level difference
for the A-weighted time history of the sound pressure level
with time weighting F. The method was originally developed
and tested in a Nordtest project that led to Nordtest Acou
112 where the influence of the sampling interval for the A-
weighted sound pressure level with time weighting F was
tested6. The sampling interval had an effect on the result but,
to enable the use of several types of measuring equipment, it
was decided that sampling intervals in the range of 10-25 ms
could be allowed, with 10 ms preferred for the best accuracy.
The shorter the logging interval, the more precisely the me-
thod follows the actual impulse. However, this does not take
account of human response accounted for in the method.

During development in the ISO Working Group, ISO TC43
SC1 WG45, the method was reviewed and refined, and its
description and application made more rigorous with the
help of various studies such as Tickell [9] which included
study of the different logging intervals.

In the published method, measurements are made with in-
struments conforming with Class 1 as specified in IEC
61672-1 [10] with the additional logging of Lpar, the A fre-
quency-weighted and F time-weighted sound pressure level,
at time intervals in the range 10-25 ms (incl.). Use of short-
term Laeq (e.g. 10 ms), although not preferred, is permitted
to compute the Lyar values. Measurements based on samples
with time intervals of 100 ms may be used for surveys and
screening, as many modern sound level meters can do this
while recording the audio in sufficient detail for later analy-
sis. However, it was identified that using this time interval
results in a higher uncertainty.
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Figure 1: Time history of the LpAF sound pressure levels.
LD is the level difference, Ls and ts relate to the starting
point, Le and te relate to the end point, OR is the onset rate,
and gradients of over 10 dB/s are indicated in red (source
ISO PAS 1996-3).

ISO 1996-2 provides additional guidance for performing
these measurements. The ISO PAS 1996-3 method is inten-
ded to complement the ISO 1996-2 measurement method for
general purpose environmental noise assessment. Further



details of the method as well as the changes made during
development can also be found in a Euronoise 2021 paper by
Manvell & Pedersen [11].

The method is supported by commercial solutions such as
HBK’s 2255 Sound Level Meter and Enviro Noise Partner
[12][13][14]. This enables impulse assessment with a 16 ms
Lyar sample rate in accordance with ISO PAS 1996-3. The
solution automatically detects the impulses and identifies the
most significant one. In addition, this solution enables the
analysis to be done for multiple assessment time intervals
such as the method’s default interval of 30 minutes.
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Figure 2: Automatic ISO PAS 1996-3 compliant impulse

detection in Enviro Noise Partner.
Some countries, like Spain [15], Italy [16] and Germany [17]
have national methods that differ. The German TA Lirm
uses the difference between Larreq and Laeq in 5 s intervals
to determine impulsivity. and a 3 or 6 dB adjustment is ap-
plied to the ,subperiod” during which the emissions are
largely similar and the impulsivity supplement is constant.

The Study

This study studies the application of the method with real-
world sources assessed at receiver locations, including typi-
cal signal to residual noise ratios, with focus on the impact
of the Lyar sampling time intervals on results. The sources
targeted are ones that are not listed in ISO 1996 Part 1 as
being clearly identified and categorised sources, primarily
with focus on construction sites.

In order to investigate the impact of the L,ar sampling time
interval, the following test equipment were used:

A HBK 2255 sound level meter, software version
1.8.1.0, with a BZ-7450 Advanced Logging Li-
cence. Although not required to fulfil the method,
the meter also had BZ-7404 MP3 Audio Licence
and BZ-7403 Frequency Analysis Licence

HBK's BZ-7301 Enviro Noise Partner, Version
1.8.1.0, specifically modified for this research pro-
ject as described below

The commercial Enviro Noise Partner software was modifi-
ed to enable the emulation of different sample rates from a
single measurement. The standard 2255 sound level meter’s
“fast logging” function supports 1 ms Lyar sampling time
intervals (actually 1/1024 s) which was used in the measu-
rements to enable the modified Enviro Noise Partner to emu-
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late measurements with different Lyar sampling time inter-
vals by analysing only every 10th or 25th sample, etc..

This decimation algorithm enabled the 2255’s 1 ms “fast
logging” data to be decimated such that to fall within the
standard’s range (10-25 ms, or 100 ms). Basically, it skips
samples, meaning that if you run with a decimation factor of
10, it will use sample 10, 20, 30, etc., depending on which
sample is chosen in the setup, as described below. This mat-
ches what the sound level meter is doing when “fast log-
ging” measuring such that, when running with a decimation
factor of 10 you will get the same results as if you had mea-
sured with a 10 ms sampling time interval.

In addition, the software enables us to choose which sample
to use in the decimation method: the first, middle or last
sample. How the sampling is done is not clearly defined in
ISO 1996-3. It states “The A frequency-weighted and F
time-weighted sound pressure level shall be sampled with
time intervals in the range 10-25 ms (incl.)”. It could be
argued that this indicates that it is the last sample. For this
study, we decided to use the last sample, in line with the
Lyar time weighting sound level logic of IEC 61672.

As we are interested in looking at the differences between
10-25 ms, and potentially 100 ms, sampling as defined in
ISO 1996-3, we decided to set the decimation to 10, 16, 25
and 100. Comparing Lpar to Laeq with different sampling
rates is outside the scope of this study.

The study intends to analyse the uncertainty of these assess-
ments. Therefore, it is intended that we measure multiple
impulses from each of the sources. For some percussive
equipment like jack hammers or pile driving which naturally
has multiple impulses, this is relatively simple to do.

The authors contacted Cheol-Ho Jeong, Associate Professor
at the Danish Technical University (DTU), for assistance
which led to data being collected as part of DTU’s Masters
in Engineering Environmental Acoustics module in June
2024. Various impulsive sources from a construction site
were successfully measured and formed the basis for initial
analysis [4][5].

Based on the fact that ISO 1996-3 states that:

Sounds with adjustment K; = 0 (P<5) at the receiver
location are not impulsive.

Sounds with adjustment 0 < Ky <5 (5<P<10) at the
receiver location are regular impulsive.

Sounds with adjustment K; > 5 (P>10) at the recei-
ver location are highly impulsive.

the data sets were grouped into the following categories built
up around the break points in the K; penalty (ie P=5 or 10
dB) and based on a 16 ms logging rate:

- 4<Kis5dB
5,01< K;<6 dB
9<K;<10dB

10,01< K; dB
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This enabled us to look at how much the logging interval
affects the categorisation as either regular or highly impulsi-
ve, and how the logging interval compares to the variability
per source found and reported by the Danish Technical Uni-
versity.

It was decided to focus on how much the logging interval
affects the categorisation as either (regular) impulsive or not:
ie 4< Ky <6 dB determined when logging Lyar.i6ms for one
type of source with a significant number of impulses in order
to enable statistics to be assessed. As the Nail Gun was an
appropriate source with a good, clear source description, and
as it is listed in ISO 1996-1, it was selected for further inves-
tigation. See [5] for more details of this part of the study.
All impact sounds far the 12 measurements have been classified into categories based on the source, The impact analysis was performed

in Enviro Noise Partner, software by HBK, using fast logged data and their “Snow impulse assessment results button that follows the IS0
1996-3:2022 standard.
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Figure 3: DTU’s analysis of impulse sources from a
construction site (unpublished data).
A second set of data was gathered in February 2025. As the
standard deviation of the K; determined using different
logging rates was 1-1,4 dB for nail gun events where 3< K;
<7 for Lyar,16ms, the selection criteria was expanded to cover
events where 3,5 < Ky <6,5 for LyaF, 16ms.

Results

These analyses resulted in an average K; of 5,00 dB with a
standard deviation of 0,839 dB for 29 impulses.

These impulses were reanalysed with different logging in-
tervals by decimation. Ignoring 100 ms time intervals gave a
slightly higher average K; of 5,04 dB with a higher standard
deviation of 1,047 dB.

Table 1: Analysis of the results for all selected impulses

K (dB) Log Interval (ms)
10 16 25 100 10-25
Average 5,22 5,00 4,85 3,92 5,04
Std dev 1,258 0,839 1,012 1,168 1,047
Discussion

The study has found that the sampling method description in
ISO PAS 1996-3 is ambiguous and could be more specific
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regarding the determination of the LpAF parameter — whe-
ther the maximum during the interval or last one. However,
until the impact of this ambiguity has been studied, there are
no recommendations on whether this needs refining.

Our initial study of the results using 16 ms logging indicates
a possible difference in the aggregate measured K; compared
to the impulse category’s range of K values for a number of
sources. As previously reported [5], there may not be a clear,
unequivocable determination of the appropriate category of
these sources from the measurements. Our current results
cannot clearly confirm that Nail Guns are highly impulsive.
Rather than immediately hypothesise on actual differences
and their possible causes, further study on this is planned.

A 100 ms logging interval is not recommended as it misses
several impulses and seems to underestimate Kj.

Although still a relatively small sample, our initial analysis
could indicate that the logging interval has some influence
on the assessment result as the standard deviation of the
assessment slightly increases compared to an initial assess-
ment done only using Lyar,16ms.

During the development of the Nordtest method, it was
found that the logging interval has only a small influence on
the assessment result. The results are not conclusive enough
to confirm whether this is the case when using a logging
interval of 10-25 ms. However, it could be important when
dealing with situations where the result could affect catego-
rization.

We found that there were bigger variations where 4,5 < K; <
5,5 dB. In addition, although on average, Ki (Lpar,i0ms) > Ki
(Lparisms) > Ki (Lpar2sms), it is not true for a significant
number of impulses. The lowest uncertainty was obtained
for 16 ms sampling which also gave a similar K to that ob-
tained using 10-25 ms sampling with a smaller standard
deviation. Further study is recommended.

Next Steps
The following next steps are planned:

Further analysis and possible subsequent con-
ference papers

ISO TC43 SC1 WG45 review
ISO PAS 1996-3 systematic review due this year
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Conclusions

An adjustment is added to the measured Laeq if prominent
impulsive sound is present. The list of sources of impulsive
sound for each of the three categories of impulsive sound



and their adjustments defined in ISO 1996 is incomplete.
The ISO/PAS 1996-3 method to measure the prominence of
impulsive sound relative to residual sound and categorize the
impulsive sources permits the logging of Lpar with different
time intervals.

This study investigates the impact of the time intervals on
results for real-world sources assessed at receiver locations
including typical signal to residual noise ratios.

Our initial results show that a 100 ms logging interval is not
recommended as it misses several impulses and seems to
underestimate K;. In addition, the logging interval seems to
have some influence on the assessment result. Whether this
is significant, particularly when dealing with situations whe-
re the result could affect categorization needs more study. A
more detailed comparison of the processing methods to emu-
late the logging is under consideration. Comparison of the
results with those expected from the listed source categories
and analysis of the differences and their possible causes is
worth further study.

Further study is recommended and is underway. It is expec-
ted that, once complete, its results can be compared to those
from Nordtest, Tickell, UK, ISO TC43 SC1 WG 45 and
Danish EPA studies.

We encourage others to share their findings with us and ISO
TC43 SC1 WG 45. Feedback is welcome.
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