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Loudness measurement in sone (DIN 45631 ISO 532B)

Sound can be described with various physical parameters e.g. intensity, pressure or energy.
These parameters are very limited to describe the perception of the human ear. A first
approach is to take into account that the ear is less sensitive at lower and higher frequencies.
The research work around 1920 from Barkhausen result into the well known A,B,C weighting
curves. The frequency response of the ear depends on the sound level, that is the reason for
different curves, which are valid for a certain level only. A pure sine at lower levels e.g.
40dB(A) has the same subjective loudness over the complete frequency range. However, in
practice sine tones are not very common. For complex sounds and noise, this simple model is
not valid anymore.

In most sound pressure meters available today you will find these techniques, because they
can be easily derived from the physical parameters.

Loudness (Sone)

A wideband noise has a different subjective loudness than a pure tone at the same level
measured in dB(A). Therefore, dB(A) is very limited in its usage although widely used.
Zwicker analyzed various psychoacoustics effects thoroughly. A result was a model for the
human hearing. A famous psychoacoustics effect is acoustical masking. A loud tone hides
quiet tones. Nobody would expect to hear the sound of a mouse during a symphonic orchestra,
although the mouse would audible in quiet phases. A very famous application of this and
other effects are audio compression techniques like MP3. Only parts of the signal, which are
audible according to a model, are stored.

Based on its countless hearing tests, Zwicker developed a model for loudness measured in
sone. For stationary signals you will achieve much better results than the traditional dB(A). In
contrast to dB(A), sone is a linear parameter. Two sone has double loudness compared to one
sone. The reference level is one sone, which is equivalent to a tone with 1kHz at a level of
40dB.

As mentioned previously, sone is valid for stationary signals, only. It is ideally for the
judgment of air conditioners or typical PC noise like hard disks or fans.

This measurement describes the subjective loudness. However, it does not allow
distinguishing between “nice” or “annoying” tones. Most people will agree, that the sound of
a flute is much nicer than a drill used by a dentist, although they both might have the same
loudness.

The measurement of the loudness is based on the 1/3 octave analyzer. All psycho acoustic

analysis requires absolute sound levels. This can be achieved with a sound calibrator or a
sound pressure meter.
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A complete measurement system for sone contains the following components:

Custom Designed Tools

PC/Laptop running Microsoft Windows
Software Akulap module noise

USB Measurement microphone
Optional Sound-level calibrator

Tripod

o
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Akulap with Sone/Loudness live measurement. All values are displayed in real-time.
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Overview of typical sound level in dB and sone

Situation Sound pressure p = Sound Eressure Loudness
p
and sound source Pascal dB re 20 pPa sone

Pain threshold 100 Pa 134 dB ~ 676 sone
Hearing damage
even at short-term 20 Pa >120 dB ~ 250 sone
exposition
Jet engine 6,3 - 200 Pa 110 - 140 dB | ~ 125 - 1024 sone
at 100 m
Pneuma‘gc hammer, 2 Pa ~ 100 dB ~ 60 sone
at Im, discotheque
Hearing damage .. 0,63 Pa >90 dB ~32 sone
at long-term exposition
Main road at 10m 0,2-0,63 Pa 80 -90 dB ~16 - 32 sone
Car at 10m 0,02-0,2 Pa 60 - 80 dB ~4 -16 sone
TVat Im 0,02 Pa ~60 dB ~ 4 sone
normal loudness

. 103 103
Normal conversation 2:-107-6,3-10 40 - 50 dB ~1-2 sone
at Im Pa

104 !

Quiet room 2-107-63 1(1)33 20-30dB| ~0,15 - 0,4 sone
Silent breathing 6,310 Pa 10 dB ~ 0,02 sone
Hearing threshold 1nS
at 2 kiy 2-10" Pa 0dB 0 sone
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Measurements with low noise devices

Many sone measurements include analysis of low noise devices (e.g. beamer, notebooks etc.).
The normal measurement distance is Im. You can only perform a reliable measurement if the
signal level is above the noise. The noise includes acoustic noise from the environment and
noise in the measurement chain from the microphone or preamplifier. In a normal office
environment at a quiet noise level of 45dBA it is impossible to analyze a fan with 25dBA.
Since the human ear is very sensitive, such measurements require high quality measurement
equipment.

For every measurement, we strongly recommend to measure the quiet noise first. Simply
switch off the measurement device. The optimum measurement environment is a special
anechoic chamber, which reduces reflections and noise from outside. We strongly recommend
switching off noise sources if possible (windows, air-condition, computers etc.)

Many measurement microphones have a sensitivity of 30dB, which defines the lower bound
for measurements. We offer USB measurement microphones down to 16dB(A). Our Lab is
equipped with an ultra low noise measurement system from G.R.A.S. which goes down to
6dB(A). You can improve the measurement sensitivity by reducing the measurement distance
from 1m to e.g. 25cm. This increases the signal level by 12dB. This offset can be corrected
with a different calibration factor, which allows Akulap to show the measurements results
with respect to Im.

We will explain this with an example.

By reducing the distance to the half, the level increases by 6dB. With a distance of 25cm the
correction factor is 12dB. If you use a sound level calibrator with 94dB, the reference level
has to set to 82dB. A sound level of 82dB will be displayed as 94dB. This approximation is
only valid in the far-field with spherical radiation. In the near-field you will encounter e.g.
diffraction, which has significant influence on the signal level. Therefore, we strongly
recommend documenting this different measurement distance clearly, because it is difficult to
compare different measurement distances.

page 5



| lllllll I' Digital Signal Processing
|I|' ||| I '|I||| Audio Measurements

:! Custom Designed Tools

r - Jordan - Design

Procedure

With Akulap you can perform a loudness measurements in three different modes.

1. Live mode: all measurement values are displayed in real-time

2. Analysis mode: Calculate the loudness from manual selections of an Akulap noise
measurement

3. Report mode: Create an loudness report automatically.

With the automatic measurement many parameters are checked for plausibility to reduce
possible sources of error. In addition, you can enter a reduced measurement distance directly.
We recommend using the live measurement, if the setup is already verified and optimized and
you need a quick measurement.

Live measurement

For a live measurement you have to perform the following steps

e Start the 1/3-octave RTA
e Activate the sone measurement
e Apply the measurement microphone to the device under test.

Start Akulap with its default settings and activate the 1/3 octave RTA.
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First, select an appropriate measurement range.
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Verify the calibration by putting a sound level calibrator on top of the microphone. In this
example, we use a calibrator with 94dB.
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If you see a different level, please use the calibration feature.
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If the level difference is more that 2dB, please check your setup. Such large level difference is
very rare.

calibration

reference level 94 dB

dizable

(1]:4 | Cancel d - save>

Enter the reference level of your calibrator (typically 94 or 114dB). If the calibration looks
reasonable, you can save the calibration permanently.

Finally, start the sone measurement with plug-ins->loudness (Sone) from the menu.
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Place the microphone near the device under test. The default measurement distance is 1m.
Please ensure that the signal level is significantly above the noise level.
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If the signal shows strong fluctuations, you can apply averaging. Simply select a different
time constant.
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First you need to perform a calibrated noise measurement. Please refer to the Akulap noise

measurement user manual.

In this example we load a 30 minutes measurement. The upper windows shows the average

1/3 octave level. The bottom window shows the sound level versus time.
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In the bottom window double click left with the mouse to set a measurement rectangle.
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Resize it with the small squares to the desired position and duration. In this example we set a
selection of 11min and 34s. Right click with the mouse to open the context menu.

page 11



I Digital Signal Processing
i ||l|||||||| ||||||I||||| Audio Measurements
D' Custom Designed Tools

r - Jordan - Design

& Akulap: Licensed to Dr Jordan Design,Demo Version,Schanzenstrasse 27,01097 Dresden,.

File Edit Options Plug-Ins Wiew ‘Windows Help E

- LCeg-LAeg: 17,308
= a| @ Al E P 1 |cAL|AvG || o) | Sa e 75,168
4 e Leq 93,906
LAFmax 105,16
LCpeak 135,308
LASS 35,608
|- | 1. L] | I o = 111 [l | LAFteg-Léeq: 9,4dB 1
LEQ 96.6dB(Z2) 76.1dB(A | | LRy 85,508
80 e T LT ITrT’rrrrrro Ty N time 11m:20s
g AN 1| x| 4| wec o
o G- I | [ 1 | T RN N SO N N RN N [
-
(2 o A E o EEEE E = AR AR A EE R AR N s W
. SIERE b e e = R ) E

10 125 16 20 25 31.5 40 50 63 80 100 125 160 200 250 315 400 500 630 800 TK1K25 1KE 21K 2K5 3K1 4K K BK3 8K 10K12KS 161 20K
“I'lﬂ|||'l|lll|| frequency [Hz]

Dr-Jordan-Design

o - L. L e A T O
undo zaom

' : redo zoom
PESIZE axIs

50 L i N . ~ _ ¥ _ il exclude area from rect,
: y include area Fram rect,

SPL(Fast)(A) [dB]

gain area from rect,
M Rename marker -
0.0 5.0 10,0 15.0 sek time 25.0
|'I|d||||||||||. time [min] Marker overview
Dr-Jordan- Design

30

Play audio within rect.
Play audio normalized within rect. ,A—" ,m 3512506 -
Flay audio from marker
Jway within rect.,

FFT [ FFT within rect,
i FFT data export
show time
Labelinn N spectrogram
: Taonaltat DINGS681 »
Tonalitat DING 1400 3
Zoom

This window shows the average loudness of the selection.

! lj sone 43,92 loudness 75.9dE{A) LAEG 76, 1dBE(A)

page 12



Digital Signal Processing
III ||||||| I ||||l||| Audio Measurements
ll Il Custom Designed Tools

- Jordan - Design

Automatic measurement

The automatic measurement wizard guides you through all steps. The final results are stored
in a comprehensive report.

Start the measurement with Easy Measurements->Sone/Loudness from the menu.
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In the next step enter the measurement distance. All results are converted to a reference
distance of 1m.

Digtance |1— Tneker

Cancel |

By using the automatic measurement, Akulap automatically measures the quiet noise. This
ensures that the signal level is significantly above the quiet level. Switch off the calibrator,
any noise sources and the device under test.
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i } ‘We will now measure the ambient noise level, Please reduce any noise sources iF possible.
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In the final step, switch on the device under test and confirm it in the dialog box.

i Place now the microphone ko ywour sound source,
IF vou are ready press 'COK'

All measurement results are written to a HTML-report. You can view it with any browser,
print it or convert it to PDF. If the measurement has finished, your default browser will open
the report automatically.

The following screenshots show an example of such report.
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Datei  Beatbeiten  Ansicht  Chronik  Lesezeichen  Extras  Hilfe

Measurement of Loudness summa... %

File: fffC: fDokumente und Einstellungentjordan/Deskkopitest C || Q4 suchen ﬁ E ¥ 9 =

Sone measurement report

Tuesday, Aprl 21, 2015 13:12:00
MMeasurement distance 1.000 meter
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frequency [Hz]
Dir-Jordan- De=ign

Sone=7.36 sound level=62.00dB(A)

detailed results
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Datei  Bearbeiten  Ansicht  Chronik  Lesezeichen  Extras  Hife |T||E|r5_(|

Measurement of Loudness details... %

6 <0 File: i iDokumente und EinstellungenfjordanDesktopitest c Il Q, suchen | ﬁ E ; ‘ﬁ 9 =

Loudness measurement detailed report

Settings

Tuesday, Apnl 21, 2015 18:08:32

Sample rate 44100 00Hz

FFT size 8192 points

IMeasurement distance 1.000 meter

version: AluLap V2.81 2142015

serial: #7967715

Calbration offset: 134.13dB Distance correction 0.00dB

Measurement ambient noise (calibrated)

Silence level 41 874B W

300 Aeulap,

—Ch#1

[dB]

100 1k 10k

frequency [Hz]
Dir-Jordan- De=ign

152
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Datei  Bearbeiten  Ansicht  Chronik  Lesezeichen  Extras  Hilfe

Measurement of Loudness detaile...

(' 0 File: [ C iDokumente und Einstellungen;jordan, c | | Q, suchen | ﬂ’ E "’ ‘ﬁ” »

|2

Sound source (calibrated)

Zignal level 63 4645
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wﬁ frequency [Hz]
- Bordan Dty

Sone=7.36 sound level=62.00dB{A)
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