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1 PREFACE

OXYGEN’s sound level option can be used for determining the time dependent sound pressure level
according to IEC 61672 and IEC 651. The following features are available:

Frequency weighting: A-, B-, C-, D- or Z weighting

Time weighting: fast (125 ms), slow (1000 ms) or impulse (35 ms / 1500 ms)
Reference level po available for airborne sound (20 uPa) or water (1 pPa)
Energy equivalent sound pressure level L(A)eq

Time dependent sound pressure level

Minimum and maximum occurring sound pressure level

Statistical (percentile) sound pressure Levels

Above mentioned values can be determined for the entire measurement or block-wise per de-
finable time interval

Raw frequency weighted sound pressure in original unit [Pa]

Noise exposure level L(A)esh and Noise Dose D

Benefits:

1.1

Statistical sound pressure level analysis

(Long term) sound monitoring

Sensor sensitivity can be entered manually or determined with calibrator
Sound pressure level determination for airborne sound and water
Interval-wise logged sound pressure levels

INSTALLATION AND LICENSING

The sound level option is automatically installed with every OXYGEN R5.2 (June 2020) and above. Once
installed, the option needs to be licensed (if not done by DEWETRON factory already) and activated.

The license can be updated under the System Information tab (see Figure 1-1). This requires a *.lic-file
provided by DEWETRON. A license update requires a restart of OXYGEN.

System Information

RECORDING
" Filename: -
@ File size:
Start time: -
a Timezone: -
’ Duration: -
LICENSE
r Creation date: 2018-06-21
I
Serial number: Notebook
w | Product: Oxygen 3x
[T
Features: General Test and Measurement
Oxygen NET
=] Advanced Power Analysis
ADMA Mutti (20)
@ Bird's Eye Multi (20)
Remote Control: XCP
Remote Control: Calibration
Update... Il Remove...

Figure 1-1: Updating the OXYGEN-license
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2 SOFTWARE CONFIGURATION

This manual is only referring to the sound level option. For general software operation instructions,
please refer to the latest version of the OXYGEN technical reference manual available on the CCC-portal
(https://ccc.dewetron.com/).

2.1  CHANNEL SETUP

®  Connect the microphones to the hardware and open the channel setup (see @ in Figure 2-1).
B Select the proper amplifier options for your sensor (typically IEPE mode) and set up the correct
excitation current (see (2) and (3) in Figure 2-1).
B To enter the sensitivity of the sensor, select Sensitivity, enter the correct unit [Pa] and enter the
correct sensitivity (see (4) in Figure 2-1).
y Analog || Counter || Video Search ;7 - T _ — l
@ | < Channel Seup L TRION 2402 45TG B4 M Sim . ™ Ii e « » X
EE [v]liocaiNode AMPLIFIER OPTIONS IEPE SETTINGS + SENSOR SCALIN
é || DEWE2-A4 Mode IEPE . Excitation Current . N Sealine 2-pat  Table
| TRION-2402-dSTG-8-L0B. Range 03 4 -
@ Al 1/1 Sim e 4 | * _ Sealing m
Ay TRION-2402-4ST0-5-L08
p e e L) O Wt P
Al 1/2 Sim [ ] & Sensitivity 1
L’\" w LS Coupling 016 Hz
P‘ w:‘m " TRON-2402-45TG-3-L08 . * Offset 0 Pa Zero
Al 1/5 Sim m &

Figure 2-1: Channel Setup

2.2  CALIBRATION

B |facalibratoris used for sensitivity determination, go to the 2-point sensor scaling tab and enter
the unit [Pa] (see @ in Figure 2-2).

B Let the settings O V and 0 Pa untouched (see @ in Figure 2-2). This means that 0 V measure-
ment signal equals O Pa.

|

Enter the reference RMS-sound pressure of the calibrator in @ in Figure 2-2. This is 1 Parws for
a 94 dB calibrator and 10 Pagwms for a 114 dB calibrator.

B When the calibrator signal is stable, press the AC RMS button (@ in Figure 2-2). The AC RMS
level of the calibrator will be averaged for the last 1 second.

SENSOR SCALING

Scaling  2-point  Table

@ —.Unl't!Pa . / @
Pl |D "le: lﬂ 1 @

@ <| AVG ||ACRMS| [ ave ||ACRMS}4/
|D :"-l |1 Pa |_ @

Figure 2-2: Sensitivity determination using a calibrator

The sensitivity will be calculated automatically and copied into @ in Figure 2-2.
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2.3  CREATING A SOUND LEVEL DETERMINATION

= (Close the Channel Setup by pressing the X-button (see @ in Figure 2-1).

= Select the input channels for which a sound level shall be determined by selecting their check-
boxes in the Channel List (see @ in Figure 2-3).

= Press the + button (see @ in Figure 2-3).

= Select the Sound Level section (see @ in Figure 2-3), perform the required settings (see @ in
Figure 2-3) and select the desired output channels (see @ in Figure 2-3).
The settings are explained in detail in section 3.

= Press the Add-button (see @ in Figure 2-3).

Add Channel - Sound Level

Basic Math Ferform sound level meassrements with selectable weighting modes.
Formula Group name | Sound Level Channels
Statistics '
Frequency weighting (DIN-EN-61672:1) A "
o Time wetghting (EC 61672 and IEC 6511 Fast (135 mal &
Interval Cak ulstion Selfings K .
Aduanced Math NgfaranceValus - Lo
s Output channels /'jw!.nq [Cverall Energy Equivalent Sound Pressure Level in [dBix]l| \
[ | ime depencent Scund Pressure Levelin [9Bix)]
@ [T — | Erequatrety sotighied Sosind Prassire i ras it [P
| Lix)_Ex_ah (Time Expasure Level in [dB(x)]) and [ (Hoise Duse in (3]}
] overatimin. and ma. accuring Sound Pressure Level in [48(x]]

[T intervs bogged Lix)_eq in [68ix])
] Isterval kxgged min., max. and average eceuring Sound Pressure Level in [d81(d]
Percentde Scund Pressure Level statistics in [dBIx)]

Figure 2-3: Creating a sound level determination

= A new sound level determination will be added to the Channel List. A separate section with
output channels per input channel will be created and can be expanded by pressing the Arrow
button (see @ in Figure 2-4).

= The settings can be edited by pressing the Gear button of the Sound Level group (see @ in
Figure 2-4).

= The options, input channels and output channels can be edited in @ in Figure 2-4.

T, || Ansiog || Coumter |[ Video |[ Math | Sescen. [ T
"B o 1) P—— | K « » X
/n&s INPUT CHANNELS OUTPUT CHANNELS 20§
fFrequency Weightiog A 4[] Show selected channels cely ] we \
f \
] b Timeweightng  _Fastinzsma o [N seaen B M) rime cependent Sound Pressure Levein (681))
@ ot Gl N K oo e
LA | [P iy | v tecaitode. 0] we 198ix]
: Ld 1] ] sound Levet chamnets ] nd
. L
e . 1| > Sounttevets 0] tevaliopgestin_eqimdin)
| o = :J""“‘ [_] 1984);
| e ] mionaser astesios W] Percentio Sound Pressure Leve statistcs in [681))
- vl A3 Sim Percention
L v M 2Sm
.
] A ssim
| o ‘
s a1
X 8 e | O AY4Sim )
ooty L \ ] Ayssm ///
@ (3] M sim S 0 N esen Py

Figure 2-4: Sound level channels available in the Channel List and editing the settings
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3 SOUND LEVEL SETTINGS

=  Frequency:
A-, B-, C-, D and Z-weighting according to IEC 61672 can be selected for the sound level deter-
mination.
An introduction in the theory of frequency detection of the human ear can be found in sec-
tion 5.1.

=  Time weighting:
Fast (125 ms), slow (1000 ms) and impulse (rising 35 ms / falling 1500 ms) can be selected for
the sound level determination. Fast and slow time weighting are compliant with [EC 61672 and
impulse weighting complies with IEC 651.
A quick introduction into the theory of time weighted sound pressure levels can be found in
section 5.2.

= |tis possible to update certain output signals interval wise. The time interval can be selected
from 0.1 sto 10s.

= |tis possible to select the reference sound pressure level po for airborne sound which is 20 pPa
or the reference sound pressure level po for water which is 1 pPa.

7|Page
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4 OUTPUT SIGNALS

Q@O EWEE

OUTPUT CHANNELS

L(x)_eq (Overall Energy Equivalent Sound Pressure Level in [dB(x]])

Time dependent Sound Pressure Level in [dBix]]

Frequency weighted Sound Pressure in raw unit [Pa]

L{x)_Ex_8h (Time Exposure Level in [dB(x)]) and D (Noise Dose in [%])
Overall minimum and maximum occuring Sound Pressure Level in [dB(x]]
Interval logged L(x)_eq in [dB(x]]

Interval logged minimum, maximum and average occuring Sound Pressure Level in [dBix)]

sjulululelslsls

LEELETT

Percentile Sound Pressure Level statistics in [dB(x)]

Percentiles 10.0;33.3;95.0

Figure 4-1: Available output signals - overview

L(x)_eq (Overall Energy Equivalent Sound Pressure Level in [dB(x)]) (see @ in Figure 4-1)

Outputs the energy equivalent sound pressure level L(x)eq for the entire measurement (see @
in Figure 4-3).

X denotes the selected frequency weighting (A, B, C, D, Z).

The averaging is started at recording start and ends at recording end.

Two output channels will be created:

- L(x)_eq is a single value channel and contains only the L(x)eq for the entire measurement.
The time dependent trend will be displayed during the measurement but won’t be stored
to the data file but only the last value.

L(x)_eq(t) contains the time dependent trend of the L(x)eq. This information is also stored
to the data file.

Actually, the L(x)eq is only defined for A-weighted signals according to IEC 61672. But for the
sake of completeness, this value is also determined if another frequency weighting is selected.

The L(A)eq is determined according to the following formula:

p(x)?
s

T
1
L(A)eq [dB(A)] = 10 * logyq [;Z—
i=1

po... Reference sound pressure level, i.e. 20 uPa
T ... Measurement time

Time dependent Sound Pressure Level in [dB(x)] (see @ in Figure 4-1)

Outputs the time dependent frequency and time weighted sound pressure level L(x): (see @
in Figure 4-3).

X denotes the selected frequency weighting (A, B, C, D, Z) and t denotes the selected time
weighting (fast, slow, impulse).

8|Page
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2
L(x); [dB(x)] = 10 * logy [p(p%)]
0

Po... Reference sound pressure level, i.e. 20 uPa
The calculation block diagram can be seen in Figure 4-2:

Low pass filter i impulser ™,
with real pole i T
1 H H
Frequency Square at—- i Peak detector : — x2 Sound
weighted X2 T with1500ms | | Rootvx 10xlogo— pressure
input signal * 125 ms for fast £ fall time 0 level

1000 ms for slow

35 ms for impulse

Figure 4-2: Time weighting of the frequency weighted in signal - block diagram

= frequency sound pressure in raw unit [Pa] (see @ in Figure 4-1)

Outputs the frequency weighted raw signal p(x)(t) without time weighting in the linear (non-
logarithmic) domain (see @ in Figure 4-3).
X denotes the selected frequency weighting (A, B, C, D, Z).

= [(x) Ex 8h (Time Exposure Level in [dB(x)]) and D (Noise Dose in [%]) (see @ in Figure 4-1)

Outputs the daily noise exposure level L(x)exsh for and the equivalent noise dose D for a refer-
ence level of 85 dB (see @ in Figure 4-3).
X denotes the selected frequency weighting (A, B, C, D, Z).

The daily noise exposure level is determined according to the following formula:

T
Lexen [dB(A)] = L(A)eq +10 +logyo ]

T... Measurement time
To ... Reference time 8h

And the noise dose according to the following formula:

L(A)Eexsn—L(A)ExTo
Q
D [%] = 10 logo 2 * 100

L(A)ex 10 ... Noise exposure limit, 85 dB
Q... Halfening parameter, 3 dB

Actually, the L(x)exsn is only defined for A-weighted signals. But for the sake of completeness,
this value is also determined if another frequency weighting is selected.

= Overall minimum and maximum occurring Sound Pressure Level in [dB(x)] (see @ in Figure 4-1)

Outputs the minimum L(x) ;mn and maximum L(x) tmax occurring sound pressure level during
the measurement as single value (see @ in Figure 4-3).

X denotes the selected frequency weighting (A, B, C, D, Z) and t denotes the selected time
weighting (fast, slow, impulse).

9|Page
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This means that the channels are continuously updated during the measurement, but no time
trend is stored to the data file. The data file will contain only the overall minimum and maxi-
mum.

Interval logged L(x)_eq in [dB(x)] (see @ in Figure 4-1)

Outputs the L(x)eq calculated for time intervals between 0.1 s and 10 s (see @ in Figure 4-3).
The time interval can be specified in the sound level options (see @ in Figure 2-4).
X denotes the selected frequency weighting (A, B, C, D, Z)

Interval logged minimum, maximum and average occurring Sound Pressure Level in [dB(x)] (see
(7) in Figure 4-1)

Outputs the L(x);mn and L(x)cmax and L(x)-ave calculated for time intervals between 0.1 s and
10 s (see @ in Figure 4-3).

The time interval can be specified in the sound level options (see @ in Figure 2-4).

X denotes the selected frequency weighting (A, B, C, D, Z) and 1 denotes the selected time
weighting (fast, slow, impulse)

Remark: The difference between the interval logged L(x)eq and L(X)zave is that the L(X)cave is
time averaged but the L(x)eq is not.

Percentile Sound Pressure Level statistics in [dB(x)] (see in Figure 4-1)

Outputs the sound pressure level(s) that are exceeded for a certain percentage of the meas-
urement time (see in Figure 4-3).

X denotes the selected frequency weighting (A, B, C, D, Z).

The percentage time of the measurement time can be entered in Percentiles. Several percen-
tiles can be specified with a *;” as delimiter.

The example in Figure 4-1 which specifies 10.0 %, 33.3 % and 95.0 % outputs the statistical
sound pressure level which is exceeded in 10.0 % of the measurement time (L(X)r100), in 33.3 %
of the measurement time (L(x)33.3) and in 95.0 % of the measurement time (L(xX):9s.0).

This option can be used for statistical sound pressure level analysis which is frequently used
during long time sound monitoring and room acoustics. |.e. the L(A):9s0 is regarded as the back-
ground noise level of an empty room.

10|Page
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Figure 4-3: Sound level output channels in the Channel List
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5 APPENDIX

5.1 FREQUENCY DETECTION OF THE HUMAN EAR

The human ear can detect sound pressure deviation in a frequency range from ~20 Hz to 20 kHz. The
ability of hearing decreases with increasing age. The full spectrum from 20 Hz to 20 kHz can be recog-
nized to an age of ~20. After that the frequency range decreases with ~2 kHz per 10 years. For sure,
these values are only indicators and depend on the individual human.

It is important to know that the human ability of hearing is frequency dependent. Medium frequencies
can be recognized better than high or low frequencies. The following Figure 5-1 shows the dependency
of the recognized sound pressure in the dependency of the frequency:

100 \ =5 100 phbn /“J ,
\\\ Tl | ]
80 ~ — 8‘2'3'*\/,/\vl —
NS =
40 L ' 40 phan /‘\/
N N /
N ~N—V AJ
0 e on

0,02 0,05 0,1 0,2 05 1 2 5 10 20

Figure 5-1: Phon curves!: X axis: Frequency [kHz], Y axis: Sound pressure level [dB]

To describe the frequency dependent sound pressure detection of the human ear, the so-called phon
curves have been introduced by psycho acoustics. These curves show the sound pressures of equal
loudness. Therefore, psycho acoustics introduced the unit phon for the loudness. 1 kHz is the reference
frequency. This means that the loudness in phon always matches with the sound pressure in dB @ 1kHz.
To give an example with the 60 phon curve, a sound pressure level of 60 dB @1 kHz is recognized as
60 phon loudness (see @ in Figure 5-1). But to recognize a loudness of 60 phon @50 Hz, a sound
pressure level of ~80 dB is necessary (see @ in Figure 5-1).

60 dB or 80 dB may not sound that much but when the levels are recalculated from the non-linear
logarithmic decibel-domain into the linear unit Pascal, 60 dB equal 200 mPa and 80 dB equal 20 mPa.
Thus, this is a difference of the factor 10!

Note:
plPa] LpldB]
L,[dB] = 20 * logq, 20 uPa — p[Pa] = 10" 20 %20 pPa
60 dB
— 200mPa = 10 20 %20 pPa
80 dB

- 20mPa = 10 20 * 20 pPa

ISource: https://de.wikipedia.org/wiki/Phon_(Einheit)
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To respect these frequency dependent hearing characteristics during an acoustical sound pressure
measurement, the frequency weighting curves are used (see Figure 5-2):

20 T T T

N

L
o
T

Amplitude [dB]
i
[

dB(A)
— dB(B)

30 F = dB(C} N
e 4B D)
—dB(Z)

40t 1

50 1

o0 | | |

10! 102 108 10* 10°

Frequency [Hz]
Figure 5-2: A-, B-, C- and D-Frequency weighting curves

Four different curves exist: A-weighting, B-weighting, C-weighting and D-weighting. A-weighting can
theoretically be used for low sound pressure levels (30 phon), B-weighting for medium sound pressure
levels (60 phon) and C-weighting for high sound pressure levels (90 phon). To weight very loud sound
sources like aircraft noise, the D-weighting was introduced.

But in real-life only A-weighting is used with barely no exceptions, because B-weighting and C-weighting
match hardly during subjective tests. The reason is that these curves were created based on tests for
which pure (sine) notes were used. But pure notes never appear in real-life. Therefore, B-weighting is
not used in real-life and C-weighting only rarely to evaluate peak-sound pressure levels. To mark which
frequency weighting curve was used during a measurement, the letter A, B, C or D is added in brackets
to the unit dB: dB(A), dB(B), dB(C) or dB(D). If none of these curves is used and the evaluation was
linear, it is denoted by dB(Z) for Zero.

5.2 TIME WEIGHTING CHARACTERISTICS

In time domain, the sound pressure level determination consists of a root mean square calculation on
the one hand which makes the result proportional to the energy and on the other hand of an averaging
over time which is the so-called time weighting. The time weighting shall point out different signal char-
acteristics.
According to IEC 651 and EN 60651, 3 different time weighting options exist:

=  Fast (risetime & falltime: 125 ms)

= Slow (risetime & falltime: 1000 ms)

= Impulse (risetime: 35 ms; falltime: 1500 ms)

13|Page
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From the mathematical point of view, the time weighting can be described by the following block dia-
gram:

Low pass filter Iflmpulse
with real pole i T
1 H H
Frequency Square at—— i Peak detector { | — x2 Sound
weighted 2 i with 1500 ms ! Root yx 10~ long pressure
f{]puf ngi’]af 7 ... 125 ms for fast fall time level

1000 ms for slow
35 ms for impulse

Figure 5-3: Block diagram for time weighting

In general, if the measurement value is changing quick, the shorter is the rise/falltime and it is harder
to read off the value. In opposite, the longer the rise/falltime the slower the measurement value is
changing and the easier it is to read it off.

For better understanding, think of an analog sound level meter from former times as it can be seen in
Figure 5-4. The smaller the time constant, the quicker the needle is moving and the value can be read
off harder.

_

RANGE > = OFF

\

~

Acc SLOW FAST

WEIGHTING RESPONSE

Radie fhaek
SOUND LEVEL METER

Figure 5-4: Analog sound level meter

Here are some general recommendations for the usage of time constants:

= Fast (risetime & falltime: 125 ms):
This time evaluation can be selected to take account of consecutive level changes. A reliable
reading of the levels is not as easy with this time evaluation as with the slow time evaluation,
since the levels change faster. Further processing to an effect-equivalent long-term assessment
value is also more complex here.

= Slow (risetime & falltime: 1000 ms):
Because of the high time constant of one second, the slow time evaluation has the advantage
of smoothing large fluctuations in level, making it easier to read a level. At the same time, this
time evaluation makes it easier to determine an effect-equivalent long-term evaluation value.

®* Impulse (risetime: 35 ms; falltime: 1500 ms):
If the short-term perception of the person is to be included in the assessment, the time assess-
ment impulse can be selected. Due to the rapid rise time of 35 milliseconds, pulsed sound levels

U|Page
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are very well considered. Thanks to the long fall time of 1.5 seconds, it is again possible with
this time constant to display these levels and to calculate a long-term level (it should be noted
that noises that last less than a second are called impulses).

The individual time assessments are therefore coordinated with opposing characteristics. The time
evaluation should be selected according to the criterion to which special attention should be paid to in
the analysis.

Rising and falling signal edges and the effect for fast (blue), green (red) and impulse (red) weighted
signals are compared in Figure 5-5.

0:40.0 L ]
Figure 5-5: Comparison of the different time weightings
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