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Scope
One of the most common problems during calibrated measurements is that the external gains in any device
in the equipment might have changed from the recordings during calibration to the recordings during the
actual measurement. Although it is always recommended to write down all gain settings in the amplifiers,
the audio interface and the PC, it is very common to miss this information, especially if calibration was done
long time before the actual measurement. Moreover, changing of gains might have to be done on purpose,
if the consultant realizes that the gain settings used during calibration are not sufficient for the actual
measurement.
With this application note we introduce the concept of two-step calibration which provides extra safety in
case external gains in the measuring equipment have been changed accidentally, and high versatility when
the user needs to readjust the gains on purpose. The benefits of a Two-step calibration can be summarized
as:
1) Correcting for accidental changes in output or input gains – for any part of the chain (audio interface, PC
volume, loudspeaker amplifier, microphone amplifier).
2) Correcting for intentional changes in output or input gains. For example, when the gain settings used
during the calibration are not sufficient to drive the room on-site, they need to be increased.
3) Allows the user to change part of the equipment – audio interface, amplifiers – as long as source and
microphone stay the same.

Method
The Two-step calibration is essentially one more step added to the basic calibration methods, described in
the application notes Calibration for Impulse Response Measurements, Part 1 and Part 2 [1], [2]. The
initial part of a Two-step calibration is therefore identical with one of the two basic methods. The second
step is simply a measurement of the actual output of the source during the calibration procedure. To
continue with this application note it is necessary to read one of these two application notes, depending on
which process you want to use. It is emphasized that both methods lead to the same results and the choice
is free, having to do mainly with which type of room is available (Reverberation or Anechoic).
A Two-step calibration using the Diffuse-field basic method is available at Tools>Measurement Calibration>Diffusefield>Two-step (requires in-situ correction).

A Two-step calibration using the Free-field basic method is available at Tools>Measurement Calibration>Free-field>Twostep (requires in-situ correction).
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Theory
The main concept of the Two-step calibration is that the whole chain of gains in the measuring equipment
is considered as a black box and what matters is only the final output from the omni-directional source. Any
change in the gains in the measuring equipment is assumed to affect the source output linearly. Therefore,
one can measure the Sound Pressure Level (SPL) by the source at a known distance from the source during
the calibration and during the actual measurement and find the exact difference in the gain (if any)
between calibration and measurement. Since we want to measure the sound pressure level of the source
only, the same process of truncating any reflections as in the Free-field calibration is applied.
As described in [1] and [2], when the main diffuse or free-field calibration finishes ODEON derives a
calibration value for each octave band and stores it in a calibration file. Let’s call this value 𝐿𝐶𝑎𝑙
𝑝 (different
for each frequency). After that we place the microphone at a specific distance 𝑑 from the source and we
measure the SPL, which is denoted by 𝐿𝑆,𝐶𝑎𝑙𝑖𝑏
. This is called Second-step in the calibration procedure.
𝑝
During the measurement we place the microphone at the same distance 𝑑 and preferably in front of the
same unit as we did for the calibration. The new SPL is 𝐿𝑆,𝑀𝑒𝑎𝑠
. This measurement is called In-situ correction.
𝑝
The final calibration values will be then:
𝐶𝑎𝑙,𝑓𝑖𝑛𝑎𝑙
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(1)

Apparently, when all gains are unchanged during the calibration and during the measurement,
𝐶𝑎𝑙,𝑓𝑖𝑛𝑎𝑙

𝐿𝑝

= 𝐿𝐶𝑎𝑙
𝑝

This condition corresponds to a basic calibration, as described in [1] and [2], where the whole setup and
gains remain unchanged from the calibration laboratory to the on-site measurement. Figure 1 shows the
concept schematically. A change in the gain in the equipment does not necessarily affect all frequencies in
the same amount. In other words the shift in the frequency response when measuring the 𝐿𝑆,𝐶𝑎𝑙𝑖𝑏
and the
𝑝
𝐿𝑆,𝑀𝑒𝑎𝑠
might not be linear (see Fig. 2). This is why Eq. (1) is calculated eight times, one for each octave
𝑝
band.
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Figure 1. The concept of a Two-step calibration. When all recordings for the main diffuse-field or freefield calibration have been completed, one extra recording is taken still in the same calibration room at a
specific distance from the source. The same recording is taken afterwards in the actual room. If any
change has been made in the gains of the equipment it will be found as a supplementary adjustment.

Figure 2. Changing any of the gains in the measurement chain does not necessarily shift the frequency
response of the source linearly. All eight octave bands are taken into account separately, with eight
correction factor values 𝐿𝑆,𝑀𝑒𝑎𝑠
− 𝐿𝑆,𝐶𝑎𝑙𝑖𝑏
derived.
𝑝
𝑝
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Run a Two-step calibration
Obtain recordings for the 1st step
First of all we need to obtain enough recordings for the normal diffuse or free-field calibrations, with the
guidelines mentioned in [1] and [2].
Obtain recordings for the 2nd step
Still being inside the same room (reverberation or anechoic chamber) we place the microphone close to the
source, at a known distance, in front of a known point (putting a sign if needed in order to be able to
recognize it later). This will provide us with an impulse response measurement for the second step. The
microphone should be placed as close as possible in order to help ODEON distinguish the direct sound from
the rest reflections in the room. This is because the whole method relies on reporting the sound pressure
level from the source during the calibration and in situ, but without any influence by the room. Figure 3
illustrates the setup. As the microphone approaches the source, the difference between the arrival times of
the first reflection and the direct sound, t2-t1, increases. This ensures that ODEON will distinguish the direct
sound from the first reflection better. In contrast to the free-field calibration method [2], capturing the
whole energy of the direct sound is not as crucial. In case the direct sound is truncated too early, only a
percentage of its whole energy will be included. However the same percentage will be included in situ, so
the overall difference will be the same. On the other hand, it is rather important to truncate the impulse
response soon enough so it does not contain any part of the first reflection, which depends on the
associated room, and therefore cannot be controlled.

Figure 3: Geometry for impulse response recording for the second step. ODEON needs to have sufficient
time difference between the arrival of the 1st reflection and the direct sound (t2-t1). This is accomplished
by having high source-microphone heights and short distance between source and microphone.
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A combination of distances that ensured well-cut of the direct sound is:
 Source height = 1m.
 Receiver height = 1m.
 Source-receiver distance <= 1m.
Having all necessary recordings stored, we can begin a calibration. The steps will be presented for using the
Diffuse-field method, but they can be applied directly for the Free-field method as well:
Running the 1st Step
Choose Tools>Measurement Calibration>Diffuse-field>Two-step (requires in-situ correction). This opens the interface for the
normal diffuse calibration.
-

Enter the volume of the reverberation/diffuse room and click OK.
Select the group of impulse responses recorded in the room, holding down the SHIFT or CTRL
button (see [1] for a recommended number of recordings). It is important to open all impulse
responses together – not separately – in order for ODEON to average the results. Press OPEN.
ODEON loads all impulse responses and derives the correction values for the diffuse-field
calibration.

Running the 2nd Step
For the second step in the calibration the following warning message is displayed:

This is to remind that the microphone should be as close as possible to the source to help ODEON truncate
the impulse response well before the first reflection (which comes from the floor, as the closest surface).
Click OK.
In the next file menu select the impulse response recording from the 2nd step that was made in front of a
known point and known distance from the source.
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Figure 4: 1st calibration step: Load the recordings made in the diffuse or anechoic chamber. For this
application note we used 12 recordings inside the diffuse chamber. After loading these recordings you
can implement the 2nd step by choosing the reference recording at the source.

ODEON asks you to save the file as .2StCalibration. This extension emphasizes the fact that the file cannot be
used for calibrated measurements yet. It needs an in-situ correction during the actual measurement in
order to be converted to a final calibration file with extension .Calibration. For this application note the file is
named 1stMayDiffuseCalibration.2StCalibration.

Figure 5: After completing step 1 and 2 you need to save a 2-step calibration file (.2StCalibration). This is only
an intermediate calibration file and cannot be used directly for calibrating measurements. An in-situ
correction is required.
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At the end of the process so far your ODEON screen should look like the following, with two tables:
 Calibration values from the diffuse-field or free-field main calibration.
 Source values reported during the additional 2nd step.

Figure 6: End of two-step calibration. ODEON displays two tables: 1) All recordings made in the diffuse (or
anechoic) chamber, with the calibration values. 2) Source output levels at a fixed location from the
source.

In-situ correction
Now the equipment is moved from the calibration laboratory to the actual room under measurement. It is
likely that the whole chain of gains in the measuring equipment remains unchanged during this move. In
such case the in-situ correction is just trivial, giving zero adjustments for the output. However, if any of the
gains have been changed, then the whole calibrated measurement is in danger, since the source output has
been changed. The .2StCalibration file is therefore used as a reference file and introduces correction values that
compensate for any gain change.
Follow the setup in Figure 3 to obtain an impulse response at exactly the same distance from the source as
during the 2nd calibration step. Remember also that the microphone should be placed in front of the same
point on the source. This is because omnidirectional sources are not perfectly uniform and you should be
sure that you always measure at a fixed angle of the source directivity.
Click Tools>Measurement Calibration>In-situ correction. Open the .2StCalibration file that you created during the 2nd
calibration step. For this application note the file is called 1stMayDiffuseCalibration.2StCalibration. Again a warning
message is displayed for the distance between source and receiver.
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Figure 7: Performing in-situ correction. The .2StCalibration file created in Fig.5 is chosen. Afterwards you
need to choose the recording made in-situ close to the source. If any of the gains in whole measuring
chain have been changed, a correction factor, different than 0 dB, will be derived and taken into account
for the final calibration.

From the file menu choose and open the .WAV file that was recorded in front of the source inside the
ordinary room. You will be asked to save your new final calibration file which now has an
extension .Calibration, indicating that it can be used as any other calibration file for calibrating the
measurements.

Summarize of steps for a “Two-step” calibration
Depending on the time and needs during a calibrated measurement, there are different ways to perform
the steps required for a two-step calibration. Remember in all steps you can freely change the internal
ODEON gain (in the sweep generator). Restrictions apply only on the external gains in the measuring chain.
Calibration steps first – measurements afterwards
The most straightforward way is to make all calibration settings first and then perform the measurements:
1) Enter the diffuse-field or free-field lab.
2) Make the impulse response recordings necessary for a diffuse-filed or free-field calibration. This is
the 1st step in the Two-step method. External gains should remain fixed!
3) Make one more recording close to the source (fixed location, fixed distance). This is the 2nd step in
the Two-step method. External gains should remain fixed!
4) Enter the actual room. External gains might be changed to achieve a satisfying signal to noise ratio!
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5) Record an impulse response at exactly the same position as in step 3). This is to monitor any gain
differences in the output or input. From now on external gains should remain fixed again.
6) Run a Two-step calibration by choosing
Tools>Measurement Calibration>Diffuse-field>Two-step (requires in-situ correction)

or Tools>Measurement Calibration>Free-field>Two-step (requires in-situ correction),
depending on the method you used for the 1st step.
7) Follow the procedure, by loading the necessary information and impulse response recordings, and
derive a .2StCalibration file.
8) Run the in-situ correction by choosing Tools>Measurement Calibration>In-situ correction. Load the recording
from step 5).
9) Save the final calibration file that should have the extension .Calibration. Make this calibration file
active.
10) Perform measurements. Calibration will be applied on the recorded .WAV files during processing at
the Load impulse response tool,
(under the Tools menu). The active calibration file will be applied. This
is visible in the Options>Program Setup>Measurement Setup. If there is a mismatch between the input/output
devices used for the calibration file and the ones used for the measurement, a warning is displayed
by ODEON and no calibration is applied.
Measurements first – Calibration steps afterwards
In ODEON, calibration may be performed after measurements. To do this you can simply choose
Tools>Measurement Calibration>Assign Calibration to Existing Measurements to apply the calibration. More analytically, the
steps for such a procedure are:
1) Enter the actual room.
2) Perform measurements with an overall output-input combination of gains adequate for a good
signal to noise ratio.
3) Make one more recording close to the source (fixed location, fixed distance). This will be the in-situ
correction in the Two-step calibration method. External gains should stay the same as in
measurements!
4) Enter the diffuse-field or free-field lab. External gains might be changed!
5) Make the impulse response recordings necessary for a diffuse-filed or free-field calibration. This is
the 1st step in the Two-step method. External gains should remain fixed again!
6) Record an impulse response at exactly the same position as in step 3). This is to monitor any gain
differences in the output or input
7) Run a Two-step calibration by choosing
Tools>Measurement Calibration>Diffuse-field>Two-step (requires in-situ correction)

or Tools>Measurement Calibration>Free-field>Two-step (requires in-situ correction),
depending on the method you used for the 1st step.
8) Follow the procedure, by loading the necessary information and impulse response recordings, and
derive a .2StCalibration file.
9) Run the in-situ correction by choosing Tools>Measurement Calibration>In-situ correction. Load the recording
from step 3).
10) Save the final calibration file that should have the extension .Calibration. You do not have to make this
calibration file active.
11) Apply calibration to the measurements from step 2) by choosing Tools>Measurement Calibration>Assign
Calibration to Existing Measurements.
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Figure 8: All tables obtained when somebody runs a two-step calibration together with an in situ
correction. In addition to tables shown in Fig.6, table “Source SPL Correction” shows the difference (5.37
dB) of the source output between the calibration in the laboratory and the in-situ measurement.
Figure 8 shows all tables displayed after completion of a two-step calibration and an in-situ correction.
Apparently, when the user becomes familiar with the calibration process he/she can swap the order of
some steps in the foregoing procedures. For example, steps 2) and 3) or 5) and 6) in the second way can be
swapped together.

Conclusion
The note describes the steps required for a Two-step calibration method for G and STI, which is based on
the well-known Diffuse-field [1] and Free-field methods [2]. The reader is encouraged to read these
methods and become familiar enough before studying this application note.
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