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1 Introduction

This document presents a procedure to measure the in-situ sound reflection of road traffic noise
reducing devices in compliance with EN 1793-5, or of railway noise barriers in compliance
with EN 16272-5, and is based on the following standards, equipment and software:

o ~ w D

EN 1793-3, normalized traffic noise spectrum [1].

EN 1793-5, in-situ sound reflection of road traffic noise reducing devices [2].
EN 16272-3-2, normalized railway noise spectrum and single number ratings [3].
EN 16272-5, in-situ sound absorption of railway noise barriers [4].

Zircon hardware (by Acoustics Engineering), consisting of the LS24 (or LS14)
loudspeaker source, the MA24 microphone array with 9 microphones (measurement
grid) and the C124 control interface between a computer running Zircon software, and
mentioned devices.

Zircon software (by Acoustics Engineering), being DIRAC 7.3+ or ZIRCON 1.0+,
acoustics measurement software that produces a stimulus to the source, captures
response signals from the measurement grid, processes these to verify the validity of
the measurements, and calculates the results to be reported according to the standards.

In this procedure, familiarity with EN 1793-5 or EN 16272-5 and Zircon software is assumed.
The explanations and screenshots are based on DIRAC, but largely similar with ZIRCON.

In this document, a road traffic noise reducing device or railway noise barrier is denoted by
NRD (Noise Reducing Device).

This procedure presumes that, as prescribed by the standards, the complete measurement
system is kept at least 2 m from any object potentially causing substantial parasitic reflections
that might affect the measurement results.

Where the loudspeaker unit is denoted as LS24, it may be substituted by its predecessor LS14,
the electric and acoustic characteristics of which are substantially the same.
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2 Measuring Equipment

2.1 Components
The measuring equipment consists of the following components:

1.
2.
3.

Loudspeaker source: Zircon LS24, placed on its tripod.
Microphone array: Zircon MA24 with 9 IEPE microphones, placed on its tripod.

Control interface: Zircon CI24, comprising a multi-channel USB/Audio interface
device with IEPE microphone inputs, and a power amplifier for the LS24.

Speakon cable: CA12 (10 m)
Multi-cable: CA24

Windows PC running Zircon software.

Zircon Software running on PC

Zircon LS24

USB cable

CA24 multi-cable

~—m Pl18 XR18

CA12 Speakon cable

Zircon Ci24 .
¥ Mains power
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3 In-Office Installation and Preparation Procedure

3.1 Introduction

Hereafter, a kind of checklist is given for the in-office preparation of field measurements. Not
all of the instructions apply each time preparing a field measurement session, such as the Cl124
driver installation..

1. Set up the MA24 tripod, and take off the tripod head (with UNC 5/8” screw).

/

2. Screw the tripod head tightly enough in the MA24 bottom plate to avoid any play.
3. Place the MA24 on its tripod and secure the tripod head with its screw.

4. Insert 9 microphones (bayonet movement), directly (72" types) or through an adapter.

5. Set up the LS24 tripod, and take off the tripod head (with UNC 5/8” screw).
6. Screw the tripod head tightly enough in the LS24 bottom plate to avoid any play.

7. Place the LS24 on its tripod and secure the tripod head with its screw.
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8. Position the LS24 roughly 1.25 m from the MA24 center.

7. At the right side of the C124, insert the short mains power interconnection cable and set
the XR18 power switch to the On state.

CI24 mains power interconnection cable

8. Connect the C124 to the mains power through the included mains power cable.
9. Connect the Cl24 to the PC through the included USB cable.

10. Attach the multi-cable to the MA24 and the C124.

11. Attach the Speakon cable to the LS24 and the C124.

12. Turn on the CI124 by the switch above the mains power inlet. If the green LED on the
power amplifier does not light, check the power. If the orange LED on the XR18 unit
does not light, turn on the XR18 by the switch at the right side or check the
interconnection cable there.
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13. Install X18 USB Audio Driver on the PC (version 5.72.0, 2025-02-19). This driver can
be found on the Behringer website by entering “XR18 driver” in the search field of the
Download Center:

Behringer | Downloads

14. On the PC, start the Zircon software, and then from the Setup menu choose Sound
Device.

15. From the Sound Device Setup window, select the line asio: X-AIR ASIO Driver for
both input and output. Click ‘OK’ to save this setup under the name C124.

Setup u B
(] Use setyp Enter device setup name:
Cl24
Input device:
asio: X-AIR ASIO Driver £ Opticns
Sample rate [Hz]: 48000 v
Output device
asio: X-AIR ASIO Driver v Opticns
Sample rate [Hz]: 48000 o

Calibrate 5-R distance Cancel Help

16. The Measurement window now displays the VU meters for all XR18 input channels:

. Dirac - Measurement - Preset - CI24 = X
Source Receiver WU [dB]
Signal Gain [dB] 1 2 3 1 5 5 7 3 3
-- Signal _— = - = 2 ! & _Z
e-Sweep (20Hz-20kHz) - - Start ] ] ] ] ] ] ] ] ]
I ENa. i
[T Intermittent
Length [s] Close Help
5.46 ~
Loopback ch: — w~
Test 0 Pre-Average: |1
= 876 870 -1073 -1087 -1086 -1093 -1069 -1057 -1094
Preset | Device | Charnels Project Environment User Info  Posttion Auto Measure 10 11 12 13 14 15 16 17 18

] ]
Sound device setup:
Cl24 v
Level Calibration:
Not Calibrated ~ || Calibrate
System Calibration:
Not Calibrated ~

Input level not calibrated



https://www.behringer.com/downloads.html
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3.2 Startup sequence
After setting up the XR18 in the Zircon software, the following startup sequence will normally
be successful:

1. Connect the USB cable and turn on the Cl24
2. Wait at least 11 seconds
3. Start DIRAC and open the Measurement window

Note however, that connection and startup order matters. After turning on the CI124, it takes 11
seconds to complete starting up and, if the USB cable is connected, register with the Windows
Device Manager, which then gets the ASIO driver up and running. When the Zircon software
is started, it will only once check the availability of a valid ASIO driver and, upon opening the
Measurement window, initialize it. Therefore:

e If the Zircon software is started while the ASIO driver is not (yet) running, opening the
Measurement window will display the following error message, and require a restart of
the Zircon software, but now with the ASIO driver running:

u Dirac - error {184) >

"8_. \ Avalid ASIO driver is not available

!
e If the Zircon software is started while the ASIO driver is running, after which the Cl24
has been turned off or the USB cable disconnected, opening the Measurement window

will display the following error message, and require a reopening of the Measurement
window after restoring the connection:

u Dirac - error (181) >

I-Q-I Cannot initialize the ASIO driver
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3.3 Dryrun test
The dry run test simulates part of a field measurement in order to recall procedure steps and
prepare the session along a road or railway.

3.3.1 Alignment (dry run)
1. If applicable, on the Preset tab, load the Zircon setup. The preset name and associated
sound device are displayed in the title bar. On the Device tab, sound device Cl24 is

selected.
. Dirac - Measurement - Zircon* - Cl24 — X
Sopurce Receiver VU [dB]
Signal Gain [dB] 2 3 4 5
Signal
e-Sweep (125Hz-BkHz) et ==
[ 1] [ e
(] Intermittent
- |
Length [=] Close Help
273 b
Loopback ch: 17 s
Test _30 Pre-Average: |1 = — — —
-50. 502 802
Presst Device Channels Project Envionment Userinfo  Position  Auto Measure  Align 7 8 2] 17
- - - -

Sound device zetup:
Cl24 ~

Level Calibration:
Not Calibrated w Calibrate

System Calibration:
Mot Calibrated -

e || T BE T AL

2. VU meters 1 through 9 should react to sound at microphones 1 through 9 respectively,
and after clicking the Test button (mind the Gain!), a sweep should be heard from the
LS24. Click the same button again to stop the sweep.

3. Select the array from the Receiver dropdown to make the Align tab visible

4. On the Align tab, select Measurement type Reflection (for Rl measurements), and then
click the Run button.

Now, a repetitive short sweep is heard, and the distance errors in mm between the LS24 and
the MA24 center and corner microphones are shown in color-coded circles. Note that for
accurate source-receiver distance measurements, the loopback channel is used, and set to 17.

5. If the numbers within the circles are not changing and remain at 0, close and re-open
the Measurement window.

6. To maximize the circles for a better view, click the Expand button and then maximize
the Aligner window.
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. Dirac - Measurement - Zircon* - Cl24 = X
Sopurce Receiver VU [dB]
Signal Gain [dB] 1 2 3 4 5
Signal
e-Sweep (125Hz-BkHz) et I =
] T fpert

() Intermittent

- |

Length [=] Close Help

273 b
Loopback ch: 17 s
Test _30 Pre-Average: |1 = = = =

915

=1
s
[
=1
i
0
i
[
[
i
i

Presst Device Channels Project Envionment UserInfo Postion Auto Measure Align 17

Measurement type
O Reflection () Transmission
O O Expand Fun 521 521 519 521 59.5

Input level not calibrated

RED = too far away (error positive)
GREEN = OK (within £25 mm)

7. If the distance errors look evidently unrealistic, the sound level may be too low for the
distance measurements, hence have to be raised.

8. Adjust the LS24 or MA24 position to get 5 green circles, and then click the Stop button.
Now the distance between loudspeaker plane and the microphones is sufficiently close

to 125 cm.

[
(-
(I -
:
(I - | |
:

BLUE = too close (error negative).

3.3.2 Measurement (dry run)

1. Fill out the Project tab. Measured files will be saved in the entered folder, and the file
names will optionally include the Project and Location designations (menu Setup >
Options > Autoname). In this example, Autoname is set to include the Project name
(Barrierl), the Location name (reflection reference R_Ref) and the receiver/microphone
number (RON) in the file names.

10
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Presst Device Channmels Project Envionment Usernfo  Postion  Auto Measure  Align 6 7 8 3 17
- - - - -

Project: |Barrier1 | Auto save @

Location: |R_Ref | Add to project @

Group: |Reference |

Folder: C:\U=sers\jhak\Document=\Dirac\Barrier1

Input level not calibrated

9. On the Environment tab, you can enter the expected environmental conditions in the

field.
Preset Device Channels Project Envionment Userinfo Posttion Auto Measure  Align & 7 8 3 17
] ] ] ]
Temperature [*C]: 200
Pressure [hPa]: 1013
Humidity [%]:  50.0
-85.0 85.5 -85.8 -85.8 998

Input level not calibrated

10. On the User Info tab, enter all remaining relevant measurement info.

Presst Device Channels Project Environment Userinfo  Postion  Auto Measure  Align 6 7 8 2]

Engineer: [John Siroad Copyright:

Comments: | Barrier 1
Milestone 1234
HW: L524, MAZ4
SW:DIRACT.3

890 891 887 892 1001

Input level not calibrated

2. Click the Test button, set the Gain slider to a reasonable sound level with respect to the
background noise, and then click the Start button to perform the test measurement.

3. The Project window opens and finally shows 9 impulse responses, representing the
free-field results.

4. By double-clicking an impulse response, DIRAC will display it in Impulse Response
view, and you can zoom in to see more details. The window can be closed again by
clicking the top right corner.

5. Select the Graph view (menu View > Graph or is# Graph button).

6. Open the Properties dialog (Setup menu or Properties button).

11
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#% Project - Barrierl.dpj* - O *

Project  Group  File Edit  View Process Setup  Script  Help

PPOO0 e 90 @«
63 e @O

Barrier1 CAUsers\jhak\Documents\Dirac\Barrier!\Barrier1 R_Ref R01

= D- Reference
| Barrier! R_Ref R0O1 001 |
Barrier1 R_Ref R0Z2 001

CAUsers\jhak'\Documents\Dirac\Barrier!'\Barrier1 R_Ref R02 |

Barrier1 R_Ref R03 001
Barrier1 R_Ref R04 001
Barrier1! R_Ref R0S5 001

Barrier! R_Ref R0 001 CAUsers\jhak\Documents\Dirac\Barrier!\Barrier1! R_Ref R0O3 00
Barrier1! R_Ref ROT 001
Barrier1! R_Ref R0 001
Barrier1! R_Ref R09 001
| ChUsers\jhak\Documents\Dirac\Barrier1\Barrier1 R_Ref R0D4 00

CA\Users\jhak\Documents\Dirac\Barrier1\Barrier1 R_Ref ROB

C\Users\jhak\Documents\Dirac\Barrier1\Barrier1 R_Ref ROE 00

C\Users\jhak\Documents\Dirac\Barrier1\Barrier1 R_Ref R } ‘

CA\Users\jhak\Documents\Dirac\Barrier!\Barrier1 R_RefR

Ready 00:00:00.0817517

I Dirac - C\Users\jhak\Documents\Dirac\Barrier\Barrier] R_Ref RO1 001.wav = [m] *

File  Edit View Parameters Process Setup Debug  Script  Window  Help ‘

Position: 2435 /50.750 ms /17160 m -0.082 Impulse Response
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7.

10.

11.

12.

From the Parameter list on the left, select Levels > INR (Impulse response to Noise
Ratio), and wait for the INR curves to appear.

The INR reflects the quality of an impulse response measurement and should preferably
exceed 25 dB for each microphone and at all third octave frequencies from 100 Hz
through 5 kHz. If this is not the case, then this might be due to background noise,
environmental fluctuations or an incorrect setup.

So, if necessary, repeat the measurement with a corrected setup and/or under improved
conditions, such as an adjusted source signal level or a higher Receiver Pre-Average
value in the Measurement window, until the INR values are good or at least optimal.

#% Project - Barrierl.dpj* = [m] *

Project  Group File Edit View Process Setup  Script Help

Q006 e @0 @
0P P9C 00000000 ~ -

=) B Barriert
e rererce

@ Barrier! R_Ref RO1 001
@  Barrier R_RefROZ 001
Barrier! R_Ref R03 001
Barrier! R_Ref R04 001
Barrier! R_Ref ROS 001
i Barrier! R_Ref R0E 001
@  Barrier! R_Ref RO7 001
@  Barrier! R_Ref RO 001
@  Barrier! R_RefR02 001

INR [dE]

30

T T T T
125 250 500 1k 2k 4k
Frequency [Hz]

= Reference

| Ready 00:00:33.5611067

If the measurements were repeated under different conditions to optimize the INR,
delete all intermediate trial impulse response files in the folder, and then restart the
measurement under the current optimal condition.

To simulate measurements in front of an NRD, on the Project tab, set Location to
“R_Posl” (denoting the reflection measurement at NRD position 1), set Group to
“Reflection”, and on the Position tab, enter Source: 1 and Receiver: 1.

Because indoor Rl measurements are meaningless anyway, keep the setup as is, and
click the Start button to perform a test measurement.

The Project window opens and finally shows another 9 impulse responses, now
representing the reflection results for source position 1.
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#¥ Project - Barrierl.dpj*

Project  Group  File Edit  View

@O0 e

009 O0C

=-{_J M Barrier1
—a= Reference
= Barrier! R_Ref RO1 001
Barrier! A_Ref R02 001
Barrier! R_Ref RO3 001
Barrier! R_Ref R04 001
Barrier! R_Ref ROS 001
Barrier! R_Ref R0S 001
Barrier1 R_Ref RO7 001
Barrier! R_Ref R08 001
Barrier! R_Ref ROS 001
Barrier! R_Pos1 RO1 001
Barrier! R_Pos1 R02 001
Barrier! R_Pos1 R0O3 001
Barrier! R_Pos1 R04 001
Barrier! R_Pos1 ROS 001
Barrier! R_Pos1 R0E 001
Barrier! R_Pos1 RO7 001
Barrier! R_Pos1 R0O& 001
Barrier! R_Pos1 R0OS 001

1
H H H H H H H H H m H H H H H H H H H
sosssesecligsecncnnn

Ready ]

3.3.3 Processing (dry run)

Process  Setup  Script Help

oe
Q0 00 900 ©0 .

C\Jsers\jhak\Documents\Dirac\Barrier\Barrier! R_Ref RO 001 wav
CA\Jsers\jhak\Documents\Dirac\Barrier1\Barrier! R_Ref R

C\Jsers\jhak\Documents\Dirac\Barrier\Barrier! R_Ref RO3 001 wav
ChUsers\jhak\Documents'\Dirac\Barrier1\Barrier! R_Ref R04 001 wav
C\Jsers\jhak\Documents\Dirac\Barrier\Barrier! R_Ref RO 001 wav
C\Jsers\jhak\Documents\Dirac\Barrier\Barrier! R_Ref ROS 001 wav

C\Jsers\jhak\Documents\Dirac\Barrier\Barrier! R_Ref RO7 001 wav

C:\Users\jhak\Documents\Dirac\Barrier1\Barrier! R_Ref R

00:02:07. 7117730

After performing all simulated measurements, each of the resulting 18 impulse responses has
its correct source and receiver number, which is required to enable subsequent processing.

1. In the Project window, from the Process menu, select Zircon.

2. Fill out the Zircon dialog box, entering the proper NRD height and Array heights, and
selecting a Reference group and a Measurement group to be processed.

u Zircon
Measurement type: Source directivity:
1793-5 (reflection) ~ | |Ls24 ~
Reflection
MNRD height [m]:  Amay height [m]:
40 20 Windows...
Reference group: Measurement group:
Reference ~  Postion1 ~
Process Help l Cloze ] |

3. Ifthe NRD or array height differs from the defaults (4 m and 2 m), click the Windows. ..
button to review and modify the proposed Adrienne temporal window lengths. It is
recommended to prepare this prior to the field measurement session.
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Ml 2drienne window setup - *
100 Hz 125 Hz 160 Hz 200 Hz 250 ... 5000 Hz
b 79 79 79 60
T 79 79 79 6.0
T 79 79 79 6.0
4] 79 79 79 79 6.0
5| 79 73 79 79 60
el 79 73 79 79 60
6.0
] 6.0
9 6.0

13. Close the Zircon dialog box and in the Measurement window, set the Receiver Pre-

Average value to 16: the minimum required according to the standards.

14. Quit Dirac and turn off the C124 unit.

15. If necessary, the dry-run folder can be deleted.

3.4 Some tips

1.

If for the MA24 a hanging construction is required, because of a very high or inclining
NRD, please refer to technical note TNO18 — Zircon — Alignment [10].

The cable roll ties can also be used to tie the cables to the tripods.
It may be convenient to have both a tape measure and a laser measure.

Bring rubber bands to secure typically loose parts of the source tripod, such as the
crank, that otherwise might rattle during loud sine sweeps. Although it will usually not
affect the measurements, it may be annoying.

Avoid any contact of connectors with the ground. After releasing a connector, do not
drop it on the ground, put it in a clean place.

The setup is now ready for field measurements.
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4 Field Measurement Procedure

Reference plane of the NRD \

025m
< 1.25m >l >
Noise
LS24 MAZ24 Reducing
Device
—

Notes
1. Hereafter, text printed in italics refers to the terminology as used in the standards.

2. The screenshots shown hereafter are for illustration purposes only.

3. This procedure starts with the reference measurements, but it is also possible to start
with the NRD measurements.

4. Alignment of the source and measurement grid, mutually as well as with the noise
reducing device (NRD), is usually the most elaborate part of the whole measurement
process and may be particularly challenging and time consuming on irregular terrain or
with non-flat complex devices for which the reference plane does not coincide with the
NRD. Therefore:

e The tripods included with the Zircon provide bubble levels and (direct-gear) cranks
to adjust the height, which can be used as first order alignment tools.

e The MA24 is equipped with adjustable spacers to simplify alignment with the NRD.

e The Zircon software features an alignment function that simplifies alignment of the
LS24 with the MA24.

16
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4.1 Free-field (Reference) Measurements

4.1.1 Introduction

Reference measurements must be repeated for each measurement session, or when
measurement conditions such as temperature or relative humidity have changed significantly
since the previous free-field measurements.

1. Connect the C124 to mains power, the laptop, the LS24 and the MA24 and turn it on.
2. Wait at least 11 s (see section 3.2) and then start the Zircon software.

3. Open the Measurement window and, if applicable, on the Preset tab, load the Zircon
setup.

4.1.2 Alignment (free-field)
1. Place the LS24 and MA24 on their tripods, at least 2 m away from the NRD and any
object potentially causing substantial parasitic reflections.

2. Place the LS24 visually perpendicular to the MA24 such that the loudspeaker grille
center has a distance of roughly 1.25 m to the center MA24 microphone capsule (#5).

3. Select the array from the Receiver dropdown.
4. On the Align tab, select Measurement type Reflection, and click the Run button.
5. Adjust the LS24 position to get 5 green circles and click the Stop button.

. Dirac - Measurement - Zircon V2* - Diraclib.DomainAudio.Asio. AsioPlayer-X-AlR ASIO Driver-48000
Source Receiver WU [dB]
Signal Gain [dB] 2 3 4 5
e-Sweep (20Hz-20kHz [: =tart = = = =
(11}
] L ees =
Length [s] Close Help
10.9
Loopback ch: 17
Test 35 Pre-Average: |1 z
- 79 446

-

Bl |
I‘-D

Preset Device Channels Project Enwionment Userlnfo  Postion Auto Measure Align

Measurement type
© Reflection () Transmission
.= .H Expand [St_L]

fu .
& ||| —
b b
& o — |5
P ==
b
-l
:
-l
;

459 468

b
1
—y

Input level not calibrated

17
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4.1.3 Measurement (free-field)
1. Fill out the Project tab. Measured files will be saved in the entered folder. In this
example, Autoname is set to include the Project name (Barrierl), the Location name
(reflection reference R_Ref) and the Receiver/microphone number (ROn) in the file

names.

. Dirac - Measurement - Zircon - CI24

Source
Signal Gain [dB]
e-Sweep (125Hz-8kHz) -~ ]
]
[ Intermittent
Length [s]
273 b

|
X

Receiver VU [dB]

Signal Start

lll e Import

Close Help

Loopback ch: 17 e

»
| ] -
¢ | I
| ]
(R -
% | I

Project: |Barrier 1

Location: |R_Ref

Group: |Referen ce

Test 0 Pre-Average: |16 o
= 88.8 89.4 89.2 88.6 89.0
Preset Device Channels Project Environment UserInfo Postion Auto Measure  Align 6 7 8 2] 17
- - - -
| Auto save
| Add to project
Folder: Cihllsers\jhakiDoc irac\Barrier1
-88.6 830 833 888 999

Input level not calibrated

2. Set the sound level well above the background noise level.

3. Click the Start button to perform the measurement.

#% Project - Barrierl.dpj*

Project  Group File  Edit  View

Q006 we @

0O 90

= --{:_I = Barrier1

Barrier! R_Ref R01 001
Barrier! R_Ref R02 001
Barrier! R_Ref R03 001
Barrier! R_Ref R04 001
Barrier! R_Ref ROS 001
Barrier! R_Ref R0S 001
Barrier! R_Ref ROT 001
Barrier! R_Ref R02 001
Barrier! R_Ref R0S 001

Ready

Process  Setup  Script  Help

@
~1=) @0 OO I

C\Users\jhak\Documents\Dirac\Barrier1\Barrier1 R_Ref RO

001 wav

C\Users\jhak\Documents\Dirac\Barrier1'\Barrier1! R_Ref RO

C\Users\jhak\Documents\Dirac\Barrier\Barrier! R_Ref RO3 001wav

C\Users\jhak\Documents\Dirac\Barrier1'\Barrier1 R_Ref RO

C\Users\jhak\Documents\Dirac\Barrier1\Barrier! R_Ref RO5 001wav

C\Users\jhak\Documents\Dirac\Barrier1'\Barrier1! R_Ref RD K

C\Users\jhak\Documents\Dirac\Barrier1'\Barrier1 R_Ref RO

C\Users\jhak\Documents\Dirac\Barrier1'\Barrier1 R_Ref RO K
—
00:00:00.0817517
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4.1.4 Validation (free-field)
1. Select the is#f Graph view.

2. Select parameter INR and wait for the INR curves to appear.

3. If necessary, repeat the measurement with a corrected setup and/or under improved
conditions, such as an increased Source Signal Gain or Receiver Pre-Average value, set
in the Measurement window, until the INR values are good or optimal.

| #% Project - Barrier].dpj* = a *

| Project  Group File Edit View Process Setup  Script  Help

Q000 Ve 90 9@
OO QO 00 ¢Ee OO |mumm—m— I

=-{_|=m Barrier
=-{ ) Reference
ﬂ Barrierl R_Ret ROT 001 100
@  Barrier! R_Ref R0Z 001
@  Barrier! R_Ref R03 001
@ Barrier! R_Ref R04 001
@  Barrierl R_Ref RS 001
@ Bamrier! R_Ref R0 001 75 A
@  Barriert R_Ref RO7 001
@  Barriert R_Ref ROZ 001
L.  Barrier! R_Ref R0Z 001 5
=
z 50
=
25
o T T T T T T
125 250 500 1k 2k 2%
Frequency [Hz]
Q Ready 00:00:00.0817517 .|

Example of good INR curves, under silent and wind-free outdoor conditions
(all far exceeding 25 dB).

4.2 NRD Measurements
This part of the procedure must be executed for each measurement position at the NRD.

4.2.1 Alignment (NRD)
1. Move the MA24 to the correct position in front of the NRD and align it with the
reference plane, ensuring a distance of 25 cm between the center microphone and this
plane. Use can be made of the spacers in the corners.

2. Place the LS24 visually perpendicular to the MA24 such that the loudspeaker grille
center has a distance of roughly 1.25 m to the center MA24 microphone capsule (#5).

3. On the Align tab, select Measurement type Reflection, and click the Run button.
4. Adjust the LS24 position to get 5 green circles and click the Stop button.
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4.2.2 Measurement (NRD)

1. Fill out the Project tab. Measured files will be saved in the entered folder. In this
example, Autoname is set to include the Project name (Barrierl), the Location name
(reflection position 1 R_Pos1) and the Receiver/microphone number (ROn) in the file

names.

. Dirac - Measurement - Zircon* - CI24

Source Receiver
Signal Gain [dB]
Signal
e-Sweep (125Hz-8kHz} -~ .
aee
— [ E——

) Intermittent

Length [g] Close
273 w
Loopback ch: 17 w

Test 0 Pre-Awverage: |16

Preset Device Channels Project Envionment UserIrfo Postion Auto Measure  Align

Project: |Barrier1 | Auto save @

Location: |R_Pus1 | Add to project (@

Group: |Pus'rtiun1 |

Folder: Chlsersijhak\locuments\Dirac\Barrier1

*

(I -
(I
(I

da
o
da
o
=
da
@
o

dn
1| |- —

i-

(-

o WD

4.3 Processing

o
© | T
=

Set the Gain slider at the same value as with the reference measurement.
Click the Start button to perform the measurement, resulting in 9 impulse responses.
In Graph view, select parameter INR and wait for the curves to appear.

If necessary, repeat the measurement under improved conditions for better INR values.

In this example, the NRD is measured only at 2 positions, R_Posl and R_Pos2, but normally

more measurement grid positions apply.

1. In the Project window, from the Process menu, select Zircon.

2. Fill out the Zircon dialog box, entering the name of the Reference group and barrier
Measurement group. It is assumed that the proper heights and associated Adrienne
Windows have been entered in preparation of this measurement session. Otherwise the
proper settings may be entered at a later stage, and the current results may deviate at the

lowest frequencies.
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H zircon ¥

Measurement type: Source directivity:
1793-5 (reflection) ~ | L524 ~

Reflection
MNRD height m]:  Amay height [m]:
4.0 20 Windows...

|
Reference group: Measurement group:
Reference ~  Position1 v

|

3. Click Process, resulting in a group with the name of the processed measurement group,
with extension “RI”, and containing 9 new 2-channel RI files with the name of the
processed files, also with extension “RI”.

4. Repeat 2 and 3 for the other measurement groups.

The RI files contain the reflected sound in channel 1 and the incident (free-field) sound
in channel 2, from which the partial Reflection Index (RI) can be calculated.

#¥ Project - Barrierl.dpj* = [} X

| Project Group File Edit View Process Setup Script  Help

PPO0 Lo 90 @@
0090 00 00 ¥Yee ©O I

=-{_)Em Barrier1
f-(_ B Position2_RI
-] E Position1_RI ]
ﬂ Barrier! R_Pos1 R01 001_RI
Barrier! R_Pos1 R02 001_RI
Barrier! R_Pos1 R03 001_RI
Barrier! R_Pos1 R04 001_RI
Barrier! R_Pos1 ROS 001_RI 075

Barrier! R_Pos1 R0S 001_RI
Barrier! R_Pos1 RO7 001_RI
Barrier! R_Pos1 RO2 001_RI

Barrier! R_Pos1 ROS 001_RI

= 0.5
-] Reference §
- JEm Position1
-] Positionz
0.25 +

Frequency [Hz]

== Position1_Rl

Ready 00:00:04.03654593

5. The figure below shows a single RI file in Impulse Response view, showing the
Adrienne windows in red.
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u Dirac - CA\Users\jhak\Documents\Dirac\Barrier1\Barrier1 R_Pos1 RO1 001_RlLwav = [m] *

File Edit View Parameters Process Setup Debug  Script  Window  Help

OQUO® PVIPOVPV PVOL VLY VOBV 9O |-

Position: 1000 /20.833 ms /7.044 m -0.063 Impulse Response

4.3.1 Validation of the calculated RI-files

4.3.1.1 Reduction Factor Rsub
1. Inthe Properties dialog select parameter Absorption/Rsub

2. Rsub should exceed 10 dB for each RI file. If this is not met, the measurement and
reference setups differ too much, and a new alignment is required for the (reference-)
measurements.

#% Project - Barrierl.dpj* = O X

Project  Group  File  Edit View Process Setup  Script Help

QP00 Lo @0 9@
LN N N e 40 OO0 Ermm—

= | Barrier1

=) M Posttionz_RI

—D. Position1_RI 35
. @ Barrier! R_Pos1 R01 001_RI
Barrier1 R_Pos1 R0Z 001_RI
Barrierl R_Pos1 R03 001_RI 30 +
Barrier1! R_Pos1 R04 001_RI

Barrier1 R_Pos1 R0S 001_RI

Barrier1 R_Pos1 R0S 001_RI 26 7
Barrier1 R_Pes1 ROT 001_RI

Barrier1! R_Pos1 R02 001_RI

Barrier1 R_Pos1 R0% 001_RI

+ . Reference
=) Positiont
=-{_ ) Position2

Rsub [dB]

== Position1_RI

Ready ) 00:00:00 0312?4_1_ _
Example of all sufficiently high Rsub values (all exceeding 10 dB).
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4.3.1.2 Gain Correction Factor Cgain
1. Inthe Properties dialog select parameter Absorption/Cgain.

2. Cgain of any RI file should deviate no more than 20% from unity, or the measurement
setup should be checked, and the measurements performed anew.

#% Project - Barrierl.dpj* = a X

| Project Group File Edit View Process Setup Script  Help |

@900 e 00 @@ |
00 9OC @O 00 ¢e9 OO '

=Bl Barriert
-{_J B Position2_RI
EID. Position1_RI 12

Barrier! R_Pos1 RO1 001_RI
Barrier1 R_Pos1 R0Z 001_RI 115 4
Barrier! R_Pos1 R03 001_RI
Barrier1 R_Pos1 R04 001_RI
Barrier! R_Pos1 RS 001_RI 114

Barriert R_Pos1 RO7 001_RI 1.05 H
Barriert R_Pos1 RO8 001_RI
Barrier! R_Pos1 RO9 001_RI

=
£ 4
D. Reference g-;ﬂ
-] Position1
- Position2 0.95
038 +
0.85 I
| ___ | _____ L | |

= Position1_RI

| Ready 00:00:00.0315213

Example of fairly low but acceptable Cgain values (all within 20% from unity).

Barrier1 R_Pos1 R06 001_RI |

4.3.1.3 Signal to Noise Ratio SNR
1. Inthe Properties dialog select parameter Absorption/SNR.

#% Project - Barrierl.dpj* = a X

Project Group File Edit View Process Setup Script  Help

@006 e 90 @@
00OOO 9000 Fe® 00 «~

=] I:_I. Barrier1
(#-{_J Il Position2_RI
E2M] _|rosiion1_Ri 100

. Barrier1 R_Pos1 R01 001_RI

Barrier1 R_Pos1 R02 001_RI
Barrier1 R_Pos1 R03 001_RI
Barrier1 R_Pos1 R04 001_RI
Barrier1 R_Pos1 R05 001_RI
Barrier1 R_Pos1 R0S 001_RI
Barrier1 R_Pos1 ROT 001_RI
Barrier1 R_Pos1 R0& 001_RI
Barrier1 R_Pos1 R09 001_RI
{JB® Reference

-{_J M Position1

- Position2

75 o

SNR [dB]

T T T T T T
128 250 500 1k 2k 4k
Frequency [Hz]

== Position1_RI |

Ready - 00:00:06.3457130
Example of all sufficiently high SNR values (all exceeding 10 dB).
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2. All SNR values of the RI files should exceed 10 dB. If this is not met, the measurement
should be repeated at a lower background noise level, the measuring time should be
increased, or the Pre-Average value should be increased.

4.3.2 Results
1. Check the Group level boxes to view the Reflection Index (RI) for each group.

#% Project - Barrierl.dpj* = (m} X

Project  Group  File Edit  View Process Setup  Script Help

@006 e 9o e
00096 0060000 00 - ;

= Barrier!
--l:l. PositionZ_RI
BT oo o) :
Barrier1! R_Pos1 R01 001_RI
Barrier1 R_Pos1 R0Z 001_RI
Barrier1! R_Pos1 R03 001_RI
Barrier! R_Pos1 R04 001_RI
Barrier! R_Pos1 RDS 001_RI w5 q

Barrier1 R_Pos1 R0S 001_RI
Barrier1 R_Pos1 RO7 001_RI
Barrier1! R_Pos1 R0S 001_RI
Barrier1 R_Pos1 R0% 001_RI

[ --l:l._ Reference E: 051
- Em Positiont
&) Position2
0.25 -
o T T T T T T
125 250 500 1k 2k 4k
Frequency [Hz]
Ready 00:00:05.5951862
2. Check the Project level box to view the single number rating of sound reflection
(DLRi).
#¥ Project - Barrierl.dpj* B — [} X

Project  Group File Edit View Process Setup  Script Help

@006 e 90 @@
00006 0@ e 90 00 - -

BE 1 _|Barrier] DLRI [dB] Avg
- Bl Position2_RI -
(B Position1_RI » Barrier1 4.6
(- B Reference
[i-() B Positiont
[-[_J Position2

5 Measurement Uncertainties

For measurement uncertainties of RI(j) at each third octave frequency band j and DLg, [dB], use
the standard deviations of table A.1 in EN 1793-5:2016 after the QUIESST project. These
values represent estimations and are based on the median standard deviations of reproducibility
and a Gaussian distribution with a coverage factor of 1.96 or 95 % confidence level.
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