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Application Noteof the KLIPPEL R&Eystem(DocumentRevision 14)

FEATURES ’
1 SPL at any point in 3D space in
nearandfar field

1 Sound PowerSensitivity,
Directivity Index

1 Polar Plot, Directivity Ballogn
Contour Rot

1 Automatic measurement of multiple
transducers

1 Superposition of multiple sound source

1 Simulation obeam steeringand
crossover settings
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APPLICATIONS

1 Line Arrays
Sound bars
Beam steering
Crossover design
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DESCRIRON

Using traditional far field measuremetdchniquesdeterminingdirectivity of large speaker array implicate
a lot of difficulties for the data acquisitionaFfield conditions cannot be reached becausehaflimited size
of the most anechoic rooms and the very directiorediation pattern requiresa time consumingneasure-
ment with high angular resolution g).

The holographic measuremeniethod of the Near Field Scannean cope with thee particularities but the
complex sound field (especially near field effects) requires a high number of expansicatedna lot of
measurementpoints. Decomposing the speaker intihe individual transducerby measuring with a multi:
plexer,the sound field of each sourdeecomesrelatively simple Thus the devicecan be describedvith a
limited number of multipoleg&nd a mininum number of measurement points

In addition, the acquired source data includes diffraction effects of the loudspeaker cabinet and is a
bas for further simulation e.g. beam steering.

Article number  #25206010, #2520012, #2520017,, #2800102, #2806104
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1 Overview

1.1 Principle

The measurement is baseh an elementary characteristic of sound waves;
perposition. That means the complex sound pressure field of two indivi feeal]f Y
sources ffrand pz2) canbe summed to a resultant sound pressure figigta. * Prota

n hon

This application note shows how sound wave superposition can be combined wittographic measuremen
system (NFS) to determine more accurate, versatile and comprehensive measurement data of large al
vices (e.g. Line Arraysound bars, etc.)
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Step 1: Automatic measurement

At first a near field scan is performedsibg a multiplexer, each transducer is measusegarately in only 1
scan. During themeasurementhe deviceunder test is not move to avoid positioning mismatches and dete
mining accurate phase data for each transducer.

Step 2: Holographic Field Identification of each source

After the measurement, thsound field of each transducer is identifibgl the spherical wave expansion. B
cause of the separate measurementhe individual sources are relatively simple and the sound field ca
modelled with a relative low number of expansion tegrsaving measirement points and time.

Step 3: Superpositiomf sound sources

Inthe last processing stethe individualsourcesare superimposed in the visualization softwdeceextrapolate
the entire sound pressure output at any position in 3D space. In addition, adding a time delay or compl¢
to each sound source the beam steering can be directly simulated based on the measured source data.
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1.2 MeasurementResults

SOWD PRESSURE  ~ SoundPressurelevel over frequency at
LEVEL . WJM any position in 3D space.
: ) \’ // N \30\"/9\(( Axis
% “ 60°Off s |
* 100 fin Hz 1k 10k
SOUND POWER Total radiatedSoundPower of the device
under test.
e Sound power characterizesthe inte-
Eo grated soundpressure level over all radi
2" ation angles.
“ e fin Hz * o
DIRECTIVITY INDE .. The Directivity Indexsummarizes the re-
lation between the sound pressure leve
£ of all radiation angles compared to th
g On-Axis sound pressure level.
8, An omnidirectiorl source has a directiv
: ity index of 0.
o finHz o o
SENSITIVITY On-Axis sound pressurevel referenced
. /\mem—mw,/wm to 1m distance andlW electrical input

power (2.83V for B)

0 . * 10k
fin Hz

CONTOUR PLOT The contour plot visualizes the radiatic

behavior over frequency and the pol:
angle theta.The color scale indicates th
Sound Pressure Level.

/
/

POLAR PLOT . o Polar plots visualize the radiation pattel
/\/ l ) ;)ver the polar angle theta for a specif
g& ~ requency
C gy
\/ \}

210 330
S/
210 300
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DIRECTIVITY BAL- , The kalloon plot shows the radiation be
LOON . haviour over phi and theta for a specif
- . frequency

*- |

2 Requirements

2.1 Hardware

NEAR FIELD 3D microphone positioning systeaomprising Hardware C8
SCANNER 3D Measurement Software and Visualization Softwdté.
DA2

Distortion Analyzer 2 is the hardware platform for tt H1
measurement modules performing th&gnalgeneration,
acquisition and digital signal processing in real tidg

MU LT P X e e s 08 channel multiplexing hardware that is directly controll. A8
(SPEAKON = by the Klippel Softward3]

MICROPHONE Free field microphone with omnidirectional directivil A4
characteristic over the desired measurement bandwidtt

AMPLIFIER Amplifier with a flat frequency response over tHesired
measurement bandwidth

2.2 Software

TRF MODULES?) The Transfer function (TRF) is a dedicated PC software module for measuren
the transfer behavior of a loudspeak¢?]

NEAR FIELD SCANNEF pasic NFS package includes the measurement control, the basic post process

SYSTENCS) anechoic measurements and the standard far field visualizat[ahs.
NFS MULTI SOURCE  Add-On module of theNFS sualization Software that superimpasihe sound field
SUPER POSITION of multiple sound source$l1]

KLIPPEL ROBOTICS  The RoboticSoftware manageghe data acquisitionThat means it moves the NF
Hardware, switches the multiplexers and performs the measurements.

Required for noranechoic measurement.

NFS FIELD SEPARATIC Add-On module to perform the measuremeit anon-anechoic environment. Thy

field separation module separates room reflection from the direct sound of
DUT [1]
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3 Performing a measurement

3.1 Introduction

Targes The example measurement of a two way loudspeaker system gives an oveivilea/

measurement and aadysisprocess of a NFS measurement with multiplexers.
Thefollowing questions will be discussed:
1 How to setup a measurement using the multiplexer control of the measuren
software?
1 What are the particularities in the holographic processing (Field Identificati
1 What are the possibilities in the visualization?

@) Pleasealsoseethe NFS 8ftware Manual and SoftwareDocumentationwindow for urther information

Device under test | the following examplea vented twowayloudspeaker syster
is measured to show the basic workflow.

There is no limitation fothe number of transducers. That mear
also sound bars or line arrays with much more transducers
be measuredsimilar.

3.2 Statt Klippel Robotics and create mew measurement

1) Start Klippel Robotics: 2) Select Template: 3) Select Results Path
| K22&S aYf ¢ SYLI} Select a folder and aame for the

IB measurement database
Z u .
|

8 et ermplne dsabase

G

Open Robotics Software and clicl
oNew Measurement

e
& Wemsiue mmwx

Hardware Setup rement Edit Setup

Start /Dup\ca\ surement Calibrate Devices - Dateityp: |Kiipprel Dalsbaselkon (" kaitm) 2
Save as template Reset Dimensions -—ﬂ ro— & Ones swsblenden ‘ e — ‘ﬁ
3.3 Hardware Setup
1) Open Hardware Setup: 2) Initialize Axes 3) Activate Remote Control:

/ f A OlnltaIBlﬁttSn ofieach axis / f A Mshual Movementt (i 2
: vate the Remote Control

Save as Default

[ Set New Origin ]

/ £ A BdrdwareiSetup to open
the hardware dialog window.

Hardware Setup New messurement Edt Setup

Start Duplicate measursment Calibrate Devices

Bt Save astemplate Reset Dimensions

Please consider the correct order:

1t RAXis(Di ion 1 .
© In case oproblem during the hard- i Ph;ﬁii(s '(gﬁ?;o;on) 2 Now you can move the axes with tf
ware setup please sedrouble Shooting 34 ZAxis (Dimension 3) remote controlor the -/ + buttons,

which is needed for the next steps.
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4) Calibrate MicrophondPosition:
/| £ A O%eANed® Origia ¢ A f £ 2 LJ 1) Origin (1st Calibration)  2) Calibration Point

tion dialog Put the cone to the Origir Put the cone tdhe Calibration
[ Save s Defaut \ ][] (center of plate) point.
Intt all Dimensions {

[ Manual Movement ] G@

The nicrophonemust be calibrated either a Drive the microphone to the Drive the microphone to the
d hNRA Ay ¢  O'babbljatiz® NB R 2 T tip of the cone tip of the cone

ws Set Qugin - B
Set Ongn 2 Ongin Set Ongn ot Calbration Port
Process Process
1. Set Ongin A Ongn 1 Set Oagn A Calbration Pore
2. Set Origin At Calbration Port

Ccnflrm the position by click- Canfirm the position byclick-
ing: GAt Originé ing: 6At Calibration point

ﬁmmfmwi"w Drive the microphone cke to the tip of the cone,
Caltagon Cone Heght 3 mm but do not hit the calibration cone.

5) Configure Setuoints:
Put the loudspeaker on the Near Field Scanner amdion all ~ Save e position of the other transducs

required setup pointsDothe following procedure: 4) Scroll down the Setup Poirltist to see
1) Drive microphone to thelLJ2 A y (i MUKTivée@riRointZ

the point soup pors
lame NFS R-Ads  NFS Phi-A. NFS Zods ™
[T ] hd

2) Select the Point ithe
5) Drive the microphone in front of the

List
3) t NB%ai€

The following poirg have to be defined: woofer and save position.
Critical Point Bottom | Tweeter Point | Starting Point [ [ 1§
\ i mux
i Tweeter] L | Tweeter
< point r\ i Point2
! 1 Starting i !
E i Point EeRemn i e enee
E\C”“%ﬂ Point /A Avoid collision: Make sure that all obstacles are
Bottom inside the surface.
[ ' S:jamlzg Starting
A\ 1t must bebelow the | @ Set itapproximately | A\ It must be above I NoA Pt
platform and the tube and | 5mm in front of the the upper edge andll i ﬁ
other obstacls must be in- | tweeter. obstacles mustbe in- | K ; N
side the critical radius side the radius AR goon 4 oo A cottisiog
3.4 Save Hardware Settings ardpen Measurement Database
1) Confirm Hardware Settings: 2) Open Database: 3) Select Setup Object:
/| £ AQBg W2 O2 y'T ANY / f AEGi{Setagt 2 2 LISy Selectthe Object éSetug Phis
s . base. Obiject consisbf 3 Operation for

the measurement configuration

an
y N = g T o SmpA/
[ set | [ Duplicstemeasuem et | [ Calbroto Devices | ¢ .8 TRF transfer function
. il —— :

: B2 MeasurementArray
.3 PostProcessing
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3.5 Measurement operationg TRF transfer function

1) Connect Hardware

MICIbIN2

Distortion Analyzer g

MUX CHIbTweeter

r

MUXCHM 2 22 F SNJ

n Multiplexer

p o] [-dededlo

o

Powo ‘LESBI ‘ Mic IN1|MCI Nz‘OU‘H

ouT2 | SPEAKER

[Czee 00000606

D|

Q

‘ cH1| :H:chsl CM‘ BusA| ‘ cHsl:Hs|cH7| :Halsuss

w1

h! ¢wm

2) Select operation

Qm;‘lmer

Select the operation: D:q
= Setu
OTRF transfer functioa :

13 TRF transfer function k

(-] MeasurementArray
.88 PostProcessing

4) Configure Stimulus
{ St S OstimulugS (& o
T § LISIFTSNI m
Configure Parameters
1 Frequency Rangénfn, fmax)

1 FrequencyResolution
1 InputVoltage

\Setup\TRF b

KLIPPEL R&D System

6 DAL

3){ St S ORrocasdn® ¢d o

DASRMh . ! {

3) Property Page
Open éProperty Paget to configure themeasurement

vaeaHern@E@enx ne
5) Define Channels and H(f)
FYR RS¥F/;1){ St SOudputd K& @
hi ¢ 1 Channel I (Voltage Speaker 1Us
1 Channel 2 IN 2 (Mic)
2) Insert thecalibration factor of the mic

FYR RSTAYS

\Setup\TRF transfer function B

(Micl IN1
IVakage Speaker1) Us ©
[Vokage Speaker2) Us & (Ols

Iy R()=R2T Bs,

Info_ [ Attachments | Diiver [ Stimulus [ Input | Prosessing (30 (<[>
Window Transfer function

Us N2 Stim
© Ful © ® ©

No wind - Hif) =
o window © Hat lu}

Us N2 Stm
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6) Switch Multiplexer and Run Operation

1) Click themanualswitch button of the MUX
2) And pute 6BUS Ato 6CH £ to connect the
Tweeter

7) Check SNR

Open the Result A Y R 2YA@ Sgectrud | Y2
Spectrung. Check if the microphone signal hasigr@l to
Noise RatiogNRof at least 40dB in the passband.

. Sgiene B ose o

‘ - [T
[ i
k | ‘n
a {
u {
B |
£ 0 on % m mw I R Bom m

M

omx @ A
[ Impulse Response

[ Energy-Time Curve

[ Step Response

V1 (f) Spectrum
V2 (f) Spectrum
O Stimulus ()

@ Ifthe routing with the manual switch is not possilgease
see the multiplexer manugr]

Run the TRF operation by clicking on the gre | the \R is less increase the voltage of the Stimulu

anow. ¢ @ ®|Q|He M E(8)%|  apply averaging.

© The measurement should be performed in front of the lou Repeat the same check for théoofer.
speaker. Move the microphone to the @xxis position. OBUS A (CHZ @

3.6 MeasurementArray

1) Select Operation 2) Grid Configuration

Select the operation: h LISy InpktéS ol 0 (2 e -
dMeasurementArrayé the P_aramgte,,rlisteddzy EZ SHVN:IJA S i PARAETER -] [

- Configuratiore ® t f SI &S T o =

y e
) s 1 Number of Points L -
TRFtransfarFuncth . .
B Messurementy 1 Use Field Separation
' ’ 1 Reflection Free Distance
poe | [(Gen ] |

and open the PropeytPage
8lvicanadarn@s E&

1 Frequency Resolution

@) e thedDocumentatioré window, for information about the parameters

3) Measurement Operation and Multiplexesettings
Step 1ResetConfiguration

1) Open the CategorMeasurement Operation
2) ClickDelete all Operationdo reset the Opera-

Step3: Configure Multiplexer Settings

1) To add a switching configuration of a MUX cl
Use Multiplexer

tion List 2) Selectin the list the MUX that should be switch
[ Measurement Operation or Update List to see alMUXes
Operation List © 1 \l Operation 1 - TRF transfer function
-I] MEASUREMENT OPERATION
L] Delete F«' aion 2) Operationlist New Operation
Delete All Operations et sure? [0 Delete Operation
Update Measruement M... [0 Delete All Operations
Measurement Module Update Database a 1\
Use Muktiplexer Mesurement Module | TRF tggedarticion -/ <)\
Select Mulsinlever It e utp
MUX 0021 [~]
MUX - Activate p
Step2: SelectMeasuremeniModule 3 Trenscucer Posiion/.. |4 E P
Save Operation inList |11

1) { St SleiOparatior

the list ofMeasurement Modules

3) Select the Module for the measurement e.

GTRF transfer functiof

A YOpeiiafo8 List
2) ClickUpdate MeasurementModulesto refresh,

[=/| MEASUREMENT OPERATION

OperationList

New Operation e 1)

[0 Delete Operation 2)

[ Delete All OpEINE

Update Database

KLIPPEL R&D System

3) ClickMUX-Activateto activate the multiplexer

4) Adjustthe switchig configuration.

Forthe Tweeterset: Mode: 1x8,Ch: 1to A/B

check your configuration

5) ClickSwitch Configuratiorio switchthe MUXand

a8

MEASUREMENT OPERATION

OperationList New Operation

[C] Delete Operation

] Delete All Operations

Update Database

asurement Module TRF transfer function

er 3)
Measurement Module TRF transfer function g 3) Select Multiplexer MUX 0021 ~
e
Use Multiplexer
- - MUX - Mode 18 >
Save Operation in List [F MUX - Channell 1>A/8 4)

MUX - ICP Supply Chi-4 | []

MUX - Switch Configura... | ] <
A \)

B— 2

Save Operation in List =]
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Step4: Transducer Name + Save Configuration

@y

4 Data Processin

Setp for Woofer

1) To save the resudtin a separatedata @ntainer, Repeat step 2 for theWoofer
set the parameter TransducerPosition/Name  yse the following Settings:
E.g.0Tweetek )
2) ClickSave inOperation Listto store the current T MUXcMode:1x8
Setup T MUXc Channel2>A/B
1 Transducer Position/Nam&Voofer
MUX - Mode 1x8
MUK - Channell 2> A/B
MUX - IEPE Supply Ch1-4 | []
l) MU - Switch Configura... | []
Transducer Position/... | Woofer
‘—5 2) Save Operation in Litst (]
4) Run Operation
Run the Measrement Array After running the Script the
operation by clicking on the gree measirement points and the
arrow. multiplexer setting are shown
O in a table in the Result window
Table of Coordinates
3.7 Start Measurement
Close databas#o get back to the Robotics and PréStarté t NBéadtinué G2 {GF NI G

In the following, the Robotics Software w

J |

New measurement

Edit Setup

| control the automatic measurement.

Duplicate measurement ] [

Calibrate Devices ]

@ Hardware Saug/[
[ Start [
N [ e J |

Save as

Reset Dimensions ]

4 Data Processing

4.1 ResultDatabase

1) Open Database

After the measurement has finishedjck Show Result
dBto open the Database

Target Tumtable posson

L[ HetveeSeip | [ Newmessuemen

NES Roods- 0,193m NFS Rofs: 0L153m
NFS PryAucs: 178.1NFS Pri-kos: 1781477
NFS Zos: 0.15m NFS Zws: 0.15m

[ Duphcate measrement Calbrae Dovices |

B | sevesstempime Feset Dmsnsons |

TRF banier funciion
Sicps completed: 15771577

frgess:

Measement frished after Oh O 5sec

Sha Feah ¥ Carlirue on emor
Show Resu Foder [0 create History in Databose:
Template database path- C:\Program DataKipps!\ Robctes Kippel Templates [ Postprocess history only
: NFS3 kb

\ProgramDta' Kipoel:

4.2 Measurement Data Container

1) Select Data Container (Tweeter)
Select Operation:
1 Measurement Data Container (Tweeter)

-0 Setup /

E|I1:] Processing
. L. 1 Measurement Data Container

B3 1 Measurement Data Container (Tweeter)
-85 1 Measurement Data Container (Woofer)
-3 2 Field |dentification
B3 3 Visualization

Open théProperly Page

KLIPPEL R&D System

Vg

2) Database Structure
Open the ObjecProcessing
o Setup
=8 Processing

@ 1 Measurement Data Container
1.3 1 Measurement Data Container (Tweeter)

*3 1 Messurement Data Container (Woofer)
) 2 Field Identification

163 3 Visualization

After the measurement thi$bject should contain 2
Data Containers with names of the defined Transdu
names(e.g.d ¢ 6 SSGSNE DHYR a2 22

2) Configure Delay Settings

1) Activate the Flagdit Parameters
2) ApplyMinimum Delay =0

—
«— 2

A\ Avoidphase mismatchesUse same delafpr all ransducers!
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