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Standard acoustical tests performed in normal rooms
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Acoustical Standard Measurements
:I:.—ﬁ.‘ e
*T/ J

Far-Field Measurement under free field condition
EE% M TRITIZE
Measurement in free air (“flying” speaker, ground floor measurement)
BHRESHYNE (BRizess, twEmllE)
—  Anechoic Chambers (half space, full space)
HEE (FZE, £%E)
Far-Field Measurement under simulated free-field conditions

R RZFEE TREElE

—  Non-anechoic testing (minimum distance to boundaries) + windowing the impulse response (suppressing reflections)

JEEENL, (BhOFAIERINEE) + BPImaInEstE (HEIRET)

Near-Field Measurement under simulated far-field, free-field conditions
e T a $ | — |
=itlizls. BRGFEE TRESIE
— Near-field scanning in any non-anechoic environment + wave expansion + direct sound separation + far field extrapolation

EHAEHEEFERE RIS KY B+ BEAFED B+HTmgMNE

Applicable to a normal office room

BERTEBDAE
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Far-Field Measurement under free field condition

BB FRTmlE

Problems

Ilil

Low frequency measurements (accuracy, resolution) limited by acoustical environment

y EEUR (BE. DY) SAIMERRE)

High frequency measurements require far-field conditions (room size?)

RSN ERZEBEYE (BEXN? )

Accuracy of the phase response in the far-field depends on temperature deviations and air
movement

T BRI E A T R E RS
o]

An anechoic chamber is an expensive and long-term investment which cannot be moved
J easily

SJJE'E EEIBREKBNRE, TEEWD
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%% Problems in the Far-Field \@ii] I::l EI\J |\DjIEEEj.

Phase response depends on air temperature *H{ﬁulﬁl MHX;%F?EEGE E

Sound velocity is dependent on air conditions (e.g. temperature) %J\EHYBQ:_F?E%%#F (@UQI];E}E)

l91 =20°C - C = 343.4m/s A temperature difference of A9=2°C will change the sound velocity by Ac=1.2 m/s
9, =22°C —»c, =344.6m/s AS = 2°CE§§E§1§{§EE&§ACz1 2m/s
89, =24°C — ¢, =345.8m/s

Depending on the distance, the temperature difference will influence the sound wave propagation time:

RIBIEENAE, EESFIERIVMERERE:

Far Field Measurement Deviation:
117N & R :
At =0.05ms
required measurement distance > 5m (Ar =17 zmm)

PR AT EEER> 5m

Phase error caused by temperature difference of 2°C 2°CE"J§E§§ |@E{J1ﬁﬁﬁ%§

i B 5 miERPaROtRATRE
f=2kHz A=171.7mm 36° (0.1 A)
f:5kHZ )\=687mm 900 (025 )\) Z;ar[)l;iselld measurement are prone to phase
EIHNE S Z HIEMNIRE!
f=10kHz  A=34.3mm 180° (0.5 A)
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Far-Field Measurement under simulated free-field conditions

=B BEFA MEimlE

Technology I§ ZlS

Using gating or windowing the impulse response (Heyser 1967-69, Berman and Fincham 1973) to separate direct sound from
room reflections

ERRI MEEhNEEsk hma. (Heyser 1967-69, Berman#Fincham 1973)
BEEAESEERSSTF

Benefits ﬁ[—,,ﬁ

Good suppression of room reflections at higher frequencies

ER SR RYF D p5 Bl 59

— Higher SNR due to ambient noise separation

HTARIEEDE, SNRES

Problems r@&@ N

—  Short distance to boundaries requires short window to separate direct sound from reflected sound
SHFRNEHRE, REENEIREARSRITEEDH
—  Window length limits the frequency resolution
AR PR 7 S i
—  Short windows can cause significant errors at low frequencies

(SRR E R RE R SR &R IR

KLIPPEL-live #2 : Standard acoustical tests performed in normal rooms , 6 < P>



Poll:
JL g .
e

Do you use windowing (or other gating techniques) for separating the direct sound ?

BESFEAINE (EEMIERNA) EoBEERIX

==W4

A

e always

Sy

° sometimes

Br

° never

MA

KLIPPEL-live #2 : Standard acoustical tests performed in normal rooms , 7 < P>



VIV]

600

400

200

-200

-400

-600

-800

-1000

-1200

-1400

Speaker

Problem with Short Windows

FERTE

Microphone

L

Direct Sound

-20

]

17//%%7/,7/,7/,%7////////%%2,2:2

eflective Surface

Impulse response

o ; [

First

/ Reflections

40 60 80 100
Time [ms]

KLIPPEL-live #2 : Standard acoustical tests performed in normal rooms , 8

AY|a) R

120

115

110

105

100

95

90

85

80

75

1

/]

I
I
I

20

50

2
1
dr =2 (- dms> + (dsr)?

Ty < Tmax =

z;’ro padding

7

Transfer function

smoothed by
time window

fw=1/Ty

100

200

500 1k
Frequency [Hz]

dl‘ _ de

c

Measured Sound
Correct response /(disturbed by reflections)

Windowed

2k

direct sound

5k

10k

20k



Measurements in the Near Field

sl &

&
Advantages ﬂc,‘ﬁ“ R
Sound Pressure Field at 10 kHz -
. High SNR
10kHZRIFE &7 ==L,
ISV =127 S

bﬂ'e Amplitude of direct sound much greater than room reflections
BE*& providing good conditions for simulated free field conditions

»,
Surround BXFRIRERATZEARSS, SEIEH

IER

SRR T R

Minimal influence from air properties (air convection, temperature

deviations)
FEHHE (50 R. BERE) NN
/N

Disadvantages ﬂ,‘ﬁ“ s
. Not a plane wave

= N
AEYEK
Velocity and sound pressure are out of phase

R E M EFE

1/r law does not apply, therefore, no sound pressure extrapolation into
the far-field (holographic processing required)

1/nENABER, R, BEEAEIMNERT
7 (FEE2ELE)

<

Capture
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Good SNR in the Near-Field !

iR (EIREET !

SPL over distance at 500 Hz 10 KLIPPEL

00HzAYSPLSEERAIXER Near Field
5 HZ - PL_ o= 05 ~
KLIPPEL 10 i1
100
. A
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j&% 25

f‘ar_ﬂeld (~1/r) ;‘g SNR E;Zd
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A
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Near-field measurements have the following benefits:

I NERFLL MR

Higher SNR (typically 20 dB more than far field measurements)

HSSNR (BEELLEzNES20 dB)

. Measurement can tolerate some ambient noise (office, Workshop)

WEATLISZE—ERMRIRE (DR=E. ZEE)

. Faster measurements since no averaging required

=, WEREER
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Short History on Near-Field Measurements

il ERViE 2

gt rement e isppolitmeasurement on a cefined:axs Scanning the sound field on a surface around the source
close to the source =R\ =t R
SR FERE S LRI SRR A R EEN R

Qn-axis

IR

Weinreich (1980), Evert Start (2000)
Ronald Aarts (2008) M_elon, Langrenne, Garcia (2009)
Bi (2012)

Don Keele 1974

Robotics required %E*R%A

Postprocessing of the scanned data required %Ex‘j;ﬂﬁﬁ;&i&?iﬁﬂﬂ

NS
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R

Do you use Don Keele's single point measurement for subwoofers (sealed boxes) ?

IRE2SFEADon KeeleBaMlE R AN EE{KS
inEes (BEREIR) ?

always

B2

sometimes

B

never

MA
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Holographic Measurement using spherical waves and Hankel functions as basic functions

(3

ERNE

1st step: Measurement

B

=

Scanning the sound pressure in the near field of the source at a
single or multiple surfaces

ERN N RE LREFFRTZPHEE

2nd step: Holographic Data Processing

= R

SRR E

Expansion into spherical waves using Legendre and Hankel functions

{EALegendreflHankel K& /IR

Optimal estimation of the free parameters of the expansion (order
N(f) and coefficients C(f))

RIZRITFERSE (MEINHFIZREC()
HYBR{EIGLT

3rd step: Extrapolation

E=:

IMEE

Calculation of the transfer function H(r,f) between input u and
sound pressure p(r) at an arbitrary point r in the 3D space outside the
scanning surface

T EBA U ERE/ MDA ERR
YRS () Z [BIHIE B EREIH (1, )

Calculation of derived characteristics (directivity, beam pattern,
sound power)

BRI (5. SERSEE. )

%)

JBKELRANIN S /RERZU &

ZNELE (Y

monopole

dipoles ' . '
X # ¢ f x
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Number of points

&Y
1

100

1000

5000 +

application

RzFg

In-situ testing

PGt

Subwoofer

BERE

sound power

V-5

Directivity full-band single plane
symmetry

B BXT =S 50
TTlalE

Directivity full-band no symmetry
FEXTF =R 25
TTlE %

Professional Speakers

(R4

Sound bars
=t

Vool /-
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Holographic Nearfield Measurement

=== Sl 73l

=

Number of scanning points M depends on:

=

e EIMBEURT -

Total number of coefficients J in the expansion (M>1.5])

FEHIREIRIEEL (M> 1.5])

Maximum order N of the expansion J=(N+1)2

RABIRAREIN: J=(N+1)2

Loudspeaker type (size, number of transducers)

— —J -1-] 1 AN« —" 1 =1
mEeEl (RY. #epeBEsTdiE)
Symmetry of the loudspeaker (axial symmetry)

HERRHINIFRIE (FHEIRIFRIE)

Application of the data (e.g. EASE data)

SRR (HIRNEASESE)

Field separation (non-anechoic conditions)

FigaE (AREEFEMN)

Benefit of using a Spherical Wave Expansion:

{E X iR R AYAF AL :

Number of measurements points M required is much lower than the final angular resolution of the calculated
directivity pattern!

AN E REMIE TR S RERIREA D!

<>



How long is the Measurement ?
W EZS1<HT(E)?

Fitting error as a function of the maximum order N

AR ZE S BORH RN B AL

Bl
.

*
N 0 Ao, had SNR fKSNR N=0 =
-5t __
The measurement time depends . . N=2

U=t 0 §

-15
-> fitting error in the wave expansion (self-test)

>R EFFHOBEIRE (8i8) B

- optimum order N of the wave expansion *
2 KRS (EMEIN
- number of the Scanning Points 40

>iag .

- speed of the robotics 50

-30

Error in dB

-35

Noise Floor
HN=BARIEE &
Directivity at 2kHz: 2kHZ$L|‘E{JHr‘ET_]'r$I = fin Hz L 1ok

N=0 N=10

Ot

Sufficient accurlcy/@@z*%ﬁﬁrg
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No Symmetry

FoXIFR

Condition for used Spherical harmonics:

{SEFBRIBKIE 514

All orders used

22 (E AR M

Number of Coefficients:

RIUHE:
J= (N +1)?

Ny
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% Single Plane Symmetry (1PS) %SIZEXTJW ( 1PS)
symmetry axis aligned to the coordinate system ¢, = 0 Xjﬁﬂiﬂﬂﬂj;ﬁélé*ﬂ?% ¢S E O

Simple coupling of the coefficients on the left side (m < 0) on
the right side (m > 0)

M (m<0) FAMAR%E (m>0)
[y f] LA

C (H=C (NLD" with ="
- _ wi
g’ i 0<n<N

Reduction of Coeff|C|ents
RHEBERD
48%
(compared to no symmetry, for N = 30)
(5FXIFRELER, N=30)

Automatic Check for Single Plane Symmetry

Bl S s ERIFRIE

Additional Scanning Points

LS

Metric S;ps > 0.95

EEES ps > 0.95

\)
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/ Dual Plane Symmetry (2PS) yyzlzﬁij ( 2 PS)
symmetry axes ¢,=0 and ¢s = 90° aligned to the coordinate system ijgfm qu:O*[I ¢S = 9OOXE|-;EA£1:ZI_‘,Z%

Simple coupling of the coefficients on the left side (m < 0) on
the right side (m > 0)

Al (m<0) FAMARE (m>0) W
A

C_man(f)=0
Cinn(f)=0 i=2s,5 = 1,2,3

Crn(f)=C_,, (F)(-D)"

Reduction of Coefficients:

\Y 74 \Y 74 E\ — -~ N
A=
73%
(compared to no symmetry, for N = 30)

(STFIFRECER, N =30)

Automatic Check for Dual Plane Symmetry

E sEE P EIRIARIE

Additional Scanning Points

LRI

Metric S,pg > 0.95
}_E‘_%*ZR;ESZPS >0.95
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l Rotational Symmetry (RS) ﬁﬁi?ﬂjﬁ( ( RS)
no phi dependency '—iph I%;&

Condition for used Spherical harmonics:

{SEFERYBKIE &4
Coon =0 m+ 0

Reduction of Coefficients:

REEEE R
97%

(compared to no symmetry, for N = 30)

(STCXIFRELEL, N =30)

Automatic Check for rotational Symmetry

Eﬂﬁﬁéﬁﬁi’éﬁ?ﬂ\

Additional Scanning Points

IS

Metric Sgg > 0.95
JEBHRESRs > 0.95

n=2

m=2

\)
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Reduction of Scanning Effort

I T FE

(Loudspeaker System)

(IZEsR AR L)

Example: wave expansion with maximum order N=30

Al K EIN = 30T i

Symmetry Number of Coefficients Reduction of measurement samples

IIFRIE RYHE RONSHESFE

-

Single plane symmetry 48 0/0

ERSEEYIFR
L 256 /3%

E 31 7%

Knowing the symmetry properties (a prior user input or automatic detection) can reduce the number of measurement points
significantly.

TRENWRE (ARISSMARBIMEN) AJLAXAKRDUERRIEE.

<
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e
Direct Sound Separation L ):I:I D

Front side (on axis)

Il (%8 E)

115 measured

direct sound

dB SPL

room reflections

100 1k 10k
fin Hz

Rear Side

&M

Double layer scanning + 100
holographic processing allows
separation of direct sound from
room reflections

W+ S B R ol
L EERESREERE B/
ﬁj\ﬂ: ° \ s’j

dB SPL

room reflections

100 1k 10k
finHz
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Live Near-field Measurement

Hmia szl S

Our Expert Today: Christian Bellman

SXKBIEZK: Christian Bellman
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I EL
Holographic Measurements é,%&)r\lui

Near Field Scanning + Wave Expansion + Direct Sound Extrapolation

V37 + R T+ EIA R M

-7 RS
- ~

e So > 1
~ /’ AN I -_——
7 N N
/ ,’ a N Near fieldlz__rlﬁ. -_———
/7 \ —
H '/ ) +
! ! | Measurement distance
! 4 d +
.‘ , ; r —_— r > IS BEEE
\ r ; far
. ref r
\ RS
AN . // \ A
s 7 ’ r Extrapolation
Scanning surface """ - 2 AMNEE
-
3HEE
N>2 N>5 N> 10 order of the expansion SZHHE¥Y
N
100 Hz 1 kHz 10kHz  Frequency 47
Summary ,9\_n
. Nearfield measurement has a better SNR than far-field test

mNEELEiaNi B S EHFAISNR

Comprehensive assessment of direct sound in 3D space (near + far field)

SEFG3DZE (DZ+nis) FHIEIX

Self-check of the test using_the fitting_error

(E AR SEE N HITES

Accurate phase and time delay information (speaker is not moved)

ERRRIRAIRIERBRER (e Rizs)

Angular resolution is larger than number of coefficients

AR TRIEE

No anechoic room required

ZE = :\é::.—\—.
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Discussion
™1e
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Open Questions
yagis§ a1/

Direct sound field can be measured at any point outside the scanning surface at high accuracy!

A LAEERELINM T B SEENEEAE 7!

How to present and interpret the 3D sound data?

R EIANESDE S EUE?

What is important for my application?

RLERITRAIN FHERER?

The upcommg 3rd webinar will address:

RG24 THYSE =R PSS BN RIS

Far field directivity (e.g. professional application)

wZAEIE (Hlangkn )

Mean values at selected angles (spin-o-rama) (e.g. consumer-home application)

J_xEﬁaF“ HIE(E (spin-o-rama) (AN FEZERN)

Mean values of a listening zone in 3D space (e.g. personal audio devices)

FEFITEXAEIE (BT ASRIRE)

Accurate complex data for beam steering (e.g. loudspeaker panels)

i&%ﬁiﬁ?ﬁ’ﬂ)&ﬁ%ﬁ%ﬁ&& (HIanizF=sER)
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iﬂ“ﬁ%ﬁﬂiﬁ%ﬁ?@g?ﬁﬁﬂj E"Ji}ﬂuﬁt Modern audio equipment needs output based testing
%ﬁ%fﬂj Epiﬁfi'*/j—i; i Eﬁiﬂ”iﬂ Standard acoustical tests performed in normal rooms
M3D§‘EAIJ Hﬂfmu% EPSj‘EE}lﬁ % S{E"J%iﬁ Drawing meaningful conclusions from 3D output

measurement

iSFE}:'—:'{%E@fE}WﬁE%{fF Simulated standard condition at an evaluation point

%j{SPL -— mﬁt?-i%ﬁ%)‘i Maximum SPL — giving this value meaning
ﬁ?ﬁﬁﬁ%i?ﬁﬁ%ﬂ?%ﬂ”% Selecting measurements with high diagnostic value

'PE(EI:EE = iﬁ)\%%{ﬂiﬁtﬂ%{ﬁe Amplitude Compression — less output at higher amplitudes
iE‘i&QEEED]U% — %EE;E% Harmonic Distortion Measurements — best practice

. Eﬁ*ﬁ — %,%tb%%%%@%’; Intermodulation Distortion — music is more than a single tone
10. ﬂ;‘]()EPQEE — E%\ Eﬁ?i?ﬂ\ ﬁkBﬁ Impulsive distortion - rub&buzz, abnormal behavior, defects
11. *ﬁlﬁ%1¢-F:E:5szﬁ|Elﬂ§;ﬁ Benchmarking of audio products under standard conditions

12. %—%QEEEQEIDE 1{ -— FE,Y&[IWE Auralization of signal distortion — perceptual evaluation

13. %%—%*Eiﬁﬁ::ﬁ % S{E’\J(L\\E Setting meaningful tolerances for signal distortion

14. i$7?EF5:‘|E§%jCSPL{E Rating the maximum SPL value for a product

15. %‘%ﬁ%’é‘ﬁﬂi@)\ﬂﬁ%‘ ﬁE‘é‘fEiﬂUiﬁ Smart speaker testing with wireless audio input

©OoONOOA WN R
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Thank You !
= 5T !
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