Acoustical Measurement of Sound System
Equipment according IEC 60268-21
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a series of webinars presented by

Wolfgang Klippel
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A %/ J i “Acoustical Measurements”

ZEUH(JI%*E Previous Sessions

i)_.{'bﬁ )ﬁ % gE:_FEEJ HjEIIJ ,)\J'L_t Modern audio equipment needs output based testing
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3"d KLIPPEL LIVE:

F=HAKLIPPEL LIVE:

Drawing meaningful conclusions from 3D output measurement

M3DEHNESHEENXNSESIS

Topics today:

S HIER

1. Standard Measurement Techniques
INENERIAR

2. Far field directivity (e.g. professional application)
iz mtE (HIaNELLRF)

3. Mean value at selected angles (spin-o-rama) (e.g. consumer-home application)
\ . —— N 24
weEAE ERISE (spin-o-rama) (PIANZRFEIHZRMFT)

4. Mean value of a listening zone in 3D space (e.g. personal audio devices)
DFEPFIFFXANIE (FIINASTINRE)

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

BRRPTREIRSEZREGE (BlaNmEesER)
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Poll:
JLdh
j:sz_t

Is loudspeaker directivity relevant for your work?

et SIS T FEEEHEXE?

e Always

ST

e Depends on the particular application

R T ERIN FE

e Not really

JZ_ZE
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Conventional Directivity Measurement

AR TP

measurement points in the far field located on a

; . anechoic
The sound pressure is measured at multiple room
--~

sphere with radius r.

r iﬁflﬁéjjrﬁ’ﬁj@tﬂ’] AN S \f/

Angular Resolution depends on the number of !
*

measurement points placed in the far field.
P P @ Turna e

£ 53 R S HUR Tz 3 ol & s 8

5 degree - 2592 points ’
2 degree 2> 16200 points Q )
< 1degree - 64800 points_> , o [ gt e O[]

Not practical

ARYISERR
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Question:
A

How much angular resolution would you like to see in the measured directivity?

Ea BB R R S PR 2107

A. Only on-axis data
(NaH_E20E
B. A few measurement point at selected angles (e.g. 30 degree) off-axis
SH- =<1 JiEL
EEAE (HIaN30F) AUEMH LI MNIER
C. Vertical and horizontal polar plots
HEF 7K AR A IRE
D. Balloon data with less 5 degree res'olution
DSBS HERRISIEXESUE
E. Balloon data with more than 5 degree resolution
\ v AT 722 f— > )
SELA ES#ERISIKERUE
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Linear Interpolation between Points }?Z IB] H,J% r :4 ifa
Conventional Directivity Measurement E: #j.l;j:_l‘ﬁ EE{'}U%

Polar Plot Polar Plot

Polar Plot
4KkHz 4 khz 4kHz

KLIPPEL . KLPPEL
vertical orizontal e Vertical s horizontal

11111111111
11111111111111

20° Angular Sampling 10° Angular Sampling 5° Angular Sampling ’
20° fHRFE,. 10° fRPE. 5° MRFE .-
Polar Plot
S Vertical direction EEHF@

Horizontal direction 7K$H|ﬁ|

Linear (complex) interpolation can generate a significant (aliasing)
error if the angular sampling can not describe the complexity of the
directivity pattern

ANSRAEREFAR AT PR SRE, N
% (8) RESTEHEN (B8) RE.

1111111111

1° Angular Sampling

1 %\V*Eﬁ T

g
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Holographic Measurement é,%iﬂ“%

Near Field Scanning + Wave Expansion J\Eiiﬂ:fl}ﬁ + i&ﬁé@ﬁ

Total Fitting Error

NEAR FIELD DATA BASIC FUNCTIONS :E;l“ éﬁ%
G SR + B R > TFE(f)
B( f . r) COEFFICIENTS S8l
H(f,r)

C(f)

1

monopole

BT

dipoles

{BRT

Results

R

== quadrupoles

T mipz

Scanning

1348

General solutions of the wave equation are used as basic functions in the expansion

- y 7 ‘t\»"' o i - s/7, 2
U R — AR R R IR B
Total number of coefficients = (N+1)?2 EKE@H‘E

FEEE = (N+1)?
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Holographic Measurement A:EI%\;IJI\UE
Example: Wave Expansion of a Woofer /__]_T1§U . 'fEE%}Z]}::E%%EI‘J;&EF

1
monopole e ) o
$*&¥ Total Sound Power /2 /= Bfj 35
it KLIPPEL
| & e dipoles ., _monopole M\\

{BiRF _ =0
S B dipoles A\
£
quadrupoles 5
PUiRF -
2
2 Higher orders
%)
, fin Hz
Directivity patterns at 200 Hz:
200 HzB B 77 [ $  «
Target H A N=0 N=1 N=2 N=3 N=10
. - “ o o T R :\_‘:{,,, / T o ~-~.\\\‘
) / | / \\
i u ;}. P - || | )(\ \._.,.,,j .
2 P - o e \

sound field is completely described by order N=3 (16 Coefficients) /35%;&5_%55’ N=3 (16//\/%%) /f_gﬂ_‘:
can be estimated by a few scanning points (M > 16) E_]'Llﬁﬁn/l\?aﬁ,ﬁﬁﬁﬁ' (M> 16)
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Order of the Expansion Depends on the Loudspeaker Properties
R EEUR T esHIE
EH 2 R T im0 BT

Example: Woofer in a Vented Box far below port resoance

— \— EY . — —

a0l FOBPIETFiROIERMESERTT

internal coordinate system

T ERAIRER

F‘)Ou:t Dipole
il O-a (@Rr
woofer

= P+

The directivity can be modeled by single coefficients and a single scanning
would be required if

?Jﬂ‘él‘cﬂ'&ﬁju‘ﬁﬁﬁﬁ\%ﬁ@i BREZHRITH,
N&R:

o the expansion point is in the acoustical center
—=pay \
¥y EBeEEZPD
. the dipole axis is aligned with the coordinate system

BRI SR RXITT

Angular resolution is much higher than the sampling on the scanning grid

ANIRBES T MM ERIREF

KLIPPEL-live #3: Extracting meaningful data from 3D output, 10 <+ >



L

N E=E
Holographic Measurement él m\;m\”i
Extrapolation of the Direct Sound EKEE{JQ H:E

REY B

COEFFICIENTS BASIC FUNCTIONS

C(f) - B(f.r) y

-
ZER
Results
Geneial solutions of the wave equation
BT eI —HEHE
Wave Expansion I
f&ﬁ;ﬁﬁ Sound pressure distribution (3kHz) generated by
o 2 - a laptop outside the scanning surface
Y +H-
g b oo EICAE NERRMEINTE
L B I 2 E/\JEE%?E (3kHZ)
*aﬁ Scanning

2

. N
< ol
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Comparison of the Standard Methods 1: I&E!ftti&

Sound pressure measurement
= N[ =
EENE
Simulated Free Field Condition

R BB

Model
T
=5y

Results

ZER

Angular resolution

B

Extra poJation
S

Self-test

Elin

direct far field measurement (turntable)

ERZNE (3%5)

Windowing restricted to higher frequencies

PRI =smaINEALE

not required
AFE

sound pressure depending on angles and distance r

FEERUR T AEMESr

Limited by number and placing of measurement point

SIRFUERNEEFNE

wiihin far-field (1/r |alN is valid)
TN (1/nENBER)

not possible

AATLA
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near field scanning (robotics)

mimidE (HEsARR)

direct sound separation at lower frequencies

AEAED S

Windowing applled at hlgher frequencies
=N R INE AR
(spherical) wave model
(BXm) RAEE
sound pressure depending on point r in 3D space

A ERUR T 3D=SEHRImAr

model parameters C
- sl
1R=EISZC

Higher than scanning grid (interpolation based on spherical
wave modeling)

AT IEENE (B TIXEmREERR
1&(E)

near and far field (outside scanning surface)

7Ty (FEmLAgr)

based on total fitting error

BETRIGIRE
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Far field Directivity jz—_ﬁ,j:% }:E I-EJ ‘L’CE

Example Laptop r=1m ZT?WU : r=1m#4ib B‘J%wﬂ
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The left and right speaker generate a complex directivity pattern !

EfapEear ESRRMERIERE!
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CEA 2034 Standard C EA 2034 1:/_]_\; 2

using Spino-a-rama 1@ 5 SpinO'a'rama

Application : Home audio devices, Hifi-Loudspeaker

NF: RFEERE, SREHERS

CEA 2034 - Window

90° VERT 1o 4ih_Fon Axis

2

105 i R e
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- | T /'A \ e "\- 90 /
. L] ) | | - - \ i 85 /
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POLL:
J L, .
}Zﬁ .

Which intergral values based on CEA 2034 do you use for your work? (multiple answers)

B T /e FETCEA 20341 L EE?  (2i%)

. None
A —
>
=8
e  Sound power

FRIIER

e Directivity index

ymICIEi=t-

e Listening window

7

1=
AN=]

e  Early reflections

BHARGY
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Near-Field or Far-Field?

UTimA 2 sin?

f:501HZEj‘¥mEEIjJ$|—3EE%E{J?€§ Apparent Sound Power vs. Distance at f=501 Hz

e \=() ——— =] N=2 ——— N=3 N=4 r——— N=5
N=6 N=7 N=8 N=9 === N=]1(0 =—— N=]]
—— N=12 e— N=13 N=14
KLIPPEL

ﬁﬁ}:‘user
% 150 ‘@iﬁ i ;&}BE;FWave Expansion
R\ S e
7\:\;7 {%*&?dipoles ‘; . "
o \\\ \Z{,ﬁy‘fﬁ%"yfﬁé Power is independent of distance E”&?quadrupmes d’ * : : ”
AN FLLKow

0 VT3 FNear-field Y NMYRYZ R

Multipoles of nth-order

0.01 0.1 1 10
DISTANCE r/m

Determining the location of the near and far-fields is important for personal and handheld audio devices !!

BT AR EX T AMFFE MR EREE!
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Evaluation Point in the Near Field

7 rHh =

/;\\\
,,’ a \\\ ﬁiZJlNear field
’ [ ! o) ] - WEEE
4 . ! r Measurement distance
I far = ; r
e T ME
Far-field extrapolation

}HEEScannmg surface

|\E__|@ . Problem:

. Using a common evaluation distance (7, =1 m) to compare different speakers but the evaluation point is in the near field (7.< 7,,)
ERLFTHAIER (~=1m) KRARENZER, EfaRELZH (
fe< ftar )

%E:Ij& Solutions:

True near-field SPL /(r,) measured at the evaluation distance r, (1/rLaw is not applicable)

ETMEIEE, (1/nEURER) FUSESDASPL A7)

b) Assumed far-field SPL /() referenced to evaluation distance r, (discrepancy to reality, extrapolation into far field is possible)

SRR GIEE LS HEEIASPL L, () (SEREREER, LY
HERIZ7)
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POLL:
JL s .
IR

Are the near field properties relevant for your work?

7RISR TFEENG?

No
REE
Yes, the listening zone is in the near field (personal, mobile audio devices, studio monitors)

— S S —— -l = . N/ == S
=, RITXEMTIAS (PABIEINRE. ERED

Vs
IrEa)
Yes, the loudspeaker size (professional equipment, sound bars, sound panels) is too large for my anechoic room
—— A A 24 —— NS A
=Y, WTFERERERR, HRsafIRY (Blhgs.
it ST

Fizama. Figases) KK

Yes, other reasons

=1, HEitt/RE
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Comprehensive 3D Information é

= E/JBD{IZM_:

supports the evaluation of special sound effects ﬁfl:—_rfl:—_rﬁ

€7
RITR
Listening

YMZZIEMH observation plane B . Paints

dB SPL/V

SPLﬁj\ﬁ SPL distribution

I

SHEITS

i&iﬁSPLﬂrﬂm Near Field SPL Response

Left EaZc BEr -

1 frequency /

A\ KLIPPEL
\

kHz 10

iﬁﬁﬁ{%}% Wave front propagation

: C h
%
IS (Amplitude) B80T (Phase)

S~
—

S
\\\\\\\\
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AEDTH(3kH2)

Sound pressure distribution (3kHz)

l

Near-field Information l_i%L:IIU
Is important for 3D sound effects X{EF?)D Elﬁ&’f Eig

$H]J:)=='5}:T: Sound Pressure on axis

r=0.5m
(37 near fiel

KLIPPEL

dB SPL/ V

(737 far field)
o BEREE RIS E

Variation versus distance

1 Frequency /kHz 10
— :&Eﬁ1§§§(3kHZ) Wave front propagation (3kHz)
LHER .

Comprghensive ‘

Informpation \
\\\\\a

\\\ sw

mE{E (Amplitude) *E{ﬁ (Phase) )
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IEC 62777 Standard IEC 627771:/_]_\; =
using Listening Zone 1% . H/Q‘\[U'—l' liﬁ,t

Application: Personal audio devices, Laptops, Tablets, etc.

MNAEE: TMABMIKE. BICAEN, FRERS,

IEC62777 — MNAFBZF X1,

105 IEC62777 — Personal Acoustic Zones
~ L J(\ /\«
100 N
AN
95 < i
T DN A A
Vo /
85 L \ e RN
, 8 N
o
%] N
Q 75 \\\\
70 " RS
-y B PF (BiEFon) B PB (j5ERea) \
65 . A/
. PL (HUEFront-Left) PR (ﬁﬁEFront—Right)
- 60 ‘s““r' / e . \
Pelbi U7 )s )y; I PU (F_EFront-Upper) PD (B FFront-Lower) v
~ 55
50
102 10° 104

f/Hz
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POLL:
J L
=

Do you use DSP for generating a desired directivity pattern of your speaker? (multiple answers
possible)

,e,zE"\ﬁ IDSPERY AT sria RIHRTL? (A%

15510)

RIFE

For two transducers (woofer, tweeter) at the crossover region

FomXIiGm N eEss ((KEiamss, B
Tﬁmﬁ%)

For stereo system

—_ —
ITMAERSG
For active beam forming and beam steering

TR R PR R
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Measurement of line sources ,,%[\)? El_] I)\JE

(sound bars, line array)

4=
!I:s—_l',\ﬁ“ Particularities:
> jCRTJ' Large dimensions
by g/l\_%:azgﬁj Multiple tweeter

. (BRI Wide spread
UT37(r>>d) near field (>>d)

%;5%7}3_7% Solution:

Measure each loudspeaker separately by
using a multiplexer

ﬁ?;%ﬂ%%ﬁ%%% PRINES 7

"N
O

L{
2N d :
o]
r;\

Multiplexer

(TS

2)  Wave expansion of each

=ta. ZefEd))

rEUIEéJ?_j Problems:

iiﬁ%@ Sound field has high complexity

HEaE m5ﬁ1(>5kHZ)—ﬁ-ﬁgmBﬂ7kN>50 Fitting for
high Frequencies (>5kHz) requires high order N>50

FEU%)\%%;\ M%Eﬂ‘l@tﬁ Many measurement points,

long measurement time

3) Super positioning of the
multipoles

loudspeaker .
[T— P — Sk L= N \ %
SN EEHTRES ZiRAIEIN
Speaker 1 o
3t T o,
Speaker 2 ':‘ -|.‘,> A + /
T EE B \q 7 $ ﬂ ]

Speaker n

/&

Ve

/

3
o

“A
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E
Measurement of line sources [)\ I}?

Super positioning of the multiple measurements 5‘7 | U\JEE’\J%}_m

2kHz

%BE&U Line Array
8R4I

8 coaxial speakers

© 20EE

24 tweeter
© S ZIRRIEIN

Super position of 8 mUItipC)leS
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Controlled directivity 1 Ij:E rj r

{2 DSP / Smart Amplifier

1 ' S
I LHjDelay :l [,L,\[&Fllter :
1
1

Eright

)

o .

Elef

i

' Ly i

M | »U — : H‘“]*AHT -
- I

‘ 1 I \HW_, -

> 7,
|
|
|

“*TW +t

»

' I Lm 1l -’f
\ 1 O I

l:|:”L_,\center —:—PUT | :I -—P(

gl "'i" e

T
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/ﬁc,l\éé: Summary

IEC 60268-21 defines conventional directivity measurements and new technigues for assessing the complete
3D sound output

IEC 60268-217E X ¥ B A RIENEM AT P hmEE3DE S A
RSN

A holographic measurement models the sound pressure distribution outside of a scanning surface placed in the
near-field of the speakers

RS RTpinEssAfmELAIINIE £S5
A spherical wave model is well suited for loudspeakers giving maximum resolution using a few parameters
HRE RS FRIERT 7, R Ls g R EREN:

A holographic measurement performs a self-check and gives maximum accuracy for a minimum number of
scanning points

él U\I)\J %E_l-i#_?f_l'.éﬁ 1 ﬁﬁ ]%9\1:3 H = \EZTIE1 \E-_ =l /Eﬁm r

Traditional characteristics (e.g. spin-o-rama) simplify the interpretation

(EFEE (fBla0spin-o-rama) &4 T R

Mean values, variances can be calculated for sound zones for the particular application

A 9ENRIEEXELTRENSE

Reliable complex 3D output data for each transducer can be provided for beam steering and other DSP
processing

Al I M REERTTIR P SERYS 2R3 DI &R, LA Ty CREHIAD
H{thDSP4ME
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Open Questions J E&'EE[@@_

However, most measurements (e.g. distortion, equalization) can be performed at a single evaluation point!

B, KRSHUE (FIUIKE. 9) ZBelLIERNRERET!

Can we perform our daily standard measurements at high accuracy outside the anechoic room?

AR EEEI N TERENH B ENE?

The 4t KLIPPEL live webinar will address:

BIUEAKLIPPELIEZAMI 2R1T1E

Simulation of free-field and far-field condition according IEC 60268-21

HRIEIEC 60268-21HY8 HIAFNITIHFRIF=EH

How to compensate for room influence, different positioning and distance

SARMEEIE., AR SRR

Can we use a fixed room compensation function for different types of speakers?

FeAI JRILA AN RIS BRI = e R E e R B B« M= R &S ?
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Next Section

F—HIRE

iﬂ{%ﬁﬁﬁiﬁ%ﬁ?@g?ﬁﬁtﬂﬂgfﬂ“ﬁ Modern audio equipment needs output based testing
%‘iﬁ%lET_IEPEﬁﬁG E?fmuﬁt Standard acoustical tests performed in normal rooms
M3D$ﬁj Hjiﬂ“%EPﬁMﬁ % S{H"J%‘I@ Drawing meaningful conclusions from 3D output

measurement

iSFE,ﬁ%EI’\JE}IJﬁ&%{fF Simulated standard condition at an evaluation point

%j{SPL m Dﬁt?’iﬁfﬁ%ﬂ Maximum SPL - giving this value meaning

iﬁ}%ﬁﬁ %‘i@&ﬁ,’%ﬁ)‘{%})ﬂﬂ% Selecting measurements with high diagnostic value

'FE(EJ:TS?E = WAE—%{EEQtHE{& Amplitude Compression — less output at higher amplitudes
iE;EsEEED]HE — %Eﬁ;ﬁﬁ Harmonic Distortion Measurements — best practice

. EE*E - %,‘Rtl_’,%%{%’%@% Intermodulation Distortion — music is more than a single tone
10. BJT(;EPQEE - E:E:\ Ey—ﬁ?i‘?ﬂ\ ﬁ;&lxﬁ Impulsive distortion - rub&buzz, abnormal behavior, defects
11. *Ez;ﬁ%{*F'F’é‘ﬁﬁFﬁ.El’ﬂE)ﬁ Benchmarking of audio products under standard conditions

12. %—%QEEEQEJDE “_’, — EZ%D'FHE Auralization of signal distortion — perceptual evaluation

13. %%—%*Eﬁfﬁﬁ %XLH"J’L}% Setting meaningful tolerances for signal distortion

14. iSFEF:'ﬁ:EQEkSPL{E Rating the maximum SPL value for a product

15. ﬁ%ﬁﬁ%&ﬁiﬁﬁ)\ﬂﬂ%‘ﬁ%ﬁfﬁiﬂﬂﬁt Smart speaker testing with wireless audio input

©WoOoNOOOGOAE WNE
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