Acoustical Measurement of Sound System
Equipment according IEC 60268-21

IFSIEC 60268-21 N EERREZRSRIE

KLIPPEL- live

a series of webinars presented by

Wolfgang Klippel
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Previous Sessions

Modern audio equipment needs output based testing

Standard acoustical tests performed in normal rooms

Drawing meaningful conclusions from 3D output measurement
Simulated standard condition at an evaluation point
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1.  Provide an accurate reference response H, (/,r,) at the desired
evaluation point r, (e.g. in the far field)
2.  Measure the sound pressure p,..(r,) at the test point (e.g. in the
' el near field) and calculate transfer function H,.(f;r,) under test
conditions without compensation filter
e %f 3. Calculate the compensation function H_(f) based on the transfer
functions H,_(f;r.) and H,_(f,r.)
—{d——{_—-' - 4.  Filter the measured sound pressure p,..(r.) with the compensation
. function H (/) to generated the direct sound p,_(r.) at the
4th Session evaluation point according standard condition
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Ask Klippel

First Question:
TR EEMNAEERERNOE =SSR ENIHENER T, S LR EFBESZ=.

Is there a good solution for on-line QC without complex testing box or testrng chamber based on near field /
far field measurement setting.

Response WK:
&, HNERSEMNERSE (PINE6FE)  BARRISRRIEEIEETH.

NO, for transducers and small system (e.g. smart phones) because the shielding against ambient noise is
very useful.

=R, BRABERK (FFEaE, B8, 8)...... ) REARFERAI

Yes, larger systems (sound bars, professronal equipment, TVs ...) need a different solution considering the

following points:
- ETERAE (RIRIRIRSHMEL, SNRER, SPLER)
Performing a near-field measurement (better SNR, higher SPL compared to ambient noise)

- EmHEERESAEISARE. ESARGIESHRIRIENRIERRL E.
Using absorbing walls around the test station at the end of line. Best solution building a tunnel around the
assembling line.

-

Test

- EEIGERETEERERRAEENE SN ERIRIERISE.

Using a 2nd microphone in far field to detect a corrupted measurement and to ensure ambient noise immunity.
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Professional Test Boxes

Photos by courtesy of Phase Design
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%% Solution: Ambient Noise Microphone

ambient
oise Limits

r l
Noise Limit Fail
Generator ’l:q @, B P otection @—P Check T
DU

Microphone

auto-repeat

» Measure loudspeaker in the near field
» Measure noise / vibration in the far field
 Predict noise at test microphone
 Calculate impact on measured characteristics
« Store valid part of the measurement
* Repeat measurement automatically
—> Full noise immunity for random ambient noise
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5 Merging Technique
repeating measurement automatically and accumulating valid parts

Ambient noise generated by permanent hand clapping
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% 75 § \/—-A"_j\‘_’__\\‘__,,‘/\*\f/\/\ . ml;\';sponsn
‘ _ Full immunity against random noise
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Sound Quality in the Car Interior

Noise immunity at a car assembling line
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test microphone inside the car
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Ask Klippel

Second Question:
EEZEREREN, NURIFtEERIERPNER RIS SN GRS E?

How to best define a max SPL when there is more speaker. example omni-directional speaker or line
array in product specification sheet?

Response WK:

- ZREMEAM. BRER—BGSHIE (3DBE, IHRMRE, BYE, RGIFHL)

Consider the particularities of the product. Generate first a set of comprehensive measurement ( 3D sound,
nonlinear distortion, compression, perceptual evaluation )

« [ERIEC 60268-2 1R B RERIERFATRIGIFG. EEHLEAIERLEMEERE (>3 m)
Search for the best test condition using the freedom provided by IEC 60268-21. Select a useful position and
distance of the evaluation point (>3 m)

©  ERUERASPLAYE.

Generate a proposal for max SPL.

«  TE100/)NEFHYEIE R BREE B RS PL
Verify the max SPL in a 100 h test.

- ERBFRIERY.

State the measurement condition.
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KLIPPEL live

Modern audio equipment needs output based testing
Standard acoustical tests performed in normal rooms
Drawing meaningful conclusions from 3D output measurement

Simulated standard condition at a single evaluation point

Maximum SPL — giving this value meaning

Selecting measurements with high diagnostic value g
Amplitude Compression — less output at higher amplitudes i‘:;gfrfn?;ﬂ;"m
Harmonic Distortion Measurements — best practice 2nd-part
Intermodulation Distortion — music is more than a single tone|
10 Impulsive distortion - nib&buzz _abnormal behavior, defects
11. Benchmarking of audio products under standard conditions
12. Auralization of signal distortion — perceptual evaluation

13. Setting meaningful tolerances for signal distortion 3rd-part
14.Rating the maximum SPL value for product

15. Smart speaker testing with wireless audio input

OCONOGOAEWN =
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Ask Klippel

Third Question:

2] DI FEholographicsk & Hlspeakerf/EZEnonlinear | %572

Is it possible to use holographic technique to measure the sound field of a speaker
which operates in the nonlinear region?

Response WK:
=1, "LIEA. (B2, YEEELATHE:

Yes, It can be applied. However, the following points have to be considered:

EERNERGERERE (RKEE) | ZIREER 7 BIRGIARE KRR R ERIERE,
The holographic techniques is based on a linear model (wave expansion) which describes the sound
radiation and propagation of the fundamental and nonlinear distortion.

Holographic scanning
measurement required

H(f.rr) R R AR [ IRIEAVIRIEER4E,
AR The nonlinear system also causes an
goo=oeee : fied amplitude compression at high amplitudes.
oS AESEAR e
— i LVMNMEEHIEEIRRE
s R0 A RECOMMENDATION: Measure the

transfer function at small amplitudes
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Ask Klippel

Third Question:

25T DI FIholographicsk & Hlspeakeri/EZEnonlinear T Y5572
Is it possible to use holographic technigue to measure the sound field of a speaker
which operates in the nonlinear region?

Response WK:

INERIGHFEERIAEAR MR ER S A MERERE, BIRLIERE R E SRR S HURHIFRERE (THD)
If you are interested in the directivity of the the dominant nonlinear distortion you can use the Holographic
Scanning Results to predict the Nonlinear distortion (THD) at any point in the sound field

Holographic scanning
measurement required

Prediction of the nonlinear
distortion at any point

sound +
field

\“ B RIS (THD, B4E) FEERE—HET

Wi L BIELUESEMIENKLE (EHID)

System Nonlinear symptoms (THD, compression)
requires measurement at one point to get
equivalent input distortion (EHID)
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Ask Klippel

Fourth Question:
WISRAB S RS BN = - B BRI GERSE?

If we would like to measure the sound field of a mobile phone which has dual speakers, what kind of stimulus
IS suitable for this test?

EABERESEERAINER?

Should we use the same stimulus for left and right channels?

Response WK:
- BE, HSERAERREESKEEMmERE.

In general, | would use the same stimulus for testing the two channels.

- REEARE (RUNEHZZEER) | AIEEEOETHE

Apply shaping of the stimulus if the transducers are different (receiver and main loudspeaker)
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Ask Klippel

Fourth Question:

Should we measure left and right simultaneously or separately?

Response WK:
- WR—EHFRFREWERSERE (BEIR, HERER) | AIFLEEREIEERAERNERE.

If you always operate the two transducers in parallel (mono, same signal) you can use the same setup for the
holographic measurement.

- WIREEMEREEEREHEARRYSIR (DSPRIIZEEEE, 3DER) , AlESBlEIEm(EZZRHISDESE
IRINEE, R SHEFEEDSPHIEI TN EEEIE!

IF you supply different signals to the two transducers (stereo, 3D sound effects by DSP) then you should

measure the 3D sound transfer function of the two speakers separately. Benefit: You have all important data

for tuning in DSP!
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Ask Klippel

Fifth Question:
56i% Near Field ScanningHi{5room compensation 1% - /27 7] DU = A B BRAE — A% i &= HIspeakerfEJE
AR FRIR?

After we finish the Near Field Scanning and obtain the room compensation, could we increase input voltage
and measure the performance of a speaker operating in the nonlinear region in a normal room?

Linear system Linear system
Linear system T e
o : test condition
u lin : Filt 3
e ™ Href(fare) _|_ ’ Hroom(f1rt|re) ’ pteSt(rt) = |_I|(?)r .p (r) >Ana|ysis—>ResuIts
. © = Mfree\"e
f,r,r)H (f)=1 oM
——» N 7 Hioom (F. 1T )H.(1) = compensation
— Nonliner
Nonliner distortion
system

o IBEZAIHEMEER IRV IMS RIS P A EEIRIEREHe (f) . AEMEDEEKRIERSHe (f) 2IEMEN, WHEAILSS
Mo EAR M EERZ R EHroom (f) .

You should generate your room correction function H.(f) in the small signal domain where the nonlinear distortion are neglibible.
Then room correction function H.(f) is correct and compensate the linear tranfer function Hroom(f) perfectly.

- IEERIEEMERSHe (f) BRREHTHE (5%, B8, ALARSER) FiRE (B\IBCKRISRE) .
The correct room compensation function H_(f) works for any stimulus (music, speech, artificial test signal) and amplitude (small and
larger signal domain).
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Ask Klippel

Sixth Question:

Sl == S E B R B E R A - B a A B a7 Z R =2 R H?

Piano sound causes serious distortion on a micro speaker. Are there suitable test items to
evaluate piano distortion?

Response WK:
Piano music generates critical nonlinear distortion in smart phones with a side fire port.
KLIPPEL GmbH is doing research on this topic:

+  FJLARFRR R R SRARRE

It can be explained by a nonlinear model

- FLIEBERATREGR (B8, ma, SEHlEE) ETH

It can be evaluated by using artificial test signals (single tone, two tone, multi-tone
measuremetns

- AILAEREESARIREE R T I E TS

It can be evaluated by auralization techniques using piano music

- AILUEBBEEEIFEEEE (KLIPPELISHIREEKCS) E&EITEEHHE

It can be compensated actively by adaptive nonlinear control (KLIPPEL controlled sound KCS)
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Life Cycle of an Audio Device
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KLIPPEL live

Modern audio equipment needs output based testing
Standard acoustical tests performed in normal rooms
Drawing meaningful conclusions from 3D output measurement

Simulated standard condition at a single evaluation point

Maximum SPL — giving this value meaning

Selecting measurements with high diagnostic value B
Amplitude Compression — less output at higher amplitudes 2‘:2;’;?"?::;"“"
Harmonic Distortion Measurements — best practice 2nd-part
Intermodulation Distortion — music is more than a single tone|
10 Impulsive distortion - nib&buzz _abnormal behavior, defects
11. Benchmarking of audio products under standard conditions
12. Auralization of signal distortion — perceptual evaluation

13. Setting meaningful tolerances for signal distortion 3rd-part
14. Rating the maximum SPL value for product

15. Smart speaker testing with wireless audio input

OCONOGOAEWN =

//
ﬂ, \?:
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Auralization of Signal Distortion

Input
Signal

_______________________

| |
Input | N |
Signal l 'Eﬂ O |
L
L g
u(t)
Linear Model
o— P
H(s)-1
Time-Variant
Model H(s.t) d,(t)
Nonlinear
Model d,(t)
Unpredictable
Dynamics di(t)
OBJECTIVE:

Output
Signal

n(t)

Noise

Virtual enhancement or attenuation of the distortion components
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How to separate the Signal Distortion
In Common Audio Signals?

DUT in normal

>[ﬂ I" P environmen
</

DUT d,
i Residuum d(t) of

Typical or @_' Ll adaptive linear modeling
most critical \ -/ 1 T - .
programme Audio / contains _
material Source Adaptive * reqgular nonlinear
—>> Linear —@——— y )
Modelling Piin distortion (BI(x), Kms(X),
L(x), ...
| f T  Irregular distortion (e.g.
. v rub&buzz)
Time- Residual Linear .
\.’a”af“ Distortion || Distortion * noise
Distortion

Physical
Characteristics
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How to link perceptual evaluation with
physical measurements

Auralization

Virtual sound output
where the signal

DUT dr
Typical or - ESdis % distortion are
most critical @_, ___________________________ | S Ns— '8 weighted by Sp¢
programme - A - 2
material Source Adaptive
> Mgi(;meem;g — « Sound output without
Piin nonlinear distortion
A (Spis=0)
v v v ) « Sound output of the real
\)—air;iq;r;t Residual Linear Perceptional Listening device (SDlszl) ;
Distortion Distortion || Distortion Modeling Test Sound OUtpl_'It Wlt_h
l l enhanced distortion
i i i (Sois>1)
Physical Perceptual

Characteristics
[

Characteristics

Complement
each other
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Auralization of Regular and Irregular
Nonlinear Distortion

e.g. microspeaker scaling factor S
applied to residual
residuum of distortion
% 0 P linear modeling
Auralization 12 dB
DUT

@_‘ dr - o | 6 dB

Audio
Source /
Adaptive
—> Linear . 4k
Modelling p"n 0dB
! f ! | ] dB
\;r;rrri]:r;t Residual Linear Perceptional Listening
. . Distortion Distortion Modeling Test
Distortion 7 7 ) .
R | ! 1208
Physical Characteristics Perceptual Characteristics
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5t KLIPPEL live:
R ASPLERER
Maximum SPL — giving this value meaning

S HERETopics today:

SPLmaxEEZEE =3 < FERYEE(R

Relationship between SPL, ., and the rated stimulus

© TEAEEERF IRV

Characteristics describing the stimulus properties

- BEE-RERERIGHENGE

Kurtosis — a powerful alternative for the crest factor

- TEEERETEMANEERIRE

Calibration of the input channel in active audio devices
- BErE

Practical demonstration
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BAHAFISL(E e

S,
b/}) n
Maximum Input and Output Value %
- e _ N~ -
- - ~ -
Broadband @ --------------- > SPLmax
stimulus
Constant control parameter
u max \/
secondary Calibration process Primary .
characteristic characteristic

BHERR AT BEumax

Rated maximum input voltage U ax
- EAREAEE@ANESMAFESL ZHEEIEE
BIRRERT (HE) RFE

Good for (passive) systems with a single input and
constant transfer function between input and output
- BEURISENEE

Depends on the input channel

o EURIIEHIZE

Depends on the control parameter

KLIPPEL-live #5: Maximum SPL - a number becomes important , 26

FEEmA (Fd) SPLmax

Rated maximum (output) SPL

- WEFIEERFRIBATIE

Universal approach for passive and active systems
- ALUERR{ETEAEE

Can be applied to any input channel

- OJLBTIBEIETIEE, 9Ess, RElEE, RER
Can cope with gain controllers, equalizers, limiters,
protection systems, ect.

max

<>



RERTESPLERA(E

Who determines the maximum SPL value fﬁiﬁgzs@d,
/}76/'/0
(: :)/—E > --------------- > SI:)l—max(re)
Broad-band
stimulus

Active or passive
audio system

Definition by IEC 60268-21
- RIGEFLEAERG (PanEEs, (&, RIR)

Manufacturer rates the measurement condition (e.g. stimulus, position, environment)

- RicEHRBRET, BRREIEMBEERFRSESHTSPLMax

Manufacturer rates SPL ., based on information from design, practical measurements and the target
application

max

=3k Requirement

« DUTHLAEEEERASPLISEIRERINE A HE

DUT can reproduce a defined broadband stimulus at rated maximum SPL
* 100hIN=RHIEIEARE, BEEAZIREEDUT

DUT will not be damaged by the stimulus during 100h power test

¥= Benefit
« EASPLEHNRIRE, MiEEHE SEAFRMSEHREX
Maximum SPL value is meaningful for engineering, marketing, final user
KLIPPEL-live #5: Maximum SPL - a humber becomes important , 27 <+ P>



SPLmaxAIZEERIL

Rated Conditions for SPLmax

SPL, .. (r.)
@F’EE>{ """ — > I Acoustical envi t
. « > 1 e coustical environmen
stimulus Uax (e.g. free-field condition)
Active or passive evaluation point

audio system

(e.g. far field)
SRR o T BRIRISHR LU SRR AN E = AR E

Webinars 1-3 covered the conditions of the acoustical environment and positioning of the audio system and the
microphone

FBSFERESPL max RYFIREK

Requirements for the stimulus used for rating SPLmax

- HAERVERARSRERFRYHREEF

The test signal represents typical program material in the final application

- EEAVAESRARRER N BEHEE & A A EEBumax

The same test signal is used for calibrating the input channel and determining the
maximum input voltage u,,

. 7E100hIEHBEIEER T BAB A\ EBumax FUERRIEES

Same test signal at maximum input voltage u.,,, is used in a 100 h long-term tests

KLIPPEL-live #5: Maximum SPL - a number becomes important , 28 < >



Poll:

SEEAERRISRETRIBER (100/d5I0=RAE) ?

What kind of test signal do you use for your long-term testing
(100h power test) ?

e A single tone

e A sinusoidal chirp signal covering a defined
frequency band

e Random noise or a multi-tone complex
e Music or other selected audio

KLIPPEL-live #5: Maximum SPL - a number becomes important , 29 < >



SPLmaxFERIEFmias
“‘Broad-band” Stimulus required for SPL

Mmax

complexity of the stimulus

multi-tone

single- two-
complex

tone (chirp) tone (chirp)

BHESEEEX hroad-band stimuli

« ZEESPLIEZR{KEEM considers SPL frequency dependency

» B|iREFTEEREEIELRM activates all transducer nonlinearities

» EXBRIRYTZEIESEN causes typical voice coil heating

« IR(Hs@EESRISAD provides force convection cooling

- GFIRIDSP (PR, BR%g, EH:)FRFE) Activates the DSP (limiting, compression, active protection)

#8f5) Examples

B EEFEFIEC 60268-21 Simulated normal program material IEC 60268-21
FFAECTA 2010BHYEE E A1 Continuous, broadband noise according CTA 2010B
Meyer-Soundi2 HAIMIEEE M-noise as proposed by Meyer-Sound

IEC 60268-213F:5&HI#55E Multi-tone complex as recommended by IEC 60268-21
EENEEME (24%) Selected audio material (music)

Hfth others
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SRSt Bl

-y . O
Rated Conditions: Test Stimulus s,
/}76/-/
R o = |- = SPLyg(rd
f fy stimulus

Active or passive
audio system

SR ERFERISHE (IEC 60268-21)

Stimulus Properties (IEC 60268-21) stated by the manufacturer:
B (MAIRRE, ZEIFERIVER)

Broadband (pink or white noise, dense or sparse multi-tone complex)
REESERR Y L TBRAFOR,

Lower and upper limits f, and f, of the rated frequency band
INEREARTY, (FIANEAEURITRRAIEC 60268-1)

Shaping of the power spectrum (e.g. typical program material IEC 60268-1)
RIEEEL (IEE) Crest factor (Kurtosis)

BECEEE B RZAIER There is a lot of freedom for modifying the stimulus!
FEBE: HERBEARRRERATIHEIRER!

Main Objective: The test stimulus shall represent the typical program material in the final
application !
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1 U B

How to Describe the Stimulus ?

complexity of the stimulus

single- two- muItr-trIJne noise a_udio
tone (chirp) tone (chirp) compiex signal
Yéis P Spectral Distribution #RIES 5 Amplitude Distribution SIS Temporal Properties
- IhEREE » EERBRERE (pdf) = iS4 stationarity
power spectrum probability density function (pdf) = B+#8E8 autocorrelation
~  1/3(ZIBRESERE = IE{E peak value « JBHAM periodicity
one-third octave spectrum »  Y5HR{E rms value i Eﬂﬁé (BI/REBH, 1B
- EEEIEREE (W) - RIERS (BEY751RE) NN T
rated frequency range (bandpass) crest factor (peak/rms ratio) mOdl_Jlatlon (on/ Qﬁ cycle,
= BEFINEE . PEEE (IERE) amplitude stepping)
shaping function higher order moments (kurtosis)
One-Third Octave SPECUUTLL - Proabilitiy densitiy function (pdf)
. EE__i_ . _— 4‘—;_—_*_ . <eeey O . DUT: 1 (01:35:54) -
! = == Se—s—a=== s 1.25 music | T T T T e o
EE “EES SESESSSE====s 5 1.00 1,‘r‘
=s EEss==sces E il
i - simulated normal program 3 T E ”ﬁ %ﬁ i o0™
material IEC 8050 Sjnys 50 Hz E g Wi 1|
'WELEEG?;%&EEE : 0.25 W Hﬂ ” H °
e R oo Mmmwmﬂﬂﬁ L

-1 0 1
voltage [V]
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HA(SU45E Basic Signal Characteristics

No DC component (zero mean value)

IR VVV't

1 Amplitude Distribution

Proabilitiy densitiy function (pdf)

Gaussian noise

KLIPPEL

————»_  music
J..OO
IS
: i §J.75
f Sinusoidal wave 20.50Sinus 50 H
0.25
0.00
-3 -2 -1 0 1 2
. . voltage [V]
rms value (standard variation) :
1T ) o ;
Mo SXOF =2 [ x> Xing = [ X2 P s (X)X
B’ A (2nd-order moment)
peak value: crest factor
T/2 N y
Xpeak — |\_/_|ra/.2X‘X(t)‘ CX l peak Cx,dB A ZOIQ( peak de
ers ers

Problem: Crest factor depends
on a (single) peak value !
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tEEHERF(SSRSimulated Programme Signal

|[EC 60268-21
Dense pink noise _
with Gaussian Shaping of the . Power Loudspeaker
distribution Buffer ~ Spectrum Buffer Controlling amplifier Network
Crest factor filter
Noise — T 1
generator / /

Filter \

] |
| |
| |
| |
| |
: |
I | Output 3Vo|tmeter i
Crest Cliopi : A S'z : Ieve? CV' T.ermmal
factor q 'PpIng | | adjust signal
adjust evice !
: |
| |

I |

IEC 1269/03

Proabilitiy densitiy function (pdf) «  TREREI NImBYSISRIE RIS

KLIPPEL Controlled Crest factor at amplifier input

2> Terminal voltage . BTLLEMR BRI

1.00 Amplifier clipping can be avoided
50.75 Simulated ° Eﬁkﬁ%iﬁﬂjlﬁﬁm ElJmEElr_
L programme Defined amplitude at amplifier output
0.0.50

Signal

Problem:
0:25 - MEERRMETRIKES (0588E) EPSRESERIE
Shapped l%ﬂl
noise ' 3 2 4 o 1 2 3 Any following filter (crossover) will change the crest

Peak values Yo'tage[V] Peak values factor significantly

KLIPPEL-live #5: Maximum SPL - a number becomes important , 34 <+ P>



l& Eﬂﬂﬁ§‘ﬁ
How meaningful is a Crest Factor ?

Proabilitiy densitiy function (pdf)
KLIPPEL

= 0.75 music

0.00

k val -3 2 -1 0 1 2 3
peak values voltage [V] peak values

observation time T
. Q;EJ-l_{EIIu HRJ&JE’\ SE(E (W{AEZSIL(E? ) Statistics depends on a single value (How to define a peak value ?)
ﬂH—_rF'a?IT Crest factor value increases for longer observation time T
) S A High variance of measured crest factor for audio signals (music)

. T 7( HE?JI]%E *%EWE%Z R8s, E4K Less suitable for assessing heating, mechanical load, fatigue, aging

fRE: BFIEE—(ASERARRTI5E!

Problem: We need a more robust statistical characteristic !
RAER: FMaphEE (HBIE->IERE) !

Solution: Evaluate the distribution mass (4t-order moment - Kurtosis) !

KLIPPEL-live #5: Maximum SPL - a number becomes important , 35 < >



I -— (| EE 251

Kurtosis — An important characteristic

Proabilitiy densitiy function (pdf)

Kurtosis (fourth standardized moment): . KLIPPEL
(t) 4 1 /2 (t) 4 Stimulus without limiter
X X 1.00
K=|—| =— S dt -X rms
( ers j T J/Z( erS j 50.75 |
) = With limiter
i x Q.50
= | [—j P por (X)X
—00 ers 0.25
BZFE Interpretation: S
- IEERXTEILIREX,, AEREERSERNESE (Moors displacement [mm]
1986)
kurtosis is a measure of the dispersion of x around the rms center
value values x,,,, (Moors 1986) _ shoulder=sy SRR
- WRMRESESHBEEEE S MR OTESER, 2l 2

BlIZEES (BalandafllMacGillivray 1988)
kurtosis becomes higher if probability mass is moved from
the shoulders of a distribution into its center and tails
(Balanda and MacGillivray 1988)

KLIPPEL-live #5: Maximum SPL - a number becomes important , 36 < >



= RIS5EIERE Kurtosis of Common Signals

fourth standardized moment

4p
IR SN SN S o R <\ k=1.5 (Sinusoidal wave
. (Gau53|an ;no|se); _________________________________ 8 (sawtoothwa\i

—g

1,8

1,5

4

b Kurtosis

music

v

JAYalal
v

Gaussian noise

/\/\/\/]hk
N

VA
t

sawtooth wave

Sinusoidal wave

Square wave

Probability density functions for selected distributions with mean 0, variance 1 and different kurtosis

KLIPPEL-live #5: Maximum SPL - a number becomes important , 37

<>



RIFEENERE Crest Factor contra Kurtosis

@HK EXCEEDED 0.0001% OF THE TIME
27

CREST FACTOR

A

Variance of the music

o
»

0
0

Mark Steven Everett: The Temporal and Spectral
Properties of Recorded Music, PhD thesis, Coventry,

KEF, 1988

PITI00SEFYTANL EEFLIB R (1T

%:t &R,

KURTDSIS

T, fﬂ%@, Ee, &

IBAZ=AEEE) RICD

Analysis of more than 100 CD of popular
and classic music recordings (pop, jazz,

34

rock, vocalists, piano, orchestra, choral,
chamber music)

I

Same data but other peak value definition

OK EXCEEDED 0.01% OF THE TIME
13 :

CREST FACTCR

Variance of the music

a
v

0 KURTOSIS 34

#=smConclusion:

«  ERIERFEMIEE IR ARIESR

Large variance found in crest factor and kurtosis
- RIEESBEEEIEN

Crest factor rises with kurtosis

c  IREERSERRIRERIGEMIEEER
Crest factor values depend on observation time
and peak value definition

- EEETREERPEINTE (WYETRE)
Kurtosis is a reliable and well defined
characteristic (like rms-value)
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— Signal lines

[d8] 0dB =1V
&
2

1.5

=
o
o

PDF [1/mm]

o
U
o

0.00

Spectrum U(f) of voltage at speaker terminals
Noise + Distortion

— Noise floor

Voltage Specm

SRR BEREGR

Practical Consequences for Audio Devices

5 10 20 50 100 200 500 1k 2k 5k 10k 20k

Frequency [Hz]

DISPLACEMENT
(Low pass filtering
by transducer)

v

Probability Density Function (Displacement

-X +X

peak

peak
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E>,

>

Probability Density Function (Voltage)

Voltage at +o
Terminals ~
Amplifier g
limits peak S 050
voltage U eq
0.00
5 4 3 2 1 -0 1 2 3 4 5
Voltage u [Volt]
peak Upeae, rms voltage U,
crest factor C,, input powers Pgy,
kurtosis K,
peak displacement p—
Xpeaks Crest factor C, —— | nonlinearities, eating,
kurtosis K, distortion thermal
\ overload
power spectrum Sy(f), mechanical
rms displacement .., ——p | OVerload, Transducer
apparent mechanical fatigue, aging,
power P, Y
49
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SSEEERIEK(S 98 Need for a Standard Test Signal
representing relevant audio stimuli

complexity of the stimulus

Single- Two- Multi- Noise A_udio
Tone Tone Tone Signal

i I | |

Y Y Y
RapEiiministic pseudo-random random (non-stationary)
\ J
' .
Z3k Requirements: random (stationary)

o HILtER, EIBEMMAESEG

Comparability, reproducibility and repeatability

o AREBEIEHEEIERTRES

Generating a deterministic stimulus with pseudo-random properties

o NFRHERISHESMEGIENS (BHDUTIER,, &1, KSR

Representing typical audio program material or aggressive program material (causing overload, aging, fatigue and
defects of the DUT)

o RHFHEIEL (100/MEFIOZAR, WA, aTEl, RIRFE

Long-term testing (100h power test, endurance, reliability, climate influence)
o (FFEZERESPLMaxBRIER R NIEE

Fast calibration of the input channel using rated SPLmax

o TERETAEU (KE, B4E) FIRNIBIRRE (%, AE)

On-line monitoring of output (distortion, compression) and internal states (displacement, temperature)

KLIPPEL-live #5: Maximum SPL - a number becomes important , 41 < >



RIEEA{S5R Calibration of the Input Signal

based on SPL

max

rated by manufacturer (IEC 60268-21)

Evaluation point

" =oa Note: u,,,, depends on selected input channel,
setting of control elements (gain, equalizers, ect.)
Cov’s
«
/
/
U /
max |

. |
Same stimulus as | |

used in 100 h test '

SPL .. ——® Comparator <—SPL(_1-9)

BREEEIEAIBEE Objectives of the calibration process
«  EISSPL, RIEHEERAE A EU

Fast determination of the maximum input value u,,,, based on SPL,.,

°  fERumaxiREERIERIE

Using u,,, for the calibration of other test stimuli

- (EREEHRGHEAIBMANEE (FEf S8FF) xeREat

Full flexibility for using any input channel of the active system (analogue, digital, ect.)

- BENRMIRHSERENER

Simple technique giving high reproducible results

SPL,ax

IEC 60268-21 recommends a multi-tone stimulus for calibration and long-term testing!

KLIPPEL-live #5: Maximum SPL - a number becomes important , 42
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Sparse Multi-tone Stimulus
Defined in IEC 60268-21

MTZEAY224: Advantages of MT Stimulus:

Pseudo-random properties generated by a deterministic process (based on a few seed
parameters)

Fast testlnq (1 MT complex) to calibrate |nput channel, to measure dlstortlon and
thermal dynamics (tlme constant)

Long- term testing (100 h) by Iooplng one or more MT complexes

o SEREERIM (RITEFESY) LME—EEETHSEDUTSETZEHIE

Generating individual stimuli (interlaced tone complexes) for acoustical measurements
of multiple DUTS in one room

KLIPPEL-live #5: Maximum SPL - a number becomes important , 43 < >



Testing with a Multi-tone Stimulus

¢

= P(t,r) —»

excited
frequencies
f/i=1,...N

v

f

Sparse multi-tone complex

MDS(f)

» SPL
Spectral P(f) - Fundamental
Analysis ! Response
A
P(f)—+ Distortion
at frequencies
f#f;
v
f f

Spectrum of distortion

Standard IEC 60268-21 defines the measurement with multi-tone signals

KLIPPEL-live #5: Maximum SPL - a number becomes important , 44 <+ > ‘



Interlaced Multi-tone Testing

Stimulus 1

L]

! f

Separation based on tone position

Response speaker 1

v analog | ‘

é A \
f

Stimulus 2

RITHA

7

|_asynchronous Active
Systems
e

room 3]

Sound pressure spectrum

H\ \ ’ I\I

Stirﬁulus 3

W

Response speaker 2

f

‘ Response speaker 3

|

i

L]

| f

. BENEESEEDFEREARIE Each stimulus uses different tones in the multi-tone spectrum
- EBEHISEARTE—HZERNETHZ{EDUT Acoustical measurement applicable to multiple DUTs operated in one room
«  EZAERFAIEZ(EDUTEERIEGRMYRE

Simultaneous measurement of nonlinear distortion generated by multiple DUTs is not possible

KLIPPEL-live #5: Maximum SPL - a number becomes important , 47 <+ P>



Demo: Multl-Tone Test

simulated Free/Far Field Condition

Tool: Using a dedicated software module MTON (multi-tone) of the

KLIPPEL Analyzer

LI TLL IS UL U VSIS 3 - ULTLaU € 1v ey
P Edit View Operation Extras Tools Window Help
L] -S| QA WDERBA & 8|Sk
@ 1 MTON Search Umax sim free/far field (r_e 1 m) with pause 4 A~
@
] 5 Measurement SPLmax for given Umax IEC 60268-21, 1
@ 2 MTON sim free/far field (r_e 1 m
Dpart7
o 1 Heor(f) for Simulat
@ 1 - NFS Free Field (Reference data)
@7 st 30cm - 0.1V
@ 315C - FC- LF (1/r for H
@4 TRF Free/Far evaluation point Tm - (with correction curve)
o 1 Amplitude Compression with multi-tone
L 11 MTON Compression cycling 15 on / 10 s Off]
@ 1 MTON Compression cycling 15 on / 10 s Off (com
@ 1 MTON Compression cycling 105 on / 10 s Off (compression at
o Single Tone 15 ON /3 s OFF Uma:
@ 1 DIS SPL Fundamental U=0025 V (small signai
@ 2 DIS SPL (uf) large signal

ATON standard search Umax sim free/far field {r_e 1 m) with I

ar/Field condition
st 30 cm (7 min scan)

in-situ condition (r_

ssion at I

025V

o compression TRE
@4

6d8

ar evaluation u=0.085
@ 4 TRF TRF Free/Far evaluation u=0.17 1s
& 4 TRF TRF Free

ar evaluation u=0.17 10s

D47 Free/Far evaluation u=0.25 1
@ 4 TRF TRF Free/Far evaluation u=0.25 10
@ 4 TRF TRF Free/Far evaluation u=0.25 0.65
@ 4 TRF TRF Free/Far evaluation u=0.20 14s
@ 4 TRF TRF Free/Far evaluation u=0.20 10s
B4 Free/Far evaluation u=0.30 1
D 4TRF ree/Far evaluation u=0.30

o Single Tone (preloop 1s /3 s OFF Umax=03 V (1
@ 1 DIS SPL Fundamental U=0.03 V (small signal
IS SPL (u.f) Iz

2.04 dB  Compression peak of measurement u = 0.17 V.

Peak
Max, Mult-Tone | -13.69 | Relative Multi-Tone distortion peak at microphone of
Distortion a8 surement u = 0.17 V. Room correction applied.

Stimulus properties:

18Hz | Low

Multi-Tone frequency line

22400 Hz | Highest Multi-Tone frequency line

Signal duration

[l X=)
[ ] L ) 23
Magnitude of normalized transfer function Hnorm (f)
Measurement results: — =0 ref| c ¢ imit u=0 2
=t 7413 sum level of fundamentals in microphone signal at .
% d8 surement u = 0.17 V. Room corT applied. KLIPPEL
Max. Compression

ge signal v

OH®M
B H (f) Normalize
O MTND (f) Mu
B Maximum Compression
0 Maximum MTND

Magnitude
-Tone

rel)

O spL v

KLIPPEL-live #5: Maximum SPL - a number becomes important , 48

k 3.06 Kurtosis N T e ——
CF 13.05 dB | Crest Factor Maximum Compression of H (f)
pression
= = T KLIPPEL
@ \part 7\1 Amplitude C ion with multi 1 MTON C 0N CY... =
In(f) Spectrum
05
00
e 010 011 12 1 015 016 017
50 \
(d = | B

Magnitude of transfer function H (f)

() Stimulusis ection appied.

et OMPY. Mt

u=0
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BIEE \iEiECalibration of the Input Channel

First Method: adjusting the internal gain controller

Internal gain controller

—————

| o Evaluation
E— > rrrrrrrrrrrrrrr » p(r,) point re
Multi-tone Stimulus U
SPLmax(Te)

|
With IEC shaping max |
for typical program SPLy ———#| Comparator [« SPL(r,)
material T

max

ERHEBE (REHFERMEL) Properties of the broad-band stimulus (simulated program material)
gﬁﬂﬂﬂﬁz (=155 H1%) Acoustical condition (simulated free-field)
T hEire = 1m (BREHRIZHE) Evaluation point r, = 1m (simulated far field condition)

RIS IE*EEEEI?IFE Characteristics stated by the manufacturer
1.
2.
S
4. EEESANZEER4RSPLmMax Rated maximum sound pressure level SPL, .,

BTIECaIibration

e NEPiEm, LAEEEE A imRYUmax = -20 dBVELEESASPLE
Settlng of the internal gain that the U, ., = -20 dBV at the analog input generates
the maximum SPL value SPLmax

KLIPPEL-live #5: Maximum SPL - a number becomes important , 49 < >



BIEE \iEiECalibration of the Input Channel

Second Method: Measuring U, at maximum internal gain

max maximum gain

) | Evaluation
S > ............... » p(r,) Pointre
Multi-tone Stimulus 7 —I

|
With IEC shaping L max ‘e T SPL pax(Te)
for typical program SPL,,,, SPL(re)
material i = il

max

THSRIRERIFIE Characteristics stated by the manufacturer

EX B S IECHIHERFERS Stimulus is simulated program material according IEC
AEPIERTEEL AR K Internal gain is adjusted to maximum

ZHEME (BB /IE) Acoustical condition (simulated free-field)

T hEire = 1m (FEEBRIZE(E) Evaluation point r, = 1m (simulated far field condition)
AT AE B4R Rated maximum sound pressure level

RIE Calibration

Searching for U, at the analog input that generates SPLmax

A A

We are ready for a practical demonstration!

KLIPPEL-live #5: Maximum SPL - a number becomes important , 50 < >



Demo: InputCalibration
Method 2: Searching for U, .,

Tool: Using a dedicated software mod

KLIPPEL Analyzer

P

ct Edit View Operation Extras Tools Window Help
-] ¢-o® QA WdRA | &K

@ 1 MTON Search Umax sim free/far field (r_e 1 m) with pause 4s
@ 1 MTON standard search Umax sim free/far field

o] 5 Measurement SPLmax for given Umax IEC 60268-21, 1

@ 2 MTON sim free/far field (r_e 1 m)
Dpart7

o] 1 Heor(f) for Simulated Far/Field condition
@ 1 - NFS Free Field (Reference data) r_test 30 cm (7 min scan)
@ 2 TRF in-situ condition (r_test 30cm - 0.1V
@ 315C - FC- LF (1/r for H
@ 4 TRF TRF Free/Far evaluation point 1m - (with correction curve)

o 1 Amplitude Compression with multi-tone

L1 MTON Compression cycling 150/ 105 Off|

@ 1 MTON Compression cycling 15 on / 10 s Off (compression at I

@ 1 MTON Compression cycling 10's on / 10 s Off (compression at
o Single Tone 15 ON /3 s OFF Umax=0.25 V

@ 1 DIS SPL Fundamental U=0025 V (small signai

@ 2 DIS SPL (u.f) large signal
o compression TRE

6d8
TRF Free/Far evaluation u=0.085

TRF Free/Far evaluation u=0.17 1s
@ 4 TRF TRF Free
Free/Far evaluation u=0.25 1

/Far evaluation u=0.25 10:

Far evaluation u=025 0.6s

ar evaluation u=0.17 10s

Far evaluation u=0.20 1.4s
/Far evaluation u=0.20 10s

o Single Tone (preloop 1s /3 s OFF Umax=03 V (1
@ 1 DIS SPL Fundamental U=0.03 V (small signal

ule MTON (multi-tone

1.m) with I

Measurem

SPL

Max. Compression

nt results:

74.13
a8

level of fundamentals in microphone signal at
surement u = 0.17 V. Room corr applied.

2.04 dB  Compression peak of measurement u = 0.17 V.

Peak
Max, Mult-Tone | -13.69 | Relative Multi-Tone distortion peak at microphone of
Distortion a8 surement u = 0.17 V. Room correction applied.

Stimulus properties:

Magnitude of normalized transfer function Hnorm (f)

= c timit

KLIPPEL

OH®M
B H (f) Normalized Magnitude
O MTND (f) Mu
B Maximum Compression
0 Maximum MTND

O spL

-Tone Di

KLIPPEL-live #5: Maximum SPL - a number becomes important , 51

= 18Hz | Lowest Multi-Tone frequency line
Fmax 22400 Hz | Highest Multi-Tone frequency line
t 1s Signal duration
P 3.06 | Kurtosis
CF 13.05 dB | Crest Factor
@ \part 7\1 Amplitude C ion with multi 1 MTON C jon ¢y... =

SPLGBI (0 B = p0)

In(f) Spectrum

Wicrophone

5 + Distorbon U= 0,17V =

Fundamental, u =

KLIPPEL

Maximum Compression of H (f)

pression

0,14 015 016 017

) of the

Magnitude of transfer function H (f)

Indf)  Stimulusi rection applied.

OMPY, Mt
v u=0
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A IEEL IR iEhEE
How to Calibrate Other Test Stimuli
based on maximum input u,,,, (IEC 60268-21)?

' Maximum input value

0. » Comparator l'j' selected input channel, setting of control .
elements (gain, equalizers, ect.) are identical with
those used in the calibration

sine

Fixed setu
P Evaluation point

noise

Other test stimuli

{E,“ﬁ Benefits:

R RMEYIRIETEZEE Amplitude adjustment of other test stimuli
- fSCBEENEIER Simplifies automatic testing
« /IMSERIEuU,,,, < 0.1 u, AIBEWES: Clear definition of small signal domain u,., < 0.1 U,
- EEEDUTESIMESE Avoiding unintended overload of the DUT

KLIPPEL-live #5: Maximum SPL - a number becomes important , 52 < >



e Summary

» FEE(ESPLmaxBRIS AMER FRES I
The rated value SPLmax depends on the properties of the selected broad-

band stimulus
- mgﬁ_ - = = -|+\* ,¥ :|:, ~+ /i

Kurtosis describes is an |mportant characteristic for describing the properties

of the stimulus

 ERIEEFEM100hREF A P {ERERAEES

The same stimulus is used in the calibration process and in the 100h long

term test

»  Multi-tone 25HESPLmaxf E #EES

Multi-tone stimulus is an interesting stimulus for evaluating SPLmax
FENEARARIIENREE R LATE AR EEANTTK

The input calibration of active audio systems can be accomplished in a few

seconds
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2nd-part KLIPPEL live

Modern audio equipment needs output based testing
Standard acoustical tests performed in normal rooms
Drawing meaningful conclusions from 3D output measurement
Simulated standard condition at a single evaluation point
Maximum SPL — giving this value meaning

Selecting measurements with high diagnostic value
Amplitude Compression — less output at higher amplitudes
Harmonic Distortion Measurements — best practice
Intermodulation Distortion — music is more than a single tone
10 Impulsive distortion - rub&buzz, abnormal behavior, defects
11.Benchmarking of audio products under standard conditions
12. Auralization of signal distortion — perceptual evaluation

13. Setting meaningful tolerances for signal distortion

14.Rating the maximum SPL value for product

15. Smart speaker testing with wireless audio input

©COoONOOAWNE
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