Acoustical Distortion Measurements

Parts 6-10 of the KLIPPEL- live webinar
Acoustical Measurement of Sound System Equipment
according IEC 60268-21

presented by
Wolfgang Klippel
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IR PR 3 S B AR HIER, Modern audio equipment needs output based testing

%20 o ] HEf THY R BRI Acoustical standard tests performed in normal rooms

#¢ 3D & S A = F:AY4EEm Drawing meaningful conclusions from 3D output measurement
1 B (E 5L AR B #E (554~ Simulated standard condition at a single evaluation point
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e N R4l — B85 fR B2 3 Maximum SPL — a number becomes important

o el e R R R A

[EE
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B9tk H—a K= es 2 i< Signal distortion — a powerful concept for loudspeaker diagnostics
M5 & BR4E—(F i = E E g /D Amplitude Compression — less output at higher amplitudes
s EHON & - fxFEEES Harmonic Distortion Measurements — best practice

HiKHE - SENMEME R —{EZ5H Intermodulation Distortion — audio is more than a single tone

. ARERE - B - BE175 - ~ B Impulsive distortion - rub&buzz, abnormal behavior, defects
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. Boaaman = haEn A VB e 2s = Smart speaker testing with wireless audio input
AR N e R E A T AR S Benchmarking of audio products under standard conditions
. [EFRERTAEEL

. B(EYE S EEVE A E EIYA 7 Setting meaningful tolerances for signal distortion

JEWHIEE{ S Auralization of signal distortion — perceptual evaluation

. BPEESLAYESA SPL {H Rating the maximum SPL value for product
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7th KLIPPEL live:
B ERRE- AR MR T
Amplitude Compression — less output at higher
amplitudes

<4 H F HTopics today:

o EEER%EHYEE]E N Physical causes for amplitude compression

- HIEAYE 5 Consequences for testing

- FE#Z IEC fZ#E 20268-21 #17 H|= Measurement according IEC
Standard 20268-21

- EHitha O HEL T A Overview of other useful test methods

o HEPYEERE Interpretation of the results

- E%E~ Practical demos
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FFEL Poll:

WEEME 7 i Kim A BB umax FIRNE (IEEERE) FyZ(E?

Do you measure the change of the transfer function (amplitude response) at
maximum input level u__, ?

e 5 Yes
2 No
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I8 fZ BR 45 Amplitude Compression

G

Definition according to IEC 60268-21 (in short):
C(f,t,)=20log(|H,,(f,r,au,,)|)-20log(|H(f,ru,..t,)|)

15 EE JBRS C(F,tn) S AE MRt I8 OSBRI P 85 H(F,r, umax, tm) 1 JEE A R 22
BLAR (BGRB8 Hlin(fr, 0.1 umax) 1E/ME 5 (-20 dB) RUFHREIGREE (fZ[E, fﬁzi‘%‘)
TN,

The amplitude compression C(f,t_) is the level difference between the magnitude
frequency response of a time varying transfer function H(f,r, u,.,.t,) measured at
time t, and the linear transfer function H,,(f,r, 0.1 u,,,) measured at the same
conditions (position, environment) in the small signal domain (-20 dB).

&HE Consequences:
o NEEEURIGEAN HEFEREE far field condition and anechoic environment

are not required

o [RHMWIAIZR TRV B A B | Position of DUT and microphone should
not be changed !
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Y1{a]30 7T How to do it

IS < fR#E IEC 60268-21 {7 HIE -
Testing according to IEC 60268-21 in short:

EHEEEYED - HE=% 4 (HEEYTE: ) Define the broadband stimulus,
measurement condition (near field is recommended)

e TE 5 N A BEJBR umax Determine maximum input voltage u,,.,
4R E Rk EL Hlin(f,r, 0.1 umax) Measure the linear transfer
function H;,(f,r, 0.1 u,,)

VAl i Ay A RS ARG S R ek Ey H(f,r, tm,umax) Measure the time
variant transfer function H(f,r, t,u..,) at maximum input

sHHEEEHE C(f,tm) Calculate the compression ((£t,)
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e/ M5 E TEMIRY AR

20

50

200

- | M E

- linear response +20dB (-20 77 H)

- M | Linear response

E Short Term Response (1 s) /I \\ p.redI(I:ted from a Smta”
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SPL g Y ER4ECompression of SPL Output
SPL output at maximum input voltage Umax

Sound Pressure Response Z;rji\gn ﬁ/ﬁ”iﬁ/ﬂﬂm
=0T (-20dB)
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dB - 20\ predicted from a
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E ,//’\I\\-"'-- I ng\-\t-w""l (_20d B)
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105 + / i i
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100 y — — measured after
s © / What causes the amplitude applying the
- A1 mpression at low and high : :
S compression at low and hig i stimulus for 1 min
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2T 2RI R
Simplified Modeling of Thermal Dynamics

H(f.1) PR
I~

f
ol Symptom:
audio > L'/”?/ |, output  Amplitude Variation
signal Filter signal
/A electrical
Resistance Rg(t)
State Nonlinear H ( f ,t)
Generation Mapping
‘ - . .
30) Voice call
S(t) temperature T,(t)
.| Temporal
] Smoothing
State Variable

Electrical input
power Pg(t)

Thermal time
constants

AUFHEE R (FE v > 1s - 8 ™M < 1h ) BEEUHIERERIENEE(L - The thermal time
constants (voice coil 1, > 1s , magnet 1, < 1h ) cause slow variations in the transfer function.
JEAR MR B N 2 AR A EEE 5> &= New spectral components are not generated by the
nonlinear mapping
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X [mm] (mms)

JESR IR R R 4
Nonlinear Amplitude Compression

{SE FHPE R =CIESZ RIS (100 ms) JHIEHY = i 1% Bl A BB ERAYRE (%
Voice colil displacement versus input voltage measured with a
stepped sinusoidal stimulus (100 ms)

Fundamental component

S G (—
Nonlinear ' ". e

o L 3 S Up . -|:|.(f. E:i)..: p(r3)
25 ~LInear System R —— _

B Negative Feedback
207 R Soft limiting

i e
15 .'. /

C L4 Symptoms:

C I + Needs high peak values
10 -+ ra displacement, current,
05 ] / * no time delay
T :’l * smooth compression

i characteristic
0’0 < I I S I S I S I S I S

0,0 25 5,0 75 10,0 12,5 15,0

Voltage U1 [V]

KLIPPEL-live #7: Amplitude Compression , 11 <+ >



BAFERIEMIEE Kms(X) FYREGERIR

Mechanical Suspension with nonlinear Stiffness K, .(X)

H(f,1) I 7_

| .

f
Dol
audio Line output K
. . > . 6 - ‘
signal g 9/;’/ signal Nimm Stiffness KmS(X)p/
/ A B \ |
H(f 1) "N /
I RNE
State Nonlinear . ~———
Generation Mapping Duliiiieite Kins(X)
‘ -100 -75 -5.0 std‘sp?aiem;f XSrr(‘)m 75 10.0
Voice coil X
displacement No integration or smoothing of
State Variable the state variable !!

« ARSI T IR - QLTI T (AR R AR A SPL

The instantaneous displacement instantaneously increases the stiffness, which reduces the displacement and
SPL at low frequencies

o AR R P (o R I ER ] |

A progressive stiffness characteristic makes the product more robust !

o RUEENESOPRES b EED AL TR GEK - B5)

Fast variation of the linear filter generates new spectral components (harmonics, intermodulation) in the output
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T EhEHL\fReE Active Transducer Protection

based on linear and thermal modeling and measured transducer parameters

- —
- ~ \
[ attenuator -
\ 7 Dal

transducer
- ¥

a.udio \(aria e |\
signal High/pass |1
\

~

T %,T__ s amplifier .
[ 4
Thermal Mechanical transducer
Protection Protection para meters
yY v
voice coil displacement ' .
temperature ' .
Mechanical ' ’
 ————————————>» . |percoccccccscss - (]
Model < '
0
Thermal ’
4> ......................... L]
Model ¢

b5 1k #aEE;, To prevent thermal overload

o BIEEEENG AS9R 0 DUBZ RBLEE RFAE AR LT slow attenuation of the input signal to keep the voice
coil temperature below a permissible limit

5 1E A= Ek To prevent a mechanical overload

s (B EAVIREZR > DURFE B E A REHE naFaERR LT fast attenuation of the low frequency component
to keep the voice coil peak displacement below a permissible limit
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5 EE Poll:

e et o S Stk © (AR )
How do you avoid an overload of your audio system
?(multiple responses possible)

A.  EEEs T DRI AERICR zs#md 7] LA Limited amplifier output which
can be handled by the transducer can

B. FIHERIT (FHfE) ZEREEREH EE)fR:E Using electrical means
(analogue) for realizing active protection of the hardware

C. ({HHDSPIRE &G At Al R fg Using DSP software for limiting the
maximum output and protecting the hardware

D. Hifr others
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T &#EFE Active Thermal Protection

H(f.1)
I~

v

f
Dol
audio Line output Symptom:
. > . > . ; S
signal Fijter signal Amplitude Variation
/
H(f,1)
Geszar;‘ion '\Ii/ﬂl’:“”_ear € ---onn-- Permissable - Maximum voice coil
pping Limits
temperature T,
o
T, (t) _ Attack and release
Voice coil »| Temporal g ... Time constants are
) Smoothing Constants
termperature T,(t) State Variable related to thermal
time of the voice
coil (1.... 60 s)

ZhHE L BB B EH IR e Y 42 1958 The thermal time constants cause slow variations in
the transfer function.

TREE 2= i AE5R LAGREF Tv(t) < Tmax The protection system attenuates the input
signal to keep T,(t) < T«

(28 24 R e AR g ESE 47 & New spectral components are not generated by the
protection system
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PR

audio

H(f,t) V_

>

f

signal

State
Generation

Peak
displacement

X peak (t)

State Variable

Dol
Line output
. —
Filter signal
7 &
H(f,t)
Nonlinear
Mapping Inii Kmax
4
Xpeak (t)
Temporal € ---cone- Time
Smoothing Constants

-& Z:4¢ Mechanical Protection System

Maximum permissable
displacement X,

Short Attack time (1 ms)
Long release time (> 100 ms)

» The state generator generates the peak value of the voice coil displacement
» The low frequency range will be attenuated to keep the peak displacement

Xpeak PEIOW the limit value X,

» Alonger release time reduces the nonlinear distortion and other undesired
artifacts (pumping effect) but also reduces the acoustical output
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razsDynamic Range Compressor
applied to the input signal

H(f.t) } —
| >
f

&
G
EY
<t
i
[ 3m

Dol
audio I_i/n??/ output
. g . > .
signal Filter signal
7 &
H(f,t) P(f,t)
State Nonlinear 4._______.Knee point and
Generation Mapping steepness
A >
Absolute value S () S(t
of the input > Temporal € Time
signal . Smoothing Constants « Short Attack time (0.5 ms)
State Variable .
* Long release time (50 ms)

o HiE : BMERUKESHYIEEEERECK o [ERFE I SPL g Target: Reduction of the peak voltage
requirements of the amplifier while increasing the SPL output

o EHAFEESE A JEAR IR E S~ E Nonlinear and impulsive distortion are generated during attack phase

s IRAVENIFHEE B FEEIEGIELE - (HFFEERKIH SPL A longer release time constant reduces the
nonlinear distortion but reduces the long-term SPL
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IR ek Noise Gating
applied to the input signal

H(f.t) 4
f
Dol
audio > Line output
signal Filter signal A
e P(f,t)
H(f,1)
State Nonlinear 4._______.Knee point and
Generation Mapping steepness
4 ____ >
Absolute value S 5@ S(t
of the input Temporal € -mmmee Time
signal State Variable Smoothing Constants « Short Attack time (0.1 ms)

- HE B2 REREHRERTRET
noise when no audio signal is applied

© EREEMEET (Wit ) EAIEGRMAIIRE L E Nonlinear and impulsive
distortion are generated during attack phase (gain switching)

o HEIENEFEEREE TS Alonger release time constant reduces the
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artifacts

* Long release time (200 ms)

4% Target: Reduction of electronic



AEAHYEE R

Consequences for Testing

TR LRI EB#RRTT By

Fast analysis to measure

i AN )| __x transient behavior
AR (S — A
Broadband test stimuli i
represent typical audio sme vorinar | (1,0 SRR IRE (SR )
signals T DURIEFRFME (HR ~ BRI
SO oo Increasing stimulus
State Varable | """ amplitude (linear stepping)
to measure the
a?%?f%Bﬁ}ﬂﬁﬁ)ﬁiﬁbﬁi&?ﬂiﬁﬁémﬁ Pl 1=
- Z o
_ : DSP & iz Short Stimuli are
the state signal that activates the required to evaluate the nonlinear
amplitude compression compression, DSP and voice coil
heating
&3] (f < fs) % X : .
low frequencies (f < f,) RS2 E AR Y (28 ) Long

Stimuli to consider the thermal

- displacement x .
compression (magnet)
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HER 7 7 EMF it Overview on Test Methods

Noise Generator + Spectrum Analyzer + Cross correlation
e Conventional technique, good for slow thermal compression

e Averaging required to improve SNR (time consuming)

e Poor temporal resolution (DSP, nonlinearities)

Multi-tone testing (sparse pseudo-random noise)
e Sparse spectrum similar to dense noise but higher SNR
e Special analysis required if there is a sample rate mismatch (session 15)

Sinusoidal chirp testing (logarithmic frequency-time mapping)
e Dense spectrum, good SNR, fast analysis
e High activation of the transducer nonlinearities

i : IE .
Single Tone, Burst at selected frequencies C 60268-21

e Best temporal resolution for testing transient behavior
e Time consuming
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IRy s Multi-Tone Testing in Practice

AR5 Conditions:

R Ml Rt SPLmax Hyfgn 26 &Rl (MBI J57ZE 24 ) Sparse multi-tone stimulus
(typical program material) as used for testing maximum output SPLmax (session 5)

T2 IEC 60268-21 4 16.4 =11 & Measurements according to IEC 60268-21 chapter 16.4
la)fEm N A Umax=0.17 V N HARR YA 1 TRIGER FR R RO IR (E R R T=1s

Short-term compression at maximum input U,.,=0.17 Vusing a stimulus length T=1s after playing the
same stimulus in a preloop

1b)1Em A A Umax=0.17V FIFHEIRVRIH T=1s MHER RIS E TSR T RO 1 728 + 1 3824l
RE (HERED

Long-term compression measured at maximum input U_,,=0.17V with the same stimulus T=1s after the
playing the stimulus 1 min in a preloop + 1 min cooling break (without break)

2)189 % AN B RE u EA IR YA C = 3dB
Search for input voltage u generating a short-term compression C = 3dB

BT | AENTISHECTHI R LIRS SNR

Tip: Perform measurement in near field to improve SNR

fiZfs Interpretation:

En145 HAFE HEHI & bh#: Compare with Short-Term and Long-Term Measurement

KLIPPEL-live #7: Amplitude Compression , 21 < P>



— AA

el Demo

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

W NUIFFLL IS JULUU VIS - UBeLeU £ 101 £v
Project Edit View Operation Extras Tools Window Help
L] ¢-o® QA BERB| & H SKa3es v o w e
@ 1 MTON Search Umax sim free/far field (r_e 1 m) with pause 45 » [} — I e Vo [
@ 1 MTON standard search Umax sim free/far field (r_e 1 m) with s ‘Magnitude of normalized transfer function Hnom
] 5 Measurement SPLmax for given Umax IEC 60268-21, 17.14) grivude of nommakzed transfer Mincton Hinomn )

Measurement results: Ry
@ 2 MTON sim fr eld (e 1 m
2 MTON sim free/far field (r_e 1 m - e 0

compr. imit =012V
014V

u=0 —
Bpart7 = 74.13  sum level of fundamentals in microphone signal at g u=0A7V
o 1 Hcor(f) for Simulated Far/Field condition d8 measurement u = 0.17 V. Room correction applied. KLIPPEL
@ 1 - NF free Field (Reference data) r_test 30 cm (7 min scan) . Compression | 3,04 dg | Compression peak of measurement u = 0.17 V. 2
@ 2 TRF in-situ condition (r_test 30cm - 0.1V o= [
= S Max. Multi-Tone  -13.69 | Relative Multi-Tone distorton peak at microphone of B ) e L
@ 31SC - FC- LF (1/r for HF Distortion a8 measurement u = 0.17 V. Room correction applied. £ ==
@ 4 TRF TRF Free/Far evaluation point 1m - (with correction curve) 2 Y
] 1 Amplitude Compression with multi-tone Stimulus properties:
L 11 MTON Compression cycling 15 on / 10's O “’“"‘"“' B D e - o
@ 1 MTON Compression cycling 1 5 on / 10 s Off (compression at I« 'min 18 Hz Lowest Multi-Tone frequency line
@ 1 MTON Compression cycling 10's on / 10 s Off (compression at Fmax 224001z | Hghser MukE-Tone equency ine
o Single Tone 15 ON /3 s OFF Umax=025 V & 28 Signal duration e &
@ 1 DIS SPL Fundamental U=0025 V (small signa . 306 _ Kurtoss — =
Fundam =0.025 V (small signal) -
<3 13.05 d8 | Crest Factor
@ 2 DIS SPL (u,) large signal Maximum Compression of H (f)
0 ororaon THE = Max Compression
= p— PPEL
@ 4 TRF -6d8 0 B . KLIPP
@ 4 TRF TRF Free/Far evaluation u=0085 @ \part 7\1 Amplitude i h multi-tone\ 1 MTON Cx o}
@ 4 TRF TRF Free/Far evaluation u=0.17 1s " In(f) Spectrum
@ 4 TRF TRF Free/Far evaluation u=0.17 10s s Sigrial Qoo Coms:
@ 4 TRF TRF Free/Far evaluation u=0.25 1 uz01v
@ 4 TRF TRF Free/Far evaluation u=025 10s 05
@ 4 TRF TRF Free/Far evaluation u=0.25 0.65
@ 4 TRF TRF Free/Far evaluation u=0.20 1.4s 0 00 Fer - . = - -
0 0 1 2 015 7
@ 4 TRF TRF Free/Far evaluation u=020 10s 0 = Py A =" HLEPEL
@ 4 TRF TRF Free/Far evaluation u=030 10s (1 50 4 A
@ 4 TRF TRF Free/Far evaluation u=0.30 14s (1 \ e =g
0
o] Single Tone (preloop 1s /3 s OFF Umax=0.3 V (1) \A
@ 1 DIS SPL Fundamental U=0.03 V (small signal) L= 30 { \ Magnltyde of transfer function H (f)
3 / \ nif)/ Stimulus(f). Room correcton applied.
@ 2 DIS SPL (u.f) large signal vk wpe imit
y 5 g o ;
Cax® BvOD~vao E
G XxX® E AN LR
B H (f) Magnitude A LE o \
O H (f) Phase i
-10
B H (f) Normalized Magnitude
O MTND (f) Multi-Tone Distortion (rel) 2

B Maximum Compression
O Maximum MTND
O spL

10
Frequs

10°
Frequency Hz]
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a2 AEHIEL Chirp Testing in Practice

AR Conditions:
1£ SPLmax Jiz EL 7 ¥ SUiH - R R B Y T 52087

Sinusoidal chirp with logarithmic frequency-time mapping at SPLmax (session 5)

JER%E H &= Measurements of the compression
3a)tEm R A umax=0.17 HYFETEIR HHERUHEERIEE - ERRIHEE T=0.6s HyKRTHABAYE

Short-term compression using a stimulus length T=0.6s after playing the same stimulus in a preloop
at maximum input u,,,,=0.17

3b)fEr R A umax=0.17 BYTEfEESE T B RBUH FEIRIFIRHR B G (EimimzeRE ) > T=20s)

Long-term compression (slow sweep speed) with T=20s) after playing the same stimulus in a
preloop at maximum input u,,,,=0.17

3C)fZ B RRLE i & BA 4 C=3dB
Searching for voltage giving amplitude compression C=3dB

fi#FE Interpretation:

o EhEmsHAZ IR L A HA4R M EE5E Compare Short-term multi-tone test with short-
term chirp test

o [hE4 SN Z AR S B %5 Compare amplitude compression from chirp and
multi-tone
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T~eg Demo

Tool: Using a dedicated software modules TRF (transfer function) and
TRF Stepping of the KLIPPEL Analyzer

WP NLIFFLLIIE JUL U YEISIN 3 - UmLaU £ 108 U
Project Edit View Operation Extras Tools Window Help
glv ¢~ |a|EE & 8| Smsr v

&% 1 MTON Search Umax sim free/far field (r_e 1 m) with pause 45~
& 1 MTON standard search Umax sim free/far field (r_e 1 m) with I
-] 5 Measurement SPLmax for given Umax IEC 60268-21, 17.14)
&8 2 MTON sim free/far field (r_e T m)
&0 part7
=] 1 Heor(f) for Simulated Far/Field condition
@ 1 - NFS Free Field (Reference data) r_test 30 cm (7 min scan)
&8 2 TRF in-situ condition (r_test 30cm - 0.1V
@8 3 ISC - FC- LF (1/r for HF)
@ 4 TRF TRF Free/Far evaluation point 1m - (with correction curve)
=1-a] 1 Amplitude Compression with multi-tone
& 1 MTON Compression cycling 1son/ 10 s 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
-5 Single Tone 1s ON /3 s OFF Umax=025 V
] & 1 DIS SPL Fundamental U=0.025 V (small signal)
&8 2 DIS SPL (u ) large signal
£1-%] compression TRF
-&3 4 TRF -6dB
B[4 TRF TRF Free/Far evaluation u=0.085]
& 4 TRF TRF Free/Far evaluation u=0.17 1s
-&3 4 TRF TRF Free/Far evaluation u=0.17 10s
&8 4 TRF TRF Free/Far evaluation u=0.25 1
& 4 TRF TRF Free/Far evaluation u=0.25 10s
-&8 4 TRF TRF Free/Far evaluation u=0.25 0.6s
&8 4 TRF TRF Free/Far evaluation u=0.20 14s
& 4 TRF TRF Free/Far evaluation u=0.20 10s
& 4 TRF TRF Free/Far evaluation u=0.30 10s (1)
@ 4 TRF TRF Free/Far evaluation u=0.30 14s (1)
-5 Single Tone (preloop 15 /3 s OFF Umax=0.3 V (1)
: & 1 DIS SPL Fundamental U=0.02 V (small signal)

&3 2 DIS SPL (uf) large signal v
< >
O x®B-m-

Impulse Response ~

O Energy-Time Curve

O Step Response

Fundamental + Harmonics

O Harmenic Distortion

O H (f) Magnitude

O H (D Phase v

==
> == =] & [= = [R]
Impulse response h(t) Fundamental + Harmonic distortion components
Hif)= Signal atIN1 / Stimulus Signal atIN1
Measured ——— Windowed Fundamental THD 2nd Harmonic ———  3rd Harmonic
400 ' KLIPPEL = = = = Fund.mean (100to 500 Hz) Absolute PHD  —— —— PHD limit (-4008)
H KLIPPEL
200 L 70 = \/W
| 60
0 ' 50
- | [z 40
| 200 : z ]( B }vw\\
£ | = 30 = _—t
E 1
0 : E XQ I \R/f VVE%A
1 w20
o | / \«de ’“\%W’\V
K ' 10
i v /f . "/‘A
| 0 A
-800 T
1 -10
|
-1000 '
0 200 400 600 800 1000 1200 100 200 500 1k 2k 5k 10k 20k
Time [ms] Frequency (Hz]

@ \part 7\compression TRF\4 TRF TRF Free/Far evaluation u=0.085: Stimulus (t)

KLIPPEL-live #7:

Stimulus (t) vs time

stimulus ()
KLIPPEL
0,10
0,05
= 000
0,05
0,10
0 100 200 200 400 500 600 700 800 9200 1000 1100 1200 1300
Time [ms]
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B =ML Single Tone Testing in Practice

AR Conditions:

o CUHEETBIERERIERRAVR % - A TRIEERAI i 2 [MRVE = (BHR) Stepped
tone excitation versus frequency and voltage with preloop and pause between the
steps (off)

o (HEgsagzEhn] ZHSA=T Negligible heating of the transducer

M Tests:
D= EEENEEE (TRIEIE ~ {2 ) Searching for steady-state test condition (preloop, pause)
5)TEfEER B R 45 =22 Influence of preloop on the compression

fi#FE Interpretation:
Bl m Bl Ultra-Fast [-#% Compare with m with Ultra-Fast
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&g Demo: Compression (Stepped Sine)

Tools of the KLIPPEL Analyzer:
« 3D distortion measurement (DIS)

N® KLIPPEL life JBL Go version 3 - dB-Lab 210.720 - o *
Project Edit View Operation Extras Tools Window Help
[ ] Frad® A HEB|& E| ®kazsss ~ E&Es
Dipart 7 ~
@] 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
@ 31SC - FC- LF (1/r for HF)
& 4 TRF TRF Free/Far evaluation point Tm - (with corection curve) ™~
o] 1 Amplitude Compression with multi-tone 02
@ 1 MTON Compression cycling 1 son / 105 Off
@ 1 MTON Compression cycling 15 on / 10 5 Off (compression at It
@ 1 MTON Compression cycling 105 on / 10 5 Off (compressionat | =
] Single Tone 15 ON /3 5 OFF Umax=025 V
@ 1 DIs SPL Fundamental U=0.025 V (small signal) 01
& 2 DIS SPL (u.f) large signal /
=& compression TRF 0.2 / N / \
@ 4 TRF 608
@ 4 TRF TRF Free/Far evaluation u=0.085 - - -
@ 4 TRF TRF Free/Far evaluation u=0.17 15 oon 00s o o8 T"“;I'“m 02 0 038
@ 4 TRF TRF Free/Far evaluation u=0.17 105 -
@ 4 TRF TRF Free/Far evaluation u=0.25 1 - —
@ 4 TRF TRF Free/Far evaluation u=0.25 105 » =[E@[=R] o = | Bl e
& 4 TRF TRF Free/Far evaluation u=0.25 0.6s Fundamental component Compression
@ 4 TRF TRF Free/Far evaluation u=020 1.4s 1IN (1,U1) | IN1 (14, U1) | * Ustart /U1
@ 4 TRF TRF Free/Far evaluation u=0.20 10s v
@ 4 TRF TRF Free/Far evaluation u=030 10s (1)
@ 4 TRF TRF Free/Far evaluation u=030 1.4s (1) E ]
] Single Tone (prelaop s /3 s OFF Umax=03 V (1) 1o > =S S -
@ 1 DIs SPL Fundamental U=003 V (small signal) £ g
(2 DI SPL (u) large signal £
] Single Tone (preloop 50us /3 5 OFF) Umax=03 V (2
@ 1 DIs SPL Fundamental U=003 V (small signal |
@ 2 DIS SPL (uf large signal i
D part s vl

D \part T\Single Tone (preloop 15 /3 s OFF Umax=03 V (1\2 DIS SPL (u.f) large signal: Waveform ¥1

Waveform IN1
11=101053Hz U1=

folal IN1 {1

- _AKLIPPEL

— (3 — (12— 21V —30V

[~

T T

oG x @ E~O~

Harmonics, % A
Total Harmonic, %

2nd Harmeanic, %

3rd Harmonic, %

2nd Intermod, %
3rd Intermod, % -
THON

ooooooo

103 103
Frequency f1 [Hz; Frequency f1 [Hz;
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HIEGS SRRV RS Interpretation of the Test Results

AR E AR (FRH#1ES » DRC)
full-band audio processing

limiter, DRC = B St
g ) 18T RS R AT TR
: DSP (t¥tBifReE )
X compare . .
Multi-Tone . P N Sinusoidal reveals transducer
(s_hort-Term test Chirp nonlinearities and band-
T=1s) (sweep time T=1s) 'imited DSP (mechanical
R protection)
= Compression 3
& depends on the 3
- ©
S stimulus ! ®
@
v
Multi-Tone Single Tone/Burst
long-term test with (few periods, T <50 ms)
preloop, T=1min
z : 2 ERE 25 F4-IE + BERETT £y DSP
B =R (DRC - [Efg5 - Hebh{RH6)
Heating of the voice caoill, =

Transducer nonlinearities +
transient behavior DSP (DRC,
limiter, mechanical protection)

active thermal protection
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== Discussion
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ZEZE Summary

IEE B %5 Amplitude Compression

o EEIEROAENG I —(EEZEE Is an important characteristic for rating the maximum
acoustical output

o HURRREFENYZDepends on the particular stimulus
- RHIBESSAVE ARUE (8P EEL) Is a natural effect of transducers (close to overload)
«  BEETAIRGRS - IreERGFHIEAM DSP AR 248 H 4L (& THD XX SiEEER

48 ! | ) Is intentionally generated in active systems with limiters, protection systems
and other DSP software (Trading amplitude compression for THD !!)

o O DIAFHARERRHYITEE = » MR FH RIS IEf4RCan be measured in the near field of
the transducer without using a room correction curve
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HERS Open Questions

Now it is time to consider spectral components which are not in the
stimulus!

PE NRAYKLIPPEL HHR4E&EIIaT 4 Rid A BEHE - SR EE
The next 8" KLIPPEL live webinar entitled
Harmonic Distortion Measurements — best practice

g DL 46 8E will address the points:

LRI 7574 (IEC 60268-21) Traditional and new ways for testing (IEC 60268-21)
AT DAFS (L3 THD £EERY @ FENE 2 Can we simplify the interpretation of THD response ?
(RS T 2R =238 2 What reveals the 2nd and 3@ harmonics ?

B DERD - BEEE - R - EEIESSAYEZ4EE - Reducing the influence of positioning, distance,
room, sensor, ...

Y{afEF QC 43 TN HIER EEAZAE H &= B ESEE 2K 2 How to link QC end-of-line testing with standard
measurements ?
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Sessions of KLIPPEL- live Webinar

3% IEC 60268-21 ¥ E & L 4axim A TEE N E
Acoustical Measurement of Sound System Equipment according IEC 60268-21

IR PR 3 S B AR HIER, Modern audio equipment needs output based testing

%20 o ] HEf THY R BRI Acoustical standard tests performed in normal rooms

#¢ 3D & S A = F:AY4EEm Drawing meaningful conclusions from 3D output measurement
1 B (E 5L AR B #E (554~ Simulated standard condition at a single evaluation point

= =

e N R4l — B85 fR B2 3 Maximum SPL — a number becomes important

S RO Ny

[EE
o

B9tk H—a K= es 2 i< Signal distortion — a powerful concept for loudspeaker diagnostics
M5 & BR4E—E i = e T dn H R /D Amplitude Compression — less output at higher amplitudes
N EON & - fxFEEES Harmonic Distortion Measurements — best practice  ( Next session)

HiKHE - SENMEME R —{EZ5H Intermodulation Distortion — audio is more than a single tone

. ARERE - B - BE175 - ~ B Impulsive distortion - rub&buzz, abnormal behavior, defects

e e e e
oa b W N -

(==

. Boaaman = haEn A VB e 2s = Smart speaker testing with wireless audio input
. AR T B A E T A AR, Benchmarking of audio products under standard conditions
. SRR ERY A ERAL

. B(EYE S EEVE A E EIYA 7 Setting meaningful tolerances for signal distortion

JEWHIEE{ S Auralization of signal distortion — perceptual evaluation

. BPEESLAYESA SPL {H Rating the maximum SPL value for product

KLIPPEL-live #7: Amplitude Compression , 33 <+ >




