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7t KLIPPEL live:
IR{EEYE - SIEERNE©LERD

Amplitude Compression — less output at higher amplitudes

/ﬁ\ E 'IEE':E Topics today:

° ﬂE{E}:T:?{FE E’\J'—’f@fiﬁ Physical causes for amplitude compression
. ,ﬂ”iﬁﬂ’\]}ﬁ =2} Consequences for testing
« SFSIECENE60268-21RTMIZ Measurement according IEC Standard 60268-21

: Eﬂi’;ﬁ ﬁﬁ,}ﬂ”iﬂﬁfi*ﬂ%?ﬁ Overview of other useful test methods
. éﬁ%ﬁﬁ@@ Interpretation of the results

e SCFRE7R Practical demos
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Poll:

IBEREAEREAEABFumax NUEEBRZL (18§

JEHFJ] E\Z) E/‘J’E'ﬂﬁ’? Do you measure the change of the transfer function
(amplitude response) at maximum input level u.,, ?

e Yes
e NO
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Amplitude Compression

Definition according to IEC 60268-21 (in short):

C(f,t,)=20log(|H,(f,r,au,,)|)-20log(|H(f, ru,..t,)|)

IBEE4s A £t EtmES B ERIET SAEHEREH(L L, Uy, )RR
BRI SE/MSS1 (-200B) FHERIFEG (ME. #Mz) Tl
EAVZEILIEBREIH, (fr, 0.1 U, )AIEERERINN 2 BRI,

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).

£EER Consequences:
. Z_ %l_i/f] 14:*[];%')::5%1% far field condition and anechoic environment are not required

° DUT*D%%J—LEI’\JE‘Z%Z:@E 7'“' Paosition of DUT and microphone should not be changed !
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How to do It

f@éIEC60268-2 1f|_EIL_l_%Ei|)-|\UEt Testing according to IEC 60268-21 in short:

1.

2.
3.
4

ENE s, WEFE (BNEr)

Define the broadband stimulus, measurement condition (near field is recommended)

Eﬁfﬁﬁ%j{i@)\EgESUmax Determine maximum input voltage Uy,
M| E 2 LHEERZIH,(F,r, 0.1 Upay)

Measure the linear transfer function H;.(f,r, 0.1 u..,)

EE KBNS N EFTIATEBERRETH(EY, T, Unay)

Measure the time variant transfer function H(f,r, t,,uU,.) at maximum input

-L—|-§ J:ng{'_ﬁ C( If r m) Calculate the compression ((£t,)
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SPL

]

ERRHINE

Sound Pressure Response
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SPL

ERRHINE

: J ::I:|I E'Jré{ﬁ Compression of SPL QOutput

_,}_ max H:I-EIJSPLEHJLJ SPL output at maximum input voltage U,

Sound Pressure Response
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FENN1 > $RERIRIIR
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Simplified Modeling of Thermal Dynamics

H(f.1)
I/ﬂ’—/\\(
I 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 coll
temperature T,(t)
S(t) b
Temporal
) Smoothing
State Variable

Electrical input
power Pg(t)

Thermal time
constants

,\\\HTIETJI%S& (EI. T,>1s | EZ{%#E Ty < 1h) @ﬁ{?ﬁ@éﬁ%’fﬁﬁﬂ’,o The thermal time constants

(voice coil 1, > 1s, magnet Tu < 1h) cause slow variations in the transfer function.

5"5% &HH&E}‘Z’ AQEEJZ-J—\EE’JI)JJE Ezﬁj\ New spectral components are not generated by the nonlinear mapping
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Nonlinear Amplitude Compression

SEMZSMABENXR, (ERLSHIEZEE(100ms)
Voice coil displacement versus input voltage measured with a stepped
sinusoidal stimulus (100 ms)

Fundamental component

Linear System

| X (f1,U1) |

———KLIPPEL

Soft limiting

4 .
e,

Voltage Ul [V]

10,0 12,5 15,0

Nonlinear

.........

Up

Negative Feedback

Symptoms:
* Needs high peak values
displacement, current,

* notime delay
* smooth compression
characteristic
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BEEIAEEMENIMEK ORI S

Mechanical Suspension with nonlinear Stiffness K, ((X)

H(f,t) I7_

I »
f
Pl
audio Line output K
. . > . 6 - ‘
S|gna| > 9{"/ Slgnal Nimm Stlffness KTO?E:)suspensm)[
/A . §\
H(f 1) SN /
2 E \\
State Nonlinear €------ Koms(X) ) S~—
Generation Mapping ms
“ -10.0 -7.5 -5.0 -2, Sd‘sp?aocemezn.ls ) SmOm 75
Voice coll X()
displacement No integration or smoothing of
State Variable the state variable !!

BrET i ZEPIENNMINE, MPRMER(ERIRAbAINIFBFOSPL The instantaneous displacement

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

ﬁﬁi&ﬂﬁﬂ _I &%’ﬁﬁizznnﬁ'al A progressive stiffness characteristic makes the product more robust !
HERIRERERET U SERH PrEFABISSE (18K, BiE) Fast variation of the

linear filter generates new spectral components (harmonics, intermodulation) in the output
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EZ-SIH: E’%{%?FI Active Transducer Protection

Eﬂzéﬁ &*D,m*ﬁil«/{&l)\ EI_-H:% E’%ﬁ*& based on linear and thermal modeling and measured transducer parameters

-

” ~

/ N -
attenuator , -, Dl transducer

di = vari
audio
. .arla e |\
signal High/pass |1
A
T ’/NT__ s’ amplifier .
[ 4
Thermal Mechanical transducer
Protection Protection pa.rametc.ers
yY -
voice coil displacement ' :
temperature . :
Mechanical ' '
 —————————————>» = |@percoccccccscss - (]
Model < '
0
Thermal '
4> ......................... a
Model <

IIEJ.I:,.“LE% To prevent thermal overload
o ZBEZFMNGS, FEBEERERSERITFIIRIEZT

slow attenuation of the input signal to keep the voice coil temperature below a permissible limit

PELE#NARE %L To prevent a mechanical overload
- REZREADE, FEBIEEMABERTFIINREZT

fast attenuation of the low frequency component to keep the voice coil peak displacement below a permissible limit
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Poll:
YR SR ST E? (B]Z2315%)

How do you avoid an overload of your audio system ? (multiple responses possible)

A. B HREEEs AT IERI IR 28 2 FR I

Limited amplifier output which can be handled by the transducer can

fEREEE S5V (1R3) SCRINIRRARIERIIRIF

Using electrical means (analogue) for realizing active protection of the hardware

B.
C. {sER3DSPERIAPR Bl B Ak R IP AR
D.

Using DSP software for limiting the maximum output and protecting the hardware

,=\1m others
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Active Thermal Protection

H(.1) I

bl

TV (t)

/ y

Nonlinear
Mapping

4

T,(1)

\'

Temporal

audio
signal
State
Generation
Voice coil
termperature T,(t)

State Variable

Smoothing

v

p bnet L, o
Filter signal

H(f,t)

output

Permissable
Limits

Time
Constants

Symptom:
Amplitude Variation

Maximum voice coil
temperature T,

Attack and release
constants are
related to thermal
time of the voice
coil (1....60 s)

?&Bﬂl\ﬂj %ﬁ&%—ﬁ1§i§ﬁ@§&%’l‘%§{{ The thermal time constants cause slow variations in the transfer function.
1%}}:' gﬁﬁ%iﬁﬁﬁﬁ)\ﬁ%uﬁﬁﬂ(ﬂ < Tmax The protection system attenuates the input signal to keep T,(t) < T,ax

TRE N FHTH I)J\ié-' New spectral components are not generated by the protection system
RIFRR AT EFRBE KD
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Mechanical Protection System

H(f,t) V_

I »

f
X
audio Line output
. a . —
signal 9/;’/ signal
/A
H(f,1)
State Nonlinear | Maximum permissable
Generation Mapping < Kimax displacement X
= max
Peak X peak (t)
) X t
dlsplacement peak( ) Temporal €---nvu-- Time  Short Attack time (]_ ms)
S thi Constant .
State Variable moothing onstants « Long release time (> 100 ms)

ﬁﬁﬁi%%?i%{ﬁ%ﬁgﬂ%{ﬁ The state generator generates the peak value of the voice coil displacement
fﬁﬁﬁﬁ:}ﬁE]1%%)}24%7)321«‘,{{%lh%{E{ﬁ*preak{%%EwBE{EXmaXL\,L_F The low frequency range will be

attenuated to keep the peak displacement X, below the limit value X,

- 3 LY A Y N ~ : -t A
BAHERIET B e N R R R EMARIR (Rad) B EEFR
H:.I A longer release time reduces the nonlinear distortion and other undesired artifacts (pumping effect) but also reduces the
acoustical output
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Dynamic Range Compressor
applied to the input signal

H(EY) I/‘

I B>
f
X
audio I_i/n?/ output
. g . > .
signal Filter signal
/A
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 N Smoothing Constants « Short Attack time (0.5 ms)
« Long release time (50 ms)

BiR: BEENCESREERBEER, FiTEINSPLH

Target: Reduction of the peak voltage requirements of the amplifier while increasing the SPL output

?:EISZEEWTEQ%FZEEH Eé%’[i*[lﬂﬂ(}ﬂllgeﬁ Nonlinear and impulsive distortion are generated during attack phase
BRRIENE RESaROIELERE, (BREEIRESPL

A longer release time constant reduces the nonlinear distortion but reduces the long-term SPL
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Noise Gating
applied to the input signal

H(f,t) 4
f
X
audio Line output
signal > 9/;’/ signal A
- P(f,t)
H(f,t)
State Nonlinear 4._______.Knee point and
Generation Mapping steepness
A >
Absolute value St 5(®) S(t)
of the input ®) Temporal € Time
signal N Smoothing Constants « Short Attack time (0.1 ms)
* Long release time (200 ms)

. E*[]_? *E@}JD:EZEJH %‘%ET_I';EJZ//I\ EE,?U;‘T%EE Target: Reduction of electronic noise when no audio signal is applied

- IGEMER (IBmUR) Sr-EIREREMBKT AR

Nonlinear and impulsive distortion are generated during attack phase (gain switching)

> Eﬁt’tﬁgﬁﬁﬂﬂﬂ'lﬁl ﬁé&ﬁ_ﬁ)ﬁk//l\ ﬁﬂ{a A longer release time constant reduces the artifacts
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Consequences for Testing

SV R s 8

E‘ﬁﬁ{%‘%— Broadband test cigna
stimuli represent typical audio
signals

e 22 i P A B SRR R A S I
EE*{EEQH(,._,\F' '% Band limited test

stimulus is required to find the state signal
that activates the amplitude compression

low frequencies (f < f,)
- displacement x

RiESLANERSTH

Fast analysis to measure
A transient behavior

State

Generation

B
i IIMEIEE (S

= i) FMBISHE (K.
S— f@PREI) increasing
[ Smocthing stimulus amplitude (linear

stepping) to measure the
characteristic (soft, hard
limiting)

= g%ﬁ'ﬂﬁh*iﬂzﬁﬂ Fe 1 EYE,
DSPHIS BN short Stimuli are

required to evaluate the nonlinear
compression, DSP and voice coil heating

KM RIRE EIREDE (fEEX)

Long Stimuli to consider the thermal
compression (magnet)
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Overview on Test Methods

Noise Generator + Spectrum Analyzer + Cross correlation

o %%m}iﬁ 5 iﬁﬁﬁ?i;%’f%?&}féﬁ Conventional technique, good for slow thermal compression
® %§$1’8§ETET%_SNR (%H?) Averaging required to improve SNR (time consuming)

- Ejfﬂﬁ;ﬁ%‘zﬁ (DSP\ EHEéf'l‘i) Poor temporal resolution (DSP, nonlinearities)

Multi-tone testing (sparse pseudo-random noise)
® %é{Ll%ZLE%U;TgEE’\J%I&%ﬁ%@SN R%_ Sparse spectrum similar to dense noise but higher SNR

o !ZI]%%T&&%KIEEEE%%%&%%W (%]EHH) Special analysis required if there is a sample rate mismatch (session

15)

Sinusoidal chirp testing (logarithmic frequency-time mapping)
® 5)ﬁij§’:"ﬁ_{§§<\ _[%_SN R\ 'mﬁﬁj\ﬁf Dense spectrum, good SNR, fast analysis

® Tﬁ%ﬁ%%ﬂ Eé)%’ﬁ.%_}%%&% High activation of the transducer nonlinearities

) ) IEC 60268-21
Single Tone, Burst at selected frequencies

® 5H|\Uiitﬂ9:$:ju,<\‘/f :_r73 EI‘JEET{::EHY]'[EU%;&’ZZ.—‘ Best temporal resolution for testing transient behavior
d %‘%Hj’ Time consuming
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Multi-Tone Testing Iin Practice

Conditions:

AT RS REHSPLmaxHIMIRZ SRR (EEUEEAS) (585H8) sparse

multi-tone stimulus (typical program material) as used for testing maximum output SPLmax (session 5)

*E}EI EC 60268 21%16 43%\#1'_]',)\J$ Measurements according to IEC 60268-21 chapter 16.4

1a) FEREdE, EEAMAULL=0.17VEY, EFERPERERRYERIEEE
AEKET=1s

Short-term compression at maximum input U,.,=0.17 V using a stimulus length T=1s after playing the same stimulus in a preloop
1b) {RBIELE, FERABAU,,=0.17VES, FEFVEIRPREREEI1 -+iSH]
I:Fl Ia_kﬁlﬁj\%q] (91:):':I Is_kﬁ') E{%Hﬂ;%&ﬁj}]ﬁg-r= 1SUH\U% Long-term compression measured at maximum input

U2x=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)1: EE?E’HAJ)\%J_ UFZQE%__LHT_I-}:TSQE C = 3d B Search for input voltage u generating a short-term compression C = 3dB

}IET T_ Ei}f;EFI 'le)\JEDJ\TE%SNR Tip: Perform measurement in near field to improve SNR
Eﬂlﬁ Interpretation:
S%EH—J*D'IXH_L)\ J 'f'_l'tbtl:ﬁ( Compare with Short-Term and Long-Term Measurement
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Tool: Using a dedicate

KLIPPEL Analyzer

P RLITTLL IS JUL WU YIS 3 © Uty € 1 ey
Edit Window Help
¢-ao® QA HRBA| & K| SKa3es7 -
@ 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, 17.1.4)
@ 2 MTON sim free/far field (r_e 1 m
Sipart 7
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
@ 31SC - FC- LF (1/r for HF)
@ 4 TRF TRF Free/Far evaluation point Tm - (with correction curve)
=« 1 Amplitude Compression with multi-tone
L1 MTON Compression cycling 1 s on / 10 s Off|
@ 1 MTON Compression cycling 15 on / 10 s Off (compression at k
@ 1 MTON Compression cycling 10 s on / 10 s Off (compression at
o] Single Tone 15 ON /3 s OFF Umax=0.25 V
@ 1DIS SPL Fundamental U=0025 V (small signal
@ 2 DIS SPL (u.) large signal
o compression TRF
D 4TRF -6d8
@ 4 TRF TRF Free/Far evaluation u=0.085
@ 4 TRF TRF Free/Far evaluation u=0.17 1s
@ 4 TRF TRF Free/Far evaluation u=0.17 10s
@ 4 TRF TRF Free/Far evaluation u=025 1
@ 4 TRF TRF Free/Far evaluation u=0.25 10s
@ 4 TRF TRF Free/Far evaluation u=0.25 0.65
@ 4 TRF TRF Free/Far evaluation u=020 1.4s
@ 4 TRF TRF Free/Far evaluation u=020 10s
@ 4 TRF TRF Free/Far evaluation u=0.30 10s (1)
@ 4 TRF TRF Free/Far evaluation u=030 1.4s (1)
o] Single Tone (preloop 1s /3 s OFF Umax=03 V (1)
@ 1 DIS SPL Fundamental U=0.03 V (small signal,
@ 2 DIS SPL (u,f) large signal
< >
O x® EvO~va
B H (f) Magnitude
O H (f) Phase
B H (f) Normalized Magnitude
O MTND (f) Muiti-Tone Distortion (rel)
B Maximum Compression
O Maximum MTND
O spL

Project

View Operation Extras Tools

Demo

d software module MTON (multi-tone

) of the

[l A=)
[ = |[E]R]|Qe = | B[ &
Magnitude of normalized transfer function Hnorm (f)
Measurement results: —_— =01V (e compr timit u=012v
Parameter Value Description 14 u=016V
= 74.13  sum level of fundamentals in microphone signal at ‘
a8 measurement u = 0.17 V. Room correction applied KUPPEL

Max, Compression bATV
Peak i

2.04d8  Compression peak of measurement u

Max. Mult-Tone Relative Multi-Tone distortion peak at microphone of

-13.69 0
Distortion d8 measurement u = 0.17 V. Room correction applied. =
2
Stimulus properties:
Parameter Value Desc ion -4
Fnin 18 Hz Lowest Multi-Tone frequency line 10% 107 10¢
Frequency [Hz]
Frax 22400 Hz | Highest Multi-Tone frequency line
t 1s Signal duration
P 3.06 | Kurtosis L =
cF 13.05 dB | Crest Factor Maximum Compression of H (f)
= Max Compression
20 S ~
@ \part 7\1 Amplitude with multi 1 MTON C &
S 15
In(f) Spectrum B
Wicrophone signal (1oom correcton applied E .
Noise + Distorion, u= 017V e Fundamental. u= 0.1V
MTD Fundamental,u = v s
Fundamental,u=0.13V Fundamental, u =
Fundamental, u=0.15V Fundamental,u=0.16 V y
Fundamental,u=0.17V 00 -
6 - e 010 011 012 0 015 016 01
(d =iEl B

PLTGBT 0 6B = pOy

TaBT

10°
Frequency

KLIPPEL-live #7: Amplitude Compression , 21

Magnitude of transfer function H (f)
Inif) 1 Stimulus(f). Room correcion applied.

compr. limit 1v

— =014V —uz016

AN KLREL

10°
Frequency Hz]
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Chirp Testing In Practice

Conditions:
SPLmaxB {5 XTI - B (Bl BREY AV IESZ chirp(S S (5858A)

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

Measurements of the compression

3a)fERTEYE, ERAMAU,.,=0.17VE, EFERPEBGEREES
{E IR ET=0.6s

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)IKEYE4e (RIEFBUEE) , EHEAHAU,=0.17VES, EFEMATF
BB RIRYER S R E 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)}§§TE{#$E{EE?T§ C=3d BEI'{J EE,}:TE Searching for voltage giving amplitude compression C=3dB

f#1EE Interpretation:
® tbiﬁfgﬂﬂ'g%fﬂﬂiﬂmﬁﬁﬁifchlrpi)rlﬂiit Compare Short-term multi-tone test with short-term chirp test
® ttEﬁCthp*Dg%iﬂ”Eﬁﬂg II]E{EJ:TSQTEH Compare amplitude compression from chirp and multi-tone
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Demo

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

WP ALIFFLL IS JUL U VSIS - UDmLaU £ 10,1 U
Project Edit View Operation Extras Tools Window Help
glv d-ao(a HEA B 8| St ~ |

48 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
=& 5Measurement SPLmax for given Umax IEC 60268-21, 17.14)
@@ 2 MTON sim free/far field (r_e 1 m)
o-Dpart7
-] 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
& 3 ISC - FC- LF (1/r for HF)
4D 4 TRF TRF Free/Far evaluation point 1m - (with correction curve)
=] 1 Amplitude Compression with multi-tone
- &8 1 MTON Compression cycling 15 on / 10 s Off
€9 1 MTON Compression cycling 15 on / 10's Off (compression at I
& 1 MTON Compression cycling 10 s on/ 10 s Off (compression at
-0 Single Tone 1s ON /2 s OFF Umax=0.25 V
] & 1 DIS SPL Fundamental U=0.025 V (small signal)
4B 2 DIS SPL (u/f) large signal
-5 compression TRF
- & 4 TRF -6dB
6\4 TRF TRF Free/Far evaluation u=0. DSS\
B 4 TRF TRF Free/Far evaluation u=0.17 1s
@ 4 TRF TRF Free/Far evaluation u=0.17 10s
@@ 4 TRF TRF Free/Far evaluation u=0.25 1
€8 4 TRF TRF Free/Far evaluation u=0.25 10s
--&B 4 TRF TRF Free/Far evaluation u=0.25 0.6s
@8 4 TRF TRF Free/Far evaluation u=0.20 145
@B 4 TRF TRF Free/Far evaluation u=0.20 10s
€8 4 TRF TRF Free/Far evaluation u=0.30 10s (1)
@@ 4 TRF TRF Free/Far evaluation u=0.30 1.4s (1)
- Single Tone (preloop 1s /3 s OFF Umax=0.3 V (1)
: @ 1 DIS SPL Fundamental U=0.03 V (small signal)
€9 2 DIS SPL (u,f) large signal v
< >

meo
o (=g =] (=)= 8]
Impulse response hit) Fundamental + Harmonic distortion components
H(f)= Signal at N1/ Stimulus Signal atIN1
Measured ——— Windowed Fundamental THD 2ndHarmenic ——— 3rd Harmonic
400 ' KLIPPEL — = = = Fund. mean (100to 500 Hz) Absolute PHD  —— —— PHD limit (-4008)
H 7 KLIPPEL
T
200 B 0 ettt L e e T L Ny \’\7/\\
1 60
0 : 50 /
- : [z 40
| 200 : z z( 5 W\\
£ H = 30 = _—e
~ |
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OEx®B-m-

Impulse Response ~
O Energy-Time Curve

O Step Response

Fundamental + Harmonics

O Harmonic Distortion

O H (f) Magnitude
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@ \part 7\compression TRF\4 TRF TRF Free/Far evaluation u=0.085: Stimulus (t)
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Single Tone Testing In Practice

Conditions:

o SUERAEIEMAXRAISHERR, STEAR, SRZESEM (KF)

Stepped tone excitation versus frequency and voltage with preloop and pause between the steps (off)

4 }ﬁﬁl?%%ﬁl_]bn,m IU\ |:| Negligible heating of the transducer

Tests:

4) ]:EE?%/U\I)\J'IT%#F (ﬁﬁﬂﬁﬂi 1§"-'Eﬁ) Searching for steady-state test condition (preloop, pause)
5) ﬁiﬁﬂiiﬂ_ Q{EH Eﬁﬂr] Influence of preloop on the compression

f#1EE Interpretation:
*DE'&E@“E‘;I:EZB‘E Compare with m with Ultra-Fast
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Demo: Compression (Stepped Sine)

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

@ KLIPPEL life JBL Go version 3 - dB-Lab 210.720
Project Edit View Operation Extras Tools Window Help

-] F-rad® QA HEBR| & H| ®kazsss v
Opant 7
\ ] 1 Heor({) for Simulated Far/Field condition
@ 1 - NFS Free Field (Reference data) r_test 30 cm (7 min scan)

@ 2 TRF in-situ condition (1_test 30cm - 0.1V
@ 31SC - FC- LF (1/r for HF)
@ 4 TRF TRF Free/Far evaluation point 1m - (with correction curve)
o 1 Amplitude Compression with muilti-tone
@ 1 MTON Compression cycling 15 on / 105 Off
@ 1 MTON Compression cycling 15 on / 10's Off (compression at I
@ 1 MTON Compression cycling 105 on / 105 Off (compression at
H- Single Tone 15 ON /3 5 OFF Umax=025 V
@ 1 DIS SPL Fundamental U=0025 V (small signal)
& 2 DIS SPL (u.f) large signal
=& compression TRF
® 4 TRF -6dB
@ 4 TRF TRF Free/Far evaluation u=0.085
@ 4 TRF TRF Free/Far evaluation u=0.17 15
@ 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 10s
@ 4 TRF TRF Free/Far evaluation u=0.25 0.6
@ 4 TRF TRF Free/Far evaluation u=0.20 1.4s
@ 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)
] Single Tone (preloop 1s /3 s OFF Umax=03 V (1)
@ 1 DIS SPL Fundamental U=003 V (small signal)
(2 DIS SPL () large signal
o Single Tone (preloop 50us /3 5 OFF) Umax=03 V (2)
@ 1 DIS SPL Fundamental U=003 V (small signal)
@ 2 DIS SPL (u.f) large signal
@ part 8

Gx @ B~0O~
Harmanics, %
Total Harmonic, %
2nd Harmenic, %
3rd Harmenic,
2nd Intermod, %
3rd Intermod, %
THDN

!_I!_I!_I!_I!_I!_I!_IDJ"

r &S

D \part T\Single Tone (preloop 15 /3 5 OFF Umax=03 V (112 DIS SPL (u.f) large signal: Waveform Y1

Waveform IN1

1=101053 Hz

folal IN1 {1

0}

E oo \
E / \ / \
0.1 A ! \ /
02 / N \ LW y 4
/
03 RN RN
0,00 005 010 015 020 025 030 035
Time [ms]
2 = (@] @ = =
Fundamental component Compression
1 INA(H,U1) | N (11,1) |- Ustant/ U
012V 021V 030V
mental U=0,03 V (small signal T
KLIPPEL
£ - P L=
1m0 o e S
105 £ s S —
100 — I
95 s — = =
07 107 104 107 104
Frequencyt [H; Frequencyt1 [H
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Burst Testing In Practice

Conditions:
e 9¢:u‘t I\;%LIJ\JE Transient ultra-fast testing

Eﬁﬁ f)fﬁﬁﬁ % EE,}_\ / i'l:(ﬁ 'f'_é_'@)fj Tone burst with preloop, pause stepped at increasing voltages

VAN
it TQHE%%HD?R ,U\ |:| Negligible heating of the transducer

[E48ME Measurements of the compression
e 1st Short-Term Test: Preloop 1s
o 2nd Ultra-Fast Test: Preloop 50 us

Interpretation:
Compare with with Ultra-Fast
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Demo: Amplitude Compression (Burst)

Tools of the KLIPPEL Analyzer:
» Tone Burst Measurement Module (TBM)
» Time frequency Analysis

& KLIFFEL 1IT@ JBL L0 VErSION 5 - OB-Lab Z1U./ 20 - (] A
Project Edit View Operation Extras Tools Window Help

8l v v-am | aBRA|E N Sk - | | B2 =
: 5 - TRF transfer function - 10.25 V] c e [ =]| e [= | & | 23 || & \part 8\burst test ANSI/CEA20108 n.. [- = || (=) [
6 - TRF transfer function - [0.30 V] - - - -
@ 7 - TRE transfer function - [035 V] Burst Response Spectrum - IN1 (Mic) Burst Response Time Domain - IN1 (Mic) Frequency EXI™ ~
pt ; f=1600 Hz 1800 Hz| 7V - measured at 1 m - Full space (4 pi) Ty
@8 8 - TRF transfer function - [0.40 V] 7V DistortioniMoise Threshold Neasured Prefiltered :
=] 3 TRF Equivalent Input Distortion (EID), Umax=0.17 o KLIPPEL jg T Processed Window Function
@ 1 TRF EID in-situ r=30 cm 10 KLIPPEL PA S
48 2 TRF EID in-situ r=2 cm Right 20
B 2 TRF EID in-situ rt=2 cm, Left » Frequency [ Threshhold | Ve
3 TRF EID in-situ r=1 m (8 times Averaging) 30 OHz- 2.02kHz
@ 4 TRF Comparison Total EID in-situ r=2cm, 0.3 m, 1 m -40 10
--@ 4 TRF Comparison Total THD in-situ r=2cm, 03 m, 1 m (1) L 50
1o 3 TRF Equivalent Input Distortion error =l g 0 —
7] 3 TRF Equivalent Input Distortion in-situ t=0.3 m 6o =
7] 3 TRF Equivalent Input Distortion in-situ rt=2 cm (1) 70 0
=1 burst test ANSI/CEA20108 0
& TBM ANSI/CEA2010B error
@ TEM ANSI/CEA20108 0 =0
-8 1 - NFS Free Field (Reference) - 30 cm (7 min scan) -100
@ 2TRF at Test point 30 cm 10 102 103 10+ 0,00 0,05 010 015
- 2 TRF at Test point 30 cm (with correction curve) Frequency [Hz] Time 5]
& 3SC - FC- LF (1/r for HF)
& TBM ANSI/CEA2010B (1) e | — ” =] H 3 ‘ e | — " = H 53 ‘
--&8 TBM ANSI/CEA2010B (2) n
> Peak Value - IN1 (Mic) .
TEBM ANSI/CEA20108 (3) eferencedta t mFull spaca (4 gl [EETTE A~ || peak Values - IN1 (Mic) ~
-4 TBM ANSI/CEA2010B 0.4 V Max Passed v Warning | f = 400 Hz: Threshold is not reached,
— - i i i f d to 1 m - Full 4
@ TBM ANSI/CEA20108 04 V (1) f—Y v e = Voltage |fpo-ss|ble referenced to 1 m - Full space (4 pi)
=] burst test ANSI/CEA20108 nearfield without room correction — v B oY Warning | =800 He Threstold is Bot reached, -
) TBM ANSI/CEA2010B error . = Hz Mz Hz Mz Hz Wz
i KLIPPEL Warning | f = 1600 Hz: Threshold is not reached, 124.14 |122.6 |123.21
L JTBM ANSI/CEA2010B nearfield - increase Voltage if possible AN - - - a8 a8 48
@3 1 - NFS Free Field (Reference) - 30 cm (7 min scan) 120 124.01 | 122.47 | 123.0
S . R
-8 2 TRF at Test point 30 cm (with correction curve) E s - "E"W (=) 10076 E - éé4‘56 éés‘gl 352-44 ;;0‘73 é;l‘“
@ 315C - FC- g }
Eil;i/fmigl I&ig;é:grg':r:f " W - 160 113.48 m R 113.48[117.51 | 120.63 | 118.8 |119.1¢%
v ke -
! = g o 290 oo Ti 67 [ﬁs 77 [ﬁs 69 ﬁ 76 T?? 1
= = .6 . .69 | 116.76 .
SGx®a-0-a 2 0 24 Bl e ws
V1(f) Spectrum “ Nk s 1600 12301 109.71| 113.86 | 116.71 | 114.72 | 115.0¢
Y1) Time Signal = : dB dB dB dB dB
Sound pressure referenced to 1 m in Full space (4 .
M Y1 Peak Value o) 107.74]111.93 | 114.78 | 112.74 | 113.0;
O V1 Compression 100 Measurements conditions: o e 6___ldo
o 105.7 [109.97 [112.81110.71| 111.05\
O Y1 Total Burst Distortion 24402 4402 6+1028*1040° v d8 dB dB dB d8
O ¥1 2nd Order Burst Distortion w Frequency [Hz)
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Interpretation of the Test Results

full-band audio processing

(limiter, DRC) reveals transducer
' nonlinearities and band-
8 compare : :
Multi-Tone A P ., Sinusoidal limited DSP (mechanical
g_sblosr;-Term test Chirp protection)
R (sweep time T=15s)
@ :
= Compression S
g depends on the =
. ©
S stimulus ! 93
D
v
Multi-Tone Single Tone/Burst

long-term test with

I i (few periods, T <50 ms)
preloop, T=1min

. fth : Transducer nonlinearities +
Heating of the voice transient behavior DSP (DRC,

coil, active thermal limiter, mechanical protection)
protection
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Summary

lF;.{EJ_ffEAmplltude Compressmn
EFERAE ZHHAVEEETE

Is an important characteristic for rating the maximum acoustical output

u EXI;%__LF—JIEI%&J_}J Depends on the partlcular stimulus
- EIRBEEEHIBEAIER (RhdE)

Is a natural effect of transducers (close to overload)

- EHEIREIEE. RIFRFHEMDSPIFRIGIRAS
hEEEN (RREE4E(ETHD!)

Is intentionally generated in active systems with limiters, protection systems and other DSP
software (Trading amplitude compression for THD 1)

. AJfEfREEERTINE, THRBERIEMZ,

Can be measured in the near field of the transducer without using a room correction curve
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Open Questions

RS S R A 2B HSE R T !

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

%/ \,HH Wé%ﬁﬂﬁ%i%ﬂ The next 8" KLIPPEL live webinar entitled

iEi&#eEi)ﬂIJE — %{i;“gﬁ% Harmonic Distortion Measurements — best practice
l{%ij'ﬁg\ will address the points:

1§2E$D%EE|’\J;‘EUEU’5§£(I EC 60268-2 1) Traditional and new ways for testing (IEC 60268-21)
E_I-L\J\TEL_“'{ZTH Dﬂ@ﬂﬂg%ﬁ:iﬁugp Can we simplify the interpretation of THD response ?
1+ZT%U_T72B)/|\$D3B)/|\'IE;EZ7 What reveals the 2" and 3@ harmonics ?

WIS, BB, BlE. (EREESFSY

Reducing the influence of positioning, distance, room, sensor, ....
e Q CLimit AN EBR Fte R ?

How to link QC end-of-line testing with standard measurements ?
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Next Section

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

©CONOOAWNE
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