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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
Maximum SPL — giving this value meaning

O A~ WN =

Selectmg measurements with hlgh diagnostic value

T HESSS—— W |

Wle tone

“Broad-band” Stimulus required for SPL ., i;“ fects
. . - (i tﬁ "f’;
complexity of the stimulus P itl O nS
single- two- MiEone noise audio e
obs tone (chirp) tone (chirp) complex signal e ] e e
A broad-band stimuli - T W
+ considers SPL frequency dependency St
* activates all transducer nonlinearities .
» causes typical voice coil heating
+ provides force convection cooling
» Activates the DSP (limiting, compression, active protection)
Examples
= Simuk ated normal program material |EC 60268-21

= Continuous, broadband noise according CTA 2010B

* M-noise as proposed by Meyer-Sound

* Multi-tone complex as recommended by IEC 60268-21
= Selected audio material (music)

.
5th Sess lon KLIPPEL-live #5: Maximum SPL — a number becomes important , 8 R
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g put at hlgher amplltudes
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6" KLIPPEL live:

Selecting measurements with high diagnostic value

ARSI ZEE XS

Topics today:

SHiER:

1. Signal distqrtion — a useful concept for sound reproduction

S S =TS ENES)

2. Properties of linear, nonlinear and other distortion
HiE. AIFRMEMEMRERNFE

3. Comprehensive evaluation of the large signal performance
e aXES4ERE

4. Interpretation of the measured symptoms and linking with the physical causes
BREPMUERF SRR AR R R

5. Overview on new tests defined in IEC 60268-21

IEC 60268-2173E X AIFmlliz #fiA
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g Generation of Signal Distortion in an Audio System

B RA T E S RERTE

i Measured
Stimulus > E[] O > S
Input - Output
Signal i’ Signal
J u(®) Regular linear 9
distortion
Accepted small > e
. H(s)-1 d.](t)n
signal Performance ime
i - vgrlanF
Accepted time ) Time-Variant distortio
" . > Model H(s,t) d(t)
variance (heatmg,/ ()
aging) Nonlinear Regular
4 Model d.fQnlinear
Accepted — ”S%tomon —
. - oise
nonlinearities Unpredictable Excessive
(motor, suspension) Dynamics d;(tynonlinear
distortion

7

Undesired Defects

* Rubbing coils, buzzing parts
» Wire beat, coil bottoming

* Loose particles, air leak noise

« Parasitic vibration of other components
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Diagnostics based on Modeling

F TSI IZ T

[y

Stimulus + O] © | MeeaEy
Input Output
Signal u(t) Signal
Linear parameters > Linear Model

(e.g. transfer H(s)-1 di(t)
function H(s))

Time-Variant

Thermal Parameters Model H(s,t) dy(t)
(e.g. thermal resistance) n(t)

Nonlinear

Nonlinear : f Mode! Q)

Parameters (e.g. Unored: Noise
npredi e

BI(x), Kms(x), L(x) i e

Modeling not possible

The deterministic distortion components can be prediced by a physical model with identified parameters.
The parameters are independent of the stimulus!

B E PR R F o B e] LU R SR S B B R R AT T . S 85 U TER !
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Diagnostics based on Unigue Symptoms

TR EIRE 12T

The generation of symptoms requires no model.
PR N e S N P Ui
The symptoms depend on the properties of the stimulus.

REDR R T30l O % )7
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Stimulus > E[] O MZ?;:;?CI
Input - Output
Signal u(t) linear Signal
distortion
Linear Model e
H(s)-1 T Signal .
g Analysis
”
Time-Variant . eg.THD .
e s U4
Model H(s,t) d(t) J b : I,
_ - (o) :
Nonlinear Regular F/ |
noniinear ¢ e.g. Impulsive
Model dn() distortion _g _p
- _ Noise ,, DIStOTtIOﬂ
Unpredictable Excessive 7
Dynamics | | o) jornesr 4 ______
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Linear Distortion

53R S

Input

Output
Signal u()]

Signal

Linear Model
H(s)-1

Time-Variant
Model H(s,t)

Nonlinear
Model dn(t)

- Noise
Unpredictable

Dynamics di(t)

LLl%'rEProperties
Deterministic

FREMERY

Predictable based on the stimulus using a linear model

o] (R R B E T RUhHE TTuN
q@f@}? . Physical Causes:

Transducer + Enclosure (resonances)

— | K
IREEERTTHER (BR)
Room influence

AL

DSP (Alignment, Equalizer, Crossover)

DSP (X, 928, 950sE)
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Assessing Linear Distortion

T Z e R E

IJ\JEEE'ZjTMeasurement techniques
Measurement of symptoms is less useful

ERNERAKNEA

Identification of a linear parameters

ZESHENRS!

Parameters determined by output based measurements:

EE%HZEHJHQ'EI’JILJEE%:EEI’J%*&

On-axis SPL frequency response

#h_t SPLETE=N Kz

Sound power frequency response (Dlrectlvity index)

SRS TES )VARCSRIESEEY)

Input
Signal

u(

Linear Model
H(s)-1

Time-Variant
Model Hs,t)

Nonlinear
Model

dy(t)

Unpredictable
Dynamics

dn(t)

o 3D Sound output (complex sound pressure response an any point in near and far field)

3DFEEmE (MZiEg P EE—RINSERERA)

o Coefficients C(f) of the spherical wave expansion

BRI 22 20C(F)

o Mean SPL response integrated over personal listening zones

RO BN AT S A8 SPLAR R
. Latency (generated by DSP)

JEIR (FADSPAER)
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di(t)

discussed in 3rd session of KLIPPEL live

Output
Signal
n(t)
Noise
< >



Linear Time-Variant Distortion

SRS NE S

Input

tl:__]' EPropertles Signal [ u(p)

Output
Signal

Generated by a deterministic process

EEE%ZE I‘i'-E *EEQEEJZ d Lihe:x(rS )l\_/llodel

Slowly varying properties , | Time-variant
EBT AR
Does not generate new spectral components s Nominear 0
AFEEHTHYSIIE R | [Orpreduane e
Dynamics a)

Can be described by models

A LA RTREL IR

Considered in the design

RITHEES
EWHEJ? . Physical Causes:

Transducer (heating, aging, fatigue)

IRBEERTT (IH. E{L. &%)

Varying acoustical load, room and climate influence

TR FRE. FEMSERID

Audio DSP Software (Compressor, Limiter, mechanical and thermal protection systems

ESADSPE (E48=8. PRIE=S. HUMANRCRIPERS)
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Example: Thermal Dynamics

Heat Flow Thermal Model " RORE
ﬁ dome Pas *RWK? e Pe
A"\%; @ h I Rua(x) = Ca @ \Tq W‘cm RW
) - o
L
125 KLIPPEL 225
| 200
100 Voice coil temperature 175
== N F A 7 2 2
> .
E 50 J ’ y ’ Real input power 100 =
- 75
a 25 50
0 25
0
0 2500 5000 7500 10000 12500 15000
t [sec]
Time Constant of the voice coil Time constant of the magnet
= 130 s =67 min
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Time variance of the Transfer Function Hft)

Sound Pressure Response

— —_——
130 Long TermResponse linear response
- : KLIPPEL
125 -F I
120 F I Thermal amplitude
- : compression
= 4 T I " Long term response was
110 + l \C measured by using a
. - l ..V( stepped sine wave and
£105 - o _ . ‘ ‘ cycling 1 min on/1 min off
=00 F / ingreased voice coil temperature B AR IEZR
N Y AR FHEFI19 ST/
“E /T DERXAER, R
- =
VI o] it
P /’ fundamental BATIRR
85 / resonance
80 r
20 50 200 500 2k
Frequency [Hz]

The thermal dynamics of the loudspeaker generates no harmonics and other new spectral components because the voice coil has a high
thermal time constant (7, > 1s).

ERRIR N AT EIERINEBFASNENRS, HASEEERERIAEEREE (v >1s) .
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Assessing Linear Time-Variant Distortion

TG RT3 R E

Input Output
Signal u() Signal
Linear Model
H(s)-1
,L Z$77KRMeasurement Techniques: D
Ident|f|cat|on of model parameters (e.g. thermal parameters) VT W) d(t) ()
I:I -
/ \jJJ*E;:FU éj*& (1§J ;Z[I ?\*l\‘éj*&) > N?\)/T(yg;ar da(®)
Measurement of unique symptoms generated by a particular stimulus I@
. S — 5 ~ U dictabl
W EFFE AR = ERYIRFEIR | Smames |40

HHE:_FE@H:II E"Jfﬂ”%ﬁﬁfﬁﬁ’\]’%ﬁﬂ . Symptoms determined by output based measurements:

Change of the frequency response (amplitude compression)

SRR, (TEEER)
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Poll:

Do you measure the change of the transfer function? (Multiple answers possible)

BSRANEGERNRMN? (FZik)

A.
B.

& o

=, BN EIEANBERHLAEE. (RIFR
gﬁﬂ] ,=\1mDS PIjJ %g Yes, by changing the input amplitude to evaluate

thermal compression, protection system and other DSP functionality

. =, IRIEIEIHMEES. BUES e esstneto

evaluate break-in, aging, fatigue

: ZE, ];F{E 1'95\ 1’{35 =V r] ...... Yes, to evaluate the

influence of climate, load changes
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Input
Signal

EIAESMERE

Regular Nonlinear Distortion

%’EProperties:
EEH&:_F}%QJ_}JE’JIIE{E Depend on amplitude of the stimulus
Z:I_:/_J\r_ i_J(:__I—IU\H]RZ:'\L'l' Negligible in the small signal domain

E%ZFE TEH,J TLXL*E Deterministic, can be modeled

u(

Linear Model

H(s)-1

Time-Variant
Model H(s,t)

Nonlinear

Model

d(t)

Unpredictable
Dynamics

dn(t)

di(t)

n(t)

Noise

Output
Signal

'i 'H'E;EH/J Y_Ttt/EE’JJ?’*”EPEE related to the design, accepted in an

approved prototype

'—%f@}? . Physical Causes:

+  HEEEERITARZEME(BI(X), Kms(x), L(x), L(i), .

Kms(x), L(x), L(i), .

)

E?]ﬁlﬁ ] E' E@% I‘i Acoustical port nonlinearity,

DSP(EE“] 155@%]5’%) DSP (hard peak limiter)

) Transducer nonlinearities (BI(x),
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Distortion generated by K _..(X)

Ms Rms  Kms(x)*

Re L |
A }_
. v
i
u l Blv F=BIi
K =
6 T /
N/mm [ . .
5 - nonlinear suspension f ||
“\U /
3 f N /
2 f \\\
1 E D M
-100 75 50 25 00 25 50 75 100
displacement x mm
Restoring F =K (X)X Displacement
force

linear transfer systems

H(f,rljf
St p(r1)
bt_l n;u | ’e / Sqund
pe=sssss ’ field
o e e
Nonlinear ymemmemees

System

Nonlinear
Distortion

Variation of stiffness K, (X)x versus displacement x
generates nonlinear distortion at low frequencies

K s ()X SRSV SRS
ZMERE

>FEBINESES B, Eaut
makes the reproduced bass signal ,harder and more
.,aggressive*
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Kms(X)-Distortion in Music

%% v 226 W Mk T I

-18.8  dB/COLOR,

0 G W 9005 VO IO
-18.8 dB/COLOR,

22.6 KHz

L

22.8 KHz

[ BN RERT]

22.83 Hz

EEQEE:E:/ERFE_% Undistorted music signal

%’%%j(ﬁﬁg - %‘%{EE:_FfS - f EE%{%‘% High displacement required - signal below fs - bass signal
Fs <100 HZET_HEE}/FJﬁQEE Low frequency distortion when fs < 100 Hz
{EE%HE E;EE}%&H Bass sounds more aggressive

Rj’%ﬁ%?ﬂ@lj\ Low impact on sound quality
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Distortion generated by BIl(x)

Mins Rms  Kms"

i BlI(x)v F=BI(x)i

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Bl [N/A]
3,0 T

- / \\
v/ \
-/ \

0Y5g // \\
S N

2 0 2 4
Displacement. X. [mm],

Electro-dynamical £ _ pj(y);

. Voice coil current
driving force

Back EMF Ugwe = BI(X)V Voice coil velocity

linear transfer systems

H(try)
St p(r1)
bt_l n;u | ’e / Sqund
Haiita ' field
o A e
Nonlinear ymemmemees

System

Nonlinear
Distortion

Nonlinear BI(x) causes a multiplication of displac
and current i

FFZIEBI)SEUIBX SEEIRITESE
>ESIRE P EREEIEKRE gene

amplitude intermodulation distortion in the audio band

ement x

rates

> REIANESZHIFEREE perceived as roughness in

the sound
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Bl-Distortion in Music

o WO O O G [ 55 0 I K Y Y
-18.8 dBTOOR,

-18.6 dB/COLOR,

22.8 KHz

22.8 KHz

intermodulation

.........................

0.8 | t —+ 13 S
Undistorted music signal Distortion generated by Bl(x) only

ﬁ?%jdﬁ*ﬁ - %'%{EE:_FfS - 1&%{%‘% High displacement required - signal below fs - bass signal
%fS <100 HZHT_]' . %EJ\%EF' %—%E’ﬂﬁi}ﬁl‘%ﬁ_iﬂfﬂﬂﬁﬁg Intermodulation with signal in audioband
generate roughness when fs < 100 Hz

SI=1bd-v s High impact on sound quality
IOI=15EALEYN
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Nonlinear Symptom: New Spectral Components

generated by Two-tone Stimulus

‘ input R output K E
@ IJ @ 'IJ P ‘.JUM\WWH

Nonlinear System

Amplitude
Ap sound pressure Spectrum
. Intermodulation
2n 2 2% Distortion
3rd 3I’d 3I’d
nth nth nth
harmonics:f <difference tones summed tones:F
£ o2k nf, f,—(n-1)f, £ =S f,+(n-1f, frequency
1 f2
“bass tone” ‘“voice tone”
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Nonlinear Symptom: Amplitude Compression

Fundamental component
| X (f1,Ul) |

» 5 — Linear System
' L \ I —KLIPPEL
20 7T Soft limiting
15 - /
o/
E1,0 i i
=~ [ 7
L ./
0,5 ’;”
Cf
-7
0’0.'\\\\\\\\\\\\\\\\\\\\\\\\
0,0 2,5 5,0 7,5 10,0 12,5 15,0

Voltage Ul [V]
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Nonlinear Symptom: Instability

Small Signal Domain Large Signal Domain

X A X A

P -
N

»
o

t

Bifurcation

into two states

Stimulus: Single tone
(f = 1.5fs) at high
amplitude

KLIPPEL-live #6: Selecting measurements with high diagnostic value , 24 <+ > ‘



Poll:
Which symptoms of the regular nonlinearities do you use? (Multiple answers possible)
BEASEMIESERIMESEIR? (A Z515%)
A. None
B. Harmonic Distortion (2", 3, THD, ...)

C. Intermodulation Distortion (generated by 2 or
multiple tones)

D. Nonlinear compression of the fundamental
component

E. DC-displacement, jumping effects, other
instabilities

KLIPPEL-live #6: Selecting measurements with high diagnostic value , 25 <+ >



Assessing Regular Nonlinear Distortion

T EMAESIERE

Input Output
Signal u(t) Signal
imu%}gz*Measu rement Techniques: e
N E'E%’TE*E@%%&E"J'LH%U Identification of — » T’\iﬂn;z-e\lliriatnt
nonlinear model parameters i & 10
N S . Nonli
o SIAFSMEAVIREFAEIR searching for T Modd | %0 |
unique symptoms of the nonlinearities || unpredictale [Noise]

Dynamics di(t)

EE?E@H:‘.E’\J?&U%E%EE’J%@ Symptoms determined by output based measurements:

BEARBIALTRBIFEREERMERE (18K, Bil772) Nonlinear distortion generated by different

artificial stimuli (Harmonic, intermodulation components)
5ﬁ$ﬂ@@ﬁ’\]’§'f*{ﬁ (3Eé§2’|‘$ﬂﬁ1§&éﬁ) Change of the frequency response (nonlinear amplitude compression)
BRI A RURRYEI A H Z [BIRYAEAESRTE Non-coherence between input and output using

stationary noise stimulus

AR R (RTE(IESWEUR) Nonlinear residuum of system modeling (for any

audio stimulus)

\)
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JEEILE Irregular Distortion

loose joint in a defective transducer generates a buzzing sound

BRI RIS NI ST E IS IS

! : Externally excited |
Most defects behave as a nonlinear oscillator

* active above a critical amplitude mass
e new mode of vibration parasitic resonator Loose joint
» powered and synchronized by stimulus 3pring§ (Nonlinearity)

* constant output power ==
V|bration

R i 3 e

distortion signal (
‘ p

| time
one period

A 4

v

A
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2"d Example: Irregular Distortion

generated by a loose particles in a defective transducer
FR S TRPE RIS BE R PRI BEAL £
« completely random process

* impulsive distortion waveform

* particles are accelerated by cone displacement

* not synchronized with stimulus
* constant output power

4

. A

/ bouncing

ﬁ

ouncing

y
gap

———

distortion signal /\

A

one period

dus} cap
. o
Voice
coil Lodse Particle
former
'-Q}I
- e—)
. time
<+ >
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Irregular Distortion

Input

Signal u(t)
q:f‘.l'tll\i Pro pertleS N Line'j(rs)l\_/llodel
= H7]<;EIJ'HE ({E%E%{E%m§1g) |mpU|SiV€ (lOW , | Time-Variant
energy but high peak values) M°de_' e 0 ()
. }_""ZEI%:I: EI"J %ﬂi)ﬁﬁj\% Generate new high-frequency 7 N(n)/ru]cl)lgslar EG)
Components || Unpredictable l@
o BBEHLEME random properties Dynamies 2

' Xﬁl«l@*ﬁ*ﬂf)ﬁi}ﬂ” Difficult to model and to predict

. HT_I-Q (\@ﬁQ?% *g*nj\é\) Time varying (usually
getting worse)

JR[E Causes:
o RRAUEA (BT TSRS A IRR)

Imperfections in the design (e.g. modulated port noise due to high air velocity)

o 4FErhpYRIRR (FIRNRRZKIBIRR) Problems in the manufacturing (e.g. glue problem)
' %Z%Mﬁﬁ EPijEE%ﬁZE’SIEJ&B’é Defect caused by an overload in final application
y iﬁ%ﬂ"fﬁ%'ri\ ﬂﬁjﬁﬁ'rizzﬁ Insufficient robustness, endurance of the device

KLIPPEL-live #6: Selecting measurements with high diagnostic value , 29
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Symptom of Coll Rubbing

Sonograph
TFA stimulus sweep (1): Wavelet dBFS

Stimulus:
Sinusoidal chirp with variable
sweep sweed (length 1s)

reproduced sweep at 1 V a@’é

..

Analysis:
Time-Frquency Analysis
(Wavelet)

Frequency of the spectrum

“ Timeé (excitationfrequency) ™

Sonograph
TFA reproduced sweep: Wavelet dBFS

i" ’man N
lll‘“
| N HHMINW‘ -

reproduced sweep at 3 V c@'é

10

Impulsive distortion
generated frequencies
below 100 Hz

Frequency of the spectrum

=)
]

200 300 400 500

Time (excitatiGii ]frequency) NP
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Assessing Irregular Distortion

Input Output

MEL > . - :
})n\uijﬁj( Measurement Techniques: stgnal | u() ¥ F e | Signa

X @Tﬁiﬁ-’?‘%ﬁﬂﬂ%ﬂiﬁﬁﬁ Modeling [ Linear Model

o . H(s)-1 d(t)
difficult - parameter measurement not applicable

. *Uﬁﬁ?ﬁ'—%ﬁﬂﬁ (HJ]?}EP’TE) Exploting I~ T“i"rgz-e\'/irsgt a0 »

unique symptoms (impulsivity) Nonlinear
7 Model dn(t)
Noise
Unpredictable
L X
Dynamics di(t)

EEEZ_FEEJ HjEIJl)\JEE%ZEEIJEF—J |‘$ Characteristics determined by output based measurements:
Z_H__I'i_JZEP,)\JEHIJHﬂ(/qJQEE (|EC 60268-21 ) Impulsive distortion measured in the time domain

(IEC 60268-21)
2 E}Ki%“;&%ﬁ (|EC 60268-21) Higher-order harmonic distortion (IEC 60268-21)
« AREENIFEEIRRERD ((HTESAUR) Nonlinear residuum of system modeling (any

audio stimulus)
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/J\

Poll:

L,\ZE/L,\ kIEIE' E%’"%}”L,QEEE’W How do you cope with irregular

istortion ?

> g

RIS U.O.UU

Z:aé’ L\,\ I don't care
1¥QEH DFI' Careful listening

/L,\'I%ﬁigzgi ,)\U%THD Total harmonic distortion measurement (THD)

= ‘47 BB

. |—_j/}\ =0 QEE (I_J')J\ﬁbi) Higher-order harmonic distortion

(energy at high frequencies)

H:l-ij?, \1;)-'? (H7]</E|396,\\ Hj-l)')\ \1;)'? ) Time-domain analysis

(impulsive distortion, Time-frequency analysis)

ﬁ%%\ ,=\1'H_:’,E:SIZ7K Residuum, other techniques
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Measurement of Signal Distortion

Pt Results
. DUT / Sensor \
P ~ u(t 1 .
) \ _ Signal .| Symptoms of .
l\ Stimulus ] D 0 > Analysis ”| signal distortion Depends on the stimulus
D y——r > p
> System R Model
»  Identification " Parameters Should be independent of
1 the stimulus
Model

e.g. transfer function H(s)

® iﬁﬁ%iﬁiﬂ%ﬂ}i‘iﬁﬁ%ﬁﬂﬂ’ﬂ%ﬁ Parameters of a model are estimated by system

identification techniques

o 55D (MELMEERR) NATHBESIGHESKERE

'U( Signal analysis (e.g. Fourier Transform) is applied to the output signal to derive symptoms of the
signal distortion

® ﬁﬂ#%fﬁf%ﬂlr }J%&EDUT The Device Under Test is excited by a particular stimulus
. Eﬁ{ﬁﬁﬁ1§,u\3§ (;ZDE%}—L) ”/_‘ JEHJHj{m"E Output signal is monitored by

using sensors (e.g. microphone)
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Optimum Stimulus for Distortion Measurements

K E N ERIEIER]

* New test stimuli defined in IEC 60268-21

Stimuli complexity
Single- ., Tone Two- Audio
Tone  “"P" Burst Tone Pulse Noise Signal
Sparse spectrum Dense spectrum
Simplifies the separation of the nonlinear Ensure sufficient (persistent) excitation of the device under
distortion from other signal components test (e.g. amplitude spectrum, amplitude distribution)
EHAFEMEEESHMES 8N  BERDUTEHTRD (54R) A (BIANIEREE,
nE IBE5%)
Simplifies the interpretation of the results Generates all kinds of nonlinear distortion (harmaonics,
(harmonics of a fundamental tone) intermodulation, DC components)
BHERRE (EENEK) FESTMIERMXRE (8K, 5. BERnE)
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Where to place the Microphone

linear transfer systems

R iR 1 1
‘iuluiim LT | il

Stimulus
m\\\\\\mmw IMHII|LE‘
) | ——
Nonlinear
System
One measurement

Nonlinear point is sufficient
Distortion

EE%QE%EQEEI?EBD UEBJ)\EF' | Distortion of dominant nonlinearities are added to the input !
FEEBRRZIH (N NIAER I L E IR SHBEERZ Linear transfer function H(f.r) provides a post-

shaping to the nonlinear distortion

75 rb]'liiﬂ:iﬁﬁfl Eﬁ'ﬁ*ﬂﬂEﬁﬂ'ﬁEEZ‘ﬁEE The directivity is less important for evaluating

nonlinear and irregular distortion
Ei)‘&&i&iﬁthﬁg—,m h‘}ﬂg' The measurement at one point in the near field is recommend!
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Measure Distortion at the Source

linear transfer systems

/]

’ — i Equivalent Input
H(fy‘lf : H(f,ry) g B Up ] )
und \ Distortion
' field \
Stimulus O L :
y p(r2) Filtering with the
—> inverse response
Nonlinear
! System p(rs)
D
Nonb Measured sound
oninear pressure
Distortion

SWEMAN\KE Equivalent input distortions
g *UFHTZJE%%E*EE’\J%% (IEZEEHE%’&) exploit the results of loudspeaker modeling (dominant nonlinearities)

" 3$ﬁ$,ﬂ”§,§\ )%IE_I_]?ZH[‘IU are independent of the measurement point, room influence
N IEEEEE*EngEEtBUD/ UEII‘JEEHZ'I (L\)\%ie/__l_?) are a basis for generating relative distortion ratio (in percent)
« fEIEC 60268-215TE ). are defined in IEC 60268-21

KLIPPEL-live #6: Selecting measurements with high diagnostic value , 36 <+ >
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/.

Diagnostic based on Symptoms
found in the aoustical output signal

Amplitude Compression of the Fundamental Component
— Long term (voice coil heating)
— Short term (nonlinearities)

Harmonic Distortion in Sound Pressure Output (single-tone stimulus)
— Total harmonic distortion

— Nth-order harmonic distortion component

— Maximum SPL for defined THD limit

— Equivalent harmonic input distortion (New)

— Higher-order Distortion (New)

Intermodulation Distortion (two-tone stimulus) Defined in IEC 60268-21
— 2nd and 3rd-order intermodulation component

— Amplitude modulation distortion

Multi-tone Distortion (New)

— Distortion generated by typical program material

Impulsive Distortion (new)

— Impulsive distortion level

— Maximum impulsive distortion ratio

— Crest factor of impulsive distortion versus displacement

Cross-correlation technique (noise)

— Incoherence

Distortion Separation by Modeling (music)

— Nonlinear residuum
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Discussion
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RESummary

sSsAEALIBEESSH (ETER) FER (Y
[E501T) XKk
Signal distortion can be described by parameters (based on modeling) and symptoms (generated signal
analysis)

SENR TRNGES

Parameters should be independent of the input signal

¢; Jkﬂﬂlg_&--iﬁ)\ SSAIREERRRIAEBINES  (HIANRFZ.
2 )m/>z. )

Symptoms depend on the input signal and the internal state of the transducer (e.g. displacement, coil
temperature)

IECHREG60268-2 1R T mimsiuSaIFT=m (25,
chirp. &)

IEC standard 60268-21 provides new stimuli (multi-tone, chirp, burst) with sparse spectrum

XIFRBERSEERANARN T E R BT ERAIRRE (130
THD)

Insight in transducer modeling simplifies interpretation of the symptoms (e.g. THD)
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Open Questions

EE_%T%/J_J% E jl_\jE\EI’\JJ,? ! Symptoms reveal the causes of signal distortions !
'LJ:?‘Z{ i];l%iﬂﬂﬂiﬁ%%%%ﬂ’ﬂﬁ#ﬁo Let’s discuss the most important symptoms in detail.

%—t)ﬂlﬂléﬁﬁﬁiﬁ%&ﬂ@ The next 7t KLIPPEL live webinar entitled

IREEYE - IREESBMHED

Amplitude Compression — less output at higher amplitudes
1%ijie—Tn,'§ will address the following points

y 'f‘l‘ﬁ%—éﬁmE{EEéﬁ What causes amplitude compression?

- HBEEETIREESHERRMEZEIE (U E") Does the transducer also

provide more output at higher amplitudes (“expansion”) ?

= QME_M‘E}E“EC 60268-21;EU§E;&H@ME"J§1% How to measure the variation of

fundamental response according IEC 60268-21
. il[lﬁiﬁ’:ﬁé'éé%:% How to interpret the results

‘ tzl]@{%ﬁﬁi% %',%\Eﬁi&@{ﬁF%DDSPiﬂ’—F How to use this information for improving

hardware and DSP software
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Next Section

Modern audio equipment needs output based testing
Acoustical standard tests performed in normal rooms
Drawing meaningful conclusions from 3D output measurement
Simulated standard condition at a single evaluation point
Maximum SPL — a number becomes important

Selecting measurements with high diagnostic value
Amplitude Compression — less output at higher amplitudes
Harmonic Distortion Measurements — best practice
Intermodulation Distortion — audio 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

o N
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