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dr CERIERVHAY
Targets of the Webinar

Z s B IEAE (IEC 60268-21) Benefit from international standards (IEC 60268-21)
P T 2 e AR A R HIE 5 Link the physical and perceptual evaluation of audio systems
SHE i A H, (max SPL) Rate the maximum output (max SPL)

A b aiFI$5 R 2522 Simplify interpretation and loudspeaker diagnostics
T fR(E5R% HAYE R Understand the causes of signal distortion
ESTE T « REHHIHREIALR B Cope with abnormal sound, irregular vibration and defects

4z &Rl Speed up comprehensive testing

T T ETIE R E & Perform simulated free field measurements in normal rooms
Z R IR E LAY ER M Consider particularities of modern audio products
SEa AR REIRIRE > B lElE - &S A5 Discuss open question, avoid pitfalls, get practical tips
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PART 6: {55tk B8 KAV aa 2 BTith S
Signal distortion — a powerful concept for loudspeaker diagnostics

<4 H F ETopics today:

1. (IEFEE(S%E4H ? What are signal distortion ?

2. M~ JESRMEFIEAM S B R 4 Properties of linear, nonlinear and other distortion

3.  FkMn] DAZEEY I EE A TEN{E 975 B E 2 Can we predict the signal distortion by
physical modeling?

4. EENERN B Y R R #E S AR Interpretation of the measured symptoms and
linking with the physical causes

5. EHHEzELEEFEHIComprehensive evaluation of the audio device

6. |EC 60268-21 g & A=t Overview on new tests defined in IEC 60268-21
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g B AT E LN EAE

Generation of Signal Distortion in an Audio System

, - Measured
Stimulus > E[] D > Signal
Input R -~ Output
Signal g Signal
g u(t) Regular linear g
distortion
Accepted small > ,| Linear Model
. H(s)-1 d,p)n
signal Performance ime
: : variant
Accepted time o » Time-Variant
> Model H(s,t) dy(t)
variance (heating, / n(t)
aging) Nonlinear Regular
Ly Model d,fQnlinear
Accepted — Ntorton "
] - oise
nonlinearities _| Unpredictable Abnormal
(motor, suspension) Dynamics di(tysound

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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Input
Signal

N LR

Diagnostics based on Modeling

Stimulus

b 4

1] ©

Measured
Signal

Linear parameters

(e.g. transfer
function H(s))

Thermal Parameters
(e.g. thermal resistance)

u(t)

v

\ 4

Nonlinear
Parameters

Bl(x), Kms(x), L(x)

Fife 5 SR o ] LIS I B 37 2 S0 AR R AR TR

(e.g.

Linear Model
H(s)-1

Time-Variant
Model H(s,t)

Nonlinear
Model

dy(t)

dn(t)

Unpredi e
amics

Output
Signal

n(t)

Noise

di(t)

Modeling not possible

I 22 B B % e

The deterministic distortion components can be prediced by a physical model with
identified parameters. The parameters are independent of the stimulus!
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FERHEAR 2 E

Diagnostics based on Unique Symptoms

TE AR 2 A A T EAE R The generation of symptoms requires no model.
i PR VR A I 55 1) 5P The symptoms depend on the properties of the stimulus.
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, - Measured
Stimulus > E[] D Signal
Input . . Output
Signal u(t) linear Signal
distortion
Linear Model e
H(s)-1 T SlgnaI'
g Analysis
. . ,
Time-Variant . eg.THD .
* > ’ /
Model H(s,t) dy(t) e 4
’ n(t) II
i Regular / -
Nc'i/ln(llcr]]slar g Toninear /I eg. Im‘pulswe
"™ distortion ¢+ Distortion
: Noise /
Unpredictable Abnormal 7
Dynamics dity soud 4 -
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Bk Hat b

Assessment of Signal Distortion

Results
DUT Sensor
u(t) . ]
. ~ - Signal | Measured Depends on the stimulus
stimulus | O o p| Vessued amions >
p(t) _
~ Should be independent of
) > System - Model .
[ L 3! |Identification "|  Parameters the stimulus
i e.g. transfer function H(s)
o Model o Signa_l o Pred?cted symptoms
p(y) | Analysis of sonaldstorton Depends on the stimulus

BRI E 25 The Device Under Test is excited by a particular stimulus

[ ERES (FlanZevafE, ) 8228 (5%20utput signal is monitored by using sensors (e.g. microphone)

FERIAY B R S 80] DLUE 8 2400 3k 17 i 2k {451 Free parameters of a model can be estimated by system identification
techniques

BN (PlIEIZEESR) ERYRE ST TESE - DG NS5 ERVEIRSIgnal analysis (e.g. Fourier
Transform) is applied to the measured or predicted output signal to derive symptoms of the signal distortion
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Linear Distortion

Input . Output
Signal u(t) g\ T f T p(t) Signal
| Linear Model
H(s)-1 di(t)
) Time-Variant
Model H(s,t) dy(t
(®) n(t)
Nonlinear
Model dn(t)
- Noise
Unpredictable
—» "
Dynamics di(t)

- 4Properties
«  HFETERY Deterministic
o R B EFH &R MEERL R EE T DL a] FEH]

Predictable based on the stimulus using a linear model

Y R R Physical Causes:
NSy =1

o HagEss + Mk (FPR) Transducer + Enclosure (resonances)
«  E=22 Room influence

« DSP (¥7% - 5728 ~ /p4EZS ) DSP (Alignment, Equalizer, Crossover)
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FFEEPOl:

AR S AR AV R B 7 (A[Z3E)
How do you assess the linear distortion of an audio device ? (Multiple answers possible)

H L TRV EELE] (2Z35[E]E ) Single-point measurement (on-axis in the far field)
under free field condition

T e = v (ol P e 2R v R P 1 {245 R Y 25 ([ RIS Multiple points in the far field using
turntables or microphone arrays in an anechoic room

frEEEAtEm T80 In the near field of the audio device

Bk S R B F MG - HIEAE - “FEZE By mounting the audio device to a coupler,
test box, plane wave tube

FHERES (IBiExE ~ K5 T......) In the target environment (listening room, car, ...)

HAth Else
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AR IERE

Assessing Linear Distortion

ons Output
Signal u(t) e
HIEH: it Measurement techniques o
o JSERATHIE R KA A Measurement of symptoms is less useful ———
o 4S8k A Identification of a linear parameters S - s
S o
|| Unpredictable @,
Dynamics i

TR0 H B Ak FE S Y28 Parameters determined by output based measurements:
[H#dh SPL JE2%%EE On-axis SPL frequency response

o IEEER r (JB3R) HYBREE LAY SPL #EZRZERE L(f, @, 8) SPL frequence response L(f, @, 8) on a sphere with distance r (far field)
o EETRPAREE (F50MEf5%) Sound power frequency response (Directivity index)

. 3D EFFim (TS TR r FRAEEE RN E HL(f,r) ) 3D Sound output (complex transfer function H (f,r) at any

point r in near and far field)
. Rz HEREEA % C(f) Coefficients C(f) of the spherical wave expansion
o EERVIE(E A BSEEEAYEY SPL ZE7E Mean SPL response integrated over personal listening zones

. ZEEE (g DSP 45 ) Latency (generated by DSP)
. discussed in 3rd session of KLIPPEL live
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YEEfERIPhysical Model

for Output-Based Measurements

. . o LTI-System ) ) .
Stimulus with small ° (iner,tme-inv ian) p(r) p(r) ONLY Linear Distortion
amplltUde Time and Production Va.‘ances (Other dlStortIon are

- v(r) .
— ° song negligible at small
Regular Nonlinearities o) am pI ItU d eS)
Irregular Nonlinear Vibration I on(D
n(r)
Spatial transfer function
H, (f,r) based on wave
expansion (IEC 60268-21)
g HL(f,r)
u
UeiD Irre
gular
N, ‘ Np ——» Bour(f,r) Distortion  field
1 Co ) '€
Po A

¢tz . Conclusions:

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

o BERFRBRIAURZ FEEGH Y22 I E AR B HL(F,r) =] DAl B ER 5510 T~ SDEEG T E R HY4R 1425 H The spatial
transfer function H,(f,r) based on spherical wave expansion can desribe the linear distortion at any
point in the 3D sound field under free field condition

o EESE/IMERE T #E{T42 BIT IR Holographic near-field measurement at small amplitudes is
recommended
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YnEE 5 Physical Modeling

Speaker — Room Interaction

/\ room

/ raﬂectlons

Speaker in Target Application

Room reflections

Proom(")
—> HH (f) T Hroom (f)
pdir(r)

Hy(flt) —e » Hi(f.r) N> o
u _ p(r)

Direct sound
. total
Ni <+ No —=> Bour(f) osoion "

D Po(r) A

=@ Conclusions

ZefE IR kB HL(f,r) [ FZ EEE The spatial transfer function H,(f,r) represents only the direct sound

REThRR A HIN(F) fifal 1 B RAFER R 2355 1% Sound power response Hy(f) describes the loudspeaker properties exciting the
room modes

i EEE Hroom(f,r) ZorBERIEM: (A7 ~ Ty ) Room transfer function H,,.(f,r) represent room properties (size, absorption)
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FEREAEENGIEAR

Linear Distortion generated by Room Modes

Frequency Response at Test Point r=0.3 m
KLIPPEL

M
T

Total sound
110
— 100
3
g Reflected
90 i sound
Il
80
70 '
0.1 Frequency kHz
Total Sound

E(t,f) Spectrogram

Total Sound in situ r=1.5 m

KLIPPEL

23
29 I
35
P .-
47 (8 10
53 % —
59 i —
65
-71
77 102
83 0.1 02 03
Time [s]
#&&wConclusion:

- EFRBRAEE A RBRRPELRENRESKE

SPL [dB]

Direct Sound

E(t,f) Spectrogram

Frequency [Hz]

Frequency Response at Listening Point r=1.5m
KLIPPEL

Total sound

i Reflected
II*'||"|| | MU* "'ﬁ

H ‘h' ’|'\ wu M

Dlrect sound

01"

Frequency kHz

Reflected Sound

E(t f) Spectrogram
und InSitu r=1.5 m

KLIPPEL KLIPPEL

g Jeflections

103

Frequency [Hz]

+

0,3 0,1 0.2

Room modes generate significant distortion in the total sound in the target environment
- BEREERUTRRBIIERH IR FERHE T EZ B Room modes occur at distinct frequencies decaying smoothly with time
- 2T FIAEEE= 5|42 /X &% Table and wall can cause strong early reflections
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SRIEIFERE

Linear Time-Variant Distortion

Input
Signal

% MEproperties:

Eiﬂ%?mzjiéEijGenerated by a deterministic process

. EMEE(LAYEM:Slowly varying properties

. x;—gg%ﬁm*ﬁ?&)jz 7Does not generate new spectral

components
o o] DI HEAIF T 7tCan be described by models
« et EConsidered in the design

Y [ KIPhysical Causes:

- aﬁg(/mg,%{b Ji =) Transducer (heating, aging, fatigue)

u(t)

Linear Model
H(s)-1

Time-Variant
Model H(s,t)

Nonlinear
Model

dy(t)

Unpredictable
Dynamics

dn(t)

di(t)

Output
Signal

n(t)

Noise

o A[ERVEEES - EEIFIRERZ Varying acoustical load, room and climate influence

* EH DSP e (BAMes ~ FRlEs ~ TN ZARE 2

(Compressor, Limiter, mechanical and thermal protection systems

KLIPPEL-live #6: Selecting measurements with high diagnostic value , 16
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{SAE R H(E L) HYBF R 572

Time variance of the Transfer Function Hf,t)

Sound Pressure Response

d8-[V] (ms)

— S—

130 Long Term Response linear res| e

- : KLIPPEL
125 -F L
120 F : Thermal amplitude

2 , compression

- TN
110 F S ! I - i :

E A \ W B (5 P P R TR
105 S = — FIGEE 1 SY40BR/L 5750
. / inareased voice coil temperature RE A B e e e e

- / ' Long term response
% L ~— ! was measured by using
o - / ' a stepped sine wave

-/ /’ fundamental and cycling 1 min on/1
8 - resonance min off
£/ M

20 50 200 500 2k
Frequency [HZ]

e as NN RE A S AR SR I MU RS 0 & - A S B E AR SRV AT 8
The thermal dynamics of the loudspeaker generates no harmonics and other new spectral
components because the voice coil has a high thermal time constant (t,, > 1s).
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R EE
Example: Thermal Dynamics

Heat Flow Thermal Model T s
dome Pas e e =
ﬁ f—/—> g g a1 AT, R
= InCE R,
1
125 KLIPPEL 205
| 200
100 Voice coil temperature 175
X 75 ) ‘ (s y, E’g %
> .
E 50 ; 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
1,= 130 s =67 Min
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T IR\ IRE

Active Transducer Protection

based on linear and thermal modeling and measured transducer parameters

- —
- ~ \
[ attenuator -
\ 7 Dal

transducer
-~ "4

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 ¢

B 1-#iE#E To prevent thermal overload

o EBETEREGAESTE 0 DU BEDAE (AR 0 FFURRFE LU slow attenuation of the input signal to keep the voice
coll temperature below a permissible limit

[5 IE %R 8k To prevent a mechanical overload

s (BRI EAVREZR > DURFE B E A REAE naFavER LT fast attenuation of the low frequency component
to keep the voice coil peak displacement below a permissible limit
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YA Physical Model

for Output-Based Measurements

LTI-System
m (linear, time-invariant) pL(r) p(r)

Time and Production Variances

pv(r)
sound
—4>|7Regular Nonlinearities field

pw(r)

— —» Irregular Nonlinear Vibration

pio(r)

n(r)

Amplitude
Compression (IEC
60268-21)
Hv(flt) HL(f.r)
u p(r)
Ueip sound
C field
D po(r)

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

¢gEzmConclusions:

o IRPE AT Hy(flt) BEEE(ERS r 2R

Time variant system H,(f|t) is independent of the evaluation point r

- IS P OOIEREBRAE > BUTHYISIREL

Measure amplitude compression in the near field - good signal-to-noise ratio
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LB BT

Assessing Linear Time-Variant Distortion

Sgnal |50 Sl
J Linear Model
HEFflr : Measurement Techniques: Tm(v)t
o A (FIHIESE) | Wdeinen | a0 m
|dentification of model parameters (e.g. T -
thermal parameters) = [Noise]
©  MEFREREEENVBRHER [ Dynamies [0

Measurement of unique symptoms
generated by a particular stimulus

Feig H A HIEREEAVEEAR © Symptoms determined by output based measurements:
o FAREFEASE(E (IEEEA4E ) Change of the frequency response (amplitude compression)

KLIPPEL-live #6: Selecting measurements with high diagnostic value , 21 <+ >



FFEEPoll:

{RATE R EEYEE(LNE 2 (A5EE)

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

A. 2H No
B. EHY > BB AN AR EVER S - (ReE A &rIE(th DSP ThRE Yes,
by changlng the input amplitude to evaluate thermal compression,

protection system and other DSP functionality

C. RZEHY BEERFEHZEHEES - 21k - 55 Yes, versus time to
evaluate break-in, aging, fatigue

D. =2 ZFHbR(E - BFEE b2 ... Yes, to evaluate the
influence of climate, load changes, ...

KLIPPEL-live #6: Selecting measurements with high diagnostic value , 22 <+ >



AR ESGRIER E

Regular Nonlinear Distortion

Input . Output
Signal u(t) g\ T f tp(t) Signal
| Linear Model
H(s)-1 ai(t)
) Time-Variant
Model H(s,t dy(t
& © ()
Nonlinear
Model dn(t)
Noise
Unpredictable
—» A
Dynamics di(t)

BT %ﬁé*[él’jrbmr“ Depend on amplitude of the stimulus
o E/MEFRIE G R] ZES 5T Negligible in the small signal domain
o FEEM: > T DIEHE Deterministic, can be modeled

o BHESETAERE o AL AEAYE A R H57 related to the design, accepted in an approved
prototype

Y [HRPhysical Causes:
©  EHRESTERME (BI(X), Kms(x), L(X), L(), -..)
Transducer nonlinearities (BI(x), Kms(x), L(x), L(i), ...)

©  ERNmCEGME

Acoustical port nonlinearity,

- DSP (HlEERHI<S)
DSP (hard peak limiter)

KLIPPEL-live #6: Selecting measurements with high diagnostic value , 23



Kms(x) 4R E
Distortion generated by K_.(X)

Mns Rms  Kms(¥)™*

Re L
—
. \
I
Blv F=Bli

K =T

6 1 /

N/mm [ . .

5 - nonlinear suspension J ||

“\U /

3 f N /

2 f \\\

1 E D

-100 75 50 25 00 25 50 75 100

displacement x mm

Restoring F =K (X)X Displacement

force

Stimulus

Nonlinear
System

Nonlinear
Distortion

linear transfer systems

Hr) p(rs)
/ sound
[P, . field
- H(br) g™

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

-> makes the reproduced bass signal
»harder‘ and more ,aggressive*
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Kms(x) EA4HIKE
Distortion Generated by K, .(X)
simplified signal flow chart

(1) / o pass band
Voltage \x fs pressure
distortion )
highpass
STIMULUS
Displacement x
N\ Bass tone
fs
lowpass

multiplier

DISTORTION

(Kms (X) — Kms (0))Re
BI

-> Multiplication of displacement time signals x(t)*Kms(x(t))

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



o WO O O G
-18.64

Kms(X)-15 4%
K.s(X)-Distortion in Music

%% v 226 W Mk T I

dB/COLOR, -10.8  dB/COLOR,

22.8 KHz

AN NEERT]

22.83 Hz

8.6

22.6 KHz

L

r*rmm.. ;s

N

Undistorted music signal

SN — KR fs BYE5E — {£Z{E5% High displacement required - signal below fs - bass signal

fs < 100 Hz B1{EAE2 & Low frequency distortion when fs < 100 Hz

K B A 5 A {2 % M4 Bass sounds more aggressive

HEETE

/N Low impact on sound quality

KLIPPEL-live #6: Selecting measurements with high diagnostic value , 26




BI(X) FEAHYRE
Distortion generated by Bl(x)

linear transfer systems

R Le : M, Rm Kins
: H(f,r
3 BI(x)v F=BI(x)i 3 "timulus /j7X p(rl)sc?und
fmmeen . field
— > Hfry) ;-—»p(rz)
Nonlinear PR
system [ %1 H0T9 F
Bl [N/A]
¥ /TN
25 T
. / N\ Nonlinear
i / \ Distortion
o \ | .
05—~ N FE&RME BI(x) ZHEI1 % x FIEER | YZEfENonlinear BI(x)
g i N causes a multiplication of displacement x and current i
0,0 == ==l

-6

Electro-dynamical
driving force

Back EMF

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

> 1 B ARAR B E AR IR I A5 H generates amplitude
intermodulation distortion in the audio band

. > JAZ 2 = fHE perceived as roughness in the sound
F =BI(X)i Voice coil current

Uewe = BI(X)V Voice coil velocity

KLIPPEL-live #6: Selecting measurements with high diagnostic value , 27 <+ >



STIMULUS

BI(x) HYJEMR
Symptoms of BI(x)

1st nonlinear effect: Parametrical Excitation

‘oltage

DISTORTION

distortion

iImpedance

current fs

—®

lowpass

multiplier

AN

S

BI(x) 4
BI(0)

1. Motor force F=BI(x)*i
2. Multiplication of displacement x(t) and current i(t)
3. High distortion (f; = f, f, > f,)

pass band

*— )
/ fs

——0

pressure

highpass

Voice tone

Bass tone
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FaERRBILE
Bl-Distortion in Music

0 G W 9005 VO IO 7 v G I 0K T
-18.8 dBTOLOR,

-18.6 dB/COLOR,

22.8 KHz

22.8 KHz

intermodulation _
. a —

22.83 Hz

Z1.8 Hz

Undistorted music signal Distortion generated by Bl(x) only

High displacement required -> signal below fs -> bass signal
Intermodulation with signal in audioband generate roughness when fs < 100 Hz

High impact on sound quality
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FEGRIMREAR * BV E SRR T
Nonlinear Symptom: New Spectral Components
generated by Two-tone Stimulus

input .
e @ i J'

output b T

Response 1
| -

>
220
I =
e

J - PR I 1 | S PO T Y IO il

fHz]

Nonlinear System

Amplitude
Ap sound pressure spectrum
i Intermodulation
2n 2 2nd Distortion
3 3rd 3rd
nth nth n[h
harmonics:f <difference tones summed tones:F
£ 2f, nf, f,—(n-1)f, f,—f, f,+f f,+(n—1f frequency
1 fz
“bass tone” “voice tone”
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FEGRIEIEAN © VB FE BN

onlinear Symptom: Amplitude Compressic

Fundamental component
| X(f1,U1) |

Linear System

. KUPPEL

/
Soft limiting ——

=
ol

=
[=]

X [mm] (rms)

7,5 10,0
Voltage U1 [V]




FEGRMEREAR © A RE

Nonlinear Symptom: Instability

Small Signal Domain Large Signal Domain

v

v

t

-
N

Bifurcation

into two states

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

(s R ARG SR AIREEEAR 2 (R 2538 )
Which symptoms of the regular nonlinearities do you
use? (Multiple answers possible)

>

/2/A {5 None

SR E (28 2~ 2 3~ THD -~ ...) Harmonic Distortion (24, 34, THD, ...)

C. EHFH&E (H 2 E=%EEHEL) Intermodulation Distortion (generated by 2
or multiple tones)

D. EAR4r=RIIELE M EA%E Nonlinear compression of the fundamental component

DC-{ir%% ~ BREEREE ~ Hfth R i& e M: DC-displacement, jumping effects, other

instabilities

oc)

I
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Assessing Regular Nonlinear Distortion

Input

Signal u(t)
HEF fitMeasurement Techniques: i
o JELRMERETRI 8RR B Identification of Time-Variant
nonlinear model parameters [ Moel e 0 0
s FIIERMENIBRHEIRSearching for R &0
unique symptoms of the nonlinearities o [Noise]
Dynamics d(®

Feig R ERE ERVEEIR ¢ Symptoms determined by output based measurements:

* AEIANTRIZEENIEGERE (GEK - GFETE)

Nonlinear distortion generated by different artificial stimuli (Harmonic, intermodulation
components)

o FREFERVE(L (FREIEIEEERYE )

Change of the frequency response (nonlinear amplitude compression)
{EFIRFRRIRE R B e A FE 2 FRVIRAE T

Non-coherence between input and output using stationary noise stimulus

©  RHEEAVIRGIEREE CHIMEMERRED

Nonlinear residuum of system modeling (for any audio stimulus)

KLIPPEL-live #6: Selecting measurements with high diagnostic value , 35
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ANHERI2EEIrregular Distortion

loose joint in a defective transducer generates a buzzing sound

RZE R R IR MR 28 Externally excited
Most defects behave as a nonlinear oscillator A i

parasitic resonator Loose joint

{EEG U DL _F S B active above a critical amplitude

“HrvIrENEEnew mode of vibration spring % (Nonlinearity)
o s L&) ST R[5 25 powered and synchronized by stimulus —
«[K E i H T2 constant output power

A vibration

™ T~ o -

distortion signal (
! time

V one period

A 4

A

v
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2"d Example: AR R4 EIrregular Distortion

generated by a loose particles in a defective transducer

cone
5 FE 152 £ Ei%completely random process

Ak fET 2= ELF7 fZzimpulsive distortion waveform gap
“fI T A SRS 17 12 1 particles are accelerated by cone displacement

B e N [E] 2 not synchronized with stimulus dusf cap

«[& i 4 T2 constant output power | -
Voice

coil LoOse Particle
former

/ I.\/ bouncing /

ouncing

distortion signal ]\ W
- (

one period >

time

A
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ARRIRE (RF)

Irregular Distortion (Abnormal Sound)

Input Output

Signal u(t) Signal
,-TF_J‘ rﬁpro pertleS N Line:(rs)l\»/Ilodel
Hkfl ({EAEE/HS1%(E ) Impulsive (low energy but —
high peak values) | Model rsy e N
«  EAIIEHER ST Generate new high-frequency [ Noninea dl
components ‘ o
-« [E#E 1 Random properties | Unprediciable |

o E D) ERAITEA Difficult to model and to predict
- FERFESE b CGEEEGEE) Time varying
(usually getting worse)

J?ICauses

=ty G Imperfections in the design (e.g. modulated port noise due to high air velocity)
o BhEfRIRIEProblems in the manufacturing (e.g. glue problem)
o IR FER] s E 2 Y ER [FDefect caused by an overload in final application
o ERHEHIREIEIM A MER IE Insufficient robustness, endurance of the device
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FFEEPOl:

AFRARE) 2 4 0 E Ao g ?
How do you cope with abnormal sound generated by irregular vibration ?

KALEF I don't care

/I ESEE Careful listening

= g EOHIE (THD) Total harmonic distortion measurement (THD)
SGENAH (EfEseE ) Higher-order harmonic distortion (energy at high
frequencies)

W5t oot (ARfErE B ~ BES 1T ) Time-domain analysis (impulsive
distortion, Time-frequency analysis)

F. Hir iy Residuum, other techniques

o0 P

Al
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AR A

Assessing Irregular Distortion

= fifMeasurement Techniques:

AN EE - 280018 A 7 I Modeling
difficult - parameter measurement not
applicable

FMIFERRYEIR (1E78) ) Exploting

unique symptoms (impulsivity)

Characteristics determined by output based measurements:

Input
Signal

u(t)

Linear Model
H(s)-1

Time-Variant
Model H(s,t)

Nonlinear
Model

Unpredictable
Dynamics

dy(t)

dn(t)

di(t)

Output
= p() Signal

n(t)

Noise

* Impulsive distortion measured in the time domain (IEC 60268-21)
« Higher-order harmonic distortion (IEC 60268-21)
« Nonlinear residuum of system modeling (any audio stimulus)
« New characteristics calculated from the sonagram

KLIPPEL-live #6: Selecting measurements with high diagnostic value , 40



~7. [

/

/Eu

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

reproduced sweep at 1 V u@'f

=
-

Analysis:
Time-Frquency Analysis
(Wavelet)

reproduced sweep at 3 V c@'é

Impulsive distortion
generated frequencies
below 100 Hz

& E T H AR
Symptom of Coil Rubbing

g Frequency of the spectrum

Frequency of the spectrum

=)
s

Sonograph
TFA stimulus sweep (1): Wavelet dBFS

“ Timeé (exéitati@?ﬁ%slfrecioﬁenci?)
Sonograph

i" ’mnll N
llﬂ“
| N HIHNNW' -

100 300 400 500 600 700 800 900

_Time (excitatiofi'frequency) oNES
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e

YEEREAT Physical Model

for Output-Based Measurements

LTI-System
(linear, time-invariant)

u pu(r) p(r)

Time and Production Variances

pv(r)

sound

Regular Nonlinearities eld
pw(r)
Irregular Nonlinear Vikration on(D IrrGgUlar behaVIOr
\ (rub&buzz) can't be
HV(flt) > HL(fir) [ p(r)
u

Ueip N N B (f “iegular i sound

| | D _’C out(f,r) i Distortion | field

| D (I — ’

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

Measurement of Impulsive
distortion (IEC 60268-21)

4E=6 Conclusions:

W&~ R AT REI S EHEARPIIRE Z< B Measure the impulsive distortion which reveals
unique symptoms of irrregular vibrations

ST DUEE- R E(SIEEL Perform a near field measurement to have the best signal-to-
noise ratio!

KLIPPEL-live #6: Selecting measurements with high diagnostic value , 42 <+ >



Epiig A A& Output-Based Measurements
based on physical modeling

Neglecting distributed nonlinearities
(e.g. nonlinear break-up modes)

P response KT TSNSt Euncon

e Hroom , T IE .
(IEC 60268-21) in progress)

Amplitude Compression ) HH (f) H (f r) IOroom(r)

C(f) (IEC 60268-21) I » Froom I,

Hy(f [t) == H.(fr) kO
y par(r) p(r)
Spatial transfer
e (EC 6026830 [roeeie sound
- i Irregular u
N T -» Distortion | field

Equivalent input distortion
for multi-tone stimulus (IEC

60268-21) impulsive distortion

measurement with chirp
stimulus (IEC 60268-21)
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IMEFRAEHTGER

Consequences for Small Signal Measurement

10

-10
)

NI

See webinar Klippel live

4= B HI&EHolographic Measurement

FpN TR S BRI 154U Based on spherical wave model
fitted by near field scanning

iR (R C(F) LIFTRRRYIE S Rl E 35 Coefficients C(f) of
wave expansion describe the direct sound with required
accuracy

eI PR r BYZ2 R R e HL(f,r) gives spacial
transfer function H,(f,r) at any point r in near and far field

o L TFEUHI 55 A BV E F R RE VR s E ik ek . HIN(E, r)Gives
sound power transfer function Hy(f,r) required for predicting
room interaction

R EHmA 7 no anechoic room required
BRI & Fast measurements

¥ 3D B AR 82 Important for 3D sound application

KLIPPEL-live #6: Selecting measurements with high diagnostic value , 46 <+ >
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Consequences for Large Signal Measurements

Stimulus
—>
Nonlinear
System
Nonlinear
Distortion

linear transfer systems

TR \m
iulu!im it i f’”

U |

One measurement
point is sufficient

FEIELRMER L B WA IR A R Distortion of dominant nonlinearities are added to the input !

MRS H(, ) AIEsR It Bt g E ¥ Linear transfer function H(f,r) provides a post-
shaping to the nonlinear distortion

07 A A SEAE I AR ME AR FR RIS R K EESE The directivity is less important for evaluating

nonlinear and irregular distortion

AR TSR —

HE#ET T HIE=The measurement at one point in the near field is recommend!

KLIPPEL-live #6: Selecting measurements with high diagnostic value , 47
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RN EHIE AR R
Optimum Stimulus for Distortion Measurements

* New test stimuli defined in IEC 60268-21

Stimuli complexity
Single- _ . Tone Two- Audio
Tone  CN'P" Burst Tone Pulse Noise Signal
Sparse spectrum Dense spectrum
R LIRGR MR H LA (B SR 0 R0 B MECRBORES Y (FRE) B (FlaiEEss - &
Simplifies the separation of the nonlinear  [&453fi ) Ensure sufficient (persistent) excitation of
distortion from other signal components the device under test (e.g. amplitude spectrum,

LA R (BT amplitude distribution)
Simplifies the interpretation of the results  EASfEIEGMAE (B ~ 38 - BEio=)
(harmonics of a fundamental tone) Generates all kinds of nonlinear distortion

(harmonics, intermodulation, DC components)
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R BRAVAER
Diagnostic based on Symptoms

found in the aoustical output signal

FAR S = IE S ER4E Amplitude Compression of the Fundamental Component
-  EH (ZREEE) Long term (voice coil heating)
—  5GHH (JE4514) Short term (nonlinearities)
2 B T AR A H (BEE R ) Harmonic Distortion in Sound Pressure Output (single-tone stimulus)
— 44 E Total harmonic distortion
—  NZGEER4-E 458 Nth-order harmonic distortion component
—  SEFEN THD [EHIRYEA SPL Maximum SPL for defined THD limit
-  EHERGEENEmASE (Fr) Equivalent harmonic input distortion (New)
- EfE%E (¥r) Higher-order Distortion (New)
OH%E (B ) Intermodulation Distortion (two-tone stimulus)
-  [Ef1=[F&7H #H45r& 2nd and 3rd-order intermodulation component Defined in IEC 60268-21
- GfiEJcE Amplitude modulation distortion
%489 H. () Multi-tone Distortion (New)
—  BRIELE AR EE 4R Y42 B Distortion generated by typical program material
Ak{E2&E (#Hr) Impulsive Distortion (new)
- FRfELEZ 4 Impulsive distortion level
- EAHRESELE Maximum impulsive distortion ratio
- HRfEEEEA AR &R # Crest factor of impulsive distortion versus displacement
HiHREER T (1% ) Cross-correlation technique (noise)
- fHEERY Incoherence
AR TR E R (%) Distortion Separation by Modeling (music)
- JE4RMEZ Nonlinear residuum
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== Discussion
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FHZE Summary

* NEFERIEVE R H TR A RETHE R

The different kinds of signal distortion require different measurement techniques

» HERAaER YRR
Measurement techniques are based on physical modeling

- A S EEZ B A S5k
Parameters of the model should be independent of the input signal

* BUREAGET I

Symptoms are generated signal analysis

o JEAREUSTA i AMS T H IS YN EGIREE (B - GEDEE)
Symptoms depend on the input signal and the internal state of the transducer (e.g.
displacement, coll temperature)

« |EC 122E 60268-21 FE L 1A M HY A EHL i
IEC standard 60268-21 provides new stimuli (multi-tone, chirp, burst) and new
measurement techniques

KLIPPEL-live #6: Selecting measurements with high diagnostic value , 562 <+ >



5 8E Open Questions

TEARSZBE T (E5R A HHV RN |

Symptoms reveal the causes of signal distortions !

e P AT T AR i e EE R HAESR

Let’s discuss the most important symptoms in detail.

The next 7t KLIPPEL live webinar entitled
Amplitude Compression — less output at higher amplitudes
will address the following points

s BEEEUEEERYE ? What causes amplitude compression?

« MEESREAERMETFEIEENFE L (“YEE") ? Does the transducer also provide more
output at higher amplitudes (“expansion”) ?

o Y{olfR#E IEC 60268-21 Hl&= AL EEERYS4 How to measure the variation of fundamental
response according IEC 60268-21

o WfaffiEfEsE S How to interpret the results

o Wfn[{sE IS LS B AR KERE 4 F] DSP #{4: How to use this information for improving
hardware and DSP software

KLIPPEL-live #6: Selecting measurements with high diagnostic value , 53 <+ >



Sessions of KLIPPEL- live Webinar

i IEC 60268-21 & & A Miax TR E2HAE
Acoustical Measurement of Sound System Equipment according IEC 60268-21
TRAR S VAR A 25 Sl H EE AR HIER, Modern audio equipment needs output based testing
E3% 48 o el #E T THY R ERAEE RIEH, Acoustical standard tests performed in normal rooms
¢ 3D # IS S A = FEAY4E:m Drawing meaningful conclusions from 3D output measurement
1 B (E S AG BhAE B #E (% {4~ Simulated standard condition at a single evaluation point
By N RN — B - E5{E EE 3 Maximum SPL — a number becomes important

ol el e L A

[N
o

EafkH-ym K5 s 2B & Signal distortion — a powerful concept for loudspeaker diagnostics
Mg & BR 4 — i =g = N i /D Amplitude Compression — less output at higher amplitudes (Next session)
SN - EONIE - a7 (EEES Harmonic Distortion Measurements — best practice

% E - SR MEEE (S5 Intermodulation Distortion — audio is more than a single tone

. AR E - B - BE1TA A B Impulsive distortion - rub&buzz, abnormal behavior, defects

e L T o
g N W N

. BEUF AR S A Y RER A2 HIE, Smart speaker testing with wireless audio input

. TEREE(RE T B e E T T AR S, Benchmarking of audio products under standard conditions
. B9k By §E L ——JELFIE & Auralization of signal distortion — perceptual evaluation

. RETRELERE A EEZAIAZE Setting meaningful tolerances for signal distortion

. BPEEMAYE K SPL {E Rating the maximum SPL value for product
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