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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
g2 put at hlgher amplltudes

T HESSS—— W |

o| &
@ jle tone
y : . e
“Broad-band” Stimulus required for SPL ., |9 fects
o = Af%
complexity of the stimulus —— 7 ¥
o itions
single- two-- uni—nl:ne noise audio Sl
Obs tone (chirp) tone (chirp) complex signal ey o 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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6" KLIPPEL live:

Selecting measurements with high diagnostic value

"HT1 HO p ¥ =

Topics today:

X

Signal distortion i- a useful concept for sound reproduction
NS 0 S WINIBER TN O

Properties of linear, nonlinear and other distortion

0550 D50 s N T 1 B FON TR
Comprehensive evaluatior] of the large signal performance
N Rz 3N O

Interpretation of the measured symptoms and linking with the physical causes

AN XS A T
Overview on new tests defined in IEC 60268-21

IEC 60268-21Ah-6 B4l &
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Generation of Signal Distortion in an Audio System

Y

Stimulus

1 ©

Measured
Signal

Output
Signal

n(t)

Noise

Input -
Signal i’
% u(® Regular linear
distortion
Accepted small > | Linear Model
: H(s)-1 d@n
signal Performance ime
i - vgrlanF
Accepted time o »| Time-Variant distortio
_» | Model H(st) dy(t)
variance (heating, /
aging) Nonlinear Regular
> Model d.pgnlinear
Accepted — nc(}i’;tortion
nonlinearities Unpredictable Excessive
(motor, suspension) Dynamics d;(t)nonlinear
distortion

7

Undesired Defects
ARubbing coils, buzzing parts
AWire beat, coil bottoming
ALoose particles, air leak noise

AParasitic vibration of other components
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Diagnostics based on Modeling

stimuius + O] © Mg
Input Output
Signal u(t) Signal
Linear parameters > Linear Model
(e.g. transfer H(s)-1 di(®)
function H(s))
Time-Variant
Thermal Parameters Model H(s,t) au(t)
(e.g. thermal resistance) n(t)
) Nonlinear
Nonlinear T Model dn(t)
Parameters (e.g. Unored: Noise
npredi e
BI(x), Kms(x), L(x) i a0

Modeling not possible

The deterministic distortion compaonents can be prediced by a physical model with identified parameters.

The parameters are independent of the stimulus!

‘J.Lw ";\ NQ 3 Y l $ d : aB,': '¢)il) "“; "'.J\.'I_!

A &
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Diagnostics based on Unigue Symptoms

: - .| Measured
Stimulus > E[] O > Signal
Input - Output
Signal u(t) linear Signal
distortion
Linear Model - Signal
H(s)-1 ,—“ .
- Analysis
e
Time-Variant . eg.THD .
*—>» s U4
Model H(s,t) dy(t) b !
’ n(t) /
. £ /
Nonlinear Regular F/
nonfinear ¢ e.g. Impulsive
Model Ch(®) distortion / _g _p
- _ Noise ,, DIStOI’tIOh
Unpredictable Excessive 7
Dynamics di(ty nonlinear -
distortion T —-—— SYMPTOMS
The generation of symptoms requires no model.
EIR HY) B i 7Y A
The symptoms depend on the properties of the stimulus.
il D_G g ] H A
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Linear Distortion

TiEAE]

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)

z O Properties
A Deterministic
. h ¢ o
A Predictable based on the stimulus using a linear model

| /BT 1 & W3 927 D Al

N1 S t+ Physical Causes:
Transducer + Enclosure (resonances)

" Df tNy ¢ 4

A Room influence

> T

A Eé o
A DSP (Alignment, Equalizer, Crossover)
DSPe M~ z H L
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Assessing Linear Distortion

%46

Input Output
Signal u(t) Signal
4 "H  Measurement techniques o Hneat o
A Measurement of symptoms is less useful : :
1+ J_l _ - Lo Time-Variant
'\( J 0 WT Model H(s.t) a®) -
n
A Identification of a linear parameters Nonlinear
4 é’ V "ero_B_‘]-: " Model dn(t)
S - Noise
|| Unpredictable
Dynamics di(t)
Parameters determined by output based measurements:
19272 ol h G&iv "Qx
A On-axis SPL frequency response
sSSPl ' ¢ 7
A Sound power frequency response (Directivity index)
q) I ! ! (p Z 8 "Yb é’ "Y!QZ

A 3D Sound output (complex sound pressure response an any point in near and far field)
3D¢ e [> [AYM piEHogoez{

A Coefficients C(f) of the spherical wave expansion
1 Lt AV QcH

A Mean SPL response integrated over personal listening zones

<

M AK! 3 Wz SPLlY Z
A Latency (generated by DSP)

A& €' DSR a( discussed in 3rd session of KLIPPEL live
A é
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Linear Time-Variant Distortion

10 Hy

A . Input Output
O Properties: signal [ u( Signal
Generated by a deterministic process
14 Linear Model
g he Y1 & | He
Slowly varying properties [ Time-variant
Ay wpBRG I 0
Does not generate new spect{ral components sy Noninear a0
J d I A :-QB-JJI a || Unpredictable @
Can be described by models AL TTES di®)

Q@1 W37l

Considered in the design

> T

ATO
J1 S t Physical Causes:
Transducer (heating, aging, fatlgue)
QipfFer 2 ap D (
Varying acoustical load, room and climate influence
W p i e A = o0€v0
Audio DSP Software (Compressor, Limiter, mechanical and thermal protection systems

DSP T1€e4aAH WH 4> A31 M1 C
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Example: Thermal Dynamics

Heat Flow Thermal Model " RORE
ﬁ dome Pas *RWK? e Pe
'\%; @ ) I Rua(x) = Ca @ . DT‘CM RW
“— ) — Tk%)
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
ty=130s t\=67 min
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Time variance of the Transfer Function Hft)

Sound Pressure Response

— —_—
130 Long TermResponse linear response
- |
C KLIPPEL
125 1
120 F I Thermal amplitude
g : compression
- /|1 T I " Long term response was
110 + l \C measured by using a
. - l ..V( stepped sine wave and
£105 - 7 ) . ‘ ‘ o cycling 1 min on/1 min off
=100 & / inareased voice coil temperature | B AR TESK
R AN XFAEFH15) HPATES/
VR o>t AN, Rl
w0 £ = 1<H R
-/ /’ fundamental SR EL
85 / resonance
80 - -

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 (t,, > 1s).

ESS RSB A O R EA AT S, Gl EET@ L SR H EWQe (t, > 1s T,

~\
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Assessing Linear Time-Variant Distortion

X1 0 Hy

Input Output
Signal u(t) Signal
N Linear Model
H(s)-1
1 "H Measurement Techniques: | [mevaran
A Identification of model parameters (e.g. thermal parameters) VT W) dy(t) ()
. WS \ "Qe %b AV !QZ 7 nggar RG]
A Measurement of unique symptoms generated by a particular stimulus Noise
J_I e r__j'_ 1 L, Unpredictable
zh »df1 @ =N Dynamics a0

n PISISt
ALN s L-=-d

h 10BJ)\/ QX Symptoms determined by output based measurements:
A Change of the frequency response (amplitude compression)

o Ziwp e WA AL
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Poll:

Do you measure the change of the transfer function? (Multiple answers possible)
r = 8 JJ Q Y/ r=-- 4 I A
r 1 e QoBIW P O € (
A. € No

ad " ] .0 ) Y 4
B. 1 1 Ww JVWWyr xagad4 31

/1 e -D H DSH | Yes, by changing the input amplitude to evaluate
thermal compression, protection system and other DSP functionality

~

.l. | E !Q‘H )T( T (_] P D Yes, versus time to

evaluate break-in, aging, fatigue

O

D. .l. | X <—>O P P 0BJ.@ ¢ € € \ves, to evaluate the

I nfluence of <c¢climate, | oad changes, &
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Regular Nonlinear Distortion

Output

Input
Signal

Signal u(t)

Linear Model
H(s)-1

Time-Variant
Model H(s,t) dy(t)

n(t)

Nonlinear
Model dn(t)

Noise

Unpredictable
Dynamics di(t)

O Properties:

n- e oIV © Depend on amplitude of the stimulus
N3 N3l gX j Negligible in the small signal domain
H Oy | QawW Deterministic, can be modeled

b QO HBH r] | Eis S A | P related to the design, accepted in an

approved prototype

F J1 5 t Physical Causes:

A Qi b 13 10 (BI(x), Kms(x), L(x), L(i) , Tréns)jucer nonlinearities (BI(x),

Kms(x), L(x), L()) , &)
A ¢ e N /E_ 1 & Acoustical port nonlinearity,
A DSP_( Se  H ( DSP (hard peak limiter)
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Distortion generated by K _..(X)

linear transfer systems

Re Le 1 1 Mms  Rms  Kms(®x)™
RN B iy
| v |
| H(f,n/

Blv F=BIi Sanlus / p(rl)sgund
————— . field
—> 5 H(fr)
Lecaoee S 2

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

o HE) N

Nonlinear
System

boceccccas

K
6 - /
N/mm nonlinear suspensc% N I
5 + H onlinear
4 2\ Distortion
:\ //
3 ; N
, & \‘ Variation of stiffness K, (X)x versus displacement x
1 i N gerlerates nonlinear dlstorr_t_l?n at low féreqlvje.n}cnles 7
: e 5 K (X)X N2 X088 D 5 B
Joor
-100 -75 -5.0 -2.5 0.0 25 5.0 7.5 10.0
displacement x mm o I
A EWNBEH =5 NS AT i, TR0
] . _ macksehs reprdiiecedmepagoad wele dindbrars s s i
ReStorlng F= Kms(x)x DISplacement A angegslvee s s i ven
force
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22.8 KHz

<(X)-Distortion in Music

0 G W 9005 VO IO

[ BN RERT]

G5 o E S
o
N R
2.6 t — 1.3 S 8. 200
K] Oy3-N= undistorted music signal
22 H. N I‘b3 N I"E fs FbH 3 N High displacement required Fpsignal below fs Fhbass signal

FS <]|.00 HZ H H ) T Low frequency distortion when fs < 100 Hz

HF ‘ ‘ 3 g 5X Bass sounds more aggressive

Mj = _r}zé'; ‘P-' N\ Low impact on sound quality
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Distortion generated by BIl(x)

‘ !
Lo I Mms  Rms  Kms'
|

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

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

Bl [N/A]
3,0 T

SN
a1/ \
-/ \

i S AN
i N

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

Electro-dynamical g — Bl (X)i

. Voice coil current
driving force

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

linear transfer systems

St p(rs)
bt_l n;u us / Sqund
P ' field
] H(f |'2) E—m
Leoeee- S p(ra2)
Nonlinear fmememecas

o H(frs) g

System p(rs)

boceccccas

Nonlinear
Distortion

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

Fo O BIXMZT Noxms ol i
AR VN E WY W 151 55T 1 generates
amplitude intermodulation distortion in the audio band
A YRR 05 S BBINE VIS perceived as roughness in
the sound
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Bl-Distortion in Music

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

22.8 KHz

[ BN RERT]

22.83 Hz

Undistorted music signal

AN PhENE R s PhH =N
Eifs <100 HzH1 VEAN3- NS08

generate roughness when fs < 100 Hz
M| =5 528790 B2 High impact on sound quality

[ 55 0 I K I Y
-18.82 dBTOLOR,

22.8 KHz

P EEERT]

intermodulation

22.8 Hz

8.8 t — 1.3 S

Distortion generated by Bl(x) only

High displacement required Mpsignal below fs Fpbass signal

(o]
3 I S (S0 Y- Intermodulation with signal in audioband
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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
2" 2 2% Distortion
3w 3rd 3rd
nth nth nth
harmonics:f <difference tones summed tones:F
f 2f, nf, f,- (n-Df, iz = flf f,+ f, f,+(n-1)f, fl’equency
1 2
fibliss $ose”t one o fivwioeitee” t one o
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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
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Poll:

Which symptoms of the regular nonlinearities do you use? (Multiple answers possible)

¢AET W 400, PNT el A

A. None

B. Harmonic Distortion (2,34,  THD, &)

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

D. Nonlinear compression of the fundamental
component

E. DCdisplacement, jumping effects, other

Instabilities
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Assessing Regular Nonlinear Distortion

W 46

Input Output
Signal u(t) Signal
J_l * . Linear Model
H Measurement Techniques: H(s)}1
A 1 & w3 v QU Identification of o, Time-Variant
- I - Model H(s,t) dy(t)
nonlinear model parameters n(®
s T 7 r——j.- 4+ ) | Nonlinear
A m Nn 1 0l - N Searching for Model d®
unique symptoms of the nonlinearities || unpredictale [Noise]
Dynamics di(t)
il g":::" . [@B:J:JJ ) h ©8iv Q Symptoms determined by output based measurements:
A ja@KTwdrd @ 46 ° ¢ | It { Nonlinear distortion generated by different
artificial stimuli (Harmonic, intermodulation components)
A ' Ziwpe 4 0WOP \ { Change of the frequency response (nonlinear amplitude compression)

A EFr WMgo D@ 3> _ e ©B A H  Non-coherence between input and output using
stationary noise stimulus

A Ml awsl 1 6%m 122y M 7x D ( Nonlinear residuum of system modeling (for any
audio stimulus)
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W 7 lIrregular Distortion

loose joint in a defective transducer generates a buzzing sound
OA QT H il =~ —OhF¥ I 0

. . Externally excited

Most defects behave as a nonlinear oscillator

Aactive above a critical amplitude
Loose joint

Anew mode of vibration parasitic resonator
Apowered and synchronized by stimulus spﬂng% (Nonlinearity)

Aconstant output power

mass_ "

V|bration

w i | 5 ‘_5_‘

distortion signal (
‘ P

A 4

time

—
v

one period

A
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2"d Example: Irregular Distortion

generated by a loose particles in a defective transducer

" B4 QM oA Q4 F 4

Acompletely random process
Aimpulsive distortion waveform
Aparticles are accelerated by cone displacement

Aconstant output power

4

y
gap

———

A

dus} cap
Anot synchronized with stimulus _ °
Voice
coll Loogse Farticle
former
/ bouncing /
R, o) & .
ouncing
distortion signal /\ W
——————— —
r _ time
one period >
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Irregular Distortion

Input

Signal u(t)
z 0 Properties: o el
A I O € HT U S GZ Impulsive (low W v
oael H(s,t

energy but high peak values) _ - S ()
A F ol A o8l Generate new high-frequency ] N(n)/rl]c?g:lar ch(®)

Components N Unpredict_able l@
A R & Random properties oames "’
A Q 4 W A Difficult to model and to predict
A Hw ¢ Ww é N Z Time varying (usually

getting worse)
>+ Causes:
A Al gab'i: Mo VA @ VMAEZO L

Imperfections in the design (e.g. modulated port noise due to high air velocity)
A 1 F A 08F e %b 1 3 Z Problems in the manufacturing (e.g. glue problem)
A w 4727 A Mz ©B:j Defect caused by an overload in final application
A { 0BIM q O arf ()’j Insufficient robustness, endurance of the device
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Symptom of Coil Rubbing

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

reproduced sweep at 1 V a@?_

..

Analysis:
Time-Frquency Analysis
(Wavelet)

reproduced sweep at 3 V c@?

—

Impulsive distortion
generated frequencies
below 100 Hz

Frequency of the spectrum

£

=

3}

(]

Q.

(79

(O]

c ‘\'\0‘5

h W\ !
o nat 90“6“
) e ©©

c 32 S

g Ful

(op

o

LL

Time (excitation frequency)

Sonograph
TFA reproduced s pW welet dBFS

T
'HMM g '.’J

o

100 200 300 400 500 700 800

Time (excitatior’ ]freqouency)
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