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1. Modern audio equipment needs output based testing

2. Standard acoustical tests performed in normal rooms

3. Drawing meaningful conclusions from 3D output measurement

4. Simulated standard condition at an evaluation point

5. Maximum SPL ïgiving this value meaning 

6. Selecting measurements with high diagnostic value

7. Amplitude Compression ïless output at higher amplitudes

8. Harmonic Distortion Measurements ïbest practice

9. Intermodulation Distortion ïmusic 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 ïperceptual evaluation 

13.Setting meaningful tolerances for signal distortion

14.Rating the maximum SPL value for a product

15.Smart speaker testing with wireless audio inputAcoustical testing of a modern active audio device

Previous Sessions

1st Session 
2nd Session 

3rd Session 4th Session 

5th Session 
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6th KLIPPEL live:
Selecting measurements with high diagnostic value

ἬԎῑ ᾘổѱַײ≡

Topics today:

Ҟῄ χ

1. Signal distortion ïa useful concept for sound reproduction

ӡᴺ᷂ ïɸ Ԝא￼ῶּז₦Ổ
2. Properties of linear, nonlinear and other distortion

ớ ớᵙԎҤ᷂ ￼⸗ớ
3. Comprehensive evaluation of the large signal performance

ᵀ ӂᶽӡᴺớ
4. Interpretation of the measured symptoms and linking with the physical causes

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

IEC 60268-21ѧḧѲ￼Ὰ╜ ₦



KLIPPEL -live #6: Selecting measurements with high diagnostic value , 4

Input 

Signal

Output

Signal

Linear Model

H(s)-1

Nonlinear 

Model

Unpredictable

Dynamics

Noise

u(t) p(t)

dv(t)

dn(t)

di(t)

n(t)

Time-Variant 

Model H(s,t)

dl(t)

Stimulus
Measured

Signal

Regular linear 

distortion

Regular 

nonlinear 

distortion

Excessive 

nonlinear

distortion

Accepted 

nonlinearities

(motor, suspension)

Undesired Defects
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The deterministic distortion components can be prediced by a physical model with identified parameters. 

The parameters are independent of the stimulus!

№ ץ ΐ ≢ Ȃ ҍ ꞉ ῏˻

Linear parameters

(e.g. transfer 

function H(s))

Diagnostics based on Modeling  

Thermal Parameters
(e.g. thermal resistance)

Modeling not possible
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֟ Ҍ Ȃ
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‗ԍ ꞉ Ȃ
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Linear Distortion

ớ᷂

⸗ớProperties

Å Deterministic

ḧớ￼
Å Predictable based on the stimulus using a linear model

ᴵӔּז ớ₩ᶚᶢ҈☼כ ╜
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ⱶתᴝᵼPhysical Causes:

Å Transducer + Enclosure (resonances)

Ὥ ᴅӺ+ ӌε ζ
Å Room influence

Ἄ ẽᵠ
Å DSP (Alignment, Equalizer, Crossover)

DSPεḾ֝ ᶎ ᵸ ֫ ᵸζ
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Assessing Linear Distortion

ӂ ớ᷂

Parameters determined by output based measurements: 

ᶢ҈יּ ֧￼╜ ḧ￼ᴠᾭχ
Å On-axis SPL frequency response

іSPL ꞌᵠẔ
Å Sound power frequency response (Directivity index)

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

3Dᶲ ֧ε ᶋᵙ ᶋѧүӍ ♇￼ᶶᶲᴙᵠẔζ
Å Coefficients C(f) of the spherical wave expansion

ר └ṝẦ ᾭC(f)
Å Mean SPL response integrated over personal listening zones

ֹ֫ѦҚᵎ ᶟ￼ẈᶎSPLφ Ẕ
Å Latency (generated by DSP)

ả εּיDSPּוἄζ
Å é

╜ Ἡ Measurement techniques

Å Measurement of symptoms is less useful

╜ꜛאל јᶿῶּז
Å Identification of a linear parameters

ớᴠᾭ￼ ָ
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discussed in 3rd session of KLIPPEL live
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Linear Time-Variant Distortion

ớῊᴪ᷂

⸗ớProperties:

Å Generated by a deterministic process 

יּ ḧớ ἄוּ
Å Slowly varying properties

ỹᴪק￼Ṟớ
Å Does not generate new spectral components

јғּוᾺ￼ ἄ֫
Å Can be described by models 

ᴵҨּז₩ᶚ‎ὼ
Å Considered in the design

ѧṰ
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ⱶתᴝᵼPhysical Causes:

Å Transducer (heating, aging, fatigue)

Ὥ ᴅӺεז♬ ק ζם
Å Varying acoustical load, room and climate influence

ᴪק￼ᶲḙ Ἄ ᵙ↔ӧẽᵠ
Å Audio DSP Software (Compressor, Limiter, mechanical and thermal protection systems

DSP ҭεᴙ ᵸ Ẅᵸ  ₄ᵙ♬Ӡἴ ζ
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Example: Thermal Dynamics

KLIPPEL
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Time variance of the Transfer Function H(f,t)

KLIPPEL
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increased voice coil temperature

Long term response was 

measured by using a 

stepped sine wave and 

cycling 1 min on/1 min off

Ӕּזℓ ⃰ằ└
ẊӔּ1֫ז Ầᵏ/1

֫ ԋ Ỉעι‎╜
ῊᵠẔ

fundamental

resonance

The thermal dynamics of the loudspeaker generates no harmonics and other new spectral components because the voice coil has a high 

thermal time constant (tV  > 1s).

Ἕᶲᵸ￼♬דטјҺғּו └ᵙԎҤᾺ￼ ἄ֫ιᵼѭ ᶅԏῶ ￼♬Ὴ ẂᾭεtV  > 1s ζ

Thermal amplitude

compression
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Assessing Linear Time-Variant Distortion

ӂ ớῊᴪ᷂

ᶢ҈יּ ֧￼╜ ḧ￼ᴠᾭχSymptoms determined by output based measurements:

Å Change of the frequency response (amplitude compression)

ꞌᵠẔ￼ᴪקεẄӪᴙ ζ
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╜ Ἡ Measurement Techniques:
Å Identification of model parameters (e.g. thermal parameters)

ָ₩ᶚᴠᾭεӕḅ♬ᴠᾭζ
Å Measurement of unique symptoms generated by a particular stimulus 

╜ ⸗ḧ☼כғּאל⸗꜠￼וꜛ
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Poll:
Do you measure the change of the transfer function? (Multiple answers possible)

ứῗᵋ╜ ҽ ֩ᾭ￼ᴪקόεᴵᶺ ζ

A. ᵋ No

B. ῗι ῭ᾡ ԄẄẙ‎ ӂ♬ᴙ Ӡἴ
ᵙԎҤDSPו Yes, by changing the input amplitude to evaluate 

thermal compression, protection system and other DSP functionality

C. ῗι⁞ὯῊ ӂ ᵀ ק ם Yes, versus time to 

evaluate break-in, aging, fatigue

D. ῗι ӂ↔ӧ ᴪק￼ẽᵠéé Yes, to evaluate the 

influence of climate, load changes, é
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Ẃ ớ᷂
Regular Nonlinear Distortion

⸗ớProperties:

Åᴨ֘҈☼כ￼ẄӪ Depend on amplitude of the stimulus

Åᶈṇӡᴺᶟᴵổּצј Negligible in the small signal domain

Å ḧớ￼ιᴵҨấ₩ Deterministic, can be modeled

Åљ ῶԋ￼ιᶈἥ֝￼ᴝᶚѧὶᴩ related to the design, accepted in an 

approved prototype
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ⱶתᴝᵼPhysical Causes:

ÅὭ ᴅӺ ớ(Bl(x), Kms(x), L(x), L(i), é) Transducer nonlinearities (Bl(x), 

Kms(x), L(x), L(i), é)

Åᶲḙ ᴭ ớ Acoustical port nonlinearity, 

ÅDSP( ṤӪ ֺᵸζDSP (hard peak limiter)
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Kms(x)-Distortion in Music

῾᷂ Ѹӡᴺ Undistorted music signal

ᶽӈ Ҧ ӡᴺӉ҈fsҦ Ӊ ӡᴺ High displacement required Ҧ signal below fs Ҧ bass signal

Fs <100 HzῊӉ ᷂ Low frequency distortion when fs < 100 Hz

Ӊ ᵎ ‎῭☼ Bass sounds more aggressive 

Ḿ ẽᵠṇ Low impact on sound quality

displacement Harmonics 
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Bl-Distortion in Music

Undistorted music signal

ᶽӈ Ҧ ӡᴺӉ҈fsҦ Ӊ ӡᴺ High displacement required Ҧ signal below fs Ҧ bass signal

Ẹfs <100 HzῊι Ṿѧӡᴺ￼Ҋ Һғּו ẙ Intermodulation with signal in audioband

generate roughness when fs < 100 Hz

Ḿ ẽᵠỄᶽ High impact on sound quality

Distortion generated by Bl(x) only

displacement

intermodulation

Harmonics 
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Nonlinear Symptom:  New Spectral Components
generated by Two-tone Stimulus
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Nonlinear Symptom: Amplitude Compression

K LIP P E L

0,0

0,5

1,0

1,5

2,0

2,5

0,0 2,5 5,0 7,5 10,0 12,5 15,0

Fundam enta l  com ponent
|   X  ( f1 , U1 )  |

 X
  [

mm
]  

(rm
s)

V o l tage U1  [V ]

23 .4 HzLinear System

Soft limiting



KLIPPEL -live #6: Selecting measurements with high diagnostic value , 24

Nonlinear Symptom: Instability
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Poll:
Which symptoms of the regular nonlinearities do you use? (Multiple answers possible)

ứӔּזẂ ớ￼ᵤҎאלꜛόεᴵᶺ ζ

A. None

B. Harmonic Distortion (2nd, 3rd, THD, é)

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

D. Nonlinear compression of the fundamental 
component

E. DC-displacement, jumping effects, other 
instabilities
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Assessing Regular Nonlinear Distortion

ӂẂ ớ᷂

ᶢ҈יּ ֧￼╜ ḧ￼ᴠᾭ Symptoms determined by output based measurements: 

Å ￼וғּכ☼јᵃ￼ҚṪיּ ớ᷂ ε ↓ ҉ ֫ ζNonlinear distortion generated by different 

artificial stimuli (Harmonic, intermodulation components)

Å ꞌᵠẔ￼ᴪקε ớẄӪᴘ ζChange of the frequency response (nonlinear amplitude compression)

Å ӔּזẈ ᵹᶲ☼כ￼ Ԅᵙ ֧ѳ ￼ Ԋגּ Non-coherence between input and output using 

stationary noise stimulus

Å ấ₩￼ ớ⅍ӎ ֫εּ҈זүӍ ζNonlinear residuumכ☼ of system modeling (for any 

audio stimulus) 
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dl(t)╜ Ἡ Measurement Techniques:

Å ớ₩ᶚᴠᾭ￼ ָ Identification of 

nonlinear model parameters 

Åḿἧ ớ￼꜠⸗אלꜛ Searching for 

unique symptoms of the nonlinearities
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Ẃ ᷂ Irregular Distortion
loose joint in a defective transducer generates a buzzing sound

ῶ Ὥ ᵸ￼ὶ᷃—טҺғּו ᶲ

Most defects behave as a nonlinear oscillator

Åactive above a critical amplitude

Ånew mode of vibration

Åpowered and synchronized by stimulus

Åconstant output power
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parasitic resonator

Externally excited

spring

mass
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(Nonlinearity)
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2nd Example: Irregular Distortion 
generated by a loose particles in a defective transducer 

ῶיּ ￼Ὥ ᵸѧ￼—ᾫ ғּו

Åcompletely random process

Åimpulsive distortion waveform

Åparticles are accelerated by cone displacement

Ånot synchronized with stimulus

Åconstant output power

time
one period

cone

dust cap

Voice 

coil 

former

gap

distortion signal

Loose Particle

bouncing

bouncing
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Ẃ ᷂
Irregular Distortion

⸗ớ Properties:

Å ֗ớεӉ Ӈ ṤӪζImpulsive (low 

energy but high peak values)

ÅғּוᾺ￼ ֫ Generate new high-frequency 

components

Å  Ṟớ Random properties 

Å Ҩấ₩ᵙ ╜ Difficult to model and to predict

ÅῊᴪε Ẃᴪệ῭ ζTime varying (usually 

getting worse)
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ᴝᵼ Causes:

Å ѧ￼ εӕḅּ҈י ↔ ẙẬ ￼ ֺ ᴭᵹᶲζ
Imperfections in the design (e.g. modulated port noise due to high air velocity)

Åּוғѧ￼ εӕḅ ↨ ζProblems in the manufacturing (e.g. glue problem)

Åῳ Ẕּזѧ Ṁ ￼ Defect caused by an overload in final application 

Å ᶵ￼ ᶁớ ớјזּ Insufficient robustness, endurance of the device 



KLIPPEL -live #6: Selecting measurements with high diagnostic value , 30

Symptom of Coil Rubbing

reproduced sweep at 3 V

Impulsive distortion 

generated frequencies 
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Stimulus: 

Sinusoidal chirp with variable 

sweep sweed (length 1s)

Analysis: 

Time-Frquency Analysis 

(Wavelet)




