Acoustical Distortion Measurements

Parts 6-10 of the KLIPPEL- live webinar
Acoustical Measurement of Sound System Equipment
according IEC 60268-21

presented by
Wolfgang Klippel
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Acoustical Measurement of Sound System Equipment according IEC 60268-21

1. BERBFHEZEZSEHHEEKRAAIE Modern audio equipment needs output based testing

2. E%iﬁ%FﬁﬁLfTH@§%$%—‘éi%;ﬂllﬁﬁ Acoustical standard tests performed in normal rooms

3. ¢ 3D ®mBAEhFHAEZEMFER Drawing meaningful conclusions from 3D output measurement
4. ?’:E S (B ZT{h BRAE HRAZ 41 4 Simulated standard condition at a single evaluation point

5. RAEEL- HFEFEEE Maximum SPL — a number becomes important

6. EEKE-RANBERIZEMIS Signal distortion — a powerful concept for loudspeaker diagnostics
7. WBEBRE-ERSEETH LD Amplitude Compression — less output at higher amplitudes

8. HEIFKEHE - REEE Harmonic Distortion Measurements — best practice

9. EHif%E - BT EER —EEH Intermodulation Distortion — audio is more than a single tone

10. lRERE - 2&. EE1TA. T B Impulsive distortion - rub&buzz, abnormal behavior, defects

11. BEFEESHEHANERESEEAIEL Smart speaker testing with wireless audio input

12. TERZEES THEHAEMETEEN Benchmarking of audio products under standard conditions
13. S RANEE4h Auralization of signal distortion — perceptual evaluation

14. AlEHFEAERERAEEZMNAE Setting meaningful tolerances for signal distortion

15. FFE ZmiIE A SPL {& Rating the maximum SPL value for product
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oth KLIPPEL LIVE:
Intermodulation Distortion — music IS more
than a single tone

4 H 38 Topics today:

- FIAKLEMWMERERE Physical causes for intermodulation distortion

- BB IEC $Z#E 20268-21 #1Ti8lZ Measurements according to IEC Standard 20268-21
«  FAtwo-tonei# 2% 813K Testing with a two-tone stimulus

« {&EAmulti-tone£ 4T85 Testing with a multi-tone complex

o fRIEHER Interpretation of the results

- EM¥RE Practical demos
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BZE Poll:

REME B X EN?
Do you evaluate the intermodulation distortion ?

2
3

. EBEES Yes, by listening to music

. {HAREESZ M Yes, by using a two tone stimulus

, {8 Amulti-tone Yes, by using a multi-tone complex
, EidEAM AL Yes, by other ways

moo o >
I8y DB OE) DB -
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Bl-Distortion in Music

0 55 S0 W MK O WSS

05 S W 085 W
-18.8  dB/COLIR,

-18.6 dB/COLOR,

22.8 KHz
22.0 KHz

intermodul ti’o

Undistorted music signal Distortion generated by Bl(x) only

wmEELE - K. fs BER - BEER
High displacement required - signal below fs - bass signal
= fs <100 Hz B, BFHFHIMEREFEEETHH
Intermodulation with signal in audioband generate roughness when fs < 100 Hz
HEEZEKX
High impact on sound quality
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g HBEERIMEE ?

What causes the IM Distortion ?

Generalized Signal Flow Model
describing a separated nonlinearity

-+ *~—» | .
7 sound
Voltage

pressure
distortion highpass
1st state
post-filter variable pre-filter ol
H,(f) Hy,(f)
A
Static
Nonlinearity
multiplier PresiiiSy
2nd state Ha,,(f)

variable

The multiplication of two different state variables generates unique intermodulation distortion !
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= IM REMRE

Causes for high IM-Distortion

NONLINEARITY INTERPRETATION PRE-FILTER PRE-FILTER
Ha,1(f) Ha,2(f)
(output) (output)
Stiffness Kms(x) of the restoring force Low-pass Low-pass
suspension (displacement x) (displacement x)
electro-dynamical force Band-stop Low-pass o
(current i) (displacement x) Ntelgmle THD
nonlinear damping Band-pass Low-pass f >2fs
(velocity v) (displacement x)
self-induced voltage Band-stop Low-pass } Neg"gible THD
(current i) (displacement x)
reluctance force Band-stop Band-stop
(current i) (current i)
Inductance L(i) varying permeability Band-stop Band-stop
(current i) (current i)
Mechanical resistance nonlinear damping Band-pass Band-pass
Rms(V) (velocity v) (velocity v)
Young’s modulus E(g) cone vibration Band-pass Band-pass
of the material (strain ) (strain ¢)
Speed of sound c(p) nonlinear sound propagation High-pass High-pass
(wave steepening) (sound pressure p) (sound pressure p)
nonlinear sound radiation High-pass Low-pass M
_ (Doppler effect) (sound pressure p) (displacement x) ]’ Neg"g'ble THD

Measurements of Intermodulation Distortion is important !
‘
\,.l

KLIPPEL LIVE #9: Intermodulation Distortion, 8 < P

L%



N1

b 1B 2 T ) i 5%

Sparse but Comprehensive Stimulus

Stimuli complexity
Single- Two- Multi- Noise Audio
Tone Tone Tone Signal

1

Spectral Analysis | —— Harmonics of the two tones

\ 4

Intermodulation Distortion

Amplitude Phase
|

|

Total Distortion
2nd-order
3rd-order
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H :f4%E Intermodulation distortion

generated by Two-tone Stimulus

Amplitude
Ap sound pressure spectrum
iy Intermodulation
2 2 Distortion
3I’d 3rd
ih nth
‘ <difference tones summed tones:F
2f nf f,—(n=-Df, f,—f, f,+f f +(n-1)f, Irequency
fl L 8 f2 2 1
“bass tone” “voice tone”

To simplify the identification of the components:
« Keep large distance between the exciting tones f; and f,
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% IM-Distortion (two-tone signal)
Definitions according IEC 60268-21

Second-order Modulation p(f,— f)+ p(f,+ f,)

LZIMD =20lg ~
(FM + AM) p(f,)
Third-order Modulation L 20 Ig( p(f, —2f)+ p(f,+2 fl)j
(FM + AM) B(f,)
Total Modulation Distortion S B(F, — KR+ BT, +KF,)
(FM+ AM) w1 T2 =) p(1,)

The IEC 60268-21 uses relative measures (IMD component divided by carrier )
The relative IMD are similar to the equivalent input distortion because the
frequency distance |[f,-f,| <<f,

= Near field measurement can be used to improve SNR
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-10
-15
-20
-25

-30

“EMZEsEHRERAERNAR

Contribution of 2"d and 3'9-order Components
to the total intermodulation distortion

Modulation distortion

(Ul=1V)

 — - [—

Ld2 Ld3 Ldm (cumul)
: KLIPP
: A A
: Total modulation A (\/\
i I\ V
: AN T M N
E/Av/\v S~ / - M J// '
; AN WMV
—] \ | ond order 3" order

4*102 6*102 8*102 103 2*103 4*103 6*103 8*103

Frequency f1 [Hz]
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20 Hz

s TSR

Sweeping the Two-Tone Signal
How to choose the frequencies ?

sweeping voice tone

v

f, f

i sweeping bass tone

\ 4

Sweeping two tones
f,/f;=const.

Eﬁ:

20 Hz 20 kHz

Exploit information for f, = f, !!!

KLIPPEL LIVE #9: Intermodulation Distortion, 13 <+ P>



22 Poll:

& o0 a] 55 & R E B 38 AR AE S AR R AR ER 2
How do you set the frequencies of the two tones in the stimulus for the testing ?

A. %% None

B. EEMmEZA (f1 > f2) Fixed setting two tones (f; > f,)

C. #RIESEfl (B f2 > 7J% f1) Sweeping the Bass tone f, (fixed f, > variable f,)
D. #FEH f2 (BE%E f1 < aJ%* f2) Sweeping the voice tone f, (fixed f,; < variable f,)

E. LUEESEERL f2/fl=const # T FHF4E Sweeping two tone sweep with constant frequency
ratio f,/f;=const

F. Efth Other
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EEERT IMD HYEE
Setup for IMD in Sound Pressure
bass sweep technique

G} Amplitude response

voice tone f, versus frequency f; :
é? ’{ T O il 2nd-order IMD
) 3'd —order IMD
Amplifier _
frequency Loudspeaker  Microphone  Spectrum

Analyzer
Bagh tone f;

Ex{E 3% Optimal Stimulus:

EEZ 2% Two-Tone stimulus

B R R AI1E EHEFEZ L 0.5fs < f1 < 2fs

Varying frequency of bass tone about resonance 0.5f_ < f; < 2f;
Constant frequency of voice tone above resonance f, =7f,

E 3K Requirement:
2 EIEHRESLZS - #8275 ¥ 2 sinusoidal generators, Spectrum analyzer
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EE R H R IMD By R
Causes of IMD in Sound Pressure Output
using bass sweep technique

IMD 4 IMD generated by voice IMD generated by current
%| displacement
30 | .- T
> P d
’
/ voice tone
/ distortion is f.=10f
\ minimal 2 B
\ above f
So - S
f
g > fy
Kms(X) negligible bass tone
L(x) < L(x) >
Y X
BI(x) 4 BI(x) >
)| N 4 A N

L) < L() > < L() >
Doppler
Cone Vibration < Cone Vibration >
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1 Demo: Intermodulation Distortion

2 tone stimulus with bass sweep

Tools of the KLIPPEL Analyzer:
» 3D Distortion Measurement (DIS)
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EEER T IMD HYHI =

Measurement of IMD Iin Sound Pressure

voice sweep technique

frequency
voig# tone f,
6’? > > O—> FT |
Amplifier
Loudspeaker  Microphone  Spectrum
Analyzer

Bass tone fl

IR Optimal Stimulus:

E£Z 2% Two-Tone stimulus

e LI_E FIE 72 E 45 5fs < f2 < 20fs

Varying frequency of voice tone above resonance 5f, < f, < 20f,
1B I IRARE R & IS EHFF L < 0.5fs

Constant frequency of bass tone below resonance f; < 0.5f,

B 3K Requirement:
ALMA RIER CD. 2 EEHRAR. HEITE. ERE
ALMA Test CD, 2 tone generators, Spectrum analyzer, Microphone

Amplitude response
versus frequency f; :

2nd_order IMD
3'd —order IMD
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Az RS A R IMDAY R R

The Causes of IMD in Sound Pressure Output

voice sweep technique

A
IMD
00 distinct frequencies
fixed 20 |- independent of frequency _ ___ ________ BI(x)
béss tone L(x) ,L(I) and Doppler
22051, 4 freauen®
S Sy S Cone Vibration
.......................................... o
7f s 20f o it

Kms(x) negligible variable voice tone

L(X) 4 L(X) (rising with ,) ‘

BI(X) 4 Bl(x) independent of , >

N |4
L(i) < L(i) (rising with f, ) -
Doppler (rising with f,)

A

Cone Vibration < Cone Vibration (at maxima of AAL) >

~ |
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1 Demo: Intermodulation Distortion

2 tone stimulus with voice sweep

7~

Tools of the KLIPPEL Analyzer:
» 3D Distortion Measurement (DIS)

se:secsee
]
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i {EL = H BRI 73K

Sparse but Comprehensive Stimulus

Stimuli complexity
Single- Two- Multi- Noise Audio
Tone Tone Tone Signal

1

Spectral Analysis | —— Harmonics of the two tones

\ 4

Intermodulation Distortion

Amplitude Phase
|

Phase
Modulation
y Calculation Modulation
3rd-order
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2
Amplitude Modulation
two-tone stimulus f; <f,, f, > f,

Sou d pre e Pfar(t) in far field vs time
Rest poston

28 . | k \ I b
o HM o
Fore fac "m """"" v - u l

i ion, 22 <+ P>



2 el

Phase (Frequency) Modulation
caused by Doppler Effect

Sound pressure Pfar(t) in far field vs time
without Doppler with Doppler

AL il

75 L L
Sound pressure Pfar(t) in far field vs time [l

10,0

Pfar [N/m"2]

~ Phase variation

0,11 0,12 0,13 0,14
Time [s]

Time [s]

- N
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2 B % EMf

Phase of Intermodulation Distortion

L A
amplitude
spectrum
90 degree phase shift
in-phase f,+ 1,
. f, f, f f,+f
f,+f, 2~ f,-h
f, A f,
=(
- RS . T
variation R N N
of envelope '/& v 7
//
4
/7
/7
r ’
7/
.7 phase
v variation

Amplitude Modulation Frequency Modulation

(Phase Modulation)
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BERREMAIISE

Audibility of Intermodulation Distortion

EE &4 Critical condition:

- “EERIFANEETEE (B <30 Hz)

modulation frequency of the ,bass tone” is sufficiently low (fg < 30 Hz)
- BT ERAMEIRIERS 1 kHz F5f (80 dB SPL)

Carrier frequency of the voice tone is at 1 kHz tone (80 dB SPL)

2 Short summary

9 AM RS (Bl HEABMER) 7 3 % Ry el EEE| € % A A B =

AM modulation (e.g. force factor distortion) are audible at 3 % and
perceived as roughness

-2 FM EEJ%E{]FEE1EE 30 % H#%%EFEI% Zwicker, Fastl, 1999
Threshold of FM modulation become audible at 30 %

> SEPRALFEE

Doppler distortion are not critical

More in section #14: Setting meaningful tolerances for Signal Distortion (August 12th)
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IM-RE (EE5{E5%)

% IM-Distortion (two-tone signal)
Definitions according IEC 60268-21

Second-order Modulation

(FM + AM)

Third-order Modulation
(FM + AM)

Total Modulation Distortion

(FM+ AM)

Amplitude Modulation
(AM only)

f)(fz_ f1)+ ﬁ(fz_" fl)j

L =201
2IMD g( 5(f,)

ﬁ<f2—2fl>+ﬁ(f2+2fl)J

=201
Lsivp g( 5(f,)

2
Z r)(fz _kf1)+ ﬁ( fz +kf1)
LTIMD(fl’ fz):20|g x=L f’(fz)
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M top

Interpretation of the Envelope

Amplitude modulation distortion

I EE—
—

Mean Value M bottom Limits

KLIPPEL

g

N

TT T

T T

T

4*102

.

! ! !

6*102 8*102 1083 2*103 4*103 6*103  8*103
Frequency f1 [Hz]
\ J . J
Y

Cone Boundary Condition Cone geometry
(mode of the surround) /

~

Force factor
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#

-10

-15

-20

-25

-30

Contribution of Amplitude Modulation

AR & R B

to the total intermodulation distortion

Modulation distortion

Frequency f1

KLIPPEL LIVE #9: Intermodulation Distortion, 29

[HZz]

(U1=1V)
- o . | ]
AM distortion (Lamd) Ldm (cumul

u KLIPP
: | ﬁi
- Total modulation \ \l\/
= J
f /\/ \//\ /f/\v/—\\\J\/AVA\/ \/\//\ ,\/\/ , DOppIer
T\ iy
E ANA mAAadiidlatiars
= AN Mmoauration
f (force factor, inductance,/cone vibration)

4*102 6*102  8*102 103 2%103 4*103 6*103 8103

<>
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8 Demo: Amplitude Modulation

2 tone stimulus with voice sweep

7~

Tools of the KLIPPEL Analyzer:
« 3D Distortion Measurement (DIS)

Q '
L] o % o n s 7 ol - -
° o
3 s Y o~
Q{5 P U= 1) ¥ et owes 4l (12, & 0]
: 4 o . . e ° ° ‘°‘vh'l-hn~n.'.n".-1‘-m | X
Spe
J— —_— — e -'
p— | ) -
l,‘ | l | I I | ' 11
| | (1 |
!”\( I
|
| | 11 | '
(1 ' (! ! |
I [ | \
| |
[ | KT
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I HifH=
Intermodulation Measurement

using a Two-Tone Stimulus

{225 Advantages:

- MHELR (EHAMEEKRESSS ) Simple generation (by using two sinusoidal generators)
« [IREMKERI S BESeparation of noise and distortion

-  SRfETE Easy to interpret

- ERARMEDRIEEIRZE Good for loudspeaker diagnostics in R&D

- EBHEEtERMREAAIE Sensitive stimulus also for listening tests

f£ 25 Disadvantages:
«  DEFMEREMZEEER
Frequency of excitation tones have to be set carefully

KLIPPEL LIVE #9: Intermodulation Distortion, 31 <+ P>



& PR
Universal Stimulus
complex, steady-state, like an organ tone

complexity of the stimulus

Single- Two- Noise Audio
Tone Tone Signal
sparse excitation some frequencies are not excited !!!
Spectral Analysis
| /

Fundamental Components

}

Amplitude and Phase response

Multi-tone Distortion

(harmonics, intermodulation)

KLIPPEL LIVE #9: Intermodulation Distortion, 32 <+ P>



. ZEBKE (MTD)
Multi-Tone Distortion (MTD)

Spectrum p(f) of microphone signal
Output signal
< F o imil) NN i

) I fi W}sn

Distortion

A 4
Y

Stimulus

»
»

f 25 :\\J

Sparse multi-tone complex

[dB]

: h o
Can represents the (typical) : ‘ [1]]

audio Slgnal 2 5 10 20 50 100 200 500 1k 2k 5k 10k 20k

Activates all loudspeaker Frequency Lz

nonlinearities

Allows fast testing (good for * harmonic components

Eol) - difference-tone intermodulation
Can be used for long term « summed tone intermoduluation
testing (thermal, endurance,

climate, reliability) « Consideres all nonlinear distortions

» Can be easily separted from noise
« Simplifies root cause analysis
» Good basis for perceptual interpretation

KLIPPEL LIVE #9: Intermodulation Distortion, 33



RE Poll:

BREGTHEZERHEENRE?
Do you evaluate the distortion generated by a
multi-tone stimulus ?

A. =8I Yes
B. 4~ No

KLIPPEL LIVE #9: Intermodulation Distortion, 34 <+ P>



%% AEENHEURER

Phase of the Excitation Tones is important !!

Time signal (logarithmic swee : Phase spectrum
J ( Ig() | P) Amplitude spectrum \ P
p SRR ’
S f
o N R ARy
10 [ YRR |
5 ] [ERVETRIRIN i
e S ]
At one time there is only one _ Harmonics only

frequency component !!!

Time Signal (Multi-tone complex) Amplitude spectrum  phase spectrum
: I w_ ul ] ‘\ | | | 1. MN\“ - “ = — D
o MY i | Chr LJ | T H I w | 1|‘ I i
i JIRLIFYITCE M ] z i
QR A T A B L - i M\qj\m}
e ] M i I T \ il il
= - ‘w a ‘w‘w‘ ‘ — | ‘ | 1 ‘ ‘ 1 E

e e random  f

At any time there are multiple
frequency components
interacting !!!

y

> Intermodulation + Harmonics
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ZERHNEERBE
Defined Properties of Multi-tone Stimulus
according IEC 60268-21

Z &4 Objective:

-  ERTEES[AEERAELE Y ensure comparability of the results measured by different instruments

- HRETFRESFBESERENE LY easy to generate (by software implementation)
- EEELEHRRE (BE, 9¥EE R) Modification of the stimulus should be possible (bandwidth , resolution R)

Amplitude spectrum

X(t) = iU(fi )cos(24t + ¢,)

P

Pseudo-random phase

1 resolution 5 20 *m
L . i/R TN _ 27 e
f. —?lnt(T .2 ) withi=1,...,N P = K oy jmodm}
: Max. Number of
Duration Starting frequencies Seeds (a=48271, m=231-1 and ¢,=1)

(periodicity)  frequency

KLIPPEL LIVE #9: Intermodulation Distortion, 36 <+ P>



;<20 Demo l1a: Generation of a Multi-tone Stimulus

Tool: Using a dedicated software module MTON (multi-tone) of the
KLIPPEL Analyzer

B v
L = HEm @ e
r-
° °
e Ciaterth
2 225 S LN ;,',ira‘u)ﬂi"‘fw‘}
y i
A
85 She !
L "
|
ot \
-
=
= ° © vt i Tmsag X
- o4 .
B e
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Sound Pressure Level / dB (re 20 uPa)

90

80

70

50

40

30

20

10

-10

-20

-30

Sound Pressure Spectrum

IN(f) Spectrum
Microphone signal

Noise floor Fundamental U = 0.1 VV

Noise + Distortion U = 0.1 V

_ FFT Spectrum

Fundamental components at frequency f; i=1, ..., N
e.g. 12 tones per octave logarithmically spaced (relative resolution)

50 100 200 500 1k 2k 5k 10k 20k

Frequency / Hz
Separation of the distortion and noise from fundamentals Noise floor has beerincasinnE
f 0 for f=f) . M rvitZout exkcitation of the
—MD( ) near) P(f ’ near) for f = fi g iy ou Spea er
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Sound Pressure Level / dB (re 20 yPa)

90

80

70

60

50

40

30

20

10

-20

-30

50

Integrated MTD Spectrum

IN(f) Spectrum

100

Noise + Distortion U = 0.1 V

FFT Spectrum

Microphone signal

200 500 1k

Noise floor

2k
Frequency / Hz

Fundamental U = 0.1 V

IN(f) Spectrum
Moarcprone sgnal
— Notae ¢+ Ditodon U=0 1 W — e oot ——— furcamectd U0 1Y

P VTD S Notse Floor (Sands)

204P4)

Sound Presciure Lavwl S 2B {0

10k 20k 30

TAB (e 20 pin)

Larnd

Souns Prescurs

IN(f) Spectrum

Mosophona sgnal

w— NS ¢ DISISON U= 01V e Notie 000

-+

§

Fundamamal U =Q

<«

n f. liundamental components
I- .

Afi

! 24t :
| MTD !
| NOISE |

INTEGRATION and SPL calculation

fi+l

[ 1Puo (F 1 )| df
L, (f.)=10Ig| = £ dB  i=2.,N-1

2
0
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;808 Demo 1b: SPL Distortion Spectrum

Tool: Using a dedicated software module MTON (multi-tone) of the
KLIPPEL Analyzer

PEoTr e M R s g VT

-ty \

-

=

- [ © '7ort i LI Mot A30 Tertang m S e
Bl oa Com,

S s

R fww«’ IWW
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Sound Pressure Level / dB (re 20uPa)

Comparable SPL Spectra

SPL of fundamental, MTD and noise are measured in the same frequency bands
with a relative resolution depending on the stimulus !

SPL Spectrum

0 e E ‘ f) T~ TN KLIPPEL
80 S L(I'—‘u ndamental =

,,,,-/ - N
70 7/ _‘
60 Multi-Tone Distortion

50 Lyro(®)
40
30

20

sufficient SNR

0 Low SNR NOISE FLOOR
50 100 200 500 1k 2k 5k 10k 20k
Frequency / Hz
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% R EHIJRIR

The Causes of Multi-Tone Distortion
MTD SPL spectrum (absolute presentation)

SPL Spectrum

90 T T T T KLIPPEL
g 80 / : Fundamental ‘\\
g 70 \\ ;
% 60 /‘/ Multi-Tone Distortion A\ \\//'M\/
E 50 |
2 40
E 30
g 20
NOISE FLOOR
10
50 100 200 500 1k 2k 5k 10k 20k
: Frequency / Hz ‘
| frequency of the spectral component =
Kms(x) Kms(x)
1
BI(x) BI(x) (independent of frequency)
|
L(x) I < L(x) (rising with frequ
R
L(i) | L(i) (rising with fre
|
Doppler Effect I < Doppler (rising with frequency)
| ]
Cone Vibration : < Cone Vibration .
| |

Noise Noise

resonance frequency
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2% Exercise: I E & E {2 Woofer

Analysis of Multi-tone Distortion

causes: Le(x) Kms(x) BI(x) Rms(v) Le() Doppler Effect  Cone Vibration

Spectrum sound pressure output
120 KLIPPEL
fundamental components

total distortion

BI(x)

. -

fs:60 Hz 102 103
Frequency [HZz]
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causes: Le(x) Kms(x) BI(x) Rms(v)
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Distortion Components
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25 Exercise: 1% B8 Microspeaker
Analysis of Multi-tone Distortion

fundamental components
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i
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Frequency [Hz]

Lel(l)

Le(i) Doppler Effect Cone Vibration
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;28 Demo 2: Room Influence

Tool: Using a dedicated software module MTON (multi-tone) of the
KLIPPEL Analyzer
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Sound Pressure Lavet | o8 {re 20 uPa)

Sound Pressure Level ( dB (re 20 uPa)

Room Influence
MDS SPL Spectrum (absolute)

IN(f) Spectrum 20 cm
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IN(f) Spectrum r=2 cm Nearfield
Microphone signal
B Fundamental U=0.1V SN Multi-Tone Distortion
B Noise Floor (Bands)
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THD contra MTD (absolute SPL)

Total Harmonic Distortion Multi-tone Distortion

Sound pressure spectrum

Ampliude

sound pressure spectrum

f frequency f

Sparse multi-tone complex

Fundamenta! + Hafmonie distortion components IN(f) Spectrum r=2 cm Nearfield

Sl WDV

B Fuedarerts] S THD Microphone signal
-

B Fundamental U= 01V B \ufti-Tone Distortion

e e B Noiss Floor {Bands)
~ st \{ ' "

" MT \N\/\/\
\\4
V\N 40
W 20
: o i " & 50 100 200 500 k2 s« 10k 20k
Froquency | 42

Frequency / Hz

excitation frequency f; > spectral frequency f 2>

Which measurement is more meaningful ?
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MT
stimulus

Distortion depends on
linear transfer function

u'(t)

d(t)

Nonlinear
System

/
,/ nearfield

IN(f) Spectrum =2 cm Nearfield

Equivalent MT Input Distortion

Inverse filter

Determine the distortion at the source

() = Distorted input signal
H(fry) | e H(fr) s P 9
/ ‘ 0 —~ 1k ~ 1
/ - o u'(ry)= u'(rp)= u'(rs)=u’(t)
H(frs) oo Hf )t o =
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// I’ “ :
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: b = input distortion
' .
," i - Independent of linear
\ ] H
0 . \ = Stimulus(f) Spect: properties
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;&8 Demo 3: Equivalent input MTD

Tool: Using a dedicated software module MTON (multi-tone) of the
KLIPPEL Analyzer
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Equivalent Input Distortion
absolute voltage signal

Stimulus(f) Spectrum

B C2cm *10 cm *MTD20cm wessssss * 30 cm
* 30cm 60 degree = s * 60 cm *2cm *10 cm
*20cm e " 30cm * 30cm 60degree  we—— * 60cm

-45

a0
o

o
(3

Modal vibration
“~N

o)
o

o
i

Voltage Level [ dB (re 1V)

50 100 200 500 1k 2k 5k 10k 20k
Frequency / Hz

Equivalent input MTD are almost independent of the microphone position
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Relative M

Spectral Multi-Tone Distortion Ratio

SPL Spectrum

ANl KLIPPEL
—~ 80 /"" Fundamental
% 70 .. |
% 60 / Multi-Tone Distortion WA A/
g 50
2 40
g 30
S 20 NOISE FLOOR
10 50 100 200 500 1k 2k 5k 10k 20k
Frequency / Hz
J.|PMD(f v ¥ near | df
Rowro (f,) =101g| = B i=2..,N-1

2|P(f|’ near)|

Interpretation: Distance between
fundamental L, ,(f) and Lyp(f)

etrics of MTD

Total Multi-Tone Distortion Ratio

. SPL Spectrum

90 : mtegratlgn

< KLIPPEL
@ 80 T Fundamental >
g 70 ‘
% 60 / Multi-"one Distortion AV
E 50 ‘;} _ V/\-"-\ ‘
© 40 5 .
‘ Integration
30
= 2
NOISE FLOOR
10
50 100 200 500 1k 2k 5k 10k 20k

Frequency / Hz

I|PMD(f, Fre)]
j|P(f, )| df

RTMTD( near) 10'

Interpretation: Energy ratio of the total
distortion and total fundamental signal
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;&0 Demo 1c: Relative Metrics for MTD

Tool: Using a dedicated software module MTON (multi-tone) of the
KLIPPEL Analyzer
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Properties of the Relative Metrics

Inverse filtering

SELMTD Distortion Multitone Measurement AN
Spectrum at any point in the sound field —

AT rel, to Fundamental {IEC 60268-23)

., [ V W
A B VD pressss N C D Equevedent puc datuton

- ', Equivalent
e \ [ input distortion

¥
/

"\ /"x——kyw,«fff'«“ﬁ&d}ﬁ - =
. Relative Distortion
Spectral MTD Ratio \

in sound pressure

Conclusion:
* Relative equivalent input distortion and the spectral MTD ratio are identical

« One measurement in the near field is sufficient to describe the Multi-tone distortion
* Near-field measurement gives best SNR (to avoid noise problems)
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Multi-Tone Distortion / dB

Kms(x)
BI(x)
L(x)
Rms(v)

L(i)
Doppler Effect

Cone Vibration

Noise

-10

-20

-30

-40

-50

-60

The Causes of Multi-Tone Distortion

spectral MTD ratio (relative representation)

Spectral MTD Ratio (IEC 60268-23)
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KLIPPEL 100 %
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0.1%
1k 2k 5k 10k 20k
Frequency / Hz
frequency of the spectral component —

(independent of frequency)
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L(x) (rising with frequency)

L(i) (rising with frequenc

e >
<Er

Doppler (rising with frequency)

Cone Vibration

Noise

resonance frequency
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;<808 Demo 4: Influence of the Stimulus Spectrum
(amplitude Shaping)

Tool: Using a dedicated software module MTON (multi-tone) of the
KLIPPEL Analyzer

i
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Multi-Tone Distortion / dB

Influence of the Stimulus

(shaping amplitude spectrum)

MTD rel. to Fundamental (IEC 60268-23)

ref: IN(f)
* pink noise * white noise . C NOISE IEC 60268-21
= n " NOISE CEA 2034-a * NOISE EIA 426 A I C CELLO

B C VOICE

25 Pink noise

-40 | singet

50 100 200 500 1k 2k 5k 10k 20k
Frequency / Hz
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;~808 Demo 5: Influence of the Stimulus Resolution
(number of tones per octave)

Tool: Using a dedicated software module MTON (multi-tone) of the
KLIPPEL Analyzer

i
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Multi-Tone Distortion / dB

Influence of the Stimulus

(Resolution of the Multi-Tone)

Spectral Multi-Tone Distortion Ratio
ref: IN(f)

T " 1 oct. I " 1/3rd oct * 1/6th oct I  1/12th oct
¢ 1/24 oct I ¢ 1/48th oct

100 200 500 1k 2k 5k 10k
Frequency / Hz

Resolution has a minor influence
(12 tones per octave is recommended)
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;&8 Demo 6: Influence of the Stimulus Amplitude
(voltage stepping )

Tool: Using a dedicated software module MTON (multi-tone) of the
KLIPPEL Analyzer

i
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MTD rel. to Fundamental (IEC 60268-23)
ref: IN(f)
mwmwmw MTDlimit s U=01V s—U=011V o—=013V — =014V
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Distortion / percent

THD contra MTD (relative metrics)

Total Harmonic Distortion

Multi-tone Distortion ratio
(referred to fundamental)

Harmonic distortion (relative) MTD rel. to Fundamental (IEC 60268-23)

Signal at IN1 B Curve 2

" . THD 0 100 %

-10

8 20 10 %
. - c ~ 0
L Low distortion in 5
audio band ? g 30
(=]
2
1 S -40 1%
2
-50
o1 60 0.1%
100 200 500 1k 2k S5k 10k 100 200 500 1K 2k 5k 10k 20k
Frequency / Hz Frequency / Hz
excitation frequency f, =2 spectral frequency f 2>

Which measurement is more meaningful ?

Harmonic distortion meausurement (THD) can not explain
distortion generated by a normal audio signal (music) !!
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;&8 Demo 5: Influence of the Stimulus Bandwidth
(narrow band contra full audio band)

Tool: Using a dedicated software module MTON (multi-tone) of the
KLIPPEL Analyzer
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Full Band Excitation

Stimulus(f) Spectrum
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Low Frequency Excitation

Stimutus(f) Spectrum
W Sonineel=004Y

- [

00 500 1k L} 8 10K px

Wodove (RIQ] s s * 131 tosnd Shrusles

Froquarcy | K2

Low frequeny band generates the voice coil displacement that activates the loudspeaker nonlinearities

IN(f) Spectrum

Microphone signal
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—— — * Fundamental U = 0.1 V fuliband ——E———— " MTD fullband
20
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Frequency / Hz

The intermodulation generates 20 dB more distortion in the audio band !
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Sound Pressure Level / dB (re 20 pPa)

High Frequency Excitation
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The displacement varying loudspeaker nonlinearities are not activated !
RS
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%% Z2ELREHE
Multi-tone Distortion Measurement
compared with traditional THD, IMD

MTND THD IMD
o ;/ == |
» 10 %
10 |+ \ A \//\ r\/\ IMD IMD:
- \ \\/\J \ \ f1 =50 Hz @15 V
20 - ~ . » /\V/\v/ + sweep @ 3V
E . /\ \V. MTD MTD:
~30 - L /( Multitone @ 15V
- \ A L %
= 40 - \/ THD:
= f \ A / - N sweep @ 15V
; \ /B A
-60
- 0.1% \/ " THD /
o L L/
- 40 Hz 600 Hz \ /
-80 ; I I V
50 100 200 500 1k 2k 5k 10k 20k

Frequency [HZz] .
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4 25 K ENHE
Measurement of Multi-Tone Distortion

Eﬁ Advantages:
%—FE_-EL:I”/\_ Considers intermodulation components
- = 5812 5% Audio-like signal

0 =E=ru

. ﬂ““ﬁ*ﬂﬂigﬂﬁ ) Bft Separation of noise and distortion
- HRE GEEBEESE=1EH) fast (perfect for quality control)

kB Disadvantages:

o IS EFNHE AL ZE RIZSE E & Amplitude and phase of stimulus have to be defined by
standard

- BRENSEFTEHINBEHFELXE D= no separation of odd- and even-order distortion components
o ZREFETRIEFMEMNAETEdoes not reveal the asymmetry of the nonlinearities

- REANBEHEKRFEAEA no separation of harmonics and intermodulation

«  EARpHthiiel fundamental components are also distorted

This measurement is very powerful in loudspeaker diagnostics !
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Discussion
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faam Summary

» IM-Distortion Rt 5#K E X IREMBEERIZEER

IM-Distortion give valuable diagnostic information not provided by harmonics

« IMXERE L(x) JEfRIERIME—ER (BBERERIRED)

IM-Distortion is the only symptom for L(x) nonlinearity (reduced by shorting rings)
« ZEHERHEFMAFRERESENREER

Multi-tone measurements gives a comprehensive fingerprint of all nonlinear
distortion components

- ZEAFEREEMMNZE

Multi-tone testing shows the impact of the program material

- EBFHSIRHEEFMNGR, SRENZFEBER

Two-tone stimulus gives more detailed information and is the most critical signal for
listening
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B Open Questions

How to evaluate the irregular properties of the audio device ?

The next 10" KLIPPEL live webinar entitled
Impulsive distortion - rub&buzz, abnormal behavior, defects
will address the points:

FEF A\EEZEFM4:%81Z Need for special measurements more sensitive than the
human ear

B 585 T BB~ H BE What the Time-Frequency analysis shows

EEE P IEEIREEENB AL Inspecting the fine-structure of impulsive distortion
In the time domain

N[ B A R 1T A& RIIR AR K How to find the root cause of the irregular behavior

IEC 60268-21 iR £ HIFTfiR:R 5= New solutions provided by IEC 60268-21
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= TR E Al =
Measurements at High Amplitudes
Series presented summer 2021

H AR E R E T H E A5 Modern audio equipment needs output based testing
HEEEERETHEESIZAAIE Acoustical standard tests performed in normal rooms

% 3D @B E P B HEEEZMESR Drawing meaningful conclusions from 3D output measurement
£ B E T BhIZ HTAZ #E 1% 44 Simulated standard condition at a single evaluation point

RAEREK- HFEBEEE Maximum SPL — a number becomes important

© © N ojo & 0O D P

o
o

B R E-R AMIBERZE S Signal distortion — a powerful concept for loudspeaker diagnostics
03 E BT B = 08 T i HH 854> Amplitude Compression — less output at higher amplitudes
IR LERE - &xEEE Harmonic Distortion Measurements — best practice

BIAKE - SHETEER—{EEH Intermodulation Distortion — audio is more than a single tone

REXE - E285. 2E174A. TR Impulsive distortion - rub&buzz, abnormal behavior, defects Next seclfon

[ S S S S
a r w0 NP

B BRIRSHEMANE RS
TEAZEE (G T B E 5 E mETEE R Benchmarking of audio products under standard conditions

EiRAER T IE{b——REENET {4 Auralization of signal distortion — perceptual evaluation

E A5 Smart speaker testing with wireless audio input

AEHAERBEEEMNAE Setting meaningful tolerances for signal distortion

SEE EmAVE A SPL {& Rating the maximum SPL value for product
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