Acoustical Measurement
of Sound System Equipment

according IEC 60268-21
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a series of webinars presented by

Wolfgang Klippel
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Previous Sessions

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 - giving this value meaning

6. Selecting measurements with high diagnostic value

7. Amplitude Compression — less output at higher amplitudes

8. Harmonic Distortion Measurements — best practice
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Intermodulation Distortion — music is more than a single tone

0 |mnII|QI\IP gt - —-+-2%-1 _ e
= / Nonlinear Symptom: Harmonic Distortion
== Generation of Signal Distortion in ar

output

single tone input T
stimuus | ]

Nonlinear System

Harmonics +
Subharmonics +
Nolse

{npuds sound pressure spectrum

varianc:
aging)

Model dfelinear
Accepted o S
nonlinearities J Excossro
(motor, suspension) (7] poivonar o

»
»

frequency

KLIPPEL LIVE #8: Harmonic Distortion Measurements - Best Practice, 4 - >

KLIPPEL LIVE #9: Intermodulation Distortion, 2 <+ P>



gth KLIPPEL LIVE:
HiRXE - SRMULEERT

Intermodulation Distortion — music is more than a single tone

< Hi1ERA Topics today:

» Eﬁg&gﬂgf@f@?\ Physical causes for intermodulation distortion
g f@é‘l EC*/]_T;E60268-21895|)1U§ Measurements according to IEC Standard 60268-21

g 1%%?2%%&}5}] EI'{]E')]UEE Testing with a two-tone stimulus

. 1%%%%%%}%&5}] EI'{I?')]UEC Testing with a multi-tone complex
g éﬁ%ﬂ'\]ﬁﬁ’:ﬁﬁ Interpretation of the results

b ;EBI__]—T;E/__]_T Practical demos
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Poll:

BESTEHERKE?

Do you evaluate the intermodulation distortion ?

A. &5 No

/_?E, J\Eﬁuﬁ' :%:/E_F\ Yes, by listening to music

7?5 ; J\_J\Qj__ﬁ*i 5 ﬁ}%&r }] Yes, by using a two tone stimulus
: /—?5 ) _.”j*i %?"ETE.:. Yes, by using a multi-tone complex

2, [ERREBTE ves, by other ways

mo O
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Bl-Distortion in Music

[ 55 0 I K I Y
-18.82 dBTOLOR,

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

22.8 KHz

22.83 Hz

22.8 KHz

intermodulati

i1.8 Hz

EE%E = /T{n? Undistorted music signal 1RBI(X) }_\_‘ZEEEI‘JQEE Distortion generated by BIl(x) only

%%T%{ﬁ%% - %‘%{EEa:fS - {EE:E:{%% High displacement required - signal below fs - bass signal

9N%Rfs < 100 Hz, EMHTFHIRRESEHEGEE

Intermodulation with signal in audioband generate roughness when fs < 100 Hz
jﬁﬁﬁ‘fﬁmééﬂr] High impact on sound quality
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What causes the IM Distortion ?

I S{%‘%ﬁﬁ*ﬁgg Generalized Signal Flow Model
Yﬁi&k—ﬂ\ﬁﬁﬂgﬂﬂfﬁ describing a separated nonlinearity

Voltage
distortion
1st state
post-filter variable pre-filter ol
H,(f) Hy,1(f)
A
Static
Nonlinearity
multiplier PresiiiSy

2nd state Ha,,(f)
variable

AN FRRSEENRRS ™ EIRSHERLR !

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

/B

highpass
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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) Neghg|ble THD
nonlinear damping Band-pass Low-pass f >2fs
(velocity v) (displacement x)
self-induced voltage Band-stop Low-pass } Neg|igib|e 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 A
_ (Doppler effect) (sound pressure p) (displacement x) ]’ Neghg|ble THD

NEEFELEREE Measurements of Intermodulation Distortion is important !

<
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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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Intermodulation distortion

generated by Two-tone Stimulus

Amplitude

A sound pressure spectrum

ond Intermodulation
2 Distortion
3I’d 3rd
th
nth n
‘ <difference tones summed tones:F
£ 2f nf, f,—(n-1)f fz—flf RS f,4+(n=Df, frequency
1 2
“bass tone” “voice tone”

f%ﬁ’{t%ﬁ%ﬂ’giﬂ%ﬂ To simplify the identification of the components:
° ,%ﬂﬁﬂ%fl*ﬂfZZIE{%}ﬁiﬁj(EE% 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, — )+ p(f,+ f)

L2||\/|D :ZOIQ[ 2 l~ 2 1 j
(FM + AM) p(f,)
Third-order Modulation B(f, —2f)+ p(f, +2f)

L — 20 Ig 2 l~ 2 1 j
(FM + AM) 2P ( p(f,)
Total Modulation Distortion ¢ p(f, —Kkf)+ p(f, +Kkf,)
(FM+ AM) Lo (f. F2) = 2019 72 5(1,)

IEC60268-21-{ERfENI IR (IMDOEFRLAEGK)

The IEC 60268-21 uses relative measures (IMD component divided by carrier)

HEXTIMDSUTFREANKRE, ERERIEE|f,-f,| <<f,

The relative IMD are similar to the equivalent input distortion because the frequency distance |f,-f,| << f,

- ﬂ{ﬁﬁﬁﬁiﬁ‘;ﬂ”%]:%%SNR Near field measurement can be used to improve SNR
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Contribution of 2"d and 3'd-order Components
to the total intermodulation distortion

Modulation distortion
U1=1y)

Ld2 Ld3

I
Ldm (cumul)

Total modulation

A Kﬂm@

IV
'_/\/-\ A /"’-/\"/\\\JJAVA\/\/VA N\/ ‘
PR / \ M J
; LY VNV ,
— \\/ ond grder 3'd order
7 44107 6*10° 810> 103 2103 4908 6+10° 81103

Frequency f1 [Hz]
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%% Sweeping the Two-Tone Signal

How to choose the frequencies ?

A

‘ sweeplng voice tone

—

\ 4

f, f,

sweeping bass tone

f1 f2

v

Sweeping two tones
f,/f;=const.

20 Hz

v

20 Hz 20 kHz

Exploit information for f, = f, !!!
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Poll:

S EUMAN & TR P E HISNERAY?

How do you set the frequencies of the two tones in the stimulus for the testing ?

m moonwx

52:1% None
RR% =] Z'_E f > f Fixed setting two tones (f; > f,)

1 2
'fEE:ézfl j:ajﬁ-(:l;;_fz > Q;_Icl) Sweeping the Bass tone f; (fixed f, > variable f,)
iaé%fﬁfﬁﬁ(ﬁ;_%fl < Q;_Icz) Sweeping the voice tone f, (fixed f; < variable f,)
Ll’fﬁx?ﬁﬁ%tlﬁz%_ﬁfz/ fl =const j:a }Eﬁﬂﬂ% Sweeping two tone sweep with
constant frequency ratio f,/f;=const
,:E:\ 'H_j, Other
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Setup for IMD In Sound Pressure

bass sweep technique

E"} Amplitude response

voice tone f, versus frequency f; :
GE ’{ 1 C il ' 2nd-order IMD
) 3'd —order IMD
Amplifier .
frequency Loudspeaker  Microphone  Spectrum

Analyzer
Baghs tone f,

Wﬁ)ﬁ/ﬁ_j Two-Tone stimulus
ﬁgﬁgﬁ#ﬂ%ﬂ/ftg MO-SfS < fl < 2fs Varying frequency of bass tone about resonance 0.5f, < f; < 2f
5 %#}}’Eﬁwﬁ fE zgéz ﬁ:,sz 2 :7fs Constant frequency of voice tone above resonance f, =7f,

%Tﬁ Requirement:
@//\Ejjz_ﬁﬁé%\ Z&/’fzﬁé’f;/y\ﬁf/)'(z sinusoidal generators, Spectrum analyzer
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Causes of IMD in Sound Pressure Output

using bass sweep technique

IMD 4 IMD generated by voice IMD generated by current
displacement

%

mn m— S

-

30 ~h
P d
7’
’
/ voice tone
/ distortion is f.=10f
e 2 S
\ minimal
\ above f,
So - .
f
. ° fy
Kms(x) negligible bass tone
L(x) 4 L(x) ).
) 4
BI(X) 4 BI(X) ):
)| N 4 P N
L() < L() > < L() >
Doppler

Cone Vibration

A

<

Cone Vibration >

N

| 4
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Demo: Intermodulation Distortion

2 tone stimulus with bass sweep

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

@ KLIPPEL life JBL Go version 5 - dB-Lab 210.720
Project Edit View Operation Extras Tools Window Help
8| d-ae|a|diEB|[E H|Sscelkctdeis |
oy
i T @ packup
-0 Part 2
-3 Part 3
f Cipartg
-0 Part 5
0 part 7
=0 Partg
&1 1 Harmonics at Umax=0.17 V Simulated Far/Field condition
= & 2a TRF Stepping Harmonics in Simulated free/Far field
E o 2b TRF Stepping Harmonics in situ r_test=03 m
= o 3 TRF Equivalent Input Distortion (EID), Umax=0.17 V
e« 3 TRF Stepping Equivalent Input Distortion in-situ rt=0.3 m
E o 3 TRF Stepping Equivalent Input Distortion in-situ rt=2 cm (1)
=0 partg
= & IM-Distortion (two-tone) near field r= 2 cm
82 DIS SPL 17 V bass sweep -6dB, 0dB,
£B 1 NIS SDI 1= 17 \/ hace cwaon
Info Driver Stimulus Input  Protection Im/Export Display
Mode  Hamanics + Intermadulations (12)  ~
Vakage uz
U start
Uend uzU1
= o ouT1 -
o
O Freguency  fl Sweep
O fstan Points
o Of- 0
fend Spaced g ~| Of# Hz
Otz 0
o Meximal order of distortion analysis 4 v
o
o Adiional excitation before measurement P
1] R ———— E s
o
o o Daz of ka3
r - s

- X
m &=
L o |[@]&] | @ = || B || &3
Relative second-order intermedulation distortion (d2) Relative third-order intermedulation distortion ( d3)
Signal atIN1 Signal atIN1
—_— 009V ——— 07V 034V —_— 009V ——— 07V 034V
16 KLIPPEL KLIPPEL
6
19
5
12
|10 | ¢
g ° k3
[
2
4
B
2
0
g0t 107 2710* 4102 g0t 102 2-10* 4107
Frequency f1 [Hz] Frequencyf1 [Hz]
&3 \Part 8\Part 9\IM-Distortion (two-tone) near field r= 2 cm\2 DIS SPL U=0.17 V bass sweep -608, 0dB, 6 dB: Spectrum Y1
Spectrum IN1 -~
f1=421.0Hz U1=034V
WS Distorion MM Fundamental
Zo0M KLIPPEL
|| w0~
~ 02
g 10
=0+
=3
10
107
0 500 1000 1500 2000 2500 3000 3500 4000 4500
Frequency [Hz] v
< >
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Measurement of IMD in Sound Pressure

voice sweep technique

frequency Amplitude response

voigd tone f, versus frequency f; :

é»{ > O—>» FT |—

Amplifier
Loudspeaker  Microphone  Spectrum
Analyzer

Bass tone fl

2nd_order IMD
3'd —order IMD

== =N ' .

E‘]ilﬁmﬁﬂ Optimal Stimulus:

X?ﬁ;ﬁ?/ﬁ_j Two-Tone stimulus

z‘géz,%%,%ﬁ:#ﬁﬁsz‘%fs < f2 < 20fs Varying frequency of voice tone above resonance 5f, < f, < 20f;
ﬁf#ﬁﬁ?@ﬁ/ﬁgﬁ:ﬁl <0. 5fs Constant frequency of bass tone below resonance f; < 0.5f;

%3& Requirement:
ALMA‘;}QUEECD\ S(RE"EE%%\ Eﬁi%ﬁd‘ﬁ 1}\{\ E%m ALMA Test CD, 2 tone generators, Spectrum

analyzer, Microphone
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g The Causes of IMD in Sound Pressure Output

voice sweep technique

A
IMD
00 distinct frequencies
fixed 20 |- independent of fre_qu_gng_y _ __ ________ BI(x)
bass tone 3 L(x) ,L() and Doppler
f2—0-5f3 “‘\ “_equen y
e —— v e Cone Vibration
....................................... L
7f s 20f f,

Kms(x) negligible variable voice tone

L(x) < L(x) (rising with f,) ‘

BI(x) ( Bl(X) independent of f, )

L(i) < L(i) (rising with f,) ‘

Doppler (rising with f, )

Cone Vibration <

A

ING

Cone Vibration (at maxima of AAL)

>

Y

|
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Demo: Intermo

2 tone stimulu

Tools of the KLIPPEL Analyzer:

dulation Distortion

S with voice sweep

» 3D Distortion Measurement (DIS

@ KLIPPEL life JBL Go version 3 - dB-Lab 210.720
Project Edit View Operation Extras Tools Window Help
a F-rad® QA HEBR| & H| ®kazsss v E&Es

Opant 7 ~
] 1 Heor({) for Simulated Far/Field condition
@ 1 - NFS Free Field (Reference data) _test 30 cm (7 min scan)
@ 2 TRF in-situ condition (1_test 30cm - 0.1V
@ 3 15C - FC- LF (1/r for HF)
@ 4 TRF TRF Free/Far evaluation point 1m - {with correction curve)
o 1 Amplitude Compression with muilti-tone 02
@ 1 MTON Compression cycling 15 on / 105 Off
@ 1 MTON Compression cycling 15 on / 10's Off (compression at I
@ 1 MTON Compression cycling 105 on/ 105 Off (compressionat | =
] Single Tone 15 ON /3 5 OFF Umax=025 V
© 1 DIS SPL Fundamental U=0025 V (small signal} 01
& 2 DIS SPL (u.f) large signal
- compression TRF 0.2 /
® 4 TRF -6dB
& 4 TRF TRF Free/Far evaluation u=0.085 - -
@ 4 TRF TRF Free/Far evaluation u=0.17 15 o0 oS
@ 4 TRF TRF Free/Far evaluation u=0.17 105

& \part T\Single Tone (preloop 15 /3 s OFF Umax=

folal IN1 {1

.3V (11\2 DIS SPL (u.f) large signal: Waveform Y1

Waveform IN1
M=101053H UT=

010 0,15 020 028 030 035
Time [ms]

8 4 TRF TRF Free/Far evaluation u=0.25 1
€8 4 TRF TRF Free/Far evaluation u=0.25 10s }

& 4 TRF TRF Free/Far evaluation u=0.25 0.65
& 4 TRF TRF Free/Far evaluation u=0.20 14s
@ 4 TRF TRF Free/Far evaluation u=0.20 10s

Fundamental com
1 INA(H,U1) |

ponent Compression
N (11,1) |- Ustant/ U

0AZV 21— 30V

mental U=0,03 V (small signal

@ 4 TRF TRF Free/Far evaluation u=0.30 10s (1)

KLIPPEL]

@ 4 TRF TRF Free/Far evaluation u=0.30 14s (1) ]
] Single Tone (preloop 1s /3 s OFF Umax=03 V (1) 1o : =S S
@ 1 DIS SPL Fundamental U=003 V (small signal) E g
@2 DIS SPL (u,1) large signal 105
] Single Tone (preloop S0us /3 s OFF) Umax=0.3 V (2]

[~

T T

@ 1 DIS SPL Fundamental U=0.03 V (small signal) [ F
@ 2 DIS SPL (u) large signal |

QI part8 v b

B x@ B8~0-~

Harmonics, % -

Total Harmonic, %
2nd Harmonic, %

3rd Harmenic,

2nd Intermod, %

3rd Intermad, % 07
THDN

!_I!_I!_I!_I!_I!_I!_IDJ"

103
Frequencyf1

103
Hz] Frequency f1 [z
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Sparse but Comprehensive Stimulus

StlmUII 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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%% Phase (Frequency) Modulation
caused by Doppler Effect

Sound pressure Pfar(t) in far field vstime

without Doppler with Doppler

nMM. M i

75 L L |
Sound pressure Pfar(t) in far field vstime | |

10,0 £

I\z]

[N/m

Pfar

o [ [ 11 [ ] [
- Phase variation " | o151 012 o013 o014

0,109 0,110 )
Time [s]
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Phase of Intermodulation Distortion

L A
amplitude
spectrum
90 degree phase shift
in-phase fo+ 1
. f, f, f. f,+f
f,+ f, 2~ la f, =13
i A f,
=(
. I Ss P A0S ?
variation |1 _* e
of envelope| L-~ v 7
//
4
/7
/7
re /
7/
! .’ phase

Amplitude Modulation
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Frequency Modulation
(Phase Modulation)
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Audibility of Intermodulation Distortion

XHBESEH Critical condition:

g {Eﬁﬁﬂ__lﬁjw\$%ﬁﬁl§ﬁﬁ(f <30 HZ) modulation frequency of the ,bass tone“ is sufficiently low (fg < 30 Hz)
b iEEE‘z,,EZ $Y_1KHZ (80 dB SPL) Carrier frequency of the voice tone is at 1 kHz tone (80 dB SPL)

B8 SL Short summary
> AMIFH (BIRNDREKE) E3%ESa]EFHRREAIERER

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

-2 FMW*“EW@{EE:%O%Q?%EE Threshold of FM modulation become audible at 30 %
- 5%‘31]%52:%% Doppler distortion are not critical

Zwicker, Fastl, 1999

BZARABEFR14H: HMESEKERBEERENHILE (8A12H)

More in section #14: Setting meaningful tolerances for Signal Distortion (August 12th)
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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)

Lo ZOlg[ p(f,— f)+p(f,+ fl)j

p(f;)

L :ZOIQ(p(f22f1)+ p(f2+2fl)j

p(f,)

LTIMD ( fl’ fz) =20 Ig

] B(f,)

S B(f, —kh) + ﬁ(fz+kf1)}

2 & —\2
“ 3 (EIK]-E) d
davp = s *100% I—AMD =20 Ig( = j

E 100

S LS
E:?;E[k]

=1
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Interpretation of the Envelope

Amplitude modulation distortion

M top Mean Value M bottom Limits
2T KLIPPEL
1+
0 :\_’\,\/\/M/\/\,\/\/\’\/\ b~ L ANV
dB — V/M | : \7/ L;\/\\ ///\ /\A\Vf | /\/\ s"/\\ \\//\/\ y ;/\/\\ ‘\““ / [
-1 - - \ (“A‘\ s“‘ il \ \‘w“‘ \“
, N | \
3 - \ \ \
4*102 6*102 8*102 103 2*103 4*103 6*103  8*103
Frequency f1 [Hz]
¢ J g J
Y

Cone Boundary Condition
\ (mode of the surround)

~

Force factor

Cone geometry
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-10

-15

-20

-25

8 P2 8] il .

O Elﬂ 7§E\: HH E@jﬁ@i
Contribution of Amplitude Modulation
to the total intermodulation distortion

Modulation distortion

Frequency f1 [Hz]

U1=1V)

~ AV di-st(:ni;n-(Lan'd) Ldm (cumul)
E A ; t/\
= . v
- Total modulation A \ \I /
= J
f F/\/_\//\ //\V/\\\\J\/\VA\/ \/\//\ ,\/\/ DOppIer :
/\V/\/\\_/—/ V/ ‘ ' \V) |
E AN - mmAadiHatrianrn
- AIVE TTTOUUIAQUUl
- (force factor, inductance, cone vibration)

402 6*10% 810® 108 24108 44103 6*10° 8103
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Demo: Amplitude Modulation

2 tone stimulus with voice sweep

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

9 KLIPPEL life JBL Go version 5 - dB-Lab 210.720

- X
Project Edit View Operation Extras Tools Window Help
0| v k- Q| BRA|E | Dzt v | ===
o o o SsE = |e S [ER
+ El ] - - " - " - " n . : n
| Pr— zp Relative second-order intermodulation distortion ( d2 ) Relative third-order intermodulation distortion (d3)
G Port 3 Signal at IN1 Signal at IN1
v art 0.02v 0.04v .00V 004V 008V
-0 Part 4 KLIPPEL " KLIPPEL
-0 part 5 2
-0 part 7 2 b
= Part 8 20 9
t2 o 1 Harmonics at Umax=0.17 V Simulated Far/Field conditi 18 3
=] 2a TRF Stepping Harmonics in Simulated free/Far field .
63 2b TRF Stepping Harmonics in situ r_test=03 m L =
- 3 TRF Equivalent Input Distortion (EID), Umax=017 ¥/ £ .
m-a 3 TRF Stepping Equivalent Input Distortion in-situ rt=03 1 | F~ 12 =5
=@ 3 TRF Stepping Equivalent Input Distortion in-situ rt=2 cn 10 4
=03 Part 9 s 3
= IM-Distortion (two-tone) near field r= 2 cm . )
@ 2 DIS SPL U=0.17 V bass sweep -6dB, 0dB, 6 dB
i 17V bass sweep 4 ! \___’_/__\\/m\/f
7 V voice sweep-6dB, 0dB, 6 dB; N 2 N N N s 2 2 2 3 3 3
41102 64102 81107 102 21102 4102 4102 61102 g10:  10° 2102 4102
17 V voice sweep Frequency 1 [Hz] Frequency f1 [H2]
in Simulated Far/Field condition
: 1+ NFS Free Field (Reference data) r_test 30 cm (7 | gmy ==L [ | 23 | | @ \Part 8\Part Q\IM-Distortion (two-tone) near .. E @
: 2 TRF in-situ condition (r_test 30cm - 0.17V " " "
: I Modulation distortion Waveform IN1 Spectrum IN1
0 Signal atIN1 (U1=0.085 V) 1=40313Hz U1=0.09Y 1=40313Hz U1=0.09V
AM distortion (Lamd) La2 Ld3 total INY (1) W Distorton MWEEN Fundamental
ser Shimulus Input Prolection Im/Ewpart Display Lam (cumul) KUPPEL o KpPEL
. KLIPPEL 025
e Sweep point 12 0.20
82D plot Voltage U1 Lastvoliage - s 102
Owversus U1 - " st 14
- reduen ast freguent v
@ versusfl ey L " oo 10
Signal 1 005
O 3D plot State signal Signal at N1 - » B 000 e
=
Order of distortion 2 ~ 0.5 =
28 | Log v 20 0,10 [
-0,15
fion | Percent  ~ 22 .
-0,20 10
24 -0,25
107
030
Help Close #1027 §107 8102102 2102 4102 0 2 6 10 0 5000 10000 15000 20000
I\D Fundamental + Harmonics sl | ! Frequency f1 [Hz) Time [ms] Freauency [Hz]
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I/ Intermodulation Measurement

using a Two-Tone Stimulus

{fLsX Advantages:

o ZTHERK (1% 2 Mﬁ\LZgZEfZE’%) Simple generation (by using two sinusoidal generators)
K ﬁj\%—@?@%*Dg&E Separation of noise and distortion

* DTHEAE easytoinermren

& iﬁz_zﬁﬂ EE: EII‘Jj:i])::E %%ié/\likﬁ Good for loudspeaker diagnostics in R&D

yEIK&l%&WJ 1"315-5 ] ___[IFI' Eiﬂ”iﬂ Sensitive stimulus also for listening tests

5 Disadvantages:
° i%&ﬁi)] %&Jﬁ%‘_—(—ﬁgg/ .J \/ t}iﬁ% Frequency of excitation tones have to be set carefully
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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)
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Multi-Tone Distortion (MTD)

Spectrum p(f) of microphone signal
Stimulus =Di] > Output signal
e f o il KPR
i | |
: ] [N
o7 25 + N Distortion
Sparse multi-tone complex g . gl

eMTDiﬁﬁiiéEEU_TEmﬂ*% k2 5 10 20 50 100 500 1k 2k 5k 10k 20k

Freqt

MTD don‘t show the generation process in detail

= o ol A = ° N .I]:ﬁ; < . . 5
> “TEI g\zn \_J_,l\i ( JE)EHH: J-B'_'_:j:fﬁ) \%ﬁg{fﬂ‘ﬂ’ﬂﬁﬁ distortion at fundamental frequencies
* 199 &= harmonic components
. E}jﬁﬁ% difference-tone components EL-UEI intermodulation
° *va)ﬁﬁj\i summed tone components

,Fingerprint® (good for quality control)
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Poll:
BT EZE R ERRE?

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

A. Yes
B. NO
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e ABEHIEMREE!

Phase of the Excitation Tones Is important !!

Time signal (logarithmic sweep)

Stimulus () vs time

Sti
: i
7 !

15 (t
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IWIREEEEE
|
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|

pimdl
IRTHI
IRl
IERARITII
L MUAANARLI

D m m o) = an

5 \
.m /
T R

il
[
[T
[
I

- ZNEL
—IRABE—MESE!
At one time there is only one frequency component !!!

] Phase spectrum
Amplitude spectrum ! !

o Rﬁﬁ;‘?}ﬁi Harmonics only

Time Signal (Multi-tone complex)

=k eI M‘ I - i 1 \“l“vu‘”\w
=] AT Tl LN MDYV ‘
R | AR T T AL Hr\r I M
- - I f I — .
(HE RS S MR o EHE(ER !

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

Amphtude Spectrum  phase spectrum

" random  f

N >
> El_lﬁ + %}EZ Intermodulation + Harmonics
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/55

FT51EC60268-21 FalAIHYENEIE

[
Defined Properties of Multi-tone Stimulus
according IEC 60268-21

H#x Objective:

B Tﬁ{%Z— |__|1Mﬁ‘§,)\ Jg %EI’J__I-IZBE ensure comparability of the results measured by different instruments
STHER (BTEM4SCH) easy to generate (by software implementation)

3 %&Jﬁ}]ﬁ"]ﬂ%ﬂﬁ%ﬂ?fﬁ’\] ("r4|:|+::\ 5, \#)#KR) Modification of the stimulus should be possible (bandwidth ,
resolution R)

Amplitude spectrum

X(t) = iu (f,)cos(2Af,t + )

"

Pseudo-random phase
1 resolution . . .
i i i T ;i
f. :?lnt(T o - -2"R) withi=1,.., N Piy = K > ijdm}
: Max. Number of
(DUf?fttig_n ity) fsré?qrtt;ggcy frequencies Seeds (a=48271, m=2°-1 and ¢,=1)
periodicity
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frequency of the fundamental tone

Amplitude

Interpretation of the Distortion

sound pressure spectrum

Total Harmonic Distortion (THD)

»
¥ trequency

THD
Funglamental
S /
L~ ™ L ] MU
il .M\.uvf'ﬂ\..
v
Tetal|Harmonic Distortion (THD
\
50 100 200 500 1k 2k 5k
Frequency [Hz]
—

Multi-tone Distortion

Sound pressure spectrum

KLTPPEL

T Fundamental
110 +
: | LN
100 £ f\/\/\/\_ \T N W
9 £ v
g ~ T —— ™
=80+ - o X
70 f \"'J-L""—/ \f\"vw\ v\ /
: vl \
601 Distortion ‘ W m
50 -

50 100 200 500 1k 2k 5k 10k
Frequengy[H7

frequency of the spectral components —>

prak: EIRMERZERIEREX T RIS
RIRBE= W Benefit: Distance between fundamentals
and distortions is meaningful for perceptual masking
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‘*ﬁ’ Multi-tone Distortion Measurement
compared with traditional THD, IMD

I | (I
_ MT ND THD IMD ‘
0 + H' ——— ‘
/ /\ \» 10 % IMD:
10 AL AL IMD
A \ f1 =50 Hz @15V
o + sweep @ 3V
- /\\ \P MTD:
-30 / Multitone @ 15V
1N

[dB]
T IIII|IIII TTTTITTTT I TTTTTTTTTTTT T
<

-40 THD:
sweep @ 15V
-50
00 0.1 %
70 -
40 Hz
-80 I

50 100 200 500 1k 2k 5k 10k 20k
Frequency [HZ]
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!} The Causes of Multi-Tone Distortion

120 - T T T T T T 1 KLTPPEL
110 Fundamental ~
100 ; I \/\/\__/\ —A\\
00 L /l\f"/\ Y
- WADZI D
=80 KV | N W
;Z : Distortion | A WM. .V
C V
"1 | Wy
50 lCiO 200 500 1k 2k 5k 10k
: Frequeng/[HZ
frequency of the spectral component ——
Kms(x) Kms(x)
BI(x) Bl(X) (independent of frequency)
L(x) : L(X) (rising with frequenc
Rms(v) < Rms(V)
|

L(1)

< L(i) (rising with frequeE-

Doppler (rising with frequency)

|
|
Doppler Effect :
Cone Vibration  resonance frequency < Cone Vibration >
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Exercise: Woofer

Analysis of Multi-tone Distortion

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

Spectrum sound pressure output

120 KLIPPEL
fundamental components

total distortion BI(x)
Kms(x) out of band distortion

il

.

oo

f,=60 Hz 102 103
Frequency [HZz]



causes: Le(x) Kms(x) BI(x) Rms(v)

130

102

Exercise: Microspeaker

Analysis of Multi-tone Distortion

Distortion Components

Km()

total distortio

Le(X)

fundamental components

~ M V\W‘ HHM‘ ‘\H( ',‘l 4

Frequency [Hz]

Lel(l)

Le(i) Doppler Effect Cone Vibration

KLIPPEL

out of band distortion

BI(x)

Wmm Mt !“ “ s

*wH
n




: ZERERINE

Measurement of Multi-Tone Distortion

{liss Advantages:

= %ETEU@%% Considers intermodulation components
. %%5}@{%‘% Audio-like signal

y ﬁ%@?ﬁﬂ%g Separation of noise and distortion

. 'H&ﬁ (El E%iﬁéﬁkﬁé) fast (perfect for quality control)

#R= Disadvantages:
= i%ﬂlﬁ}]ﬂ’\]@@*ﬂiﬁﬁ%\?ﬁﬁﬂ*ﬁ)ﬁ% )Z Amplitude and phase of stimulus have to be defined by standard

= ’E})}T*Dﬁ%)ﬂ%ﬁﬁ% SEENE no separation of odd- and even-order distortion components
. Z:‘ﬁ“é]%n_ﬁl Eéﬂ%’fiﬂ’i]m& does not reveal the asymmetry of the nonlinearities

= i%i}ﬁi%ﬂﬁﬂ%ﬁ’:ﬁgﬁg\% no separation of harmonics and intermodulation

_ Ei}fiﬁ%@%ﬁ? fundamental components are also distorted

e EEH a2 irPAFEE K !

This measurement is very powerful in loudspeaker diagnostics !
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Demo. Multi-tone Distortion

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

KLIPPEL Analyzer

@ KUPPEL life JBL Go version 5 - dB-Lab 210.720

Project Edit View Operation Extras Tools Window Help
-] ¢ v & B Q T A | & ¥ | & (select device)

@\ o

-3 backup

=[5 =] e = | B3

a-0 part 2
-3 Part 3
503 Part 4
&0 Part 5
#3030 part 7
& Part8
] 1 Harmonics at Umax=0.17 V Simulated Far/Field conditir
] 2a TRF Stepping Harmonics in Simulated free/Far field
o 2b TRF Stepping Harmonics in situ r_test=0.3 m
o 3 TRF Equivalent Input Distortion (EID), Umax=0.17 V
o 3 TRF Stepping Equivalent Input Distortion in-situ rt=03 r
o 3 TRF Stepping Equivalent Input Distortion in-situ rt=2 cn
Dpart9
=] IM-Distortion (two-tone) near field r= 2 cm
| @82 DIS SPLU=0.17V bass sweep -6dB, 0B, 6 dB
@ 1 DIS SPL U=0.17 V bass sweep
@ 4.DIS SPL U=0.17 V voice sweep-6dB, 0B, 6 dB
& 3 DIS SPL U=0.17 V voice sweep
&8 2 Multi-tone Testing in Simulated Far/Field condition

T - - - - -
[GLE)}

MTD Mt e = 0.1V

Relative Multi-Tone Distortion MTND (f)
ref: In(fy. Room correction applied.
014V e =02V e UZ028Y e U= 0.4V

Frequency [Hz]

Maximum Multi-Tone Distortion
— |2 relative MTD

KLIPPEL
KLIPPEL 2

[GL3)}

010 015 020 030 038 0.40

025
Vottage V]

@ 1 - NFS Free Field (Reference data) r_test 30 cm (7 | @
€ 2 TRF in-situ condition (r_test 30cm - 0.17V

Q) \Part 8\Part 9\2 Multi-tone Testing in Simulat... |- = |[- 2 | [3n]

& 31SC - FC- LF (1/r for HF)

Info Configuation Stimulus  Routing / Processing  Protection  Display / Export Signal  Im/Export

| Frequency

Paste

F min 20

F max 20000

Clear

Relative Resolution | 12

Sample Rate 48000 Hz
r T 1

Voltage Range Defi.. | Fix Step Size

« Minimum Voltage | 0.1

* Maximum Volta.. | 0.4

« Voltage Step De... | Logarithmic [dB]

ol

Step Siz.

3rd Octave Power S... | [V

In(f) Spectrum
Microphane signal (raam correction applied)
Noise floor Fundamental, u=01V
Fundamental, u =02V Fundamental, u=0.28 V

MTD limit

10°
Frequency [Hz]

MTD
Fundamental, u=0.4V 7

Compression of H (f)
— Max. Compression
KUP’PEl

KLIPPEL

TdET
AN

010 015 020 030 035 040

0.25
Voltage V]
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Discussion
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Summary

BRXEARAE NI EARERISNMERZIHER

IM-Distortion give valuable diagnostic information not provided by harmonics

BRKEEL(X) IFZRIERIE—ER (@B RERAED)

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

ZENERM 7 TEIFEERED EREEIENUER

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

ZEINETMEF RIS

Multi-tone testing shows the impact of the program material

WEHIREESFAER, RINEHN&ERESS

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

MM E SRR HIAFE A IERE?

How to evaluate the irregular properties of the audio device ?

%lOHB MZ%EH&%EE@ The next 10t KLIPPEL live webinar entitled

BHRRHE - RE. RE{TAH. RIS

Impulsive distortion - rub&buzz, abnormal behavior, defects
3{%—'17_]"1/8 will address the points:

- FEICAHEREHEIRNE

Need for special measurements more sensitive than the human ear
e Ejﬁﬁﬁ*ﬁﬁg%ﬁﬁ'ﬁ What the Time-Frequency analysis shows
« EREREERKTREREHST

Inspecting the fine-structure of impulsive distortion in the time domain

N ;ZME_H&,EHEHE%%JHU??%E,‘J*EZEE How to find the root cause of the irregular behavior
« |EC 60268-211RHAIFRARIRTTZE New solutions provided by IEC 60268-21
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Next Section

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 a single evaluation point

5. Maximum SPL - giving this value meaning

6. Selecting measurements with high diagnostic value

7. Amplitude Compression — less output at higher amplitudes

8. Harmonic Distortion Measurements — best practice

9. Intermodulation Distortion — music is more than a single tone

10. Impulsive distortion - rub&buzz, abnormal behavior, defects
-- small break --

11. Smart speaker testing with wireless audio input (July 22n9)

12. Benchmarking of audio products under standard conditions

13. Auralization of signal distortion — perceptual evaluation

14. Setting meaningful tolerances for signal distortion

15. Rating the maximum SPL value for product
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