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Previous Sessions

Simulated standard condition at an evaluation point
Maximum SPL — giving this value meaning
Selecting measurements with high diagnostic value

Modern audio equipment needs output based testing
Standard acoustical tests performed in normal rooms
Drawing meaningful conclusions from 3D output measurement
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8th KLIPPEL live:

Harmonic Distortion Measurements — best practice
iBREKENE - BR{E5E

=H

/ﬁ\ E \E—E& Topics today:

« |EC 60268-2 1%345"]75;%*&%3& Overview on Methods defined by IEC 60268-21
b iﬁi&g&gﬂ'ﬂ}ﬁﬂﬁ(?@ﬂjﬁﬁ% 7fE$(9L7 ) Metrics for Harmonic Distortion (absolute or relative ?)
« FFRIECIRERARSNELIN B ERNEDE
Measurement according to IEC Standard Overview and other useful test methods
b éﬁ%ﬁ’iiﬁ Interpretation of the results
e g‘EB/'_I_T;EiSU_T Practical demos
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Nonlinear Symptom: Harmonic Distortion

single tone input ) output Fundamental +
stimulus g s Harmonics +
Subharmonics +
Nonlinear System Noise
Amplitude
sound pressure spectrum
A
2nd
3rd
2nd
rth
subharmonics harmonics e
>
f, /2 21, 3 f, nf, frequency
fl
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Single Tone a Good Stimulus ?

complexity of the stimulus

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

PRO:

Spectral Analysis

o SFEEPBL simple to generate
o BB, DCSO = reveals harmonics, dc component

(Fourier Transform, * T%%E;&Eéﬁﬁgﬂaijciﬁﬂj reveals maximal output of fundamental compression
High-pass and bandpass filter, ...) o AHTEBIRIEITFHNE utra-fast sweep measurements are possible

. EARENE(EEKlippel liveS108HE)

good for rub&buzz (see section #10 of the Klippel live)

CONTRA:
. Z:F?Lﬁﬂaﬁzﬁj\ no intermodulation components are generated
« MIEEMTAHEREE

not a comprehensive assessment of the nonlinear behavior
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Poll:

el s VI ST i S =N

Which stimulus do you use for measuring the harmonic distortion ?
==
A. Eél = (*,%\?LS\) Single tone (steady state)

IEBIZ-’U/':\# (ﬂﬁ%i}% }_‘%_5 |_J ) Step sine (sequence of switched tones)
L:gzzﬁ?ﬁjéz (%%HZ%E%"‘{%%&) Sinusoidal burst (shaped short

tone + break)

N

. JE??IZIE?ZChII’p Continuous sinusoidal chirp

,{ﬂ'l_j, Other

mo O
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How to measure Harmonic Distortion versus frequency ?

Techniques Step Sine Ll | Continuous Chirp
Burst

Distortion Spectrum (FT) | Spectrum (FT) | - Tracking Filter

Separation - Windowed Impulse

Response (Farina)

Continous Excitation | No No Yes

Steady State Yes No No

Total test duration Long Long Short

KLIPPEL modules | DIS TBM TR, TRISERENE

QC-SPL task
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Sweep Speed of the Chirp

A

Time —»

log(fmax) .
Linear chip s o
---""' _
P ) T
log. chirp ,,,,
log(f) with constant N~ .
speed -~ >
g - - 3
- - g
) -
o< - - LL
- - - -
109 (frin) | et Chirp with increasing sweep speed
0> t/ttotal 1.0
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Poll:

S ARt E R BCE ?

Which sweep speed profile do you use ?

A. Z%'EHT,U\H%%T With linear time frequency mapping

B. XIZENETSMIRET with logarithmic time frequency mapping
C. j:El El_Jx/i\ILI:ﬁ i)]l:l With increasing sweep speed

D. ,{ﬂ'l_j, Others
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%}% Shaped Logarithmic Sine Chirp

Stimulus () vs time

e il Amplitude depends on frequency
{ i
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I Og (f) AR :,°5 \\ / \\ / | i
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“ u(t) = U (f (1)) cos(24f (t)t)
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20kHz | ¢ = = e - - - :
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- pt
f)="~.2 O<t=<T,
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Sweep speed
1 f
IB _ |092 end
200 HZ TS start
Time
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| Tt o |
: i | Filter relative bandwidth  Filter absolute bandwidth
i . I |
| e i '
: > s i :
: Log(f) - i !
E Group delay response i
e e e = = = = = = = = = = L D D e e o = e = =
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Property of the logarithmic Chirp

Sper:trogram
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Frequency
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B 1narmonic component was measured

- before it was generated (acausal)
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Farina‘s Harmonic Distortion Measurement

Total Impulse response
e e
. Energy Time Curve T | ' [ e naanmi |
Impuise impulse response of the fundamental
- response of the >
harmonics

—

w

101830708 Tima (ms] Aghtizeaeas T T T anasoros
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More to this topic ...

Reference:
A. Farina, “Simultaneous Measurement of Impulse Response and Distortion with

a Swept-Sine Technique,” presented at the 108th Convention of the Audio Eng.
Soc. 2000, Paris, France
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Demo: In-situ Measurement

Tool: Using a dedicated software module TRF (chirp stimulus) of the
KLIPPEL Analyzer

e KLIPPEL life JBL Go version 5 - dB-Lab 210.720 - X
Project Edit View Operation Extras Tools Window Help
olv/d-oela | BRA|E H| Swss - | | ne =]
o \D [ =[][R] | @ = NN
o S::tk;" Impulse response hit) Energy-time curve (ETC)
& Pt 3 Hif)= Signal at IN1/ Stimulus Hif)= Signal at IN1 / Stimulus
Measured Windowed Measured Inside of window
Crpart4 KLIPPEL 0 KLIPPEL
O Part 5 15000
=@ part7 20
<D old
o 1 Amplitude Compression with multi-tone at Umax=0.17 V 10000 0
-1 2 Amplitude Compression with multi-tone U > 0.17
= 3b TRF Amplitude compression (Chirp) 5000 N 0
E10a TRF template E B
&8 (b STEP Parameter Stepping
- TRF transfer function - [0.10 V] o 00
B 2 - TRF transfer function - [0.15 V]
@ 3 - TRF transfer function - [0.20 V] 120
B 4 - TRF transfer function - [0.25 V] -5000
£ 5 - TRF transfer function - [0.30 V] 140
o 3a TRF Amplitude compression (Chirp) u=Umax
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
a 4 ingle Tone steady state (with preloop and break) Small signal Ieft:21.250 Time [ms] right:254 625 1eft21.250 Time [ms] right254.625
o 5 Amplitude Compression steady state sinus
§ 6 Amplnude.campressmn BL_Jm . L] = | & | 23 | | & \part 7\2b TRF Amplitude compression (Chirp)\Oa TRF template: H (... E @
£ 3 TRE Amelfude compresson (Chife) u=Uma () Fundamental + Harmonic distortion components Magnitude of transfer functien H(f)
Signal atIN1 Hif)= Signal at IN1 / Stimulus
OEx® B8~m- Fundamental THD 2nd Harmonic 3rd Harmonic Magnitude
mpulse Response ~ —_— —_FunEHrgshamn‘:‘:DjﬂnlnnaﬁﬂD " HosoluePHD 125 /‘HM\"““"”“MMMM"'\ e
Energy-Time Curve D Ot 55—~ o 0 ) OO ey e g A R KLIPPEL fan
O Step Response / T 120
Fundamental + Harmonics 100 ‘\h s ™
O Harmonic Distortion / *\m
H (f) Magnitude 80 /M\K\ ,,,, 7777777777777777777777 | e \
O H (f) Phase g = 105 /4
O H () Nyquist [> 60 j/\”\ﬁ\f’rv E
O H (f) Minimal Phase & VY } A [ 100
O H (f) Excess Phase B 40 A\J.”'/\ }[{ 95
O H (f) Excess Delay
O H (A Total Delay 20 .
O Cumulative Decay 85
O Wigner Distribution 0
O Sonagraph 100 200 500 1k 2% 5k 10k 20k 100 200 500 1k % 5k 10k 20k
O Stimulus (f) Spectrum @ Frequency [Hz] Frequency [Hz]
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Farina with Room Compensation

Filter .| Farina Results 140
H.(f) Pree(l.) | Analysis 120
100 Impulse Response
80
< 60 ) .
S 40 Linear direct sound harmonics
AN NN P AN T === =2 2
*ME SR BT MEEBIE20E The 0 — —
compensation filter compensates for the 20
room influence -
;}Ezl/l\éﬁll‘gzﬁﬁ;qju@}mtpﬁg}}ﬁ%é reduces 0 0.2 0.4 Time [s] 0.6 0.8 1 1.2
the ringing in the linear impulse response 0 _ _ Energy Time Curve
10 without compensation

ISR R R R AR ES @

Reduces the ringing in harmonic impulse

esponse ™ bl
= . =74 - i | ‘“‘m_‘ WhBLLE g bl
AmANERASEEmEE o .
Bk% (FarinafZZRN) windowing can be - kAL bt
applied to separate linear and distortion 100
components (Farina technique) ° 02 o Time [s] °e o 1 "

> R ER LIEIREE R TUE!

Nonlinear Distortion can be measured under non-anechoic conditions !
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Accurate Harmonic Distortion

BEREE RS EFF420 dBANRE,
ERIE RS Fr=4EXT6 dBANRE.

The room modes generate an error of 20 dB in
the fundamental component and an error of
more than 6 dB in the total harmonic
components.

Ll%ieﬁﬂgzz{iﬁﬁ?‘hf lb\l&%%ﬂ,.]lux Ei&%
BTHDE/REARIRZ, The total harmonic
distortion (THD) in percent without
compensation filter shows significant errors.

(FERAMEIE B A THDXI N T A E
AUFRHAZE5R. The THD with compensation
filter corresponds to the expected results found
in an anechoic environment

KLIPPEL LIVE #8: Harmonic Distortion Measurements - Best Practice, 16

<>



Demo: Simulated Free/Far Field

Tools of the KLIPPEL Analyzer:
Transfer Function TRF (chirp stimulus
In-Situ-Compensation (ISC)
Nearfield Scanner (NFS)

e KLIPPEL life JBL Go version 5 - dB-Lab 210.720
Project Edit View Operation Extras Tools Window Help
e F & B QA BB E H| ®kasest v

RN
3 backup
Dpart2
S part 3
Qpart4
Cpart 5
& Qpart7
Qold
o 1 Amplitude Compression with multi-tone at Umax=0.17 V
o 2 Amplitude Compression with multi-tone U > 0.17
=] 3b TRF Amplitude compression (Chirp)
LJ0a TRF template]
B 0b STEP Parameter Stepping
2 1 - TRF transfer function - [0.10 V]
28 2 - TRF transfer function - [0.15 V]
B 3 - TRF transfer function - [020V]
B 4 - TRF transfer function - [025 V]
B 5 - TRF transfer function - [030 V]
o] 3a TRF Amplitude compression (Chirp) u=Umax
o 4 Single Tone steady state (with preloop and break) Small signal
o 5 Amplitude Compression steady state sinus
o 6 Amplitude compression Burst
o 3¢ TRF Amplitude compression (Chirp) u=Umax (1)
I part 8

oG x®@8~m-~
Impulse Response
Energy-Time Curve

O Step Response
Fundamental + Harmonics
O Harmoric Distortion

H (f) Magnitude

O H () Phase

O H () Nyquist

O H () Minimal Phase

O H (f) Excess Phase

O H (1) Excess Delay

O H (f) Total Delay

O Cumulative Decay

O Wigner Distribution

O Sonograph

O Stimulus () Spectrum

- X
a2 =]
L =[5 R]| e = | B &3
Impulse response h(t) Energy-time curve (ETC)
H(f= Signal at N1 / Stimulus HID)= Signal at N1/ Stimulus
Measured Windowed . Measured Inside of window
KLIPPEL KLIPPEL
15000
20
10000 40
60
5000 &
= [~ -80
0 -100
120
5000
140
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
left21.250 Time [ms] right:254.625 left:21.250 Time [ms] right:254.625
(] = | @ | 52 | | @ \part 7\3b TRF Amplitude compression (Chirp)\Oa TRF template: H (... = - (=] 3]
Fundamental + Harmonic distortion components Magnitude of transfer function H(f)
Signal atINt Hif)= Signal at N1/ Stimulus
e FUNGaMeNtal s THD 200 HaMMONIC e 37 Harmonic s Magnitude
& ~ Fund. mean (10010 500 Ho Absolute PHD KLIPPEL
f— PHD limit (-40d8) 125 fﬂM"“\"mwMMW‘”‘Mw\
N - - - - KLIPPEL -,
.q\,\ 120
100 ~
~
= | |
110
80 // T~ Y — | \
OV A 105
A E
v { MW\M“&” B B
= " M A & o
E w0 ”\/,»f M o
2 £
a5
0
100 200 500 * 2 sk 0k 20k 100 200 500 * 2% 5k 10k 20k
“ Frequency [Hz] Frequency [Hz]
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Best chirp for end-of line testing ?

A Time —»
e
Iin}t@p ---------------------------------- - -
""""" log._sw e - T
log(f) with tant e >
speed ~ .~ ¢ c
- Chirp with increasing,/ g
- sweep speed ' g
-7 - Step sine contains LL
-7 fixed number of
L i periods at each
10g(fmin) T frequency
0.0 0.5 t / tiotal 0
SEFEEIIUEERIXIEchirp {3 PR &l RE B HBEN Y IE 5% 2033 SEFSIEIERAY Cchirp

Logarithmic chirp with constant sweep speed

B =109, (1+1/ Qnay ) fo
= const.
i_yn/ ﬁTZf Start frequency f;

Step Sine with fixed number of periods
P=1+ LQ;X J = const.

1‘ BT J}&E’Jﬂ—jian %&Qmax maximum quality factor Q,,,, of the modal resonances
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Chirp with increasing sweep speed

B(t) =10g, (1+1/Qpay ) f (1)
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Fgﬂ%tﬁgﬁﬁ'l%ﬁ;ﬂ”iﬁ Ultra-Fast Testing in Production

1:35]: ﬁ@fgi&ﬂbﬂﬂ’ﬁ{fﬁﬂlchlrp Logarithmic chirp with increasing sweep speed

waveform of
log. sweep
with speed profile

$
log(frmax) —
linear sweep =T 9
_ High
_-~"  sweep b
I_og. sweep e - speed
log(f) with constant o .
4 speed -~
- - -
low - log. sweep ’_,_IJ 7777777777777777777
sweep with speed profile
_ -~ speed 2
Step Sine
log(fmin)
0.0 0.5 t / tiotal 09 1.0
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S Sweeping Up or Down ?
Ultra short testing < 0.5 s

130 Frequ.-Response THD up THD down Cumulative spectral decay
KLIPPEL Hif)= Signal at IN1 f Stimulus
34.0
120
110
30dB
100 =
z
90 — |:||3
Y <
80 Downwyfid Swiep

70

e

Upward Sweep

60

|

50

102 108 104
( 0.2 seconds total sweep timeB

]:}Lz‘i(f-/é\ﬂl‘_] |‘|:—'_]EFE Problems of ringing:

o BEQIIREERZIRHATIEI>50MS High Q resonances need decay time of >50ms

>

*J Ei}i%}iﬁ’q’:iiﬁgi%ﬁ;& Fundamental interpreted as Harmonics
- *&’H&ﬁ,}ﬂﬂiﬁ{%ﬁﬁ rET_IJ:EEEJﬁ Use UPWARDS SWEEP for extremely fast testing
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More to this topic ...

Reference:
S. Irrgang, W. Klippel, “Fast and Sensitive End-of-Line Testing,” presented at the 144t
Convention of the Audio Eng. Soc., May. 2018, preprint 9927

1 EOL})ﬂUiﬂE’\J E *ﬁ*ﬂfl%)'\l—i Targets and Particularities of EOL Testing

o BE%U;W\U%J\EEEI‘J#@IEJ?\ Physical reasons for limiting measurement speed
L %‘-?ﬁﬁ%ﬁﬁ%ﬂﬁ]ﬁ?ﬁ'EOL}ﬂ“iﬂ Finding best stimulus for EOL Testing

L ﬂ%zj—’?iﬁii%qﬂﬂ’ﬂ'ﬂéﬁijﬂﬂﬁt Fast testing in a noisy environment

® }‘AEF EF'—?ES Learning from Production

é:ntl/t\, Conclusions
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Interpretation of the Harmonic Distortion

H#x Objectives:
ot ﬁﬁ—ﬁ#‘é’ﬁ}ﬁi&%ﬁﬂ’ﬂ%ﬁ Describing the properties of the distortion by a metric

- ﬁ%’i%ﬂlﬁ%’ﬁﬂ’ﬂ?&% (*EZNE) Understanding the relationship to nonlinearities (root cause)

ot i$1ﬁij@%ﬂ%}ﬁiﬂ’ﬂ?2ﬂ@ Evaluating Impact on the perceptual sound quality

i/’p\lifﬁ*u }EHL\,{_F'—F%'I‘E Diagnostics exploits the following properties

° 1%)}’(*[]%}}}/(%\% (ZBﬂ\\ 3|3ﬂ) Even and odd-order components (24, 3rd)

® %Eﬁ%EQﬁEEE@DTHD Energetic sum of the distortion components (THD)
> i%i&%éiﬂ@ﬁﬁ%{&%ﬁﬁ Frequency dependency of the harmonic distortion

s ibéﬁiEZSEEE’\JIIE{E{Z‘Z%ﬁ'TE Amplitude dependency of the harmonic distortion

o {EEWI\*D%WTSEE Lower-order and Higher-order distortion

o FMEKESERNINEEEN (SHIREIEC 60268-21, HI-2KH)

Weighted energetic sum of selected distortion components (higher-order distortion IEC 60268-21, HI-2
Distortion)
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FTEIEC 60268-21H1EKEEEF

Energetic Sum of the Harmonics according IEC 60268-21

N ==Y AN— PV PN A Uavs , -,
SR MATRERA (2BXIE) Energeti ISR (ERI(E)
Bt Harmonic Components (absolute) Total Harmonic Distortion (relative)
in percent

in sound pressure

N N
Bri ()= | P (F) >, PLIA
n=2 THD(f):@ 100 %
pref

in decibels:

i in decibels:
Pry (f)J

LTH<f)=20|g[
Po

THD j

L f)=20I
o () g[loo%

|8J&@X Problems:
«  THD(f) &HIp SR SRZRFEXRAIEEZE THD() is plotted versus excitation frequency f
« THDEEHR2MFI3M O E=EFES THD is usually dominanted by 2nd and 3rd-order components

« THDEURTFp. (N NEX (2ES. K. EEFeENFYERK) THD

depends on definition of p,(f) (total signal, fundamental, mean fundamental in stated frequency range)
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d

Causes of THD In Sound Pressure

of an electro-dynamical loudspeaker

Fundamental

120 - I MMW“M KLIFPELJ
g I — T T+ A\ v
110 E i 1
100 | N
E_— | ] | - - WN
ggo E / I %
=" I Total Harmonic Distortion (THD)
70 = I
60 % I
S0 50 10(! 200 500 1k 2k 5k
| Frequency [HZ]
I excitation frequency ——>
Kms(x) < Kms(x) >
Bl < B >
! q b,
R SOTIOe:
L(x) 1~, LX),
1% ¥
: I
L() | < Q) ‘
I

Cone Vibration

resonance frequency
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< Cone Vibration >
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\ -
)_‘_ML:FSUH,;I:EHQ Generalized Signal Flow Model

j:ﬁljiiéj\_‘_ E/\le Eéi'l‘ét describing a separated nonlinearity

distortion added to the input

post-shaping

o

Voltage
distortion
Current

pOS’[- post-filter 1st state variable pre-filter
shaping Ha(f) H ()
Static IOLG- _

Nonlinearity shaping

multiplier pre-filter
2nd state variable Hl,z(f)
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L(x)

displacement

highpass

sound
pressure
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! The Particularities of Each Nonlinearity

NONLINEARITY INTERPRETATION

PRE-FILTER

Ha,2(f)

(output)

Stiffness Kms(Xx) of the

suspension

restoring force

Force factor BI(x)

electro-dynamical force

nonlinear damping

Inductance Le(x) self-induced voltage

reluctance force

Inductance Le(i) varying permeability

Mechanical resistance nonlinear damping

Rms(V)

Young’s modulus E(c) cone vibration

of the material

Speed of sound c(p) nonlinear sound propagation
(wave steepening)

Time delay 1(x) nonlinear sound radiation
(Doppler effect)

Low-pass
(displacement x)

Band-stop
(current i)

Band-pass
(velocity v)
Band-stop
(current i)

Band-stop
(current i)

Band-stop
(current i)

Band-pass
(velocity v)
Band-pass

(strain ¢)
High-pass

(sound pressure p)
High-pass

(sound pressure p)

Low-pass 1
(displacement x)

Low-pass 1
(displacement x)

Low-pass 1
(displacement x)

Low-pass differentiator
(displacement x)

Band-stop 1

(current i)

Band-stop differentiator

(current i)

Band-pass 1

(velocity v)

Band-pass 1

(strain ¢)

High-pass differentiator

(sound pressure p) ‘
Low-pass differentiator s | E-
(displacement x) \E



More to this topic ...

Reference:
W. Klippel, “Loudspeaker Nonlinearities — Causes Parameters, Symptoms,” J. Audio Eng. Soc. 54,
no. 10, pp 907 — 939 (oct. 2006)

Lecture ,Sound quality of Audio Systems* at the
University of Technology, Dresden, Germany

LOUDSPEAKER NONLINEARITIES
T 1 S AL

Get a free poster for your Attend the annual three day block seminar (March 2019)
workshop
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Demo: Interpretation

Tools of the KLIPPEL Analyzer:
» Transfer Function TRF (chirp stimulus
* [n-Situ-Compensation ISC)
» Nearfield Scanner (NFS)

e KLIPPEL life JBL Go version 5 - dB-Lab 210.720
Project Edit View Operation Extras Tools Window Help
e F & B QA BB E H| ®kasest v

RN
3 backup
Dpart2
S part 3
Qpart4
Cpart 5
& Qpart7
Qold
o 1 Amplitude Compression with multi-tone at Umax=0.17 V
o 2 Amplitude Compression with multi-tone U > 0.17
=] 3b TRF Amplitude compression (Chirp)
LJ0a TRF template]
B 0b STEP Parameter Stepping
2 1 - TRF transfer function - [0.10 V]
28 2 - TRF transfer function - [0.15 V]
B 3 - TRF transfer function - [020V]
B 4 - TRF transfer function - [025 V]
B 5 - TRF transfer function - [030 V]
o] 3a TRF Amplitude compression (Chirp) u=Umax
o 4 Single Tone steady state (with preloop and break) Small signal
o 5 Amplitude Compression steady state sinus
o 6 Amplitude compression Burst
o 3¢ TRF Amplitude compression (Chirp) u=Umax (1)
I part 8

oG x®@8~m-~
Impulse Response
Energy-Time Curve

O Step Response
Fundamental + Harmonics
Harmonic Distortion

H (f) Magnitude

H (7 Phase

H () Nyquist

H (f) Minimal Phase
H (f) Excess Phase
H (7) Excess Delay
H (f) Total Delay

O Cumulative Decay

O Wigner Distribution
O Sonograph

O Stimulus () Spectrum

OO00DO0O0OO0RDO
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- X
a2 =]
L =[5 R]| e = | B &3
Impulse response h(t) Energy-time curve (ETC)
H(f= Signal at N1 / Stimulus HID)= Signal at N1/ Stimulus
Measured Windowed . Measured Inside of window
KLIPPEL KLIPPEL
15000
20
10000 40
60
5000 &
= [~ -80
0 -100
120
5000
140
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
left21.250 Time [ms] right:254.625 left:21.250 Time [ms] right:254.625
(] = | @ | 52 | | @ \part 7\3b TRF Amplitude compression (Chirp)\Oa TRF template: H (... = - (=] 3]
Fundamental + Harmonic distortion components Magnitude of transfer function H(f)
Signal atINt Hif)= Signal at N1/ Stimulus
e FUNGaMeNtal s THD 200 HaMMONIC e 37 Harmonic s Magnitude
& ~ Fund. mean (10010 500 Ho Absolute PHD KLIPPEL
f— PHD limit (-40d8) 125 fﬂM"“\"mwMMW‘”‘Mw\
KLIPPEL -,
r T M- 120
N Y
100
~
= | |
110
80 // T~ Y — | \
OV A 105
A E
v { MW\M“&” B B
= " M A & o
E w0 ”\/,»f M o
2 £
a5
0
100 200 500 * 2 sk 0k 20k 100 200 500 * 2% 5k 10k 20k
“ Frequency [Hz] Frequency [Hz]

<>



Poll:

SRAEEREWNENEERNKRE?

Do you prefer to present and to interpret the distortion on a relative metric ?

. AN (BN ENERSEZERER)

No, (absolute components on the same scale as the fundamental)

XJ, SETERIBENNL(F)

Yes, referred to the fundamental amplitude response Lg,4(f)

A
B
C. X, 74%% L RIS E (Z_ SnEZ FRYSE i’]) Yes, referred to the
D

mean value of the fundamental (averaged over the frequency band)

= \ﬂ'l_j:fj_ l£ Other methods
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‘*ﬁ’ Harmonic Distortion — Absolute or Relative ?

Amplitude of spectral components

Rms-value of nth-order
harmonic component

d 00%

rms-value of total signal

Content of distortion in total signal

180 7 AL BRI
120 — fundamental
110 :
100
Eoo - - 2nd order harmonic |
.80 L) . Pty b m
! \“‘c\‘_/ [ M‘m ‘L‘.\‘ \\ﬂ /U;\ ’ \ V
10 ” ‘\“ il i ) MV\ \W |
| | ﬂ“ H ‘ \
60
50 displayed versus excitation frequency
o L ] HEn
20 50 100 200 500 1k 2k 5k
Ereguency [Hz]

—
100 —15 % distortion ? 2nd Harmonic
g — =
10 %\’/
I\ A "
1% \ AR _
Vg F WA
R S S
0.1% !
— displayed versus excitation frequency
| | 1 [l | | I | | |

50 100 200 500 1k 2k
Frequency [HZ]

recommended - easy to interprete

Be careful - difficult to interprete

KLIPPEL LIVE #8: Harmonic Distortion Measurements - Best Practice, 30

<>




Room Influence

2nd-order harmonics measured at 8 locations

"1 2 3 e e
e i —— —
6 7 8 1m
100 I"’II[Lﬂ AA
/Y AvA ;
isgik IRl i
e LA 1
= \ N
10 éym ) S //."," Hi N 4
] ™ \ \lN” II A )l Il I | ﬂ ¥l IERY Hi
{ \\l‘\,l \\ || I| || I ’H 1 ] b
W/ \L ) | | /
RYEW, Ve Variati
% L | ) Pl ariation
s e fe u 40 dB
D I
o, v | AN
\ I
|
O 1 \ 4
102 103

Frequency [HZ]

N
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1: X bbbgig&g Relative Harmonic Distortion

%‘:% ] IU\EH JL_|1§’§_EI‘J§EE distortion referred to the total output signal

{L=1 Advantages:
- %Eﬁié}%ﬂz,uﬁﬁ J.':|:|' Refers distortion component to total output

- BERERBEEFERNERNAREESSEY (BERERTER)

Explains audibility of harmonics generated by a single tone better than absolute components (but not for music)

S Disadvantages:

. ff'l‘iﬂr]}_‘_H(f r) QEET:}‘“ Linear Response H(f,r) causes high complexity
= Z_|_,||3) }KEI’J\I:E?EZ?_J':K |‘$ Harmonics of different order are not comparable
J ﬁl?@.iﬁ Interpretation is difficult

X ;ﬁﬁ *%Eﬁ%ﬁ}%%&&m Does not consider masking effect precisely

SR XAYIAESSIZHT More powerful for loudspeaker diagnostics:
y ii—:%:&*ﬂ‘”b}&LT#éSd ;%—ﬁj\i Display fundamental and harmonics as absolute signal components

« NERRRNBEREA (FRERKEIEC 60268-21)

Transform harmonics to the loudspeaker input (equivalent harmonic distortion IEC 60268-21)

¢ Fﬁlﬁﬁf[]’riiﬂzﬁgiﬁﬂ’ﬁﬁm Use perceptional modeling to evaluate the masking of the distortion
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——

NI PAES

T—F':'lﬁ&

- N

\EEIEQE;E\ Determine the distortion at the source

Equivalent Harmonic Input Distortion

Inverse filter

Sinusoidal

) = Distorted input signal
_ A p(rl)' D | u® P g
stimulus , “r e ur) Ut e
» H . u'(ry)= u'(rp)= u'(rg)=u’(t)
r u‘(rz -
u ( ) > H(f,r2) *,:PPQZ—P H(f,rg)_l g2 = u
I’ 'I :
L p(r) 9 u'(rs) =
— H(f,r3) ":—'l—m,—> H(f,rs)™ F——>0 == .
I
Nonlinear ,' ll \ .
System | = Eqtiel
Sound fleld :  Equivalent
;o = harmonic input
1 . . q
[ ! = distortion
l ' ' -
Har'mc;&nlc Dastortlon 3rd ffamonic distortion in voltage
3rd,harmon|cs absolute 0 n:ield . 30 cm ‘e:| 1 mmnce
_ ‘ : T e
n::zrfi;!g m, IC :S ,3 : KUPPEL 10t : Independent_of linear |
E i ! g ; properties
. . T I BE ; (radiation, position,
Dlstortlon depends_on o a0 V room. sensor, ..)
linear transfer function ~ __~ A Zos
- [\ \J \ | \ [ A 30 C Tt~ |
o J “\‘ i : N A 4
55 V }“ J'\\\ -35 . Vou WL\ \
” wj V L\ 1 “0 ; !
45 i s F
v Fi . y [HZ] ’ v Freqz:zncy[Hz] v h
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SRS

m

E&itE

AHYEZ

H(f,r,)

Nonlinear
System 1

» H(fr,)

— Nonlinearity in Multidimensional Path
}EE)JTWJ for example nonlinear cone vibration

_ Equivalent
On axis Input distortion at
Point r,
0 ——————p H(f,rl)‘1 >0
p(rl) u(rl)
Nonlinear )
System 2 disagregment
—> H(f,r,) 0
PAr) e Equivalent
Out of axis Input distortion at
Point r,
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%% EI:Z]T:E %%EI E@E'EEZE{TL Localization of Speaker Nonlinearity

)?-;iﬁ EPKEL@&LI‘;')]U%HD EID measured at different points in the sound field

01m 05m 1m

3rd-order EID

I
,/

10

T

7\
J I~ \

i
AV V)4

10 j

=
N
R

[Percent]

\
102 103
Frequency [Hz]

Distortion depend on measurement point

NS
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#

Active Speaker Linearization

Active Control Loudspeaker

H(fr)

p(ry)

sound
field

H(f.r,) )"

Nonlinear Nonlinear j H(Er)
System I System "3 p(r,)

EENEHIRAREAMESHMNLE (EID) 1 ony e

equivalent input distortion (EID) can be compensated by an active control system !!

KLIPPEL LIVE #8: Harmonic Distortion Measurements - Best Practice, 36 < »



SEATIEBS TS B . . -
ﬁ-ﬁ(&lba [JSIZEEI_])\QE, 3 Equivalent Harmonic Input Distortion

IEC 60268-21

14l Benefits:

EEEQ&EF Eﬂ\} ﬁiﬁ"ﬁ'{ I\] Describe the dominant distortions where they are generated
Sitigess. A, IBE. EREFNRELLX

Independent of the post-shaping from transducer, room, distance, sensor, ...

Wim (DR=E) . QCUEME. HE=NERIZRER

same results measured in- S|tu (office), QC-test box, anechoic room
ZTiE (FEHZ%. MAGESHEDT)

Simple to interpret (smooth curves, percent of the input signal)

__I-L)\ EEZI)J% riﬂf, (DSP) %B}% Can be cancelled by active linearization (DSP)

SCFREIN Practical Tip:
o BETITHNE(RIEREIZAISNR!

Ensure sufficient SNR by performing near-field measurement !
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Demo: Equivalent Input Distortion

Tools of the KLIPPEL Analyzer:
» Transfer Function TRF (chirp stimulus
« TRF Voltage Stepping STEP

@ KUPPEL life JBL Go version 5 - dB-Lab 210720 - X
Project Edit View Operation Extras Tools Window Help

e® ¢ o ® | QA HdEB|FH| Skazess v A& =

= 3b TRF Amplitude compression (Chirp) cle = | B | £3 | | &8 \Part 83 TRF Equivalent Input Distortion (EID), Umax=0.17 W\2 TRF ... |- = ||- (5] | (g3

@
) gZ ;?E;e;;sfntzte, Stepping Impulse response h(t) Magnitude of transfer function H(f)
88 1 - TRF transfer function - [0.10 V] H(O= Signal at N1/ Stimulus H(f)=Signal atIN1/ Stimulus
Measured m= Windowed s Magnitude
@8 2 - TRF transfer function - [0.15 V] KLIPPEL KLIPPEL

R MMWMW

0,020

88 5 - TRF transfer function - [0.30 V]
o 3a TRF Amplitude compression (Chirp) usUmax
] 4 Single Tone steady state (with preloop and break) Small signal
o 5 Amplitude Compression steady state sinus |
o 6 Amplitude compression Burst E oot
] 3¢ TRF Amplitude compression (Chirp) u=Umax (1)
=0 Part 8
& 1 Harmonics at Umax=0.17 V Simulated Far/Field condition 0,005
i @ 2 TRF Stepping Harmonics in Simulated free/Far field (ERROR)
=« 2b TRF Stepping Harmonics in situ r_test=03 m
4B 2 TRF test point re= 0.3m , Umax=0.17 V 0,000 -~
@@ STEP Parameter Stepping (1) 0 200 400 600 800 1000 1200 100 200 500 1k 2k 5k 10K 20k
B 1 - TRF small signal reference - [0.04 V] Time [ms] Frequency [Hz]
B 2 - TRF transfer function - [0.10 V]
8B 3 - TRF transfer function - [0.15 V] e = E R = i=RB
8B 4 - TRF transfer function - [0.20 V]
8B 5 - TRF transfer function - [0.25 V]
2B 6 - TRF transfer function - [0.30 V] Fundamental
~@ 7 - TRF transfer function - [0.35 V] - = Fund mean (100 to 500 Hz)
88 g - TRF transfer function - [0.40 V] —— —— PHDlimil(40dB)
KLIPPEL

& 4 - TRF transfer function - [0.25 V]
0,015
5

a8V

40

Fundamental + Harmonic distortion components Harmonic distortion (relative)
Signal atIN1 Signal at IN1
D 3rd Harmonic

2nd Harmonic 3rdHarmonic 2nd Harmonic
Absolute PHD 7 KLIPPEL

TPercent]

T T sy

£ @ 3 TRF Equivalent Input Distortion (EID), Umax=0.17 V 0 .
€8 1 TRF EID in-situr=30 cm
L4 TRF EID in-situ r2 cm Right] o
8 3TRF EID in-situr=1 m (8 times Averaging)
@ 4 TRF Comparison Total EID in-situ r=2cm, 03 m, 1m
83 4 TRF Comparison Total THD in-situ r=2cm, 03 m, 1 m (1) v
Impuise Response ~ \
O Energy-Time Curve 100
oy 1 / e m %& k
M, Pua,
Fundamental + Harmonics a2 ol "’”»ﬁw e YT ST
Harmonic Distortion 100 200 500 Ak 2k 5k 10k 20k 100 200 500 Ak 2k 5k 10k
H () Magnitude Freauency () Frequency [zl

B 2TRFEID in-siturt=2cm , Left e TN
[V — -Mw—hv--—-—— g 4
-60
y //”\/[ o m mj&/ - )
f R ¥
g0 x® 8-m- 2
O Step Response ///\/\w
Microsoft e & @ KLIPPEL life JBL Go_version 5 (851 MB)
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Poll:

SER2LRINIRKE D ERT IR ZIIE?

Do you use the 2"- and 3rd-order distortion components for loudspeaker diagnostics ?

e Yes
e NO
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J  Root Cause of the Harmonics

Symmetrical Nonlinearity

feed-forward system Spectrum Pfar
I L1
100 Distortion Fundamental
Static |
nonlinearity :fundamental fundamental
90
Force factor Bl vs. displacement X : 3rd
- 80
jg ~ 3rd 3rd
H AR - 5th
__ 70
) —
0 = B
ERRE NN W 60 -+ 2 Sip
Symmetrical nonlinearity -
50 -+
- 1 2nd| l4th ||| #thf2ndfond|ath | |
40 LT T | | RN RN | | LLL Ll
odd-order distortion 0 250 500 750 1000 1250 1500 1750 2000

Frequency [HZ]
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I/ Root Cause of the Harmonics

Asymmetrical Nonlinearity
feed-forward system [ ] ]

100 Distortion Fundamental

fundamental

Static undamental

nonlinearity

2nd

Znag Znad
Force factor Bl vs. displacement X

— 75
] 70

[dB]

Bl NA]
(0))}
(6

|

PN oW A

Ath

T 55
Asymmetrical nonlinearity

I 4th 4th
i | 1 O I I

[T TTTT T T I T TT T I TIT T T TIT T LI T TTTT

0 250 500 /50 1000 1250 1500 1750 2000

even-order distortion
Frequency [HZ]

2nd,4th,6th-order component
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I/ Root Cause of the Harmonics

Asymmetrical Nonlinearity

loudspeaker is a

feedback system - ]
Distortion Fundamental
100
95 f fundamental
é Static R —“fundamental
nonlinearity ” 90 =
85 £
:xﬂfactorBlvs.displacememX 80 i 2nd dnd énq
v 75 £
= =) 70 =T 1 3nd
: = 65
-10, - X _'2‘5 00 25 5, 2 60 E
i : - Ath 3rd 3rd
Asymmetrical nonlinearity 55 —F
50 +
- 5th
45 = | 4th 4th
40 —FALL] NN N AN N NN
even and odd-order 0 250 500 750 1000 1250 1500 1750 2000
distortion Frequency [HZ]
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Poll:

HEA =N INE
SEATHMAEM KBRS E?
Do you evaluate the higher-order distortion components ?

A.

m O OW

Z:No

xEE . 4|3f|\$[|5|31|\ Yes, 4t and 5t order
&, IEe=MoERIseEM (RN6FTZ206T)

Yes, energetic sum of higher-order components of specified order (e.g. 6t ...20t )

.=, SRR (HI-2, blatkH)

Yes, weighted higher-order distortion (HI-2, blat distortion)
=]

=, ,=\fw, }':j ;ﬁ Yes, other ways
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Root Cause of the Harmonics

Hard or soft limiting nonlinearity

5.0 i i >

'éoverhang /’/ \\
40 £ I/ o “\ \\
= / .
BI B // equal-length \\
N/A A N\
S0 N
2.0 £ //I \\\
o o1/ \
SOft Iimiting nonlinearity ;/\\ | | | 1| ] | 1|1 | ||| | ||| | | I\\\ hard |imiting nonlinearity
0.0 -

75 50 -25 00 25 50 75
Displacement mm

Spectrum of sound pressure signal (two-tone stimulus):

o T T -
10 “‘ —— H H ——— \m‘ AR BRI 1 AT O
high 2nd- and 3rd order distortion Large amplitude of all components
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_\_

HOHD as defined in IEC 60268-21

HOHD(f) =

State:
* Lowest order N,
* highest order N

HOHD ( f )j
100 %

Lyonp(F) =20 Ig[

ShKkpRENEHE, HOHDXIRE
EQEEQEEQ{EE HOHD are less sensitive for rub &

buzz than impulsive distortion measurement

N TIP:

- MEHAEIRIEE RS

|E_1 EZQE,\ Higher-Order Harmonic Distortion

Weigthed harmonic Blat Distortion
HI-2 (KLIPPEL application note AN7)

10

> (W) B, (F))

HI -2
ref

w(n) = 4146)

Blat’ e E2HIZIHSFAES [#E2AY, MASEER TR
FERVERR. BISEEEEERENRE st

Distortion results from a design characteristic rather than a rub,
buzz or tick type of unit defect

I:lf,SN R Ensure sufficient signal to noise ratio (SNR) during measurement

s Ei&iﬁilﬂ!}%;ﬁ& ' Measure the sound pressure in the near field !
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Poll:

REBENRNENEE PSR ERAR
II]E{E}:_Eéﬁ ? Do you measure the harmonic distortion at different
input voltages to investigate the amplitude compression ?

e Yes
e NO
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Compression of 3"-order Harmonic

Third-order harmonic distortion in percent (IEC 60268)
Signal at IN1

0.50Vv 157V 264V 371V 479V 586V 6.93Vv 8.00V
KLIPPEL

80

70

iy \ Voltage

50

Percent

30

20

10

T T TTTT [T yTT[TTTT[TTTT[TT AT TTTT TTT T

- |

0 e S B e e e e T

4*101 6*101 8*101 102
Frequency fl1 [HZ]
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Compression of 2"d-order Harmonic Distortion

Second-order harmonic distortion in percent (IEC 60268)
Signal at IN1

25

20

15

Percent

10

. E?ﬁ%ﬂ“%l—i IIE{EH"J?&,? (3D5ﬂ“%) Measurement versus amplitude also required (3D measurement)

a 3.71 Vv 4.79 V 5.86 V 6.93 V 8.00 V
- A KLIPPEL
- / \;
,,777-7'{"',/ 7 :\
L / : / \7/\ : \\
— 4 /m //' /N S e — — o
% / :/ — iii\ - " \
- S/ \ a S— N
- v reduction | © %

4*101

6*101

8*101 10°2

Frequency f1 [HZ]

. E'E?%’EE?EEH&H&?&E%*D %}:T: Nonlinear Distortion depend on frequency and voltage
a E?—}—EH@JIIIE{E%’E (}:T:gﬁ 2 ;)EJZ//I\ ) Complicated amplitude characteristic (compression, reduction)
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Compression in THD

Hard or soft limiting nonlinearity

SO IR

. /§overhang/ - \\\ \
BI i I//,equal—length \\\
N/A ; /// \'\ - ‘
20 4 \\\‘ 60 —H 4 P
i /’/I \\ ~ : ) p
10 £ i )
0.0 ?// ‘ | \\~ 50 H equal-length ~ /
isplacement mm %40 : S1teep) bUt
30 late increase
ic di [ : overhang
Total harmonic distortion (THD) 20 | §
in percent i //
10 H—
eal"lybut O—;“*"u—uf/|||

05 10 15 20 25 30 35 40 45 5.0
displacement mm

(peak)

slow increase
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Demo: Amplitude Compression of the
Harmonic Distortion

Tools of the KLIPPEL Analyzer:

» Transfer Function TRF (chirp stimulus)
« TRF Voltage Stepping STEP

« 3D Distortion DIS

@ KLIPPEL life JBL Go version 5 - dB-Lab 210720 - X

Project Edit View Operation Extras Tools Window Help

-] - B Q A E H| DKAI#T ~ [l =]
¢ ﬂ:‘ri:ﬂp"‘“l“e{ compression (Chirp) e = | © | &3 | | @ \Part 8\3 TRF Equivalent Input Distortion (EID), Umax=0.17 W2 TRF .. |- | ]
e ompete . Impulse response h(t) Magnitude of transfer function H
o 0TS P Sy sttt O s
g Measured Windowed Magnitude

€8 2 - TRF transfer function - [0.15 V] : KUPPEL KUPPEL
8 3 - TRF transfer function - [0.20 V] '
@ 4 - TRF transfer function - [0.25 V] 0020 : os
5 - TRF transfer function - [0.30 V] !

o 3a TRF Amplitude compression (Chirp) u=Umax 0015 : o V\%w w

o 4 Single Tone steady state (with preloop and break) Small signal ' MMJ wmw N

@ 5 Amplitude Compression steady state sinus L |

] 6 Amplitude compression Burst E sot0 > 05

o 3c TRF Amplitude compression (Chirp) u=Umax (1) | =]

5@ part8 : o

2 @ 1 Harmonics at Umax=0.17 V Simulated Far/Field condition 0005 .
-1 2 TRF Stepping Harmornics in Simulated free/Far field (ERROR)
& 2b TRF Stepping Harmonics in situ r_test=03 m ! 5
& 2 TRF test point re= 0.3m , Umax=0.17 V/ 0,000 ,__—
4B STEP Parameter Stepping (1) o 200 00 600 800 1000 1200 100 200 500 1 % sk 10k 20k
€8 1 - TRF small signal reference - [0.04 V] Time fms] Frequency [Hz]
€8 2 - TRF transfer function - [0.10V]
@8 3 - TRF transfer function - [0.15 V] e =EEEE ) = =R
: 2 IEE t::z:z; ;ﬁ:izz: {g ;2 z} Fundamental + )-1arr5r‘1c>nra1‘i:t aiftonion components Harmonic gli;o:ﬁwn (relative)
B 6 - TRF transfer function - [0.30 V] Fundamental THD ’ 200 HaMmoNic == 310 HamoNIc THD 2nd Hammonic i 310 Hamonic
7 - TRF transfer function - [0.35 V] ~ Fund. mean (100 to 500 Absolute PHD ; KLUIPPEL
8 5 - TRF transfer function - [0.40 V] — PHD limit (-0d8)
&« 3 TRF Equivalent Input Distortion (EID), Umax=0.17 V. 20 IPPEL s
€ 1 TRFEID in-situ r=30 cm
® 12 TRFEID in-situr 0 5
@ 2 TRFEID in-situ rt=2 cm, Left
3 TRFEID in-situ r=1 m (8 times Averaging) VPSP U O =
@5 4 TRF Comparison Total EID in-situ r=2cm, 03 m, 1m £ //r\/[ g
@ 4 TRF Comparison Total THD in-situ r=2cm, 0.3 m, 1 m (1) v e A\J.u mw MM]\V £,

IR €'“”/ ,

Impulse Response “

O Energy-Time Curve -100 1 /\/\’W\

O Step Response &a
Fundamental + Harmonics 120 o i V\\M%‘Z;\&:ﬂw “’!L-«"w
Harmonic Distortion 100 200 500 hls 2k 5k 10k 20k
H () Magnitude . Frequency [Ha) Freuuenc:/ [HA

Microsoft e & ® KLIPPEL life JBL Go version 5 (851 MB)
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Discussion
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Summary

Harmonic Distortion

» BRKENEERT ZFIAFEMRNERER
Harmonic distortion measurement reveals useful symptoms of system nonlinearities

- B EREEEENNRYIIEL chirp(E S TERENE
Ultra-fast measurements can be performed by using logarithmic chirps with increasing sweep
speed

+ SHEMANIERAE (EIHD) Bl 7 AR

The Equivalent Input Harmonic Distortion (EIHD) simplifies the interpretation of the results

» EARIBELRTNE (BESH) REERER

Measurement at different amplitudes (voltage stepping) provides important information
N JIIEiIBE = : Le
e ]E.iZ]l)n\UETIEI%SNR Measurements in the near field improves SNR
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Open Questions

IEEREENERSE, BAEEEMMIAELIMELLE! Harmonic distortion

measurements are convenient but don’t give a comprehensive picture of the nonlinear distortion!

%TL,HH KLIPPEL |iV€IEFE The next 9t KLIPPEL live webinar entitled

HiEXE - SRR UIRRHES

Intermodulation Distortion — music is more than a single tone
)I%"le/b\ will address the points:

SN{AHZRBIEC 60268-21 FIXNE BRI ?

How to test with a two-tone stimulus according IEC 60268-21 ?

%H_/L\ELUEWEEE\E}%'IZKTH Dj(7 Why are the IM Distortion usually larger than the THD ?
N T ARE RS BAORFIEE?

Why is amplitude modulation more critical than phase modulation ?

;lﬂ{ﬁ[%{tﬁi%;ﬂ'%'? How to simplify the intermodulation measurement ?
tz[l@ﬁﬁ%%iﬂl i:_l:t7 How to perform multi-tone testing ?

ﬁﬂ{ﬁ_[%’iiéﬁé%%7 How to interpret the results ?
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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 — audio 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 22"9)

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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