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Previous Sessions

Modern audio equipment needs output based testing
Standard acoustical tests performed in normal rooms
Drawing meaningful conclusions from 3D output measurement
Simulated standard condition at a single evaluation point
Maximum SPL — giving this value meaning

Selecting measurements with high diagnostic value
Amplitude Compression — less output at higher amplitudes
Harmonic Distortion Measurements — best practice
Intermodulation Distortion — music is more than a single tone
10 Impulsive distortion - rub&buzz, abnormal behavior, defects
11. Pitfalls in Testing Wireless Audio Devices

12. Benchmarking of audio products under standard conditions

~13.Auralization of signal distortion — perceptual evaluafion
1]41‘qp-",inn mPHnlnﬂ I tOIG ] 1 - I r On Benchmarking of the two Bluetooth Speakers
s el eneration of Signal Distortion in an Audio System
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13" KLIPPEL live:

[ESXEAITE — BT

Auralization of signal distortion — perceptual evaluation

S HFERR Topics today:

 FERERNEMESHNES WA SRS

Testing audio devices with music and other dense stimuli

: *E_ §7k (E“E*E_ HE) Correlation Technigue (Incoherence)
° 1ELL§\_$;-< (5%%) Adaptive Modeling (Residuum)

g 1% . D_l uﬁ{'t S'ZKEI’J,??}EUEE IJ\J'L_t Systematic listening test using

auralization techniques

; %’EQEEEI’J,U§D1$1E Perceptual evaluation of linear distortion
e 5”52% &%EE’J/U\%DEF{E Perceptual evaluation of nonlinear distortion

N e

® JE7JN Demos

IXEEFRAATEIEC 60268-21AEEA, ERETENHEANREFAZE!
Those topics are not in the scope of IEC 60268-21 but required to define useful limits and
tolerances !
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= Poll:

SRAAEF mIRITPRRRETRRN?  (Sik)

How do you ensure optimum audio quality in your product design ? (multiple choices)

—/ s -
?%QH'I«AEH/Q‘\DH (@E-%) Carefully listening by a team of experts (golden ears)
éégﬁ\ E IUN 1_1%_,'§i2:§,/_=b Experience, intuition, a little bit of luck

XT.IE.-E}_‘_‘Z nnE’ﬂ#@f@)lJ%*ﬂ' I -)ﬁ;ﬂ”iﬁ Physical measurements and benchmarking

with competitive products

7 \%EJZZE__]—E;; ’ QA E._j('ﬂ_/, I_B'_It Always maximizing audio quality as long

as the costs are acceptable

E. E{@Tj_if Other ways

o 0w
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Systematic Listening Tests

STIMULI
(critical, typical program material)

IMIETEMHESR?  (EERNEEREHEENX,
B3, “JEERYEEE! ! ) How to make listening test more
effective ? (meaningful, valid, reliable data in a shorter time !!)

eI E SR (R, FSiEl. (&) ?
How to cope with the influence of the listening conditions (stimuli,
room, location) ?

MEIIERRYIEE. KRERIIREA T Mmimir Z BHIRER?

How to understand relationship between physics, audibility of
distortion and preference of the product ?

Acoustical (@) listener
conditions ’

Psychometric methods
(doyuble blind testiD %ﬂﬂ% New Opportunities:
EHMESEZ AR T RGN

l Systematic test using virtual loudspeaker modifications

Audibility, Audio Quality,
Preference, End-user Value
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Signal Distortion in an Audio System

Target Environment
(car, room)

Ordinary
Audio stimulus . [ﬂ 0 | e
Stimulus ele
Input - Output
Signal " Signal
2 u(® Regular linear 9
distortion
Accepted small n '-'”es(rs)'\_"lode' oy
signal Performance sl
varian
Accepted time o »| Time-Variant distortio
> Model H(s,t) d(t)
variance (heating, T n(t)
aging) Nonlinear Regular
‘4 Model d.(t) nonlinear
Accepted — 0 distortion o
. - oise
nonlinearities Unpredictable Irregular

(motor, suspension)

Dynamics

e

Undesired Defects

» Rubbing coils, buzzing parts
» Wire beat, coil bottoming

« Loose particles, air leak noise

« Parasitic vibration of other components
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Testing with Music and Other Dense Stimuli

complexity of the stimulus
Single- Two- Multi- Noise Audio
Tone Tone Tone | Signal
* A
P

amplitude 4

»

Dense stimuli

. Distortion

frequency

[a]8% Problem:

tll]@M,%&JE}JEFIﬁE’«%‘.‘:IjQEEEJZﬁ;W How to separate the distortion components from the stimulus?
I RFTZ Solutions: Our focus today

1. {EﬁﬁE*ﬁ?&?ﬁﬁiﬂ%U%’ETE@*DMIdentification of the linear model and the

Incoherence by using cross-correlation techniques
2. iﬂ%”%’fﬁ*ﬁﬁg#ﬁj\jﬁﬁi Identification of the linear model and analyzing the residuum

3. R B AR AEZR AR T 43 TR ZE 1dentification of the linear, time-variant and

nonlinear models and analyzing the residuum
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Diagnostics based on linear modeling

u()

Incoherence

p(®)

Audio Source

Listening position
> 5

loudspeaker microphone

Residual
de(t) Distortion
Signal

> Hin(f)

V

Parameters

plm

%’ﬁ*ﬁ@ﬁg%{%§ﬁ1ﬁfb (EEM;};‘E;}S‘Z\ *H:F}ﬁﬁ) Optimum PARAMETER estimation of a linear model

ETFmiAu(t) FENEAYE Hpt) ZBNEHEXFBEBRXITEIEETFE caculation of INCOHERENCE

based on cross and auto-correlation between input u(t) and measured output p(t)

7K Technigues:
1.
(adaptive filtering, correlation technique)
2.
3.

ERTREES ()=pt)-pi(t) » KFRTHE. IJEEMFIIEEKE+IRE Generation of a RESIDUAL

signal d,(t)=p(t)-p;,(t) representing time-variant, nonlinear and irregular distortion + noise
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1@::1:3'27& Correlation Technique

DUT
Stimulus e

EAREE Basic Idea: X (t) y (1)
* E@)\Eﬁﬂj ’Jé}‘[_‘.'lf" \$ﬁ' Statistical

analysis of the mput and output signal AW Time windowing s
N 'E':-_EJZEI)J&?#?&%DELI)JKE Generating
Ehe auto r\Jower‘a}nd Cross power spectrum FFT Fourier Transform FFT
« ITE{ZEIBEERZLH(f,N) calculation of the Y*(f.n)
transfer function H(f,n) X(f,n) L wml +— (* <2 Y(in)
()* correlation
BINZE Cross power spectrum W
x " ( f n) Sux(f,n) Sxy(f,n) Syy(f,n)
- (f,n) MA MA MA | Averaging
X X
BINEEE Auto power spectrum S,(f,N) S,y(f.n) 'S, (f,n)
« ITEIARETIEIC(.N) Calculation
Calculation of the incoherence IC(f,n)
& 2 IC(f,n) H(f,n)
S !/ )
IC(f,n)=1— [Sey (f 2l
Sxx (fs ) Sy (f, )
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Input

(music, speech, test noise)

Incoherence

n(t) Distortion, noise

KO 1 Syerem Wyéﬂy'm output

Linear,causal, time-invariant

gylyl ((1)) = S'yy ((1)) + Snn(w)

Total output power Power spectrum + Power incoherent with
spectrum coherent with input input
~ A 2 2
h ey =2 B SNR: 29 _ o0
Coherence: Syiyr(@)  Sex(@)Sy1y (@) $ () 1-C, o)
A 2
S ! w Cx '( f 1 n)
Incoherence: IC(w)=1-Cpp(w)=1—= | xyg )| ICys (f,N) =10|09£1—y—0
Sxx(@)Syry (W) 100%
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FET R ANAYZE A AR

Requirements and Problems of the Correlation Technique

DUT
Stimulus o
X(t) y(t)
7 Time windowing i
3K Requirements: ul di'
. T RS SE XGn) D, % ler vitm)
(HIRERIF) sufficient spectral v
excitation with stationary properties (0*
required (white noise is perfect) W
© EOBRIEHKEERIFFT AR v s iy CONSR
S XK Xy yy\ls
[BlBRES (T> 1s) sufficient window Moving
length and FFT size to cope with room MA MA Average
reflections (T> 1s) A "
. FFTIREES (N> 1) S0 (DS
Sufficient number of blocks used for
averaging (N > 1) Calculation
IC(f,n) H(f,n)
KLIPPEL LIVE #13: Auralization of Signal Distortion, 11 <+ P>
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Incoherence — Practical Importance

. 2
|Sxy' (a))|
Sxx(@)Syy, (W)

IC(w) =1—Cyy(w) =1-

#295F Interpretation:

C %%éﬁ%éiﬁﬁ%ﬂ;ﬁ%ﬁ, )H\U5|E1:E:F{5|C =0 system is linear and noise free then incoherence values IC =0
et %i)ﬂﬂ?%ﬂ’ﬂi@tﬂ%ﬂ,%&]ﬁ}]%?& . )ﬂ\u |IC=100% If the measured output is not correlated with the stimulus then 1IC=100%

{fLsX Advantages:
et EIE\ZEH?LE%%&E%% Can be applied to dense audio signals
N E'E%\l_éiSHE{%uitb (SNR) Perfect for assessing signal-to-noise ratio (SNR)

fieT Disadvantages:

S *%[&ﬁfbjﬁi%ﬁjzﬂ E:Fif,%l %’&E"J%VJ Z:J\E}Eﬁ Fails for program material with sparse spectrum or non-stationary properties
y ?SJKHWEU%HEH@P\]E’\J@E%@}EH‘{E is an energetic statistical value averaged over a long measurement time

: XYH E:F*:u\:é:/'j__\({EEiEz)F EE"J%*)@Q&EKE&@ Not sensitive for regular distortion generated by non-stationary

music (kick bass)

° Xﬂ}%ﬁ%%%ﬁkﬁ’é?iﬁ’\]ﬂﬂ(@%ﬁz:@&@ Not sensitive for impulsive distortion generated by transducer defects
S Kﬁ‘éﬁ%‘ﬂ;‘f‘gﬁ%ﬂ%ﬁ No separation of noise and distortion
* ﬁlﬁ (1‘ EZISJ?\) Xﬁ Interpretation (root cause) is difficult
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Demo: Incoherence

Tools: Using dedicated software modules of the KLIPPEL Analyzer
 LAA Live Audio Analyzer

dit View Operstion Exias Tools Window Help
o ¢-a® A @EBA & H| Scelctdevics) ~ Dw e

L ‘e

JBL Arctic Competitive
Bluetooth Bluetooth
Speaker Speaker

(one (stereo, only left
channel) channel is used)
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%% HH:E::'V-'EEI’JﬁE:igﬁ Interpretation of Incoherence:

[dB]

ISR ESEE? Noise or Distortion ?

> FEEAANEEMARERHITESXNUE!

Multiple measurements with different input voltage are required !

Incoherence
Incoherence between In1(f) and Stimulus(f) [30 s]

NOISE
-10
—

-15 — =

= Noise +
20 Distortion

NOISE
-25
-30
-35
-40
0,01 0,1 1 10

Frequency [kHz]
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guestions, comments ?
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¢
LY
1
TN

2TRAVFRZ Residuum of the Linear Modeling

microspeaker

p measured signal p(t)

DUT
Error signal
(residuum of the linear modeling)
Audio B
piano music Source /4
(original stimulus) Adaptive
—> Linear —®
Modelling Plin modelled signal plin(t)
_ A 4
Time- Residual Linear
Variant . . . .
. . Distortion Distortion
Distortion

.

Physical Characteristics
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ﬁi%%iﬂ”% Residual Distortion Measurement

- o—° :
7%Z RESIDUUM (error)
WEEFREEHZ ENES
@‘" ‘J: difference between measured and model output
A
Adaptive '
- e(t) = y() - y'(t)
A
v v REIRYEIBRENEE FTUKAERT
Dyé'r?ae@t Residual | | Linear transfer function of the model is permanently updated by
' ' H(f,) = H(f = At)+ g, SCOXCED
Physical Characteristics SXX ( f, n)

ﬂcl\‘—:'{ Benefits:
jﬁﬁ?{f{j H:*[]'IE":E: Can be used for any music and speech —E’%%Eiﬁﬁ_\/_"iﬁﬁi}i%m
° __IT_ 11%%)@15 Can cope with sparse spectrum S(T.]'HTIQ%'EE Requires

« LEIS5EENEERS S pistortion can be separated from a constant noise floor quaep\t/i;?i;r:tter:gg eta?ti(:eospe with
« NENPHIRMBIFEANAE (RE. 0Eia. HibiRiE) REY P

Sensitive for impulsive and other irregular distortlon (rubbing coil, loose patrticle, other
defects)

. E_[D,lﬁ_[ﬂﬁft%%g&ﬁ Auralization of signal distortion can be applied

KLIPPEL LIVE #13: Auralization of Signal Distortion, 18 <+ P> ‘
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Time Frequency Analysis of the Residuum

Modelled s Residual

03
0,2

measured signal p(t)

0,1

M l

-0,1

W “\l\‘ul

\ j ‘\ “\\‘“'

o

Amplitude

-0,2

-0,3

-0,4
10 12 14

Sonograph

TFA time measured absolute: Wavelet dBFS
!

KLIPPEL

Time [s]
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Time signals

“ I Ai

U1 G

16 18
time [s]

79

20

KLIPPEL

residuum in time domain

NS

Sonograph

TFA time residuum absolute: Wavelet dBFS

KLIPPEL

5 6 7 8 9 10 1 12 13
Time [s]
“
-
-
1‘_ ~
N \-...,
o



Demo: Residuum

Tools: Using dedicated software modules of the KLIPPEL Analyzer
« LAA Live Audio Analyzer

« TFATime Frequency Analyzer

 PLAY (audio player for fine structure analysis)

e KLIPPEL life JBL Go version 7 - dB-Lab 210.826 - X
Project Edit View Operation Extras Tools Window Help
.l ‘ﬂfi{'ﬁ@‘Q‘}xE‘@Hl@(selecmevlce)'l |EH‘B‘
(1 Part 11 Wireless testing | € \part 13 Auralization\Arctic Competitor\Nonlinear Residuum\Incoherence\LAA pink noise stimulus ambient corruption: Listening
#E3 Part 12 Benchmarking
& (2 Part 13 Auralization Auralized Signals A
=3 Arctic Competitor
0 Linear Distortion artic MODELED
)23 Nonlinear Residuum 0dB
5 Incoherence --
| & LAA pink noise v
@8 |LAA pink noise stimulus ambient corrt
=] music ZAZ
£ 01AA 87 dB Residuum < EEEEaL =[5 [=
@ 1LAA 87 dB Modeled Signal(f) Spectrum Incoherence
&8 0 TFA -8.7 residuum Modeled Signal In1, R10 (113 octave) Incoherence between In1(f) and Stimulus(f) [30 ]
e WMeasured Modeled Residual o T Measurement Initial Identification
70 KLIPPEL KLIPPEL
Info Sfimubus Input Processing Display  Im/Export 50 N
-I| Store Data T? 50 *
Mode | Buffered ﬁ 40 3 o
5@ =] Windows =K =20
=L | | show Long-term W.. | [ E o 25
q | |show Capture Bloc... | [ 0 20
. - Statistical Measu... | [
« High Resolution ... [ 101 102 102 104 101 102 10% 0
Show Spectra Wind.. | [ Frequency (Hz] Frequency [Hz]
Unit Time Axis s
-/| Spectra / Transfer Function a = |5 9 =0 ETH XS @ = | B
Result Frequencies | R10 (3 pts/och) Modeled Signal H(f) Compression Distortion Level (long-term)
Show Spectral Den.. Measured Modeled - Residual ﬁ:g)n) — Ws g:‘ansr::ndf;a; Fespserion e
Weighting @In1 qff . KLIPPEL 0.06 KLIPPEL — -1 - - KLIPPEL
& Transfer Function (@ ds 10
() absolute ) 00 % 5
=| Incoherence | Al 002 B oo
o E Incoherence F o g E s
O stimul v ~ [ oo E 10
O Stimult {5 4ate window "Auralization™ 2 E
O stimult 0.2 g
BimioL Paste Oisar “ T —————— .
Ol 13 14 15 16 17 18 40¢ 102 10% 104 5 10 15 20
O s Time [s] Frequency [H2] Time [s]
oK Help Close

%= copied data @ KLIPPEL life JBL Go version 7 (3.1 GB)
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= p0)

SPL [dB] (0 dB

85

80
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70

65

60

55
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45

40

35

30

25

20

15

101

ﬁiﬁﬁ’iﬁﬁ Interpretation of Residuum :

ISRFEIAESEE? Noise or Distortion ?

> BEEAARBMANRBERITSXNE!

Multiple measurements with different input voltage are required !

voltage
0.05
g VT m
A1 _—
,J_I s 0.025 L‘

Residuum(f) Spectrum

1V

KLIPPEL

Absolute
distortion level

Distortion

Input

0.2V

NOISE -

103 104
Frequency [Hz]

Fixed noise level

KLIPPEL LIVE #13: Auralization of Signal Distortion, 21 <+ P>



Interpretation of Residuum

Peak value or rms value (energy) ?

Modeled Signal Distortion Level (long-term)
) In1 s s Measured peak === Peak Distortion Level RMS Distortion Level .
o T e o S B B B N S R —_upPE Linear component

) 'Linear component g° ., Peakvalueofthe

. £ ° /| residuum
® 5 \

£ residuum g ANA

2 I % 15 \ / \\
-é » \ / V \\\ /\\

? \ 14 dB crest

. uU=0,1Vv N /\ factor

95,60 95,61 95,62 9563 9564 95,65 9566 95,67 0 FIMS Va1 ue400f ﬁmg Fesuduum £ 100

Time [s]

Modeled Signal Distortion Level (long-term)
In1 e s |\|l@asUred peak EEEEEEE Peak Distortion Level M RMS Distortion Level

Residual — e T P
g e - e e “KLIPPE
KLIPPEL 30

* \/\/\/\/\/\—
25 A

’ Linear component

10

. Ar,,fj.ﬂﬂ.m mewwMMWWMLWW

residuum

25 dB crest
factor

Distortion Level [dB] (0 dB @ 1 Pa (rms))
[
a

* U=0.8V rms value of the residuum | Impulsive
ol R —— e ——— distortion !
883 88,4 88,5 as,imem 887 888 889 10 20 30 40 T‘mS([JS] 60 70 80 90
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Questions, comments ?
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<=2 Poll:

BAMEIERAERITIFE? (5ik)

How do you use the human ear for testing? (multiple choices)
A. }A;ﬁﬁﬂﬁjz/l\ I have never done this

B. ERTYIENENTERHF NALEMES. BREF)hE
Listening under standard condition used for physical measurements (artificial stimuli,
anechoic room ...)

C. BirhAFEHTAIHEER, FFINE)ITE Lstening under target
application condition (e.g. typical music, acoustical environment)

D. ARG THRFETENUN (FROENETEIONEM. 2
/|\|] %;EQ@% &%1‘7} > éﬁﬁ‘ﬁj\*ﬁ' ) Systematic listening test under controlled

conditions (double blind test with psychometrical methods, multiple listeners, programs >
statistical analysis)

E. RITEIUENNESHEIN (HIUSES8+17/588) Listening to virtually

modified sound reproductions (e.g. equalizer+loudspeaker)

F. HEFT( other ways

KLIPPEL LIVE #13: Auralization of Signal Distortion, 24 <+ P>



Input
Signal

[E5RKERITE

Auralization of Signal Distortion

—

y n(t)

Input —sr
. o ——» ‘
Signal u(t) oe "’
Linear Model
o— b
H(s)-1 di(t)
Time-Variant
Model H(s,t) dy(t)
Nonlinear
Model dn(t)
Unpredictable
| Dynamics di(t)
B#x OBJECTIVE:

EpdnHESHEMMSN, RRRFTENNE!

.| Output

Signal

Noise

Output
Signal

HE AT Spis RIFIEID B
HNXESE (BETE)
Scaling factors S, applied to the
separated distortion components
(mixing process)

Generating virtual modifications of the output signal used in systematic listening tests !
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Auralization of Regular and Irregular Nonlinear Distortion

e.g. microspeaker

residuum of

P linear modeling

}

Auralization
DUT
C. S
Audio
Source /
Adaptive
—P Linear 2 b
Modelling p"n
T'"_‘e' Residual Linear Perceptional
Variant . . . . .
. . Distortion Distortion Modeling
Distortion )

Listening
Test

!

!

!

Physical Characteristics

!

!

Perceptual Characteristics
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scaling factor Sy,
applied to residual

distortion

12 dB

6 dB

0dB

-6 dB

-12 dB
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Auralization of Signal Distortion

Input
Signal

Output
Signal

Linear Model
H(s)-1

Time-Variant
Model H(s,t)

Nonlinear
Model

Unpredictable
Dynamics di(t)

L= Benefits:

oJIFSRERNBENNIE (I ETE) Automatic measurement of the audibility

threshold (weigthed up and down method)

HENKERNOIFERE, MEERSE™REPIFAZ Finding the audibility threshold of

distortion which are inaudible in real products

IHMAEREXNERMNZIRAPME (EEE8URE) JSHERIFR Evaluating the

impact of the distortion on audio quality and end-user value (performance sensitivity)

'EQJ\E\ f‘%ﬂ%s EHEEI’]}?UK Fast, simple, transparent technique
EF— N RREZARNKIT N ERMEL B EINme AT Can already

applied the virtual products during design stage before first prototype is available
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Tools: Using dedicated software modules of the KLIPPEL Analyzer

Demo: Auralization

LAA Live Audio Analyzer
TFA Time Frequency Analyzer
PLAY (audio player for fine structure analysis)

@ KLIPPEL life JBL Go version 7 - dB-Lab 210.826
Project Edit View Operation Extras Tools Window Help

G‘ ‘D(FVG‘EJ‘Q‘}xﬂ‘@ﬂ‘@(sele(tdevl:e)" ‘EEB
- Part 11 Wireless testing “ | &8 \Part 13 Auralization\Arctic C LAA pink noise stimulus ambient corruption: Listening
3.0 Part 12 Benchmarking
&£ Part 13 Auralization Auralized Signals A
=3 Arctic Competitor
@0 Linear Distartion artic MODELED
2@ Nonlinear Residuum 0aB
=5 Incoherence --
] | €8 LAA pink noise v
*EB[LAA pink noise stimulus ambient corruption|
=5 music ZAZ
B 0 LAA 8.7 0B Residuum b === ¢ = [=]E3
B 11AA-87 dB Modeled Signal(f) Spectrum Incoherence
B 0 TFA -8.7 residuum Maodeled Signal In1, R10 (1/3 octave) Incoherence between In(f) and Stimulus(f) [30 ]
R Measured Modeled Residual o T Measuremert Initial Identification
70 KLIPPEL KLIPPEL
Infa Stimulus  Input /Processing Display | Im/E upart 60 -
= 10
5| Store Data w50
Mode ‘ Buffered E 40 g "
=@ =] Windows = 20
=1} Show Long-term W... | ¥ E 2 »
q Show Capture Bloc.. | [V o 0
& « Statistical Measu... | [
« High Resolution ... | [ 101 102 3 10 101 102 03 10¢
Show Spectra Wind... 2 Frequency [H2) Frequency [H2]
Unit Time Axis s
-/| Spectra / Transfer Function a = B e e = B3 @ = B e
Result Frequencies | R10 (3 pts/oct) Modeled Signal H(f) Compression Distortion Level (long-term)
Show Spectral Den.. —— Measured s Nodeled " Residual — i:::n :ﬁsgifjnfffﬁ T PeakDieenten
Weighting @In' KLIPPEL 008 KLIPPEL ~ =T == ——- KLIPPEL
£ | |Transfer Function 4 o
() absolute . 0,04 5
= Incoherence | 0l 002 ; 0
oE o Incoherence E o g E s b
O Stimult vl f~ 0,00 E 10
O stimult [ ypdate window "Auralization” 2 E s
O Stimult .02 B
O L Peste Clear - i e L
Ot 13 14 15 16 17 18 101 107 108 104 5 10 15 20
O In1(f) € Time [s] Frequency Hz Time [s]
oK Help Close

s copied data_ @ KLIPPEL life JBL Go version 7 (3.1 GB)

KLIPPEL LIVE #13: Auralization of Signal Distortion, 28

<>



Questions?
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!\>!=°\c

P W

O

1%%9%;:@“}?@6 Auralization of Signal Distortion

JL1E
_ﬁiy EE'% General Approach
e.g. linear model

|
1
I, | Reference
|
|

I ‘
e o XR
| System H

Perceptual
Modeling

Music, speech (U u(y

Audio Source

Listening

dis Pa

pt) Xt

<

<

1
<
<

A

SEPARATOR MIXER

X Steps:

RENAESy, (BTNENER) @37 RXKEBAMSSHIE Providing a test

signal x; (by measurement or modelling) which contains the signal output of interest

ESEESy; (BINESER) , AIRRIIARIS S Generating reference

signal x 3 (by measurement or modelling) Which represents the accepted signal components
?H’%‘ﬁi&’roﬁ:ﬂﬁlgiaﬁa Compensation of latency 1, and adjustment of gain a
‘L‘f%,ﬂﬂiit %‘E—XT*D%«% .:."sx RZ_IEJE]’J?EE{,:.?dd,S Calculating the residual signal d;, as the

difference between test signal xT and reference signal x
RE A Ui 45 S =7 P, Mixing the virtual auralization output signal p,
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Input

ZN=bap=1: ps)

=

Separation of Distortion Components

Signal

Residuum

u(t)

Time-Variant
Model H(s,t)

Nonlinear
Model

Unpredictable
Dynamics

N e, Output

> e ® e ® +p(t) Signal

Linear Model Llnear N0|Se
H(s)-1 | ae

)

Time variant

n(t)
Nonlinear

‘ Noise
Irregular

Reference
System

1] o

Perceptual
Modeling

Listening
Test

—
X7

DUT

SEPARATOR MIXER

Residuum= Test Signal — Reference Signal

Test signal x;

Linear + Time variant + Nonlinear +  Output measured at the DUT

Irregular + Noise

Nonlinear + Time variant + Irregular = Output measured at the DUT

-+ Noise

Reference signal xg

Stimulus (delayed and attenuated)

Output of a linear model

[ Nonlinear + Irregular + Noise

Output measured at the DUT

Output of an adaptive linear model

Time variant + Irregular + Noise

Irregular + Noise

Linear + Nonlinear

Linear
Nonlinear

Time variant

Output measured at the DUT
Output measured at the DUT
Output of a nonlinear model
Output of a linear model

Output of a nonlinear model
Output of an adaptive linear model

Output of the nonlinear model

Output of the adaptive nonlinear model
Stimulus (delayed and attenuated)
Stimulus (delayed and attenuated)
Output of a linear model

Output of a linear model
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ZN=bap=1: ps)

=

Separation of Distortion Components

Signal

Residuum

u(t)

Time-Variant
Model H(s,t)

Nonlinear
Model

Unpredictable
Dynamics

N e, Output

> e ® e ® +p(t) Signal

Linear Model Llnear N0|Se
H(s)-1 | ae

)

Time variant

n(t)
Nonlinear

‘ Noise
Irregular

Reference
System

1] o

Perceptual
Modeling

Listening
Test

X7

DuUT

SEPARATOR MIXER

Residuum= Test Signal — Reference Signal

Test signal x;

Linear + Time variant + Nonlinear +  Output measured at the DUT

Irregular + Noise

Nonlinear + Time variant + Irregular = Output measured at the DUT

+ Noise

Nonlinear + Irregular + Noise

Time variant + Irregular + Noise

Irregular + Noise

Linear + Nonlinear

Linear

Output measured at the DUT

Output measured at the DUT
Output measured at the DUT
Output of a nonlinear model

Output of a linear model

Nonlinear

Output of a nonlinear model

Reference signal xg

Stimulus (delayed and attenuated)

Output of a linear model

Output of an adaptive linear model

Output of the nonlinear model
Output of the adaptive nonlinear model
Stimulus (delayed and attenuated)

Stimulus (delayed and attenuated)

Output of a linear model |

“Time variant

“Output of an adaptive linear model

Output of a linear model
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%*)rluﬂ Eé%’fi?&ﬁﬁ’\]ﬁ_mﬁ% Auralization of Regular Nonlinear Distortion

caused by motor, suspension, cone, radiation, propagation

Small signal parameters
(Bl(x=0), Kms(x=0),
L(x=0),...)
M ! / Linear R
6 # > >
N/mm £ / "1 Model
N nonlineaf suspension / || =
i / o
4 \\ 7 / L)
1\ i / (") u(® ||ﬂ o |out
) f \\ V4 Audio Source i_1:
n | Cq \ ~o7
1+ = \ Nonii
H \ | Nonlinear )
C \ Model
3 XT
4100 75 50 -25 00 25 50 7% 100 P |
displacement x mm \ I, TEST
NPM TEST

Large signal parameters

(BI(x), Kms(x), L(x))

u(t)

S q P

‘ D(x) ‘ ‘ C(x)x ‘

o )]
I

L1

X
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Finding Audibility Thresholds

Results for "6 inch driver” playing "Music T. Chapman"”

13245

8662
2659
1585

11963

number of testers who reached the level

3376

enhancement DIS  attenuation -
‘/rjl"‘ﬁdl J (lj
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Input

Auralization of Linear Distortion

Signal

Residuum

u(t)

Time-Variant
Model H(s,t)

Nonlinear
Model

Unpredictable
Dynamics

N e, Output

> e ® e ® +p(t) Signal

Linear Model Llnear N0|Se
H(s)-1 | d

Time variant

n(t)
Nonlinear

‘ Noise
Irregular

Audio Source

Reference
System

Perceptual
Modeling

1] o

Listening
Test

Xt

DUT

SEPARATOR MIXER

Residuum= Test Signal — Reference Signal

Test signal x;

Linear + Time variant + Nonlinear +  Qutput measured at the DUT
Irregular + Noise

Nonlinear + Time variant + Irregular = Qutput measured at the DUT

+ Noise

Nonlinear + Irregular + Noise

Output measured at the DUT

Time variant + Irregular + Noise Output measured at the DUT

Irregular + Noise

Linear + Nonlinear

Output measured at the DUT
Output of a nonlinear model

Linear

Reference signal x,

Stimulus (delayed and attenuated)

Output of a linear model

Output of an adaptive linear model

Output of the nonlinear model
Output of the adaptive nonlinear model

Stimulus (delayed and attenuated)

Output of a linear model

Stimulus (delayed and attenuated) |

Nonlinear

Time variant

Output of a nonlinear model
Output of an adaptive linear model

Output of a linear model
Output of a linear model
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Separation of Linear Distortion

Speaker in Target Environment (room)

Stimulus i_> g > p(tr)

direct sound py;

Speaker
distortion d,

Ear
Input

Stimulus sz,
(music) u(t) oe

\ 4

Gain a
Latency T,
are accepted !

Speaker
Hsp(S)

Room
Hait(S)

How to provide the transfer functions Hg,(s) and Hy(s) ?
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Providing the Transfer Function

for the Auralization of the Linear Distortion

Total response
measured at test point

Stimulus @ =) HEVN Analysis
h Hy(s.r) Ambient sound
Test point (room, boundaries)
r
l Hait(S,r)
N s gtined Direct Sound ]
f —»  Spherical ‘—’C Extrapolatiol > Hiee(S,1)
R Wave Model Direct sound
Holographic
nearfield
scanning
near mot Linear model for speaker distortion:
_ _ _ —S7
Hdif (S)_ Ht(s’r) Hfree(s’r) Hsp(s) - Hfree(S’r)_ae
Test Reference Test Reference
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Demo

Tools: Using dedicated software modules of the KLIPPEL Analyzer

« |ISC In situ room Compensation
 NFS Holographic Near-Field Measurement

lsu LN L
;;.llllll!‘.!‘..\‘\\‘\.\\\\l‘\l\\l \\\ | U

h’“
AR ——
“ 7—,‘,

———
=

Micro@fione
In tardet
apphy jon

Speaker
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@E'TC:QE:':EI’JTUE 'ﬂ/, Auralization of Linear Distortion

EMEr=30cmAJNIRIEA4L at the test position r=30 cm on the table

\

‘\\v\i v V.S “ " ‘

i e

L TS o
i uluiguilﬁ ifii :\ilp\u:q:[ (‘ill ..: A !ii"!!’

i Y\\\\\\\‘%&\\\W\\&\N uwu. Lgl

“ﬂ‘\\[

, ‘\.

B#x Targets:

o ZEFEIUIAZNESFRE (FT7EEE) considering in-situ measurement condition (near field condition)
e 738 1437 Half-space, near field

o EFENFR(EREE. EI1DA. B)BISET Considering reflections from boundaries

(monitor, laptop, walls)
o EJ[EEB#&Z, Considering room modes
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AR =]

Stimulus

EI’\]EJ—DF[ 'ﬂf, Auralization of Linear Distortion
EmEr=30cmAYNIASIE4LL at the test position r=30 cm on the table

“E
(=]
%Qb

(music)

o)

Ear
Input

Direct
> ae—STO _|_ _|_ >
Pin(t)  * Pair(t) p(t)
'g dss(0) dair(t)
% Speaker
Speaker
Hsp(S) Room
Room Q':
Hait(S) -
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S E 157 % Decomposition of Linear Distortion

- N
'j]‘/\ ﬁﬁl‘ BOcmEI’J,)\JL‘MfZEL at the Test Position r =30 cm on the table in the offfice
Transfer Function H(f) y;
(4
H(f) = Y1(f) / Stimulus (f)
s |0 Situ mm Direct sound >
= = = = Room Reflections Speaker Distortion Direct
| 120 ‘,
Urclisioria KLIPP | 4 t:?
A P“ Lo d . lx ||. lilln. nlhl.l.n ..M.. i M Tota A

Frequency [Hz]
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Auralization of Linear Distortion
Right Ear at Listening Position in Wolfgang's Office

B¥x Targets:
o ZEEBIRMNAFRIEHAIS{H Considering typical conditions in target application

o SHXHENFEREZ=M (FR) Searching for critical program material (music)
o ZESWIIRFNRENIFE(H Combining physical and perceptual evaluation
o LVIREEFNIZAEEEFTERILE D= Comparing distortion components generated by room and speaker
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Time/Frequency Analysis

of the Impulse Response

Direct Sound Total Sound

Spectugam Spectogam

Test position
r=30 cm

Ear position
r=1,55 cm
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Uricisioriac

Decomposition of Linear Distortion
Right Ear at Listening Position in Wolfgang's Office

SPL [dB]

110

105

100

95

90

85

80

75

70

65

60

55

Transfer Function H(f)
H(f) = Y1(f) / Stimulus (f)
Room Reflections mmmmmmm Speaker Distortion

- = = N Situ
mmsssm Direct Sound

KLIPPEL

Total

102 103 104
Frequency [Hz]
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Auralization of Linear Distortion
Right Ear at Listening Position in Wolfgang's Office

Transfer Function H(f)
H(f) = Y1(f) / Stimulus (f)
= = = = [N Sity =———— Room Reflections mmN Speaker Distortion
mmsmmm  Direct Sound

KLIPPEL

" o

g '“‘Jﬂﬂ! Mw “ 'M‘“ L
et Sqim gL i
g * \/M 7 It WAL M

s Wi p$aker

1 [/ Distortion

103
Frequency [Hz]

SCEG4EIS Conclusions from the experiment:

BIAEHREELL S 5TERIRE/VRZS Distortions in direct sound are much smaller than distortion in reflected sound!
= 2 5ENN T B ARV EFIZSE)/E Sound reflections increase the loudness and spaceness of the reproduction

XiamssiE, BEERENERE— N RBUEUED Music with significant bass is a sensitive stimulus for the speaker

distortion

HNEERE, BaISER (FHE. BS) E—NRBUEUR) Music with high dynamic (breaks, transient) is a sensitive
stimulus for sound reflections
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Linear Distortion Metrics

Speaker in Target Environment (room)

Stimulus $ﬁ_> @, > p(tr)
b

direct sound py;

Speaker
distortion dg,

Instantaneous Direct Energy Fraction

Instantaneous Distortion Ratios
(IDEF):

d? 2
() Dy (1) == L Dsp(t):—dd”(t)
p° t) p=(t) p’(t)

Mean value can be replaced by maximum value

Dsp (t) .

Application: Finding critical program material (music)
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Auralization of Linear Distortion

Speaker in Target Environment (room)

Stimulus

Stimulus
(music)

= &~

Speaker
distortion dg,

RZFR Applications:

u(t)

> o T

direct sound pg;

Ear
Input

p()
dar(®) Scaling factors

0<S,,<I

Speaker
Hsp(S)

Room
Hait(S)

I oss,

 ARESRIFTENEFRIELLNIREXTESR Synthesize virtual test objects in systematic listening test
«  RAECIFEEFNOTIENZESR Determine audibility tresholds and just detectable differences
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Discussion
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R4S Summary

BANBIERAMYEBURTDUT, BBUR TS GRURD.

17’=‘l5|‘E_|_]\ %Z%\ ;JH\U.EEE%H]%) The perceived audio quality depends not only on

the DUT but also on the test condition (stimulus, room, ambience, test strategy)
ZINEL > Ry =] N E= e AY = VAN 3

KED=E0LEARBINEZ BHEED B LR

Distortion components can be separated as a residuum of modeling and measurement

AU AR AT LA B — N IS B B L

Auralization techniques can generates a sound output with a modified distortion ratio

%%%Eﬂﬂﬁ-ﬂﬁé%‘é? @%ﬂﬂ]#@ ;;‘I;F{E Auralization of signal

distortion combines perceptual and physical assessment

AT 7 e U R S

Auralization simplifies listening tests and provide more information in a shorter time

E_[Uﬁ"ﬂf,j]l]ﬁ _]’}“ﬁ%j"?ﬁj&*ﬁ Auralization speeds up product development
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Open Questions

IEC 60268-21;2 8 N5 S KERMEIENRHF IIFNAE, B2, REHl
W FaaiER K (BASPL) REHEEN. A JanEfExX /N alRang?

The IEC 60268-21 gives no fixed limits and permissible tolerances for signal distortion. However, limits
are useful to simplify the rating of the maximum output (max SPL). How can we solve this problem ?

F14HAKLIPPELMZZ I TS TERR The next 14t KLIPPEL live webinar entitled |
AESEKRREREXNAE

Setting meaningful tolerances for signal distortion

3{%—'13‘]2 will address the points:

- IL\,\EE)?E?'—EH%H’\J—J%QEUEEE General audibility threshold from psychoacoustical research
e jc%é&?&%@ﬁiﬂﬂ%{tﬂtﬂ’gﬁjﬂﬁg Audibility under most critical or typical conditions

% ﬁﬁ%?ﬂﬂﬁ'g Audio quality is more than audibility
= 'LA%D*D@;%D@TE Cognitive and perceptive modeling

%é%ﬂ%ﬁ%?@”iﬁ%j({ﬂ{ﬁ Generating maximum value of the end user
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Next Section

Modern audio equipment needs output based testing
Standard acoustical tests performed in normal rooms
Drawing meaningful conclusions from 3D output measurement
Simulated standard condition at a single evaluation point
Maximum SPL — giving this value meaning

Selecting measurements with high diagnostic value
Amplitude Compression — less output at higher amplitudes
Harmonic Distortion Measurements — best practice
Intermodulation Distortion — music is more than a single tone
10 Impulsive distortion - rub&buzz, abnormal behavior, defects
11. Pitfalls in Testing Wireless Audio Devices

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

CONOOTAWNR
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