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a series of webinars presented by

Wolfgang Klippel
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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 evaluation

14. Setting meaningful tolerances for signal distortion
15. Rating the maximum SPL value for product
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Auralization of Regular and Irregular
Nonlinear Distortion
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4t KLIPPEL LIVE:

1
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Setting meaningful tolerances for signal distortion

H3FRR Topics today:

XjAE:&Ll‘EEi&??@*E Modeling the processing in our ears
9&%@,—%{¢TH’\JE_|—DE E‘ZME Audibility threshold under critical condition

2 ERRA S

L

d Perceptual audio quality measured with music

j(ﬂ@;;&fﬁ?zé:&\ Our brain decides about the audio quality

J

%j{{{i@‘ﬁﬁ‘a . ﬁTﬂE Maximizing the end-user value
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How to create a successful audio product?

Product Development |

Lifecycle | — — " [T |
Standard : /S_f\ |
Measurements pecification :
\ ) Prototype '
Ny V. :
Production |
Target N :
Performance Q@@Qo( End-of-Line >:
TESTING I
pyy —— g :
@) |
|
|
B passed failed |
In-Situ 4_(]( \ :
Testing + . . “@ i
Listening q b Q)ﬁ
.',a
Target q b g
. . g O]
Application

IR ENELEENENME. FRETNAE!

We need target values, limits and tolerances for our measurment data !
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IECHEETE X RIEENIARIE ISR

Essential Metrics for Benchmarking defined in IEC Standards

D/'SC
Ky 1 Yss
LINEAR DISTORTION LPpg, e i
SPL response L(f) L (/[/5

A

A
Speaker A
| TIME-VARYING
] A A > DISTORTION
mj amplitude
compression C(f)
A

A 4

NONLINEAR DISTORTION
multi-tone distortion MTD(f)
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Applying Limits to the Metrics

LINEAR DISTORTION
SPL response L(f)

outside of the product
: specification (Fail in EoL-testing)
D

According specification
'REGUL/ (PASS in EolL)

| 5L | TIME-VARYING
DISTORTIOI 4_| A A | = DISTORTION
impulsive amplitude
distortion ratio Le compression C(f)
iy L
IDR(f) IDR
A
Limit Values — g T

NONLINEAR DISTORTION
multi-tone distortion MTD(f)
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Poll:

AN IESKEIREFRERY?

How would you set the limits for signal distortion ?

A.

REFRRER, KEREFTLH)IGEEZELNEENTSE(EE
%)Eﬁﬁﬁ"]?&%@%ﬁ:?uﬁ §|J At the limits, the distortion becomes just audible for a

trained and experienced listener (GOLDEN EAR) under special critical conditions

IREIFPRER, KERTLAR—ReR P EHEBSFA NEENZE At the limits
the distortion can be detected by a normal user under typical conditions

FEHEBEAT, RREXNNNERE, —MAPBARINERES/NB
ﬁj\jﬁ% The limits correspond to a small loss of perceptual audio quality as perceived by a
normal user under typical conditions

BE%U}EET %Exﬁg%&—%ﬂﬁ-&% E{"ﬁ The limits describe distortion which are
unacceptable for some listeners

BE%UT-I%_J\?ET %%%Ejaégﬂﬁ‘a%)ﬂf%{#ﬁ"$ F{{TEL, The limits describe the
signal distortion that generates the best benefit-cost ratio for end user

,E:Jﬁl, other

15
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PR BRI

Criteria for the Limits

RERETI
BIANET Worst case scenario Predictable by

maodeling
=SS ARENETEE (REBIESR |
N %?ﬁiﬂﬂiﬁ%ﬁ:) Audibility threshold of signal

critical test condition)

—hR2um B PR R BN RS R
RUNBYELER PP ARBERIRS Not

acceptable degradation of audio quality as perceived by a
normal end user under typical application condition

i BRI S mAVNEX
[I]EEEI_FB§ A significant decrease of the value of the
audio product as seen by the end-user

\ 4

SrE
complexity
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NS Worst Case Scenario
B A ESEETRIRIIFE Audibility under most critical condition

LR SRFENEE (b, SMIED. 8RR, &RKR)

End-user: Experienced listener (e.g. sound engineer, musician, audiophile)

EAEAEFEM: BERERE. MRRENEFEFENENNEES

Most critical program material: two-tone signal with optimal amplitude, frequency setting and sufficient
duration

7’

)?-;?'—f/ﬁ% i\ﬁ')::gi (EE)::EI%’-\ %%i%ﬂ;?%ﬁg) Acoustical Environment: Anechoic

room (dominant direct sound, no ambient noise)
fﬂ! ||iﬂ, E fi: S&‘EAB;)HUEW@%IJMU&}EJKTZ;EUEE Test Methodology: Double Blind AB-Test
to find a just detectable difference

BHIR . FOeJIR[={EF8[E] Limit: 1dentical with audibility threshold

SCHEVY: EEE7H (BIA0MEIFEEFE) Practical Relevance: High-quality products
(e.g. Studio Monitor)
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Audibility of Signal Distortion

{47 i% Methods for Assessments:

1. EFERMFSEAMBAADARNS R TEE voceingme >
eptive and cognitive processing in ear and brain based on basic research__
2. RITEL~m (BESS5E. BV, Iha=. XWEABUIK.

é}Ei-I-ég\d‘E ) Listening to real products (selected participants, program material, listining
room, double blind AB test, statistical analysis)

3. RERITENENFEEE (ESXKERIAIT{L> KLIPPEL live,

# 13) Systematic listening to a modified sound output (Auralization of signal distortion ->
KLIPPEL live, #13)
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Evaluation of Signal Distortion based on Perceptual Modeling

distortion
Basic
reference
~~sighar | monaural  f--r---oooo 1 Basic AL BB B R
| processing | Auditory 214 )FE S #HT The cognitive processing
y | Sensations ;ummari;es_ the perceived information to a
test :Slgnal ! final quality judgement
| I
= = Loudness
A N Binaural | | Fluctuations
S Processing Roughness | ____. S et l
TS e T Sharpness S | ----- < - Cognitive :
: : ColorationV | ----- > Processing I
. R o o o e - |
testisignal Spaciousness R
: : Localization
-- Basic !
I__Ee_f_eEe_n_C_e____.’ monaural | | e — =
signal )
processing
distortion

EANT o AT EHIEE,
T SEEHIAIITE The basic auditory

sensations are the dimensions of the
perceptional space and describe the
audibility of the distortion
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Sound pressure
In ear channel

Basic Monaural Processing

Low-pass spread decay
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I
| Nonlinear System I
| _ .
I
| 2090H  H>H T > T(E) = N=fE) —
' \ I
|
180 Hz A iy o N'= 1,
> 90-180 Hz TDI_' T _.\ 1(E) = N'=f(E) I
> 180 - 280 Hz 4I—D|—» T _.1‘_; T (E) —{ N'=f(E) :, ——» loudness
I\
| iy
1 3 . N Y I
—»{ 280 - 355 Hz TD"' T —'rf > U(E) —{ N'=f(E) - ——» Sharpness
: ;t 1|7
355 — 450 Hz JI—D|—> T _..“ » T(E) = N'=f(E) | | roughness
\ |
I
1 450-560 Hz ([ >fef T bl T(E) —| N=E) _:> ——» fluctuation
|
1 \ :
> 9-11.2 kHz +D|—» T —-— » T(E) = N’=f(E) 1
i g
\ = |
11.2 -14 kH ‘I‘{>|" N S~ BN o N'= >
— z T ) T(E) = N'=f(E) il
T —
= e Rectifier Spectral Nonlinear Specific Weighted

Loudness N* integration

\

‘

Basic
auditory
sensations
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Transformation
SPL Spectrum-> Critical Band Level L.

A
ﬁ generating same  20%0H T
Lg .
L s 90-180 Hz F%L?
L TELFTE L LY ] 180 [ L L
| 280 - 355 Hz %L?
n() 355 — 450 Hz %L?
.................. [ N L) 50— s60Hz | T
L
20 90 180 280 Frequency in Hz 20000 Third-octave Tl
band passes i
| | | S 1 o ganake {1 L
1 2 3 456 24 i
critical band rate in Bark ) -
L s 11.2-14 kHz %_?

iflzﬁiazl][ﬁ],?é}fﬂ’ﬂ%i’e Consequences for the assessment of audio systems:
- Bl SESHLBEMES B FE=tE (An-mEs-BiE-AR) FRIYESE third-octave

spectral analysis of reproduced audio signal is useful for interpretation of coloration in audio-chain (stimulus-speaker-room-ear)

 Bf LB NGRS s P = R o B BB 2y S 158 (R BT BX bass sensations can be enhanced by increasing level

of higher frequency components within the critical band
o |HR SR ERAILdBZ, BT LA#EIFZ! 1 dB variation of the critical band level becomes audible
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Transformation

Critical Band Level L; & Excitation Level L

spectral masking

O 4 8 12 16 20 24
critical band rate in Bark

»
»

temporal masking

L T Longimpulse

I
I
'] Short impulse

|~ | | | | >
! ! ! ! ! 1 u

0 50 100 150 200 250 300
time in ms

(I
! ! !

0 50 100 150 200 250 300
time in ms

i$1ﬁ%ﬂ[’cﬂ§éﬁﬂ’ﬂé§i’e . Consequences for assessment of audio systems:
e mEEHFuJ}EZEIJE’\JIIJ_%EI;L/,ﬁ_{EEE% Peaks are more critical than dips in amplitude response
. HE%'&E%&E&:Eﬁ%?%ﬁ Nonlinear distortion is masked by the fundamental component
. @Z%E’\JDEZ:;ZEIJ Fast modulation of the envelope is less audible
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ransformation:

Excitation Level L & Specific Loudness N°

Loudness for pur

e tones

100 WW
dB
T— %0 |
6 [
I
I
2 60 W 4 |
= 10d8 Fa i
1(75 l
i) I
I
S , 20 05 I
T 20 N : /
> S~ 3 y
O O/N ~~~—_——‘ A/’
Y ‘\\¢"
0.02 0.1 1 kHz 20
frequency

iSFlﬁﬁlllﬁ],%?RH{lzﬁie Consequences for assessment of audio systems:
« NRIFTFEFEXNE, NIEEIFEES(SS Bass signals are not audible if the listening level is too low

« (RN NES T e SRS AN EZEZESR small differences in transfer response may cause
significant differences in perceived bass sensation

1. Specific Loudness
N'=0 for L < Lq

2. Loudness doubles if
excitation level rises
by 10 dB for Lg >>
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Poll:

ERRERMT, BRXRIEREKETHDN AR FRS?

Which limit would you apply to Total Harmonic Distortion (THD) under most
critical conditions ?

A.

G mMMmoU O ®

More than 10 %
10%

1 %

0.1 %

0.01 %

Less than 0.01 %
I don’t know
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Audibility Thresholds under Critical Conditions

Linear Distortion

Time-variant linear
distortion

Regular Nonlinear
Distortion

Irregular Distortion
(defects)

Variation of SPL frequency 05..1dB
response AL(f)

Amplitude Compression C 0.2..1dB

DTHD(f)l D2HD(f)/ D3HD(f)/
DZIMD(f)I D3IMD(f)

Impulsive distortion ratio
IDR(f)
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@%’fﬁig&iﬁ’\]ﬁjﬂﬁjﬁ Audibility of Linear Distortion

B,Eiéél’ﬁ@,—%ﬁ: most critical condition

Just-noticeable Changes in Amplitude

Reference: E. Zwicker, H. Fastl, Psycho-acoustics, Facts and Models, 2" edition Springer

a8 y T v T T v ' y T Fig. 7.5. Just-noticeable
level difference of a 1-kHz o
2r tone as a function of sound iﬂ’s‘ﬁﬁiﬂﬂgﬂgﬁ’,ﬂﬁ] Impact on Audio
1F i pressure level Measurements:
as) , : *  SPLIERIL(f) S3RERAIZ(E
=i 1=kHz tone Variation of SPL response L(f) versus
0.2 frequency
- « IREEREC() SHENER
0.1 0*-‘-—‘-* >0 0 80 80dB 100 Amplitude Compression C(t) versus time
sound pressure level
SCHEePAYSCHERIAE critical scenario in
practice:
IEEIZ:%&E}JE‘ZMEHRI;&:_F Threshold for sinusoidal stimulus depends « BRPHEHREINENESEELEES)
ﬁﬂﬂ'] %*DEE:FQ& Frequency and level of the tone Glissando (continuous slide) in music with a
«  EHEBYFLEERTB)(ZE20.58) Duration of the tone (at least 0.5s) sparse spectrum
SN — S . . . — —t— & .—t—.M -
« FAZERYEIR(ZE0.28) Pause between the tones (at least 0.2 s) = E$1¢IE1M¢E/JMU§_7FEI§EL$§ aN({w
«  E{fEZ other factors {l44;) Just noticeable shift in localization of

the sound event (lateralization)
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Audibility of Regular Nonlinear Distortion

- = [T Experiments with Static Nonlinearities
> [1°
Switch

Static
Nonlinearities

Two tones

attenuators

. . 1.5f
(fifth interval)
Loudspeaker Listener
fm
80 _ /,/’ Most sensitive . e ?L Most sensitive
60 ( ﬁ_ | k,=0.25% }— 5 k ( / e h
N&NY SN
Pabs40 \ \ p %i Pabs \ 0 /\/
\1/ L T 40 \;
[db] s 0 [co] N
i NN ’ /
0 ==S—= /// 0 . )\% ~~~~~~~~ P /
Hearing threshold ,/\/ Hearing threshold
I I | | |
O os . . 1 %003 012 05 2 8
' ' — f Finikriz 16 —> kg

GiBler, G. Die Grenzen der Horbarkeit nichtlinearer Verzerrungen bei der Ubertragung von
Instrumentenkliangen. Frequenz 9, 15-25 (1955).

KLIPPEL LIVE #14: Setting meaningful tolerances , 19



7}3‘29&?18’]9’)\15 }%Eﬁlﬁ Spectral Masking of the Harmonic Distortion
M0 = B8 A AR BB R/ BY LkHZz S R i

Level of test tone masked by a tone at 1kHz of different levels

Reference: E. Zwicker, H. Fastl, Psycho-
acoustics, Facts and Models, 2" edition Springer

(O]
= Ly, 80 dB and
2 =~ 1% of 2" harmonic is not audible
o
B
o
L= 50 dB and
~ 1% of 2" harmonic is clearly audible
L= 40 dB and

1% of 2" harmonic is not audible

frequency of test tone

Euj\ﬁf |:|'Lb Consequences for audio reproduction:
w2

%_SPL . %E%&E;&ﬂ] AEE' Eé%’fiﬁﬁ }%ﬁ]\qﬁ High SPL: Distortion are masked by the fundamental and

ear nonlinearity
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B EIr £ R ERE

Intermodulation Distortion generated by Two-tone Stimulus

0,
/‘Z;SC SS@
L U'/E
Amplitude
Ap sound pressure spectrum #0
4 Intermodulation
2nd Distortion
3rd d
Masking treshold
pth th
harmonics:f <diffefence tones summed tones?
£ 2f, nf, f,-(n-1f, =T f,+(n-1f, frequency
1
“bass tone” ‘“voice tone”

Emjﬁ?&ﬁﬁ;}%&éﬁ%}&ﬁﬁ?ﬁﬁ@ Are the intermodulation distortion components masked by the fundamental ?
J\ZERBE:_FfEEEI))\zf I 1t depends on the frequency of the bass tone f, !

KLIPPEL LIVE #14: Setting meaningful tolerances , 21 <+ P>
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AR BRI,

M N—

=

>Z

Audibility of Intermodulation Distortion

80dB SPLRY, SliEf, = 1 kHz BIRIEF R ZRTEEIREANIET RS ESSEL, (E/9vERlsnERr, /Y

IET_\I%Z Just-noticeable degree of amplitude modulation (AM) and just noticeable index of frequency modulation (FM) of a
high-frequency tone f, = 1 kHz tone at 80 dB SPL, as a function of modulation frequency f;

degree of amplitude modulation, m
index of frequency modulation, n

S

100

31.6

3.16

0.316

Té
e

f, = 1kHz
L,=80dB
,Voice tone”

Modulation frequency f;

Zwicker, Fastl, 1999

32

128 512

KLIPPEL LIVE #14: Setting meaningful tolerances , 22

,Bass tone*

#5318 Conclusion:

~> BREXERBHEmM( >
200HZ) the intermodulation
distortion is not masked (f, > 200Hz)
AMiEHI (RN EZERE)IX
2I|3%R AJ B4 RN /948
TaEFLERI(f, < 100HZ) Av
modulation (e.g. force factor
distortion) is audible at 3% and

perceived as roughness and
fluctuation (f, < 100Hz)

FMifls){E=T20dB (f; <
3OHZ) Threshold of FM modulation
is 20 dB higher (f, < 30Hz)

g%ﬁﬂ?&gx%g Doppler

distortion is not critical

9
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level of test tone

1+
Ji+
<
wi
W
g
St
il
L1

S /==
E]{ Masking Threshold

£ generated by a band-limed Multi-Tone Stimulus

80
dB |,

Level of test tone masked by a multi-tone complex (ten harmonics of 200 Hz)
Details see Zwicker 1999, Fig. 4.10

Multi-tone Complex
. e 60dB per tone

Masking pattern

1 % distortion threshold
_______ —_————

Tt

-
/"’
-------
il S
“wem_m
~

~~~~~

0.02

005 0.1 0.2 0.5 1 2kHz 5 10
frequency of test tone

Eﬁﬁﬁﬁﬁ#i%ﬁﬁﬁ'ﬁ The fundamental components generate a high masking pattern.
SRR ERIE1%[EE FEUZE]!  The distortion at higher frequencies can be detected at 1 % threshold !
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K ts

E_ E/\JEUEJE Audibility of Intermodulation

ﬁ\ \ N N . . . . .
ZE RS 5 EBId R SIAEZ M Multi-Tone complex via static nonlinearity
100dB \
/ }%\\ \ 10 sinusoidal SQUARER HEADPHONE
80 Generators at | 1,10 s
/ 1% f, and < £ ke _IEI |
S harmonics | o A AMPLIFIER
/ ) Most sensitive |
\ 4/ /\ \\_/ METER
\J \/ \\ A\
40 —~ — )
SPL S GagRler, 1955
dB \ / — /
& 10% / — B2 7 ESFIEIA 100 ERKAY
/ KEE SRS A SIS
\\ Threshold of audibility of a distorted multi-
0 e /\ tone complex comprising fundamental f, and
\/ harmonics up the 10th order
0.06 0.25 0.5 2 4 8 16kHz

frequency of the lowest tone f,
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e PRYIEZ R E
Nonlinea

ar Distortion in a Dense Spectrum

Spectrum of In (f)
Microphone si ;'15 [room comection applied)
Moise + Distortion, u =06

g ——— MTD Fundamental (12 tones per octave)
a0 KLIAPEL
a
@ | i
50
% 40
g 30
% 20 || Lt w
% 10
a A
-10
20 Ambient noise
L

-30

107 10% 104
Frequency [Hz]

¢ 5|E2£ ﬁ%ﬁ%&}%ﬂ?ﬁ?‘ T ﬂr]}%"_ *DSPL"}D@ ':F' | Nonlinear Distortion are masked in the loudness and SPL spectrum !
(B2 BUT
g 5"52% HE;EE—_H’_ HTHEP?&LLI)\ J(j]*ﬂ* r_ *D,&Eh) Nonlinear Distortion can be detected in the time domain (as

roughness and fluctuation)
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Demo: Audibility of Amplitude Modulation

Tools: Using dedicated software modules of the KLIPPEL Analyzer
« LAA Live Audio Analyze
« MTONE Multi-tone Module

JBL Arctic Competitive
Bluetooth Bluetooth
Speaker Speaker

(one (stereo, only left
channel)

channel is used)

KLIPPEL LIVE #14: Setting meaningful tolerances , 26 <+ P> _



L,/dB

e s R P R SN

Masking of Loudspeaker Defects

Dijs
100 T T I I ||! T T T T 1 II. T CussedInKL/P

40 ¢
20 | 4
0 bPassed 'Lk
20 |
40 |
-60

60 s y “b&Buzz - Air Leak -

E’)J\EJZ \iﬁﬂﬂTfEE 'LE;EZ Fundamental component masks low-order harmonics

100 1000 10000

o Dﬁ|:ﬂ1‘|_ﬂ,$%"§7_ﬁ_y)\l§|’ﬁlli.%%)b9€§ Hearing threshold also masks irregular distortion at high frequency
r@%_ﬁ_: ﬂ,ﬁﬁlﬂﬁﬁﬁﬂjﬁ‘é’h %__]__Ti]):ﬂ E’%ﬂﬁﬁ’? Questions: Which perceptual metrics reveal the loudspeaker

defects ?

KLIPPEL LIVE #14: Setting meaningful tolerances , 27
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ooss's .

Spectrogram Lgee(f,,fz) ™
generated by an Auditory Filterbank

3DL - Spectrogram

Spectral *1 g
frequency h
fs A ;;

ERLH]

Aol 'l ob' ol sh b ok okl abs bl ok 4
D L o T T T UL UL U I B I U I T ) DA OO0 A A SRR
.:.!...r..ﬂﬁ»u.i...‘-.?\H.x.‘dmu.o....-H‘_.E.S.f}.ﬂﬁ.(.’:...-.m..m. R <

time

Instantaneous excitation frequency of the chirp f
e

N
KLIPPEL LIVE #14: Setting meaningful tolerances , 28 < P>



3D Disturbance to Mask Ratio

THUHBHERER © DUTSIE Loy (s fe) RS SSHIEREIEZ AINES

Disturbance Mask Ratio shows the difference between the spectrum Ly (f.,fz) of the DUT and the
masking treshold generated by the Golden Reference Dut !

Spectrum Lee(f.,fe) of the Disturbance Mask Ratio DMR(ft) of the
Golden Reference DUT Golden Reference DUT

3DL - Spectrogram ) Disturbance to Mask Ratio

fS

DMR=0

;

g 2
el P V4

ol 1™ P

o /s .
= ’
.
e | ’
\

[ S R A
whHWatESs
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CEEFEEEEE RS R RN LA

Feauency (H7)

BXIRKERTERE E Hii

Low Masking of Impulsive Distortion !

HESEHFNTHHERKERDMR( 1)
Disturbance Mask Ratio DMR(f,t) of the Golden
Reference DUT

&

Disturbsnce to Mask Ratio

— TR PEa I A5 BEAY 3 DIMIE (—R R A1
BRikT) 3D Spectrum of a Defective Speaker (loose
particles simulated by one grain of salt)

impulsive Distortion
- T T S S gy

' |
I -

[ ° ° o :_c:} o o 0 2 01 02 03 04 :::;s; 05 07 0z os 1.0 fe
XIS T THD) SE R PR Ty, TR
A ZEE 7877 Low-order harmonic distortion &7 Impulsive Distortion generates high
(dominating THD) is masked by fundamental and frequency components which are not masked by
accepted distortion fundamental !

N
KLIPPEL LIVE #14: Setting meaningful tolerances , 36 <+ P>



Basic Auditory Sensations

frequency

Temporal envelope variation

(e.g. amplitude modulation, transients)

High-frequency distortion
(Increasing spectral power above 3 kHz)

v

Increased

Roughness

Sensation: aggressive, unnatural, more noticeable

v

Increased Sharpness

Degradation of
Sound Quality

KLIPPEL LIVE #14: Setting meaningful tolerances , 37 <+ P>



TTXJEoLlliTliY4ESIE

Consequences for EoL-Testing

EUEEZEEI\QEPASS/ FAI LBE%U E/‘JEJ%E*/]_?;EHE_’J? Is audibility a reliable criteria

for setting PASS/FAIL limits ?

> AR, BUEHIASESTEIET EoL AYRIITEREAEI,
(EEBENESIEEZEEHRETE, FSEUSIZRERE!

No, some defective units produce symptoms just below the audibility threshold at EoL but
the failure becomes worse over time and cause a field reject later !

> Bit, EAEL IS TS R B SR FEAR R

Ho TIhus, we have used trained and experienced operators for listening in traditional
EoL testing.

> A%, FANEERIACINNES, STLRIARBRIEEER, FHE
RN (FFEE) DEABRNRBENTEEERS. Tody,

we use modern test instruments that exploit available physical information and provide

more sensitivity and reliability than the human ear for irregular defects (rub and
buzz).

KLIPPEL LIVE #14: Setting meaningful tolerances , 41 <+ >



Questions, comments ?

KLIPPEL LIVE #14: Setting meaningful tolerances , 42 <+ >
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PR &l 77

Criteria for the Limits ?

=
SAY DY)

I. (F=KEHEIE
%%ﬁiﬂ”iit/‘%1¢) Audibility threshold of signal

distortion (sensitive ear, critical test condition)

Predictable
by modeling

a

%DE/JEE_FB %&Tﬁzx Not acceptable

degradatlon of audio guah'gy as perceived by a normal end

ﬁ”ﬁ‘ﬁﬁ”ﬁ%)ﬂr B RS TR

Regresenting by the

product as seen by the end-user

dertypical application condition mean value
A2 1E
I1I. RimxfAPERIRSEmENEXIR
_F|3§ A significant decrease of the value of the audio
complexit Higher
plexity limit value
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HA AP IRERNER

Audio Quality as seen by the typical End-User

|3J&R Questions:
o & \:ﬂ UQ&lﬁ'ﬁ FZE'H' ? What s the typical end-user?

~ :, iﬁ'”?':' V_%M ( =) /EJ:\)xEﬂ' 7 What is the typical program material (music)?
o ! :ﬂ UEIJd:'“_" ZEH'/Zx7 What is the typical acoustical environment?

L4 ;ZD{jléj'ﬂ./, HEI}]'I;F{E? How can we simplify the assessment of the audio quality?
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HA AP IRERNER

Audio Quality as seen by the typical End-User

{47 i% Methods for Assessments:

1. ETEAARIIEMMAYVREIFIARIIIEHITETR Modeling the

perceptive and cognitive processing in ear and brain based on basic research

2. RITELE @ (BES5E. EFMFL ha=. AR
N zﬁi"’ﬁj\*ﬁ' ) Listening to real products (selected participants, program material,
listining room, douhle blind-AB-test—statistical-analysis)—

. ZERITENENEShE ((FSK<ERYEIT{> KLIPPELCT
’ # 13) Systematic listening to a changed sound output (Auralization of signal
distortion > KLIPPEL LIVE, #13
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Assessing the Sensitivity of Signal Distortion

Input
Signal

_______________________

| |
Input | < :
Signal l 'Eﬂ O |
L
L
u(t)
Linear Model
o— P
H(s)-1
Time-Variant
Model H(s.t) d,(t)
Nonlinear
Model dn(t)
Unpredictable
Dynamics di(t)

Output
Signal

n(t)

Noise

Virtual enhancement or attenuation of the distortion components (see
KLIPPEL LIVE #13)
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Measurement Audibility Threshold

Distortion generated by regular nonlinearity (force factor Bl(x))

correct judgements
A Clearly audible . .
- psychometric
- ——
100% e - function of
P audibility
, /
75% y
*
/
7’7
> 7’
g0 |=—" < By accidential
just Depends on listener, guessing
audible music, position, room
audibility
threshold
distortec 2 . L . b . >
-6 dB 0dB 6 dB 12 dB 18 dB

<

S0
s

double blind
AB test

a
»

real product
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Audibility and Audio Quality

Distortion generated Regular Distortion (nonlinear force factor Bl(x))

rated sound

quality correct responses
A i :
audible
. _ _ bsychometric
10 = ,high 100% === = function of
\\ -~ audibility
’
’
’
7’7
v
a . _ - \ By accidential
= ,medium 5% |~ just guessing
audible
target
performance
R audi ity
threshold unacceptable
0=,low" i i < i I T >
-6 dB 0dB 6 dB 12 dB 18 dB

Scaling of Signal
Distortion S |«
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A

e

- N

Evaluation of Signal Distortion

EF@%K]*D'EA*HE*E based on Perceptual & Cognitive Modeling

Basic
Auditory
Sensations

Loudness
Fluctuations
Roughness
Sharpness S
Coloration V

Spaciousness R
Localization

culture
/ - .
=4S training
Ideal Y Listening
4 -
Imagination experience

~

< 2

\=———-

Perceived

Defects
__> DS ———
: DV ~T7C

DR

distortion
reference Basic
signal monaural  f--r------- >
r— P : L
i processing :
| 1
1
Rl =~~~ -testw:sigmal |
i a H
NS a ‘<\ . I
2wk /
______ N \ Bmaurg |
\o s Processing |
stimulus ¥ % !
1 1 ;
testisignal i
1 : 1
1 i 1
: ~-» Basic !
 reference | |
. signal Mol
! processing
1
— distoryon
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Perceived
Audio Quality

BAIRTIRIEGZE IR TXT S IRHIESR T
FIE20/ Perceived defects consider the
ideal imagination and the impact on

audio quality
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Learning Linear Distortion

1 iﬂ%i‘ﬂﬂﬁt Live Test Reference: F. Toole, Sound Reproduction, loudspeakers and

BN EIEA20 IR E ER3 MEFTHE3TIBAERR n L, ol ficsis

each room 20 subjects evaluated 3 loudspeakers using 3 programs

> sl = pay — /N
SRR ERBEI T —1NEE F. Toole 2006, S. Olive 1996

After completing tests moving into the next room

£ Results:
'Tﬁ%%ﬁZlEﬂﬁ EE J.L%E Significant differences between loudspeakers
')%fET_] EEEEE/IJ['] No significant influence of the room

Oe
Dd
Ow
Oe

12 1.2
ooo oo

35m

6.48 m

6.7m
6.7 m

2 WHBIM® Binaural Reproduction Test -
°E§f)”uiﬁimﬂiit¢8953% Repeating test in same order as Life Test Roop L Room IEC
#£5 Results: ses 2
'j%)::g %Zlﬂﬁﬁﬂiﬁﬁ Significant differences between loudspeakers v
EEZBIBEE20[ No significant influence of the room =y _

SHIAMIH (A Similar to Live test o D¢

|—
3 [t R FEMli®t Random Order Test @
WEE, B2FE8. #Eesf0fEFE sinaural

reproduction but presenting room, speaker and program in random order

3.2
0O
v

switcher

58 Results: XFRRIERE! That is Adaptation !
%l@Zl@ﬁﬂEﬁﬁﬂﬁﬂgﬁﬁ Highly significant differences ﬁ?fﬁ |":'—,|E'Lﬁ, @JQD Generates a lot of questions, for example:
between rooms QI:H—_IL MEI’]DF[E ,)\Jl_t') How to perform meaningful
}Z}EE%ZIE}EEEH EEE No significant differences between listening tests ’>

loudspeakers
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Poll:

B NS AR FePEOSLEIBIR? ow doyou

(personally) assess the typical crackling sound found in vinyl records.

A. }\Aiﬁ[ﬁﬁ”i‘_' I never heard this!

B. XFPREHE REEERAEIR, MAYWIEERE. This cracking
rather tickles the ear than obstructs the sound quality.

C. ?‘Z’I«Aj] 1X BEIEH/H ﬁbk_#' BI4FG, 1 accept this as an
unav0|dable artlfact in records.

D. XENAT24FRECDHEMEFEFEENIIRE S —.

Th|s is one of the reason why I preferred CD and other dlgltal storage media.

E. XNFEEMAISIERIER, FEEEHERSELIZE

10 It immediately attracts my attention and it becomes hardly bearable over
time.
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Poll:
SR NSTHETITAN ERRRIE E ch S TNA(E S i A SR A B

F"_EEE/\] f' Uﬂ)ﬂ#ﬂ*ﬁfg') How would you (personally) assess the typical crackling
sound found in vinyl records but generated by loose particles in your loudspeaker ?

}‘A;ﬁuﬁém\j—_ I never heard this!
XIS RIEERANETAR, MUAUASER. This cracking

rather tickles the ear than obstructs the sound quality.

?‘21}7] X = —.IJ: bj:% o E’%E/Jﬁ]% I accept this as an artefact in some

loudspeakers.

X NIMTALE 7SR E Z—, Thisis one of the reason

why I buy better speakers.

J‘C/|\F=~ S5/ A05EXAER, FHEEEEZREMHELLR

xo It immediately attracts my attention and it becomes hardly bearable over some time.

.rn_o.npu.>
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A S SR ERNARI TR

Cognitive Processmg of perceived signal distortion

Il_J\%D{ %%EEI’\J%%I]?F{EZE—A""'_J *EI The cognitive evaluation of the perceived signal distortion

is a learning process!

... BURFH7/5] which depends on time ...
'I;FZ'_EHX;;&:_FQEE% UEEL%TE{ﬁEg{%,%\O The rating depends on the information provided by the distortion to

the listeners.

éﬁligéﬁ (IIIE{Eﬂ]*ELLIlI“_Ir") Linear distortion (amplitude and phase response)
%TE%E '5,755(”]& linear distortions are coherent to the stimulus

. ﬁjj UEE%]:;ELV \ﬂ‘iﬂﬁ%{m,u provides no additional relevant information to the listeners

y uﬁ'ﬁ%j raa:J: b#z::._,\ﬁ,lf, ( %}_\_ jf ) the listener gets accustomed to it and will ignore it
(ADAPTATION, HABITUATION)

ﬂEﬁ IE*I]HRIIF*E ( %%) Nonlinear and impulsive distortion (rub & buzz)

SEE 'ﬁ,ﬁﬂf}]?é}ﬁﬂﬂ?& (Enﬂﬂzl:ri) the distortion are not directly related to the stimulus (incoherent),
d BJ_EHTHE—I_]UEII%TEH %E}m@t%UH over time the listener describes the signal distortion as discordant
= 'I«A%DE]"JEI: 1%9535@1«1@\1 (@Z'ﬂﬁ) the rising awareness makes the distortion unbearable (SENSITIZATION)
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Audibility and Audio Quality

Impulsive distortion generated by rub&buzz and other loudspeaker defects

rated sound
quality

correct responses

L. 100% A Clearly audible neychomelis
i L= T T T T function of
s audibility
/
7/
75% -t - - o»>-----—--"-"-"---------------------—====8=
- R By accidential
5 = ,medium 50% quessls
target
performance Non-
— audibilit acceptable
threshold
0=low' | T < 1 i I ——
-6 dB 0dB 6 dB 12 dB 18 dB Scaling of
Signal

Distortion Spg
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Working with Average Values ?

Alte Weisheit:
Am Durchschnitt war der Teich einen halben Meter tief, doch
trotzdemn ist die Kuh ertrunken.®

Old Wisdom:
»1he pond was 50 cm deep on average, but nevertheless the cow drowned."
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3l R |A]EA Remaining Question

B JRTLARES I TE, ERAE RSN ERYZELIS? Can we neglect

the variance in hearing, music and room influence ?

AALL: KEFM TR TELRSE!

No: The sensitization goes on under critical condition !

fiRiR75 = Solutions:
1. EIYIEEEF R IR E R REHANIIINYSR Generating virtual

test objects generated by physical modeling and auralization techniques

2. 1B RAFIYIEERIT LTS RIS RSN Assessing the
influence listening conditions on audio quality by perceptual and physical modeling

3. M LEMEmITEME, LR THELmABFPANARIEE
Automated listening tests on the web to get more insight into the cognitive processing
of the end user

Pl INEFRERNBMNFOEEFN~ENRENRRANES!

Example: Piano music is a critical stimulus for distortion generated by smartphones with side-fire ports!
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= = =

b AN =]

7 1BI=

sharmnes

content

Strona bHac

LINEAR
DISTORTION
SPL response L(f)

—Hp S/ REENMEESXKE?

One Typical Music for all Signal Distortion ?

AEe, BEIESHRANSZRERATN (WIBER. REHERK. NERWSHITIN) !
No, the stimulus has a high impact (physical generation, perceptual masking, disturbance to musical idea) on
perceived audio quality !

B (FleEFIEESE
&, BRI A9XIEE)
2 B music (stationary
with dense flat spectrum,

such as relaxing esoteric
wind noise ) = Coloration

TIME-VARYING
DISTORTION

HZFEFY. BFREZZTHR
lggfﬂgﬂg Multi-channel reproduction of
speech and music with systematic level

variation
> BE. ‘75, W FRIER)
NONLINEAR loudness, pumping”, shift in
l DISTORTION lateralization

FRERE(UB)+/EE HF. K HBhharins) BIE5 Music with

stationary bass (displacement) + violin, singer, flute (sparse high frequency spectrum)

> FGREE. FEIERELS . /& roughness, non-harmonic content, coloration,

sharpness
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Questions, comments ?

KLIPPEL LIVE #14: Setting meaningful tolerances , 58 <+ >



Criteria for the Limits ?

I. (FSXENEEE (REEIEZ.
F MRS Audibility threshold of signal
distortion (sensitive ear, critical test condition)

II. —feRimFA AN IS FRTRK
FNHIE R FIEABEMIESE Not acceptable

degradation of audio quality as perceived by a

normal end user under typi icati ndition

imFAF ARSI mEMEXE
TB% A significant decrease of the value of the
audio product as seen by the end-user

L} —Q

Predictable
by modeling
complexit Higher
P y limit value
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Poll:

SR S R ALt A 15 ?

Would you make a compromise and trade audio quality for other benefits ?

A.
B.

C
D.

g@Z:l Never !
=, NRSTIMNZFAEE/N. B, FHE, Yes, ifthe

P
audio device is significantly smaller, lighter and more convenient.

=, WS BHEIRFRIEARET BRI, Yes, if the

operation time of a battery powered device is significantly extended.

,%’ ;ZD%SPLEEAU“E:'. E%z]:z%ﬂo Yes, if the output SPL is

significantly increased.

%, Hﬂﬂ e o Yes, other reasons.
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=p)URR

Benefits of the Audio Device

w

'l'iﬁlé‘:‘lhi'rﬂ-.l;’hﬂhlil . Dimensions of the performance space:
® R?_.l-\ MK*,EL Hé)lji\ EE size, volume, shape, weight Y

= Eaijtiﬁbﬂﬂj(SPLmax, Ijjg%gpa,max) maximum output (SPL,,,, power

S FRECRBERE N
e N . . NN ™ Well defined i
o WERENFEP.. K. HHEISEAILHRATIE) standarie i

efficiency (power consumption Pg, heating, mobile operation time in battery
powered devices)

o RAINSRCUEFITIENFIE. KE) perceptual audio qualiy

(spectral and spatial properties, distortion)

== = = Valq \FEBR
o PISEMEFRFERIZR) reliavility (probability of failure) =8 TAZRY RIS

A central topic in audio

® gl\E (ﬁﬁ\ ﬂ:i%) E’\Jﬂﬁﬂ‘?x’fi endurance of external stress engineering

(overload, environment)

e +Z|-7KFZ Eziﬁi"‘*ﬂA{ZIKI*E?artistic product design and ergonomics

o BE*E&% technical story EEEMER
® II%HEEE%\ }EHFZ I:%Ezﬁ/l\A%{ﬁ reputation of the brand, E@E%ﬁﬂa—t

More research
required by other

o QE,EREJZE,‘:H}H?&!Z% enjoyment or hedonistic preference experts

personal identification with the product
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Value = Benefit Cost Ratio

y Benefit performance features in
Performance Sensitivity  (weighted P={pPys, .., Pioe-r}
W={W,,..., W,,...} Eelieance) (SPL,, THD, ...)
b , .
> w,p, (D)
End User Value V \Vk\‘ ___________ . .
(acceptance, sales  \V ( D) = Design variables
o) : Z C. (D)\‘I D={d,, ..., .
g ,

J‘Cos”f"s"t'r/uc:tu re

H{x Objective:
MR EMREPMREAARCERAILEmAFMNEY

Maximizing the end user value V with the optimum performance P and minimum costs C;
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Performance Sensitivity w,
weights the Performance characteristics p,

KLIPPEL LIVE #14: Setting meaningful tolerances , 63

EXAMPLE: Portable Audio Device (smart phone)
Endurance
Personal Battery . . .
Style Life Time Weight Size Design
Technical - Sound Portable
Story Efficiency Quality Use
Reliability

Maximal . .

Output Ergonomics Price

>



Audio Quality and End-User Value

Distortion generated by regular nonlinearity (force factor Bl(x))

100%

50%

0%

target performance
(best benefit cost ratio)

Other benefits (e.g. output, size)

End-user
Value

a
A 4

ceeptable rated
gt sound
quality

-6dB 0dB 6dB 12 dB 18 dB

real product

>

Scaling of Signal
Distortion S |«
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Performance Sensitivity

Distortion generated regular nonlinearities (force factor Bl(x))

target performance

A (best benefit cost ratio) Tolerance: 6 dB (for generating
25% loss in value)
100%
=~ 50% Loss
in value
50% Perfﬁrmance
Sengitivity w
End-user
Value
12 dB increase of
Distortion
0% T T T >
-6 dB 0dB 6 dB 12 dB 18 dB

Scaling of Signal
Distortion Sp,g
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Audibility and Audio Quality

Impulsive distortion generated by rub&buzz and other loudspeaker defects

target performance
(best benefit cost ratio)

100%

Other benefits (e.g. output, size)

50%

A

End-user
Value

CEPLaIE

.
/) ,JJT’,I,

zlt[el[e)ie[C1=11]5Y/ sound Non-
quality acceptable
1 ] 1 1 Iﬂ
-6 dB -0dB 6 dB 12 dB 18 dB Scaling of

Signal
Distortion Spg
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Performance Sensitivity

Impulsive distortion generated by rub&buzz and other loudspeaker defects

target performance
(best benefit cost ratio)

A increase of
100% | _ Distortion
End-us Tolerance: 3 dB (for generating
25% loss in value)
50% 90% loss of
Estimated enld user
Rerformance value
Sensitivity w
\
| T T ‘%
-6 dB 0dB 6 dB 18 dB Scaling of

Signal
Distortion Spg
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ESXENBERENNE

Target Values and Tolerances of Signal Distortion

LINEAR DISTORTION
SPL response L(f)

Lp
Apc
P*,
IRREGU ADpr P*c TIME-VARYING
DISTORTI |<_,* ﬂ_.IL_> DISTORTION
impulsiv Lior D* o Ap C amplitude
distortior pr b compression C(f)
IDR(T) Limit Values
i BRI MRS
Eﬁ@%ﬁ%uﬁ‘aﬁ%)ﬂmﬁﬂ’ﬂ MTD W, BfITE Useful Tolerances
Eh\'&ﬁ‘g Target Performance can be determined from the
for generating maximum end- performance sensitivity w,
user value v

NONLINEAR DISTORTION
multi-tone distortion MTD(f)
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Life Cycle of an Audio Device

Product Development |

Standard _ /f\
Target values Measurements </ Speci 'Cat'°”>

passed failed

In-Situ

|

|

|

|

@j Prototype :

Perfo.rl_'n_ance \\ P |
Sensitivity _ |
Production |

Target :

Performance ©eeeEeeE [ End-of-line |

(o o\ TESTING |

|

|

|

|

|

|

|

|

|

Audio Qua“ty Testing + @ o
Listening :] ; 9:
Target q b s‘?
End-User Value %)

Application

Typical
values,
tolerances in
specifications
Pass-Fall
Limits with risk
management
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More about this topic

Webinar presented at the Virtual ALTI-EXPO 2020

Klippel, “Linking Cost, Performance, End-User Satisfaction by
Physical and Perceptual Assessment”,

W.Klippel, Creating Audio Products With Maximum End-User Value, J. Audio Eng. Soc.
Vol. 68, No. 7, 2020 July (open access, freely available online)

AES Paper:
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Demo: Finding Tolerances

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

JBL Arctic Competitive
Bluetooth Bluetooth
Speaker Speaker

(one (stereo, only left
channel)

channel is used)
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Discussion
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Summary

AEFET, ABIHMESKEIFE RS The human earis very

sensitive for signal distortion under critical conditions

FRIEA L EE5ERP]IFE Audio quality is more than audibility

of signal dlstortlon

RAU IR IMEFEE=ERT A R nEFI AN Z (B

L_.fFFrZQ Maximizing the end-user value requires a compromise between all
performance criteria and cost

BiMEBRTFEMA (ZimFEF. R, FD) Targe

values depend on the particular application (end user, environment, stimulus)

HEERPEEENEBENANERNEEM Performance

sensitivity is a powerful basis for defining meaningful tolerances

BN/ RMERE AN EZZ REAEIRERIERE, 1%
}::L\E,’:){ %ﬁ;&Bﬁ EI’JF" ﬁ_z'fj'gé%)j EIJJ—LB_L Pass/Fail limits consider

not only the properties of the approved prototype but also the risk of delivering a
defective product to the customer

KLIPPEL LIVE #14: Setting meaningful tolerances , 76 <+ >



Open Questions

A NTIE T AHEERIRERGAERE. WA ERF EHRX
Eﬁéu“.':l:."? We have now discussed the complexity of the setting limits for assessing audio
quality. How can we apply this information for assessing the maximum output?

ZF15HAKLIPPELMNZBHTSTERR The last 15" KLIPPEL LIVE webinar titled
A ASPL{EANTERE Rating the maximum SPL value for product
:{%—'Ijﬁ:\,will address the points:

" 'I«$/_L'_EEE§*SPLE,\JEE§1§E§EE£ Best practice for rating maxSPL
R *Uﬁﬁ%giﬁﬁ_ﬂ] Eﬁ?}ﬂﬁﬁﬂ’ﬂ%“% %_,%\ Exploiting background information from

design and target application

N {Eﬁﬁi‘)ﬁiﬁi‘&ﬁﬁﬂ’\] gfbﬁ%%iﬁ;i‘f Automatic search methods with predefined limits
« JZIEC60268-21F0EMBHREN J71EFLZRFCE Linking IEC 60268-21 with other

standards and methods
. Méﬁﬁﬂ iﬁ%ﬁ’ﬂ%ﬁ%@%ﬁ% Final conclusion of the webinar series
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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

KLIPPEL LIVE #14: Setting meaningful tolerances , 78



