Acoustical Measurement of Sound System
Equipment according IEC 60268-21

IFSIEC 60268-21 N EERRERRSERIE

KLIPPEL- live

a series of webinars presented by

Wolfgang Klippel
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Previous Sessions

1. Modern audio equipment needs output based testing
2. Standard acoustical tests performed in normal rooms
3. Drawing meaningful conclusions from 3D output measurement

—— A%\ at an evaluation point
A Maaninm
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Comprehensive 3D Information

supports the evaluation of special sound effects
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Ask Klippel

First Question:

SheinizismEaaiiRE, WHR?

Is there disadvantage to implement near field scanning and how to
overcome it?

Response WK:
fREEDisadvantages :

- EMEMERRFTENES—E(L (Robotics) >EBHEME, KCESIHIIEMEEES
Mechatronic (Robotics) requwed for accurate microphone positioning - searching for
light, cost-efficient scanning hardware

N JD—L_BE%JT HIERFE>RCAEENEE (FIREBERIIEIRE, FIFERERIR
IFI8E) (SKRAIERR)

Scanning process limits the measurement time - Reducing the number of

measurement point (exploiting symmetry, using a complex correction function (our

topic today)
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Ask Klippel

Second Question:

SReiRL—EEERO SiEHRERA R RSEaIFEEN5?

Can you suggest a good way to implement directivity measurement
for production QC on line?

Response WK:
1) FEREPROBLEM:

- REFRIEHHRELEHMRINEN, FEXAHEBRENTE (HRERERRETE
IFFERY) >AREUGRIE

Most manufacturer assume that the directivity is constant and will not be affected by

manufacturing process (almost true for a single transducer) - this test is not required

- B, EEEZEERNEERAT (MIRNEEEEIRREFIRVGRMERES) , —(EEFEF
NN =y sl L

However, in audio systems with multiple transducers (e.g. linear arrays with active beam

steering) a defect in one transducer can significantly affect the directivity

S>FEBFRInELAAEITEIEL! Testing at EoL is required !
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tRiERI=EHEIMeasurement of line sources (2)

Super positioning of the multiple measurements

2kHz

L|ne Array:.
8 coaxial speakers
24 tweeter
Super position of 8
multipoles
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B EEEEl Controlled directivity

{2 DSP / Smart Amplifier
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Ask Klippel

Second Question:

BReRL—EEERESEHIPREES R RISAIFRENS?

Can you suggest a good way to implement directivity measurement

for production QC on line?

Response WK:
2) BfEObjectives

- WMERRLORIEEERE
to check that the system has a failure in directivity ?
« FpIIRPEREREIER (TEEBS0EERSFEFIIESIF) ?
to identify the defect driver (in an array with 50 drivers) ?

- [ERRDIET (BEREHE) ?

to use a minimum of hardware (number of microphones) ?
o EERDHIEEE
To minimize the measurement time

s TR P BRI R AR AT U R !

The identification of the defect driver is the time consuming point !
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Ask Klippel

Second Question:

SReiR L —EEEGR B SIEHIRERL I SErF 75 E15?

Can you suggest a good way to implement directivity measurement for
production QC on line?

Response WK:
2) R ZESolution

« [ERASPHZERRE (1...4) LEERREEFAEERIE (SNR) |, LUAIEREEEE)ES

Using a minimum of microphones (1 ...4) to ensure good signal to noise ratio (SNR) for measuring all
drivers

- [FRESENENAERR, JTROUHIE (<10) , EFRIESRERSS, DEERKISIKERE
Using a hierarchical iterative measurement procedure performing a minimum of measurements (< 10)
while measuring transducers switched in anti-phase to generate maximum acoustical cancellation

- 1RERELGHBIEREEE T

Post-processing to identify the defect unit

E=3kRequirements:

«  ERmAEAREE IR IR

Switching the transducers during the EoL test

- DSP (fEEsEiE+) TNRIEERErY=HEO

Control interface between DSP (in the audio device) and measurement instrument
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Question ?
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4 KLIPPEL live:
Simulated standard condition at a single
evaluation point

4HZF7&Topics today:

- BWEERE

Simplifying standard measurements

«  TRIRIEC 60268-2115#EH SRS

Simulation of free-field and far-field condition according IEC 60268-21
- WIERETE, FARNEEE

Compensation for room influence, different positioning and distance

« AAEIERRVIGE SRR S EMmETIRE

Creating room compensation functions for different types of speakers
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Poll:

AZSHITEMEEBARLSHEE, EZHESHITIEIS?

Most audio engineers share an anechoic room with
others. Does this hinder your work ?

e Not really
e Sometimes
e Frequently
e Always
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=5 = Searching for an Alternative

Hi&ETargets:
o FAFENEBRIRIEH, A—(ERFhEERIEERRIZTIE RIS,

Generating simulated far-field and free-field condition for one evaluation point in
almost any acoustical environment.

o FRFFREFHE (EFTHEHE)

Allowing fast measurements (without scanning)

o mARIE (1EPRZERR)

M|n|mum equipment (mic only)

o EEIRHEMAE JAEREXE, E4E) FFEIE (DSP)

Applicable to other measurements (nonlinear distortion, compression) and tuning
work (DSP)

o EERETE (58)

Combination with perceptual evaluation (listening)
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=B RS EMESimulated free field conditions
According IEC 60268-21

Sl Time Windowing:
- B IRE R EFRY /ST cutting out reflections in impulse response
-  {[E$EE=ER fails at low frequencies

h(t)

2B 5Hli%%#Holographic measurement technique: =~ "« " © °°
- BEEEEoE (BEkmiEERE) Direct sound separation (spherical wave expansion)

- IZHEEMGH{L Scanning requires robotics
-  BIEMFRSE E Longer measurement time

##{EI1gECompensation Function

- REEIE ((£12L) Fast measurement (only 1 point)

-  {EERIEZERE(S5E Complex filtering the microphone signal
-  EHEERERIZSE(SE requires accurate reference information

LN
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EEREISEMESimulated Far-Field Condition
according IEC 60268-21

N
, &  Near field
J —
Ji ‘, | R Measurement
’ . A 02m o 1 P> distance
=0 : re=1m
\ ) Far-field e r
R R extrapolation ~ €valuation
Scanning surface point point

2B =#liE##iHolographic measurement technique:
- HiISBKEIRERAIYME Extrapolation based on spherical wave expansion
- FEimEfEEERLEE A Scanning process requires robotics

#H{EI)8€ Compensation Function

- EREIE ((£12h) Fast measurement (only 1 point) - I Iy Hu
- ZESE(SYERVE MBI Complex filtering of the microphone signal  * 1./ ‘M \ “]‘Hﬁ"‘%‘”
-  EHEERIZ2%E(SBrequires accurate reference information 1N

1
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EE A =MAYEIE Standard Testing in My Office?

__..—-

\\W!;

t__

'
T 4w
. ‘j,.?—-——" -

A :
o = N L 1L 21
| - mic

\ e el

my /7

EEEARLITRIZE I have to cope with the following problems:

o FElmRE/ (FhE2FAYIEEE<1.5m) Small room size (distance to the boundaries < 1.5 m)

o HANGBERRS~0.55 (EEE, B, #¥F) Typical reverberation time ~ 0.5 s (books, carpet, chairs)
e KEF (EEPRI3FESFXK) Large table (3 m? in the middle of the room)

o IRIEIEEE (3, FHEEK, @) Ambient noise (coworker, music school, traffic)
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FEIRBIMETMERIF Making the best out of this

#==m Consequences

Small room size (distance to the boundaries < 1.5 m)

S>E/NIIEEE (1Ef <500 HzEEREI-#ER) short window length (limits resolution at f < 500 Hz)

>R ESEITZEss (rt) microphone position close to the speaker (r)
SIEIGRE (FEIRIFZIMNE) near-field condition (far-field extrapolation required)

Typical reverberation time = 0.5 s (books, carpet, chairs)

- BERET =2 2R ZEEE room modes will affect the low frequency response
> R 2 R B (S5RRiR a5 complex filtering of the mic signal required

Large table (3 m? in the middle of the room)

SHEAIE (F=[) ground floor measurement (half space)
>R FEZHIRET (B/YEEE]) reflections at the table edges (short window length)

Ambient noise (coworker, music school, traffic)

>iSiRaEE, TG RIEshort distance, near-field measurement
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mERER, RIR, (U&

Modelling Speaker, Room, Position

Reflections,
u room modes

_ O ) > Dest (1)

stimulus test point r,
room boundary
Linear direct sound

u

— Hfree(f,re) —|— O > Hroom(f’rt're)_bptest(rt)

p“n pfree(re)
evaluation
N o point r,
speaker distortion

o ZEHnERREEAEMEt (BEELET)
Microphone at a fixed test position r, (usually in the near field)
s HEmELIFRMKRE (THD, IMD, EE
Speaker generates nonlinear distortion (THD, IMD, rub & buzz)
o THRIREBRSGIIESFET, T hEre LEMRERINGR
Generating accurate results at an evaluation point r, under simulated free-field and far-field conditions
o HIFEEAAIF SR ren] LAARE
Test point r, and evaluation point r, can be different
KLIPPEL-live #4: Simulated standard condition at a single evaluation point, 17 <+ >




EEHE R SIimulated Standard Conditions

Correction Techniques defined in IEC 60268-21

Method 1: Correction of the amplitude response (clause 19.5.2)

I-C,room(f)

BRSNS BISERERE
U— » Analysis Lir(f)  Frequency response of

Prest (1) Ltest(f’!Qeal . the fundamental

room boundary component
PRI ARk B AR LETRE
Used for generating a ,room correction function®
NEFRERKERIE (flg0Farina) !
Not useful for distortion measurements (e.g. Farina) !

Method 2: Correction of the measured sound pressure signal (clause 19.5.1)

Complex function

Filter .
o > He(s) W Analysis —» Results
u Prest (1) - o Lour(H, THD,
room boundary nth-harmonics,
BT A AR EB AT S IMD

Can be used to generate simulated free-field and far field condition
A LAERRE TS (flanFarina)

Can be applied to any analysis (e.g. Farina)
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Poll:

BRAHIEEZERAREREUMEBRE=ZNARE (3AL) ?
Do you apply a correction function to the amplitude response to compensate
insufficiencies of your anechoic room (method 1) ?

e Yes
e NO

KLIPPEL-live #4: Simulated standard condition at a single evaluation point, 19 <+ >



RIEAISHIEE

Correction of the measured sound pressure
method according clause 19.5.2 in IEC 60268-21

—» Results

Linear free-field signal LT LEEEEEEECLLLCLCLCELL L EERELEREERCLLLEEEE .
u Piin : test condition

B Hrr(fre) . b Hroom(f,FiuFe) —— Piggt (1)) —— Filter E » Analysis

: HC(f) . pfree (re)
— N H oom (T, 1, )H () =1
pdis
distortion
(f) D 1 _ H:.. ( f(\,\re/) Standard evaluation point
c\'" /) T T

room influence

ERDE: BIBE TR S5RP e (r) LAFHE
Solution: Filtering the microphone signal p...(r.) to compensate for

e  FEREIEZZE room influence

e HIEERYE (IEEE, ARE) position of the measurement point (distance, angle)
o EEFHEREHC (f) (BLFNEEESRE) Complex compensation function H (A (phase and amplitude information)

KLIPPEL-live #4: Simulated standard condition at a single evaluation point, 20
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fERIEesH LIEimiE
Work Flow with a compensation filter

Filter |———2 Analysis — Results

pfree(re)
1 ptest(rt)
#’b
o ‘-\',: A Hret(f,1e) 4 Compensation Hc(f) under standard
P S Function condition

o {EFRFEREhRIre (FINTEEIR) RIBERRIZSEEREHref (f, re)

! Provide an accurate reference response H,(f,r.) at the desired evaluation point r, (e.g. in the
ok far field)
o EizBHERERIGAGGGT, EAKE (G, &%) hAISERED,.(r)HTEERES]
Htest(flrt)

i Measure the sound pressure p.(r;) at the test point (e.g. in the near field) and calculate transfer
function H,(f,r,) under test conditions without compensation filter

by o IRIBEHEREH, . (fr)HH, . (fr. ) EHEESHC (f)
S H e Calculate the compensation function H (f) based on the transfer functions H,(f,r) and H,.(f,r.)
o (ERWIEERHRHc (f) HAGHBEE, (r)ETER, IMRREEFH LR EREEES
ey [y Analvsis | Results pfree(re)

Filter the measured sound pressure p,(r;) with the compensation function H(f) to generated the
direct sound p;(r.) at the evaluation point according standard condition

KLIPPEL-live #4: Simulated standard condition at a single evaluation point, 21 <+ >



yu W;EEL \—I—ﬁE mg%@,ﬁ» H I’ef(f re)

How to provide accurate reference response H, (f,r.)?

o HEZE ({RIAS|ERIEER)
Anechoic room (error caused at low frequencies)
o JEPEHGHE (HRIX, B, RERES[EHNRE)

Outside free-field measurement (error caused by climate, wind, ambient
noise)

. Tiziw (R3DEE IR B h R L EREREUR)

Holographlc near field scanning (provides accurate data for any test
point and evaluation point in 3D space)

recommended !
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Question ?
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IRIG IS AR

Overview of the In-situ Compensation Schemes

B iEMethod

1=1zE B RIS EERE (FEE. AEME.
Simulated free-field HEZ )
condition in any environment

(room, test box, stand)
RIS R
Simulated far-field FrEsE=ER
condition provided For all frequencies

BRABHES ZWRHERH
HEffort for providing — & #F #iNormal Scan
accurate reference data (20 min*)

* $HIKLIPPEL LIVERSIHAIERERNINET S8

Small Bluetooth speaker used in webinar KLIPPEL live
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EHE

Complete Compensation

= ]’jééFEEQ%%;EU%(FBR) based on a full-band reference measurement (FBR)

'fp' ; Reference > In-situ 0
i f Measurement Test ‘ TROE
Href
———» H.= -
H ref(fa re) HIGSI H test(f; rt)

Compensation
Function

45 BE Features:

2L PrOs o

TREE cons ©

fERRRE
space, clamping)

%ﬁ{%ﬁiﬁlﬁﬂﬂﬁ rtﬂ]EWEE.E I‘eE’\J%E compensates for difference in test point r, and evaluation point r,
‘ﬁ'ﬁ%gﬁﬁ ﬁ g7 E%Fﬁ*%ﬁﬁﬁﬁ?ﬁ’—‘%@%@ﬁ’ﬂ%% g=;=53},1_’iic§,\Href(f, I‘e) requires accurate reference

response H,(f,r.) with sufficient resolution at all frequencies

DUTHIZE e B (U BT SR EIE = S Z4HIERREIH(f) Any shift of DUT and microphone

position affects the compensation function H,(f)

(&Ej‘\ Elﬁ/ @?ﬁlﬂaﬁ\ %E\-) compensates for room influence (reflections, half/full

KLIPPEL-live #4: Simulated standard condition at a single evaluation point, 25
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Practical Demo

" \H\l)

‘“i!"'rsl\"!! ‘__
AN 5 g

\bluatidly pome
m / \

qu{a[gﬁlmﬂﬁ%ﬁ}g*%ﬁﬁg EEH%‘ Etﬁ{l/ﬁﬁ: Simulated Free-field, Far-field condition at evaluation point 1m distance
° fﬁi’%@%ﬁfﬁ A %%”:% B‘Zﬂi (FC-FR) 1n-situ full compensation - full reference Technique (FC-FR)
. %EZOﬁiﬁiﬁﬁﬂ%Faﬂzgﬂy%%@}g scanning time 20 min required for generating reference data
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Question ?
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S8

IR

(EVRDEN AN

Overview of the In-situ Compensation Schemes

B iEMethod

1R B BRI

Simulated free-field

condition RIEE )

ARG IZ R
Simulated far-field
condition provided

BREESEZ8IEME
JIEffort for providing
accurate reference data

SIECEEES

(20 min*)

KLIPPEL-live #4: Simulated standard condition at a single evaluation point, 28

in any environment
(room, test box, stand)

For all frequencies

EERE (EE. AEMAE.

—ﬁ]’x"% #ﬁ Normal Scan

HE. BAE , 2ER
(1BH ) B EEURYEEEE
Workshops, Offices
sufficient distance to the Boundary
(walls)

RSB ER

For lower frequencies

52548 short Scan
(7 min*)

* $HEKLIPPEL LIVERSIAIERERRINET 518

Small Bluetooth speaker used in webinar KLIPPEL live

SNy

.\‘J
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é%@f'# Full Compensation

-~

/\ £ HIIEL
= VTJ-Q 1&#5%%},5”50:(:' LR) based on a low-frequency reference measurement (FC-LR)

Reference Insitu i
Measurement Test it

f<f,
Y

Href(fsre) < : Windowing Htest(fa rt)

¥ W.

) J
T
[
A

test

Y

Compensation
Function

452h Features:
E%'SPROS ° —EE%%{ EEE,EEQE’\]*%EE%% %%Href(fl I‘r) requires accurate reference response H,(f,r,) at low frequencies

° %Fﬁﬁﬁ{ﬁﬁﬁj]ﬂ}ifﬂfuses windowing at higher frequencies

] |

. /J\E‘Z%\'El EEEZ:EE small positioning error is not critical

TRELCONS o _I%_' ,EEQE’J}J[]%%%E%%E ngﬂjﬂﬁ%ﬁ windowing requires sufficient distance from boundaries at higher
frequencies
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Low frequency
reference (LFR)

8
>y

e &

Reference

Example of LFR Method

-8

In situ
Test

i
———

<9 Hieu(f,1y)

Measurement
f<f
‘Y
f>f . .
Hies(f,re) = “— Windowing
» H = H ref .
Ll c - -~
H test
Compensation
Function

fHEREHC (f)

Compensation function H(f)

o BEHISHIZE(SSRANBEMMEN (> 20 dB)

changes amplitude and phase of the measured

sound pressure signal (> 20 dB)

o (EHEEAEEERL

only valid for a fixed test point

[dB SPL / V]

[dB]

50 100 200 500 1k 2k 5k 10k 20k
Freguency [Hz]

\/5 He(f.r,)
)l\ ﬁ V

100 1k 10k
Fregeuncy [Hz]

\\\
\“ ||\"\ ]

\\Iw‘-
‘\||’\\

u}

|‘ roorh modes

early reflections
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Practical Demo

TR
\ i |IIiEIiI“\III!i

Y

- \al/uatl § PO

ESHEEE lmEE%E}:' 1‘%}5%5 Hﬂi% J\iiaazﬂ 1EF Simulated Free-field, Far-field condition at evaluation point 1m distance
° Iﬁiﬁ@%ﬁ{g - {EE ,\/%E'Zﬂ‘](FC LR) In-situ Full compensation - low frequency reference (FC-LR) technique
° 7/ \ﬁij:'r-ﬁ'j:ﬂilﬂd-FEﬁ scanning time 7 min

o N
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Question ?
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RIS HHIE AR

Overview of the In-situ Compensation Schemes

B iEMethod

ﬁﬁﬁ Ei%ﬂ%ﬁ: =ZIiZiE SHIEX &5 EFEﬁ\ ;ﬂ*ﬁ:rﬁ; / E—.%ﬁ

Simulated free-field (et oL AN N1 =t S L T

condition i a/r/1\ :Ev?onment Workshops, Offices [& Small room with anechoic
(roomytest box, stand) sufficient distance to the Boundary condition at higher frequencies

' ' (walls)
B ; = 3=|=iE

RERAREERIG MR A A IESAR ISR

Simulated far-field . . .

condition provided For all frequencies For lower frequencies For lower frequencies

RAEHESEHIRER " s "

HEffort f;. providing — 1% % $&8 Normal Scan 52 & 48 short Scan EX &8 short Scan

accurate reference data (20 min*) (7 min¥) (7 min*)

* $HIKLIPPEL LIVERSIHRIERERRNINET S48

Small Bluetooth speaker used in webinar KLIPPEL live

“00%

.\‘J
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=24 PROs

TREE coNs

f

A I)i/_\

Jkr%ﬁf'f Low Freqguency Compensation

/\
i TJ- 1EE 0= %[,\JE(LC LR) based on a low-frequency reference measurement (LC-LR)

Reference
Measurement

Ve

4BE Features:

Href(flrt)

In situ
Test
=
Href
f < fcl H.(f)=1
Compens_ation .
Function f > fc

il
-

EEEMERR(<1kH2)fEHEB N HER BN SEZEH, (f,I,) requires accurate reference response

H,(f,r,) with sufficient resolution at low frequencies only (below 1 kHz)

FEEREH () HAH D

Z B\ SinsrLIEREH () &1

compensation function H_(f)

Eﬂmﬁ%ﬁﬁﬁ x‘f{ compensation function H(f) is valid for a wide range of speakers

E/J\ microphone positioning error has small influence on

§$1E¥|le‘ *Df JEit.ertJEé x—éﬂ Evaluation point r, and test point r, shall be identical
):' Faﬁﬁ %Eﬂﬁﬁﬂi}ﬂ]r&ﬁ]; E}iﬁj’room must be sufficiently damped to suppress reflections for high frequencies

KLIPPEL-live #4: Simulated standard condition at a single evaluation point, 34
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Fixed Room Compensation Function (1)

B#& Targets:

o SREIZ(EEE R NHIEEREREINEE

Generating a fixed room compensation function valid for multiple speakers
o EBRFEEDUTETSERZE (IFH)

Avoiding a reference measurement for each DUT (scanning)

=K Requirements:

o MWHRENBEMHRITEN (BEErIEREME)

Properties of the hardware setup are constant (fixed microphone position)
o DUTEREMESFFINE

DUTs generate similar interactions with the room

o DUTESHEMRNAZ IR R ERIZH

DUTs have similar near field properties or test point r, is in the far field

KLIPPEL-live #4: Simulated standard condition at a single evaluation point, 39



Variance of the Compensation Function

15 | Large room influence Depends on speaker

10 < >

3inch driver , .

2 A i

[dB]
o

6 inch driver

e L+ ’

-25

100 1k 10k
Frequency [Hz]

>18E (FBE) fEThEEHe, r (f) STLUBRRRSE (RSl kHz) RURRIISE RS
The same (room) compensation function H; (f) can be applied to similar loudspeakers at low
frequencies (below 1 kHz)

> REIEETLIESE FEEREMEDR

Windowing can generate the optimum compensation function at high frequencies

> EEBEMEDREH, (NNEEHA(ERERERETSEHE
Reference measurements on a few selected speakers are required for determining a room
compensation function H_ (f)

KLIPPEL-live #4: Simulated standard condition at a single evaluation point, 40



Fixed Room Compensation Function (2)

.,m ,,,,,,,,,,,,,,,, » c——-—— Filter

» Analysis —» Results
P pfree(re)
- ~
S Pra(r)
Y f
‘}’,ﬁ AN Hre(f,1e) Compensation He()
P 4 - Function
Ii’eference ' Averaging the
measurement RoOM compensation function
under standard Compensation over similar speakers
condition H, (f<f,) function at low frequencies
(below 1 kHz)
Compensation
Function
H.(f
Similar (0
speakers 0
at th? sSame S <~ » Filter » Analysis — Results
position Preee (1)
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RIS HHIE AR

Overview of the In-situ Compensation Schemes

— ---

1Rk E RISF 4 Simulated

ZEiE (RH. ¥ = EEL BAE, 2EA .
free-field condition M?FE > J"itg‘) & (5T ) ERgEs BeBRBEERTN/NE

in a\n e;lwronment Workshops, Offices f& Small room with anechoic

(room ytest box, stand) sufficient distance to the Boundary condition at higher frequencies
' ' (walls)
1Rt RV RR RIS IR 4 5
B 3 38 i)

Simulated far-field condition PSSR fRomex fRomex
provided For all frequencies For lower frequencies For lower frequencies
RGBS EBIRMEBED . s "
Effort for ;roviding accurate — % ¥ #Normal Scan 52748 short Scan E% 4% $8 short Scan
reference data (20 min¥*) (7 min¥) (7 min¥*)

£ REENEEFE (B
PAEMISEEE ) Generating a RAEER RSB ER
fixed room compensation t recomme for lower frequencies for lower frequencies

applied to other DuTs

FBLEREEEIBIR! No scanning of similar devices required !
* #H¥IKLIPPEL LIVERSIIAIERERINETSHE

Small Bluetooth speaker used in webinar KLIPPEL live
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Practical Tips

|—‘—| E‘_;QJEA.I VAN o \H HX
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Other interesting applications of a fixed room compensation function:

Ground floor measurement of speakers in large rooms (workshop, distance to the waIIs > 3 m) at fixed

positions (distance r > 1m)

o EEBREEDUTHZ AN ERIQCREMEHLAECLAIERIARIUDUT (B/RaEs, &%)

Similar DUTSs (transducer, system) measured in EoL in a QC test box with fixed DUT and microphone
positions

o ERSEEEERENE (R8> 1m) UENR (BEEMIRERIEERE> 3 m) FHIE

Transducer measured in a baffle (distance to other walls > 3 m) with a fixed microphone position
(distance > 1m)
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Question ?
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AzESummary

« ALERHIRSREPEEEENER G (BRE, =5
Standard measurement condition (free-field, far-field) can be simulated in any acoustical
environment

»  {EEREMRIEREH (NETERA T2, YRHEERREGRETRIK
The microphone signal has to be filtered before signal analysis using a complex correction
function H.(f)

- WYR(EREERIZSE BB T e RIE R rte st AE R IE BREH ()

The correction function H.(f) has to be generated in-situ for the particular test point r,.¢ using
accurate reference data

-  BNERIEE e R Z SMY3D R A R At 2 EE
The spherical wave model gives accurate reference data at any point in the 3D space outside
the scanning surface

- AR RIZERERERERN (BRE) RIED&E

A fixed (room) correction function can be generated for a class of speakers
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Open Questions

RER L R ERNRAERE TR ERE T

Now, we are ready for performing standard measurements in my office!

SBTRKLIPPEL LIVEA4REAET = FRE The 5 KLIPPEL live webinar titled
B,EijCSPL — Eﬁt%ﬁi{é%‘% Maximum SPL — giving this value meaning

A&=d=m will address
s EEREFREAERMEIIERBEIZI{SR Selecting a broadband test

stimulus representing typical program material

- REFHIEX (100hIn=RBIEH. BIFEME. MIAME) BYE SR consequences

for long-term testing (100h power test, reliability, endurance)
o (FHSPLmMax fREF IR GtAYE N\1E1E Ccalibrating the input channel of the

active system with SPLmax
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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.Benchmarking of audio products under standard conditions
12. Auralization of signal distortion — perceptual evaluation

13. Setting meaningful tolerances for signal distortion

14. Rating the maximum SPL value for product

15. Smart speaker testing with wireless audio input

©CONOOAWNE

AN
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