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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

. I distortion — perceptual evaluation
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Comprehensnve 3D Informatlor
supports the evaluation of spe nd effects
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11" KLIPPEL live:
WL F IR FRIEEZ

Pitfalls in Testing Wireless Audio Devices

/ﬁ\ E iﬁ%ﬂ Topics today:

h f%{ﬁ%ﬁﬁiﬁ%ﬂﬁg%ﬂ%ﬁﬁ New challenges in modern audio devices
» R&D*DQCZ%ﬁﬁJﬁéﬁfﬂUiﬁﬂgﬁﬁiﬁﬁ Solutions for R&D and QC end-of-

line testing

o %ﬁ[@%ﬂ*ﬂ%jﬁ Qverview on common problems
'y E@{%ﬂ%iﬂ”iﬁéﬁ ¢.H’\J§E _@i}\i Practical tips to ensure reliable test data

e SEH
1E87J\ Demos
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Poll:

B =M S TR IR =Rt ?

Which transmission way do you prefer for testing actlve audlo system (if available) ?

A. *Ej:u\éfém_ Analog cable
s (fAlaNToslink, HDMI. LAN) bigital cable

(e.g. Toslink, HDMI, LAN)

o2& (WLAN) wireless (wian)
. 9:% (TI'-I';;:) Wireless (Bluetooth)
1§¢EJ (WJQDE%B&*D mU 5 )ﬁjZ'ﬁ:) Asynchronous

transm|SS|on (e.g. playing and recording an audio file)

,=\ﬂ'|_j, others

!""U.n .UU

L
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B=1: [ZFAIh (L)

Scenario 1: Closed-Loop Testing (Analog)

PC

|
! !
|
|
ouTt USB ! p—
|
|

Active
Speaker

Microphone
{ —

DUTEEE é;g:zéu ﬁ*ﬁ{)“mﬂjﬁﬁ‘ﬁ Analyzer Output Directly Connected to DUT
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Bluetooth Technology Overview

%_LEEIIEIILL:I Short range communication
Eale-l%j:;z Pairing and connection

==
:E_ﬁ: Eﬁv)ﬁ Bluetooth Audio
n EﬂﬁgiElsz\ Classic Audio

- IEFFLEESR ({105%) - !

Bluetooth LE Audio (low energy) — NEW!
Kﬁ%ﬁ)ﬁ@ﬂ% Different audio profiles
2R SNIRAEIIES Many

proprietary audio codecs

A A Qualcomm Qualcomm’ aptX” Qualcomm’ -
( C aptX” P Low Latency x aptX"HD LDAC
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B2 [ZFAIh (F5Z%k)

Scenario 2: Closed-Loop Testing (Wireless)

(EIEF(ENES (FRILIEEEUSB) Using Bluetooth Transmitter (Analog Input or USB)

PC

Bluetooth®
transmitter

Bluetooth®

Speaker

€3®[<

KLIPPEL LIVE #11: Testing with Wireless Audio Input , 9

Microphone

mm— . JE

<>



KLIPPEL's solution

Hardware (QC & RnD)

e MegaSig U980

BIJUSBECE (SREIQCH
Rn DZF)’K#F) Configurable over USB

(integrated in QC & RnD software)

;EE: V4.2 Bluetooth v4.2

S EERISEMACE M codecs

Supports major audio profiles & codecs

E*%E?%:ZEU KA3/ PA/ DA Connects

directly to KA3/PA/DA
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Bluetooth Speaker Test

With Optional Hands-free Microphone Test
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Bluetooth Headset Test

Including ANC Performance Test

External Mic
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75%3 J %ﬂ”ﬁt Scenario 3: Open-Loop Testing

IRERAENES (RESRAEHEIEEAR)

Independent Stimulus Playback (Generator not in Loop)

Klippel Analyzer I ________

PC

External
Player Smart
9 Speaker
Way 9 Microphone
L
E T | —
.

—_—
-~ —_—

|
\

|
|
|
I
I

Stimulus (WAVE)
I

Cloud
Service
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Tlite

AHY[A)ER

Problem in Open Loop Testing

1) Chirpf%ﬁl]}_j}J %_% EE?}E%}%&Z (Ei) Chirp stimulus is played again and again (asynchronously)

| R
i i T - M
) ||| | m ! "' L | ’ m‘w
wav I ‘ | ’ 1
- S . g ]
record 1 record 2 record 3 record 4
-
N s N ~\ Impulse response h(t)
2) TRECRKI A t&Eo iy, o -
TRF records the waveform and calculates the o I—

impulse response

Time [ms]

as

;ZI:M@-*ﬁEmUE_[XiE_EiE,? How to detect the variable delays ?
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ﬁ%?ﬂ”iit Open Loop Testing

1) SRR (HNEBREE) 2) My InEE{4E 752 Additional Hardware Solution
Pure Software solution (External Syncronization) WH: ERERChipEs

Kliopel Anal StIIIIU|US Chlrp la eda aln and agam
ippel Analyzer
iﬁ7"77w7Wﬁ7""""”7""""""7 W"i"—i H I\ ‘”

External i A
Player Smart "
8® Speaker Stimulus (WAVE)
|
>>>>> 9 Microphone
L]

Sync-Signal B } Q 111 J)E . =

Klippel Analyzer

Bluetooth® Bluetooth®

transmitter >>>>> Speie] Mic 1 Scanning

_- microphone

~ ]
Refe rence Near Field Scanner
Response — microphone

WENRN EEREES

Measurement response is synchronized to stimulus

stimulus

=N
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O fF

58 = e XKREE

Solution: Use a 2" microphone for synchronization

1) REEIUEIESEIEI

Stimulus is pIayed by an internal wav-player

e I ]
4 ~ i i -
v r Y asTsaan
I I
I I
l J’ i 2) ZTRR2AGMBTIE
1 Microphone 2 detects time delay
I F >_
! WAV IMmL . T
NS h@®°
i - | MEETR, .
I ; | measurement o
I ' microphone
I I
i K j i ' ’ ' Tlme[ms] y m
] 9 y ! 3) EMERIRTEMNEZTEXFFZER Detected
I 1 delay is removed from the measurement microphone
L ——— —— )
measurement Mic2: = —
surface

BEERX, (E h ()
ZE) microphone for -

synchronization
(not moved)

' Tlme [ms] -

g:nt . |__|$TH7](/EPHDF_ \\/ Result: Synchronized Impulse Response
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NFS: é,%&fj_ﬁj::l}? Holographic Directivity Scanning
—%’(gﬁﬁ Eﬁﬁﬂgﬁﬁfﬂu&t Open loop testing of a smart speaker

|B)&& Problems:
A %*Ej:u?ﬂéﬂ)\ No analog input
B Kﬂjﬁﬁﬂﬁ (ﬂ\lE\.) Long

and varying time delay (latency)

¢ ’)“’I‘%Blﬁﬁ;ﬁﬁﬁﬁ External

synchronization is not applicable

Hi: Eﬁﬁ{ﬁ&tﬂg%:i;ﬁm (%%) Solution: 2nd microphone at fixed position (reference)

b E{Rﬂﬂﬁtﬁ%mm%ﬂ%}%mﬁﬁmﬁﬁI]['n] E\Z provides high accuracy of amplitude and phase response of the test microphone
. *ﬁfﬂ“}éﬁf\ 5‘%&%&%& %i%ﬂ;?%?g*ﬂﬁﬂﬂlﬁ_]@ Detects dropouts, sample rate drift, ambient noise and other problems

. f‘éﬁ%%{ﬁﬁ%&&éﬁﬁﬁ’ﬂﬁ?ﬁ is a simple, robust and cost-efficient solution

KLIPPEL LIVE #11: Testing with Wireless Audio Input , 17 <+ >



MEMSZ=Z 52 XIAY 73 RI1E

Directivity of a MEMS Microphone

Test stimulus

N
.

Test
Microphone

Reference MEMS Microphone

Microphone Q O Q OO0
ro Yoy

Audio File Recording

Audio Device

3K Requirements
¢ %XjfgLP_(l &E’J*%EF_ Eﬁl%.—_' (xlx%géﬂrj) Sufficient accuracy in the absolute transfer functions (affected by setup)

¢ (ﬁAEﬁJ—LZIE—U) 1‘@5(1%15%[%@1 _Ll]r]r_ E’\]*%}'EE% High accuracy in the relative amplitude and phase response

(between mics)

7‘5 2= Solution
{%}EEMEMSEPEIJ_/\E?EJ—M’Ej]%% Using one microphone in the MEMS as a reference
¢ 16%:2% fgiﬁjﬁl I\|-7“l:k_]_/\ ll Jl‘b+ﬁ%§%ﬂ,) Recording or transmitting at least two signals (test + reference

microphone)
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Wireless Testing
KLIPPEL Analyzer (R&D modules)

Closed Open loop
m

o UESR, PPIERANERAKE Measurement of

frequency response, impulse response & harmonic distortion

NS REEFNTIRELE(FEZR) Measurement of harmonic v X
dlstortlon and intermodulation distortion (steady state)

BRSNS (BB ASPLIEE. 1&iK5E Tone Burst v X

Measurement (transient) maximum peak SPL, harmonic distortion

ZENESZEXRE. F48. &AEELSPL Multi-Tone

Measurement multi-tone distortion, compression, maximum v (X )
continuous SPL

mrEeiI3DE AR +HEZ)NE (ERTIEER
é) 3D directivity (near + far field) measurement of loudspeakers v v
(applicable in non-anechoic room)

= XHR2DGEE (SEKE) (FEEFE)
2D directivity (balloon) of loudspeakers and microphones (anechoic v v
room needed)
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vVd

./{Il \\



F%J:E/_\]%z%iﬁ%vn\mﬁ Wireless Device Testing in Production

F%ﬁ%ﬂ%,ﬂﬂiﬁﬂ’ﬂ%* Requirements in End-of-Line Testing
'H%i%éﬁﬂ’ﬂﬂﬂiit Fast and comprehensive testing
*ﬁ;ﬂﬂfa}&ﬁ’éﬂ’ﬂ%ﬁﬁfg high sensitivity for defects
1%}%%51% Simple to use

%%LH:TJLF_ Al Critical Issues:
. Ej]@ﬂij Automatic Pairing

y I}IbEF%EIJ”’_ "LXE Smooth Bluetooth Setup
N |§_|w (LbTﬁ:ﬂ”*ﬂ?‘M’éﬂ) Synchronization

(Delay detection and compensation)

KLIPPEL LIVE #11: Testing with Wireless Audio Input , 20 <+ >



Wireless Testing
KLIPPEL Analyzer (QC modules)

QC Base Version, QC Standard or QC Stand-
alone (v6.3)

QC SYSTEM

Task Description Closed loop Open loop
setup setup

WESTE, KRRz, JERFIRKPRE
Measurement of frequency response, impulse v v
response, harmonics & impulsive distortion

SRR Air Leak Detection v v
SE T Spectrum Analysis v v
I9E5&333F Equalization & Alignment v v
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Poll:

{EFE/ Foe N BERT AR 7 {1 AlR)Ea?

Which problems do you see using digital/wireless transmission channels ?

A. G None

BIEIR Large latency (delay)

BJFFEIR (FEXITFHIIE]) varying latency (versus time)
. :Jrrsl'ijl Hj'[f-q:'g—%z\ %1‘5’?‘2: TU@B Jitter, Clock Drift,

Sampling Rate Mismatch

j:$2£\ TEE{E*EZI: Drop-outs, interpolated samples
,=\1'm others

mm OO w

KLIPPEL LIVE #11: Testing with Wireless Audio Input , 22 <+ >



High Latency
Problem in Bluetooth Devices

Signal Y1 vs time (Channel 1)
Signal at IN1

0,08 KLIPPEL

300 ms
A S AR asEIRTE30E o
400mSZIE_I_] | Thedelayofa e
Bluetooth® speaker is typically =
between 30 and 400 ms ! 002 L
006 Recording
.08 stops too early

Mag nitude of transfer function H(f)
Asynchronous Mode

0 with preloop

BRI PR TR AL :

Missing late response in a single sweep test °

“‘\’ ""“\

Single Sweep

60

dB-[V/V]

£51© Conclusion:
ZIXBEINEIAES ©
Play multiple loops of the stimulus )

20

20 50 100 200 500 1k 2k 5k 10k 20k 50k
Frequ ency [Hz]
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E—ITAE:
RIS EIER

in DIS 3D Distortion Measurement

Pre-excitation

et | AR

.-'| 0k
i |||H||l i

Response —————~ mH | H | ”
0 L Il Il HJ U 1l

Complete response

T

Il

\Driver\DIS IM Dist. (bass sweep) AN 11 n

Infa Attachments Driver  Stimulus  Input Protection  ImdExport Display

Maode Harmnonics + Intermodulations [f2]  ~

Voltage 0] [] Sweep uz
U end v Spaced|in  ~| w2t [0 a8
at Speaker 1 terminals [via OUT 1]~
Frequency i Sweep 2
fsat [20 |He  Points ®r [0 w
ferd [100 Hz  Spaced|omg | S15F2 12 Hz
Ongz 0
Masimal ardasatdion — 4 ~
Additional excitation before measurement; 3
M suc SO DTS o =
S Daz S K83
5 [

KLIPPEL LIVE #11:

in TRF Transfer Function Module
Pre-loop

= ~
’é}ﬁ9 b}%&ﬁb 1st Solution: Additional Excitation
1S Coping with High Latency

Complete response

\Part 8 Harmonics\3a TRF Stepping Harmonics in situ r_test=0.3 m\4 - n

Info Driver Stmulus lnput  Processing 30 Display  Im/Export  1-Dist

Mode  Single measurement ~

DAsyn:h eeeeeeeeeeeeeeee it

Frequency Vaoltage |
Resolution 0.73 ~ | He at OUT1 ~
Length 14s |
DShapmg Irnport... Prejflops:
[“Maise fioor + DC manitaring Averaging 1 ~ -

\ DSmgle Sweep

o DaZ (BE536 samples) /

o KA3  (BE53E samples) Expon Stimulus
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— by RS —
%_/l\fj_% QI*E.‘BIEJi 2nd Solution: External Synchronization
M XS EZEIR Coping with High Latency

Sync-Signal

BE{5S Sync-Signal:

e el |

* Du0,™M13™= Broadband signal
° %Eﬁ-,‘j} %% (200ms) Short sync signal (200ms)
g 1‘/%1,':1%2)%65 Identifier encoded

* 179 Bﬁ*ﬂ;ﬁ'& pseudo-random properties

stimulus

Response

Complete 54k Benefits:
response N
. EJE%BE?EU No limitation with of the latency
External Synchronization ¢ %Eéﬁ%l)ﬂ”iﬂ Best for open loop testing
(SYN) in the QC system in . ’H%ﬁ?éé%é%ﬁﬁ”%,ﬂﬂiit Fast EoL-testing
KL'PPELAnalyzer SyStem ¢ i%jw_j}] %‘%iﬂ%ﬂ Identification of the stimulus
b %ﬁ}%ﬁ%&ﬁb*ﬂﬁ*ﬁ' Linking stimulus and analysis
: *ﬁfﬂ”%ﬁgﬂtlﬁﬁﬂ Detection of sample rate

mismatch
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Demo

Tools: Using dedicated software modules of the KLIPPEL Analyzer

QC End-of-Line Testing (External synchronization)

@ KUPPEL life JBL Go version & - dB-Lab 210,819 - *
Project Edit View Operation Extras Tools Window Help
] ¢~ ® Q| EB|EF H| S Gelectdevice) [l X=)
& Part 10 Impulsive Distortion i o = £2 | | @ \Part 10 Impulsive Distorticn\1 impulsive Distortion (> 20 order) at Umax=0.17 V e |- || (=} [atz3m]
™ |impusive Distonion (20 order) st Umax- 017V peart Fundamental + Harmonic distortion compenents Instantaneous crest higher order distortion (ICHD)
@ 1a TFA Time-Frequency Analysis Measured signal Seneatint o
——— Fundamentsl ——— THD ——— 2nd Hamanic 3rd Harmanic.
@ 13 TFA Time-Frequency Analysis Residuum - Fund. mean (10010 500 ADSCIUtE PHD e e it (400
@ 12 PLAY Audio Player _KupREL,
8 15 TRF IMD nearfield {r_test 2 em - 0.17 V) with (> 10 ¢ 100
@ 1 PLAY Audio Player
@ 1b TFA Time-Frequency Analysis Residuum (1) a0
= o 1 Stepping impulsive Distortion at nearfield r=2cm (1) 1 -
@ 1 - TRF transfer function - [0.10 V] E s P4 LWLy H
B 1 STEP Parameter Stepping = P T - S, H
@ 1 TRF IMD nearfield (r_test 2 em) E . %% 2
&8 1a - TRF Equivalent Input Distortion - [0.10V] o \ ‘\'
& 10 - TFA Signal Response - (0.10 V) » P'&r‘ﬂl
@ 2. TRF transfer function - [0.20 V]
23 - TRF Equivalent Input Distortion - [020 V] °
& 2b - TFA Signal Response - (0.20 V]
&8 3 - TRF transfer function - [0.30 V] o - o " I o o o - - . o
32 - TRF Equivalent Input Distortion Froquency [ Prasemcy ]
8 3 - TFA Signal Response - [0.30V] ~
£ e = g8l=e = &=
S x@/8~0~ Modeled and measured response Modeled and measured response
O impuise Response C Sigaai ating Signal atiNt
O Energy-Time Curve —— Weasured Madel Residual Stored —— Maasured Model ——— Residual Swored
O Step Response i KUPPEL KLIPPEL
Fundamental + Harmonics 05
O Harmonic Distortion 04
O HH Mag! 03
O H (T Phase 02
O H () Nyguist o1
1 H {f) Minimal Phase L I L
O H (7 Excess Phase = oo F
1 H (1 Excess Delay 01 |
O H (7) Total Delay 02 4
O Cumulative Decay 03
O Wigner Distribution 0s
0 Sonograph -
O Stimulus (1) Spectrum 0%
O Y1 if) Spectrum w0 200 500 [ * s o 20k 50k o 200 o 520 200 1010 1200
00 ¥2 if) Spectum . instantaneous Fraquency Hz] Tima (s
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N\ .
BAJASFIEIR Varying Latency
MR THYIB]ER Problem in Bluetooth Devices

k=l
Bt
N

LLLLLLL

800
700

100

LLLLLLL

QC System O

1T
56

160
Atin ms

Mean delay =155 ms
(=53 m distance)

[G2R Consequences:
® ?2“@1%@[”@ }E_L (Eé,%iﬁiiﬁfl}ﬁﬂlﬂilliﬁéé’f@) Affects phase response (very critical in holographic near field scanning)
. '—iﬁﬂﬂl\ﬁjgﬂ*E;é (j:_?i_gf,\ ;‘éﬁ%}%‘;@%) Related to other problems (drop outs, sample rate drift, ...)

%5 = Solution:
° %%i)ﬂ”% (i&iﬁ@ﬁﬁﬁ%:ﬁ%ﬁﬂ) &Hﬂ*ﬁ;}ﬂ}ﬁéﬁ}% Reference measurements (second

microphone in the near field) for coherent scanning data
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Blrf], BTER. KERAILHRD
Jitter, Clock Drift, Sampling Rate Mismatch
EEE:'IQ%EJEI\JFEJEFE Problem in Bluetooth Devices

RERA: BRI R PRI R !

Root Cause: Crystals of Playback and Capture converters are different!

Response

l

FEIR Symptom: XHE#{T RIS Impact on the transfer behavior:
BRI N B EARE . fv)ﬁ%&?}ﬁ Frequency transformation
Stimulus and response have a o g5 AFIHIHH Z [BIRVAFZRMERAR (FRHBT) Nonlinear (non-

different length coherent) relationship between input and output
i BEE Hjl@ﬁﬂ%ﬁf%%*%ﬁ Delay becomes worse over time

T.#7T, . ERERERIREIUNE (82, 1H(E) Resamping or

sample correction (dropoults, interpolation) can help
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%*—f——?—ﬁ?ﬁ *zEI}JJE% Conseqguences of Sample Rate Drift

o s ; : racy i
A rrey o . (ORELL) ros v o can

. Ei&ﬂ]?&ﬁﬁ'ﬂﬁ;\% Separation of distortion and -IK'JJE (L/L guma’]iﬁ:ﬁﬁﬁ$g) Long

fund o Measurements (to get high frequency resolution)
undamentals
N o 'I;/tslzig Long averaging

° M= pi i Y
QEEJJE Distortion measurements . 1%16%5"]5?@ @’% UFFTEP Wrapping

ARURY
e
« TBLELNE Phase measurements recorded time signal in an FFT

Example: Bluetooth speaker

Multi-tone distortion (analog input) Multi-tone distortion (bluetooth input)

Spectrum of In (f) Spectrum of In (f)
Microphone signasl Mics one sign,
—— Moise + Distortion, u=0.1V = Noise fioor

Fundsmental, u =01V = MNpoise + Distortion, u=0.1V == Npise fio

Fundamental, u =0.1V

PREL HUIHFEL 1
40 dB more
= lindaments distortion

ply
= py

&

a

SPL[JE] 0 dB =
o
H
SPL[dB] {0 dB

20

10° 104
Frequency [Hz]
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ﬁ%ﬁzzfﬂ Avoid Long Averaging !

E‘Bd\vdi—m, ﬁz Coping with Sample Rate Drift

Single Sweep Chirp with 4 Averages

- [ - -

Magnitude of transfer function H(f)

Response

95
KLIPPEL

20

Single sweep

. ARSI
DE! Sample rate drift

generates a cancelation of high
frequency components !

75

measurement

70 with 4 averages

dB-[V/V]

65
60
55
50
45

20 50 100 200 500 1k 2k 5k 10k 20k
Frequency [Hz]
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{EEFchirp{S SaYEHHENI

Accurate Testing with a Chirp Signal
Miﬁ%ﬁ%—éiﬁ—i% Coping with Sample Rate Drift

ESIRE R EE (FESHEhIE) wrapsing EREESNESMIE (chipfSSaFFaT
in the audio band (in the middle of the audio band) %%) Wrapping at zero time signal (begin and end of the chirp)

Response M«w—%«%

Response

PRO —fa = Magnitude of transfe r function H(f) PR\O -

« SROtRENE ® . - BES Good accuracy
Simple standard o ToEK®R{E no
Jmsurement Sendard chip impulsive artifacts

s T © BATHENE required

. W A\ :—4& for rub and buzz
- IEERNPERE =" e \ CONS:
s > hronous mod
FE1= Significant error in 5 B o SE4ME Asynchronous
magnitude response » processing

«  FEEMRNLAELE] Click « (" chirp) (2 chirps)

generated "

©  RNERTHLEIR .

AL Not applicable for PR ’
EOL testing Frequency [HZ]

AN
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TRFEZHHHY

F' XT‘"fi—?—;j“ﬁg Coping with Sample Rate Drift

2D

eam Bluetooth
transmitter

eam Bluetooth
Speaker Microphone

éé@@’...ij

Klippel Analyzer

IBAIR7 T2

‘Bluetooth Testing\TRF Bluetooth ﬂ

Info Aftachments Driver  Stimulus  |nput Processing 3D *

tode | Sikola maasrement

Asynchronous measurement

Frequency

F mif Hz

Resolution 293~ Hz
Length 0345

[ Shaping Import...

Muaise floor + DT monitaring

J Da2  [16384 zamples)
J ka3 [16384 samples)

w

Yoltage
SO
() dBu
at |OuT 1 ~
Preloops: 1
Averaging: |
Single Sweep

Export Stimuluis:

Help Cancel

Ej]ﬂ:fiﬁ% Automatic Solution in TRF Module

T {FJ5IE How it works?
1) "'_5:1:§Eﬁéjﬁgﬁ I%SU_}J{:."E Send Stimulus via Bluetooth

transmltter
Stimulus
playback

Preloops

microphone
signal

2) *ﬁfﬂﬂi@i@#iﬁ%ﬁﬂ%ﬁ—bﬂ Detect Delay and window

microphone signal

Time Delay

#24b Benefits:
o EAUINBELIBEEREAAE (FRhAE)

Optimal windowing avoids any artifacts (clicks)

- BATUERKRXRE (FE) Requiredfor

measurement of impulsive distortion (rub&buzz)
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TR EEEEY

Impact on Impulsive Distortion Testing

TRF copes with Sample Rate Drift

TRE in normal mode TRF in asynchroneous mode

Data Aquisition Processing
stimulus playback of the
stimulus . j I L | . j
microphone signal @
Response " breloops T measuremen t >

Bhhdgd g

R

NJ
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Problems

Dropouts, Glitches, Interpolation Artifacts

H n l“““ i | s
| 4

Measured

dropouts

RERE Root Cause:
: EZXT"H' *wﬁ%’]'ﬁ% %’%‘Fﬂ%ﬂjﬁ&iﬁsmple algorithms for coping with sample

rate drift can generate impulsive distortion

G Consequences:
Y BL*}MjJ{E (Z_ AEEE\ Z_ —_ﬁ)ﬁ,}\J) Those artifacts are random (not repeatable, predictable)
« FJRESTHRRERITIHRIERS, T~ &LimlhdPRKHE vaybe mixed with

transducer defects critical for end-of-line testing

753 Solution:

* Egi%%#ttiﬁ%% Repeat the measurement and compare the results

- ERTRRNERS BT IRAERITERE (ANAABURAL) use open-ioop

measurement to separate random transducer problems (e.g. loose particles)

KLIPPEL LIVE #11: Testing with Wireless Audio Input , 35 <+ >



poy

SPL[dE] (0 dB

a0

50

Corrected Multi-Tone Distortion
Coping with Sample Rate Drift

MTON in normal mode MTON with drift compensation

Spectrum of In (f)
Microphone signal Spectrum of In (f)
Moise floor

Microphone signal

Fundamental, u =01V
Moize floor

Noise + Distortion, u=0.1V
Fundamental, u=0.1

I Moise + Distortion, u=0.1V

Fundamental
dame nlllaJI HU& ‘ \

2 o -1
=] =] =]

= p)

.
=]

SPL[dB] (0 dB
e
E]

(=]
=]

=

=]

Noise

10% 10° 104 10% 102 104
Fraquency [Hz] Frequency [Hz]

7337% Method
1) SNLAES tERFEOHBIFINE(S S ZBRIRFZRIZFL Detection of the sample rate drift between

stimulus and measured signal in percent
2) }}"l,ﬁﬁﬁ]%ﬁ*ﬁZﬁﬁEﬁﬁ%M’%‘ Active compensation before performing spectral analysis
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Tools: U

Demo

TRF (transfer function)
MTON Multi-tone Distortion Measurement

@ KUPPEL life JBLGo version & - 0B-Lab 210812

Project Edit View Operation Extras Tools Window Help
-] ¢-a® QA A H| Sk

2 Part 10 Impulsive Distortion
] 1 impulsive Distortion (» 20 order) at Umax=0.17 V nearfi

' 1a TFA Time-Frequency Analysis Measured signal
1 13 TFA Time-Frequency Analysis Residuum
@ 12 PLAY Audio Player
8 1b TRF IMD nearfield {r_test 2 cm - 0.17 V) with (> 10 ¢
@8 1 PLAY Audio Player
@ 1b TFA Time-Frequency Analysis Residuum (1)

= 1 Stepping impulsive Distortion at nearfield r=2cm (1)
& 1 - TRF transfer function - [0.10 V]
@ 1 STEP Parameter Stepping
@ 1 TRF IMD nearfield (r_test 2 cm)
1 13 - TRF Equivalent Input Distortion -
16 - TFA Signal Response - [0.10 V]
@ 2 - TRF transfer function - [0.20 V]
1 25 - TRF Equivalent Input Distortion -
8 3b - TFA Signal Response - [0.20V]
1 3 - TRF transfer function - [0.30 V]
4 33 - TRF Equivalent Input Distortion -
4 3b - TFA Signal Response - [0.30 V]

< >

[010v]

020 V]

sing dedicated software modules of the KLIPPEL Ana

- (=] X
device) * g =
3 device)
= @ | £ | | @ \Part 10 impulsive Distortion\1 impulsive Distortion (> 20 order) at Umax=0.17 V ne_ |- | -2 [stadm|
Fundamental + Harmonic distortion components Instantaneous crest higher order distortion (ICHD)
Signsi a1 o8
—— Fundamental —— THO —— 2nd Hamonic 31 Harmoric
= = Fund mean (100 500 Absoute PHD e e PHD mi (4008}
e ST

Sgnatat iy

oo x@e~-m-
O Impulse Response

0 Energy-Time Curve

O Step Response

B fundamental + Harmanics
O Harmonic Distortion

H (f) Magnitude

H(f) Phase

H (A Nyguist

H (N Minimal Phase

H {7) Excess Phase

H {f) Excess Delay

H (f) Total Delay
Cumulative Decay
Wigner Distribution
Sonograph

Stimulus (1) Spectrum

Y1 (f) Spectrum

Y2 (1) Spectrum

/l0oooooooCcoooo
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Discussion
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Summary

BIESHITC S/ A TR A~ 25!

Wireless/digital transmission of the audio signal is not perfect!

FEIRSIE. BTSEFIREYAG], SFEEMRE

There are nonlinear, time-variant and random mechanisms which
generate additional distortion

ETN E IS IRBYTREOFEIE Accurate testing requires

special precaution

A LR BRI R TTZE Modern test instruments

provides solutions
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Open Questions

Ff JBL1718 T IEC 60268-217E X AIFMEF NI

We have discussed physical test methods defined in IEC 60268-21 for standard condition

%12,HH|X—)§|2§EH'LT_I"%E;E@ The next 12t KLIPPEL live webinar entitled
IRES TSI mAYEE N

Benchmarking of audio products under standard conditions

3{%—1?‘1/[:,\ will address the points:

X HEB%EI:E*/]_T?EE%') Which criteria are important ?

- §D1ﬂiﬁ¢§5nU§%1¢7 How to choose the measurement conditions ?
. qutlﬁiﬁ_‘szEg:é%? How to compare the measurement results ?

. ill]@?%.‘:l:‘.ﬁ%‘)‘{ﬁ’ﬂﬁi’e'? How to draw meaningful conclusions ?

. QD@EH%T\?’@ETE%E?’EMEP How to use standards to simplify benchmarking ?
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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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