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dB-Lab 210.560 / QC6.2-2019 4

KLIPPEL
T TFA- Time Frequency Analysis 3D

Rub&Buzz
T LAA- Live Audio Analyzer

p,V, I, X
T LSIM - Linear lumped parameter simulation
T NFS- Near Field Scanner - NFS
3D SPL

T IsC- In-situ Room Compensation
f MTON - Multi-tone Measurement Multi-tone Measurement (Pre-

Release): CEA2010B IEC 60268-21 SPL
 STAT- Statistics
1 SAN- Spectral Analysis Task COH task
f 10-10 robotics
{ dB-Lab: “New Operation” KA3
T LsI3- Large Signal Identification

Kms(X) High Power Speaker Card
T SIM2 /SIM-AUR:
T NFS-— Near Field Scanner /
{ TBM- Tone Burst Measurement : /
f RMA- Rocking Mode Analysis
 HMA- Higher Mode Analysis Higher Mode Analysis (Pre-Release):
I MMT- Multipoint Measurement Tool
1 ECM- Extended Creep Modeling
QcC6.2

1 3DL-3D
I EXD (Bluetooth) —

Windows10 / A2DP

HFP
T pPP- Post Processing Task Difference task
T SAN- Spectral Analysis Task COH task
 DCX- DC AC
KLIPPEL
I QC Card for KA3: Amp V/I Mics

I  High Power Speaker Card — Speaker Card - 80 Apeak/ 25 Arms + 400 Vpeak/ 100 Vims
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Main Features Explained (Summer
2018 Release)

KLIPPEL has released a new software update for
the KLIPPEL Analyzer Systenifying both R&D
and QC applications that have been formerly avail-
able as separate hard- and software system pack-
ages.

KLPPELdB-Labhas been the base platform for all
software modules so far, but the unified release
and common hardware platform provides com-
pletely new application opportunities and im-
proved work flow in product development and
manufacturing.

Additionally, new software modules and major
features in existing modules have been added as
listed above. The most important ones are intro-
duced in the following article.

Unified Hard- and Software Framework
for R&D and QC

In modern audio system manufacturing, research
and development (R&D) should be closely con-
nected to quality control (QC) in pre-production
and end-of-line testing for optimal product per-
formance, maximal yield and lasting customer
satisfaction.

The new unified release of the dB-Labframework

software benefits from the latest modular KLIPPEL

Analyzer 3hardware, which can be tailored to the
particular requirement of the application while
supporting the full range of KLIPPEL software mod-
ules. Extension cards like Laser(+ microphone),
XLR Speakerand Amplifier Cardprovide a high
level of scalability and flexibility.

)=

R&D Lab EOL Test Station
Figurel: The KLIPPEL Analyzgst&nc¢ the comprehen-
sive testing tool from lab to production
KLIPPEL Ré&bBodules like LSlor TRFand Tasksof
the QCmodule like Air Leak Detectionan now be
used with the same analyzer hardware platform
and even used in the same batch run sequence,
extending the capabilities of the test system. Since
the requirements in end-of line testing are still
different from lab applications, the software comes
in two dedicated distributions that are fully com-
patible but include different tools like QC Starfor

operator-oriented EOL test management. Test
results, templates, settings and limits can easily be
exchanged for optimal communication and compa-
rability between design and manufacturing. There-
fore, the same tests can be run on prototypes in
the lab as well as in pre- and mass production.

Since compatibility with earlier software releases
and existing analyzers is ensured, long-time users
of the KLIPPEL systems will feel completely familiar
with the look and feel of the software while bene-
fiting from the new capabilities. Please note that a
software update requires a new USB license don-

gle. Please contact info@klippel.de or Vvisit
www.klippel.de for more information.

New Features for Complex QC Tests

Modern audio devices like smart speakers, sound
bars or wireless headsets are getting more and
more complex through high integration, multi-
channel in- and output, wireless signal transmis-
sion and extensive signal processing (e.g. virtualiza-
tion, beam steering, active noise cancelation).
Consequently, the test system needs to provide a
high flexibility in order to reflect those capabilities
in quality control.

In combination with the KLIPPEL analyzer hard-
ware, the QCframework module handles all kinds
of audio devices (ASIOor WindowsDirect Sound,
either as device under test (e.g. USB headset) or
test interface (e.g. sound card). Multiple QC opera-
tions can be run in a test batch covering different
input and output devices, transmission channels,
sample rates, codecs and so on.

Using the capabilities of the KA3 hardware, up to
eight channels (4 x microphone + 2 x impedance
channels) can be measured simultaneously. This
speeds up testing of passive stereo systems (e.g.
headphones) or multi-microphone setups (e.g.
speaker cabinet air leak detection) significantly.

External Mic

Wireless
Headphone

Right
Speaker

A

Bluetooth
Interface

Laser Card XLR Card

olo/ozolze ] @s@30/0]©:505:0)]

ki

KLIPPEL Analyzer 3

Figure2: Hardware setupsketch ofa complex QC test for
Bluetooth headphones with ANC


http://www.klippel.de/products/rd-system/software/db-lab-software.html
http://www.klippel.de/products/rd-system/hardware/ka3-klippel-analyzer-3.html
http://www.klippel.de/products/rd-system/hardware/ka3-klippel-analyzer-3.html
mailto:info@klippel.de
http://www.klippel.de/
http://www.klippel.de/products/qc-system/qc-standard-system.html
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To simplify the test setup of complex sequences,
single test steps in the QC test sequence may be
activated/deactivated as needed. The new, free
sequence control add-on feature allows repeating
or skipping individual test steps dynamically, based
on test verdicts or user interaction.

To get a practical insight into those capabilities, the
new Application Note 73ledicated to quality con-
trol of passive, digital and wireless headphones
and headsets provides some good examples. Fig-
ure 2 shows an exemplary hardware setup sketch
for a Bluetooth headphone test based on KA3
hardware, a Bluetooth interface and additional,
speakers for ANC(active noise cancellation) per-
formance check. All application notes can be
downloaded from http://www.klippel.de/know-
how.

New Chirp Results and Normalization
Modes

The continuous sine sweep (chirp) is a very versa-
tile and efficient test signal for acoustical tests
providing optimal frequency resolution even for
ultra-fast tests in EOL testing. The sweep-based QC
Sound Pressure Talsks been extended with addi-
tional results and processing options.

The Rul&Buzzanalysis relies on a highly customi-
zable band-pass tracking filter that provides opti-
mal sensitivity for detecting random impulsive
defects like loose particles in time domain. A new
mode has been added that only focuses on high-
order harmonic distortion (HOHD. The orders of
analyzed harmonics can be customized with high
flexibility to focus on very specific defect symp-
toms. Additional calculation modes have been
added to display Rub&Buzz distortion relative to
the fundamental response or average level.

4 Fundamental

(Stindusy | jeeeeeeeccccccccce

[]
R Low-Order ¢ Band Pass
*<. Harmonics?® (ARub&Buzz)

. (THD, HI-2)
High-Order
Harmonics
" (HoHD) T

SPL
EX R R

Noise + Non-Harmonic Defects

Frequency

Figure3: Sound pressureresponsespectrumof an audio
system excited with a single tone.

Furthermore, HI-2 (“blat”) distortion has been
added as an optional feature providing a special
weighted harmonic distortion measurement. It
mainly focuses on medium-order (<11) harmonic

distortion that is primarily caused by hard limiting
or significant asymmetries in the motor and sus-
pension assembly. KLIPPEIApplication Note 7
provides more information about this topic.

Extended by three new normalization modes, the
fundamental frequency response may now be
displayed relative to the average level (sensitivity),
a “golden unit” or even the reference pool average
curve in a separate result chart. This improves
monitoring drifts and variations and it supplements
floating limit modes and on-line limit calibration
perfectly.

Large Signal Identification 3

One of the most popular software modules of the
KLIPPEL Analyzer Systeme Large Signal Identifi-
cation (LS), was recreated for the new KA3hard-
ware. In the new version, the nonlinear speaker
model, identification algorithms and accuracy have
been improved. A wider nonlinear range (larger
displacement) can be identified without thermal
limiting due to improved stimulus shaping. It is
now easier and more transparent to control the
small signal measurement level.

Due to the increased importance of micro-speakers,
LSI3 Micrespeakerreplaces the LSI2 Tweetess a
dedicated measurement tool for large signal pa-
rameters. This new variant uses a multi-tone
stimulus instead of noise to drive the speaker to its
mechanical limits. The LSI3 MicreSpeakeralso
identifies linear and nonlinear tweeter parameters
(maximum resonance frequency is 1.5 kHz). Fur-
thermore, the identification time for a micro-
speaker has been halved.

Laser-Based Test Options for QC

Typical end-of-line tests of loudspeaker transduc-
ers rely on electrical and acoustical measurements
in order to check small and large signal parameters
as well as acoustical output. In R&D tests, the addi-
tional measurement of voice coil and diaphragm
displacement is very common for measuring
Thiele/Small parameters, evaluating stability or
analyzing cone vibration. Laser sensors for loud-
speaker applications are sensitive equipment and
are less easy to handle compared to a microphone.
However, in some cases it is also desirable to ex-
ploit the information provided by displacement
measurement in quality control.


http://www.klippel.de/know-how/literature/application-notes.html
http://www.klippel.de/know-how
http://www.klippel.de/know-how
http://www.klippel.de/know-how/literature/application-notes.html
http://www.klippel.de/products/rd-system/modules/lsi3-large-signal-identification.html
http://www.klippel.de/products/rd-system/modules/lsi3-large-signal-identification.html
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Figue 4: Laserbased dsplacement transfer functiobi(f)
and new test results provided by the T&¥on for the
QC Impedance Task

Using the capabilities of the KA3hardware, the TSX
add-on enhances the QC Impedance Taskith

laser input providing additional ThieleSmall pa-

rameters such as Bl, Mms or Gns that quantify prob-

lems of mass, suspension or magnetization direct-

ly. The state-of-the-art speaker modeling technol-

ogy easily handles suspension creep, complex in-

ductance behavior and vented box (4™ order) sys-

tems in order to yield accurate result parameters

at very high speed.

Wave wmmmmm Pek mmmmmm Botom mmmmmm  DC Component
= = = = DC Component Max/hin

Displacementinmm

100 1000 10000
Frequency in Hz

Figure5: Chirp dsplacementresponse waveform, enve-

lope and dynamic DC componéirtcl. Imits) of a micro-
speaker measured with DCX aald for QC SPL Task
For the chirp-based Sound Pressure Tagke DCX
option unlocks measurement and control of dis-
placement in addition to the acoustical response.
Based on displacement waveform, the envelope
and dynamic shift of voice coil center position (DC
displacement), which is related to asymmetries in
the suspension or the motor, is measured directly.
An example response plot is shown in Figure 5. This
ensures maximal working range and stability for
critical pure tone excitation in every tested device,
especially for micro-speakers.

In-Situ Room Compensation (ISC)

Most acoustical standard measurements shall be
performed on a single reference point (e.g. 1 m
distance, on-axis) without assessing the full di-
rectivity of the loudspeaker. Still, according to

standard conditions, an anechoic environment is
required to exclude impact of the room on the test
results. Anechoic chambers are often not available
for everyday testing tasks or they highly increase
testing effort.

The In-Situ Room Compensation(ISC) module
copes with the imperfections of the acoustical
environment (room, positioning, test box). Based
on anechoic reference data, it automatically gen-
erates a complex compensation function Hc(f) that
is used in a pre-filter to transform the microphone
signal Prest(rt) measured at a convenient position
(e.g. near field) into a simulated free-field signal
Prree(rs) at the desired observation point r: (e.g. in
the far field).

Reference Measurement In-Situ Test

Y'7 Nl >' b Filter Analysis [ Anechoic
% l Py | A2 pata
e
S

H(f)

' 12 ]i:- ;7777”&&@7* Compensation
g ~ Function

Figure6: Overview and signal flow ¢8Qnodule

The inverse filtering is applied prior to the signal
analysis; thus, it ensures accurate measurement of
nonlinear distortion and transient behavior (burst
testing). The ISCmodule uses reference data Hrer
provided by the Near Field ScanngNF$ or by
conventional measurements performed under
standardized lab conditions (free field).

Nonlinear & Thermal Simulation
(SIM-AUR)

KLIPPEL provides various tools for measurement
(e.g. LS) and simulation of large signal and thermal
parameters (SIM2 of electrodynamic loudspeak-
ers. For transducer engineering, the provided pa-
rameters and simulated responses for single and
two-tone signals are highly valuable for optimizing
design. Even the heat flow and mean temperature
of the voice coil, pole plates and magnet/frame
structure are simulated accurately for steady-state
conditions in thermal equilibrium.

However, it is desirable to simulate the heating
and cooling process under more realistic, dynamic
conditions for real music signals. The novel SIM
AURmModule reveals the thermal dynamics for any
input signal at full temporal resolution.


http://www.klippel.de/products/rd-system/modules/sim-simulation.html
http://www.klippel.de/products/rd-system/modules/sim-aur-simulation-auralization.html
http://www.klippel.de/products/rd-system/modules/sim-aur-simulation-auralization.html
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Figure7: Simulated voice coilnd magnet temperature

for a 5hour music signal. Both fast and full resolution

simulation data is compared.

The long-term performance is simulated for your
selected music signal in order to assess the large
signal performance under virtual target conditions.

This gives you the opportunity to simulate and
optimize the nonlinear as well as the thermal be-
havior of your speaker design in the target envi-
ronment (e.g. music concerts, speech), before even
building the first prototype. The simulation assists
you in identifying critical sections of the test signal,
without the need to run time-consuming durability
tests. Additionally, the simulated sound pressure
output is auralized for assessing nonlinear distor-
tion and for creating listening tests to find the
optimal performance/cost ratio.

The mass of the iron parts, magnet and frame
generate thermal time constants that exceed
minutes or even 1 hour in large loudspeakers.
However, the SIMAURCcalculates all states at full
temporal resolution, faster than in real-time. For
even faster simulation of long music signals, a
time-lapse technique provides accurate thermal
results within very short time. An example is given
in Figure 7 comparing full resolution and time lapse
simulation results.

New Statistics Module (STAT)

The StatisticsS(STAT module is a powerful tool for
statistical analysis of your KLIPPEL test data (single
value or curve data). It may be applied for compar-
ing prototype data in R&D or for large scale statis-
tics of EOL test data.

The data sets (tested devices) are easily organized
in pools (e.g. “good”, “bad”, “borderline”, ...), as-
signed manually or based on user defined thresh-
olds (limits).

Freq.cecs T

Figure 8: Rub&Buzz statistics for two data pools; left:
curve statigics (mean, standard deviation, min/max,

limit); right: histogram, boxplot, fitted normadistribu-

tion and limit(dashedYor selected frequency point (cross

section

As shown in the example in Figure 8, the statistical
data is presented in charts (curve plots as well as
histograms for single values and cross section view
of curves) and overview tables. Variances of meas-
urement data and relationships between pools can
be visualized with advanced normalization fea-
tures.

Limits can either be defined by entering the nu-
merical limit definition or by using the intuitive
point & click feature, directly in the charts. They
can be used to create new pools or exported and
transferred to the QC software for an optimal ratio
of quality and yield. Furthermore, the advanced
golden unit detection algorithm provides a ranking
of representative units based on user-selected
parameters.

Rub & Buzz Auralization and Diagnostics

Automated test systems have widely replaced
listening tests at the end of the production line
providing objective means for acoustic Rub&Buzz
detection with high sensitivity and speed as well as
at high SPL. Using isolated test chambers, the op-
erator is protected while the DUT can be driven to
the specified limits. However, for diagnostics, it is
difficult to listen to what is going on inside the test
box.

For this reason, the QC software framework pro-
vides playback of the recorded microphone signals
through headphones at reasonable levels during
the test or manual sweep. Additionally, each de-
vice’s response can be stored as an audio file for
off-line evaluation, listening tests or in-depth signal
analysis.
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monitoring ofdefect distortion at EOL test station

In addition to the full response signal, only the
isolated high-order defect distortion (such as
Rub&Buzgcan be monitored and exported in or-
der to focus on subtle defect symptoms without
masking of the stimulus signal and low-order har-
monic distortion. In combination with the manual
sweep generator, hardware controller and live
scope, this is a powerful diagnostics tool for defect
analysis or debugging vibration problems of the
test station.

In addition to off-line listening tests and operator
training, the WAVE file export is very useful for in-
depth time-frequency analysis as performed by the
TFAmodule (see next section). For sweep-based
tests, the frequency content of defect distortion
can be analyzed over the excitation frequency in
order to optimize Rub&BuzZfilter settings (har-
monic order, filter bandwidth) for optimal sensitiv-

ity.
Time-Frequency Analysis

The TimeFrequency Analysiaodule TFAis a pow-
erful tool for investigating the spectral content of
audio signals over time. Both, arbitrary WAVE files
or signals recorded by KLIPPEL measurement mod-
ules may be analyzed. For this purpose, the tool
provides wavelet analysis, auditive filter bands or
short-time Fourier transform (STFJ The results
may be displayed in 3D plots (time slices), waterfall
diagrams or sonographs with high temporal resolu-
tion due to interlaced analysis.

A useful application is the analysis of the impulse
response and nonlinear distortion generated by an
audio system. The sonograph reveals nonlinear
signal components generated by the test stimulus

that are at much higher frequencies than the exci-
tation frequency.

i.!"n’umuu'..

!

-

Figure10: Wavelet analysis pladf a chirp sound pres-
sure response of a defective speaker. THaix repre-
sents time, while the-gxis refers to the frequency. The
sound energy is coded by the color scale.

For defect analysis, the TFA allows for the investi-
gation of temporal and spectral fine structure in
the chirp sound pressure response of a bad speak-
er as shown in Figure 10. While deterministic de-
fects (e.g. coil bottoming) result in higher order
harmonics, random defects cause impulsive sounds
- the energy is distributed over the whole frequen-
cy band for a very short time. The information
provided by the TFA is very helpful in optimally
setting Rub&Buzz filters (harmonic order, band-
width, ...) for the EOL test.
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Main Features Explained (April
2019 Update)

QC Card for KLIPPEL Analyzer 3

The QC Cardk a novel extension card for the KLIP-
PEL Analyzer Bardware framework. This cost-
efficient all-in-one card solution was tailored to
meet essential needs of transducer and audio sys-
tem testing at the end of the production line and
quality control.

Due to the integrated 45 W amplifier, most speak-
er types can be tested without the need for costly
additional amplifier and cables, providing extreme-
ly compact test setups. However, for high power
applications, an external amplifier can be optional-
ly looped-in, using the balanced line output and
speakON input.

Ambient [ Test Enclosure
Mic

H Test Mic

=}

QcC Card

i J kuppeL

Analyzer 3

Figurell: EoL tesexamplesetup for a passive loud-
speaker using the&KA3 withQC Card
The single speaker output channel provides premi-
um KLIPPEL features like four-wire, high-power
voltage and current sensing with switchable sensi-
tivity, an electronic relay and fuse protection.

Two BNC microphone inputs with software switch-
able IEPE constant-current supply and adjustable
input gain are dedicated to testing frequency re-
sponse, distortion, rub & buzz air leakage noise
and many other parameters while ensuring full
ambient noise immunity.

Improved Testing of Bluetooth® Enabled
Devices

The software update provides extended capabili-
ties for testing Bluetooth enabled audio devices
such as portable and smart speakers or true wire-
less ear- and headphones in both QC and R&D
software framework.

A new dedicated measurement mode was added
to the Transfer Function Measureme(RF mod-
ule for synchronized measurement of frequency
response, distortion and many other parameters in
presence of long and varying delays as occurring in
wireless audio devices. Additionally, the stimulus
signal can be exported to audio files for open loop
testing of devices with no signal input (smart
speakers, smart phones).

Also, the Near Field Scannaystem (NF$ benefits
from the update for quasi-anechoic directivity
scanning of wireless speakers in normal rooms.
Extended with a stationary reference microphone,
phase accuracy is ensured to provide accurate
directivity data.

Figurel2: KLIPPEL NFS qualséchoic dectivity scan of
a smart speakee.g. balloon plot)

For efficient end-of-line testing of Bluetooth ena-
bled devices, the latest software update improves
3™ party sound device handling of the QC Frame-
work and adds automated device pairing and pro-
file control to the EXD- External Devicessk (Be-
ta). Devices can be paired based on their friendly
name or address that may be imported from a text
file, QR code or NFC tag. Also, simple pairing is
provided. The EXDnow comes with a user-friendly
preset mode as an alternative to the more complex
sequence mode. The Bluetooth preset sequence
mode is unlocked with a cost-efficient stand-alone
license (EXDx; Bluetooth.

In combination with the advanced, yet simple fea-
tures of the External SynchronizatigisYN option,
testing digital and wireless audio devices in both
closed and open loop setups is made easy and
robust.

New application notes dedicated to testing Blue-
tooth enabled devices are available on

www.klippel.de.


http://www.klippel.de/

