7\

KLIPPEL
—/

What’s New in KLIPPEL ANALYZER SYSTEM
dB-Lab 212 -QC7

Document Revision 7

Force Factor Bl (X)
(X < Xproll  m— B (-X)

ensit
i mEEN il rest postion
/ \'5‘“& s 1o Separaton = u s Refections wesm Direct Sound : e
6 - 10
110 i
5 08 :
Lt |
100 5 X 06 -

I FElectrical Testing | Acoustical Testing [l Magnetic Testing | Mechanical Testing §




7\

What’s New in Klippel Analyzer System — dB-Lab 212 & QC 7 |&|/PPE|-
Overview
Maintenance Update dB-Lab 212.620 / QC 7.5b (January 2024)..........cccceeervuneerssssneessssnnnns 2
Minor Update dB-Lab 212.616 / QC 7.5 (October 2023) .......cccceererirrreieriernessnessssssssssssssanans 2
UPdates iN R&D MOGUIES ......cueeeiieieee ettt sttt st sae e st e s at e s it e e bt e e sabe e bt e e sabeebeeesnneenees 2
(O O T U oo £ TS 2
Updates for Kippel CoNtrolled SOUNG..........cociiiieeiiie ettt e re e e s e e e ata e e s easa e e e satseeesstaeesnnnneas 2
Main FEAtUreS EXPIAiN@U ... ..eiuiiiiiieieeeee ettt sttt st et s it e e bt e e sab e e bt e e sateeebeeesnneennees 3
Minor Update dB-Lab 212.534 / QC 7.4 (February 2023)......cccceeiiiiiiiriiiiiiiinnnesesssessssssssssnnns 5
NEW MOTUIES ...t sa bbb sa e b s naas 5
UPdates iN R&D MOGUIES .....co..eeeiieieee ettt sttt sttt e st e s bt e s it e e bt e e sabe e bt e e sabeenbeeesaneenees 5
QC 7.4 UPAALe .ttt ettt et et e s et e s a et e sa bt e e ae e e s h bt e e he e e s h bt e e at e e sa bt e e ab e e sa b e e eabe e sa b e e eaneesbeeeanee s beeearee s 5
Main FEAtUIES EXPIAINE.....cci ettt e et e e et e e e e st e e e s ettt e e e satbeeeeataeesensaeeesntbeeeestaeesnnaeas 6
Minor Update dB-Lab 212.332 / QC 7.3 (AUZUSE 2022).....ccceeererererererereneeesssesessssssssssssnsssnnns 8
UPdates iN R&D MOTUIES ......o.eeeiieieeie ettt sttt e st e s bt e st e e sat e e s abe e bt e e sabeeeneeesanesbeeesnneenees 8
QIC 7.3 UPAALe ittt ettt st et e sa e s it e s a bt e sat e e s h b e e e ae e e s h b e e e ae e e sab e e e Rt e e sa b e e eab e e sa b e e e aneesbeeeaneesbeeearee s 8
Main FEAtUIES EXPIAINE......oc ittt e et e et e e e st e e e e ttaeestbeeeesntaeeeenstaeesssaeesaasseeaannns 10
Minor Update dB-Lab 212.240 / QC 7.2 (March 2022).......cccceeiiiiirerireienineresesesesssssssssenennns 12
Updates in R&D AB-Lab 212 .......cocuiiiiieiiiieiieeiee ettt ettt sae e st e bt e st e e sat e e sabeesaeeesabeesnseesabeennneens 12
(O O A U o Yo £ TSRS 12
Main FEAtUIES EXPIAINEM......oiiiiie ettt e et e e et e e e s ba e e e e ttaeestbeeeeantaeeeenstaeesssaeeesssseeeannns 14
Minor Update dB-Lab 212.116 / QC 7.1 (November 2021) ......cccceuuereeeeerreereennnnnceeeeeeeeeenes 16
Updates in R&D AB-Lab 212 .......ociiiiiieciiee e ciee et eetee e sttt e e sttt e e et e e e st eeeenteeesneeeeesnsaeesannteeesnnsnaeennseeesannns 16
(O L@ R U oo F- | U PPRPROE 16
Major Update dB-Lab 212 / QC7 (JUly 2021) ....ccceeveeeeuennreieeereeeeennnnneseeeeereesesssnsssesseesessenes 17
New KLIPPEL Software Module ..o s 17
Updates in EXisting KLIPPEL ProQUCES .....cccueiiiiieiie ettt e ettt e e e e e e e ettt e e e e e e sesaaetaaeeeaseennnntsanaeeseennns 18
UPdates fOr KLIPPEL HArAWAIE .....cc..uiiiiiiiee i ciiee e et e e eeitee e e et e e e ette e e eeateeeesataeeeenttaeesssaaeesstaeseansseeeassaneesssesennsns 19
(@70 0] o =11 1111 U 19
Main FEAtUIES EXPIAINEM......ciiiiieeeiii ettt e et e e et e e e st e e e e ate e e snaeeeesntaeesannteeesnnneeeennseeesannes 20



7\

What’s New in Klippel Analyzer System — dB-Lab 212 & QC 7 IQ.I/PPEL

Maintenance Update dB-Lab 212.620 / QC 7.5b (January 2024)

Minor Update dB-Lab 212.616 / QC 7.5 (October 2023)

e dB-Lab Software
o Extract comprehensive TEDS sensor data

e KA3 Firmware
o Supports new KA3 version 1.3

Updates in R&D Modules

e Klippel Endurance Test (KET)
o Individual channel calibration of voltage measurement for Mezzo amplifiers. This semi-au-
tomatic process increases accuracy. Check the new KET setup video.

e Near Field Scanner System (NFS)
o Microphone calibration curve integrated into NFS Processing modules to compensate for
high-frequency roll-off and increase the precision of spatial data

e Transfer Function Measurement (TRF)

o Calculation methods of Integrated bands and band averages modified for consistency with
IEC 60268-21/23

e Time-Frequency Analysis (TFA)
o Global and frequency-dependent reverberation time calculation with automatic detection
of the analysis time range
o User-defined time window for Cumulative Spectral Decay (CSD) calculation
o Updated user interface and additional guidance to simplify operation

e Rocking Mode Analysis (RMA)
o Added option to split HTML result windows into tables and charts to optimize reports and
overview

e Multi-Tone Measurement (MTON)
o  Probability Density Function of excursion: visualize dynamic deviation from rest position
(DC)

QC 7.5 Update

e QC Automation: new examples using Python, contact our support team for details
o Open database, run operation, save results to txt file, and exit
o List all tasks of operations
o  Extract and plot results from running QC instance
o List properties of reference units such as serial number and status
e  Minor improvements and maintenance changes, e.g., sensor handling for wave files

e Please refer to full list of changes on dB-Lab Welcome Page.

Updates for Kippel Controlled Sound

e KCS Monitor Software
o Supports new Nuvoton NAUG6O chip series and evaluation board


https://www.klippel.de/products/rd-system/software/db-lab-software.html
https://www.klippel.de/products/klippel-endurance-test.html
https://www.youtube.com/watch?v=B7wq9RZSpfI
https://www.klippel.de/products/rd-system/modules/nfs-near-field-scanner.html
https://www.klippel.de/products/rd-system/modules/trf-transfer-function-measurement.html
https://www.klippel.de/products/rd-system/modules/tfa-time-frequency-analysis.html
https://www.klippel.de/products/rd-system/modules/rma-rocking-mode-analysis.html
https://www.klippel.de/products/rd-system/modules/mton-multi-tone-measurement.html
https://www.klippel.de/company/contact.html
https://www.klippel.de/products/klippel-controlled-sound.html
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Main Features Explained

Klippel Endurance Test (KET) has now the ability to calibrate the individual channels of Mezzo power
amplifiers to increase the accuracy of voltage reading and voltage at amplifier output. A fast, semi-
automatic procedure guides the user through the voltage reading calibration. It is now an integral part
of the hardware setup. External measurement equipment is not required. A short video shows the full

hardware setup (calibration starts at 1:50).

e KET Hardware Configuration

- E Devices =

View = .

Edit v 34 Dante v (3) Help

Filter: | &

|

Calibrate: Mezzo0.00663314 DUT#2

X Cancel Calibration

# KET Channel
Mezzo.00663314
1 Mezzo.00663314DUT#1
2 Mezzo.00663314 DUT=2
3 Mezzo.00663314DUT#3

Device Channel

Status

Mezzo0.00663314 DUT#1

Channel 1 on Mezzo.00663314

@ The channel is not calibrated.

Calibration is running.. U Restart
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e
SNR = 72.534B

&
ool

Target voltage at terminals: 10.00V
4 Mezzo.00663314 DUT#4 #4
- & Calibrate Channel > Sensitivity Vrms: 522.27 V/digital
Mezzo.00663317 Sensitivity Terminals: 518.24 V/digital

— =

Figure 1: Calibration of individual KET channels.

The Multi Tone Measurement (MTON) module extended its analysis of statistical signal distribution.
Probability density analysis is available not only for the stimulus but also for related states with similar
wideband content, like sound pressure, voltage and current. These can be compared side by side with
diaphragm displacement, which potentially shows a quite different probability density distribution
(due to low pass filtered characteristic with a cut-off at fundamental resonance). Of special interest for
a speaker designer is the dynamically generated offset. The shown example (figure 2) it moves the coil
inwards by 20 % of the peak excursion (note the normalized x-axis) and may cause instabilities or de-
fects.

05 Stimulus KLIPPEL

08 Displacement
0.7
o5 Sound Pressure
05
04
0.3
Voltage

0.2

0.1

Figure 2: Normalized probability density functions.

The Time Frequency Analysis (TFA) received updates both concerning its user interface — now featuring
synchronized cursors for time and frequency range selection — as well as additions to reverberation

3



https://www.klippel.de/products/klippel-endurance-test.html
https://www.youtube.com/watch?v=B7wq9RZSpfI
https://www.klippel.de/products/rd-system/modules/mton-multi-tone-measurement.html
https://www.klippel.de/products/rd-system/modules/tfa-time-frequency-analysis.html
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time analysis. The latter is now available per frequency-band, fully compliant with IEC 60268-23 and
features a new, convenient way to check validity of results in each band. Green bars indicate valid data
with sufficient signal-noise ratio to derive reverberation time, as shown in the example below. TFA
automatically checks for noise corruption and insufficient impulse response length and shows appro-
priate warnings and errors. The global reverberation time is marked as a dashed line.

Important applications for frequency-dependent reverberation time are the analysis and design of lis-
tening rooms as well as the calculation of the room transfer function or room gain defined in IEC 60268-

23.
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Figure 3: Frequency dependent reverberation time T60.
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Minor Update dB-Lab 212.534 / QC 7.4 (February 2023)

¢ New Online Help System / Manuals for R&D and QC
o Choose between off-line (local) and online (web) help using Western or China
server

e Support for any operating system version before Windows® 10 is discontinued

New Modules

e Klippel Endurance Test (KET) - Pre-Release
o Dedicated solution for long-term, power, and accelerated life tests
Any transducer: woofers, micro-speakers, headphones; also passive systems
Monitors power, temperature, resistance, voltage, current
Reveals the destruction process at high-time resolution
User-defined failure limits
Monitors up to 32 DUTs simultaneously and independently
Cost-efficient multi-channel solution using smart amps (Powersoft MEZZO, up to
600 W)
o Noise, single and multi-tone, and custom wave file stimuli
o Amplifier output voltage control with stepping and cycling
o Monitors data of user-defined, external sensors (e.g., temperature & humidity)
e Nonlinear Residual Analyzer (NRL) - Pre-Release
o Applicable to audio systems and transducers
o Linear modeling and distortion analysis with arbitrary stimuli (e.g., music)
o Monitoring of time-variant and time-invariant linear transfer function (frequency
response)
o Distortion and noise separation (harmonic, intermodulation, impulsive, Rub &
Buzz)

0O O O O O O

o Listen toisolated distortion, and get meaningful samples for listening tests

Updates in R&D Modules

e Time-Frequency Analysis (TFA)
o Cumulative spectral decay analysis added
o Reverberant time analysis

e Polytech data converter to Klippel Scanner (Poly2SCN)
o New option to rotate the Polytec mesh

QC 7.4 Update

e Equalization & Alignment (EQA)
o Windowing of impulse response added



https://www.klippel.de/go/manuals
https://www.klippel.net.cn/go/manuals
https://www.klippel.de/products/klippel-endurance-test.html
https://www.klippel.de/products/rd-system/modules/laa-live-audio-analyzer.html#c21659
https://www.klippel.de/products/rd-system/modules/tfa-time-frequency-analysis.html
https://www.klippel.de/products/rd-system/modules/scn-modules.html#c3932
https://www.klippel.de/products/qc-system/modules/eqa-equalization-alignment.html

What’s New in Klippel Analyzer System — dB-Lab 212 & QC 7 KLIPPEL

Main Features Explained

The Winter 2023 KLIPPEL Software Update fea- E
tures a completely new approach to long-term

testing. Klippel Endurance Testing (KET): An easy-
to-use, multi-channel, long-term, power, and ac-
celerated life test solution for typical quality as-
surance (QA) applications such as validation
checks or type approvals. Relying on commercial jé
smart amplifier hardware, KET can easily be

scaled cost-efficiently up to 64 channels per con-
trol PC.

Choose between various test signals flexibly ei-
ther using predefined stimuli or custom wave
files, along with optional level stepping and cy-
cling. Each device under test (DUT) is monitored
individually. Failures are automatically detected
through user-defined limits. Open and short cir-
cuits are detected by general limits. A “Death Re- -
port” reveals details of the monitored states at ... Expandable to up to 16 Amplifiers
the highest available update rate for the time in-
terval just before the detected failure.

KET =1

Figure 1: Klippel Endurance Test Setup.

The solution is Windows®-PC based and includes one or multiple power amplifiers as well as control
and analysis software. A simple interface allows to connect external sensors and control peripheral
devices such as heating chambers.

32 DUTs can be measured using one PC and a virtual soundcard. Up to max. 64 channels (depends on
PC performance and Dante® interface) is possible. For each device under test, the test procedure can
be started, paused, and terminated, independently. Each DUT can have an individual test sequence
and configuration. A dashboard visualizes the current test status of all DUTs locally. Within the net-

work this information is available also via a web browser remotely. »
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Figure 2: Coil and environmental temperature in a stress test.


https://www.klippel.de/products/klippel-endurance-test.html
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The KLIPPEL measurement software dB-Lab re- | c=E
ceived a new browser-based Help System. KLIPPEL "~ components

KET Channel

By using online manuals, the latest information
can be accessed anytime, anywhere. Crosslinking
and links to our website were added to provide
comprehensive help and knowledge resources.
Servers are located in Europe and China for fast
access and availability. Local offline help is still
available to provide the manuals for PCs without
internet access.

Figure 3: New dB-Lab Online Help System.

The Nonlinear Residual Analyzer (NRL) is a tool dedicated to measuring any audio playback device
with arbitrary signals such as music or speech. The NRL analyzes the transfer function between sys-
tem input and output based on adaptive identification. This can be used to monitor the long-term
behavior as well as variations of loudspeaker systems. Applications include the investigation of heat-
ing effects, the drift of transfer function, and durability tests.

NRL can predict the linear (ideal) output of a loudspeaker system and separate a residual signal that
contains all nonlinear distortion of the DUT as well as additional noise and irregular disturbances.
Those artefacts can be scaled and mixed with the linear signal to provide meaningful program mate-
rial for listening tests and to explore intuitively how different nonlinear effects influence the sound
quality.

measurement
linear

distortion

linear

distortion

Audio Mixer

Figure 4: NRL separates and auralizes distortion.


https://www.klippel.de/go/manuals
https://www.klippel.de/products/rd-system/modules/laa-live-audio-analyzer.html#c21659
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Minor Update dB-Lab 212.332 / QC 7.3 (August 2022)

e dB-Lab Software
o TEDS Integration for KA3 / QC-Card IEPE inputs added for any microphone-based measure-
ment

Updates in R&D Modules

e Documentation (DOC):
o New module enabling users to document their measurements right next to the measure-
ment operation or add instructions on how to perform a measurement
o Documentation according to IEC 60268-21/-22 standards or customized documentation
o Works also as data container to add pictures of the measurement setup and datasheets of
the DUT

e Programmable Post-Processing (PPP):
o The module added three new templates for the calculation of frequency response char-
acteristics according to the |IEC 60268-23 standard (draft):
=  Mean sound pressure level in rated frequency range
= Effective frequency range
= Regression line deviation
=  Spectral balance
=  Narrow band variation

QC 7.3 Update

e QC Software Framework:

o New multi-channel data aggregation option
=  Power average (e.g., frequency response) or global peak (e.g., Rub & Buzz) of mi-
crophone array response
=  For automotive testing applications (compatible with AES White paper on In-car
Acoustic Measurements, Draft)
=  Exclusively for multi-channel, 3rd party capture devices and wave file processing
=  Supported by SPL, EQA and SAN Task
o TEDS integration for microphones
=  Automatic check of sensitivity at login
=  Easy TEDS data to sensor file conversion
=  Comprehensive documentation for traceability
=  Compliant to TEDS IEEE 1451

e QC Stand-alone Software:

o Replacement of older licenses required (free of charge)
o Improved Integration of testing with Dante® audio network compatible smart amps (e.g.,

Powersoft MEZZO)
= 3" party calibration extended for voltage/current sensors (impedance testing:
IMP, MSC)

= New Tech Note TN17 for setting up Powersoft Dante® smart amplifiers with KLIP-
PEL QC Stand-alone

=  New Application Note: AN79b for Efficient, Mobile Quality Assurance of PA Speak-
ers



https://www.klippel.de/products/rd-system/modules/utilities.html
https://www.klippel.de/products/rd-system/modules/ppp-programmable-post-processing.html
https://www.iec.ch/homepage
https://www.klippel.de/products/qc-system.html
https://www.klippel.de/products/qc-system/qc-versions/qc-stand-alone-software.html
https://www.klippel.de/applications/tech-notes.html
https://www.powersoft.com/en/
https://www.klippel.de/know-how/literature/application-notes.html
https://www.klippel.de/know-how/literature/application-notes.html
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=  Alternative, subscription-based license model for QC Stand-alone software for
rental testing applications: temporal licenses as an alternative to purchasing life-
long licenses

e Sound Pressure Task (SPL)

o Band level metric was extended by a relative calculation mode (relative to average level)
=  Fully compatible with normalized frequency response
= Application: simplify testing of multi-way speakers with universal limits
o New result metric: IDR (Maximum Impulsive Distortion Ratio) according to IEC 60268-21
=  Relative metric for benchmarking and simplified limit setting in testing loud-
speaker defects (Rub&Buzz)
=  Simple single value number reflecting relative peak level of impulsive distortion
o Spectrogram 3D Limits (3DL): The time frequency analysis for QC)
=  Production Noise Immunity (PNI) added. Automatic repetition if disturbed by
noise
= Time Frequency Analysis (TFA) setups and results are now fully compatible with
3DL

e Sound Pressure and Impedance Task (SPL-IMP)

o Band level metric was extended by a relative calculation mode (relative to average level)


https://www.klippel.de/products/qc-system/modules/spl-sound-pressure.html
https://www.klippel.de/products/qc-system/modules/3dl-spectrogram-3d-limits.html
https://www.klippel.de/products/qc-system/modules/pni-production-noise-immunity.html
https://www.klippel.de/products/rd-system/modules/tfa-time-frequency-analysis.html
https://www.klippel.de/products/qc-system/modules/spl-imp-sound-pressure-and-impedance.html
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Main Features Explained

The Summer 2022 Klippel Software Update features the new
Documentation module (DOC) for any dB-Lab operation (R&D or
QC). The primary goal is documenting measurements in a stand-
ard-conform way (IEC 60286) as an easy process. Most conditions
and properties to be stated by the manufacturer are directly avail-
able and simply need to be filled out. Each manufacturer can cus-
tomize those documentations, and select which properties are im-
portant for the particular measurement. Storing such configura-
tions as operation templates simplifies the most often neglected,
but valuable process of documentation. Thus, besides actual
measurement data, the description of the device under test and
test conditions are displayed. Consequently, communication with
suppliers and customers becomes simpler and more meaningful.

Also, instructions and guidelines can be stored and displayed to
ease the operator’s work. Datasheets or any other supplementary
documents or pictures can be stored in the measurement data-
base together with test results. The DOC module is free of charge
and available without license.

TEDS has been made available for any KA3 having QC-Card(s) in-
stalled. TEDS is an electronic datasheet (IEEE 1451) storing sensi-
tivity and meta data such as manufacturer and sensor type infor-
mation. Any data stored in TEDS compatible microphones can be
converted easily into KLIPPEL sensor files. This information can be
used with any input, even those which do not support TEDS, such
as Klippel Analyzer (KA3) Laser card, Distortion Analyzer (DA2) and
Production Analyzer (PA) hardware as well as 3™ party audio inter-
faces or soundcards. For any QC test using the QC card, the con-
nected microphones are checked at login and the TEDS data are
used for measurement whereas unknown sensors are detected
and rejected. Full traceability is provided, proper calibration is en-
sured, and measurement problems due to non-confirmed sensors
are avoided.

Klippel QC Stand-alone Software is designed to work with 3™ party
audio interfaces or to measure PC-connected audio devices (such
as USB audio or smart speakers). In particular, it works smoothly
with digital amplifiers or devices that can measure and stream cur-
rent and / or voltage via audio-over-IP (e.g., Dante®). QC 7.3 ver-
sion now supports the calibration of such devices. Sensor files are
available for selected amplifiers.

The Tech-Note TN17 - Setting up DANTE & Powersoft Mezzo for QC
Stand-alone Software explains the use of those amplifiers using
Powersoft installed amplifiers series as an example. Any imped-
ance-based measurement task of the QC software such as Imped-
ance Task (IMP), Motor and Suspension Check (MSC), Balanced
Armature Check (BAC), Multitone Distortion (MTD) and others
support 3™ party streaming V/I amplifiers.

Application Note AN 79b Efficient, Mobile Quality Assurance of PA
Speakers illustrates the use of those amplifiers and describes a
low-effort solution for reliable incoming quality checks of profes-
sional audio equipment. All of the hardware can be stored in a
compact 2 height, 19” rack. Please contact Klippel support team
for more information.

KLIPPEL

Headrest Sample Box

Art. Nr.: 73264-12

Red: positive: Black: negative

Figure 1: Compiled documentation according
to IEC 60268-5, 21, and 22.

Mic (TEDS)

Electronic
Datasheet

KA3 QC Card

Figure 2: TEDS compatible microphones with
KA3 QC Card

Figure 3: Fast and cost-efficient quality check
of rental Sound Reinforcement Equipment us-
ing streaming V/I amplifiers and QC Stand-
alone Software.
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https://www.klippel.de/products/rd-system/modules/utilities.html
https://www.klippel.de/products/qc-system/qc-versions/qc-stand-alone-software.html
https://www.klippel.de/applications/tech-notes.html
https://www.klippel.de/applications/tech-notes.html
https://www.klippel.de/products/qc-system/modules/imp-impedance.html
https://www.klippel.de/products/qc-system/modules/imp-impedance.html
https://www.klippel.de/products/qc-system/modules/msc-motor-suspension-check.html
https://www.klippel.de/products/qc-system/modules/bac-balanced-armature-check.html
https://www.klippel.de/products/qc-system/modules/bac-balanced-armature-check.html
https://www.klippel.de/products/qc-system/modules/mtd-multi-tone-distortion.html
https://www.klippel.de/know-how/literature/application-notes.html
https://www.klippel.de/know-how/literature/application-notes.html
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Klippel QC now provides channel aggregation for multiple microphone measurements. A typical use case for
aggregating data is testing microphone arrays, measuring spatially averaged sound field characteristics. De-
pending on the particular result parameter, this aggregation can be a power average (e.g., magnitude of SPL
frequency response), or the overall maximum value (e.g., impulsive distortion “Rub&Buzz”) of all channels.

Aggregation of multi-channel microphone data is the measurement data acquired in cars to assess the sound
field for each passenger using a microphone array. Related to this feature, there is current activity by the AES
Technical Committee on Automotive Audio. A white paper In-car Acoustic Measurements shall suggest a
standardized assessment and comparison of acoustic properties in cars. Klippel contributes to this activity and
supports these proposed measurements.

Figure 4+5: Acoustic in car test setup using microphone array on AES Automotive Audio conference in Detroit July2022.
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Minor Update dB-Lab 212.240 / QC 7.2 (March 2022)

Updates in R&D dB-Lab 212

e Time Frequency Analysis (TFA):
o Complete revision of user interface, graphical appearance, processing and feature scope
o Processing:
=  Simple setup mode for most common tasks
=  Flexible reduction of time resolution for wavelet and filter bank analysis (peak,
rms)
= Dedicated processing mode for impulse responses (waterfall etc.)
= Compatibility with QC 3DL —Spectrogram 3D Limits module

o Player and auralization functionality added:
= Playback of imported wave files (Windows default audio device)
=  Change of playback rate (slow down)
=  Frequency (bandpass) and time filter to cut sections of interest
= Intuitive cursor control and dedicated playback control window
=  Export of filtered wave file

o Import:
= Import impulse responses from wave files
= Import of long wave files supported
= Generic import of all waveform data generated by modules of the KLIPPEL Ana-

lyzer System

=  Easy clipboard import

o Reworked display settings and graphical appearance

o New operation and report templates, new examples

e Large Signal Identification (LSI3):
o Enlargement headroom increased
=  Headroom is limited by amplifier and not by internal processing any more
= Level of Usmail is not critical any more

QC 7.2 Update

e QC Stand-alone Software version:
o NoKlippel hardware (KA3, PA) required
o Minimal test setup using sound card and microphone for acoustic testing
o Comprehensive tests of active systems (personal / smart devices, Bluetooth®)
o Any impedance-related modules (IMP, SPL-IMP, MSC, BAC) support 3™ party data acquisition
hardware (e.g., power amplifier with voltage / current sensing)
= (Calibration of voltage and current measurement provided
= Calibration of Amplifier gain supported.
=  Dante® and other audio streaming protocols supported

e 3D Spectrogram Limits (3DL): Full release
o Integrated ambient noise detection and PNI — Production Noise Immunity (replace all mode
only)
o  Limit calibration added
New operation and test templates
o Compatibility with TFA - Time Frequency Analysis

e New Add-On “Adjust Limits”
o Allows adjustment of frequency response limits by operators
o Password protection available
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What’s New in Klippel Analyzer System — dB-Lab 212 & QC 7 KLIPPEL

o Flexible, iterative adjustment of limits with full traceability
e  Separated serial numbers for passed and failed verdicts
e New frequency response option: full signal versus windowed response (fundamental response only)
e  External Synchronization (SYN):

o Show delays between measurements in open loop scenarios

o Allow Wave Export (store sensor signals) in open loop import mode

e  Post-Processing Task (PPT):
o New processing mode: Analysis of single curve input
o New results including limit calculation and verdicts:
= Band Values: Calculation of max, min, rms or mean value of user defined bands of a
measured curve

=  Band Values - X Axis value: search of x-axis position where max or min band values are
located

e 10 & Prompt Task (10 Task):
o Supports manual input of data or queries including limits and verdicts

e  Spectrum Analysis (SAN):
o Now supports input signal sharing (e.g., for multi-channel testing)
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Main Features Explained

The KLIPPEL Analyzer System has received a first minor software update for version 212 in 2022 providing various
new features for both R&D and QC applications. The update is free of charge for all users running dB-Lab 212 or
Qc7y.

The Time Frequency Analysis (TFA) module has faced a major revision and feature update. As a dedicated post-
processing tool for the analysis of waveforms in time and frequency domain it can import any signal or impulse
response generated by the KLIPPEL Analyzer System or imported from wave file. In addition to the spectrogram
analysis options based on STFT, wavelet transform or auditory filter banks with superior time resolution, this
powerful post-processing tool now provides an interactive band-pass filter and playback function for subjective
distortion analysis and diagnostics. Replacing the PLAY module, the TFA can now load very long wave files in
order to obtain signal characteristics and pick a time range for detailed analysis. Overall performance and usabil-
ity and graphical appearance were improved.
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Figure 1: TFA wavelet transform of chirp response and filtered playback feature; playback time and frequency range is ad-
justed using the cursors in the spectrogram plot.

Now officially released, the QC 3D Spectrogram Limits (3DL) is an offspring of the TFA, dedicated to the particular
requirements of QC testing. This add-on for the chirp-based Sound Pressure Task (SPL) of the KLIPPEL QC soft-
ware uses the auditory filter bank shared with the TFA to generate a time-frequency plot of the measured DUT’s
response. The 3DL applies automatically generated “3D Limits” to the spectrogram based on golden reference
DUTs to reveal the signature of irregular distortion and abnormal sound caused by loudspeaker defects
(Rub&Buzz, loose particles, ...). Any exceedance of the limit threshold is highlighted clearly in the dedicated result
plots. As an addition to the well-established “Rub&Buzz” measurement in time domain (impulsive distortion, IEC
60268-21) providing best sensitivity for even tiniest loose particles, the 3DL provides new benefits such as de-
tecting abnormal behavior anywhere in the spectrum, identifying external (uncorrelated) disturbance, detailed
defect root cause analysis as well simplified Rub&Buzz filter setting. 3DL now also supports ambient noise de-
tection feature and Production Noise Immunity (PNI) add-on.
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Figure 2: Schematic of filter bank analysis (left); detected loose particle failure in spectrogram 3D limit surface; limit area is
defined by harmonic order of chirp signal (right)
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The QC Stand-alone Software version is dedicated to all test scenarios where the KLIPPEL Analyzer Hardware is
not required or cannot be applied. Together with the External Synchronization (SYN) add-on it is highly suitable
for any closed or open loop test scenario using 3™ party hardware (e.g., audio interface) or wave-file-based anal-
ysis. It only requires PC, laptop or tablet running Windows® and a KLIPPEL USB license dongle.

In addition to output-based audio testing according to IEC 60268-21, the QC Stand-alone now also supports all
tasks and features of the QC software that are based on voltage and current measurement such as Impedance
(IMP) for T/S parameter testing and Motor + Suspension Check (MSC) for patented nonlinear parameter testing
(e.g., voice coil offset). This allows creating powerful and yet price-efficient test setups using smart amplifiers
with built-in voltage and current sensing such as Powersoft Mezzo series that are capable of streaming sensor
signals via DANTE network for professional quality control in cost-sensitive applications (such as rental compa-
nies, service stations and many more).

Wireless Headphone
with hearing protection Laptop
(KLIPPEL QC Software)
DUT

(active/passive/self-powered)

Test
Microphone

A

Ethernet (DANTE) patch Field

(adaptors, DANTE XLR out, mic supply)

nstallation Amp
(V+I Sensing, DANTE)

Figure 3: Mobile quality control test setup for rental companies based on QC Stand-alone Software and smart amplifier with
DANTE interface
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What’s New in Klippel Analyzer System — dB-Lab 212 & QC 7 KLIPPEL

Minor Update dB-Lab 212.116 / QC 7.1 (November 2021)

Updates in R&D dB-Lab 212

e Near Field Scanning Software (applied to Carousel (NFS) and Workbench hardware):
o Asynchronous testing for half space measurement (e.g., Bluetooth®)
o Half space Scanning of compact devices. Enables smaller grids and increased measurement
precision for very small DUTs
o Visualization: new normalization options (to listening point) for Contour plot and Beam
width
o Listening Zones: Smoothing, Iso Frequencies, Distance Scaling (1/r), Voltage Scaling
e  Multi-Tone Measurement (MTON): Update
o  Full compatibility with QC MTD Task
Multi-tone distortion calculation: energy ratio of distortion in bands to fundamental
Single value result and limit: total multi-tone distortion to fundamental ratio
New charts: Multi-Tone Response, Total MD Ratio vs Step
Limits now available in single measurement mode
Probability density function and higher moments of measured signals
o Complex room correction curve applied to microphone waveform and transfer function
e Linear Parameter Measurement (LPM) & Large Signal Identification (LSI):
o Support of amplifiers with steep high-pass filter slope below pass band
(e.g., Class D, DSP processed amplifiers with HP <= 24 dB/oct. @ 10 Hz)
e 3D Distortion Measurement (DIS):
o Revision of graphical display and chart configuration
e SCN Vibration Scanning Software:
o  New Lasers supported: LK-H022 (all scan modes), LK-H082 (flat scan only)
o Upper Frequency Limit increased: Scans with KA3 are supported up to 66 kHz
o Geometry Export: Units included and new 2D *.dxf export formats
e Poly2SCN (Converter from Polytec Scan Data to Klippel Software):
o New visualization and remeshing of Polytec measurement grid
o Geometry Detection: Supports rectangular and asymmetrical grids
o Detects non-scanned areas within the measured grid (e.g., to isolate vibrating enclosure
from driving speakers).

O O O O O

QC 7.1 Update

e  Multi-Tone Distortion Task (MTD): Major Revision

o Full compatibility with MTON module of R&D system
Transfer function and emulated frequency response added in addition to fundamental
Level result added (AC RMS response level)
Multi-tone distortion calculation: energy ratio of distortion in bands to fundamental
Single value result and limit: total multi-tone distortion to fundamental ratio
New test templates with MTD for passive and self-powered audio systems

o Settings and limit import added
e (Calibration:

o Microphone Calibration of microphones using wave files

o Calibration process can now be automated (QC Automation)
e Sound Pressure (SPL) & Sound Pressure and Impedance (SPL+IMP):

o Frequency bands of band levels can now be defined independently (overlap allowed)
e Preconditioning: sweep generator settings harmonized with SPL task (Level and Speed Profile added)

o O O O O
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What’s New in Klippel Analyzer System — dB-Lab 212 & QC 7 KLIPPEL

Major Update dB-Lab 212 / QC7 (July 2021)

New KLIPPEL Software Module

SCN Nearfield Add-On (SCN-NF): Acoustic testing using holographic identification technique

Add-On for KLIPPEL SCN Scanning Vibrometer
Acoustic measurement of transducers and small devices in half-space (baffle)

Comprehensive near/ far field radiation data

Directional characteristics and sound power

Direct Sound Separation, suppression of room reflections and modes
No anechoic room required

o O 0O O O O O

Compact hardware setup

Multi-Tone Distortion Measurement (MTON): Full release

New: Flexible multi-tone stimuli with user definable crest factor
Fundamental and distortion measurements

SPL Max and max. voltage according to IEC 60268-21

Continuous Max. SPL related to ANSI/CEA-2010-B and ANSI/CEA-2034
New: Compression vs. frequency

Customizable cycling and stepping

Protection limits to avoid damage of test objects

Testing transducers, active and passive speakers

O 0O 0O O 0O 0O 0O O ©°

Compensating frequency jitter induced by digital audio devices or transmission

Linear Simulation (LSIM): Full release

Linear signal modeling from digital input to acoustical output

Lumped parameters modeling

Analyzing electrical, mechanical, acoustical state spectra and transfer behavior
Automatic equalization to target alignments

Small signal performance considering properties of typical program material
Efficiency and voltage sensitivity versus frequency

Calculates parameters from geometrical input

New: Post-filter simulating room response

O 0O 0O 0O O 0O O O ©O

New: Phase and group delay

Rocking Mode Analysis (RMA): Full release

Solve Rub&Buzz problems caused by rocking modes

Improve speaker balance for safe operation at high output levels
Find the dominant root cause for rocking

Assess imbalances in mass, stiffness or force factor and locate them
All important results on a single page

New: Improved user assistance with prioritized instructions

O O O O O O O

New: Traffic-light coded severity grading for rocking level
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What’s New in Klippel Analyzer System — dB-Lab 212 & QC 7 KLIPPEL

Updates in Existing KLIPPEL Products
dB-Lab:

New sensor management, unified for R&D and QC

Improved chart graphics, performance and interactions

Measurement protocol holds hardware configuration, timeline and errors

New operation icons, warnings, errors

Separate signal configurations for each device

User defined chart annotations

Report Generator: new report templates for all modules, new style

Manual Sweep for R&D: Simple, intuitive sine generator with fundamental and distortion analysis, op-
tionally operated by 3D-mouse

o O O 0O 0O O O O

End-of-Line testing software QC 7:

o New software remote control interface
=  Automation API replaces |I0-Monitor API (still supported)
=  Automate QC testing (measurement control, SN input, GPIO, result access,)
= Supports flexible integration with your favorite programming or scripting language (e.g., Py-
thon)
o New sensor management
= Sensor setup simplified and unified with R&D applications
*  Dedicated configuration for KLIPPEL Analyzer 3, Production Analyzer, 3™ party audio interface
and wave file import — no more confusion
=  Tasks support various sensor types (result units, dB level references)
o Multi-channel test capabilities expanded
» 3" party audio interface (sound card) - support up to 15 I/0 channels
=  Wauve file analysis - up to 128 channels (e.g., for smart speaker testing)
=  Dedicated channel-based routing options
o New template for power amplifier testing
= Stereo amp check with dummy load resistor
=  Voltage/current frequency response, distortion
=  Quick power test with large signal multi-tone
o External Synchronization (SYN):
=  Multi-channel open loop analysis improved - analyze multiple wave files in one test sequence
= Terminology and handling of sequence Execution Modes for closed and open loop testing im-
proved — better integration in automated sequences
Time-frequency analysis of chirp response (3DL): Absolute limit option added
o Acoustic test tasks (SPL, SPL-IMP):
=  New limit alignment option Absolute (normalized) for floating limits - fixed tolerance for nor-
malized frequency response - test frequency response shape independent of level/sensitivity
(e.g., powered speakers, uncalibrated device test)
=  Harmonize handling of phase and polarity and removing cross-dependencies (delay correction)
o  Electric test tasks (IMP, TSX):
= Now also supports Signal Sharing with other IMP tasks — test two devices/speaker channels
with only one measurement

Statistics (STAT):

o Dependency analysis plots for single values reveal correlation and dependency versus time, sample or
other measure (e.g., temperature)
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What’s New in Klippel Analyzer System — dB-Lab 212 & QC 7 KLIPPEL

Near Field Measurement Software (NFS):

Improved Postprocessing: I1SO frequencies, smoothing, distance scaling
New 3D graphics integrated into dB-Lab

Better interactive analysis

Near Field Visualization of spatial sound pressure distribution

Overlay of multiple polar plots vs frequency

O O O O ©

Time-Frequency Analysis (TFA):

o Signal Statistics: mean, rms, peak, bottom, kurtosis, crest factor
o  Probability density function of wave form
o Energy-time curve of impulse responses

Vibration Scanner Software (SCN):

o Automatic Laser Calibration for KA3
o Direct Step Motor Control available from dB-Lab

Updates for KLIPPEL Hardware

SCN Multi-Scanning Workbench:
o SCN vibration scanner hardware includes now add-on for half-space (baffle) acoustic testing

Compatibility
Klippel R&D Software is compatible with data measured in dB-Lab 206 and higher
Klippel QC7 Software supports any data measured with QC4 and higher
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What’s New in Klippel Analyzer System — dB-Lab 212 & QC 7 KLIPPEL

Main Features Explained

The Klippel Software received a major update in early summer 2021. The main software platform dB-Lab 212 for
both, QC 7 and R&D, now provides a shared sensor management. The Klippel Multi-Scanning Workbench is now
fully released bringing the near field holographic sound field scanning technology that provides directivity, sound
power and room correction to a much smaller form factor. For comprehensive measurement of distortion using
multi-tone stimuli, the MTON module is now released. Simulation tools are complemented by a new linear sim-
ulation module LSIM, dedicated to speaker and enclosure design.

Klippel QC software has been upgraded with a new automation control interface and multi-channel support for
any Windows or ASIO audio interface, as well as wave-file based open loop testing. It includes more flexible
options for testing and synchronization and for smart or stand-alone audio devices. Many small but useful tools
and updates in existing modules round up this new major release. Read about, get your update, and explore or
start with a free trial version.

General New Features in dB-Lab «
dB-Lab is the platform software for the Klippel Ana- & == : device:KA3 #32

lyzer System. It is used to setup, operate, analyze B T

and post-process measurements or simulations. In B EE -

the new software version, all four aspects of the Qncemsis Dnetusio P

Undo / View

My Microphone

frame have been updated. For setup, the sensor
handling for any supported hardware or wave files —
was reworked and is now unified for R&D and QC. r

Sensors are either calibrated and stored in new sen-
sor files or selected from a pool of commonly used

Gurent ot Spephes 2
© tomsersomy

o

sensors. The routing setup of the hardware is J—

streamlined and more flexible when using multiple
test hardware devices. Available sensors can be as-
signed to any signal path.

Figure 4: Signal Configuration dialog for KLIPPEL Analyzer

When operating a measurement, new operation )
P J ’ P 3 and new microphone form.

icons indicate if problems may have occurred during
the measurement. Errors and warnings are clearly
marked and, in most cases, directly linked to the
manual. This allows for quick identification of prob-
lematic procedures and shortens your workflow. A
new measurement protocol window lists meta and
progress information of the measurement including
a time line, hardware configuration, and errors and
warnings. Analyzing results has been made easier
by improved graphics, harmonized terminology,
better customization, and annotations within the
graph for illustration of interesting details. The
graphics export to many formats has been extended
and includes annotations and user customizations.
For post processing, all results can be exported di-
rectly to pdf reports based on new report templates
and for the most common applications. The Manual
Sweep live scope function as known from the QC
framework is now also freely available for R&D and

allows simple analysis of sinusoidal stimuli. This Figure 5: Woofer mounted on the SCN scanning work-
function can be smoothly operated by a handy 3D bench using new near field add-on (SCN-NF).
mouse.
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What’s New in Klippel Analyzer System — dB-Lab 212 & QC 7

Comprehensive Scanning Solutions

A gap has been filled for acoustic spatial measure-
ments using a smaller form factor than the well-
known, large Near-Field Scanning System (NFS).
Based on the popular vibration scanner hardware
(SCN), the automated acoustic scanning and the full
spatial characteristics of sound sources by holog-
raphy is now available. A hardware add-on (SCN-NF)
extends existing vibration scanners to a multi-scan-
ning workbench for other useful sensors such as mi-
crophone, probes, and magnetic sensors. The main
application is acoustic scanning in normal rooms.
Thus, no anechoic room is required for accurate
acoustic measurements. Typical devices under test
are transducers and small audio devices (mobiles,
smart speaker).

Automated Measurement

P

Impulse responses in near field
Precise sensor positioning
On double-layer grid around DUT

Field Identification &
Direct Sound Separation

Full description of wave field
Expansion into spherical waves
Direct Sound Separation

~
KLIPPEL
—

Advanced holographic analysis suppresses room re-
flections as well as modes. Based on far less points
then required for a conventional directivity meas-
urement on a fine acoustic grid in greater distance,
a near field measurement reveals an analytical de-
scription of the source and therefore can provide
spatial data at any distance outside the scanning
surface and at any resolution. Important output re-
sults include directional characteristics such as bal-
loon plots, directivity plots, sound power and many
more. Whereas the large Near-Field Scanner allows
full and half space measurements, the Multi-Scan-
ning Workbench is focused on half space configura-
tion (using a baffle).

Field Extrapolation &
Visualization

Extrapolation into far field
Direct sound of DUT
At any point in 3D half space

Figure 6: Principle and results of the holographic measurement principle.

The typical test time starts from as low as 5 minutes when assuming rotational symmetry. A full scan without any
symmetry assumptions takes about 1 hour. The Multi-Scanning Workbench (formerly SCN hardware) now comes
as complete hardware platform for vibration and sound pressure (or other domain) scans. Two separate software
packages are available for mechanical and acoustical analysis. Please check the website for more information

and an explanation video.

Fundamental Frequency Reponse

a0 SCN Near Field Add-On

Sound Pressure Level / dB (re 20 pPa)

—~
KLIPPEL
~

Frequency / Hz

Figure 7: Comparison of a transducer frequency response measured in a traditional
IEC baffle vs SCN Near Field add-on (SCN-NF).
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What’s New in Klippel Analyzer System — dB-Lab 212 & QC 7

The vibration scanning software now supports an
automated laser calibration and verification. To po-
sition sensors at any location, a simple positioning
frontend for the individual axis has been added.
Based on vibration data, rocking modes can be de-
tected reliably and the root cause of rocking can be
identified. The Rocking Analysis Module (RMA) is re-
leased now and has received substantial improve-
ments to guide the user effortlessly from measure-
ment to analysis. A clear indication is given if the de-
vice under test has a critical rocking behavior which
may result in reduced output audible distortion
(Rub&Buzz) and early failure (field rejects). The ac-
tual scanning time for a rocking analysis takes usu-
ally less than 10 minutes. This allows testing multi-
ple devices of one batch to isolate systematic be-
havior from random effects.

The graphical output and user interface of the NFS
near field scanner visualization software was com-
pletely reworked and is now natively integrated in
dB-Lab. Distance scaling is now available from the
scanning surface to far field. The license structure
was also simplified. Refer to the current price list.

T 74 i 80 a5 98 0

83 9 8z
Sound Pressure Level / dB (re 20 pPalt)

Figure 8: Balloon plot generated with the new NFS visu-
alization in dB-Lab.
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Near Field - Sound Pressure Distribution
f= 2000 Hz
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Sound Pressure Level / dB (re 20 yPa/V)

Figure 9: Visualization of the near field SPL distribution of
a laptop scanned with NFS.

Distortion Analysis

MTON, the multi tone-based analysis module is
now released. Multi-tone stimuli are quite useful
test signals due to their music-like properties with
the advantage of direct distortion measurement at
the non-excited spectral bins. Therefore, multi-tone
distortion provides a much more realistic picture
than a pure sine tone measurement and the corre-
sponding harmonic distortion analysis. MTON has a
new option to specify the crest factor (impulsive-
ness - ratio of peak and rms value of the stimulus)
which is important for high power tests and for ac-
curate imitation of real-world music material. Step-
ping and cycling tests allow automatic thermal and
non-linear compression measurements.

Multi-tone Response
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Figure 10: Main result plot of the MTON module.
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To protect the device under test, several limits can
be defined to avoid damaging when increasing test
levels automatically. For transducer or passive sys-
tems, electrical, mechanical and acoustical signals
can be analyzed and conclusions can be drawn for
distortion generating mechanisms. MTON supports
testing of any active audio systems with wireless
connection (e.g., Bluetooth®) and compensates for
potential frequency jitter.

The Sound Pressure Analysis (SPL) in QC software is
extended by an add-on for time-frequency analysis.
This three-dimensional surface plot (spectrogram)
reveals the signature of distortion and abnormal
sound, and can now be checked against user-de-
fined 3D-limits (3DL) relative to a reference or as an
absolute limit.

Frequency / Hz
gp ul[aaen]

Figure 11: Detected loose particle failure of 3D spectro-
gram limit surface; limit area defined by harmonic order
of chirp.

Simulation

The well-known non-linear simulation modules SIM
and SIM-AUR received a corresponding tool for lin-
ear simulation_(LSIM). In contrast to many available
tools, the LSIM targets the overall design for green
speakers (efficient, light weight, small). Maximum
peak voltage, voltage sensitivity and efficiency for a
given program material can be tuned easily to appli-
cation requirements. Automatic EQ-tuning is availa-
ble and with just one click, the effects on peak dis-
placement and spectral properties of the response
are predicted. A full set of all relevant states is ana-
lyzed and the corresponding transfer behavior is
plotted.

LSIM is optimized to work with the Klippel Con-
trolled Sound (KCS) solution. A simple user inter-
face, interactive networks and enclosure configura-
tion, as well as geometry-based parameter input,
help considerably when starting to work with the
module.
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Figure 12: Comparison of simulated SPL spectrum of raw
loudspeaker vs aligned response using LSIM.

End of Line Testing

A wider range of applications can now be tested
with Klippel QC software. Complex test scenarios
can be implemented and controlled using the new
Automation API software interface. This APl is the
successor of the long existing I0-Monitor interface,
which is still supported. It can be integrated easily in
popular script languages such as Python. The above-
mentioned sensor management routine is available
for Klippel analyzers, soundcard-based interfaces,
digital audio devices and wave file analysis. Sensor
files can be shared with R&D software and result
charts are correspondingly scaled and labeled.
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Figure 13: Flexible Automation APl integration for QC soft-
ware remote control.

Especially for directivity-controlled devices (beam
forming, speaker and microphone arrays) multi-
channel capabilities are expanded. For any non-Klip-
pel front-end, up to 15 channels are supported as
well as 128 channels for wave file processing. Using
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the input signal sharing feature, one measurement

can capture many signals that are automatically dis-

tributed to multiple analysis tasks. This considerably
reduces test and setup time.

Open loop testing was improved to analyze multiple
wave files in one test sequence, as well as better

7\

KLIPPEL
N

support for mixed configurations of Klippel hard-
ware and external audio devices. Typical examples
are testing sound emitting devices and microphones
without audio streaming access using wave file

stimuli and responses.
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Figure 14: Wave file-based testing a smart speaker's four microphone responses using KLIPPEL QC.

Tools

A huge number of small features and bug fixes are
included in dB-Lab 212 and QC7. For a complete list
check the history.txt file available at the welcome
page in dB-Lab. Two features shall be mentioned

here:

The Time-Frequency Analysis (TFA) tool (a twin of
QC-3DL module) is improved with additional diag-
nostics of the imported wave file. A comprehensive
signal analysis (mean, rms, peak, bottom, kurtosis,
crest factor) is now available and the probability
density function of the amplitude distribution is

plotted.
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Figure 15 Dependency plots generated with STAT module (left: ambient temperature vs. time/samples; right:
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The new energy-time plot is especially useful when

analyzing impulse responses.
A statistical analysis of almost any KLIPPEL result can
be done by the Statistics (STAT) module, in particu-
lar for QC results. It can now map single value re-
sults or curve data at a certain frequency or abscissa
versus time, sample, or other results. The latter re-
veals mutual dependencies of results which are use-
ful for understanding and optimizing production
processes. However, STAT can also analyze results

from R&D software modules.
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