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Application Note forthe KLIPPEANALYZERYSTEM
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SCOPE

i Fast and reproducible quality col
trol in lab or end of production line

1 Over and onear headphones ant
headsets (also applicable to ec
phones)

1 Passivedigital (USB) and wireles
devices (Bluetoot®)

1 Microphone test

1 Noise @tenuation (passive or ANC

1 KLIPPEL QGoftware framework
(also availablein R&D framework)

1 KLIPPEL Analyzer d® Production
Analyzer

1 G.R.A.S. 45CC headphone test
ture dedicated to quality control

OVERVIEW

Testing headand earphones can be a challenging and tenasuming task that requires experience and ca
ful handlingin order to obtain meaningful and reproducible resulls an R&D context, such tests are e@d
by various standardée.g. IEC 60268) and a multitude of dedicated test fixtures including ear and mouth sil
lators are available on the markédr this purpose Ear(as well as head and torseimulators are used to pro
vide a defined acoustical Ideandexpectedtarget response at thear-drum reference point (DRRccording to
ITUT P.581

However, such desigrelated testing approachesare hardly applicablein high-volume quality contral Other
requirements like simple dndling, speed, stabilifyrobustness against ambient noisad reproducibility are
much more important in engf-line testingfollowing the ultimate goal oflistinguisting good from bad units
reliably.

This application note focuses dhose requirements and provides approashfor testing various types of
headphones and headsegxploiting thefeaturesand flexibilityof the KLIPPEL Q@Gftware framework, Klippe
Analyzer hardware and the G.R.A.S. 45CC headphone test filddieated to headphone quality control.

Out of manypossble test scenarios,lree differentuse caseare addressed
1 passive headphone

1 digitalUSBheadset
1 Bluetooth®headphone withactive noise controlANQ.

Focusng onthe challenges of testing digital and wireless devji¢epicslike connectivity solutions forhandling
different audio devices and dealing with unknown and varylaybackdelaysare provided.

Other test scenarios may be derivddised orthe informationprovided The suggested approaches may also
applied to earphones using athdedicated test fixtures
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1 Overview

1.1 How to Usethis Application Note

This document addresses three particular test scenarios for different types of headpt
and headset in detail. Pick one of the use cabes corresponds best to the device ued
testand continue with the corresponding chapter:

i Passive Headphone

9 DigitalHeadse{USB)

1 BluetoothHeadphone with ANC
Before sarting with practical testing, it is recommended to read the haadd software
Requirementand follow the instruction given in sectidiveparationcarefully.

Some continative topics related to headphone testing are addressed in sectiomher
Topics

1.2 Results

In QG the goal ido provide critical and meaningful test parametets ensureconsistent
product quality andspecifcation sheet compliancanslated to the EOL test

Headphone parameters

Frequency responsef left and right channel
Sensitivity (average or single frequency level)
Inter-channel difference (leftight balance)
Polarity

Harmonic distortion (THD® 39, ...)

Rub & buzz distortion

Impedance magnitud€or passive DUTS)
Minimal impedancéfor passive DUTS)

Microphone parameters(headset)

=4 =4 -8 a8 _a_a_92_2

1 Frequency response

1 Sensitivity

1 Harmonic distortion(THD)

1 Opt: noise/impulsive distortionRub& Buz2

Attenuation
1 Sownd attenuationover frequencypassiveor ANC)
A detailed discussion of the results is done in the application sections.
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The following example screenshot shows the operator view for a passive headphon
realized with the KLIPPEL QC Standard software.
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2 Passive Headphone

2.1 Overview

This application deals with testing analog stereo hee
phones with 3.5 mm or 6.35 mm TRS phone connec
focusing on impedance test, frequency response, chan
difference, distortion and rub & buzz.

It is a standard oked loop test setup where the KLIPPI
Analyzer is both playback (test signal) and input dev
(microphone input).

The test fixture used here is the G.R.A.S. 43@@thout
ear simulator. The RA0039 may be added to provide sta
ardized acoustical load cditions to the DUT.

Follow the steps in sectiowreparation carefully before
starting with this section.

2.2 Hardware Setup

For general hardware requiremendsid necessary componentsfer to sectionHardware

KA3with The sketch below visualizes the typical setup for passive headphone testing using KA
Amplifier ware. Please read sectigronnecting Passive Stereo Headphwarefully before continuing.
Card

KLIPPEL Analyzer System Page3 of 31



QualityControl of Headphones 2 Passive Headphon I b T

Ambient Noise
Mic (opt.)

3.5mm
connector

1+/2+and 1-/2-
bridged

XLRBNC
Adaptor

ouT1 | ourz
° Q o]
® @) Y

(‘()

Amplifier Card AMPOUT
Chi

(1+andl-)

ppppp

N\ Analyzer 3

KLIPPEL Analyz&(back

Connect theKA3to the PC using the USB cable provided by KLIPPEL

Connect theAmplifier Cardbutput to the AMPinput of the Speaker Car@imind cor-
rect orientation of mono cableith one-sided bridje

Attention: The standardfour-wire stereospeakONamplifier cable provided by KLII
PELis not suitable for driving headphones with common ground with stereo cla
amplifiers. However, it may be used after modification for mono operation.

1 Connect the hedphone jack to the outputSPland SP2of the Speaker Cardsing
the custom adaptor cable

Connect thamicrophones of the test fixture ttN3and IN4of the Laser Card
Optional: connect the ambient noise microphone to IN1 of the XLR Card (use al
BNC adptor for microphones with IEPE supply)

The setup described above may be realized with P#ehardware in a similar way using &

= =

= =

Production

Analyzerwith ~ €xternalheadphoneamplifier and an optional IEPE mic supiplyorder to use 3nicrophones
External Am- in total (@ambient noisg, one connected tohe Lineinput of the analyzer.

plifier

KLIPPEL Analyzer System Pages of 31
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3.5mm
connector

Test Fixture

KLIPPEL Production Analyz&ont)

8 O
o~ -
KLIPPEL — [
™~ production Analyzer
“ ° ° @ - 1+/2+
OuT1 ouT2 MIC1 LINE1 LINE2 MIC2 - and1-/2- ¢
o bridged

= =4

KLIPPEL Production Analyzback)

o -amm. ©©0-©

POWER USB DIGITALI/0O  AMP SPEAKER 1 SPEAKER 2

\*J
. . Headphone Amplifier

Amp In(L+R) Amp Out(2x TRS Stergo

Connect thePAto the PC using the USB cable provided by KLIifpBEdisplayed)

universal stereo audio amplifiénot displayed)

o0 setthe amplifierto stereo or parallel mode

0 connect PA OUT1 to the amplifier input 1

0 connect single channel amplifier output to the AMPLIFIER input d?&ehe2+
and 2 amplifier cable wiresnust beconnected to 1+ and-1

headphone amplifiee.g. Lake People388 S)

0 Connect both outputs OUT1/2 of the PA to thiereoinputs of the headphone
amplifier

0 Connect the stereo output of the amplifier to the AMPLIFIER input of thigu®A
tom amplifier cable 3 pole jack to NL4 speakON provided by Klippel)

Connect the hadphone jack to the outputSpeaker & 2 outputs of thePAusing the

custom adaptor cable

If no ambient noise microphone is usednoect the microphones of the test fixtur

to MICland MIC2of the PAas displayed

Otherwise

0 connect the first microphonefdhe test fixture toMIClinput of the PA

0 connect the second test fixture microphone to the external microphone ¢
ply/preamp (activate 10 dB boost if available)

0 connect the output of the suppliN1 of the XLR Card (use an -BINC adaptor
for microphoneswith IEPE supply)

o Note: it is necessary to calibrate the whole signal chain with a sound calibr
especially when an additional gain stage is used

0 connect the ambient noise microphone of the test fixtureMdC2input of the PA

2.3 TestSequence

Severatest templates for passive headphoneare providedwith this application note or youl
KLIPPEL softwar€reat a new test based on the templateassive Headphoner Passive
Headphone (Fasgnd login viaQC Start Enginea@r open the database and press tiyeeen
arrow in the task bar.

KLIPPEL Analyzer System Page5 of 31
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This test sequence contains 5 tasks for testing sound pr

Passive _ _ >OUTIH Pl vacwac
Headphone  Sure response (audio range) and impedance individug . =
. . . . nro acnments Imits ogin
for left and right channelDifferenceis a postprocessing s )
task that calculates the deviatiobetween the fundamen-| = e
[~ Control: Start
tal frequency response of both channels. L
Note: Executing this sequence requires a QC Standard licensg Impedance - L
to the number of tasks. For QC in R&D framework, the seque sotndlbieeetichly
. . Impedance - R
may be split into two separate operations (Impedance, Sou A
Presste + Diff) to handle the restrictiaf 3 tasks per test L Contral: Finish
Impedance tasks may be removed in case only acoustical parcm
eters shall be measured.
Passive The Fastversion of the test sequence uses combing info  Attashments Tasks  Limits  Login
Headphone  SPL*IMRask to measure both soung@ressure and | rass Language [en v
(Fast) impedance characteristic simultaneously with a sing [ o sian
sweep Signal. Sound Pressure + Impedance - Left (Source)
. . . Sound Pressure + Impedance - Right
In case KA3 hardware is used, Bignal Data Sharing Difference
feature allows measuring both channels simultaneou | L Cortrak Finish
ly for time critical testing. The option is active by de
fault but maybe deactivated. Add.. | [ Femave * ¥

Note: The Difference task is not operable with QC Basic license. However, you may select and re
task from the sequence.

2.4 Adjust Settings

Adjustthe input routing (Test Sensdt/R as well as optNoise Sensprof the Sound Pressurt
tasksaccording ¢ the actual analyzer and microphone setup used. The provided temp
are preconfigured for use with KA3 and ambient noise microphone.

Input Routing

Voltage For the Sound Pressurtask, this parameter specifies the i atactments Tasks Limits Lo
sinusoidal RMS ualge at theamplifier outputconsidering | Tass Langusge |en v
the measuredopencircuit gain of the amplifier (card). gontrzl:PStart )

The voltage should be high enough to provide sufficie L

signalto-noise ratio in the acoustic responses well as | | g oo "

sufficient excitation for potential defect ral distortion Dilference
mechanismsTestvoltagemay also be derived from stand! | - “" "

ard values as definedy IEC 60268 such as rated SOUrC€ | aia. || Remove 2
e.m.f., characteristic voltage (94 dB at 500 dg)l mwW 2] Parameters

input power equivalent volge. =] Stimulus

Note: Parameter Level Profile can beedsto boost the stimulus 2:* igm

signal and thus improve poor SNR in certain frequency ranges. Timpe :

The EQA modulemay be used tcautomatically determine the

characteristic voltage or to control the exact voltage at the D Efif:f'p'f;:f

terminals under load conditions. Refer taen Adjusting Target

SPIfor more information.

Attention: Most of the standard parameters require defined measurement conditions that are not fu
using test fixtures andther setups than specified in ttetandard.

There are no general guidelines for the voltage setting of the individual impedance me:
ment (RMS voltage of multone stimulus). A too low voltage may result in a noisy impeda
magnitude. Nonlinear effects at higher voltages are usuedly tritical.

Frequency Thesound pressure measurement should cover at least the rated frequency range of the

Range ed device. The default setting covers the standard audio range from 20 Hz to 28.d{bizt
Fminor Fmaxin the Stimulusproperties ofthe Sound Pressutasks,if required.

For the leftright balance test (Difference task) it may be necessary to limit upper or Ic
frequency range in th®ifference Curvimit settings.

Ambient In the defaultsettings of the test temlates, ambient noise detection is activated. If you ¢

Noise using QC Basic license or no ambient noise microphone is connected, deattiivatgion.

KLIPPEL Analyzer System
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Detection If a PNI license is available, further ambient noise settings are availabl@&¢ogRepedtthat
may beactivated/configured. Refer teNIManual for more information.
For optimal performance, it is strongly recommended to measure the typical passive ¢
attenuation of the tested device mounted on the test fixture in order to replace the def
aSHGRy 32 EA9y Of 28 dz2NB ¢ | & dzYAy 3 MeusuRmentlofiAing
bient Noise Attenuatiofor more information.

2.5 Results

Frequency In the Frequency ResponseA Y R2 g5 0 2 ((skhootfel)fuyidarBent® drequency re-
Response aLkzyasSa INB RAaLXl@8SRe ¢KS OdzNWS 0O2f 2NA
separate the left and right channel results visually.

s | - Frequency Response == == == == | - Response Max == == = == L - Response Min
e | - RUD+BUZZ = == == == L - RUb+Buzz Max R - Frequency Response
R - Response Max R- Response Min  msssssss R - Rub+Buzz

e w we e R - Rub+Buzz Max

120 KLIPPEL

110

100

90

80
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60

Sound Pressure [dB]

50

............

40

30
102 108 104
Frequency [Hz]

In this example, the limits for both channels differ because they aredasereference DUT:
recorded inLimit Calculation ModeThus, systematic differences between both channels
be considered In order to apply equal limits for both channels, absolute limit definition r
be used (e.g. copy calculated curve of one chaandlpaste it as limit for second channel).
Note: Normalized display modes are available to display the frequency response deviation from a
reference unit, the reference average or relative to the Average lAdselfloating limits are applicable
to evaluate shape of the response curve instead of absolute Re&r to QC User Manual for mo
information.

Rub & Buzz Rub & Buzeeflects higher order, impulsive distortion as caused by most defects of the ti
ducer and other irregularities in thplayback chain. The result curves for both chaneets
also plotted inFrequency Responséndow. In this example, absolute limits have been us
that approximate the typicashifted) noise floor of aypical reference unit Relative (shifted)
limits may also be applied, instead but will result in a less smooth curve.

AverageLevel The single value resulverage Leveis derived from the measured Frequency Respon:

(Sensitivity Using default settings, it reflects the me&umdamental SPLin the conplete measured fre-
guency range. However, the frequency range may be restricted (or even limited to on
qguency, e.g500Hz) using propertAverage Leve] Frequencies

[ TASK OUTPUT: SOUND PRESSURE - R ]

Name Value Min Limit Max Limit Unit Description
Average Level | 110.0 | 106.9 112.9 dg average sound pressure level

[ TASK DUTPUT: SOUND PRESSURE - L ]

Name Value Min Limit Max Limit Unit Description
Average Level | 110.1 | 106.9 112.9 dB average sound pressure level

KLIPPEL Analyzer System Page7 of 31
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L-R Balance
(Difference)

Polarity

Harmonic
Distortion

Impedance

The Difference Curvereflects the spectral balance dgviation) between the Frequency
Responsesf left and right channel, calculated by tidfference Taskpostprocessing). Both
the frequencywise deviation and the maximal deviation may be tested.

Difference Curve
e Difference Curve = == m= == Difference Curve Max w= == == = Difference Curve Min
= KLIPPEL

102 102 104
Frequency [Hz]

In this example, the tolerance has been slightly wideabdve 2 kHz and limited to frequer
cies lower than 10 kHz because the evaluation of high frequencies can be difficult and
depends on modal transducer behavior and headphone positioning accuracy.

Note: Difference task is not available for QC Bagindie

The polarity check is based on the acoustic phase response at low frequencies, relative
phase of the reference units. This test is robust against small phase variation and ¢
wrong polarity (180° phase shift) reliably.

Relative harmonic distortion such @stal HarmonicDistortion (THD), 2 and 3¢ harmonicfor
left and right channeére displayed in result windowistortion For visual separation, the'®
and 39 order HD curves are shifted by 3 % and 6 $peetively. This can be adjusted or de:
tivated in the Display properties of tgound Pressutask.

s |- THD e s e = L - THD Max L - 2nd Harmonic (+3%)
L - 2nd Harmonic Max (+3%) e L - 3rd Harmonic (+6%)
we we we we L - 3rd Harmonic Max (+6%) R-THD R-THD Max
R- 2nd Harmonic (+3%) R- 2nd Harmonic Max (+3%)

R - 3rd Harmonic (+6%) R - 3rd Harmonic Max (+6%)
K KLIPPEL

Frequency [Hz]

Relative distortion may be calculated relative to isolated fundamental (IEEE) or total har
signal (IEC) as well as relative to average level iaraadhave less impact of peaks and dips
the frequency response.

In result chartimpedance the impedance magnitudes dffie left and right channelsre dis-
played.

mms |- IMpedance  ws ms m= = |- Impedance Max = == == == L - Impedance Min
R-Impedance R - Impedance Max R - Impedance Min
P T e = ST T "= = “KLIPPELE

26 =F===
25
24
23

22

Impedance [Ohm]

21

20 +oloes . .
102 108
Frequency [Hz]

Absolute limits may be set up in a way that it is ensured that the nomiraddance is above
80 % of the rated nominal impedance.

The effective impedance magnitude of the complete headphone on the test fixturéien
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highly damped andnay represent a complex electracoustic system. Therefore, Thiebenall
transducer parametemeasurement isnot applicable, mostlyHowever, DC resistanc&d
measuremenbr minimal impedance may be testddeeQC Manuat Impedance Valugs

[ TAsk ouTPUT: IMPEDANCE - L ]

Name Value Unit Description
Min Impedance (2472 Hz) | 21.9 Ohm | value extracted from impedance magnitude

2.6 Limit Calculation

Relative Lim- Since thewhole test approach is dedicated to requiremnts of quality control, the resufa-
its (Golden rametersare not necessarily evaluated on an absolute sdikle standard conform results
DUF) obtainedunder normative conditions.
For this reason, a typical stegy forgenerating reasonable result parameter limits und@C
test conditionsis based on approved reference DUG®Iden DU) Tested and verified unde
lab conditions, one or more of these physical units are measured in the QC test station
der to derive relative limits.
Alternatively, parameters such &equency Responseay be normalized in order to monitc
the deviation from the reference unit. Other parameters (e.g. THD) can be measured re
to the frequency responser average level.
The Golden DUT can be used to adjust limits in case of systednits or changed conditions
Find more information in QC User Manual sections Reference units, Limit Calculation or Gold

Handling.
Identical Since the left and right channels of the DUT are tested by sep@@t&askshe limit calcula-
Limitsfor /R UA2Y A& AYRSLISYRSYyUG FT2NJ 020K OKI y, vbSdlue@aimitl
Channel RSTAYAGUAZ2Y OFly 06S dzaASR AyaidiSFR 2F NBfI(

individually measured reference data.

Also,one or more identical reference responses may be imported that replace the recc
reference DUTSs for relative limit calculation.

Find more information in QC User Manual sectilbsolute Limits or Limit Import.
3 DigitalHeadset(USB)

3.1 Overview

In conrast to passive headphones, digital headphon:
usually do not provide a signal input or output fa
direct test signal playback or microphone respon:
recording by the analyzer. Digitahalog conversion
and amplification is done by the active electronic
integrated in the headset. Only a digital interface
provided, such as a USB interface.

This application focuses on testing both, the sout
pressure output and the microphone of a USB head:
that is accessible as a Windows audio device. T
requires two operHloop test operations executed in
batch run. The playback and recording deviae
switched in both operations.

Since unknown delays are introduced by the D/A cc
version and sample buffers, tHgYNadd-on is used to
synchronize playback and captureing a unique syn-
chronization signal or even the stimulus itself.

3.2 Hardware Setup

For general hardware requirements and necessary components refer to séctiohvare

KLIPPEL Analyzer System Page9 of 31
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The sketch below shows the typical hardwaegup for a digital (active headset) with USB int
face. In this example, th€A3with Laser and XLR Card is udad,the Production Analyzesr an
external sound cardhay be used instead.

Ambient Noise
Mic (opt.)

Adaptor

1 Connect the analyzer ta free USB qrt of the PC using the USB cable provided

KLIPPE{avoid hubs or front USB)

Connect the headset tanother USB port ahe PQavoid hubs or front USB)

Connect the microphones of the test fixture Ifld3and IN4 of the Laser Card

1 Connect OUT1 of the LexsCard to the BNC input of the mouth simulator; an adapta
required in casean XLROutput is used instea(for KA3:make sure that theDutputis
set accordingly ilKA3 Signal Configuratiatialog ¢ see sectionGldoal Signal Routing
(KA3)

I Optional: connect the ambient noise microphone to IN1 of the XLR Card (use al
BNC adaptor for microphones with IEPE suppligte that ambient noise detection i
not applicable during microphone test

When placing the DUT die test fixture, make sure that the microphone arm is placed i
defined position relative to the output of the artificial mouth.

3.3 Test Sequence

Template

Batch Run
Object

The test templateActive Headset (USB)provided with this application note or your KLIPF
software. Create a new test based on the template apén the testviaViewbutton in QC Start
Engineeior open the databasdirectly withdB-Lah

Note: This template is not operable witQC Basiticense and requires dBab 210 (QC 6.1) ¢
higher. ASYNicense isrequired to run the test with default settings

The template does not contain a single QC operation, but a compl
object that contains three operations: =0 Qc
, R:2] | Headphone Test
f 1 Headphone Test: acoustical test of headset playback @ 2 Microphone Test
f 2 Microphone Testacoustical test of headset microphone .8 3 Verdict Collector

stimulus provided by artificial mouth

3 Verdict Collector: this is a special operation dedicated to collecting and displaying the ir
ual test verdicts of multiple QC operations and combining it to an overallateftie individual
Summary Windowsf the measurement operations are hidden by default.

KLIPPEL Analyzer System PagelOof 31
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Audio De-
vice Setup

1 Headphone Test

Right click on operatiofh Headphone Tesind selectProperties. to open theProperty Pageln
the tab QCSettingsclick Configwe Hardwareto access the sound device settings. Make s
that yourDUT is selected as output device and the input device is d€ifipel Device

Select Hardware for this Operation X

Sound Device
[ Use Default Devices
Out | DS: Lautsprecher [Logitech USE Headset) ~|[2Ch.  ~
In: | Klippel Device ~ Configuration

Sampling Frequency | 48 e

In case your device is not listed, make sure that it is actually available Wit@ows Sounc
configuraion.

2 Microphone Test

Also open the hardware configuration for the second operation. Now your device must k
lected as input device arndlippel Devicés the output

3.4 Adjust Settings

Headphone
Test

Microphone
Test

Select @eration 1and log inusing the green arrovicon in the task barto access the tes:
properties of this particular operation

Stimulus Level

For digital outputaudio devices, theSimulus Levelin the QC task propertieis specified as ¢
digital level in dBE®Mind that the actuallevel settingof the headphone audio devics inde-
pendentof the stimulus level. It is recommead to set it to maximum in the Windows aud
settings or at the device for a defined state.

Note: Since the test level for digital devices may be difficult to defiedEQA module may be applied
achieve a defined target SPL by adjusting stimulus level automatically. Find more information in
Adjusting Target SPIAlternatively, floating limits may be used to test frequency responspémtlent of
the total level.

Frequency Range

Adjust test bandwidth $tart, Stop to the rated frequency range of the DT case limitations
apply.

Ambient Noise

The information given in sectighassive Headphoralso applies here.

Select operation 2 and log in to access the properties of the microphone test.
Voltage

The input voltage for driving th&.R.A.S. 44Amouth simulator with buikin amplifier should
not exceed 2 V. The EQA module maybed together with a reference microphone to find tt
corresponding excitation voltage for a defined target SPL.

Frequency Range

Careful setting oFminand Fmaxfor the microphone test is crucial as it depends on both 1
sound source and mic frequencynge as well as the microphone position relative to the soul
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