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The Weakest Part of the Audio Reproduction Chain

. KCS
microphone
%\ Recording Eou_nd .
2D Environment ngneering
source I

K %2 2% because the loudspeaker
B HARARV AR NIRR R E

causes significant linear and nonlinear
distortion

HREEER  RiE - B - BEMEREBREFUHRTEE
varying loudspeaker properties due to
production variances, climate, fatigue,

ageing
o [RHIE = limits the acoustical output
WERBWELERE has low efficiency and produces heat

BEINESE - RTFIAA contributes to weight, size and cost

—>

Listening Environment
o N
,/

\
\
{1 )
V4

\ S
Mo Listener

Loudspeaker
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MO EmEER

How to improve the Loudspeaker? (1/2)

E BY Targets:

> BRERA > Lower cost

> B/I\NSERBLEZINER > More sound pressure output from smaller speakers
> TEHNEE (FEBEXEH) > Sufficient sound quality (no audible distortion)

> OJEM@BANEmR (BEAEKRE ) >Reliable and robust product (no failures in the field)

Range of Operation

Amplitude I uaroad ™ 0 e » Protection
___________ (against overload)
.................................. » Stabilization
Large signal (voice coil position)
performance | =000 sereesessssssssssssecesesesesess » Linearization

(cancellation of distortion)

Exploiting
of the useable
working range
Small signal izati
f 9 ................................. > Equahzaugn
performance (flat response)
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BB e L
How to improve the Loudspeaker? (2/2)

H 89 Targets:

> EBHETEEEMSRNEESRTUEIE

Coping with varying loudspeaker properties caused by production variance

>  EHEEREZCNEE (2h) MINPEE (=& )

Coping with changing properties over time (aging) and external influences (climate)

> tEMEmMEINEEEENIEBZMYEE

Generating constant desired target performance over product life :
Fatigue

Climzite / aging

Production variances

Nonlinear —
. Controller
audio Load changes
input
I Acoustical
environment

Feedback of

loudspeaker

information

An adaptive, nonlinear control system is required! ————> % Sound (KCS)
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Nonlinear modelling of an electro-dynamical transducer

mechanical admittance (FI) type analogy

Re(t) Le(o X,1) F=BI(x,t)i q
. — > o N NI
Fa
) S(
: FreI(X,i) _D(w X) |::| Zload(w)
UT BI(x.t)v T Mys & Cus(x,t) §RMs(w,x,v)'l ) C P Pout(r)
v @ du(@)
SR ’ — L 97
(fundamental mode) modes domain

FRERTHE  Hb—E2E using lumped elements where some parameters

- ZHERFEZER (ARKE - /b~ #4) are time variant (due climate, aging, heat)

o  BURIRHEZE w Depend on frequency w

o HRBEHFIFRUREY (UBXx ERi-ZFEVv: ..)

have a nonlinear dependency on state variables (displacement x, current i, velocity v, ...)
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> IELRIERE

Nonlinear Distortion Reduction

)

Symmetry
|
Mirror Filter < ' »Transducer
e 1 Linear
| . System p(r1)
I
|
Input | . Linear Sound
i =+ System Field
Signal ul Y p(ra)
- [
Nonlinear Uo : Yo I'Nonlinear Linear
System I System System p(rs)
- I
Synthesized | | | Transducer
Distortion I | Distortion
|
]

SR EREERZERBRIIFRIERE

Perfect cancellation of the nonlinear distortion components that
are included in the modeling
Y88 ( FIERKE ) B1F : Residuum (remaining distortion) comprise:

. - REEERIK > Noise, non-deterministic distortion (rub&/buzz)

=
. T%%U/é?ﬂﬂl Bt B B R 28 S B ULED > Mismatch between control parameters
and instantaneous transducer parameters

o  HHMEREEIIELR R E > Distortion from neglected other nonlinearities

Total Harmonic Distortion

D
o

Without Control

THD [Percent]
N w B u
o o o O

With Control

4

10

0

A0 60 80 100 200 400

ReSId Uu M Freauency [Hz]
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KCS Mirror Filter

Input
Signal

Mirror Filter Eq- Transducer
. Linear
V" Cii b(r)

P Sound
Linear
u
" u
Nonlinear °

System Field
System

p(r2)

° | Nonlinear
System

Linear
System p(rs)

Syn thésized Transducer
Distortion Distortion

{2 EL Benefits:

>

e SENIEEREEIERE

Structure, parameters and state signal have a physical

meaning

D ERENIEARMERE L

Linear and nonlinear distortions are reduced

ot HFEFENIEREEE EHl
Can be tailored to the dominant nonlinearities

B/VHEREIET/E (RAM - MIPS)
Minimum processing effort (RAM, MIPS)

IR (<1ERA ) - BolLURINE EEE

Low latency (< 1 sample), but time delay can be added

YR#LI5E Always stable

Z 5K Requirements:

o B e < 2 IR 2 AR

Physical modeling of the speaker distortion
EEEESERETHNREZEFIZSE
Requires optimum control parameters for each
speaker unit
EERERMRLREISFRE T FELE
Requires protection system to limit the
nonlinear working range
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»
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R B RYEESK

Distortion Reduction

QOriginal distortion

[~ \ Resndual distortion

»

»

/63/“
e t

L

— N\

synthesized distortion

 Equal amplitude
e Inverted Signal
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BRI R<E
Cancellation of Harmonic Distortion

« optimized driver with and without KCS

« 20d. and 3'9-order harmonic distortion measured with a sine chirp

2nd Harmonic 3rd Harmonic
e |1€AI == nonNlinear e |inear == nonlinear
KLIPPEL 40 /,’ 7\\\ KLIPPEL
40% /|
8 % s AR
o\ 30 / \‘\ .
N / ‘\ Without KCS
(V] Without KCS 2 \
\‘\ S 20 /  \
| \\ —~ /‘“‘ \\\
c“‘ / ’\\\\ \\
~/ \/ \ 15 \
/ / \,? % \\\ \ 4 s 4 (y Q/ \\ /‘, \\\“
/ / \ \
/ / / \R N 10 / -y
ARE — . With KCS
)/ - Withkes o a0 4
T \ O
N \. T ——ee
~ 0 oo R
4+10 1 6+10 1 8101 102 2%10 2 4+10'1 6*10 1 84101 102 2%10°2
Frequency [Hz] Frequency [Hz]

KCS reduces harmonic distortion significantly
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HIRIERIEFRE
Cancellation of Nonlinear Distortion

Sound pressure spectrum p(f) of reproduced multi-tone signal

80
70 _
4B Fundamental
60
50 Distortion without
KCS
40

"- e

. o~
NN W T WA

....

20/~ Distortion with
KCS

50 100 200 500 1k 2k
Frequency [Hz]

KCS reduces all nonlinear distortion components (harmonics, IMD) in
the audio band significantly
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=l 2 GEREE
Control Parameter Adjustment

B = E 5 )A ADAPTIVE APPROACH:

HIEZEERSE ( Es - IBE ) BUE1E
Compensates for variations of the loudspeaker parameters
(production, time)

TEEARBIRERAER (5%

Active on-line reproducing an audio signal (music)

T (RIE 2R RV S £ ML RE

Guarantees optimal performance of the controller
B{EEEE Simplifies the handling
BYNEHREBE A Leads to a self-learning system
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Adaptive Parameter Identification

Enclosure —

|
. Woofer
. Audio w(h ut)
Stimulus O—> , —H|—>l>—' (t)
2(t) Processing . P
Amplifer
M
Parameter / <
memory | | Parameter
P[n] Identification P i(t)

5K Requirements:
o RIREREMIEA R EHEISE Fast and accurate detection of the free model parameters
BRIFEMHSELIREARE (EERZE ) Avoiding any bias in the nonlinear parameters (modeling error)
FEAREEAGR (BEAEAZ ) Operative for any input signal (coping with insufficient excitatior
EHREERNAREY (BERUB - 27X - BkEE ) Coping with transducer instabilities

(DC displacement, bifurcation, jumping effect)

KCSEZRF5 2 : KCS Solution:
o fERHOSENERSE (RENFRE) Uses a robust solution (patent protected)
o ERANRIJIEBERIAAFAAIKLIPPELAIG LR (LSl - MSC - PWT - SPM ) B& A © 202 5F
Has matured in KLIPPEL test modules (LSI, MSC, PWT, SPM) applied to all kinds of transducers and
system for more than 20 years
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% FEZZ R S MLLE 22
Which State Variables Should be Measured ?

L,(9)
Re(My)  Le®) Rys F (X) = re——m—mm e

e )— | ‘:
_ | Acoustical Environment l
| " Radiation % p(t) i
Mechanical domain Acoustical domain
I [
I [
i _ :
Sensor Type j| Current & voltage Optical Laser Sensor Microphone
J| sensor
] —
Advantages j| Robust, reliable, Absolute measurement | Sensitive to
J| inexpensive sensor of mechanical quantities | acoustical problems
[
Disadvantages : Reflects mechanical § Price, Resolution, Acoustical
I and acoustical Sensor Linearity, disturbances
j| system indirectly Handling Time delay
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B EENE

Absolute Voice Coll Position

X f X (t) -X Measured and Predicted Displacement
o reference 0
rest position ( A \ KLIPPEL
= Xo + Xyt () + X (1) + X;ir (1) N
0.2
X Offset lil(dis i Xiin linear
in coil rest NOMlIN€Ar i ocement o
position distortion
= 0,0 ﬂ
E

v v U xops ()

DF: AC 02
displacement  gisplacement

X (t)— X, = Xo (t)‘;XDC (£)+ X (1) by Lasor | . ffw(t) + 2gie (0) i X (E)

30 40 50 60 70 80 90

Coil
displacement

Reduces Generates
SPLoutput  SPL output

Time ms

. IRRMEEEBENERNUB ( BURREER )

The nonlinearities generate dominant DC displacement (depending on the signal)

-  MUEREAERMIARSIKETNNZFBEMUE

Linear modeling can not accurately describe the voice coil position at higher amplitudes

. BERIFRUER+RERAINAESOIURBERMNE RIS ERRAZTENE ( DKCSPREMNBRSE ) -

Combination of adaptive nonlinear modeling + offset detection can accurately predict voice coil position based on voltage and current
measurement (- solution provided in KCS).
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S REREE (KCS) WEBNEER

Detection of the Voice Coll Position based on current sensing

Voice coil position in the

(KCS) PATE

&% : Assumption: PROTNT
- [E—SEBERBANAARERAHERNRESENBKRRE ECTED

All units of the same speaker type have the same coil height and gap depth
o REFBEEMNHEAHELENEEHATI - RERIMNREE X

Then all units have the same relative curve shape shifted by an unknown offset x

Force factor BI(X . . - .
%) Voice coil position in the

Speaker : :
speaker prototype ’ wﬁh KCS particular unit of the
. same speaker type
magnret pole plate s L Offset magnet pole plate
- Reference :
24 curve \

{ Induction B
L ; .
voice coil

ductjon B .
voice coil \

pole piece

[ 1 [

- pole piece -

Xx=x,  displacement %=0 displacement
O-5 4 3 2 1 0. 1 2 3 4 5
<< Coil in X [mm] coil out >>
Measure the reference force factor curve « KCS monitors the input current of the unit under
Bl(x) at a loudspeaker prototype or Golden control
Reference Unit from production « KCS determine the offset x. in the reference
Use the BI(x) as initial parameter for KCS curve Bl(x+x.¢) that explains the force factor
control of other units distortion generated by the particular unit
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IRz Z 5K Amplifier Requirements

KCS copes with the voice coil offset

- ~.

~Enclosure —~
N
\

Audio | "0 [ M~ u || Weefer

o— ; f

2(t) Processing VoL . |
Amplifer
------ & 1 Leakage

‘%/
Xoff(t)
Memory Detect
PIn] | etector i

Application to AC-coupled amplifier

Estimator

Mechanical . -
z(t) > Protection 0 » Linearization —>é|) w(t)
I I ) ? s.h & |
I
I
I

> State

Xot) P[n]

KCS Performance (accepted offset)
» Accurate linearization and protection

* No stabilization of coil rest position

* Reduced transducer efficiency

* More compensation voltage required

p(t)

16
14
12

o N A~ O

Force factor Bl (X)

Force factor BI(x)

Xoff

«-— S versus absolute
voice coil position

Zoit referenced to gap
geometry

6 4 2 yfom 2 4 6

Application to DC-coupled amplifier

| -
2(t) Mechan.lcal »{ Linearization —>A> w(t)
Protection y(t) |
| Zoff A A ? Sp‘} A |
| |
I
I
I

Estimator

Offset —™|  State

I
| Compensator
I

Xog(t) PIn]

KCS Performance (compensated offset)
» Accurate linearization and protection

» Active stabilization

*  Full efficiency over product life

* Reduced compensation voltage
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FHEEEBEUSRESFEAKVIEENLE !
Active Stabilization of Voice Coil Position

L

PATE
N
RorEgrs gives Maximum Peak Displacement!
D
B e E AR M P A RV R B X /) L IES B IR ERTE !
The Offset xdetected in the transducer nonlinearities reduces the positive
or negative peak excursion!
reference rest wrong reference rest
position position position
: Mx = : i
: - : :
| cone  grill | cone  grill
Reference speaker Speaker unit without KCS Speaker unit with KCS
(prototype) = Offsetin rest position - Offset is compensated
- Optimum rest position X, - Reduced peak by DC voltage
displacement, less output - Designed optimal travel

always available

Klippel: Sound Quality of Audio Systems, part 10, Nonlinear Control 17 <+ >



PR T REIRIZE2E ( KCS)
In-Situ Diagnostics with Music (KCS)

Electrical Power and Temperature Voice Coil Displacement
06 | |._Voice Coil Temperature | 4,
I I s 0.3 !
0.4 80 3 A ‘N’MI'\NAW
[v]
B > e 60 g 0.2
= .
0.2 Electrical Power 0 2
S Xmax |
I 20 0.1 Xmax

0.0
10

20 30 40 : 50 60 70 //\f MI\ Coll O{fset
0.0

X [mm]

|
|
I t [min] . I
Ambient .| 50°C I 20°C W
Temperature | | o1
A 4
| Resonance Frequency and Stiffness |
I I 0.6 -0.2 I
| | |  /
600 = 03
) I Stiffness | 0> 3
= 500 | i"‘" % 50 100 |150 200 250
I I 04 2 t[s] |
Resonance Frequenc 3 T - . - .
400 e e e without stabilization | with stabilization
10 20 30 40 50 60 70 I

t [min)

il

1825 Benefits:

=,
> EEEEERETHZ Measurement while reproducing arbitrary audio signals
> BISESHIZIE - BSS - |IEEZE In-situ monitoring of aging, fatigue, climate influence
> WETHEER Comprehensive information collected over lifetime

> BEsRRENRANIRE DT Root cause analysis of loudspeaker defects

> HIERETREN RS Feedback to the design process
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¢ . - . Linearization |
AUd|0 S|gna| ) O—»{ Equalization Protection f—P Stabilization 4’?—>{ >

F&1{R7E Active Protection
against thermal and mechanical overload

amplifier transducer

r—— - — — — — — — ]

. |
time-variant Linearized speaker
H1Z Targets:
o OIEENHEEeRE Reliable Protection of the transducer
- EERARNEE#HL Generating a maximum of sound output
- EFEZVHKE Generating a minimum of distortion and artifacts

SN FRERNER/VIEESELEE

Causing minimum or no latency in the audio signal
SHREET (%2 ) B Easy adjustment (tuning) to the transducer
FEERER B2 EVBE R E M Coping with time variant loudspeaker properties

KCS Solution:  FMAZM(ERAEE (R EIER

Exploiting the synergy from linearization and stabilization
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FFAR MR BB AR (AR B
Nonlinear Model vs Linear Model

Measured and Predicted Displacement
XlinAdaptive(t) Xnonlinear(t) XlinFixed(t)

X |aser(t)
0,5

KLIPPEL
04 , +30% error
| T (Linear adaptive)

[mm]

04 Low deviation of nonlinear model —_ 1},

35 40 45 50 55 80 65
Time [ms]

RMETERIMIZ AR BRI SN
linear predicted displacements exceed the measured displacement significantly

AR ABEZ BRI M B AR FDCAL -

linear model cannot describe nonlinear mechanical compression and DC displacements.

BHBRES s.rr ()M Qtse s (t) BT IR S TRASRAVERE M

adaptive fs.¢¢(t) and Qts.s¢(t) update increases the accuracy of the predicted signal
JEREIRRAMUBIER B ER
nonlinear predicted displacement is very close to reality
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E KCSIRiE &4t Protection System

adaptive nonlinear control

“fcerarac=-
A
Controllers with ; i
only linear control v : .
need much larger A T
safety margins! : '
y V!

Safety margin

Safety marginA

B & B AR M AR AN o] 4 8
Adaptive nonlinear control in KCS compensates:

- BB (Fik - RIE)
Time variance (aging, climate)
« 4 E[EHE Production spread
. E/mﬁﬁa)(m DC Displacement X,
« BEFILUBX (RS
Offset in voice coil rest position X, «%)

Small safety margin M required to cope with
* Modeling error
e Attenuation control

&% Benefits:
« mARMAIE

Maximum AC displacement
- HABEHL

Maximum acoustical output
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o] SERY IR EERR A€ ( KCS)
Reliable Transducer Protection (KCS)

Input gain
Sound Pressure Level 1 Voice Coil Displacement
100 +18dB 3 I____ | | ___I__
attenuation +12dB , | | |
90 +6dB | | |
T g ) g: : : +6dB : +12dB : +18dB
5 : | | | R
70 1 | ) ) ' v
I | Input gain
60 2 | | :
5 : l l l l
40 60 80 100 200 400 600 800 0 20 40 60 80 100
Frequency [Hz] t[s]
'Xmax < X(t) < Xmax
{8 2h Benefits:
> O SR ANZVIRE > Reliable mechanical and thermal protection
> RABEERIR ( XmaxPRHl ) > Maximum bass performance (limited by X__ )
> IENNE KSPLE T > Increased maximum SPL output
> A FHZEEE = B R > Exploiting the entire voice coil swing
> Em=OHNEH > Minimum artifacts
> TEE > Zero delay possible
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HIFH4R R E R
A truly linear speaker

Automatic H ( f , r) Predicted Sound Pressure
Equalization 5

/\ With Alignment
0

5""""""2 Mirror HASN

: Hprot(fvt) E—> Filter _’E_ _____ :_’Eﬂ—» -5

: fou® ’ u(t) p(t.r)

Heau()

audjo  equalization  protection linearized loudspeaker syste

dB

< [xtended Bass

-15
Response
-20

rget response

H,(f,r)=Hg, (T)H(T,r)

> BEEEGUESTIEREEGN  RAZSHNE rreduency [

e i . Magnitude of Displacement
BE15 2% KCS generates a virtual loudspeaker with linear, g P

time-invariant properties
> WELEEE b - ES5HMKRIE Compensation of S

production variances, aging, fatigue and climate
> BRREMREEHEMENEIZERH,(f)

Automatic transducer-enclosure alignment to desired *  Increased
target response H(f,r) 20
EENESEZRE Extended bass response 30
L YET L
Decoupled enclosure and transducer design Frequency [Hz]
> BE{EFE  Simplified sound tuning

With Alignment

dB

Excursion N

Y VYV

Klippel: Sound Quality of Audio Systems, part 10, Nonlinear Control 23 <+ >



YN{aJ{EFAKCS ?

How to interact with KCS?

L
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Sound Enhancement
disabled

M=
ik
[ |

R

ﬂ-

by using KCS Mo

Current sensing

y i(t)

Smart

Music, speech,

test stimulus

enclosure

| amplifier

UsB
|

(120)1 NAU 83G10
]
|

@ KCS Monitor
Source

dB-Lab PCSoftware

transducer,
N KCS y(t)
software

i{; Performance Evaluation

nitor

For example: Nuvoton smart amplfier

{ E Listener

Perceptual Evaluation of
Reproduced Sound Quality
(Auralization, Listening Test)

Physical Evaluation provided by KCS Monitor (module of dB-lab PC software):

A\‘&&M&W&u :

Coil Temperature
Input power P,

vvvvvvvvvvv

Activation of
mechanical and
thermal protection

peak voltage Uy,

Distortion
components

Parameter
Variation
(break-in, fatigue,

climate impact Kms(x), ...)
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KCS Monitor

Y ) transducer
KCS (o [(]
i software

4 Smart enclosure
| amplifier

usB
|

(120); NAU 83G10
]

v

KCS MONITOR

dB-Lab PCSoftware

H1ZEHLh8E Objectives and Functionality

Ti2EMEAKCS Z ERVEER ( AIZOINAU 83G10 /G20 & F )

Communication between engineer and KCS (e.g. NAU 83G10/G20Chip)
FARENEEEGSE (AUNRESE ) WAPRE

User interface for modifying setup control parameters (e.g. protection parameters)
EEKCSIRIFIETL (ON - OFF - #1918 - ...)

Selection of KCS operation mode (ON, OFF, Equalization only, ...)

ERBKSC - MKss - BREPRINERESE (HINERERENEG )

Monitoring state variables in KSC, amplifier, transducer (e.g. voltage vs time)
KCSEIFRVREAESE ( Alanmy 7385 )

Long-term history of KCS operation (e.g. endurance testing)
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Evaluation Board NAU83G60
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BI [NA]

g = MIVE
Monitor Voice Coil Displacement
using KCS Monitor

Forceogoalt;}gr BI (X) Voice Coil Displacement

-Xprot < X < XprotHEEEEE Xbottom < X < Xpeak 02:01:18

KLIPPEL I xpeak I xbottom xOffset

e 15 Positive peak displacement "-FPE-
16

1,0
1,4
12 working range ip last second 05
L0 < £ 0o Cail offset
0,8 X
0,6 -0,5
0,4 -1,0
o2 15 negative peak displacement
0,0

e 10 05 o0 05 10 15 7100 7150 7200 7250
[mm] .
Time [s]
: . - - :
Voice coil displacement Time

o PPN o FREREAEAZAKSBMNBIETR
° NS S 2 2.7 | S S = H\ }E' é . . . .
BRI EEIRRIE Bl(x)  Kms(x) - Rms(v) SHIAL History of maximum voice coil displacement

Reveals activation of the loudspeaker nonlinearities : . o
monitored via current monitoring
BI(x), Kms(x), Rms(v), ... -  BEFHISEELR
Comparison with data from laser measurement
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X [mm]

MERERR
Inspect Protection System
using KCS Monitor

Thermal proctection not active G=0 dB

Voice Coil Displacement Protection
02:01:18 BN G cx (mechanical) S G cu (thermal)
EEEEN xpeak EEEEEE xbottom xOffset ° W‘ KLIPPEL
KLIPPEL 1 G:=0dB

[dB]

G,= -5 dB

2 G,=-8dB

7100 7150 7200 7250 7080 7100 7120 7140 7160 7180 7200 7220 7240 7260 7280
Time [s] Time [s]

Mechanical Protection
system active G,< 0
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28l pliE1E
Parameter identification process

© &

e
1’

Zip file

KCS Monitor

Lab
Initial Identification
FLSI / KCS-ID
KCS Evaluation
- —

(L0

@

KCS Server

KCs Monitar

v

Initial Parameter
Creation

operation

TIL oo,
A9 S S ¥ .
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YT FHITE
Initial Parameter Identification

fERE K Requirements:
ﬂ 1L « Transducer must be measured in its target enclosure

(+ passive radiator, if used)

« KLIPPEL Analyzer KA3 with microphone and laser
displacement sensor (opt.) using internal or external
amplifier

e FLSI/KCS-ID measurement module

o] E#i A {5 R Optional Input Information:
« RSBEHNEBERSZEIEENUEX
Nominal peak displacement X, of the transducer provided by manufacturer
o HMRERS (RABBIAET . @ mAEEERU,,,
Other protection limits (maximum voice coil temperature T,,.,, maximum peak
voltage u,.,, and impulsive distortion ratio IDR, .,

%5 R Results:

- RARARBEREDL DT LIFSEE - RBARANKE (£8)
Maximum the maximum excursion describing the permissible working range
without irregular distortion (rub&buzz)

« Linear and nonlinear speaker parameters
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BE) : EIR(FEHE
Automatic: Finding the Range of Operation
FLSI / KCS-ID Measurement

Limits
ENLARGEMENT MODE
e Jyms s X Max = DR
9 voltage KLIPPEL | 3,0 0
8 7 -5
7 Voice coil 2,5
displacement 10
6 2,0
5 - —‘ " mm ow —. . — " e -/ ——————— —-— _15
S Permissable Limit ~ El =
=, 15 3 Lo
4 = -20
3 1,0 -25
2
0,5 -30
1
0 0.0 -35

5 10 15 20
Measurement Block Number

The measurement of impulsive distortion is the most important criteria to find the limit of the
operation range

Klippel: Sound Quality of Audio Systems, part 10, Nonlinear Control 32



BINA]
g

m—-Xprot < X < Xprot mm—

KCSHIURS B
KCS Initial Parameters

Linear Parameters: Re, Mms, BIl, Kms, Rms, Qts, fs

Nonlinear Parameters:

Force Factor Bl (X) Stiffness of Suspension Kms (X) Electrical inductance L(X,1=0)
Xbottom < X < Xpe < X < Xpeak Ki Xbottom < X < Xpeak

ok e BI(-X) m— Xprot <X < Xprot mmmmmm Xbottom peak e KmS(-X) —XprOt < X < Xprot  mm— peal

0,035
0,030 \
025

(x=0fxrdst(x=Xprot)

Thermal Parameters: Thermal resistance Rtv, Thermal capacity Cty, ..
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Al ERE Test Setup

v / Transducer, Microphone
Sound KCS D_

enhancement firmware

T ifi Enclosure

control: : control & diagnostics

T I

N ! Ab +

qu)ton KCS Monitor
Tuning Tool
QC System <
stimulus output sound pressure signal input
PC KLIPPEL dB-Lab g}
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YNl IR SIRBERRAYRAR ?
How to Increase Efficiency of the Transducer ?

FBEABEANE SRR B NDNEER NN ARSI EESD (fs)

Increasing effective radiation area Sy(f,) of the piston mode by using

larger cone or diaphragm

B/ N\ BEIEEMms

Decreasing movmg mass M,

wWmEHOIRYRS ( EE8R4EEE - BEL  BERE) _
Increasing compllance of mechanical suspension Provided by DSP
(active linearization, stabilization, protection required)

AR DAEEBI (x ) 51 ( EEBRMEEE  BERE ) RIESEENH
EREZIBI?/R,

Increasing motor efficiency factor Bl2/R, by using nonlinear force

factor Bl(x) characteristic (active linearization, stabilization required)
miEEESEE (ESNAAL  EVNBEERR - 194 ) RIESESNAX

B85 EAESD (> fs)

Increasing effective radiation area Sy(f>f,) at higher frequencies by
cultivating higher-order modes (higher AAL, less acoustical cancellation,
equalization)
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e R ax at BT EL &R
New Paradigm in Loudspeaker Design

%4 B
Green Speaker Design

% 2R TR ok R
using nonlinear motor topologies and softer suspensions

FI* Hrisdrd (X4&)
exploiting modal vibrations (resonances)

/ N\

L

& {722
Ly 7= More Distortion
More Efficiency .. Qre, BIK), LX), K..(X)
ﬁ«JSPL% SRR, % EKCS & *% 1
Increasing the Reducmg size, reduced by KCS
SPL output weight and cost
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A nonlinear motor is more efficient !

Coil with small
overhang

Long voice coil

Coil overhang Coil overhang

HARDWARE +
a shorter voice coil height gives

» less voice coil DC resistance R,

« more motor strength BI?/R,

* less moving mass M,

* more pass band efficiency

P, /(B \p,S:

a

P, \RM2Z)2xc

e

M = (f>f,)
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_Linear range

[
»

50 F i i z S
E Il \\
‘Eoverhang 3\
4.0 1 *
1 1
Bl i/ \'
N/A ! !
A shorter coil height \

2.0

1.0

[TTTT(TTTT [T T [ TI T [ TTT T TT I TTTT[TTTT

N
IR NN I R

0.0 T

-7.5 -5.0 -2.5 0.0 2.5 5.0 7.5
Displacement mm

SOFTWARE (DSP)

Nonlinear Control cancels the
nonlinear distortion (THD, IMD, Xpe)
generated by BI(x)



&x {E 4R B B PR Optimum Gap-Coil Topology

Efficiency versus Linearity

gap depth voice coil gap depth |
/ ’ | ool B pole plate Y

/ \__ N\
.

optlmum Iength conf‘ iguration|  over-hung coill conl - d | h o I
Highest efficiency under-nung col
(exploiting fringe field)

Topology Optimum Under-hang
Ienqth

Eff|C|enc low low
medlum high low
weak weak

L(x -nonllnearlt medium i strong weak

DC-Stabilit critical robust robust

Weight, size cost ow medium high
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ax (£ IF 4R 14 Z [l 14
Optimal Stiffness Nonlinearity

[ -

»

transversal 1

Guidelines for maximum reliability and efficiency:

K ) ) spider P _ .
6 ] | ‘ ‘. ‘ I ;/0|ce coil rotational
i B I used working range 1 ormer
N | (linearized) |
=8 ’ | ol - ERARERBIEAL
4 ;\ I 2% I// . Similar stiffness of spider and surround
3 N I y; \ > 5 EEHIE high rotational stiffness >12
- \ Total suspension | /1% 4. I AT rocking modes >4 ElE#Ecoil
2 - I'-T.\ < Uy rubbing
L ISpider « Toymmpmm——Te { ’;/ - TfFEE |x|<xmax Wizl E g N0EE &5/
= p . . . .
- S~o S_Liri?#nd* ~ Low increase of transversal stiffness in working
‘ \= == =‘ ‘ range |X|<Xmax
00 75150 25 00 25 50 |75 100 - ETEEESMERBEESEN [x|>xmax
actively . displacement x mm * actively .
protected protected Strong progressive increase of the transversal
“Kman X stiffness outside working range |X|>Xax
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wasn BB IR AR
Summary Adaptive Nonlinear Control

amplifier
N - . Linearization S~
KLIPPEL w(t) P Equalization 9 Protection [ Stabilization z(t)rl/ | transducer
Controlled audio A 7Y
Sound (KCS) stimulus P
T ¢ Enclosure
i(t)
DSP Parameter | current
Identification | sensor

v
Transducer
Diagnostics

HEEE T IFsE NI BRETIFRER

Accurate modeling of the loudspeaker over the full working range

BB RETEEERERRERESEP

Adaptive identification of the transducer parameters P by current monitoring

R ERK 25 0DHBRBE RN - R EtIFRM EERRE

Mirror Filter cancels DC displacement, harmonics and other nonlinear speaker distortion
TFHIEEFBEF LLIE Active stabilization of the voice coil rest position

O] SERVREE - PILEZBEAEWBE - TLEECIRE

Reliable protection against thermal and mechanical overload. Zero latency possible
BE9@E BZHE (fs - QTSSEMERUPE )

Automatic equalization to a target alignment (virtual shift of f,, Q-s, ...)

ZMmIEAR 2R On-line diagnostics of the system
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485 = oo
d

PELY

#R S Linear Control

- BERHARURFEE ZEURET/NRET
B - MR 7RESKELENAEEERAIE
#R 1 Loudspeaker is modeled by a linear
system valid at small amplitudes while
neglecting all loudspeaker nonlinearities that
limit maximum output

BAEFVIERMERE (THD - IMD - DCfiIf% -
B2#4E%5 ) No reduction of nonlinear distortion
(THD, IMD, DC displacement, compression,...)
IMBEERZE2RZETAIR Limited loudspeaker
diagnostics at small amplitudes

RS HRAERE (REHEXETHE )
Difficult parameter adjustment (tuning by
human expert required)

AEREEFLUE

No monitoring of voice coil rest position
FRASEUBELIREAER (EEE - BEHR
93 & ) Significant error in predicting voice coil
displacement (no compression, no dc
identification)

RiEHE SRR = R ANZ ZERE > 5 H K
Large safety margin required to protect
loudspeaker - reduced output
RERUEBEROESHNNE  EE RT - E
ERYRR - BEOAE L

Requires linear loudspeakers - higher cost,
weight, size, lower efficiency, less output

S as 1=l #21ilf Loudspeaker Control Technologies

BEFEIER IS Adaptive Nonlinear E"

BEaBEEETFREANB MR R RER
Loudspeaker is modeled by a nonlinear system valid
over the full working range

FTEHEBZESNIERY (RHEE) WEEMMFTERARY
HALEIER 4 Compensates actively for loudspeaker
nonlinearities (linearization) and generates desired
linear overall transfer behavior

5 2 2 o2 b 7R D3R PREUFIGRPE Loudspeaker
diagnostics showing physical limits and defects
HEGEBIRAZEFNEEBEHRG (FRLURLSI)
Self-learning control system with simple automatic
adjustment procedure (similar to LSI)
BEEEREERSNPNENEEF LIS

Simple monitoring of absolute voice coil rest position
over product life
MBI/ VRIB A S IR IBAY B B2

Accurate identification of voice coil displacement at
small and high amplitudes

O EREHEMMIBNH/NZTEHE > AR L
Minimum safety margin required to protect
loudspeaker reliably - maximum output
RREASIIREES (A BHEEERRET )

Allows to use highly efficient transducers

(green speaker design)
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Online Monitoring and Control (KCS)

Experiment 12

{R3E Protection

o R

Thermal and mechanical . Ty e Te

. BERE(LNRIGH S ’wtw“ M- —
Handling of loudspeaker aging + defects \ " ’\ N‘H 1'\ \,w |2
H\ \

RHEAESHI Long-term monitoring
- EBEREMNEZE

Voice coil temperature and heat transfer B [
. BARERE - ZEMEROEESE (EE : - T T | S
s - H2e) FE | 1 PR . TN
Time-variant properties (voice coil ;o \"ll ‘lfl*ﬂ““ |{ ' I
position, suspension) =» climate, aging 5 W W Bl [ [ [

22 M4t Linearization

B3# fE9 % Adaptive equalization
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1 % 55— {E BB 4

The Weakest Part of the Audio Reproduction Chain

K . . .
microphone CS Llecinlng Environment
/ N\
e Environment Engineering 7 \ /
source amplifier | “S<_.7 Listener
' I Loudspeaker

K %&15E 2% because the loudspeaker

BRI FIFERERE

causes significant linear and nonlinear distortion
HREEEE - &i&  ES - EEMERGESRFMREEE
varying loudspeaker properties due to production variances, climate, fatigue, ageing
[REIZ =L

limits the acoustical output
YRBIMELESE

has low efficiency and produces heat
BHIRES - RIMAA

contributes to weight, size and cost

- Reduced distortion

- Compensated time-variance

- Increased Maximum SPL
- Improved (Green Speaker Design)
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