SYSTEM AND METHOD FOR DYNAM C BASS FREQUENCY CONTRCL FI ELD OF | NVENTI ON The
present invention relates to a system and nethod for dynam c bass frequency
control . \BOCKBRAWI® Fl et cher - Munson curves, as shown i nPET®GR&DH04a0 e

i ndicative of the natural inclination of an average person to perceive
constant | oudness when presented wif1h pure steady tones at various audible
frequenci es. Based on the curves, an average user would perceive a | ow
frequency neYSTEMWAND METHOINEORI YNAMIC BASS FREQUENCY €ONTROQh frequency
to be softer than the latter. As such, in order to conpensate for this
irregularity in human hearing within the audible range, it is necessary to
boost the output signal in the | ow frequency regi on. Nunerous sol utions
have bee r ensate for the irregularity in human hearing.
Most of F’é‘@%m&%ﬂpa gital Signal Processor (DSP) based. There are
al so I ess costly Anal ogue based sol utions. However, Anal ogue based

sol ution commnl hav dlfiacu ttles i dellverlrtl 53 r‘?eswed nul tiple
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frequenc{)’ ¢ §hal . A need therefore exists to provide a system and
met hod for dynamc bass frequency control that addresses at |east one of

t he above-nenti oned probl ens. SUMMARY I n accordance with one aspect of the
pr esent Wé’ here is provided a system for dynam c bass frequency
control, @l@: conprising: a bandwidth filter coupled to a plurality
of switchable electronic corrponents for filtering a frequency range of an

i nput si |, anplifier coupled t he bandw dt | fJIte andt plurality
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strength as a note in high frequency to be softer than the latter. As such, in order
to compensate for this irregularity in human hearing within the audible range, it

is necessary to boost the output signal in the low frequency region.

Numerous solutions have been proposed to compensate for the irregularity in
human hearing. Most of the solutions are Digital Signal Processor (DSP) based.
There are also less costly Analogue based solutions. However, Analogue based
solutions commonly have difficulties in delivering the desired multiple loudness
compensation curves and in controlling the gain and centre frequency of the
signal.

A need therefore exists to provide a system and method for dynamic bass
frequency control that addresses at least one of the above-mentioned problems.

SUMMARY

In accordance with one aspect of the present invention, there is provided a
system for dynamic bass frequency control, the system comprising: a bandwidth
filter coupled to a plurality of switchable electronic components for filtering a
frequency range of an input signal; an amplifier coupled to the bandwidth filter and



strength of the input signal, the signal |evel detector being configured to
switch the plurality of switchable electronic conponents between nore than
one confiyoratwomsBased on the signal strength of the i rpWISGO0YRad440 each
configuration determ ning the frequency range of the input signal to be
filtered by the bandwidth filter ang the anplitude adjustnment to be nmade to
the filtered frequency range of the input signal by the anplifier. The
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swi t chesP¥ e%@ﬁﬁo@étl ng up one or nore capacitors to forma configuration.
At | east one of the capacitor banks may have a fixed capaC| tance val ue and
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The system may further comprise a buffer device coupled to the zero crossing
detector and the signal level detector, the buffer device being configured to store the
switching signal and forward the stored switching signal to the switchable electronic
components to switch the switchable electronic components between the more than
one configuration upon receiving the zero crossing signal from the zero crossing

detector.

The amplifier may be part of the bandwidth fiiter.

The plurality of switchable electronic components may comprise two or more
separate capacitor banks. The banks may comprise switches for connecting up one

or more capacitors to form a configuration.

At least one of the capacitor banks may have a fixed capacitance value and the
capacitance value of at least one of the capacitor banks can be varied.



The signal level detector may determ ne that the input signal strength is
below a threshold I evel. The plurality of switchable el ectronic conponents
may be swoched7sessa configuration that configures the pam$e2avhwodidter to
filter a bass frequency range of the input signal and configures the

anplifier to anplify the anplitude gf the filtered bass frequency range of
the input signal. The switching resolution of the plurality of sw tchable
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filteri ngspfogﬂaedsa&!ylhcmqaemcy range of the input signal and attenuatlon of
the anplitude of the filtered bass frequency range of the input signal if
the input signal strength is determned to be above a threshold | evel.

In accordance with another aspect of the present invention, there is provided a

method for dynamic bass frequency control, the method comprising: filtering a
frequency range of an input signal; adjusting amplitude of the filtered frequency
range of the input signal; determining signal stréngth of the input signal; switching a
plurality of switchable electronic components between more than one configuration
based on the signal strength of the input signal; and determining based on the
configuration the frequency range of the input signal to filter and the amplitude
adjustment to be made to the filtered frequency range of the input signal.

The method may further comprise determining a zero crossing point in the input
signal, generating a zero crossing signal upon determining a zero crossing point,
and switching the plurality of switchable electronic components between the more

than one configuration based on the zero crossing signal.

The method may further comprise storing a switching signal to switch the switchable
electronic components between the more than one configuration, and forwarding the
stored switching signal to switch the switchable electronic components between the

more than one configuration on receiving the zero crossing signal.



The nethod may further conprise switching the plurality of sw tchable

el ectroni c conponents to a configuration that causes the filtering of a
bass freouorow/a7assge of the i nput signal and anplifi cat ipom/SGRoavteeosaerpl i t ude
of the filtered bass frequency range of the input signal if the input
signal strength is determned to begbelow a threshold |evel. BRI EF
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control circuit according to an exanpl e enbodi meraéogv he pr sent

i nvent i oef te igputesignal [idhg input sweakstienoty i weiRgmie thr’léjquency
control gdJeguit according to an exanple enbodi nent of the pr esent
invention. Figure 4 shows a schematic drawi ng of a signal |evel detector
according to an exanpl e enbodi nent of the present invention. Figure 5 shows
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a dynam ghleaMbifii®@ency control circuit according to an exanpl e enbodi nent
of the present invention. Figure 10 shows a flowchart illustrating a nethod
according to an exanpl e enbodi nent of the present invention DETAI LED

DESCRI PTI ON

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention would be better understood and readily apparent
to one of ordinary skill in the art from the following written description, by way of
example only and in conjunction with the drawings, in which:

Figure 1 shows Fletcher-Munson curves.

Figure 2 shows a schematic drawing of a dynamic low frequency control circuit

according to an example embodiment of the present invention.

Figure 3 shows a schematic drawing of a dynamic low frequency control circuit

according to an example embodiment of the present invention.

Figure 4 shows a schematic drawing of a signal level detector according to an

example embodiment of the present invention.

Figure 5 shows a schematic drawing of a zero crossing detector according to an

example embodiment of the present invention.

Figure 6 shows frequency response curves of an example embodiment of the

present invention.



An exanpl e enbodi nent of the present invention is illustrated in Figure 2.
There is provided a systemfor dynam c bass frequency control in the form
of a dynawbDcoloowv4dsBequency control circuit 200 havi ng cecpisesaioonidaont r ol .
The circuit 200 is used generally for dynam c | oudness conpensation. It
conprises a feed-forward control tapology for dynamically adjusting the |ow
frequency range of an input signal 202 based on the input signal |evel
detected. During low input signal |evel, |ow frequency conponents of the

i nput signal 202 woul d be boosted, while during high inpyt signal |evel,

| ow f r eqbigHESy 7cohgyeh ERAdensYy FﬁBOFﬂb&P“@FgﬂbﬁnZ%Qmﬁghﬁmbﬁgmﬁﬁﬁdggvﬁed or
conpr essgsehiinfdhtion.manner, | oudness conpensation is achieved to counter
the effects of irregularity in human hearing, which is derived based on the
Fl etcher- Munson Curves shown in Figure 1. Additionally, the circuit 200

al so | i nfigardlisssRbvd Haq@éncyXidspBRey cihel oMmantexahplalenibedivheritnoft the | ow
frequency range. In the exanple enbodi nent, the circuit 200 includes a

si gnal | BXesENUBYRWPBr 206, a zero crossing detector 208, a buffer device
214 with trigger detection, a bandwidth filter 210 and a plurality of

swi tchabl e el ectroni c conponents 212. Ge erally he function of the
circuit biggre 9 §|EP"YSe€e?C\'/"gR@H?NS¥a‘é’E“§n%fI a Sypamicy og/dfrﬁglfer}cxecqn BLErH Yy nal 202
aut omat i gadrifing % BE ekdrfiple @MBVIRAES df thepredertenventesi red out put si gnal 204.
Forillustration purposes, the input signal 202 and output signal 204 in the
exanpl e enbodi ment are el ectrical audio signals. The plurality of

swi t chablFgy ek e¢t rsHoives GORBRERN SusBRting el uikho® HcBbirg, to rafuekample
capacitors, n&ﬁ@Of resjistors, capacitors and/or inductors that are

or a

connect eGMRASIMRRNt SN ARRIANE MYEPYREN vari ous configurations for adjusting a
bandwi dth filter 210 and an anplifier (incorporated as part of the
bandwidth filter 210 in the exanpl e enbodi nent and not shown in Figure 2)
to achi eve dynam c | oudness conpensati on. The capacitors, inductors and/or
resi st or pERAILEDODESICRIPTION parallel and/or in series connection with one
another, along with switches | ocated at appropriate |ocations, to obtain
various sw tchable configurations. The various configurations cause the

Ci r cui t r YAnoéxantyge babddintkint of tHet pres@itOneandion fieillasipdted ineFigtie 2hEhege isand

Corrpensatp?o\}ié)eucfi g gys/s e%CfSP cri)gr;an ctb%sé ?rgqﬁé}%g}%%ﬁtrol in the form of a dynamic low
frequency control circuit 200 having compression control. The circuit 200 is used
generally for dynamic loudness compensation. It comprises a feed-forward control
topology for dynamically adjusting the low frequency range of an input signal 202
based on the input signal level detected. During low input signal level, low frequency
components of the input signal 202 would be boosted, while during high input signal
level, low frequency components of the input signal 202 would be maintained or
compressed. In this manner, loudness compensation is achieved to counter the
effects of irregularity in human hearing, which is derived based on the Fletcher-
Munson Curves shown in Figure 1. Additionally, the circuit 200 also limits distortion
of extremely high input signal level in the low frequency range.

In the example embodiment, the circuit 200 includes a signal level detector 206, a
zero crossing detector 208, a buffer device 214 with trigger detection, a bandwidth
filter 210 and a plurality of switchable electronic components 212. Generally, the
function of the circuit 200 is to receive input signal 202 and adjust the input signal
202 automatically using its components to produce a desired output signal 204. For



The signal |level detector 206 is used firstly to retrieve the RVS (root
nmean square) voltage of the input signal 202, which is representative of
t he si gnavosoroangdse of the i nput signal 202. Next, the ®CHsa2009®0@k40
detector 206 conpares the root mean square voltage with a threshold
voltage. |If the signal strength of ghe input signal 202 is beyond the
threshol d voltage. The signal |evel detector will generate a swtching
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crossing detector 208 receives i nput signal 202 to determ ne instances
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zero crossing detector 208 mnuld generate a zero crossing signal. The
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corrpre55| on.. a t 210 .is atjiv con cte
swi t chablCECWfr tBﬁ @”SWWB?;}{@ g‘bfﬂg A0 ApHRANgT, M@ %‘Hﬂgee”s???e t he
bandw dt rbddnletsem&ikﬂmgt’.ommhgéﬂ.e by changi ng the conflguratlon of the
swi tchabl e el ectronic conponents of the swi tchable el ectronic conponents

212. For illustration purposes, in the exanple enbodinent, the plurality of
sw t chablTheadigredi levei deteotop A0@ i sse’iilﬁkstl)efoenemave tneIRM$ (reocrapat stears) i n

Bt chaoi BT ahR onl Sue RS ARRHEteB oDtk EOMROTEM BEin UM or on
capaci t angmut\signab202. Next,iheisighalt lgve) detastdar dalsompares the root mean square
voltage with a threshold voltage. If the signal strength of the input signal 202 is
beyond the threshold voltage. The signal leve!l detector will generate a switching
signal to be sent to the switchable electronic components 212.

The zero crossing detector 208 receives the input signal 202 to determine instances
where the input signal 202 crosses zero voitage. At those instances, the zero
crossing detector 208 would generate a zero crossing signal. The switching of the
switchable electronic components 212 is enabled only when the input signal 202
crosses zero voltage.

The buffer device 214 buffers signals from the signal level detector 206 and sends
the buffered signals on a first in first out basis to the plurality of switchable electronic
components 212 upon receiving a zero crossing signal (i.e. a triggering signal) from
the zero crossing detector 208.

The bandwidth filter 210 receives the input signal 202 and provides the necessary
signal level boost (i.e. amplifies) or compression, and widening or reduction of a
filtered frequency range of the input signal 202. As described earlier, the bandwidth



el ectroni c conponents may include two or nore separate capacitor banks
(e.g. 302 and 304 in Figure 3) where the banks include switches for
connect i nyorp100r1ess8r nore capacitors to form a capacit oPCE®SGROWPELI oNn. | N
t he exanpl e enbodi nent, during operation, the input signal 202 is fed to
the bandwidth filter 210, the signa} |evel detector 206 and the zero
crossing detector 208. The signal |evel detector 206 and the zero crossing
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the si gngbmpsiaiis depector 206 anal yses the input signal 202, switching

signals are sent to the buffer device 214, which will forward the sw tching
signals to the switchable electronic conponents 212 to change configuration
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) to_prevent,. distortion to t out put signal 204,
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The signal level detector 206 and the zero crossing detector 208 operate together
with the buffer device 214 to switch the configuration of the switchable electronic
components 212 according to current input signal strength. Each configuration may
be associated with, for instance, a specific capacitance value (e.g. in the case of 1
capacitor bank) or a specific set of capacitance values (e.g. in the case of 2 or more
capacitor banks where each bank may have different capacitance values). The
number of switches to close or open in the switchable electronic components 212 to
achieve a particular capacitance value is determined by the root mean square
voltage of the input signal 202. After the signal level detector 206 analyses the input
signal 202, switching signals are sent to the buffer device 214, which will forward the
switching signals to the switchable electronic components 212 to change
configuration upon receiving a zero crossing signal from the zero crossing detector
208. In the example embodiment, to prevent distortion to the output signal 204, the
switches are opened or closed only at the zero crossing points in the input signal
202, which are detected by the zero crossing detector 208. If the switches are
allowed to be triggered or toggled beyond zero crossing points in the input signal

202, the resulting distortions may be heard as abrupt jumps in the sound output. In



bandwi dth filter 210, i.e. changing the configuration of the switchable

el ectroni c conponents to a configuration such that the anplitude of the |ow
f requencywoang@7edsst he i nput signal 202 is increased, nRCHSGRo@O@GII0r educed
to conpensate for the effects of the irregularity in human hearing, which
is illustrated in the Fletcher- Mingon Curves shown in Figure 1. For input
signal 202 with ow signal strength i.e. |ow anplitude, the bandw dth
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of the input si For strenthl e.
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signal strength exceeding the supported range of signal levels of the circuit 200, the

low frequency range of the input signal 202 has to be controlled such that the output

signal 204 does not suffer from undue distortion due to clipping of the audio signal

as its signal strength goes beyond the supported range of signal levels of the circuit

200. To limit distortion arising from clipping, the bandwidth filter 210 is adjusted to

reduce the signal strength of the low frequency range of the input signal 202 to a

level not exceeding the supported range of signal levels of the circuit 200.

A feed-forward control topology is used in the circuit 200 of the example
embodiment as it has several advantages. A feed-forward control topology reacts to
signal changes and alters the output signal 204 much faster than a feedback
topology. Hence, to an average user, he or she would find the transition between
soft sounds (where low frequency range of the input signal 202 is boosted by the
circuit 200) and loud sounds (where distortion due to clipping in the low frequency
range of the input signal 202 is limited by the circuit 200), to be smoother and less
glaring.



conponents are boosted. During high input signal |evel, |oudness
conpensati on would be halted, such that the | ow frequency conponents are
not exparweadomwo7besdst ed. However, during extrenely hi ghPCmsGRomwiogead | evel
the | ow frequency conponents are conpressed to prevent clipping of signal.
It is noted that |low frequency audilgle clipping would result in unpleasant
listening. Figure 3 shows a non-limting exanple of a specific
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earlier wmth reference to Figure 2. The bandwidth filter 210 is gonstructed

based on i o Muliimeslia) spedliss sybiesn &9 OQF?M dyRAIPICRATEPRRIS @A GAMRIPFERR ¢ 306.

The swi t%ﬁ@bleofenhésa&e%ﬁ@acammaass@ﬂ nés,@rrmangestw"fgalawqhmrs. nks 302
and 304. The first capacitor bank 302 is connected adj acent o sour ce

of the H\%‘(ﬂ doysingss wmpgm@tlm‘rh@ sieediredapiicht dhatp 4 %qL\?HﬁYIect ed

al ong t hgohpRHABAEKa le%&bs@édB Mring"higR ARt Sl |é\rapl|bt|d@é333&cﬁn éridlatiog t he
out put poPﬁ?ﬁhav } t he out utrmgl 9 al ﬁﬁV 204 to the mvert?ngecinogut 320

of the opraud |b§n|éﬁ‘|f%§m§PPl? |ﬂéﬁ‘t t{gx%lowm%qt@ggy SOMBABENE RS AQteFXPER vi des a

gain, G paked. iHfowteBen @RtréhBlyCRBRGhPANSIGnAaleSlS thé IbWefréqMenepabl e
el ectrom c conmponents 212. The first ca aC|tor ban gto has f
0

capaci t oremponeniggarecoorgpresses ta Feyg ¢HRPIagsol #ign ISs npied @‘@ RN ¢

capaci tarfFeQ;u@ﬁc;I&ﬁnﬂilércﬁépnﬁ@%g!dtreéulﬂarﬂﬁple@&ar&&étenrﬁg 336 and C4 338 are in
series connection with three switches, SW 312, SW 340 and SWB 342

respectively. The individual series connections of C2 334 and SW 312, C3
336 and $@urd4dshditfla %n3ﬁ'§tn¢§l6xa$:\{ﬁe 342 gpesife dhpleskyitadipr of thepdyradnhiel

connection with one ano 08. .The. second,_capagi tor bank 304

has four 'ew&ev?wscon&? 6%%%?@8%5@%8 fefSFﬁTC&éQLFMg‘? 2021 310 i's the

defaul t capaci tance of the first capaC| tor bank. C22 344, C23 346 and C24

348 are ipn ser onn on with three switc , _SW21 350, 52 and

SW3 354 T'E‘sb |fﬂ"e I$ RANSHUGIRS Pasediqnsa & ?6‘?&6’& ' WeLa bﬂ“aéi 5‘%& and

SWe1 350, béﬁ%ﬁaé’éﬁteﬁtmic@i/\ﬁ@s 3, svitttlalbi24lébiBnisrdnpdAsnis 34 2respeistitwel y ar e
C21 310,

52" 524, Sap96 iR s 802 A CnLo6 Bt FoPRGIE" B A B baMhastet RREF8 6 ana
t he capactbaoulendfsha8Mpuasidnd@Dy;, 20ReTHe sexbnd eapaditor bafkl 308 BAcdnsecterdnect ed
along the feedback loop 318 of an operational amplifier 316 linking the output point
having the output signal, V,, 204 to the inverting input 320 of the operational
amplifier 316. The operational amplifier 316 provides a gain, G, which is dependent

on the capacitance values of the switchable electronic components 212.

The first capacitor bank 302 has four capacitors, C1 308, C2 334, C3 336 and C4
338. C1 308 is the default capacitance of the first capacitor bank. C2 334, C3 336
and C4 338 are in series connection with three switches, SW1 312, SW2 340 and
SW3 342 respectively. The individual series connections of C2 334 and SW1 312,
C3 336 and SW2 340, and C4 338 and SW3 342 respectively are in parallel
connection with one another and with C1 308.

The second capacitor bank 304 has four capacitors, C21 310, C22 344, C23 346,
and C24 348. C21 310 is the default capacitance of the first capacitor bank. C22
344, C23 346 and C24 348 are in series connection with three switches, SW21 350,
SW22 352 and SW23 354 respectively. The individual series connections of C22
344 and SW21 350, C23 346 and SW22 352, and C24 348 and SW23 354
respectively are in parallel connection with one another and with C21 310.



between the inverting input 320 and the first capacitor bank 302. The
second resistor, R2, 326 is connected along the feedback loop 318 and is in
paral | el wonnmot7es® With a series connection conpri si ngPofl/SGaenstobisral
resistor, R3, 328 and the second capacitor bank 304. The fourth resistor,
R4, 322 is connected between a refejgnce voltage source 330 and the
non-inverting i nput 332 of the operational anplifier 316. The equations
governing the operation of the bandwidth filter 210 shown in Figure 3 are
as follow The capacitances of Cl 308, C2 334, C3 336, Cé} 33{3. (223 310, C22
344, C23Foupresisiprs 824, 34 326 and 338 &% Rerpciad tethe eperafianal ampliter31653 "4
ng rstggg&'t%'dép'aBitdrhﬁ%ﬁkgl%Izi %?@-%gghﬂ‘ hiaeﬁrlsgteg}&&, (R1,|:§§243%2corﬁiéc£&ﬁi4, R3 326
an are represented by : n respect |V in e

equat i on§etweenpihe invgging Repul,Ae? é“dﬂth%[S?f@Wﬁ?Rg’a%M%+m%d Z2 = Cl
\A?erl e,z tgés?étoﬁiﬁg,pg%ﬁa@a,@hhé&te@aaé%gcwgdd@age,loclipJ 318 @ npfgarauet he val ue
o] =2 nbeing 1 if e corresponding switch is closed a e

cor r espoRANRRFIGRWIBIR $ayies ﬁ@ﬂ%%.t'oﬂ Cﬁ%@lr lging togfr%% third Fessfsq‘&ragcgg%?n‘%ﬂ}ﬂ(

capaci t aggegond dapackibr BarikCB04. THEEfotRhURsforNRe] 822 Is=2orinectedt hstweon reespondi ng

switch is closed and O if the correspondi ng.switch_i ned. Wf - c
reference voltage source 330 and the Fg’lon(-jmve ingwllnpup 333 oc%ptﬁe operat}conal

amplifier 316.

The equations governing the operation of the bandwidth filter 210 shown in Figure 3
are as follow:

The capacitances of C1 308, C2 334, C3 336, C4 338, C21 310, C22 344, C23 346,
and C24 348 are represented by C1, C2, C3, C4, C22, C23 and C24 respectively in
the equations. The resistance of R1 322, R2 324, R3 326 and R4 328 are
represented by R1, R2, R3 and R4 respectively in the equations.

G= _‘.Z_l_
ZZ
R2(0+w C,R3
where, Z = 1+ w, C,R3)
1+w,C,R2+w,C,R3
Z,= 1+w,C Rl
wccl

4
where, total second capacitor bank capacitance, C2 = C21+an2i , the value of
i=2

n being 1 if the corresponding switch is closed and 0 if the corresponding switch is

opened.

4
where, total first capacitor bank capacitance, (', = Cl+ ZnCi , the value of » being
i=2

1 if the corresponding switch is closed and 0 if the corresponding switch is opened.



c " 2p where, fc is the centre frequency of the boosted signal in the |ow
frequency conponent. In the exanple enbodinment, fc is selected to be in the
range of WOHR10/07438Hz. I n Figure 3, the buffer device 2PeTSGawloddoe t he
signal |evel detector 206 and zero crossing detector 208 has three buffers
with triggering edge detectors 314,856 and 358. The buffer device 214
receives signals fromboth the signal |evel detector 206 and the zero
crossing detgctor 208. The signals fromthe signal |evel detector 206
direct the tching, i.e. opening or closing of the switches in the first
and second ¢&pacitor banks 302 and 304, whereas the signals fromthe zero
crossing detector 208 determ ne when to switch the SmAtCheS The buffer

device 214 buffers, or stor s svvltch als gr | evel

det ect or WI6E |fT i§uieeFaNtEe) Jreadeiey 4oyt q%a% ﬁg $ignq e‘P E’@vf"@gq@ﬂﬂe'ﬂ% ts for
the receipinpbiers. mthéeexammaémwmhm i€ 8électeias ierg titd ramgitof 308zand

f orwar ds é&@ﬁsw tching signals to the first and second capacitor banks 302

and 304 { ange the configuration of the first and/or second capacitor
banks 302 and 304 on detecting the triggering edge of the pulse signal. It

I s appreciated that higher or s of ngdpass f circyits could be used
i o her Tkt & Brdninanvis £54 sefied B BBrTare! lvef e Bra 26 Saf e
ﬁfm' i fi g@tds@mgrﬁéﬂtbrszod hasthedgbufieis Wi iygefifg edge elretemstdr&%ﬂtﬂﬂmalmﬂ S
erein capaci.tor, bank | d. be, coup t o, the higher

or der ﬁggat ngf?fVA V&“Ieag i ecPIgeS Signgls mﬁbg?ﬁgH‘F Sjana} Ile?% Afﬁ 26ag]rrpl i tude
a]g ] ua t rrerahd pies zeroreroesing fdetdator G0BCThé mgﬁagumm 4hé sigaalnievel | detedtornzpéexanpl e
of the signal,level detector 206 s own i that is used for
t oggl i ng dgﬁ?ﬂttéﬁesg‘"m 9342 ORSAPIA %ﬁﬂ'&P gﬂ\g‘e?)%'? C‘(E‘FS "P'Iih f%&?ﬁggﬁé%ﬁjor bank
302, and capadioh®ank3/\802 3RO 30$,VWBer35§ traensig B4R 3roBb theoferd lmeo&s'mgod&ieccialpaci tor
bank 304. of th tch first
capaci tOIZOgéf?Ee Wﬁ? Eées’\% Flswtffl osgﬁ%ﬁjﬁé'&)%%% %R‘%elﬁ%s E?{OE si gnal
to open istiteliiny sigmelsetanc theosigreal tawel ddiectorn?@ ndedferso$14; 856iand 368.cfleoni ng a
bi asi ng fb?xffgredewcgeofq Awiie %opﬂ'ie receipt of a pulse signal from the zero crossing circuit

208 and forwards the switching signals to the first and second capacitor banks 302

and 304 to change the configuration of the first and/or second capacitor banks 302

and 304 on detecting the triggering edge of the pulse signal.

It is appreciated that higher orders of bandpass filter circuits could be used in other
example embodiments to achieve better filtering and signal amplification results. In a
similar manner as the example embodiments herein described, switchable capacitor
banks could be coupled to the higher order bandpass filter circuit for adjusting the
filtering and/or amplitude adjustment performance of the circuit.

Figure 4 is a non-limiting example of the signal level detector 206 shown in Figures
2 and 3 that is used for toggling switches SW1 312, SW2 340 and SW3 342 of the
first capacitor bank 302, and switches SW21 350, SW22 352 and SW23 354 of the
second capacitor bank 304,

Each of the switches SW1 312, SW2 340 and SW3 342 of the first capacitor bank
302 may be normally closed and require an electrical signal to open if analogue
electronic switches are used, or require overcoming a biasing force, from a spring,
magnetic force, or other biasing means, to open if electromechanical switches are



magnetic force, or other biasing neans, to open if el ectronmechani cal

swi tches areused. On the other hand, the switches SW1 350, SW2 352 and
SW3 354 wb 20tv7s@8ond capaci t or bank 304 nay be nor nmal P¢TSGeo@®@M
require an electrical signal to close if anal ogue el ectronic swtches are
used, or require overconmng a biasipg force, froma spring, magnetic force,
or other biasing neans, to close if el ectronmechanical switches are used. In

the exanpk&y. ewpadi diBE harid the $ifitchus SWES35DN6\922 358\WRd B1023 S¥BoBthe, SW21
350, SWe2 352 and SW23 354 are anal ogye el ectronic sw tCtl]eec\sy(ﬁqq\Q@I ch can be

swi t ched S8ePNSrcappeitar Raps §R4 aravsonoratally cpered ard repiTe 25¢ igBfler ence to

Figure 44 138 & aHafogrebsrmidswitdhes aré used Witheqlife dvérabmihgod Blagingonal
anplifier 402, 404 and 406 respectively. ch of .these anp{?l[fl ers 402, 404

i E .
and 406 fe5ces&@MP SRIPPt JHRINSIFPEIER o' C'ffﬁ%f iRi3kRG | MEahpint L1988 i 410 and

412 of t RpchBREkahdrdRswREidY dre@lised4Pdhe X4mplierBbdifient, eliahe BRitehest three
threshold | evels with voltage val ues

V3, V2 _and V. ctively. A
r ef er enc SWhBH12gBV23A8s SW334% et ?%M%3§2%Fié’¥£§§%ﬁ@@?%&}@ f our
resi st or gjechdnit Zhitches, 4ddch Ban bédsvaRBeddbniattofs thraggh anRippliedieletttigak hr eshol d
voltages V3, V2 and V1. Rl 420 is connected adjacent to the reference

Vol tage ¥6UA%%e, Vref. R2 422 is connected adjacent to RL 420 and R3 424 is
connected adjacent to R2 422. R4 426 is connected adj acent to R3 424.
Finally, R4 426 is connected E%e%rzound. The, t hreshol d vol t

avai | abi dViBeroEEsNCRLI04 bI9UER 51 ooyt o ke e SBERTea 122 D% and R
424, and oWdrdtisna@Vahpidier aobeioeany B8 4dsheatvblRAEbRbof these wmblifisss @D2f he
N A R R W
| evel anaf\He icpefalibnaledrapiifierg 40200 pnd 4icgael ehdtv hbld dhibreauthpedioldf each
) i e Jor VagB VeUEhRDy. R B OB R o
The out pyirepdpfioridabyeanbiiéd esrmedfich ofodr pssthiar@FRA o0, B12- 422 R3ped anyl of
e (A R L R L T g AT
304, whi chijseat oheatieyerepevudidge source, Vi R2 422 is connected adjacent to R

420 and R3 424 is connected adjacent to R2 422. R4 426 is connected adjacent to

R3 424. Finally, R4 426 is connected to ground. The threshold voltage, Vs, is

available between R1 420 and R2 422, V, is available between R2 422 and R3 424,

and V; is available between R3 424 and R4 426. The values of the threshold

voltages are in the relationship, V3 > V, > V. Hence, Vs is for detecting high input

signal level, V; is for detecting medium input signal level and V; is for detecting low

input signal level. The outputs of each amplifier 402, 404 and 406 would be HIGH

when the input signal 202 reaches their individual threshold voltages, otherwise the

outputs would be LOW.

The outputs of the amplifiers 402, 404 and 406 control the opening of specific
switches in the first capacitor bank 302, which are normally closed, and the closing
of specific switches in the second capacitor bank 304, which are normally opened.
The output of amplifier 402 is coupled to buffer 314 in Figure 3 and it is the switching
signal for controlling switches, SW3 342 and SW21 350. The output of amplifier 404
is coupled to buffer 356 in Figure 3 and it is the switching signal for controlling
switches SW2 340 and SW22 352. The output of amplifier 406 is coupled to buffer
358 in Figure 3 and it is the switching signal for controlling SW1 312 and SW23 354.



The output of anplifier 402 is coupled to buffer 314 in Figure 3 and it is
the switching signal for controlling switches, SWB 342 and SW21 350. The
out put ofwarnplud7ses 404 is coupled to buffer 356 in Fi gece/S&2emd0d4u0i s t he
swi tching signal for controlling switches SW 340 and SW22 352. The out put
of anplifier 406 is coupled to buffgeg 358 in Figure 3 and it is the
swtching signal for controlling SW 312 and SW23 354.1t is noted that the
SW t ches jajsendBd Yhdtrthg Switeled vre vhly ahijdued ibyrewikchiHgosigablatsidrbe abtid er s 314,

356 and 358. The. s ed switching. signals are forwarded to the,sw tches at
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In I, gur es an

. [ 2, 3 . .The non-inverting i nputs 414, 41 d 418 of
the oper A9YSHEP ed9p9fra 81"@2’@@5‘?&6@’3}%’ E’()g"er g%"ﬁe@f’??)@? fegﬁcéorgaﬁﬂé%t ed to
resi st or FigthkBs 428andRb 430 and R12 432 respectively at one end. The other
end of the resistors RL0 428, R11 430 and R12 432 is connected to an out put
end of a rectifier diode 436. The input end (i.e. p-type material end) of

tﬂe FeCtit'ﬁHGEﬁoﬂianaggé?t{ﬁpL(té 484, 819-and]418csfi e apepstivhal amphiierec0ed404 recei ve
e input signa fromits source (not s e ur,
capaci t orand Eﬁ?@,ecq‘@[yc@'ﬁnwngﬁ%getpv(gé'ﬁ{oﬁ gqm‘{’%ﬂtliﬁnégé %ngqﬂ? flé?pe
mat eri gl resshctiodly bhens ead The bthdr ede olﬂﬂﬁ r@sidtoys R100428] IRd 1r430tarfd R12 di ode
436 and t capacitor, CA41 434 are utiljsed.i e-rectification of the
al t er nat i'if P ﬁ@eci?‘{g’?? n ‘Q‘é@”tt%‘ QGAe ténseé dﬂ#}e‘g{é &h?l’%‘?ﬂt e{‘%&f)e'gi'té%%l with a
r oot nMeammatgtialr énd)afttag eectiiensiodeoddthg.enamp-hrjuectionngjodejpiatconddeted 446 and
418. The DC signal recei t the non-inverting i nd 418
is then CSRYYR 8IF WPYES 'P?i%ﬁ%&c’é“ pﬁrs8%rﬁ8|(8°%%\°W82i“ttﬁgﬁé§r§§wh%a| Bl gnal
| evel . WeH dsfielsecametedPbaguees {Be anitbud ,endf (i.¥. instypen naatesal yeridpwf vbé t age
range, i.e. .0 Vg none of e amplifiers, .40 6 40, d
produce a{ﬁﬁt'fl?ﬂt‘%{% %ﬁ?dawg%ou&p. :TH% r%\g/}\]ﬁﬁ %:Hfgsevfn‘ %I %E)deﬂ}%o%aga%g' 4 %mgh t he
sW t ches areldtilisezhini the irectifitatiomoofribé attenmbtinginput signalt 202 toi provig\k Bitest SW2 340
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i s equal ihputshd4cdpd@ntiatie Thal D@ signaCreceB@d at the non-inverting inputs 414,

416, and 418 is then compared with the three threshold values to determine its

signal level.

With reference to Figures 3 and 4, if Vis is in a very low voltage range, i.e. 0 Vs

V4, none of the amplifiers 402, 406 and 408 would produce any output and none of
the switches will be toggled. Hence, the switches will remain in its normal
configuration, that is, SW1 312, SW2 340 and SW3 342 would be closed, and SW21
350, SW22 352 and SW23 354 would be opened. In this case, the capacitance
value of the first capacitor bank 302 is equal to the capacitance value of C1 308 +
C2 334 + C3 336 + C4 338 and the capacitance value of the second capacitor bank
304 is equal to the capacitance value of C21 310.

If Vms is in a low voltage range, i.e. Vi Vins Vs, the third operational amplifier 406
would output a switching signal to open SW3 342 and close SW21 350. In this case,
the capacitance value of the first capacitor bank 302 is equal to the capacitance
value of C1 308 + C2 334 + C3 336 and the capacitance value of the second
capacitor bank 304 is the capacitance of C21 310 + C22 344. ‘



C2 334 + C3 336 + C4 338 and the capacitance value of the second capacitor
bank 304 is equal to the capacitance value of C21 310. If Vrns is in a |low
vol t age rwioge10/i74&8 V1 s V2, the third operational anpl iPCIr&G2e060waul d
output a switching signal to open SWB 342 and cl ose SW21 350. In this case,
t he capacitance value of the first ggpacitor bank 302 is equal to the
capaci tance value of Cl1 308 + C2 334 + C3 336 and the capacitance val ue of
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switch could be a CMOS or TTL logic input, which is shifted by internal
ci rcui t rylt tsoagpreciated that each tomgeofftbe asalbged elegtromie sMISRESTSWIhE12, @M?t i's

t hat | ogi r i I h| gh
resi st anc:g400 ?#Q?— gﬂ@tls%c’f (ﬁwf% 3¥§?;‘épga§n®5$(;%g5?'2°ee (ﬁggﬁ g%fg | nput
causes t hlégM@SEind d@ doaldeba fdrdnstapse, sraeleetforio comaOn&rfhéhavbethaheS m an.
Figure 5 g ero
Crossing %E’ﬁ%ﬁ‘?’g\{ p“zgé‘l"é‘%e’@g?‘?@gg@s?‘%g"” Pect Or&g@g&h@é’gleﬁgeﬁ ng

det ect i ngoe adMOSBEE B.rithevdvatrel inputito the arsdlogus elv@rqr’ag%Nltnth@st@QMQSI t age
and gener&,t ??La}oﬁgrh?ptﬁ,r KArh"Y shifted by internal circuitry to a suitable voltage for

switching the MOSFET. The result is that logic 0 on the control input would cause
the MOSFET to have a high resistance, so that the switch is off, and logic 1 on the
control input causes the MOSFET to have a low resistance, so that the switch is on.

Figure 5 shows a non-limiting example of an implementation of the zero crossing
detector 208. The zero crossing detector 208 is a device for detecting the instant
where an input signal voltage crosses zero voltage and generates a zero crossing
pulse, i.e. a square wave or pulse of short time duration, at that instant.

With reference to Figure 5, there is provided in the zero crossing detector 208 a
diode 502 (i.e. a p-n junction diode) arranged to receive the input signal 202
described with reference to Figure 2 at its input end (i.e. p-type material end).
Located downstream of the diode 502 is an NPN transistor 504 having a base
terminal 508, an emitter terminal 510 and a carrier terminal 512. The emitter
terminal 510 is grounded. A capacitor, C51 506, is connected across the base
terminal 508 and the emitter terminal 510 of the NPN transistor 504. The carrier
terminal 512 is connected to one end of a resistor, R51 514. The other end of the



pul se, i.e. a square wave or pulse of short time duration, at that instant.
Wth reference to Figure 5, there is provided in the zero crossing detector
208 a di onie 260A7¢é58e. a p-n junction di ode) arranged toPCESS260/000880 i nput
signal 202 described with reference to Figure 2 at its input end (i.e
p-type material end). Located downsygeam of the diode 502 is an NPN

transi stor 504 having a base termnal 508, an emtter termnal 510 and a

carrier tg&isloPRE1 %44 is ddHhecblt td srrefewn&bwaltaéelﬁomsswwmm geAVGapeei tor,
C51 506, is connected across the b term na

508 t |
510 of t IstRybNpaintafdhe zgro ggasing iletecior 206, w'wfmprpa'rdaeﬁfbe t@?ﬁ’ﬁh%eede{gn gﬁe

end of a gRdnmitsthe zEa‘%]créés%% Jlise, ¥ ethe eafficpteriien 6325t or R51 514 is
connected to a reference voltage point 516 with voltage, Vref. The out put

point of the zero crossing detector 208, which provides the output voltage

and em tSrHeh@ap?a%rt& @@S@Um@haﬂgb%p foSa afbltéé’@léi/%r e bntr@éémngilthéirﬁ;ut The
capaC| tor, charg vol t age | evel, Ea’s on recej ving the

i nput si gﬁ*ﬁlal 2@% “B’HP%HW Q"Pfée g@%éﬁd E0YSethip MiniNEediplFshENPRNNG S| es when
provi di ngigedPdupeht @Y Sigial (PR Sds@n@imihal 568 obmeaNP transistor 308, The t he NPN

transi stor_504. The NPN transi tor 4 remains OFF unti| a Cyt-in voltage
VBE bet V\ély:’nNttFF@"sﬁé%reW‘br’ﬁmﬁ'ﬁﬁ 'ﬁﬁg utihvpltage yu :Rehgiqen%@ bpg r eached.
Buri ng t[tém@ﬁa E‘rwarﬁﬂth@fen’ﬁlﬂ@r té\'?ﬁinélrmﬁ§i&bh&§)43urtnb&h@lﬂiﬂwpeﬁdd| éfape at the
carrier termna

12 roxi mat el e voltage at
the ref er'ﬁpnfﬂér%ﬁoéﬁ‘lpmen?u@i%‘% W%fat %&EE%"‘FF\ '?’Sg li'g’ %ﬁﬂgl s %\I
and the th":p?ﬁomw squadl td the vDIRAYd &taRs irefemasnch AditaddBpoint 506, ¥, (Drfcledtne t he NPN

transistor S ration t rrler
term nal '!ﬁ'ﬂ {‘Ei’of"dg\ﬁl?g @ﬁ&%ﬁe&v”&?m?f’ég‘é @?N?'Wé‘gﬁhﬁl%bfl’ag 8r 504,
vm: chis thefﬁljri]A} yg@mmd trafsigtor 504 H&Ses&owafdstsatlheh@qwabret thet uéputudt-the or ON
vol tage of the dio The ,capaci 506 arge.th gh t he
di ode 50X3Heryls Wfﬁi‘? &pduogyto %F@qunsv? n%fxw @H{)ﬁr\gfsﬁodeé(’(# the DC
si gnal ganmbmsaﬁbatrkyebbal tbas@.term nal 508. At the instance where the input
signal 202 produces a voltage difference across the diode 502 that is

hi gher than or equal to the cut-in or ON voltage of the diode 502, the base
current |Vyoslsét td bavegnal tbhiee MNntaradDNiwitage 50 thendiodiel 502. The oagholdl,

C51 506, will charge through the diode 502 at approximately Vy,, where Vy, is the
maximum amplitude of the DC signal generated to the base terminal 508.

At the instance where the input signal 202 produces a voltage difference across the
diode 502 that is higher than or equal to the cut-in or ON voltage of the diode 502,
the base current Iz would flow and the NPN transistor 504 would be turned ON.
When the NPN transistor 504 is ON, the voltage at the carrier terminal 512 becomes

nearly equal to zero.

At the instance where the input signal 202 has a voltage difference across the diode
502 lower than the cut-in ON voltage of the diode 502, which is close to zero, base
current, Ig, would cease to flow. When base current, Ig, ceases to flow, the NPN
transistor 504 switches to OFF and the voltage at the carrier terminal 512 becomes

about Vies.

Hence, an output square wave or pulse is produced at the carrier terminal 512
whenever the voltage of the input signal 202 crosses zero, thereby providing the
effect of a zero crossing detector.



When the NPN transistor 504 is ON, the voltage at the carrier termnal 512
becones nearly equal to zero. At the instance where the input signal 202
has a volwageiwdi7idser ence across the di ode 502 | ower thamrCtrlse20091000430 ON

vol tage of the diode 502, which is close to zero, base current, 1B, would
cease to flow. Wien base current, | ceases to flow, the NPN transistor
504 switches to OFF and the voltage at the carrier termnal 512 becones
abOUt Vref. Hence, an output square wave or pulse is produced at the

carrier termnal 512 whenever the voltage of the ipput signal 202 crosses
zero, thd&igusg Shawisdhe Feavrncyresronse of e Qg @%ﬁg@le&@( Eotey CEfure 6
shows t heghr S5H4APEY WilhS RIESAcE fto tHIGUreY TRBhE 3 AWidh! BRUEHIRIItENIRL bPkheCi T CUi t
200 described with_reference tqg Fi %ures 2 anddi when t he cagﬁlﬁ_{etﬁnce of the

second c&86e1d 6aPasiAK banky 304 is fixed) ah png nalugapiR the, gaRaniarce, ek of the

fi rst_capggééi@pbg,qngogsga,aiﬁéd,vari ed. When the capacitance of the first
capacitor bank 302 is of |ower value, the dynamc | ow frequency control

circuit 200 produces an output having frequency response, as illustrated by
curve 603yhadhirehcapaevaridesof HRSHef calfaciir EmikiB020is toh fower VaRiee ther dyngmicof

frequencies in the | ow audi bl e frequency range. Decreasing the capacitance
of the filPW{regupnRYiGOBHOLKIt 389 PIRslCES Pé&HF&”??‘ﬁV'B%g@qB‘?WgPSPﬂFEn tion in
the | ow aMdidled by averB0L, Whigep@iides hessepl M@ ddirqoiane Yiltered rangd obhi ft
towar ds the higher frequencii)éégnge. Wien the ca aci&%nce Q%ﬁt he f, rst

et

capaci t orfag4gRCIGYH B the lpygud cy fange- Dagreaiing g seppeianes A h%e, the
dynami ¢ |lipay ddpaeits sanke3ozt wolild cbsulint baR0sighal diteaaation BUhp Udw Fardibiy

frequency. response, as (iJlustrated by curve 6 i ¢h ha i ncrease in
gain to tTRAUENEY ENER e\“&ﬁb%cﬁ'?tref fr%‘ﬂi{?é%}f’iéwfﬁ“gﬁ%w%ﬁ@?e Ig'gﬁ?rbfeequfap%uency
range. |nepgasi ng the capacitance of the first capacitor bank 302 woul d

result in bass boost or increased bass boost in the | ow audible frequency
range and the centre frequency, fc will shift towards the | ower frequency

range. | nwhegtieecdbactidieetbfdite firapeapaciociearkr3ngLie hyeases Epdde ot ahighe604

appears tc%p%cr:‘i{afntce value, the dynamic low frequency control circuit 200 produces an output

having frequency response, as illustrated by curve 604, which has an increase in
gain to the filtered range of frequencies in the lower audible frequency range.
Increasing the capacitance of the first capacitor bank 302 would result in bass boost
or increased bass boost in the low audible frequency range and the centre
frequency, f, will shift towards the lower frequency range.

In Figure 6, the High capacitance frequency response curve 604 appears to shift
upwards and spreads wider to the left of the Low capacitance frequency response
curve 602, therefore indicating a lower centre frequency in the low audible frequency
range. The High capacitance frequency response curve 604 also appears further
away from the frequency axis, indicating an increase in the gain of the filtered range
of frequencies of the output signal of the dynamic low frequency.control circuit 200.

Figure 7 shows the frequency response of the dynamic low frequency control circuit
200 described with reference to Figures 2 and 3 when the capacitance of the first
capacitor bank 302 is fixed at one value and the capacitance of the second
capacitor bank 304 is varied.



upwar ds and spreads wider to the left of the Low capacitance frequency
response curve 602, therefore indicating a | ower centre frequency in the

| ow audi bWe 2breaquessacy range. The Hi gh capaci tance frequenTpGeemponge curve
604 al so appears further away fromthe frequency axis, indicating an

i ncrease in the gain of the flltere%range of frequenmes of the output
signal of the dynam c | ow frequency control circuit 200. Figure 7 shows the
frequenc LB 2%%?'1 fWhf GHIUE, %0

descri beyﬁ&fﬁwé?p%%ﬁc%e?g @gﬁ?oer{sdogégécgg o 3@ cagam tance of the
first capkoamisr lopafiRaBmRyicenirok eiicuilt ZQQIQTWCQ% %GUﬁPHb hawpa dreasae® of t he
second c¢ r vomqﬂhééﬂs G o tHeleRREONd
capamto?ilg n&é’ éjm?és(tro?dlr)g%}r%\rlgﬁe %am%% owTtre uencyecontrol
circuit Zempepebdieauencies &t thet outavi Aignak eql@ﬂgw raélgwdﬁwé@qugscw [ang8t r at ed by
curve 703 Y\%H ﬁ'lbttﬁ@%aggcda'ﬁ‘éé %@%ﬁ’e ééboﬂ@'c%p&&tofr 'Bﬁnlt 'Sbh%cﬁﬂh FRDA%h Bhss
frequencies” for | ow audi bl e frequency range.

Decr easi hgosher iajsased Qﬁ@% b@@Sttlhéh%&fbﬁéd'@@pﬁ%@lﬁﬂcyb’é’ﬁﬂ@ 30d thepgenire esul t in
bass boo ! &@aﬁﬁ heérrdaind di bl e frequency range and

t he cent ?Fee P{rz'réé ugr@@?ﬁ é w | Shlét rtgetvc\]/arr&smﬂgghl gher frequency range.
When t he capaci tance of the second capacitor bank 304 is increased and is
of a hig EASRASTcVF B sdlobRd LUPAHOF bhAKV3bA 88l HREKa0AHd B! ofd I CUi t
200 prodtr}gg%r?g%aofa% &&heaw ng Sre uenc¥ response, as i|lustrated by curve
704, whi migfmréemre@n%\g@% t@@ﬂwwcﬂ% rﬁﬂwetf@b'éenﬁr%!r?géu'&)?oq POgUEsTA's in the

| ow audi t&ﬁp hﬁﬁHg'ﬂ%MuélﬂﬂQ@spdn@@r@salﬁué’lﬂatéd”'sy 630870k ANGiEh Bovides Isseepnd
capaci tor resul bass sighal attepuation in the | ow

audi bl e fgaéqa@rm filterest range of Sreasgneies fipelhgelory audiPlayieauenays fAN9gwar ds t he

| ower T r qaeRSNg rﬂ@éle@pacttand%l SR sbcohdl @ap&iloF BRAE BARERID FERUH N BYsS es ponse
curve 702 appears to shift and nove upwards to the right of the H g

capaci t ari@nal pgnuatiey i é'@fblﬂY‘é @u@gl,e\,féeq;@gcy fangeetnst the tr@aff‘?q’r@n‘éy’rﬁ gher

centre frafysncywhnds iieiohemragelnel fafdecquency range. The Low capacitance
frequency response curve 702 al so appears further away fromthe frequency

axis, indicating an increase in the gain of the filtered range of

f r equenci |aFidgifre 7htheQdnPsdpasitaivel frefuehbiEredyisd curledV0d aSsHiRN Ry sHifoahd ol

cireuit 2rggve upwards to the right of the High capacitance frequency response curve 704,
therefore indicating a higher centre frequency in the low audible frequency range.
The Low capacitance frequency response curve 702 also appears further away from
the frequency axis, indicating an increase in the gain of the filtered range of

frequencies of the output signal of the dynamic low frequency control circuit 200.

Figures 8 and 9 illustrate a dynamic low frequency control circuit 900 of another
example embodiment of the present invention. Figure 8 illustrates the frequency
response of a dynamic low frequency control circuit 900. The dynamic low frequency
control circuit 900 is substantially similar to the dynamic low frequency control circuit
200 described with reference to Figures 2 and 3.

With reference to Figure 9, the only differences between the dynamic low frequency
control circuit 900 and the circuit 200 illustrated in Figures 2 and 3 are as follow.
Firstly, the first capacitor bank 302 of the circuit 200 illustrated by Figures 2 and 3 is
replaced by one capacitor, C1 902. Secondly, the second capacitor bank 304 of the
circuit 200 illustrated by Figures 2 and 3 is replaced by a capacitor bank 904 having
seven capacitors, C21 906, C22 908, C23 910, C24 912, C25 914, C26 916 and



Figures 8 and 9 illustrate a dynam c | ow frequency control circuit 900 of
anot her exanpl e enbodi nent of the present invention. Figure 8 illustrates
t he frequenayiwiesgense of a dynam c | ow frequency contr ®CTSGRe90004900. The
dynami c | ow frequency control circuit 900 is substantially simlar to the
dynam c | ow frequency control circuig 200 described with reference to
Figures 2 and 3. Wth reference to I:-ll gure 9, the only differences between

the dynargzy éfBNcBﬁl%Bt'&f‘Wpé%@I@I Weth cﬁie%ﬁiétﬁer%ﬂthé%véﬂﬂ@aﬁédt@t@ 6ix21Ghe
illustrated in Figures are Firstl first capacitor

bank 302 @Pa¢iioEs, d1er Qa?ttoﬁ'}’@ (PP%%N §t1gd91f§/ 9#5@!1‘?&182 a&ﬁ&aﬁh icenpeaieiced by

one capagh kefies Witd a¥dtch S@@Wi mzotQ\N28@czosw$gmcswargzbaSW5°>@zﬂa ahd t he
circuit 200 illustrated b gures 2 and 3 is repl aced bé a &altor bank

904 havi nfV8eW¥h Faghaeh f'lﬂsg S"@@I‘egd% Useézfowenn@é@gﬂod's kS5 914,

C26 916 %&ﬂ@gﬁorﬂilﬁcaﬁé@ﬁéﬁﬁb@é’omané@wm trR va!chfr\gz%?aWﬁél’ﬁ%r sig IGI IdJee seven
capaC|tors si x_of the capacitors, 910, 912 914 916

and 918), e&ﬁ?éore%%(%wééﬁ@ator ﬁ'rglém walcmqpﬁraée%wgﬁﬁwr w'théhege\mn@%@ﬂ

922, SWB Rédcros¥ifg 88@0’:&%4?&&6@6‘&0@%9 913€éctdl_:%ﬁfﬁut)fan3 Rasififes Yblicd1948.1 S USEd
for connecting or di sconnectl ng the corres i ng ca'gI fbu@‘ in a§g§c/)r dance
with the WG $8ma! iRyek defRrsios 982, o%ﬁrfacgqsawamq 3&&% §rouggpdevice

det ect or efeﬁéé tioh , thehd e qﬁ@{rﬁr&&s o eignar leWeI RietdteorcRuB) e£droderdssing Cr 0SSi ng
det ect or éfor Zero. Ccrossin é@ft or uf fer _devi_ce 948.

| r cy
The si gnaﬂet‘? 408 Ndihe Huifgree eﬁ"%‘ hé%féfﬁr!‘}f"’ t@%ﬁ%‘?ﬁl 2eRd Spuf f er
devi ce 948erméeﬂ1%t@ﬁnahfb bhﬁfrécﬁ@cﬂ@ﬂrﬁtﬂﬂ chéuit 9@0 RaDSIRIswiteivatle e@m‘om 206,
Zero crossi ngr_éj eictor p' e buf{]er devi c 2é4 descri bed with
ref er encédb 93%‘1"(9593? iq\- % © L gamRenent, yalyes Aof §1e| YPAMIE JOWRESAYEESY 1 of
circuit mtrlba&r@?tmcm/\%@cmremrmqbu%la:mﬁ:uadeasiélefﬁuf the égeinit ilem. The
conponent_ val ues r the am.c.lo ncy. contr circuit are
shgpvm i n frgpe P%F@?% C'I"‘Eif't]d%%.' %e%%%%%é&gﬁ §%0 ?Wﬂgﬂicgéml W@P@&ﬁ@{ﬁl&
control ciesigtors R9Q24, IR2 39680R3 B28 938 RAR2 294 theaeiabuR200 42 Figurescz adid. Wi t h

resistors RL 324, R2 326, R3 328 and R4 322 in the circuit 200 of Figures 2
and 3. By varying the capacitor configuration of the capacitor bank 904 of

the circuit 9p0 dynadiomapéneritased on the signwhluetrength of an input signal
944, various Eapacttance—wvaldves—and-hence—vaf ki-rds—ef{ out put signal s
946 with different arrpIR de 16K Sm
100K ohm

R3 10K ohm

R4 10K ohm

C1 330nF (nano-Farad)

C21 17.2nF (nano-Farad)

c22 10nF (nano-Farad)

C23 15nF (nano-Farad)

C24 15nF (nano-Farad)

C25 15nF (nano-Farad)

C26 22nF (nano-Farad)

c27 47nF (nano-Farad)

By varying the capacitor configuration of the capacitor bank 904 of the circuit 900
dynamically based on the signal strength of an input signal 944, various capacitance
values and hence various kinds of output signals 946 with different amplitude
adjustment and frequency range filtering could be advantageously produced.



adj ust rent and frequency range filtering could be advant ageously
produced. The capacitance val ue of the capacitor bank 904 is varied based on
t he i nputweigreal74€344 in a manner as follow That is, |owrCtacawioaniae val ue
is set during |ow input signal |evel, and high capacitance value is set
during high input signal |level. Theqgwi tches SW 920, SW2 922, SWB 924, SW
926, SWb 928 and SW6 930 connected in series wwth the respective capacitors

C22 to Chel HpRcitehk vaflibof 19l dapatitér Batk SUUBS varid BasHies 8@/ ilptariHaect ed

based on the i nput &gggl stren?t.h accordi.n Ic%wt?o i.ncrease or decrease the

capaci t artdd A anper gpdollown ot & 19y cRPag ! Werigset gHERO QY PYhr e 8,

wavef or ms?dfflal ek, e RINkigh toﬁﬁaéitfaﬂ@él%% is &P ANARY ﬂfghff ihSutOMQrmltleﬁél.g'_ﬂﬁé 946
when t he out gut signal | evel is - aci tor_ ban 04

J 16dBand t he cap Kk S
conf i gur sWiCBeh M Tt 70, YA PEane W P2t PVih 926, SV 1928apd SilPePd? m 812

r epr esentgonhBsted e SHRIIONItH BBRBHSRLIE chpaciior 622 t6 Canqadod4honben diae out put
signal level is -13dB and the capacitor bank 904 is configured to have the

capaci t artl® gpd @'B) argxgonneciedidicopppectod \Raser o o riapiiteSignls siength r equency

response fotdifyhPtdiRteasd nddcerdte the eBpddianesaué ofthetabadi®yY 8bnk 904.10dB and
the capacitor bank 904 is configured to have the capacitance of C1 + C22 +

C23, i.e. 42.2nF. Waveform 808 represents the frequency response of the
out put si YRR refBAhchE FiguRes, OMa S 8 O Adpréin® theSreqBdifcyaredpéite rapeci t or

bank 904 is configured to have the capacitapnce of C21 + ¢ + 3.+ C24,
Phe 57, e ael S apR R Srarel e 1 ¢ BiBand e Gnsia ik SHEE out put
si gnal 94pnvifeedtid BavithpWwapadi@naé of €2ebnlysi.e. HBnRNd t he capacitor bank 904
is configured to have the capacitance of C1 + C22 + C23 + C24 + C25, i.e.

72.2nF. Waveform 804 represents the frequency response of the output signal
946 when Waegefoih BUR represits the\fRiquefcy redPordetofithe ogippiesiyiaio4bamendnd i s

configured. tqg have the.c i tance of 1 + + C23 .+ + C25 + C26,
e 84 DT S4eT 503 B AL i, SreFEoT ban By SEB0gRTdo heVBHES out put
si gnal 94dapabiemcelv C2at4p022, Se@TatnA.evel is -2dB and the capacitor bank 904
is configured to have the capacitance of C21 + C22 + C23 + C4 + C25 + C26

+ C27, i.e. 14 1.2nF. It is noted that values inclined toward -2dB
cor r esponawefolm 1800 depresanis thedredjueatyiEsponse of the output signal 946 when the

output signal level is -10dB and the capacitor bank 904 is configured to have the
capacitance of C21 + C22 + C23, i.e. 42.2nF.

Waveform 808 represents the frequency response of the output signal 946 when the
output signal level is -8dB and the capacitor bank 904 is configured to have the
capacitance of C21 + C22 + C23 + C24, i.e. 57.2nF.

Waveform 806 represents the frequency response of the output signal 946 when the
output signal level is -6dB and the capacitor bank 904 is configured to have the
capacitance of C21 + C22 + C23 + C24 + C25, i.e. 72.2nF.

Waveform 804 represents the frequency response of the output signal 946 when the
output signal level is -4dB and the capacitor bank 904 is configured to have the
capacitance of C21 + C22 + C23 + C24 + C25 + C26, i.e. 94.2nF.

Waveform 802 represents the frequency response of the output signal 946 when the
output signal level is -2dB and the capacitor bank 904 is configured to have the
capacitance of C21 + C22 + C23 + C24 + C25 + C26 + C27, i.e. 141.2nF.



inclined toward -16dB correspond with softer sound. Waveform 814 is desired
when the entire audi ble sound input 944 is required to be anplified, such
as i n caswe awtvar7ess8Bhe i nput signal strength is | ow WaveCosSez@8020¢430 desi red
when the | ow frequency audi bl e sound i nput 944, conprising the bass sound,
is required to be conpressed or attgmuated, such as in cases where the

i nput signal strength is high. Wen the input signal 944 has a | ow root
mean square value, Vrns, and is below a predeterm ned threshold | evel,

| esser swyi.tche

woul d be ¢l osed a capaci t or,, bank 904 and, t hat
transl at Sf‘@‘*ﬁdﬂ%r"%‘“?ﬁd@‘ﬁ'f‘ﬁ‘i@@"%@ 'é‘{ﬁc Ren mthg%mér §%‘£‘°a%&ﬂ \f?ﬁu?sesul ts in
gore cgrrmﬁjnf ﬁ@iimmn’;ﬁd&v@drm&pbmcﬁWﬂﬁﬂﬁﬂem laﬂ‘g/?Zéforrﬁ eﬂaﬁdeﬁginatwmn be
erive rom Fi gur . n the jinput si s,a_high root nean
squar e vé’?%@f“l':@ni@b'ﬁrﬁ?uf‘g '?qu?e‘%\/\lgerﬁqi"ﬁ%p?%P@sﬁ%‘ﬂﬁeﬁj’ewhs?s T FBSE i t ches
woul d be whegs @ite ?pmf@g@mhgmrisugvgzvmmf@ﬂd 802a:|§ desate@:vmee.stweolom gher
capaci tance at the capacitaqr .whi esults jn | esser c ensation
e | Bt ey, ArrRRER G Mt I, Sombriding bk bESHshindyds rREeH SR ure o
When t he comprdssed @natteidded) 8ackaas ixdaseseihgrahihginpud signakstiengtiliahighval ue,
VnT15, and is above a threshold level, all or even nbre swi tches would be

cl osed at the capacitor bank 904 and that translates to even hi gher or
maxi mum oapacinesnpet signdl 94 ¢ap acioivabobmekin $gdarewaid) s ahd s belowanpr essi on

out put. oBSIatTng TR Tesh AR chishes YRURE 5 FShia Bohadlef e Soune
f r equencyank 904 eindahaloiratisizded o laneeesrasltancendidbe cepdcitof bamieoPt, esait
of an 1 neAdg oA EgBRssSh o the iy AaRBndy BBmp OGS A shenbl EURICY, 18n9°

anpl i t udeledfed flemfHigarer7ed frequency range of the input signal (e.g. 202 in
Figures 2 to 5). At step 1006, determ ning signal strength of the input
signal (e.g. 202 in Figures 2 to 5). At step 1008, switching a plurality of
swi t chablWwhel dod it csigreain®diemtssa (highy ro@1@eam square value, Vims, and is in

between two threshold levels, more switches would be closed at the capacitor bank
904 and that translates to higher capacitance at the capacitor bank 904, which
results in lesser compensation on the low frequency components, a trend that can

be derived from Figure 7.

When the input signal 944 has an extremely high root mean square value, Vi, and
is above a threshold level, all or even more switches would be closed at the
capacitor bank 904 and that translates to even higher or maximum capacitance at
the capacitor bank 904, which results in compression of low frequency components
to prevent clipping from occurring in the sound output 946.

With reference to Figure 10, a method for dynamic bass frequency control
according to an example embodiment of the present invention is described as follow.

At step 1002, filtering a frequency range of an input signal (e.g. 202 in Figures 2 to
5).

At step 1004, adjusting amplitude of the filtered frequency range of the input signal
(e.9. 202 in Figures 2 to 5).



Figure 2) between nore than one configuration based on the signal strength
of the input signal (e.g. 202 in Figures 2 to 5). At step 1010, determ ning
based on wbeonapaesst or confi guration the frequency rangeCoiSGeime/onogut
signal (e.g. 202 in Figures 2 to 5) to filter and the anplitude adjustnment
to be made to the filtered frequencyqrange of the input signal (e.g. 202 in
Figures 2 to 5). It is appreciated that in the exanple enbodi nents herein

descri bedt stdpe1 ool astbhﬁm_mgeﬁ%wtstr@ﬁgmwtﬂaenpm%rge»as@:b.fzwtmer ubys 26 ng nore
swi tches and capacitors in the capacitor banks (e.g. 302 and 304 in Figure
3) or by Sxddi ng nore capacitor banks to provide nore signal conpensation
states for seam ess audio transition in the audi o output of the dynamc | ow

frequency control circuit. It is appreciate hat i n another e | e
enbodi mert stammt0Qf,spifching@ pIHEIY; 8 r?&'tch%@%9%@9@&@8@2@8“&2@& ?%ﬁ‘ Wit h
r ef er encerigife ) BdtvisenZmore ™A cherBNfi@ratiorn Badddyort fien&Gi dtrbAgth e tisaM t chabl e

el ectroni_.c conponent s %2,12_ in Fi %ure 2), or the first and/or second
capaci t ofn¥ glggal (e 204 Bigwres2©Yure 3). In this case, the zero signal
detector 206 and buffer device 214 are bypassed. Wile there may be

distortion due to junps, bhecause of adjustpent transitjons at non-zero

cr ossi ng At 191Dy deteminia Pasad Sk PRRIoR SSfidbaion the HEAUsREY TRRSHI o) i f
L hedsvvi t@F&ﬁwinbﬁﬁgbhﬁli(@.@dbezVAIrEthuhisﬁiltﬁTﬂd_ ?Wﬂ?pmihée?rgﬂitme adjustareme of
ardwar e processi ng, spee SO, e di.stortion npiter In

Cor tan dopRieads BuseErdL ity fahom S mgHERott ey At MOGHR2 n ¢ he
out put sitgsal (204 in Figures 2 and 3). It is appreciated that in another
enbodi ment, the bandwidth filter 210 described with reference to Figure 2
may be solely used for filtering frequency range and does not provide

si gnal anplsi dpprédiated.thatnintthe exampie, erabodimehisf herein(destrilsdah the iswitéhiggir e 2)
whi ch is not part be conne,[ct ed t he

of the ban&i%t h, fi I(ri.er 210 ¢ “ﬁd t t
i nput or "GERIWHAN DAY KE BFreARR ghPGAAYRY AP %6 $a SO a ﬁ%cessary
s: gnfll I @a@boibﬁ@&hks:)(e.g.clﬁztmmﬁmlsfmmgg Fijuse 3) ombyt dmlcfng;ftmee capeeitsmbanth db| teh
ectroni ¢c_components u u ] Dl i. r e
bandwi dt IPTPYTE B8 pah aormpretet G ioF SeaflisPe labofrihat HEf afi
descri bedutmltahtiendynahdc hapiaedteany eordfol tinaitswi t chabl e

It is appreciated that in another example embodiment, the outputs of the signal level
detector 206 described with reference to Figures 2, 3 and 4 may be directly
connected to the switchable electronic components (212 in Figure 2), or the first
and/or second capacitor banks (302 and 304 in Figure 3). In this case, the zero
signal detector 206 and buffer device 214 are bypassed. While there may be
distortion due to jumps because of adjustment transitions at non-zero crossing
junctures, the distortion may be bearable (if not negligible) if the switching resolution
is very high and responsive (e.g. in terms of hardware processing speed). Also, the
distortion would not matter in certain applications not requiring a high degree of
signal quality in the output signal (204 in Figures 2 and 3).

It is appreciated that in another embodiment, the bandwidth filter 210 described with
reference to Figure 2 may be solely used for filtering frequency range and does not
provide signal amplification. In this case, an amplifier (not shown in Figure 2) which
is not part of the bandwidth filter 210 could be connected at the input or output stage
of the bandwidth filter 210 to provide the necessary signal level boost or
compression. Also, in this case, the switchable electronic components 212 would be



el ectroni c conponents 212 woul d cause the overall frequency response of the
conbined circuitry of the anplifier and bandwidth filter 210 to be

adj ust ed.wOnotomg4@ganpl e enbodi ments herein descri bed, PCTISS2appPo@ad at ed
that switching resolution of the plurality of switchable electronic
conmponents between different configgsations could be progressively
increased as the input signal is progressively increased. In other words,

that neang,hay %@Botﬁrtﬁaéﬁ\%ﬁﬁé@n}s th® bEnSAathiflEF @10 Qnﬁt§S|hmaﬁtUm§fé$<aﬁ19!el oudness
as the input signal gets |ouder and progressively |esser conf] %’EI ons to

corrpensate@‘hoéli'éﬁ’fﬁ%sh%@nt Kesenads hagane e capaeitadee ohdhe o g doi ng

so is be nkh&rﬁbﬁlﬁﬂtseéﬁz'\ﬁodl@tcaﬁge Stﬁé‘sdvbfénefré@e@lwllﬁspdr%asbﬂ ks due to
| oudness conpensation at softer nodi fications to the

dynani ¢ Icombinedpirewtry ot hetaraplifier %Q‘ﬁ?@"@%‘%ﬁ@'tﬂezﬁodolbﬁé%@e% rcuitry in the

signal |evel detector to corrpare nore threshol d vol tages of higher
anpl i tudes. Correspondl n% y, nmore capacitor configurations coul

i mpl ementliedhe cixamplR) e diaRRie esein otesrrRer. dhdh appradiated HP@S%‘%’F‘%"%I t ages

i's reachggdsollfRipy of f)!uFeﬂlw BN SwiBghK RRICHBAIR OHnBHetsC Beween N@iflsrehp t he
system and its nethod i %qat hose skilled in the art hawzglaﬁt he under st andi ng

of the alsgUECWALANS| pragsessivelyt bereased agitheinpHESIgRaIP RERIeSA@Net ore, it

i's to be jyieasct aPBiheh dordd)ehSRESHS Ralbhd f)l%glcﬁsbivblywnb@ Ediffiglieatibss td mited to
t he above descrlptlon cont ai ned herein on ossl bl e

modi f i catGoBReNRte loydngssi Az |theidbPytnsignRl st .'?ftd%faftqié’f reEERLIRSSRL Al VB 1.
A syst emdoffigehiticHs nfsét%CIdﬁdlféésfé@l‘thé%puttsfgﬁaE @ttseyasﬁ@nmmel 1BhegH a
bandwi dth fl?ter coupl e a Iurallt of SWLICQ g etl ec roni,c gonponents
for filtdPi¥RINGSe P%B‘%@Hﬁ?/ W@’Ea'?ﬁardﬁ nphRiseSitlyR AP audia tans P'f“f dte Qupl ed to
t Ee ban?\lldfnﬁﬂdés% chh@én@mi@ntdi%oﬂburn@ht §|gn@§ Savhé @ditftﬁﬂcﬁgehsagd nﬁru;?a:mmogent s,
the anplifier being con re ustin nplitude of t iltere
frequencJO‘P’érl"F‘GHe'i‘)‘?y Q5o ﬁ'giﬁ‘ft Cﬁu[ﬂ’u %oagg'é'ae GECat tith fb?éfea(ﬁF% e¢iRE

pl ural it ioQonfpard el ltRrechsiatvoliages ebhighaecamnplitude caorsaspnadimglgvmoreiet ect or
coupl ed tc%p%crzll?or con%&&rgp J)r?s gcl)&gttgeo%&emel%gnf%r tIoudfness compensation when

each of the threshold voltages is reached.

Many modifications and other embodiments can be made to the system and its
method by those skilled in the art having the understanding of the above described
disclosure together with the drawings. Therefore, it is to be understood that the
system and its utility is not to be limited to the above description contained herein
only, and that possible modifications are to be included in the claims of the

disclosure.



determ ning signal strength of the input signal, the signal |evel detector
being configured to switch the plurality of switchable electronic
conponentwoletwvesssnor e t han one configurati on based onPCESGad446t r engt h
of the input signal, each configuration determ ning the frequency range of
the input signal to be filtered by $fe bandwidth filter and the anplitude
adjustnent to be nade to the filtered frequency range of the input signal
by the anplifier. 2. The systemas clainmed in claim1, the systemfurther
corrprimEi1 a zero crossing detector coupled to the signal Ievel detector
for dete zero crossing points in the input signal and generating a
Zero crossing S|gnal upon determ ning a zero crossing point, the signal

| evel det ector bei ng configured t send a swi ing signal taq switch the
swi t chablle el Exe¥SieID °E‘6Yﬁ?c5'ﬂ§t?@§s EoeRsy ‘fq{gmﬁrﬁF% sg?ﬁﬂgﬁ%pﬂﬂﬂgi guration

based on the 7aet5e€hdwdlﬁ$|lté‘lgc&]p!§1ﬁioa§luré7||&€oﬁwtoﬁablé5el§dtmmmcbmpb®hw m2, the
systemfurther conprising: a buffer device coupled to the zero crossing

det ect or %fﬁﬂﬁef"PﬂaaW@H%CylréwOfO%I'QEW(ﬁ'Q“ he buffer device being configured

to store the s 4mpifiee cougiBaltoand Haaawudﬁtté]earﬁ eHee pluraliyt ohswmcmbgmal to
the switchabl e el ectronic co

corrponenle&ecﬁ'éf‘wé@ﬁ“ﬁoﬁémﬁoﬁh@ g E’gbh‘é‘“gﬁﬂ J;fqr@ﬁjqﬁﬁn&g%aﬁté’ﬁ& % Ce[t Lgngr 0

crossing flﬁél@;@éfl’eqfuéﬁé? ﬁdh@elﬁftlﬁ)e mhOs Sighgl b&h@é@@hcu corffigurEhien ¥ stiee pluesdityc| ai med
inclaiml, wherein i er part of the bandwidth filter.5. The

syst em adf Eviehable ‘F'ﬁdﬁqn&? ﬁgrﬁprﬁp"%‘?&?'@f‘ﬂ the plurality of switchable

el ectronic Co@ggﬁéltlév&@épewtc&&fodpm tortheBntcisataeRictroniapanigonentisdfoks, the
connecting up one or nore capacitors to form

banks conpri sing swtches
a confi g% '.99 glgnﬁﬁgeggéltoémea@pgﬁ Sés?q?gd in claimb5, wherein at |east one
of the capaCI tthé slgpakisvdl astertdribedy eafiguiet 40 switotatheeplamtitytdf switelbte t ance

val ue of | east one o capaci tor banks system
as cl ai ‘i RN %WTen{ﬁnégyeﬁnlmorteh agloaﬁac[on %\'f@?"%ﬁ?ﬁ%ﬁi‘ tﬁe Sgh%ll nes t hat
t he i nputstrehgthadf thé it slynak eablb\cenfiguraticesdeiénhihieydhe freheenmyurage of of

the input signal to be filtered by the bandwidth filter and the amplitude adjustment to

be made to the filtered frequency range of the input signal by the ampilifier.

2. The system as claimed in claim 1, the system further comprising:

a zero crossing detector coupled to the signal level detector for determining
zero crossing points in the input signal and generating a zero crossing signal upon
determining a zero crossing point, the signal level detector being configured to send
a switching signal to switch the switchable electronic components between the more

than one configuration based on thg zero crossing signal.

3. The system as claimed in claim 2, the system further comprising:

a buffer device coupled to the zero crossing detector and the signal level
detector, the buffer device being configured to store the switching signal and forward
the stored switching signal to the switchable electronic components to switch the
switchable electronic components between the more than one configuration upon

receiving the zero crossing signal from the zero crossing detector.

4, The system as claimed in claim 1, wherein the amplifier is part of the
bandwidth filter.



swi tchabl e el ectronic conponents is switched to a configuration that
configures the bandwidth filter to filter a bass frequency range of the

i nput si gmal2ommd4esenfi gures the anplifier to attenuate wrhe/ssawloiobade of the
filtered bass frequency range of the input signal. 8. The system as cl ai ned
inclaiml, wherein if the signal |gyel detector determines that the input
signal strength is below a threshold |evel, the plurality of swtchable

el ectronisc coNpN@PSmi as SMifnelied ERInR FOoWhe@iH ahd Plurbit ofC SRkdHaMIes the
bandwi dth filter to filter a bass frequency range of the jnput S|lgnal and
conf i gur S4eRBICHAFMRANERIS GOFPAISES fWS OF Wé"’%ﬁ%‘?ﬁrﬂ?o‘@péf"tqrﬁ’énﬁ’IW%P@H bass

f r equencyoppigigOiswittifes ABUtcoRh&liRG - ub- ondeos YhdreMcapaditord MBdfdrm & aim 1,
wherein switching resolution of the plurality of switchable electronic
conponent®NH@YABYh di fferent configurations is progressively increased as
the input signal is progressively increased. 10. A nethod for dynam c bass
frequency control, the nethod conprising: filtering a fregquency range of an
i nput si ghal ; Hf S¥HeMPRBIMed, gk clgim tﬁng“"?eir?'ﬂe?telﬁa%r%é g’&? FAPRFHOLf t he

i nput si gmks hE&LeKEY bapktitah@ llusShnEmatdapatitdnde vhlp et aslegstane of\hd ching a
plurality of sw tchable el ectronic conponents between nore than one

conf i gur SBPBAtA RIBIS 67N B ¥aredgnal strength of the input signal;

anddet erm ni ng based on the configuration the frequency range of the input
signal to filter and the anplitude adj ustrrent_t?t e made to the filtered

frequency-r angE"OSYSRR 2R RIMeAgRarlaim 11, wirfeRel B 80| I§YSHedPtPHOE| ai m 10,

the {Tet hQiétéirﬂﬂ:ﬁé'@fhaC g@@iﬁb@ti digrial debRgtRlid abovera mlafe@h@a m: rige phirgltty ion t he

I nput Ssignal . ener INg a zZzero, Grosyl ng signal,. upgn erm.ning.a zero

or besi no Tatchetle HRF ot oo Tide MV B BerreirondBHEoBuEs o

conponentisand@idte @itert tb @it Badstirueney engé ofthedhpuisignasad amfiytneszies o

ggﬁ;f: 2?%{189% to %t%e'nugpeethg%tmhp igudaesof(ﬁlmgi Jﬁl%argd IbgssC l’rgclqungn%:% Tan%g%eofr{ﬁcta E]n%%tf urther
signal.

8. The system as claimed in claim 1, wherein if the signal level detector
determines that the input signal strength is below a threshold level, the plurality of
switchable electronic components is switched to a configuration that configures the
bandwidth filter to filter a bass frequency range of the input signal and configures the
amplifier to amplify the amplitude of the filtered bass frequency range of the input
signal.

9. The system as claimed in claim 1, wherein switching resolution of the
plurality of switchable electronic components between different configurations is
progressively increased as the input signal is progressively increased.

10. A method for dynamic bass frequency control, the method comprising:
filtering a frequency range of an input signal;
adjusting amplitude of the filtered frequency range of the input signal;
determining signal strength of the input signal;
switching a plurality of switchable electronic components between more than
one configuration based on the signal strength of the input signal; and



storing a swtching signal to switch the switchable el ectronic conponents
bet ween the nore than one configuration; and forwardi ng the stored

swi t chi ngwei2grel74658 swi t ch t he swi tchabl e el ectroni ¢ comrposeno®/obetioveen t he
nore than one configuration on receiving the zero crossing signal. 13. The
method as claimed in claim10, the pgthod conprising: switching the
plurality of switchable el ectronic conponents to a configuration that
causes the fi Idwrhngn@fbaae@aﬁmrferm@umﬁonaheefréﬁuehae reimywa fHegmplt and

attenuatlon i tude, of t iltered bass raneof t he
oot ol oTer o i AT ing A8t Sdbelmerk o BERR e IR e AR
t hr eshol darh@l@ﬁthe ldbut diaAalret hod as clained in claim10, the rret hod

conprising: switching the plurality of switchable el ectronic conponents to
a configuration that causes the filtering of a bass frequency range of the

i nput si gnal an metot fasaitimed indlailiho, am@hiethudiefunlﬁertdmmﬁribingered bass
frequency ran of .t.he I%FUt si.gnal signal strength is
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generating a zero crossing signal upon determining a zero crossing point;
and

switching the plurality of switchable electronic components between the

more than one configuration based on the zero crossing signal.

12. The method as claimed in claim 11, the method further comprising:

storing a switching signal to switch the switchable electronic components
between the more than one configuration; and

forwarding the stored switching signal to switch the switchable electronic
components between the more than one configuration on receiving the zero
crossing signal.

13. The method as claimed in claim 10, the method comprising:

switching the plurality of switchable electronic components to a configuration
that causes the filtering of a bass frequency range of the input signal and
attenuation of the amplitude of the filtered bass frequency range of the input signal if
the input signal strength is determined to be above a threshold level.

14. The method as claimed in claim 10, the method comprising:

switching the plurality of switchable electronic components to a configuration
that causes the filtering of a bass frequency range of the input signal and
amplification of the amplitude of the filtered bass frequency range of the input signal
if the input signal strength is determined to be below a threshold level.



