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BACKGROUND TECHNICAL FIELD [0004]This disclosure relates to audio reception and playback,
and more particularly to systems for and techniques of enhancing the perceived bass response of
inexpensive speakers typically incorporated into audio and video reception and playback devices such
as televisions and computers. Description of Related Art [0005]Most consumers are much more
sensitive to the quality of visual displays than they are to sound quality. In order to keep cost at a
minimum, consumer electronics manufacturers of audio and video systems, such as televisions and
computers, thus are more likely to install small, inexpensive speakers in the systems. These speakers
typically have poor low frequency (bass) resportsaGi@rigicsme more prone to distortion as the audio
frequency moves further below the speaker's low frequency resonance point. For those consumers
who are more disgggw%gz };‘Q% g]io and video reception and playback systems are usually configured
so that additional speakers can be connected to the audio and video reception and playback systems
for improving the %ualit of the audio portion of any programming.

f 0{}4]y This disclosure relates 10 audio reception and playback, and more

particulary to systems for and techniques of enhancing the perceived bass

response of inexpensive speakers typically incorporated into audio and video

reception and playback devices such as televisions and computers.
Description of Related Art

[0005] Most consumers are much more sensitive {0 the guaiity of visual
displays than they are to sound quality. In order {o keep cost at a minimum,
consumer electronics manufaciurers of audio and video systems, such as
televisions and computers, thus are more likely o install small, inexpensive
speakers in the systems. These speakers typically have poor low frequency
{(bass) response and become more prone to distortion as the audio frequency
moves further below the speaker’s low freguency resonance point. For those
consumers who are more discerning, the audio and video reception and
playback systems are usually configured so that additional speakers can be
sonnected to the audio and video reception and playback systems for

improving the quality of the audio portion of any programming.
SUMMARY

[0006] The disclosure describes a system for and technique of improving
the perceived bass response of such intermnally mounted speakers of a system
that receives and plays back audio programming. The disclosed system and
technique also provides enhancement of the amount of bass so that sound
appears {o be emanating from higher quality, wider bandwidth speakers,

without requiring the connection of additional speakers,



SUMMARY [0006]The disclosure describes a system for and technique of improving the perceived
bass response of such internally mounted speakers of a system that receives and plays back audio
programming. The disclosed system and technique also provides enhancement of the amount of bass
so that sound appears to be emanating from higher quality, wider bandwidth speakers, without
requiring the connection of additional speakers, [0007]More specifically, in accordance with one
aspect, a system is provided for enhancing the low frequency response of a loudspeaker for relatively

low input level aydisosignalgaadspeeiaekiheitoudspeakrefantretatyelpbighdnyatdevel audio signals.
The system comprises: a crossover netyork copfigured so as to separate an audio input signal into at
least two freque&?ﬂgﬁﬁéﬁgm&%’aﬁg\éﬁfr@ﬂﬁ %8&%&?3%‘8“3% nﬁocuo %? g cr)fgi??esponsive to the
energy level of thellwdre e reyupartenotiansigpatsasdib sigral indheddspéeguency band and

conaures oo el san e oy fesomeypm e pu sy e

energy level of the ency portion of the input signal is're _
frequency resporssveithedoliglisipsbée Baitdsanentiston afdiseinput fraab ity poraant GMhe input signal

when the energy Jeyel.atine lous freque; gya%a,i%aﬁ %&Wigﬂa@%@@%ﬁﬁ#w as to protect

the loudspeaker from being overdriven. [0008]In accordance with other aspects, the crossover network

is configured to SESRRAE\ ARG RATELI AV R RIGUSHRIUSARY ST ShaRaRRHEREIdf the system
are configurable tq.pRIiMIER fRkaraiMERRREBkSE eharasifiisie PIdisienricRsaisriapssod Beironfigurable
parameters include one or more of the following; crossover frequencg}, com ressioq r tig,

on the tow frequency portion of the input signal when the energy level of the

low frequency portion of the input signal is relatively low so as to enhance the

low frequency response of the loudspeaker, and attenuation of the iow

frequency portion of the input signal when the energy level of the low

freguency portion of the input signat is relatively high so as fo proiect the

loudspeaker from being overdriven.

[0008] In accordance with other aspects, the crossover network is
configured to separate the audio signal into two frequency bands, wherein
parameters of the system are configurable to optimize for a given speaker
characteristic or listener preference. The configurable parameters inciude
one or more of the following: crossover frequency, compression ratio,
maximum aillowabie gain, high pass filter cuioff frequency, and target level.

In one embodiment, the compressor inciudes an RMS based level detector for
generating a signal representing the energy level of the low frequency portion
of the input audio signal. In accordance with another embodiment, a
surnming block is provided so as o provide a summed signal as a function of
the compressed oulput of the signal compressor signal provided in each
remaining frequency band. A high pass filter can be configured to respond o
the summed signal and limit the lowest frequency energy applied to the
loudspeaker. Further, a peak limiter can be configured to respond to the
summed signal and fimit the maximum peak level of signat energy applied to
loudspeaker. It shouid be obvious that the peak limiter couid aiso be placed,



maximum allowable gain, high pass filter cutoff frequency, and target level. In one embodiment, the
compressor includes an RMS based level detector for generating a signal representing the energy
level of the low frequency portion of the input audio signal. In accordance with another embodiment, a
summing block is provided so as to provide a summed signal as a function of the compressed output
of the signal compressor signal provided in each remaining frequency band. A high pass filter can be
configured to respond to the summed signal and limit the lowest frequency energy applied to the

loudspeaker. Furtheye BRegiENBefEanHescentigr erthtectesipend e dheareest sigipaltand limit the
maximum peak level of signal energy applied to loudspeaker. It should be obvious that the peak limiter
could also be pIaE@%,Wﬁ@%% 60 %’5%{?%5‘? %ﬁ&@ﬁ\%ﬁ%ﬁjﬁ&%ggﬁ e Eﬁer%%?ﬁapsg%g?egutput. The
system can furthenneludeigrsinticesaatizen contgimetdonte spowd tarthiegsemenddesignal, the static
equalizer including a lqwer limit greater. than or equal to the crossover frequency of the cross over
network so that tﬁ%“&ﬁ?ﬁgﬁﬁ&‘ﬁ%ﬁf’%ﬁ%{iﬁga%iﬁfﬁ% %@r%%%’s%o@?%{o%ﬁfgs%a% §7 gasr%jgl'ﬁ/ dynamic
equalizer. In accemismficennitrureashmiitidingernmheesgsteworr amsfige redadiehhdyeantie low frequency

resnonse of al legal tprlouispaaketuial Jafh and danladianag) sle Ryl figsaayes network is

configured to separate each left and right channel audio input signals into at leasttwo frequency bands

including a low fredfiie tharkewdrrpHRISIREPSHSHEERoPaS S8 dALARP 65 BESdREIBY RVEI of the low
frequency portion;gfeacihabikeslel %@,ﬂm&té}eggémwe%ml%ieéhﬁggwéér@%@;ﬁ%@nd and

configured to provide amplification gain on the low frequency portion of each of the left and right

channel audio inSAERIHEAEWABR ARPEREIGY QAR ROTARF HEQ EHES H MR FHEIH of the signals is
relatively low so gsrigcnbarteghadoneguencydespangaef sgeh aidielesstispeakers, and provide

attenuation of the low frequen ortion feaﬁch ft eleﬁg and right ¢ anne]J audio iﬂgutisi nals when
the energy level 6?%3%“1%%?83%%%&?%?%‘#?0 fe%('?h‘c())\?’t 8%892%’5% relattie f?%gch soeag?o protect
each Ioudspeakgxrﬂhr@rhieipgimlammmjnﬁhqllyﬁimacﬁgmm wfﬁhcbgm)ﬁméignb@dim.ent, the system
can include 2 pals gf sumiming:plocks dar PIRYIAING. pall af sy piest signals A5 ungiion of the

u t C the left'c

compressed output signal of the signal compressor of annel and the corresponding signals
of remaining freqi@ticy Bandsasfdiranefiicrianiielvass the eorpreSsEl Fufiulosigred ey signal

compressor of thejight ghannel anddhe,Aarcesponding,signals gt thedematingdapds of the right

channel. The system can further include a signal summer configured to provide a summed

compressed sigris$fEprEsciRERg1EE SUARER PidNDIAPASSSH YSHARSRIAAISOPHFE LRI €bmpressor of

the left 3n0_l rigfllt m@?ﬁ*ﬁagﬂ;@w?ygﬁéﬁﬂwwng@%@f@rﬁ?’ﬁ%ﬁiﬁ%@ﬁa@@ﬁbri?b&pmn?6| .
summed signals as a function of the summed compressed signal and the portion of each left and right
channel signal pro¥id W@ﬁéﬁ%&%ﬁﬁﬁ%@‘f%&ggﬁ%b BvaﬁagL.J 5@1%@&8?@5}9%@3\5% another aspect,

a two-band compiessty isaseatively high so as to protect each loudspeaker from being
overdriven. Finally, in accordance with another embodiment, the system can
include a pair of summing blocks for providing a pair of summed signals as a
function of the compressed output signal of the signal compressor of the left
channel and the corresponding signals of remaining frequency bands of the
left channel, and the comprassed output signatl of the signal compressor of
the right channel and the corresponding signails of the remaining bands of the
right channel. The system can further include a signal summer configured to
provide a summed compressed signal representing the sum of the
compressed output signals of the signal compressor of the left and right
channels, and at least two summing bilocks for providing left and right channel

summed signals as a function of the summed compressed signat and the



architecture for use with a loudspeaker is provided. The architecture is configurable as a volume
leveler, bass enhancer and speaker protection device. [0010]In accordance with another aspect, a
method of enhancing the low frequency response of a loudspeaker is provided for relatively low input
level audio signals and protecting the loudspeaker for relatively high input level audio signals. The
method comprises: separating an audio input signal into at least two frequency bands including a low
frequency band; and compressing the low frequency portion of an input audio signal in the low

frequency band so,a% ioprovide amplificatiop-GARPRINE W TREHEALABRFiRRAS IR input signal

when the energy level of the low frequencCy portion of the input signal is relatively low so as to enhance
the low frequency $8586R%E®F%he loudspeaker, and provide attenuation of the low frequency portion of
the input signal when the energy level of the low frequency portion of the input signal is relatively high
So as to protect tfasgldspeakerdrannbeingovesthrivrens 0ol i Thede rasavelbessotherzzamponents,

steps, features, abjects, benefits, and. advantages, will now beco lear fram a review of the
following detaile é%s*%cer?p%rgn o H?@sﬁﬁ}ﬁe?%%ggg%gﬁ{g,%ﬁog 'agégrﬁégn%ﬁ%%%gggjﬁélés, and the claims.
BRIEF DESCRIRDION.CHEID RAWUIGSH (I T hecdmwihgs cis clod s fikmteativetentibodiments. They
do not set forth ageqﬁagpdiments. Other embodiments may be used in addition or instead. Details

which may be apparent or unnecessary may be omitted to

[0010]  In accordance with ancther aspect, a method of enhancing the low
frequency response of a loudspeaker is provided for relatively low input ievel
audio signals and protecting the loudspeaker for relatively high input level
audio signals. The method comprises: separating an audio input signal into
at least two frequency bands inciuding a low frequency band,; and
compressing the low frequency portion of an input audio signal in the low
frequency band so as to provide amplification gain on the low frequency
portion of the input signal when the energy level of the low frequency portion
of the input signal is relatively low so as to enhance the low frequency
response of the loudspeaker, and provide attenuation of the low frequency
portion of the input signal when the energy level of the low frequency portion
of the input signal is relatively high so as fo protect the loudspeaker from

being overdriven,

[0011] These, as well as other components, steps, features, objects,
benefits, and advantages, will now become clear rom a review of the
following detailed description of ilfustrative embodiments, the accompanying

drawings, and the claims.
BRIEF DESCRIPTION OF DRAWINGS

[6012] The drawings disclose illustrative embodiments. They do not set
forth all embodiments, Other embodiments may be used in addition or

instead. Details which may be apparent or unnecessary may be omitted o
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save space or for more effective illustration. Conversely, some embodiments may be practiced without
all of the details which are disclosed. When the same numeral appears in different drawings, it refers
to the same or like components or steps. In the drawings: [0013]Fig. 1 is a block diagram of one
embodiment of a base enhancement system configured so as to improve the perceived bass
response, and tonal balance of speakers of the type that are usually mounted intemally in systems
which include that ability to receive and play audio programming as well as enhance the amount of

bass reproduced.sh AR SARBAISR. bR ETRRRRB oM Albenualive WiisehREH™

speakers; [0014] agram of the low band compressor'shown and described with

respect to Figs. Ids; JoTtsRd gy ithbaa exbinpidest istyhical Frediisreyeespor Rt of one of the
bass enhanced auRiss, (kP4 BRG] Rl differentlinputievrls; w the same or like

components or steps. In the drawings:

[0013] Fig. 1 is a block diagram of one embodiment of a base
enhancement system configured so as o improve the perceived bass
response, and tonal balance of speakers of the type that are usually mounted
intermnally in systems which include that ability to receive and play audio
programming as well as enhance the amount of bass reproduced so that
sound appears o be emanating from higher quality, wider bandwidth

speakers;

[0014] Fig. 2 is a block diagram of the low band compressor shown and
described with respect to Figs. 1 and 5;

[00615] Fig. 3 is an example of a typical freguency response plot of one of
the bass enhanced outputs {Lc or R in Fig. 1) for different input levels;

(0016} . Fig. 4 is an example of the actual measured output of a sample set
of small speakers of the type incorporated intc audio and video systems; and

[0017] Fig. & is a block diagram of an embodiment of a bass enhancement
system configured to sum the low band signal to mono. .

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0018] lilustrative embodiments are now discussed. Other embodiments
may be used in addition or instead. Details which may be apparent or
unnecessary may be omitted to save space or for a more effective
presentation. Conversely, some embodiments may be practiced without all of
the details which are disclosed.



[0016]Fig. 4 is an example of the actual measured output of a sample set of small speakers of the type
incorporated into audio and video systems; and [0017]Fig. 5 is a block diagram of an embodiment of a
bass enhancement system configured to sum the low band signal to mono. DETAILED DESCRIPTION
OF ILLUSTRATIVE EMBODIMENTS [0018]lllustrative embodiments are now discussed. Other

embodiments may be used in addition or instead. Details which may be apparent or unnecessary may
be omitted to save space or for a more effective presentation. Conversely, some embodiments may be

practiced withoutg§ @fjthe gigtaflsswihigh-pre Aiselasewing one example of a compressor
based bass enhancement system for use in enhancing the bass response of 2
speaker sysiem. The base enhancement system 10 includes inputs 12 and
14 configured to respectively receive the left and right channel signals of an
audio stereo program. Left channel input 12 is coupled to an input of LPF
(low pass filter) 16 and an input of HPE1 (high pass filter) 18. Right channel
input 14 is coupled to an input of LPF 20 and an input of HPF1 22. The
outputs of LPFs 16 and 20 are both connected to a low band compressor 24
configured to compress each signal and provide the compressed signal at a
corresponding output of the compressor, wherein the left channel signal is
coupled to summing block 26, while the right channel is coupled to summing
biock 28. Compressing the portion of the audio signal applied to the
compressor results in amplifying small signals and attenuating large signals
passed through the compressor while applying unity gain for signals
somewhere in the middie. The summing biocks 26 and 28 are also coupled to
the outputs of HPF1 and HPF2 30 and 32 ,respectively, so that block 26
provides a summed signal as a function of the left channel signal output of the
compressor 24 and the left channel signal output of HPF1 18. Similarly, block
28 provides a summed signal as a function of the right channel signal output
of the compressor 24 and the right channel signal output of HPF1 22. The left
channel summed signal output of the block 28 is then appiied to the input of a
second HPF2 30, and the right channel summed signal output of block 28 is
applied to the input of the second HPF 32. The output of each filter HPF2 30
and HPF2 32 is applied to a respectively peak limiter 34 and 36. The latter
limits the peak ievels of the respective signals applied to the fimiters. The
output of iimiter 34 is applied to equalizer (EQ] 38 configured to provide at
least a two band equalization function on the signal applied to the equalizer.
EQ 38 provides the left channel output signal Lo at output 42. Simitarly, the
output of limiter 36 is applied to EQ 40 configured to provide at ieast & two
band equalization function on the signal applied to the equalizer. £Q 40



[0019]Fig. 1 is a block diagram showing one example of a compressor based bass enhancement
system for use in enhancing the bass response of a speaker system. The base enhancement system
10 includes inputs 12 and 14 configured to respectively receive the left and right channel signals of an
audio stereo program. Left channel input 12 is coupled to an input of LPF (low pass filter) 16 and an
input of HPF1 (high pass filter) 18. Right channel input 14 is coupled to an input of LPF 20 and an
input of HPF1 22. The outputs of LPFs 16 and 20 are both connected to a low band compressor 24

confiqured o compigis £qa0 slanal and BRUdc e-pomptessed sionay ol -epferrpaning output o

the compressor, wherein the left channel signal is"coupled to summing block 26, while the right
channel is couplétNfoesupaiMEBIGRCRE: @hitid King the s esH B @ecaltd’sgral applied to the

compressor resulissiamplitiingismalksianals and alisnsaing dasgesiapasnrssepdieoygh the

compressor while applying unity gain for signals somewhere in the middle. The summing blocks 26

and 28 are also CBAPREYIH TRARIHPUE PHBRISMEHEYAE hie2 DeliieEiley SAhalBlock 26
provides a summezlsignat as¢h fstagkiamobitherefhckmanel Aionedettpuios thecampressen?4 and the

left channel signal outﬁiut of HPF1 18. Similarly, block 28 provides a summed signal as a function of
the right channeles(ﬁé‘ﬁ %%rutput of the compressor 24 and the right channel signal output of HPF1 22.
The left channel summed signal output of the block 26 is then applied to the input of a second HPF2

30, and the right B¥&Mel stirtniétsighastifutdtbisckang ddpliey kpaseappereishe 2econd HPF
32. The output ofeach iltal{d RizcRO AN EIRIS 38 b rrPlLR i 3 IernesHYelYdR88kimiter 34 and 36.

The latter limits the peak levels of the respective signals applied to the limiters. The output of limiter 34

/ ‘ Y
is applied to equARRSHEE) S LBRfiglIe Rt VIRNtE af 1884PY RS DHERTTRGFERL Ao iRGion on the
signal applied to #heipfualirerszrae pevidesthedetchanaekound\eigaad esdrdput 42. Similarly,
the output of Iimitér §6 IS a Jie%itao I]:, 40 corgi ured to ;:%vide at Ieas‘g,at hbanrd e uali]zation
function on the si@ﬁaq;gﬁﬁl%%% ﬁﬂaoé Kiver. I‘:‘%%@”b?&/ﬁe%hﬁw\%%?t cﬁa%%l%ﬁfgaﬂgfg%al Ro at
output 44. In accardaicevatina@néremifdmieit) ecacnEE) 38 a&nti4f ¢sspsiatide fuakiiédaunfigured to
respond to the si%p\% Ii%%c?t i{ﬁ indauibaé;d %%gqgﬁh @?Igwgr I}{,rl}it@bﬁryg ﬁ?ﬁz%ﬁﬁ%?@ guency of
the cross over network forme %y ﬁlter i 2 , 20 ana o) tlhat each static equalizer (§38 and 40
operates as a pafiyedypriraittedoalizeni0020] Bt PREC1 B0andThe, il ©D0idrrnd 2O Méw band

compressor 24 ang SN Hogks 26 283hus A bIRR9 fRER astve-hand-gressoxaphased

architecture. The architecture of the low band compressor 24 can be similar to the dynamic volume

control arrangem@ftshovAta@rieieribe @ ToPHBRRRE ABIHe sB6HY SESr @K8htple as shown in
G 200, Whil (e B D o T e e to the

, while the outputs of the left channe and right ne are applied to the
inputs of Lo Band BV E SO oPHE GUGHOPA BB UE SO0 RO 476 Sa SHEHIAE: 204 which
receives the left @aniaelotiputiabttRF b Band Cordrals2tibergails of anmolifier 206! FidyictDBceives the
right channel output. of right channe| HPE 20. The output mplifiers 204.and 206 are respectively
appliec 10 the subHimt TR Eat & 18 oL T S Dot G S RaE e 505
controls the gain_wﬁ%pﬁﬁeﬂé@@h&ghtrmm théplefot haima? odtptiootbiPE qf&!‘&pi_éﬂ&f@ gain of
amplifier 210 Wh'555%%%}%@%r*@%‘é@ﬁv@?f'a%;’i%&gf %@%%r&ﬁ? QuiutsoLamplifiers 208 and 210

are respectively applied to the summing blocks 26 and 28. It should be noted that by changing the

compression ratié'atuiseliai e HeibPobavging SrtRafPrEsRAT apiiad 1ocafifids 204 and 206 is
unity gain, the ousipiitsof thedafifhan WB&A&%%H@&@P@@D@%BE@@aemw%%qhﬂbe
0

amplifiers to the respective summing blocks 26 and 28 unchanged. Further, the Lo Band DVC 202 can

be adjusted for vaHRIEDAF RSt SEI06IHE R B oot gaenere eSS 88So N FaHENdRSck time
constant and relegsgitige constanidosrndet thendyganckeass hapssiunctiongaltitaiiarektto the specific

speaker systemstp\%c&i:;/ Egntc?%\%’% az’b% %gnogépau Jsusl{geg ?gr (\E!ranr%%dsi ggr%tré% eIFsO including the
change target level, compression ratio, attack time constant and release time
constant to mode! the dynamic sass boost function all tailoreg to the specific
speaker systems receiving the Lo and Ro outputs. In one embodiment the Lo



Band DVC and Hi Band DVC each include an RMS level detector for use in controlling the gains of the
corresponding amplifiers 204, 206 and amplifiers 208 and 210. Further, amplifiers 204, 206, 208 and
210 can each be in the form of voltage control amplifiers. It should be appreciated that other
architectures and components can be used. For example, one can use other types of signal
compressors as well as other types of level detectors including peak and averaging detectors.
[0021]Referring again to Fig. 1, the compressor outputs of compressor 24 are summed with the high

band energy proyide e uts of n Qver network.
HPF2 30 and 32 Timi t@é} %v%géﬁ?%&gr@fﬁg%%&gdﬁ%? §§£§f@tﬁgépo%§[s%é%%§§? ?%é %revents the
lowest frequenciestialitantiet gaine asSrrablyrespotilicedireniiesadiihg e ape akep! digrer.

Occasionally, Ne,CAMNELIRH! MMRAEIMPIRICOIO0 MTD G (PYeLEhATRIR e Pnieow band

audio signal. :The Peak limiter is provided to protect the speaker from this phenomenon. The peak

limiter is positionEdTafd Vel erosRRr FBRN#IStO (IRt HE CshisIREP RIRINEHRYPFhand audio peaks

to prevent overdrivingihe speaker-drisdraxalizen eQ)sean e useshipitiaiea tae speakeefrequency
response at those frequencies above the low band. The combination of improved tonal balance (EQ)

and improved lowWREs Q&R L SHEIEE R Brobes SR bE dYRaMRY G H Fa RIERE G S hatic

improvement in thedidetity ffsmatosperkess . [0022] The compressor target level is set relatively high
when compared to typical input signal bass frequency levels. This results in the compressor typically

adding gain to thilgfifnd RaRtioy: bAam Ay s npuislanals L aUIBLI0 AR alfedesived low band

output level. The'amount of gain is"controlled both by the compressor target level and the compression

ratio. The amounisf BasF et Ehdrgt SABESNEraNIEa HISA GRS Ry B3R YEFtoimistessor target

level. The amouny;of basg, ehancemenbaas be sasieasedhydereasingihe soMprassor target level.
The amount of bass enhancement is dynamic since the gain (or attenuation) applied to the left and

right input audio 1S 4EHERBHESTIE R FERFEFEI SRFBIRE SR RRSRERIG the ASmPr¥Eabt % a maximum
gain limit. This limitkelppanirinvize the: cempsessoesaifedi ondpetunakbbatanceaehihg audio. In
addition to bass enhaqce{a}ent, @e S eak?{s ﬁzr]ee also protected from rﬂ?h Ievglstof Iow-&and energy.
The compressor Wi At IR e 181 a rﬁ:&qt1 TS WREN tie VB8 eaR the compressor

target level. The gampjessendatyet tevehistypicaynadjusied tpal levidglgusebelowiehisre the low band

dio begins to djstor. , | t
feauency target I IR o e L o e e urtion
can be adjusted, fosbipterhBierfornznesrfer agjverkspéare fooPBEREB eGWS! Bifhexample of a

frequency response.BIatafPRERE to prevent overdriving the speaker. The Equalizer (EQ) can
be used to flatten the speaker frequency response at those frequencies above
the low band. The combination of improved tonal balance (EQ) and improved
low frequency response {compressor based dynamic boost) can make a

dramatic improvement in the fidelity of smail speakers.

[0022] The compressor farget ievel is set relatively high when compared to
typical input signal bass frequency ievels. This results in the compressor
typically adding gain to the left and right low band audio input signais in order
10 maintain the desired low band output level. The amount of gain is
controlled both by the compressor target level and the compression ratio.
The amount of bass enhancement can be increased by increasing the target
compressor target level. The amount of bass enhancement can be
decreased by decreasing the compressor target ievel. The amount of bass



the bass enhancer outputs (Lo or Ro in Fig. 1) for different input levels. The input level is increased in
6 dB steps. The excitation is a quick sine wave sweep (20-20KHz in less than a second). EQ 38 and
40 were bypassed when this plot was generated. [0024]The high band of the Fig. 3 response remains
flat since it is passed unmaodified. It exhibits the 6 dB level change of each sweep. The low band is
boosted proportional to the input level. Reference is made to the level changes with each sweep
around 150 Hz, indicated in Fig. 3 at 300. In the low band the first two lowest input levels exhibit
significant boost. The fact that the two lowest level curves are still about 6 dB apart, in the low band,

indicates that the ¥SIAPrESE I3 HLLTLRRINER MERInPEaHE REiRSAiRdcodredR @pressor

24 acts like a fixeggpoosiuAs.idie isputievelcontinuesia inceasestesmbaostiaaddethas the input
level approaches the compressor target level, qunt%al%.tqe frt %en%.res onse is flat. As the input
level increases, C%%mp%esssé)rr Z3ritr0qaLEs Towband attengation irr'6rd rquﬁ?’gt%& the speaker from
being driven at levetspidsshneciidat aasi ign &l staetiore dMherathibctalgetdditeirisabasen slightly

below the maximym gy eguency dhivalevel thacompressyr hased hass sananserment system

provides as much boost as possible without driving the speaker into en this feature is

combined with high®iakd Fte gerfatesseny speitieairy hpdnetidsfasblight Auteyieersile speakers
exhibit much impraygd.lidelins {002alRige4sshonysdhrasiuaiipeasirrd otra R f5ample set of small

speakers. The lowest level input response shown at 400 represents the speakers without EQ or low

band compressoffRGELEARY STaEIe FelarEdHFARE MO B 0% I8 RET RV RSt PRR/BS:Rat response.

The next responsgabAd2erepeesentsthpgamed ripsiengl aftepdenzand base ashegsement and high
band EQ. The response is now r éativ leg% frorp %’?0 Hz to 10 KI—LZ‘.LQQZGL)M, some in,st?nces itis
desirable to provilEBESS LA RSNt Cutoft irequency, peax limit, maximum gain Himit

and EQ configuration can be adjusted, for optimal performance, for a given

speaker.

[0023] Fig. 3 shows one example of a frequency response plot of one of
the bass enhancer outputs (Lo or Ro in Fig. 1) for different input levels. The
nput level is increased in 6 dB steps. The excitation is a quick sine wave
sweep (20-20KHz in iess than a second). EQ 38 and 40 were bypassed when
this plet was generated.

[0024] The high band of the Fig. 3 response remains flat since it is passed
unmodified. It exhibits the 6 dB level change of each sweep. The low band is
boosted proportional to the input level. Reference is made to the ievel
changes with each sweep around 150 Hz, indicated in Fig. 3 at 300. In the low
band the first two lowest input levels exhibit significant boost. The fact that
the two lowest level curves are still about 6 dB apart, in the low band,
indicates that the compressor 24 has achieved maximum gain. At these input
levels the compressor 24 acts like a fixed boost. As the input level continues
10 increase, less boost is added as the input ievel approaches the compressor
target level. Eventually, the freguency response is flat. As the input level
nereases, compressor 24 introduces low band attenuation in order 16 protect
the speaker from being driven at levels which wouid cause high distortion.
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equally to both speakers. Fig. 5 shows a version of the bass enhancement system 500 which includes
a summing block 502 configured to sum the low band signals of each channel to provide a
monophonic signal, which in turn is applied to each of summing blocks 26 and 28. After the
compressor, the L and R signals are attenuated by 6 dB and summed together to create a mono low
band signal. This distributes the bass energy equally between the two speakers and can result in more
overall perceived bass. [0027]The components, steps, features, objects, benefits and advantages

which have been gdiscussed ar Iy illustrati mﬁ g I ating to them,
are intended to Iri\r/r?l}e?Heﬁjsecgap%%%%%iéégﬁ%%aﬁ%wggﬁ%ﬂﬁr?uﬁher eﬁmgr'nl%%é@re also
contemplated. Tiisse invkidde shoaieraasbaaRmh Yardeascamaicyatcanarer gigeRit components,

steps, features, qhjeels, pepefits and adyaniages Iese.alseneiude, erbodisrenimisvhich the

components and/or steps are arranged and/or ordered differently. [OOZ%For example, while the
system has beenf&RI4EieePAERR WA § GlPREE RO the SHRRERT SENeApRbY any number of
bands when additiapahsignahaosessiiesekindiviseal angs isdesirapletoa2eiinjess otherwise

stated, all measurements, values, ratings, positions, magnitudes, sizes, and other specifications which

are set forth in thj cification, including in th ' ich follow, a ' @ gt exact. They
are intended to h@\?ﬁ regff%ﬁgb?ﬁ Eégtvngg{g%w ?&ﬁ%%@%ﬂ%%ﬁ%ﬁg f%%@t?ggng’%%w% they relate
and with what is spstkerary TnaHeveestdewdlchotiepgrsrtsd shown at 400 represents the

speakers without EQ or low band compressor processing. The speakers have
limited bandwidth and do not have a flat response. The next response at 402
represents the same input level after low band bass enhancement and high

hand EQ. The response is now relatively flat from 150 Hz to 10 KHz.

[0026] In some instances it is desirable to provide bass enhancement
equally fo both speakers. Fig. 5 shows a version of the bass enhancement
systern 500 which inciudes a summing block 502 configured to sum the low
band signals of each channel to provide a monophonic signal, which in turn is
applied to each of summing blocks 26 and 28. After the compressor, the L
and R signals are atienuated by 6 dB and summed together to creaie a mono
iow band signal. This distributes the bass energy equally between the two

speakers and can result in more overali perceived bass.

[0027] The components, steps, features, objects, benefits and advantages
which have been discussed are merely lllustrative. None of them, nor the
discussions reiating to them, are intended fo timit the scope of protection in
any way. Numerous other embodiments are also contemplated. These include
embodiments which have fewer, additional, and/or different components,
steps, features, objects, benefits and advantages. These also inciude
embodiments in which the components and/or steps are arranged and/or
ordered differently.

11



[0030]All articles, patents, patent applications, and other publications which have been cited in this
disclosure are hereby incorporated herein by reference. [0031]The phrase "means for" when used in a
claim is intended to and should be interpreted to embrace the corresponding structures and materials
which have been described and their equivalents. Similarly, the phrase "step for" when used in a claim
is intended to and should be interpreted to embrace the corresponding acts which have been
described and their equivalents The absence of these phrases in a claim mean that the claim is not

s o ane J8a4 Do e R aited o aRkeL G conB SRR nG R AL oo

materials, or act rto their equivalents. [0032]Nothing w een stated strafed is intended
or should be intefpfefeafiugeay Serttctie /st oT eriy eemﬁe@frfém r@t@@%@&@@%‘w&ﬂbeneﬁt

advantage, or eqyiyalentiathe.public.Jegardiess ahudieshssdt isesitgdidn the claims. [0033]The
scope of protection is limited solely by the claims which now follow. That scope is intended and should

be interpreted t e& bro das IS consisten Wltht ordinar n|n of the Janguage which is used
in the claims wh 3@rpre &ﬁe%sl Fot Tt gapggrﬂcaf%%ag aé/ prOseé}lﬁlc)n { 9%

positions, magmtudes sizes, and other specifications which are set forth in
this specification, including in the claims which follow, are approximais, not
exact. They are intended to have a reasonabie range which is consistent with
the functions to which they relate and with what is customary in the art to
which they pertain.

[0630]  All articies, paients, patent applications, and other publications
which have been cited in this disciosure are hereby incorporated herein by

reference.

[0631] The phrase “means for” when used in a claim is intended to and
should be interpreted to embrace the corresponding structures and materials
which have been described and their equivalenis. Similarly, the phrase “step
for” when used in a claim is intended o and should be interpreted to embrace
the corresponding acts which have been described and their equivaients. The
absence of these phrases in a claim mean that the claim is not intended to
and should not be interpreted to be limited to any of the corresponding

structures, materials, or acts or to their equivalents.

[0032] Nothing which has been stated or iliustrated is intended or should
be interpreted to cause a dedication of any component, step, feature, obiect,
benefit, advantage, or equivalent o the public, regardiess of whether it is

recited in the claims.

[0033] The scope of protection is limited solely by the ciaims which now
follow. That scope is intended and should be interpreted (o be as broad as is
consistent with the ordinary meaning of the language which is used in the

claims when interpreted in light of this specification and the prosecution
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history which follows and to encompass all structural and functional equivalents. CLAIMS The
invention claimed is: 1. A system for enhancing the low frequency response of a loudspeaker for
relatively low input level audio signals and protect the loudspeaker for relatively high input level audio
signals, the system comprising: a crossover network configured so as to separate an audio input
signal into at least two frequency bands including a low frequency band; and a signal compressor
responsive to the energy level of the low frequency portion of an input audio signal in the low
frequency band angd.gonfigeeiwicovidecmpification gainop:dhs Iavyfreqiieney portion of the input
signal when the energy level of the low frequency portion of the input signal is relatively low so as to
enhance the low %ﬁﬂ@ﬁ@@sfesponse of the loudspeaker, and provide attenuation of the low frequency
portion of the input signal when the energy level of the low frequency portion of the input signal is
relatively high so as to protect the loudspeaker from being overdriven.

13



2. A system according to claim 1, wherein the crossover network is configured to separate the audio
signal into two frequency bands. 3. A system according to claim 1, wherein parameters of the
system are configurable to optimize for a given speaker characteristic or listener preference. 4. A
system according to claim 3, wherein the configurable parameters include one or more of the
following: crossover frequency, compression ratio, maximum allowable gain, high pass filter cutoff
frequency and target level. 5. A system according to claim 1 where the compressor includes an
RMS based level detector for generating a signal representing the RMS energy level of the low
frequency portion of the input audio signal. 6. ASygteta according to claim 1, further including a
summing block for providing a summed signal as a function of the compressed output of the signal
compressor signdl’FrWEBHAR @4ERESF Eny remaining frequency bands. 7. A system according to

claim 6, further incluging & high freAusRsK diigrcenigured iefesponshindhe suBIBggksigpal and limit

the lowest frequency energy applied to the loudspeaker. 8. A system according to claim 6, further

including a peak fPhf&BEYAHIGArE Y HaME REUPRIESHIMATKIRSRIRE! BRI BHSIERSE FRR®MuUm peak level
of signal energy appligdi{oigHdspeakerl audio signals, the system comprising:

a crossover network configured so as 1o separate an audio input signal
into at least two frequency bands including a low frequency band; and

a signal compressor responsive o the energy level of the low
frequency portion of an input audio signal in the low freguency band and
configured to provide amplification gain on the low frequency portion of the
input signal when the energy level of the low frequency portion of the input
signal is relatively low so as to enhance the jow freguency response of the
joudspeaker, and provide attenuation of the low frequency portion of the input
signal when the energy level of the low frequency portion of the input signal is
relatively high so as to protect the loudspeaker from being overdriven.

2. A system according fo claim 1, wherein the crossover network is

configured to separate the audio signal into two frequency bands.

3. A system according to claim 1, wherein parameters of the system are
configurable to optimize for a given speaker characteristic or listener

preference.

4. A system according to claim 3, wherein the configurable parameters
include one or more of the foliowing: crossover frequency, compression ratio,

maximum aliowable gain, high pass filter cutoff frequency and target ievel.

5. A system according to claim 1 where the compressor includes an RMS
based level detector for generating a signal representing the RMS energy
level of the low frequency portion of the input audio signatl.
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9. A system according to claim 6, further including a peak limiter configured, before the summing

block, to respond to the compressed output of the signal compressor and limit the maximum peak level
of signal energy in the low frequency band only. 10.A system according to claim 6, further including a
static equalizer configured to respond to the summed signal and including a lower limit greater than or
equal to the crossover frequency of the cross over network so that the static equalizer, when combined
with the low band compressor, operates as a partially dynamic equalizer. 11.A system according to

claim 1, wherein  sthg sysiem is configyisdiamnhanerdheiuiigaencyTagnanse ff-at least two
loudspeakers for left and right channel stereo play; the crossover network is configured to

separate each leRTAMEIRGIR AR 8908 AHaigiiae Rl &eaer fReefeitieHEyBaRds including a

low frequency banighangbmpretisignakrorapressor isstespoasive:tedihegrergydevetefihe low
frequency portion of each of the left and right audio input signals in the low frequency band and

configured to provide a g o) 10 Jow fre cy, ' f}r?\ ghg Lf*?g] tﬂﬂ@g right
channel audio inputzig%jé% g%#e%%%%ﬁ@r%%é@el%f the %Wr%%%ﬁg%y r‘)gbrﬁor%o elzg:h of the signals
is relatively low sepaggoreffranespprdtniieguenest ssponanefisathefemer usp@iets, and
provide attenuatignpf the lgw freaieneypQitiarsef each of the left and right channel audio input
signals when the energy level of the low frequency portion of each of the signals is relatively high so
as to protect each loéj,d%?gy?slégg ré)é'éot?%!?g toovce{%dtrrTI}v ,nfurther including a peak limiter

configured to respond to the summed signal and limit the maximum peak level

of signa! energy applied to ioudspeaker

9. A system according to claim 6, further including a peak iimiter
configured, before the summing block, to respond to the compressed output
of the signal compressor and limit the maximum peak level of signal enargy in

the low frequency band only.

10.A system according to claim 6, further including a static equalizer
configured o respond to the summed signal and including a lower limit
greater than or equal 1o the crossover frequency of the cross over network so
that the static equalizer, when combined with the low band compressor,
operates as a partially dynamic equalizer.

11.A system according to claim 1, wherein

the system is configured to enhance the low frequency response of at
least two loudspeakers for left and right channel stereo piay;

the crossover network is configured {o separate each left and right
channe! audio input signals into at least two frequency bands including & low
frequency band; and

the signal compressor is responsive 1o the energy level of the low
frequency portion of each of the left and right audio input signals in the low
frequency band and configured to provide ampiification gain on the low

freguency portion of each of the left and right channel audio input signals



12.A system according to claim 11, wherein further including a pair of summing blocks for providing a
pair of summed signals as a function of the compressed output signal of the signal compressor of the
left channel and the corresponding signals of remaining frequency bands of the left channel, and the
compressed output signal of the signal compressor of the right channel and the corresponding signals
of the remaining bands of the right channel. 13.. A system according to claim 11, wherein further a
signal summer configured to provide a summed compressed signal representing the sum of the

compressed outhytsianals/af e sianat aamaressarehiedsiiand iohi chemealrand at least two

summing blocks forafroviding left and rigén channel summed signals as a function of the summed

compressed sign&l&NEMENSEGS Bt BARRANEH BRI FeQHEnREIERRRISTQViERENR'€8Eh remaining

frequency band. i &4sAdwahand cempressenbased archilesturestaransy withierlotidspealker,

hitecture bei fi o] I leveler, b d k ion device.
15 A method of BAWENCIRY (HL 6 WA BHES  CEHORLD b BHSPE S i B it ovel

audio signals an¢grotecitbeddnrdspeake nfoheetidivaly highdtipely|big aadis tsignalsctiamatethod

comprising: §88§£at9iggea}qrg%dti}%m %t}igi'%pig%“]to at least two frequency bands including a low
frequency band; an & compressing the low frequency portion of an input audio signal in the low
frequency band so as to provide amplification gain on the low freguency portion of the input signal

when the energy levEt & BYEIRIW #EQUIAG, D 61RiBM OF tHBFHBI: ignel IBFerineeh B To as to enhance

the low frequency esRrgssRidheloudspaaker pandpsovigecatiapuation of tectaw tsequency portion of

the input signal when the energy level of th A?W frequency portion qf the input signal is relatively high
so as to protect tHETH{i h‘?&ﬁﬁg&é’ﬁ{n \%§&i%fn;on¥ppessoro e et cnantel and s

corresponding signals of remaining frequency bands of the left channel, and
the compressed output signal of the signal compressor of the right channel
and the corresponding signals of the remaining bands of the right channel.

13.. A system according to claim 11, wherein further a signai summer
configured to provide a summed compressed signal representing the sum of
the compressed output signals of the signal comprassor of the Ieft and right
channels, and at least two summing blocks for providing left and right channel
summed signals as & function of the summed compressed signal and the
portion of each left and right channel signal provided in each remaining

frequency band. .

14.A two-band compressor based architecture for use with a loudspeaker,
architecture being configurabie as a voiume leveler, bass enhancer and

speaker protection device.

15. A method of enhancing the low frequency response of a loudspeaker
for relatively low input level audio signals and protect the loudspeaker for
relatively high input level audio signals, the method comprising:

separating an audio input signal into at least two frequency bands

including a low frequency band; and
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16.A method according to claim 15, further including providing a pair of summed signals as a function
of the compressed output signal of the signal compressor of the left channel and the corresponding
signals of remaining frequency bands of the left channel, and the compressed output signal of the
signal compressor of the right channel and the corresponding signals of the remaining bands of the
right channel. 17.. A system according to claim 15, wherein further providing a summed compressed
signal representing the sum of the compressed signals of the left and right channels, and providing left
and right channel summe%si!%réals as a function of the summed compresse siggnal an%@e portion of

each left and right chanRel &gngfn&ov?d[géviﬁee Ucef??grﬁgln'lng réf:glugg gy band.” natin
low frequency band so as to provide amplification gain on the low frequency
portion of the input signal when the energy level of the low frequency portion
of the input signal is relatively low so as to enhance the low frequency
response of the loudspeaker, and provide aftenuation of the fow frequency
portion of the input signal when the energy level of the low frequency portion
of the input signal is relatively high so as to protect the loudspeaker from

being overdriven,

16.A method according to claim 15, further including providing a pair of
summed signals as a function of the compressed output signal of the signal
compressor of the left channel and the corresponding signals of remaining
frequency bands of the ieft channel, and the compressed oufput signal of the
signal compressor of the right channel and the corresponding signals of the

remaining bands of the right channel.

17.. A system according o claim 15, wherein further providing a summed
compressed signal representing the sum of the compressed signals of the left
and right channeis, and providing left and right channel summed signals as a
function of the summed compressed signal and the portion of sach left and
right channel signal provided in each remaining frequency band.
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