A SPEAKER FOR REPRODUCI NG SURROUND SOUND Field of the invention 5 The
present invention relates to a speaker. In particular, it also relates to a
met hod and surround sound system for processing nmulti-channel audio signals
in each of a plurality of audi o output sources for generation of surround
sound in a listening area. 10 Background of the invention Existing surround
sound recording formats include those referred to as 5.1, 6.1 and 7.1. The
5.1 surround format conprises a conpressed data stream containing five
channel s, generally designated left, center, right, surround |left, and
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conbi nati on of the five other channels, and may be provided to a

sub- moofqh eld OFuf ]#_gﬁﬁ%ﬁund format includes the same five channels as the
5.1 surround1 or ma adds a surround back channel, which nmay be fed to
one ofs nore back speakers in a surround sound system The 7.1 surround
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has tWo Syitab@idibegi 8nedsTol seubrabibi 8f du@fdund 86lrd ig Aldtentdg@ré. 1 surround
format has three surround channels (surround left, right and back), and the

7.1 surround format has four surround channels (surround side left and

ri ghtyo arBackgroanddfhhe inveaftior®5and right). Basic surround system speaker
configurations generally include fromsix to eight speakers placed at
conventionally well-established | ocations, according to the type of
surround Eostingtsutiveyd sound tecedubgdoitnatp inlude Ahosexefered ke as 5Lr&.bamd7.3y st em
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speaker addb&ﬁ@ﬁ'éfﬁ'[lhe &% stifi®@indXormat includes the same five channels as the 5.1 surround
format, but adds a surround back channel, which may be fed to one or more back
speakers in a surround sound system. The 7.1 surround format is similar to the 5.1
20  surround format, but has two surround side channels (surround side left and surround
side right) rather than a single back channel, for a total of seven channels. Thus, the 5.1
surround format has two surround channels (surround left and right), the 6.1 surround
format has three surround channels (surround left, right and back), and the 7.1 surround
format has four surround channels (surround side left and right, and surround back left
25  and right).

Basic surround system speaker configurations generally include from six to eight
speakers placed at conventionally well-established locations, according to the type of
surround format they are intended to play. A six-speaker surround system typically
30 includes left, right and center speakers (with the right and left speakers spaced widely
apart), a sub-woofer, and surround left and right speakers (which may be monopolar or
dipolar in nature). A seven-speaker surround system typically includes the same speaker
arrangement as the six-speaker surround system, but adds a back surround speaker. An

eight-speaker surround system typically includes the same speaker arrangement as the



Si x-speaker surround system but adds a back |left surround speaker and a
back right surround speaker. The enjoynent experienced by a listener in a
surround sound system can be affected by a 5 nunber of factors, including
the listener's physical position relative to the various speakers, as well
as by the particular format of the audjo track being played on the system
However, there are problens in the abovenenti oned conventional surround
sound 10 systens. For exanple, conventional 7.1 systens are not capabl e of
bei ng expapsgdker sierounligysiempbit addssobakdes saatand spakemnaideadeack rigier ef or e,
a user does not have the flexibility of adding speakers or changing the
conf i gur alrSHPG PP aker s in accordance with the user requirenents,

Further, conventional 7.1 systens have conplicated wiring set-up procedures
and it i i ffi . i 6 . i.ly. 15
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transmtted to output sourceS. Wreless solutions have béen "devel oped for
stereo sy¥fEMs. However, present wireless 20 systens only provide for the
transm ssion of audi o signals between one transmtter and one receiver.

D sadvant gageously, this systemrequires the use of nultjple transmtters.
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to: (a) receive an audio,sign aving a le han L) signal .and a
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receiver and amplifier unit are too large to be transmitted to output sources.

Wireless solutions have been developed for stereo systems. However, present wireless
20  systems only provide for the transmission of audio signals between one transmitter and
one receiver. Disadvantageously, this system requires the use of multiple transmitters.
Still further, conventional stereo systems cannot be transformed or converted to
generate surround sound because the stereo systems are not capable of digital signal
processing. By doing so, the sound quality, and ultimately the surround sound

25  experienced by a listener, deteriorates.

Accordingly, it would be advantageous to provide an improved surround sound system

which overcomes one or more of the foregoing problems or shortcomings.
30  Summary of the invention
In accordance with a first aspect of the present invention, there is provided a speaker for

generating a surround sound signal, the speaker comprising a processing unit configured

to: (a) receive an audio signal having a left channel (L) signal and a right channel (R)



signal; (b) process separately and i ndependently the L and R audi o signals
to produce processed signals; and (c) mx the processed signhals to produce
the surround sound signal. 5 By "mx", it is neant to include any audio

m xi ng process known to the skilled person. Wthout undue limtation, it

i ncl udes the m xing of audio signals which a nmultitude of audio signals
may be conbined into one or nore channels, nost commonly two-channel
stereo. By "surround sound signal", it is meant to include the audi o out put
pr Odl(J ]ged sbg’nail;f’(lb) pﬁfé@?&@ﬁﬁa&lﬁm ﬁiﬁgﬁe’ﬂdgpﬂ)} thei ISaL?d ROauaaﬁﬁgnals)trgD pmaugze one, |
two (for exanple,. t and.tar t audio.signals).or any nu r of, signals
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processi nggnahit is further configured to filter the received audi o signal
such that the output surround signal is filtered. 15 Preferably, the
processing unit is further configured to process the received audi o signal
accor di ngBxt tmiziét isfmeam te inshidesay ispdioghixingopreedss kiewn tniheskidlpd aeisenr ange
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equal ics ersigharaudiol sighaksy of hhyt Slimbeithf dighyioahdtds gargred tnprodice thadutrtndsecond
portion si %ngl. i@ processed by a high pass filter, an equaliser, a | ow pass
filter a8 Wﬂ M c range control. 30 Preferably, the speaker conprises

|l eft and right drivers, and the processed |eft and right channel signals
are chan ; i I i -of bly, the
ot ocessed A dp Arice e BPR Sl finig RERGHIeK Thd recliOhE aBHiF SRR ¥
phase to duh that Seeenipi snapune signah s filksreghal channel led to the right driver.
4 Preferably, the high pass filter is configured to have a cut-off
frequency_of 70-200Hz. More preferably, the high pass filter is configured
to have aPieifraRly.the P@ﬁ%%ym&fls%'&%wrﬁ%‘F@t&m%%%%%@ r?%wegag SFfePer i s
conf i gur eghcb ik @ndof dh e@idlisitihaneiergfic; baAQ kgnarbic range characteristic.

Preferably, the speaker further comprises an amplifier configured to amplify the

20  processed signals.
Preferably, the processing unit includes a wireless receiver o receive the L and R signals.

Preferably, the left channel signal has a junction which splits the left channel signal into
25  afirst portion and a second portion. More preferably, the first portion signal is processed
by a high pass filter, an equaliser, an all pass filter and a dynamic range control; and the
second portion signal is processed by a high pass filter, an equaliser, a low pass filter and

a dynamie range control.

30  Preferably, the speaker comprises left and right drivers, and the processed left and right
channel signals are channelled to left and right drivers respectively. More preferably, the
processed right channel signal channelled to the right driver is out of phase to the

processed left channel signal channelled to the right driver.



Preferably, the speaker is coupled to a sub-woofer unit, the sub-woofer

unit conprises a |low frequency effects channel fornmed by a conbi nati on of
the L and R audi o signals. Preferably, the sub-woofer unit conprises a
processing unit including any one selected 10 fromthe group: a high pass

filter, a lowpass filter, an equalisear, and a dynam c range control.
Preferably, the low pass filter has a cut-off frequency of 70-200Hz. 15

Preferably, the sub-woofer has 12dB boost at about 180Hz. |In accordance
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equal i ser, and a dynam c range control. Preferably, the |left channel signal
is split into first portion and a second portion. re 30 preiﬁer bly, the
first porkretsrably, dhampub-wopfel it sUnPHIPs 2 MPERES PR LRI ARqlydng amnoResisiicieder , an
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i's processed Py a high pass filter, an equaliser, a low pass filter and a
dynani c r&@ig& control. 5 Preferably, the processed | eft and right channel
signals are channelled to left and right drivers respectively. Mre

prefer agL m@&g}ﬁgﬁg@gﬁ}@gdﬁ]&i&%a%%g{ﬁé@{]%kﬂjé%o%gnnel led to the right

driver he processe e signal channelled to the
right driver.

15  Preferably, the sub~woofer has 12dB boost at about 180Hz.

In accordance with a second aspect of the present invention, there is provided a method
for generating a surround sound signal in a speaker, the method comprising: (a)
receiving an audio signal having a left channel (L} signal and a right channel (R) signal;
20  (b) processing separately and independently the L and R signals to produce processed

signals; and (¢) mixing the processed signals to produce the surround sound signal.

Preferably, the processing includes: (a) filtering the L and R input signals; (b) controlling
a dynamic range of the filtered signals; and (¢) amplifying the processed signals.

25
Preferably, the signals are processed by any one selected from the group: a high pass

filter, a low pass filter, all pass filter, an equaliser, and a dynamic range control.

Preferably, the left channel signal is split into a first portion and a second portion. More
30  preferably, the first portion signal is processed by a high pass filter, an equaliser, an all
pass filter and a dynamic range control; and the second portion signal is processed by a

high pass filter, an equaliser, a low pass filter and a dynamic range control.



5 Preferably, the high pass filter filters the signal at a cut-off
frequency of 70-200Hz. Preferably, the high pass filter filters the signal
at a cut-off frequency of zooHz. 10 Preferably, the low pass filter filters
the signal at a cut-off frequency of izooHz. Preferably, the audio signals
are transmtted to the speaker wirelessly. Preferably, a portion of
the left channel signal and right charihel signal is transmtted to 15 a
sub-woofer unit. Preferably, the signals received by the sub-woofer unit

are p][ Ofeﬁ%fééalﬂ&y, tn@yro@éb@e@ﬁheﬁdd exdgdlﬁ leB#frieh Sig@A19 b ch@mﬁk}l@& t@MtSalid' ﬂigtglr , a Ihow
pass filter, an equaliser, a nam c ran ontrol . 20 Prefer y, the
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25 In accgrdance with a third aspect of the present invention, there is

provi ded Stir r ound sound system the systemconprising a transmtter for
transmmtting a left channel (L) signal and a right channel (R) signal to a
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Pref erably, € 'Ssys conprises /7 s ers. Pr the speakers are
| ocated in a single speaker enclosure. Brief Description of Figures 6 In

order thaprethMIPHRSIBRL pAsd RBE QNS TRYIE] ftulchivott RdQietporbode, readi |y put
into practical effect, there shall now be described by way of

non-limtative exanples only preferred enbodi nents of the present
i nvenio OnPrefelifblyl elslbiviplabsoflted Eltag the dignal ef eaatidrdqaendyef Rovdzonpanyi ng
illustrative figures.

Preferably, the audio signals are transmitted to the speaker wirelessly.

Preferably, a portion of the left channel signal and right channel signal is transmitted to

15 asub-woofer unit.

Preferably, the signals received by the sub-woofer unit are processed by any one selected
from the group: a high pass filter, a low pass filter, an equaliser, and a dynamic range
control.

20
Preferably, the low pass filter filters the signal at a cut-off frequency of 70-200Hz.

Preferably, the signals are transmitted to the sub-woofer unit wirelessly.

25 In accordance with a third aspect of the present invention, there is provided a surround
sound system, the system comprising a transmitter for transmitting a left channel (L)
signal and a right channel (R) signal to a speaker according to the first aspect of the
present invention.

30  Preferably, the system comprises 77 speakers.

Preferably, the speakers are located in a single speaker enclosure.

Brief Description of Figures



In the Figures: FIG 1 shows a schematic diagram of the system
according to an enbodi nent of the in invention; FIG 2A shows a bl ock

di agram of the conponents of a front right processing unit according to an
enbodi ment of the invention; 15 FIG 2B shows a gain-frequency plot for a
high pass filter of the front right prgpcessing unit of FIG 2A; FIG 2C
shows a gain-frequency plot for a first |ow pass filter of the front right
processing unit of FIG 2A; 20 FIG 2D shows a gain-frequency plot for a
second | ow pass filter of the front right processing unit of FIG 2A

FIG 3 shpws ,a block diagramaf the, c onents of front r.ight prqcessing
it o5 avore e e pis R Ba i i bERED RN ReRan SrearBERa i Bttt ne
conponent effeof, therkrsbali nbefle desateddiyngayuoid toralimiraidiengratnplea ronbmrefhirmednt ; 30
FIG 4B s . i n-fr far ! Lhter t he.front
left pr oc%gfé&?dﬁ%e%%f? %1? e‘%?%%i%‘gh%“ﬁ?‘& &5@%&?&@ Igg fg‘f}:}télhn]ge ?rgécﬁe%c§hepl ot for
a secand dcompasdngilistmtivefigutse front | eft processing unit of FIG 4A;, 5
FIG 5 shows a block diagram of the conponents of a front |eft processing
unit accordi n%_to an enbodi mrent; FIG 6A shows a bl ock di agram of the

1

conponent B 8 HZYre; ont center processing unit according to an enbodi nent;
10

FIG. 1 shows a schematic diagram of the system according to an embodiment of the
10 invention;

FIG. 2A shows a block diagram of the components of a front right processing unit

according to an embodiment of the invention;

15 FIG. 2B shows a gain-frequency plot for a high pass filter of the front right processing
unit of FIG. 2A;

FIG. 2C shows a gain-frequency plot for a first low pass filter of the front right processing
unit of FIG. 24;

20
FIG. 2D shows a gain-frequency plot for a second low pass filter of the front right
processing unit of FIG. 24;

FIG. 3 shows a block diagram of the components of a front right processing unit

25  according to an embodiment;

FIG. 4A shows a block diagram of the components of a front left processing unit

according to an embodiment;

30  FIG. 4B shows a gain-frequency plot for a high pass filter of the front left processing unit
of FIG. 44;

FIG. 4C shows a gain-frequency plot for a first low pass filter of the front left processing
unit of FIG. 4A;



FIG 6B shows a gain-frequency plot for a high pass filter of the front
center processing unit of FIG 6A FIG 7 shows a block diagram of the
conponents for a front center processing unit 15 according to an

enbodi ment; FIG 8 shows a bl ock diagram of the conponents for a side right
processing unit according to an enbodbnent; 20 FIG 9 shows a bl ock di agram
of the conponents for a side |left processing unit according to an

enbodi ment; FIG 10 shows a bl ock di agram of the conponents for a rear

right processing unit according to an enbodinent; and FIG ii shows a bl ock

di agram he, ¢ onents.for a rear. left processing.unit. according to an
erbod; mente ot SRTBCR idbe et bR Ton. 8 B CRFEFROA S AESRMRERR, ' Shovs
a sur r oungtosassing usy of BI. UAp accordi ng to an enbodi nent. The system | oo may
be wired or without wire. In other words, the transm ssion of audio signals
in the system 100 nay be carried out by neans of a wire or by any wrel ess
means SknoWF. 6 shevwren k¢l diegrapenf shaconTioaerty of effpuideflt Rresessing ugiiziccardingce 101
wirel essly aQRRainsatt 0 @ plurality 8 of speakers, and a subwoofer 109 for
surround sound generation. The signal source 101 nay be a stereo source
101. The speakers include a front |left speaker 102, a front center speaker
103, a fremt sAl $livs SPdokediag@h ofthel @epofbits 3Reakent ddhver Frotdstigg unght
speaker | oom.a rear I%f% sgqaker 107, a rear right speaker 108. The stereo
source 1CAFCPINgtBApembgdimentioner ating stereo audi o signal s such as two
channgl stereo input signals nanely, a left channel input signal in and a
right ch | wl NRU I - | . t e .there is
a wrel e?gi%?g]éesﬂé)véérag%lrg&?eggé%céip}% f?%ghfggﬁag%@g%ﬁglﬁﬁ fﬁ%ﬁtcgétl%éﬁéq%slsﬁggand t he
ri ght chawmiedf lGpea; signal 112, a front left processing unit 113, 10and an
anplifier unit 11.4. Simlarly, the front center speaker 103 has a wrel ess
receiver for receiving the left channel input signal in and the right
channel iFigut7 sioysaa blpgl diagram o tthe é?mmn%f%@é%}gfﬁ@f eRRFar E??‘P,SSl&%ldmgn
anpl i {4 eracdfidingt8 an tbddigneht;:ont right speaker 104 has a wirel ess receiver
for receiving the left channel input signal in and the right channel input
signal 112, a front right processing unit 121, and an anplifier unit 122.
FIG. 8 shows a block diagram of the components for a side right processing unit

according to an embodiment;

20  FIG. 9 shows a block diagram of the components for a side left processing unit according

to an embodiment;

FIG. 10 shows a block diagram of the components for a rear right processing unit

according to an embodiment; and

25
FIG. 11 shows a block diagram of the components for a rear left processing unit
according to an embodiment.

Detailed Description of The Preferred Embodiments

30

FIG. 1 shows a surround sound system 100 according to an embodiment. The system 100
may be wired or without wire. In other words, the transmission of audio signals in the
system 100 may be carried out by means of a wire or by any wireless means known to the

skilled person. The system 100 has a signal source 101 wirelessly connected to a plurality



20 The side left speaker 105 has a wirel ess receiver for receiving the left
channel input signal in and the right channel input signal 112, a side left
processing unit 125, and an anplifier unit 126. The side right speaker
i0o6 has a wireless receiver for receiving the |left channel input 25 signal
in and the right channel input signal gl12, a side right processing unit 129
and an anplifier unit 130. The rear |left speaker 107 has a wrel ess
receiver for receiving the left channel input signal in and the right

chan nlel f | Sipbakei<)aid a idBHNooaemeglfoﬂ sattoupd eaarisieneration.t THSAgnaA beliradio1
3oanplifier unit, 134 The regr right speaker. 1 has ,a W rel.ess receiver
For T ecel OPHEF E e Peppece iah e riiits BRBAAR ot B dPRnd: M4 A oo ihadie™ | ou
si gnal 11$ealkernegra fronghighps@ekaabnm sidé keft 5pdkenmd, anidamight §peekerunéin 138. 9
The subwo Lrele r j f I | Vi I channel
mput (L Dyt b pliRE forhh s bl PaRicl Bhe the sRE) Koblh 1136 LIS
subwodf ergqpertiag stenep andie sigaals s dvoaabpind] isterequimput sigials namely) a left

enbodi Mendign, &gt YWRWAGh £ind ¥t Shattelinh 3 sigghfbat i ng low 5 frequency
conponents of the input signals 111, 112 to be sent to all the speakers
102, 103, 104, 105, 106, 107, 108 which are connected wrelessly to the
subwoof erpl@8.frdrid 14thSpealR@ V@ o5 BRAK BRI S wikBléss FOdver f0f recdMng thOGaft dMhAinell 08 and
subwoof er, 109,. the wﬁrq%ess receiver nqé be a B%ye L&ﬁth interface and

conf i gur AP Vg 1HaRd 1he skt Fhrnngligeis WS e RrOSFERRAVS 182, 103,
104, 405, ankm andflifier d0i81nd subwoof er 109. FRONT RI GHT PROCESS UNI T

FIGs. 2Ato 2D illustrate a front right (FR) process unit 121 of the front
right (FR) 15 speaker 104 according to an enbodinent. FIG 2A shows a bl ock
di agr am o$intilady ctheploerdntestenfspeakier ang has ghwirgless) regeivercfos raesiving e {efipt i on
"A) for (WeToFpr-Pe o ' (L ER) S I front
Tgh (e ahpgigal 4 Shq eatht DR gt PR o ek QR BRI Ve T he
Lin and Rt gq7gqq)a1|a31 amplifier unit 118.

15

The front right speaker 104 has a wireless receiver for receiving the left channel input
signal 111 and the right channel input signal 112, a front right processing unit 121, and an

amplifier unit 122.

20  The side left speaker 105 has a wireless receiver for receiving the left channel input signal
111 and the right channel input signal 112, a side left processing unit 125, and an

amplifier unit 126.

The side right speaker 106 has a wireless receiver for receiving the left channel input
25  signal 111 and the right channel input signal 112, a side right processing unit 129 and an

amplifier unit 130.

The rear left speaker 107 has a wireless receiver for receiving the left channel input signal
111 and the right channel input signal 112, a rear left processing unit 133, and an

30  amplifier unit 134.

The rear right speaker 108 has a wireless receiver for receiving the left channel input
signal 111 and the right channel input signal 112, a rear right processing unit 137, and an

amplifier unit 138.



20 111, 112 wirelessly, and process the L and R signals separately and

i ndependently, and eventually produce the output which is the surround
sound signal conprising first front right (FR) signal 123 and a second
front right (FR) signal 124. The Lin signal 111 is divided or split into a
first signal 203 and a second signal 4 at node 243. 25 In a separate
signal path, the first signal 203 of the Lin signal in is passed through a
series of conponents consisting of: a first Hi gh Pass Filter (HPFl) 206, a
first Equalization Filter (EQL) 212, a second Low Pass Filter (LPF2) 218,

and a first nam c nge Control . i) 224. .The |if.ude of .| ow .
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10 After the I'ow frequency conponents are filtered, the filtered signal 209
is then directed to the EQL (212) for adjusting of the high frequency
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second fi ] IIhassed to the DRC1 (224) to apply an
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15 for digital signal processing in the sane way as the series of
conponents for the first signal 203. In particular, the third signal is
pals sed E hFIgy glazsthbﬁs 8 «b}{dck glia@fant offhe Rempondnd\sf Siromtdighit gFlg) Iirbé?& utdt gbu :Das S
Filter (HREL) L.ea first Equal L.zati, ihter (E 1 a.f.irst. Pass
Fiiter ( asmrprong fogeselte ARhAR Ry SRbal fasinaCteenfia SohP gl o py
(219) is (FYdignal 12he The BB essienyuof 121 hecanfigned $¢ taceilve B@OLID endBin sigreds phase
respojse i e id Lo i,0g.; i gig al

o gnal? pragchd AR RREhobRE LA HERIOSPRLS B indBel M Bl Pt e &
second pr eeaswly pridgpathe zpgpufimhidh i shecyimoand sennshaignsd copnpBengfishirone fir st

processedrisiIiFR) sZAkk 124 44l & 8830 $rdu® righe (Soneel 654, the 13eeRAA AL anal 204
(0.5 of tﬂ%ﬁu nl)s/?l?g;zl 2 t{gougth S|gnal42 1 (0.5%0f the Rin

e. nal in) and the 25
si gnal 1léswd§118rﬁ%§§€aaﬁ&%ﬁﬂ%&@é@ﬁé&ﬁ?@ﬂ#&}%ﬂﬁh?&&kﬂtze 33 be added to
generate a subwoofer signal 205. The subwoofer signal 205 is passed through
a series of co nents consisting.of: first Low Pass Filter PE1l) 208, a
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of the Lin signal_ iii1. After Fpr ocessi I’_lﬁ;, third processed signal 230 is
generdf edfrequency plot 231 of the HPF 206 which illustrate a curve 234. The curve 234 shows

that the HPF1 (206) has a cut-off frequency of 70 to 200 Hz. In other words, the
amplitude or gain of frequency components having a frequency of 70 to 200Hz in the

first signal 203 will be reduced to generate a filtered signal 20g.



11 The third processed signal 230 is divided at node 245 into a first
subwoof er processed signal 246 and a second subwoofer processed signal 247.
The subwoofer signal is processed in a simlar way for all of the speakers
in the surround system In a front 5 center speaker, the gain of the
subwoof er signal nmay be adjusted or inpgreased after a dynam c range control
as showmn in FIG 7. The second subwoofer processed signal 247 and the first
processed signal 226 are passed to an adder block 227 to be added to
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Similar to the processing of the Lin signal 111, the Rin signal 112 is divided into a third
signal 200 and a fourth signal 201 at node 244.

In a separate signal path, the third signal 200 is passed through a series of components
15 for digital signal processing in the same way as the series of components for the first
signal 203. In particular, the third signal is passed through the series of componenis
consisting of: a first High Pass Filter (HPF1) 207, a first Equalization Filter (EQ1) 212, a
first All Pass Filter (APF1) 219, and a first Dynamic Range Control (DRC1) 224. The
ALP1 (219) is used in the processing of the third signal 200 to optimise phase response
20  to give better centre positioning focusing. In the digital signal processing process, the
third signal 200 is processed to generate a second processed signal 228 which is

connected out of phase with the first processed signal 226.

With regards to the subwoofer, the second signal 204 (0.5 of the Lin signal 111) and the
25 fourth signal 201 (0.5 of the Rin signal 112) are passed to an adder/summation block
202 to be added to generate a subwoofer signal 205. The subwoofer signal 205 is passed
through a series of components consisting of: first Low Pass Filter (LPF1) 208, a High
Pass Filter (HPF2) 214, a second Equalizer Filter (EQ2) 220, and a second Dynamic
Range Control (DRC2) 225. FIG. 2D shows a gain-frequency plot 239 for the LPF1
30 (208). The plot 239 has a curve 242 which shows that the LPF1 (208 has a cut-off
frequency of 1200 Hz. It is appreciated that the LPF1 (208), the HPF2 (214), the EQ2
(220) and the DRC2 (225) are used in the same way as the series of components for the
first signal 203 of the Lin signal 111. After processing, a third processed signal 230 is

generated.



zo process unit 121 of FIG 2A except that the Bin signal 112 is divided at
node 343, and | ater node 344 into three signals, nanely, a first signal
306, a second signal 307 and a third signal 304. The three signals are
processed individually in the same way as the first signal 203 and the
third signal zoo of the front right prppcess unit 121 of FIG 2A. The first
signal 306 and the second signal 307 of the Bin signal 112 are processed to
generate 25 a first processed signal 334 and a second processed signal 335.
The Lin signal 111 is divided at node 345 into a fourth signal 301 and a
fifth sigpal.;3Q2. The . fourih si 01 a d th re
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divided at node 345 into a fourth signal 301 and a fifth signal 3o2. The fourth signal 301

J

and the fifth signal 302 are processed individually in the same way as the third signal

200 and the fourth signal 201 of the front right process unit 121 of FIG. 2A. In this

regard, where appropriate, the foregoing discussed with regard to Fig. 2A analogously
30  applies.

FRONT LEFT PROCESS UNIT




30 Wth regards to the subwoofer, the second signal 434 (0.5 of the Lin
signal in) and the fourth signal 403 (0.5 of the Bin signal 112) are passed
to an adder/summation bl ock 404 to be added to generate a subwoofer signal
405. The subwoofer signal 405 is passed through a series of conponents
consisting of: first Low Pass Filter (4PN 408, a Hgh 13 Pass Filter
(HPF2) 414, a second Equalizer Filter (EQ) 420, and a second Dynam c Range
Control (DRC2) 425. FIG 4D shows a gai n-frequency plot 239 for the LPFI.
(408). ThEGel M to2dYillnstpata adtony RAAFB) pddicess unitqos of tirtfrdr eighRFL) (pbdBdr has a

cut-off fre uen f 120 is appreciated that the LPFI (408), the
HPF2 (4141), &’éégo g?f;}zngﬁtd the DRC2 (425) are used in the sane way as

the series of corrponents for the subwoofer signal 205 of the FR processing
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first signal 5o0i and second si gnal 502 and | ater at node 542 into two
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signal s ( are processed 1 ndividually in the same way as the
si gnal s ofonsiang pig ﬁtﬁrﬁte‘f{tg FestBilter (FAFHL) 306, 4 Ewaézermteq FQhpwe, adisl d,

wher e;APPAIPPhésAtiRer (tmlj 918908 AFirg 9%@@%%6 boﬁteaqmtc&mﬂ gTheéthird
anal OgOUS| na?%%lzl Cf{m qualTnz is passeclf R%E%l a senes otl components for digital

signal processing consiting of: a first High Pass Filter (HPF1) 407, an Equalizer Filter
(EQ1) 413, a second Low Pass Filter (LPF2) 419, and a Dynamic Range Control (DRC1)
424.

20
The Lin and Rin signals 111, 112 are processed in the same way as the Lin and Rin signals
in the FR process unit (121, 300) to generate a first front left (FL) signal 115 and a second
front left (FL) signal 116 except that in the FL process unit 400, there is a switch over in
components, i.e. the first All Pass Filter (ALP1) 418 and the second Low Pass Filter

25 (LPF2) 419. This means that first signal 401 of the front left (FL} process unit 400 will
be passed to the ALP1 (418) instead of the LFP2 (419) when front left (FL) process unit
400 is activated. When the front left process unit 400 is activated, the first signal 401 of
the Lin signal 111 is driving the ALP1 (418). The ALP1 (418) is used to optimise phase
response to give better centre positioning focusing.

30
With regards to the subwoofer, the second signal 434 (0.5 of the Lin signal 111) and the
fourth signal 403 (0.5 of the Rin signal 112) are passed to an adder/summation block
404 to be added to generate a subwoofer signal 405. The subwoofer signal 405 is passed
through a series of components consisting of: first Low Pass Filter (LPF1) 408, a High



configured to receive the Lin and Rin signals 111, 112 wrelessly, and
process the L and R signals separately and i ndependently, and eventually
produce the output which is the surround sound signal conprising first
front center (FC) signal 641 and a second front center (FC) signal 642. 5
The Lin signal 111 is divided into a %grst signal 649 and a second signal
602 (0.5 of Lin signal in) at node 64 The first signal 649 is further
divided into a third signal 623 and a fourth signal 601 at node 644. The
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at node 648. 20In a separate signal path, the fifth signal 603 is further
di vided at node 644 into a sevent nal , and an. ht .si gpnal 608. The
sevent h g[i“g reg9Ed, AYSRERE HAPPFARTI r’%‘? ’?501615 %ﬁ“@seﬂawﬁd%%a&d tﬁ%ul at or
bl ockio60%nalvgoeshesmglies.a accunul at ed signal 645. The signal 645 is passed

t hrough a series of conmponents consisting of: a H gh Pass Filter (HPF1)

626, an Equalizer Filter (EQB) 6n and an Al Pass Filter (ALP2) 612. FIG
6B 25 shows a gai n- frequency pl ot 643 of the HPF1l whereby a curve 646

iITustrat@gs Lhahok Q?aiﬂp ?él% Rofida RF thd IPAUEBEY othe :{E‘%%cess:r et 68 (6n) s
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procegsed By) kbBBo3RI | €s of conponents, the processed signal 620 is divided

at node j? to generate a left i-0.5 input signal 621 and a right +0.5

i nput signal 30622. The left +13.5x input signal 621 and the right -0.5Xx
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gener at ed4ad) it lmod 4.t i nput . The signal 625 is passed t hrough a series of
conpgpents consisting of a High Pass Filter (HPFl) 626 and an Equali zer
Filter (EQ4) 628 and a Dynanic Range Control (DRCi) 636 to enerate a
pr ocessedfl&. §abow 63 Wﬂbpdinafﬂ%fpﬁaﬂf@m eft (g arocper unitaoa ofdhe irgmitlelt ppaaker o
processed,gsi R af3deidtsd ARReRAEBEk RftRbcdBd ¥hilGoo is the same as the front left

process unit 400 of FIG. 4A except that the Lin signal 111 is divided at node 541 into first

signal 501 and second signal 502, and later at node 542 into two signals, namely, a third

25 signal 545 and a fourth signal 546. The three signals (501, 545, 546) are processed
individually in the same way as the signals of the front left process unit 300 of FIG. 4A.
In this regard, where appropriate, the foregoing discussed with regard to Fig. 4A

analogously applies.

30
FRONT CENTER PROCESS UNIT

FIG. 6A show an embodiment of a front center (FC) process unit 600 of the front center

speaker 103, Similar to the processing units described above, the FC process unit 600 is



5 and is processed in the sanme way as the processed signal 625. The signal
631 i s passed through a series of conponents consisting of a H gh Pass
Filter (HPFl) 632 and an Equalizer Filter (EQ4) 634 and a Dynam c Range
Control (DRCl) 636 to generate a processed signal 638. The EQ 4 (628, 634)
enhances the md frequency to give a ti)%tter defined vocal scene. 10 The
processed signal 637 and the second subwoofer signal 619 is passed to an
adder bl ock 640 to generate a first Front Center (FC) signal 641 The
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810. {41 p@itrgWi4fa sbdvadiEdualizesi TRad (1D 615, & Weddngrpgiaviidedngd copdq 846
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seventh signal 605 and an eight signal 608. The seventh signal 605 and the fourth signal

601 are passed to an accumulator block 609 to generate a accumulated signal 645. The
signal 645 is passed through a series of components consisting of: a High Pass Filter
(HPF1) 626, an Equalizer Filter (EQ3) 611 and an All Pass Filter (ALP2) 612. FIG. 6B
25 shows a gain-frequency plot 643 of the HPF1 whereby a curve 646 illustrates that the
HPF1 has a cut off frequency of 180Hz. The EQ3 (611) is catered for the driver frequency
response and the ALP2 (612) is to optimize the phase difference so as to provide better
focusing. After being processed by the series of components, the processed signal 620 is
divided at node 647 to generate a left +0.5 input signal 621 and a right +0.5 input signal
30 622,

The left +0.5x input signal 621 and the right -0.5x input signal 622 are mixed with a
+0.75x left signal 623 and a +0.75x right input signal 606 at an accumulator block 624,

and at an accumulator block 630 respectively. With the mixing completed, a processed



io -frequency conponents of the filtered signal 817 to generate an

equal i zed signal 823. The equalized signal 823 is passed to the ALP]. (826)
to generate a second filtered signal 829. The ALP1l (826) is used in the
processing of the signal 823 to optim se phase response to give better
centre positioning focusing. The second filtered signal 829 is passed to
the DRC1L (832) to apply an appropriate gain so as to generate a first
processed signal 834 15(+1). In a separate signal path, the third signal
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FC process unit 700 processes the Lin signal 111 and the Rin signal 112 in a similar way

to the FC process unit 600 of FIG. 6A except that there is further mixing after a dynamie
range control of the respective signals and the subwoofer signal is also mixed after digital

20  signal processing.

SIDE RIGHT PROCESS UNIT

FIG. 8 shows a block diagram of the components of a side right (SR) process unit 800 of
25  the side right (SR) speaker 106 according to an embodiment.

The side right (SR) process unit 800 generates the output surround sound signal
comprising a first side right (SR) signal 841 and a second side right (SR) signal 842. The
SR process unit 800 is configured to receive the Lin and Rin signals 111, 112 wirelessly,

30 and process the L and R signals separately and independently, and eventually produce
the output which is the surround sound signal comprising first side right (SR) signal 841
and a second side right (SR) signal 842. The Lin signal 111 is divided or split into a first
signal 801 and a second signal 802 (+2L-R) at node 843. The Rin signal 112 is divided
into a third signal 803 and a fourth signal 804 at node 844.



FIGS. 9, in and nillustrate a side left (SL) 900, rear right (RR) 1000 and
rear left (RL) noo process units respectively. The signal processing in
each process unit is simlar to that descriptionin FIG 8 for the side
right (SR) process unit 800. In an alternative enbodi nent of the invention,
the speaker is capable of having placggent information associated with a

pl acement of the speaker within a surround sound environnment. The speaker
is then capabl e of producing a placenent specific 15 output signal
associated with the placenent of the speaker Wi thin the surround sound
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channg} (td).signal and a right channel (R) signal;

in a separate signal path, the third signal 803 is passed through a series of components
for digital signal processing in the same way as the series of components for the first
signal 801. In particular, the third signal 803 and the signal 801 are passed to an adder
20  block 806 to generate a signal 807. The signal 807 is divided at node 845 into a first
signal 808 and a second signal 80¢. The first signal 808 is passed through the series of
components consisting of: a first High Pass Filter (HPF1) 815, a first Equalization Filter
(EQ6) 821, a Low Pass Filter (LPF2) 827, and a first Dynamic Range Control (DRC1) 832
to generate a second processed signal 835 which is out of phase with the first processed

25 signal 834.

With regards to the subwoofer, the second signal 809 (0.5 of the signal 807) and the
signal 812 (0.5 of the signal 810} are passed to an adder/summation block 847 to be
added to generate a signal 813. The signal 813 is passed through a series of components
30  consisting of: first Low Pass Filter (LPF1) 816, a High Pass Filter (HPF2) 822, a second
Equalizer Filter (EQ2) 828, and a second Dynamic Range Control (DRC2) 833. After
processing, a subwoofer signal 837 is generated and is divided at node 850 into a first

subwoofer processed signal 837 and a second subwoofer processed signal 838.



(b) process separately and i ndependently the L and R audio signals to
produce processed signals; and ro(c)m x the processed signals to produce

t he surround sound signal. 2. The speaker according to claim 1, wherein the
processing unit is further configured to filter the received audi o signal
such that the surround signal is filtq§ed. 15 3. The speaker according to
any one of clainms 1 or 2, wherein the processing unit is further configured
to process the received audi o signal according to one of: an equalisation
char act erTlsd secondasnbweofelypretdssed sigipb sshaidbie Grst processed signal 844 atdyeessgdeaker

according to n f the preceding.clai furt ri.Si n 20
et Blely B TR R et e e R R e e o
accor di ngprocesagtysigmad 8F andhhepeemedimepssddaiigre] Sgtharegiansettie apraddeddoakg uni t

includesg%t Ogﬁﬂﬁﬁ&thg%%éﬁﬁﬁd%ﬁ%hggﬁjﬂﬁﬁﬁggﬁL and R signals. 25 6. The

speaker ordi ng any recedi ng ¢l ai ns, wherein the left channe
signal5 has a junction which splits the left channel signal into a first

portion agithrey I8¢ QRARPAGHTOAND REMELEBPERKSCESPCERITH ng to claim 6, wherein
the first portion signal 1S procéessed by 30 a high pass filter, an

equaliser, an all pass filter and a dynam c range control; and the second
portion SF@sab, cSandl@Gassatk Hsidalehti (81) RS Fedririghe (RRPIb 0BG rb &S (RL) OW pass
filter and a d%nanic raqgﬁﬂgﬁnHﬁpl. éQ 8. The.speaker accardin%ﬂto any one
of the prHOGAFES I FESPGH e The cismabpracionine Jg R RaeeSy WP IS iy iy
drivercs, thatlddstréptizmdna &G Rifok efetsideright (IR)tprodessunet 8acd.gnal s are channelled to
| eft and right drivers respectively.

In an alternative embodiment of the invention, the speaker is capable of having
placement information associated with a placement of the speaker within a surround
sound environment. The speaker is then capable of producing a placement specific

15  output signal associated with the placement of the speaker within the surround sound
environment. The speaker of this embodiment will have a processing unit capable of
carrying out the processing of audio signals described above. However, in addition to the
above description, the processing unit is further configured to process the received audio
signal including the L signal component and the R signal component in association with

20 the placement information to produce the placement specific output signal. This requires
the placement information to be received by the processing unit from an external source
based on a unique identifier associated with the receiver. The placement information
may include a relative placement of the speaker compared to one or more additional
speakers placed within the surround sound environment.

25
Appreciably, where similar, the foregoing discussed with regard to Fig. 2A and/or Fig. 4A
applies analogously to Fig. 5 to Fig. 11 as appropriate.

Whilst there has been described in the foregoing description preferred embodiments of
30  the present invention, it will be understood by those skilled in the technology concerned
that many variations or modifications in details of design or construction may be made

without departing from the present invention.
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CLAIMS

1. A speaker for generating a surround sound signal, the speaker comprising:
a processing unit configured to:
(a) receive an audio signal having a left channel (L) signal and a right
channel (R) signal;
(b) process separately and independently the L and R channel signals to
produce processed L and R channel signals; and
() mix the processed L and R channel signals to produce the surround
sound signal, and
a subwoofer unit comprising a low frequency effects channel formed by a
combination of the received L. and R channel signals, wherein the
subwoofer unit produces a first subwoofer processed signal and a second
subwoofer processed signal,
wherein mixing the processed L and R channel signals comprises:
mixing the processed L channel signal with the second subwoofer
processed signal; and
mixing the processed R channel signal with the first subwoofer processed
signal, and
wherein the surround sound signal is generated based on at least one of mixing
the processed L signal with the second subwoofer processed signal and

mixing the processed R signal with the first subwoofer processed signal.

2, The speaker according to claim 1, wherein the left channel signal has a junction
which splits the left channel signal into a first portion and a second portion; wherein the
first portion signal is processed by a high pass filter, an equaliser, an all pass filter and a
dynamic range control; and the second portion signal is processed by a high pass filter,

an equaliser, a low pass filter and a dynamic range control.

3. The speaker according to any one of the preceding claims, wherein the speaker
comprises left and right drivers, and the processed left and right channel signals are

channelled to left and right drivers respectively; and wherein the processed right channel
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signal channelled to the right driver is out of phase to the processed left channel signal
channelled to the left driver.

4. The speaker according to claim 2 or 3, wherein the high pass filter is configured

to have a cut-off frequency of 70-200Hz.

5. The speaker according to any one of claims 2 to 4, wherein the low pass filter is

configured to have a cut-off frequency of 1200Hz.

6. The speaker according to any one of the preceding claims, wherein the subwoofer
unit comprises a processing unit including any one selected from the group: a high pass

filter, a low pass filter, an equaliser, and a dynamic range control.

7. The speaker according to claim 6, wherein the low pass filter has a cut-off

frequency of 70-200Hz.

8. The speaker according to any one of the preceding claims, wherein the subwoofer

unit has 12dB boost at about 180Hz.

0. The speaker according to any one of the preceding claims, further comprising;:

an adder block to mix the processed L channel signal with the second subwoofer
processed signal, and

another adder block to mix the processed R channel signal with the first

subwoofer processed signal.

10. The speaker according to any one of the preceding claims, wherein processing
separately and independently the L and R channel signals comprises processing
separately and independently either a combination of or only the L. and R channel signals

to produce the processed L and R channel signals.

11. The speaker according to claim 1, wherein the subwoofer unit comprising the low
frequency effects channel formed by the combination of the received L and R channel
signals, summed to produce a main subwoofer signal, wherein the subwoofer unit passes

the main subwoofer signal through a series of components for digital signal processing,
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the components comprising a Low Pass Filter, a High Pass Filter, an Equaliser Filter and
a Dynamic Range Control, to generate a processed signal, wherein the processed signal is
divided to produce the first subwoofer processed signal and the second subwoofer

processed signal.

12. A method for generating a surround sound signal in a speaker including a
processing unit, the method comprising:

(a) receiving with the processing unit an audio signal having a left channel
(L) signal and a right channel (R) signal;

(b) processing with the processing unit separately and independently the L
and R channel signals to produce processed L and R channel signals;

(c) producing, based on a combination of the received L. and R channel
signals, a first subwoofer processed signal and a second subwoofer
processed signal;

(d) mixing the processed L channel signal with the second subwoofer
processed signal; and

(e) mixing the processed R channel signal with the first subwoofer processed
signal,
wherein the surround sound signal is generated based on at least one of

mixing the processed L channel signal with the second subwoofer processed

signal and mixing the processed R channel signal with the first subwoofer

processed signal.

13. The method according to claim 12, wherein processing includes:
(a) filtering the L and R channel signals; and

(b) controlling a dynamic range of the filtered L and R channel signals.

14. The method according to claim 12 or 13, wherein the L and R channel signals are
processed by any one selected from the group: a high pass filter, a low pass filter, all pass

filter, an equaliser, and a dynamic range control.

15. The method according to any one of claims 12 to 14, wherein the left channel
signal is split into a first portion and a second portion; and wherein the first portion

signal is processed by a high pass filter, an equaliser, an all pass filter and a dynamic
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range control; and the second portion signal is processed by a high pass filter, an

equaliser, a low pass filter and a dynamic range control.

16. The method according to any one of the claims 12 to 15, wherein the processed
left and right channel signals are channelled to left and right drivers respectively; and
wherein the processed right channel signal is channelled to the right driver out of phase

to the processed left channel signal channelled to the left driver.

17. The method according to any one of claims 12 to 16, wherein the first subwoofer
processed signal and the second subwoofer processed signal are produced by being
processed by any one selected from the group: a high pass filter, a low pass filter, an

equaliser, and a dynamic range control.

18. The method according to claim 17, wherein the low pass filter has a cut-off

frequency of 70-200Hz.

19. The method according to any one of claims 12 to 18, wherein the audio signal is

transmitted to the speaker wirelessly.

20. The method according to any one of claims 12 to 19, wherein processing
separately and independently the L and R signals comprises processing separately and
independently either a combination of or only the L and R signals to produce the

processed L and R signals.

21. The method according to claim 12, further comprising

summing the received L and R channel signals to produce a main subwoofer
signal;

generating a processed signal by passing the main subwoofer signal through a
series of components for digital signal processing, the components comprising a Low
Pass Filter, a High Pass Filter, an Equaliser Filter and a Dynamic Range Control; and

dividing the processed signal to produce the first subwoofer processed signal and

the second subwoofer processed signal.
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22. A surround sound system, the system comprising a transmitter for transmitting

the audio signal to the speaker according to any one of claims 1 to 11.

23.  The system according to claim 22, wherein the system comprises 7 speakers.

24.  The system according to claim 23, wherein the speakers are located in a single

speaker enclosure.



