-1-  CONTRO|ggblubet 'IT FOR A SPATI AL STEREO EXPANDER Background The pré‘g’éﬂ“*ms 4
invention.relates to spatial expgnsi‘onof: the 5. ap‘paren-t---~-spa0| RC AbeBOLHIS -
‘two _gtereophonic | oudspeakers, ‘and ' nor e : partl’cul arlays -t%--provi di ng

st@“eo sound without spati al expe( si.on. when: the...'.’.‘.spaced ap’ért di stance

between: a pair oiCONITRORE 'FREQD BRPANDER!
expansi on is not deSired. Spatla--_ stereo ex_p,ar;s”l.pn___l__n__,gu___,l_.q._systems is well

known in 1 0 the art and has been avaii-abie-for- ‘many “years.. In such
systenms, th@84aekgraudri ght channel signals are processed in a manner so

that it The present invention relates to spatial expansion of the
apparent spacing between two stereophonic loudspeakers, and more
particularly, to providing stereo sound without spatial expansion when
the spaced-apart distance between a pair of loudspeakers is-
sufficiently large so that expansion is not desired.
Spatial stereo expansion in audio systems is well known in
10 the art and has been available for many years. In such systems, the
left and right channel signals are précessed in a manner so that it
appears to the listener that the distance of separation. of the
loudspeakers is much greater than the actual physical separation of the
loudspeakers. This is called psycho-acoustic expansion. Examples of
15 spatial stereo expansion are shown in U.S. Patent Nos. 4,495,637 of
Bruney, and 4,831,652 of Anderson. In such spatial expansion systems,
a portion of the signal from one channel is added in reverse phase to
the signal of the other channel such that an ambience of spaciousness is
introduced between the left and right channels. This ambience of
2 0 spaciousness is independent of any separation 'in the original signal of
the two channels. This feature has the desirable characteristic of
making the acoustic perceived stereo image seem wider than the actual
locations of . a pair of stereophomnic loudspeakers. This is particularly
"desirable for the normal spacing of loudspeakers built into a cabinet of
25 a television receiver or small radio, where. the stereo speaker spacing
between loudspeakers. is typically only about 26-80 cm. apart. In such
an arrangement, the perceived stereo effect is greatly improved with
the perceived spatial expansion of the loudspeakers.
- One well known method of increasing the perceived spatial
30 expansion between stereophonic loudspeakers is by increasing the (L-
R) signal level with respect to the (L+R) signal level when the signals
are applied to the decoder matrix to form the L and R signals.
"An undesirable effect of the spatial "expanded stereo" is
that the (L-R) ambiance sound can be too loud. compared to the (L+R)
35 sound, often resulting in a center-stage vocalist between "drowned out”
- by the ambiance sound, or by the tonal variations between stereo and
monophonic modes being large in extent. These objections, particularly
the latter, can be more noticeable when using the auxiliary hi-fi output
jacks sometimes provided in a TV sound system where the L and R
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appears tOml.@@ig |istener that the distance of separation of the -
| oudspeakers i‘'s much greater than the actual physical separation l@tﬁ# hgﬁ 705
| oudspeakers. This is called psycho-acoustic expansion. Exanpl €s 0

spatial stereo expansion are shown in U S. Patent Nos. -4, 495,637 .of Bruney,
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ot her channelys¢emh t hat an anbi ence of spaci ousness is introduced between

the left and right chgyelipe ahBive ggg(ﬁgcelto 2d931|r§191fic't8“§ﬁ‘8§?d Sa stereo

i ndependent of any separation jn the origlnal the'two els
Thi s feat ur Sig6al TWiheus SERHAl CoRPARSIOR| $R; 8 SYSIeR wehiche PAOY dor the

percei vesl stspaial i §RIEo SERPANEiIOAr WheD i&bﬁlﬁ@'yul’éudspeakers are used. When
auxiliary loudspeakers are used, i.e., loudspeakers disposed external of
the television cabinet, these auxiliary loudspeakers can be placed at
spaced-apart distances much greater in extent than the loudspeakers of
the television receiver cabinet. For such a case, the rationale for using

10 spatial expanded stereo is no longer applicable.

Summary of the Invention
Briefly, the present invention relates to a stereophonic

audio processing system having left and right stereophonic sound
15 channels with respective loudspeakers therefor. The system is
provided with spatial expansion of the stereophonic sound so that a
first pair of spaced-apart loudspeakers will acoustically appear to be
spaced further apart then they actually are. The audio system is
provided with provisions for connecting a second pair of loudspeakers
2 0 which can be spatially located at a distance between the second pair of
loudspeakers which is larger than the first pair of loudspeakers. The
audio system is provided with apparatus for providing stereo sound
without spatial expansion when such secondary, loudspeakers are used.

25 Brief Description of the Drawings
Reference can be had to the drawings wherein like
members are given like numerals and wherein:
~ FIGURE 1 shows a block diagram of a television receiver
having a stereophonic audio system. -
30 _ FIGURE 2 shows a partial block diagram of the television
receiver of FIGURE 1 according to aspects of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

FIGURE 1 shows a commonly available television receiver,
35 generally designated 10. A broadcast television signal received by an
antenna 12 (or coupled to the receiver via a cable television system) is
appliéd to a tuner 14 for channel selection. Tuner 14 converts a
selected one of a plurality of received television signals from its
reépective broadcast frequency to a common intermediate frequency
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| ocations of a.pair of stereophonic |oudspeakers. This is particularly
desirable for ‘the normal spacing of |oudspeakers built into a call@a 86,205
5 "a television receiver or small radio, where: the stereo speaker spacing
bet ween | oudspeakers: is typically only about 26-80 cm apart.. I:n such an

arrangenent (IF)he PR¢ CHH \feesdreye eelebiston :ugnglr éatdpphedprtovsdvmebhamdhesound
ncr casi ng fhe it kb vBIMERaBrafies ¥ GRERARY idh Monal R8T oR efery
| oudspeaker snodulayed n€ FdM3i lguntie darrieRr) sﬂ@hml videce! anidt mudiepedgnals t are
(57 oo ke i e S WP 4G it
stereo" § s circuitry including a v1deo display dev1ce (not sh own A stereophonic
sound audio signal is detected from the FM sound carrier by an FM
detector 18 and applied to a stereo decoder 20.
Stereo decoder 20 provides an L+R stereo sum signal and an
L-R stereo difference signal. The (L+R) stereo sum signal is de-
1 0 emphasized in a deemphasis unit 22 (i.e., a low pass filter having an
appropriate time constant) and applied to one input of a stereo
matrixing unit 24 in which the original left (L) and right (R) stereo
signals are reconstructed. The (L-R) stereo difference signal from
stereo decoder unit 20 is applied, in the exemplary embodiment, to an
15 expander unit 26. In the exemplary embodiment, expander unit 26
corresponds to a full DBXTM expander. However, such an "expander” is
incidental to the present invention, and any expander or no expander
can be used. Such a type of "expander” provides a complementary
signal processing of a signal compander applied to the audio signal at
2 0 the signal source in order to provide noise reduction in the (L-R) signal.
In the present embodiment, expander 26 is an amplitude and spectral
- expander which also provides deemphasis for the (L-R) signal. This
amplitude and/or spectral expansion is ihdependent of the spatial
expansion 'di_scussed below which is the subject of the present
25 invention. The amplitude andfor spectral expanded (L-R)stereo
difference signal is applied to the other input of stereo. matrix unit 24.
The reconstructed left (L) and right (R) stereo signals are applied to
stereo audio amplifier unit 28 for amplification and ultimate
repro'duction in a dual speaker unit 30.
30 - It is" well known that a spatial stereo expanded effect can
- be achieved by providing a level of the (L-R) signal to matrix 24 which
is greater than the (L+R) signal also provided to matrix 24. For the
reasons discussed above, it is desirable to defeat this spatial expansion
effect when auxiliary loudspéakers are connected to the apparatus
35 since these loudspeakers can be physically spaced at distances greater
than the original loudspeakers, which typically are provided within the
confines of the cabinet. Also as discussed above, when external
loudspeakers are used which can be spaced apart further than the
loudspeakers internal to the cabinet, it is desirable to provide these
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that the -(L- R) _Iam_)i ance sound can be too | oud conpared to the (L+R) 3 5
sound, often resulting in a center-stage vocalist between "drowneﬂé)xt "32)605
9

the anbi ance sound, or by the tonal variations between stereo and
nmonophoni c nodes being large in extent. These -objections, particularly the

somet | moe. provEBal | oudsPaKesohe 1 BiRTeantENthdvies w0 Stéiso LSatigls
can be appl eegan$iom hi gh quality stereophonic reproduction

Referring now to FIGURE 2, there is shown the exemplary

embodiment for selectively providing a stereo signal without spatial

S stereo expansion when external loudspeakers are provided. Stereo

decoder 20 provides an output (L-R) signal at an amplitude greater

than the output. (L+R) signal out with both of the signals being provided

to the stereo matrix 24. The increased amplitude of the (L-R) signal

can be provided in many ways, e.g., with additional amplifier gain or

10 decreased feedback (not shown). The emphasis network 22 and

expander network 26 are not shown in this drawing, and if used, can

be appropriately placed in accordance with FIGURE 1. The relatively

increased amplitude (L-R) signal is provided to stereo matrix 24

through an attenuator 32 made up of resistors 34, 36, and 38, with

15 resistor 38 coupled to ground. In the spatial expansion mode, the (L-R)

signal provided to stereo matrix 24 is attenuated by the sum of

resistors 36 and 38 divided by the sum of resistors 34, 36 and 38. In

this manner the increased amplitude of the L-R signal can be precisely
determined. | |

20 In the exemplary embodiment, a second pair of

loudspeakers :can be used by providing the stereophonic signals to

external loudspeakers and/or amplifiers (not shown). A switching jack

40 is provided with a contact 42 for coupling the R signal from the

decoder matrix 24 to the external system. Switching jack 40 is

25 arranged with a insulating contactor 44 which mechanically short-

circuits contact 46 with contact 48 when a: plug (not shown) is

physically inserted into jack 40. In such an event, contacts 46 and 48

short circuit resistor 38 changing the attenuation ratio of attenuator 32.

In the plug inserted mode, the amplitude of the (L-R) signal provided

30 to stereo matrix 24 is the ratio of resistor 36 divided by the sum of

resistors 34 and 36. In this mode, the (L-R) signal provided to stereo

matrix 24 is reduced to the extent that the amplitude is equal to the

amplitude of the signal (L+R) provided to the stereo matrix. With equal

amplitudes of signal (L+R) and (L-R), the spatial expansion effect for

35 the stereophonic sound is not produced. Thus, when the stereophonic

signals are provided to external loudspeakers and/or amplifiers with

the external loudspeakers capable of being spaced apart at distances

sufficient to give a better stereophonic effect, the spatial expansion

which is no longer necessary, is not provided. ST
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system For the above reasons, it is desirable to provide a stereo signa

wi t hout spatial expansion in a system which provides for the 5 P%F'§k7o~
st éreo expansion when auxiliary |oudspeakers are used. When auxr ary

| oudspeakers are used, i.e., |oudspeakers di sposed external of the

Spaced- apart di et RS e ol SEREE Rt ORI DRSS Rl andt v
tel evi si on sedithing odbithet attEnuamlckzaa daste,ast hzeeHaﬂmeormbmdc:d usithg deft
spat i al - expapdedeSter Gl %anhéoﬂgﬁE é’lP#Jne?ab'IF sh%MHaEVs be! AStdd"VeRAt | @R

Briefly, the present inven stereop
external loudspeakers and/or amplifiers can be connected through

S non-switching jacks or terminals with a panel selector switch being

provided for selecting such second pair of loudspeakers and/or

. amplifiers. In such a case provision can also be made for the providing

of stereophonic signals to the second pair of loudspeakers and/or

amplifiers without spatial expansion. It should also be noted that ‘the

10 present invention can be used with FM stereo radios or the like,
wherein the stereo loudspeakers are closely spaced apart.
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audi o processing systemhaving left and right stereophonic sound 1 5
channels with -respective |oudspeakers therefor. -The SREANRG 795

provi ded with spatial expansion of sound so that a first
pai r of spaced-apart Ioudspeakers “ﬂlammmﬂuﬂrnm appear to-be spaced
further-apariafVpgn they actually aret ¢The aadi® system is provided wt
provi sions for connecting a second pair of |oudspeakers 2 0 which can be
spatially located at a distance between the second pair of |oudspeakers

which is larger thanit heAbpaﬁetmp%(smphsmg}dspeakers The audi o system is
provi ded with apparaju

8 ng._stereo sound V\n(tzg)ogﬁ) antlal
expansi on when such 85% 9'9 &) b%p@raﬂ?&s?nér Ny Pf ef
Descri pt i opraofidirge IBfnvandysight stereo sound channels to respective

loudspeakers,
means (20,24) for providing the left and right stereo
sound to a first pair of loudspeakers,
means (20,24) for prov1d1ng spatial expansion of the
10 stereo sound,
means (20 24,40) for providing the left and right stereo
sound to a second pair of loudspeakers, and characterized by
means (20,24,32,40) for providing stereo sound without
( spatial expansion when the stereo sound is provided to the second
15 pair of loudspeakers.

2. The apparatus of claim 1 characterized in that the
apparatus comprises a portion of a television receiver.

20 3. The apparatus of claim 1 characterized in that the first
pair of loudspeakers are disposed within a cabinet with a first
spaced apart distance, and the second pair of loudspeakers are
disposed external of the cabinet with a second spaced apart distance
which is greater than the first spaced apart distance.
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Ref erence can be had to the drawi ngs wherein |ike nenbers are given |ike

nuneral s and wherein: FIGURE 1 sho of ate

recei wer having a stereophonic aUd\Aﬂmm"ﬂmIE"ﬁf [“T i{QJ'V%Lf}%ﬁ“?gsshovvs
a ppartial block diagram of the tel ewi scomrencelsver* of FIGURE 1 according
to aspects of the present invention. DETAILED DESCRI PTI ON OF THE PREFERRED
EMBODI MENT FI GURE 1 shows a conmmonly avail able tel evision receiver, 35

general |y desi gnat ed4. 10AppArdins acemprisirg:evi si on signal received by an
moLenns 12 (o7 oupl S GphRe SRR Shraledehe TN ST Brvsten 1
providing left and right stereophonic sound channels to respective
S loudspeakers, said left and right sound channels being derived from
(L+R) and (L-R) signals.
means (20,24) for providing the left and right stereo
sound to a first pair of loudspeakers, _
means (20,24) for providing spatial expansion of the
10 stereo sound, said expanded stereo sound providing the (L-R) signal
to a decoder matrix (24) at an amplitude greater than the (L+R)
signal is -provided to the decoder matrix, ’
means (40) for providing the left and right stereo sound
channels to second pair of loudspeakers, and characterized by
15 ' means (20,24,32,40) for providing stereo sound without
spatial expansion when the stereo sound is provided to the second
pair of loudspeakers.

5. The apparatus of claim 4 characterized in that the
20 defeating of the expansion of the stereo sound includes means
 (32,40) for equahzmg the amplitudes of the (L R) and (L+R) signals
fed into the decoder matrix.

6. The apparatus of claim 4 characterized in that the
25 means for equalizing comprises a switching jack (40) which is
switched upon insertion of a plug into the jack.

7 The apparatus of claim 5 characterized in that the
reduction of amplitude of the (L-R) signal is provided by an
30 attenuator (32).
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sel ected one of a plurality of received tel evision si gnhals fromits
respecti ve broadcast frequency m j Hm rrnedi at e fRE(ClAleBGWOS - 3-

(IF).. The I F frequency televi sul L“‘ ﬂﬁ"lﬂﬂlll R Fed to a video and sound I F
uni t 16 which produces a baseband vi‘deb sfgnal “and a frequency nodul ated

(FM sound carrier. g, TReté’lbd?ﬁoﬁm&c%%roc%gﬁﬁhﬁ are separated, and'the
vi deo signals are ap lied &gﬁ 0 Si gnal, C

ess circuitry
i ncluding a video d| PhdPCeHYNA) & Slﬂ“é{]g}*’é@’b&oﬂ}%“re
components mcludmg chroma and luminance, and sound
components,
5 means (16) for processing the picture components,
means (16,18,20,24,28) for processing the sound signal
components, said means comprising a sound IF means, a detector
means (18) for providing an (L-R) signal and an (L+R) signal, decoder
means (20) for producing L sound channel and R sound channel
10 signals from the (L-R) and (L+R) signals, means (28) for driving
respective loudspeakers (30) for each of the two stereo sound
channels, and a first pair of loudspeakers spaced apart a first
distance,
means (20,24) for processing the (L-R) signal to expand
15 the apparent first distance separation between the first pair of
loudspeakers, said means comprising means for providing that the
(L-R) signal to a decoder matrix (24) at an amplitude greater than
the (L+R) signal provided to the decoder matrix, and
means (40) for providing the left and nght stereo sound
20 to a second pair of loudspeakers, and characterized by
means (20,24,32,40) for providing stereo sound withont
spatial expansion when the stereo sound signal is provided to a |
second pair of lou.dspeakers.-

25 9. A television receiver having expanded stereo sound
and a first pair of loudspeakers wherein. the expansion of the stereo
sound is switched "off" upon the providing of the stereo sound to a
second pair of loudspeakers.
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sound audi o signal is detected fromthe FM sound carrier by an FM detect or
18 and applied-to a stereo decoder 20. Stereo decoder 20 pr@@p{egg%ij
stergo sumsignal and an L-R stereo difference signal. The (L+R) stereo
sum signal is de- 10 enphasized in a deenphasis unit 22 (i.e., a | ow pass

fi-l ter ‘hawpgerg propriate tinme constant) and applied to one input of a
stereo m%mé—d&npit 24 in which the original left (L) and right (R)

stereo signals are reconstructed. The (L-R) stereo difference signal
from stereo decoder AIniferdSphcniePRldes!: prdtesbimgexyIRImMr Y26/28024 PRyt , to an
1 5 expapder unit 26., Ln the exenplary enbpdi-nent, expander unit 26
cor r espondévVig ge&hl"}"q)é'kg*m SRR m%mléf,c@ﬁ’@ﬁlsanwgtgxﬁﬁwwq s
5 loudspeakers therefor is presented. The system is provided with
spatial expansion of the stereophonic sound so that a first pair of
spaced-apart loudspeakers (30) will acoustically appear to be spaced
further apart then they actually are. The audio system is provided
with provisions (40) for connecting a second pair of loudspeakers
10 which can be spatially located at a distance between the
loudspeakers which is lérger than the first pair of loudspeakers. The
audio system is provided with apparatus for providing stereo sound
without spatial expansion when such secondary loudspeakers are

used.
15
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incidental to the present invention, amfAsany expander or no expander can be
used. Such a type of "expander" proviﬂﬁ%? conpl enmentary si gnal processing
of a signal conpander applied to the audio signal at 2 0 the signal source
in"order, to provide noise reduction in the (L-R) signal. In the present
enbodi nent, expander 26 is an anplitude and spectral expander which al so
.provi des deenphasis for the (L-R) signal. This anplitude and/or spectral
expansion is independent of the spatial expansion discussed bel ow which is
t he subject of the present. 2 5 invention. The anplitude and/or

spectral expanded (L-R) stereo difference signal is applied to the other
I nput of stereo matrix unit 24. The reconstructed left (L) and right (R

stereo signals are applied to
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;"sféfeo'audio anplifier unit 28 for qﬁﬁﬁﬁﬁication and ultimate reproduction

f

In a dual speaker unit 30. 3 0 20F2 It is well known that a spatia

'stereo expanded effect can be achieved by providing a |level of the (L-R)

sighal to matrix 24 which is greater than the (L+R) signal also provided to

*matrix 24. For the reasons discussed above, it is desirable to defeat this

spatial expansion effect when auxiliary |oudspeakers are connected to the
apparatus 3 5 since these |oudsge akers can be physically spaced at

di stances greater than the orlfg ¥udspeakers, which typically are
provided within the confines_o bi net . Al so as di scussed above,
when external | oudspeakers gfgg I ch can be spaced apart further than
t he ><c:<:
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: . l. . . 1‘ o5
| gudspeakers. internal to the cabinet, it is desirable to p;g\élr ggﬁgﬁal _
1 egt?er nal .l oudspeaker with ~a stereo signal having no

_ € . P is shdyn the exenplary ... R
ye;'panSir;rg}]'."Ref:errl' eot Vel y proviging a stered ‘@ln without spatkal 5 s

i mént : .selectively providing a stered signgl v e
etngfcehcfe%al;lgirb?\ “when "éx%(ernal ﬁJoudspeakers are govr dted.r_ . ”St.c.ajr%oi deco_,.. 5.
30 provi/des an. out put (_{_R) S|gn§1at an_anpl i tude greater - - T

- R (1441

CONTROL CIRCUIT FOR A SPATIAL STEREOQ EXPANDER

Background
The present invention relates to spatial expansion of the
apparent spacing between two stereophonic loudspeakers, and more
particularly, to providing stereo sound without spatial expansion when
the spaced-apart distance between a pair of loudspeakers
sufficiently large so that expansion is not desired.

' Spatial stereo expansion in audio systems is well known in

10 the art and has been available for many years. In such systems, the

= left and right channel signals are processed in a manner so that. it

: appears to the listener that the distance of separation of the

" loudspeakers is much greater than the actual physical separation of the

loudspeakers. This is called psycho-acoustic expansion. Examples of

15 spatial stereo expansion are shown in U.S. Patent Nos. 4,495.637 of

Bruney, and 4,831,652 of Anderson. In such spatial expansion systems,

a portion of the signal from. one channel is added in reverse phase to

the signal of the other channel such that an ambience of spaciousness is
introduced between the left and tight channels. This ambience of -

20 spaciousness is independent of any separation in the original signal of

the two channels. This feature has the desirable characteristic of

inaking the acoustic perceived stereo image seem wider than the actual

locations of a pair of stereophonic loudspeakers. This is particularly

' desirable for the normal spacing of loudspeakers built into a cabinet of

_; 25 a television receiver or small radio, where: the stereo speaker spacing

" between loudspeakers. is typically only about 26-80 cm. apart. In such

an arrangement, the perceived stereo effect is greatly improved with

the perceived spatial expansion of the loudspeakers.

One ‘well known method of increasing the perceived spatial
expansion between stereophonic loudspeakers is by increasing the (L-
R) signal level with respect to the (L+R) signal level when the signals
are applied to the decoder matrix to form the L and R signals.

An undesirable effect of the spatial "expanded stereo" is
that the (L-R) ambiance sound can be too loud compared to the (L+R)
35 sound, often resulting in a center-stage vocalist between “drowned out"

by the ambiance sound, or by the tonal variations between stereo and
monophonic modes being large in extent. - These objections, pérticularly
- the latter, can be more noticeable when using -the auxiliary hi-fi ‘output.
. jacks someétimes provided in-a TV sound s_})stem where the L and R
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than the output. (L+R) signal

to the stereo matrix 24. The increased anplitude of th = aiT

be provided in many ways, e.g., with additional anplifi Mmlﬁ dgﬂ*:‘j
f eedback (not shown). The enphasis network {22 and expan

network 26 are not shown in this drawing, and if used, ._H:ah Be1 dopriom i

decr eased

out with both of the signals being provided

L

er

taly
pl aced in accordance with FIGURE 1. The relatively incfepsed anplitude
(L-R) signal is provided to stereo matrix 24 through pn—attemu
made up of resistors 34, 36, and 38, with 1 5 resistor| 38 coupled to
ground. In the spatial expansion node, the (L-R) signal provided to stéreo

matri x 24 issigngbnwearedboyappléedutn of hiadi squpldy36tepaphonigi VeEpRag usyionhe
sum of resistpsignd4, 36 and 38. In

w
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20
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For the above reasons, it is desirable to provide a stereo
signal without spatial expansion in a system which provides for the
spatial stereo expansion when auxiliary loudspeakers are used. When
auxiliary loudspeakers are used, i.e., loudspeakers disposed external of
the television cabinet, these auxiliary loudspeakers can be placed at
spaced-apart distances much greater in extent than the loudspeakers of
the television receiver cabinet. For such a case, the rationale for using
spatial expanded stereo is no longer applicable.

Summary of the Invention

Briefly, the present invention relates to a stereophonic
audio processing system having left and right stereophonic sound
channels -with respective loudspeakers therefor. The system is
provided with spatial expansion of the stereophonic sound so that a
first pair of spaced-apart loudspeakers will acoustically appear to be
spaced further apart then they actually are. The audio system is
provided with provisions for connecting -a second pair of loudspeakers
which can be spatially located at a distance between the second pair of
loudspeakers which is larger than the first pair of loudspeakers. The
audio system is provided with apparatus for providing stereo sound
without spatial expansion when such secondary. loudspeakers are used.

Brief Description of the Drawings
_ Réference can be had to the drawings wherein like
members are given like numerals and wherein:
FIGURE 1 shows a block diagram of a television receiver
having a stereophonic audio system. -

FIGURE 2 shows a partial block diagram of the television
receiver of FIGURE 1 according to aspects of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

FIGURE 1 shows a commonly available television receiver,
generally designated 10.° A broadcast television signal received by an
antenna 12 (or coupled to the receiver via a cable television system) is
applicd ‘to a tuner 14 for channel scledtion.. Tuner 14 converts a

selected one of a plurality of received television signals from its
.respective  broadcast frequency to a common intermediate frequency.



this manner the increased anplitude of the L-R signal-GaGAm}ﬂngﬁigﬁagz_
determined. 2 0 In the exenplary enbodlﬁﬂﬁﬁjﬁj ENEAHEET
pair of |oudspeakers can be used by. providing the stg

external | oudspeakers and/or anplifiers (not shown). A
Is provided with a contact 42 for coupling the R signal.
matrix 24 to the external system \%tchlng j ack 40 | sl2-5—ar+anged
with a insulating contactor 44 which nmechani cal I'y shof
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IF unit 16 which produces a baseband video signal and a frequency
modulated (FM) sound carrier. The video and audio signals are
separated, and the video signals are applied to video signal processing
circuitry including a video display device (not shown). A stereophonic
sound audio signal is detected from the FM sound carrier by an FM
detector 18 and applied to a stereo decoder 20.

Stereo decoder 20 provides an L+R stereo sum signal and an
L-R stereo difference signal. The (L+R) stereo sum signal is de-
emphasized in a deemphasis unit 22 (i.e., a low pass filter having an
appropriate time constant) and applied to one input of a stereo
matrixing unit 24 in which the original left (L) and right (R) stereo
signals are reconstructed. The (L-R) stereo difference signal from
stereo decoder unit 20 is applied, in the exemplary embodiment, to an
expander unit 26. In the exemplary embodiment, expander unit 26
corresponds to a full DBXTM expander. However, such an "expander" is
incidental to the present invention, and any expander or no expander
can be used. Such a type of "expander" provides a complementary
signal processing of a signal compander applied to the audio signal at
the signal source in order to provide noise reduction in the (L-R) signal.
In the present embodiment, expander 26 is an amplitude and spectral
expander which also provides deemphasis for the (L-R) signal. This
amplitude and/or spectral expansion is independent of the spatial
expansion discussed below which is the subject of the present.
invention. The amplitude andfor spectral expanded (L-R) stereo
difference signal is applied to the other input of stereo matrix unit 24.
The reconstructed left (L) apd right (R) stereo signals are applied to
stereo audio amplifier unit 28 for amplification and ultimate
reproduction in a dual speaker unit 30.

It is well known that a spatial stereo expanded effect can
be achieved by providing a level of the (L-R) signal to matrix 24 which
is greater than the (L+R) signal also provided to matrix 24. For the
reasons discussed above, it is desirable to defeat this spatial expansion
effect when auxiliary loudsp},akers are connected to the apparatus
since these loudspeakers can be physically spaced at distances greater
than the original loudspeakers, which typically are provided within the

confines of the cabinet. Also- as discussed above, when external

loudspeakers are used which can be spaced apart further than the
loudspeakers ‘internal to the cabinet

,"it is desirable to ‘provide these




In the plug inserted node, the arrplltude of the (L-R S|BEBLA§;EM{T«38 5
to stereo matrix 24 is the ratio of resistor 36 divided the sum -of

resistors 34 and 36. In this node, the (L-R) signal prCVI deg 1tJUls 1@beo

matrix 24 is reduced to the extent thatsthe anplitude i§ gqual to the

anplitude of the signal (L+R) provided to the stereo matjrix—Wth—equat
anplitudes of signal (L+R) and (L-R), the spatial expans

qion effect for 3 5
the stereophonic sound is not produced Thus, when the Stereophonic

signals are..Qepydd rQaly 1 Qu K s es Sk &IoS 4 t he
ext er nal Iou ‘5) e?guég‘)%}cg of e?ngt%g%gcg gga% gtg crjmsta{nces ?u IlCI ent
to, give a bet ‘H}s@f‘ereophonl c effect, the .spatial expansion which is no

| onger. necessary, is Rufepring imad.to FIGURE 2, there is shown the exemplary
embodiment for selectively providing a stereo signal without spatial

stereo expansion when external loudspeakers are provided.  Stereo
decoder 20 provides an output (L-R) signal at an amplitude greater
than the output.(L+R) signal out with both of the signals being provided
to the stereo matrix 24. The increased amplitude of the (L-R) signal
can be provided in many ways, e.g., with additional amplifier gain or
10 decreased feedback (not shown). The emphasis network 22 and
expander network 26 are not shown in this drawing, and if used, can

be appropriately placed in accordance with FIGURE 1. The relatively
increased amplitude (L-R) signal is provided to stereo matrix 24
through an attenuator 32 made up of resistors 34, 36, and 38, with

15 resistor 38 coupled to ground. In the spatial expansion mode, the (L-R)
signal provided to stereo matrix 24 is attenuated by the sum of
resistors 36 and 38 divided by the sum of resistors 34, 36 and 38. In

this manner the increased amplitude of the L-R signal can be precisely
determined.

20 In the exemplary embodiment, a second pair of

loudspeakers can be used by. providing the stereophonic signals to
external loudspeakers andfor amplifiers (not shown). A switching jack
40 is provided with a contact 42 for coupling the R signal from the
decoder matrix 24 to the external system. Switching jack 40 is

25 arranged with a insulating contactor 44 which mechanically short-
circuits contact 46 with contact 48 when a- plug (not shown) is
physically. inserted into jack 40. In such an event, contacts 46 and 43
short circuit resistor 38 changing the attenuation ratio of attenuator 32.
In the plug inserted mode, the amplitude of the (L-R) signal provided

30

to stereo matrix 24 is the ratio of resistor 36 divided by the sum of
resistors 34 and 36. In this mode, the (L-R) signal provided to stereo
matrix 24 is reduced to the extent that the amplitude is equal to the
amplitude of the signal (L+R) provided to the stereo matrix. With equal
amplitudes of signal (L+R) and (L-R), the spatial expansion effect for
35 the stereophonic sound is not produced. Thus, when the stereophonic

signals are. provided to external loudspeakers andfor amplifiers with
the external loudspeakers capablc of being spaced -apart at distances

sufficient - to ‘give-a -better stercophomc effect, the .spatial expansion
- which is no longer necessary, is not provided.



-5- It should be noted that the exenplary attenuator and the switchi ng of
fhe attenuator can just as well be provided in the |eft-chanrnret-a

the right channel. It should also be noted that the e REFLMEMBS&!SW kb s
and/or anplifiers can be connected through 5 non- swi- c Ja'“"Rs or
termnals with a panel selector switch being provided JERt 1996 uth

second pair of |oudspeakers and/or amplifiers. In su h a case prOV|s o]
can al so be nade for the providing

@
It should be noted that the exemplary attenuator and the

switching of the attenuator can just as well be provided in the left
channel as well as the right channel. It should also be noted that the
external loudspeakers and/or amplifiers can be connected through
non-switching jacks or terminals with a panel selector switch being
provided for selecting such second pair of loudspeakers and/or
amplifiers. In such a case provision can also be made for the providing
of stereophonic signals to the second pair of loudspeakers and/or
amplifiers without spatial expansion. It should also be noted that the
10 present invention can be used with FM stereo radios or the like,
wherein the stereo loudspeakers are closely spaced apart.

(7]



of stereophonic signals to the second pair of |oudspeakers and/or
afiplifiers wthout spatial expansion. It should also be notéd that the 170

present .invention can be used with FM stereo radios or theyd |
the stereo | oudspeakers are closely spaced apart. d ai nH‘l ﬂull “ﬁlﬁ”“,
si gnal processing arrangenent conprising: a source (20) sterea u s x

difference (L-R) and sum (L+R) signals, _té'u_e magni t ude of said stereo
di fference signal (L-R)

CLAIMS

1. Apparatus comprising:
stereophonic audio processing means (20,24) for
5 providing left and right stereo sound channels to respective
loudspeakers,
means (20,24) for providing the left and right stereo
sound to a first pair of loudspeakers,
means (20,24) for providing spatial expansion of the
10 stereo sound,
means (20,24,40) for providing the left and right stereo
sound to a second pair of loudspeakers, and characterized by
means (20,24,32,40) for providing stereo sound without

spatial expansion when the stereo sound is provided to the second
15 pair of loudspeakers.

2. The apparatus of claim 1 characterized in that the
apparatus comprises a portion of a television receiver.

20 3. The apparatus of claim 1 characterized in that the first
pair of loudspeakers are disposed within a cabinet with a first
spaced apart distance, and the second pair of loudspeakers are
disposed external of the cabinet with a second spaced apart distance
which is greater than the first spaced apart distance.
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bei ng greater than that of said sumsignal (L+R) matrixing neans (24) for
generating left and right channel audio signals from sai d--stereo difference
(L-R) and sum (L+R) signals; anplitude equalizi ng nmeans

(32) coupl ed
bet ween sai d source (20) of said stereo' difference . (L- R2“ um:’ H ”Jul
signals and said matrixi hg means (24) for equalizing saidl¥ y i d
stereo difference (L-R) and' sum (L+R) signals; and activation neans (40)

coupl ed to.said equalizing neans for. selectively activating said
equal i zing means. 2. Apparatus as recited in Claim1l wherein

4. Apparatus comprising:
stereophonic audio processing means (20,24) for
providing left and right stereophonic sound channels to respective
5 loudspeakers, said left and right sound channels being derived from
(L+R) and (L-R) signals.
means (20,24) for providing the left and right stereo
sound to a first pair of loudspeakers,
means (20,24) for providing spatial expansion of the
10 stereo sound, said expanded stereo sound providing the (L-R) signal
to a decoder matrix (24) at an amplitude greater than the (L+R)
signal is -provided to the decoder matrix,
means (40) for providing the left and right stereo sound
channels to second pair of loudspeakers, and characterized by
means (20,24,32,40) for providing stereo sound without

spatial expansion when the stereo sound is provided to the second
pair of loudspeakers.

L5

5. The apparatus of claim 4 characterized in that the
20 defeating of the expansion of the stereo sound includes means
(32,40) for equalizing the amplitudes of the (L-R) and (L+R) signals
. fed into the decoder matrix. |

6. The apparatus of claim 4 characterized in that the
25 means for equalizing comprises a switching jack (40) which is
switched upon insertion of a plug into the jack.

7 The apparatus of claim 5 characterized in that the

reduction of amplitude of the (L-R) signal is provided by an
30 attenuator (32).
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sai d anplitude equalizing means (32) conprises: variable attenuator neans
{34, 36, 38) operative when said equalization neans is not ‘activated for
attenuating the anplitude of said stereo difference signa

val ue; said variable attenuator nmeans (34, 36) being opereH"I' m'ﬂllﬂal "l
equal i zation neans is activated for reducing said anplitude o Stser
difference signal (L-R) to a second valyp |less than said first value.

Apparatus as recited in Caim2 wherein said variabl e attenuator means
conpri ses:

8. A television receiver comprising:
means (12,14) for receiving a signal having picture
components including chroma and luminance, and sound
components,
means (16) for processing the picture components,
means (16,18,20,24,28) for processing the sound signal
components, said means comprising a sound IF means, a detector
means (18) for providing an (L-R) signal and an (L+R) signal, decoder
means (20) for producing L sound channel and R sound channel
10 signals from the (L-R) and (L+R) signals, means (28) for driving
respective loudspeakers (30) for each of the two stereo sound
channels, and a first pair of loudspeakers spaced apart a first
distance,
means (20,24) for processing the (L-R) signal to expand
15 the apparent first distance separation between the first pair of
loudspeakers, said means comprising means for providing that the
(L-R) signal to a decoder matrix (24) at an amplitude greater than
the (L+R) signal provided to the decoder matrix, and
means (40) for providing the left and right stereo sound
20 to a second pair of loudspeakers, and characterized by
means (20,24,32,40) for providing stereo sound without
spatial expansion when the stereo sound signal is provided to a
second pair of loudspeakers.'

25 9. A television receiver having expanded stereo sound
and a first pair of loudspeakers wherein the expansion of the stereo

sound is switched “off" upon the providing of the stereo sound to a
second pair of loudspeakers.

This Sheet Has Been Replaced




a first resistor (34) coupl edbetween an out put of said source providing
said stereo difference signal (L-R) and an input of said.nmatrixing neans
(24); a second resistor (36)'coupl ed between said input of said matrixing
freans (24) and a circuit node; a third resistor (38) coupled between said

circuit node and a point of reference potential; and wherein sai d
activation nmeans conprises:1 -9-

CONTROL CIRCUIT FOR A SPATIAL STEREQ EXPANDER

ABSTRACT

A stereophonic audio processing system (20,26,24,28)

having left .and right stereophonic sound channels with respective

5 loudspeakers therefor is presented. The system is provided with
spatial expansion of the stereophonic sound so that a first pair of
spaced-apart loudspeakers (30) will acoustically appear to be spaced
further apart then they actually are. The audio system is provided
with provisions (40) for connecting a second pair of loudspeakers

10 which can be spatially located at a distance between the
loudspeakers which is larger than the first pair of loudspeakers. The
audio system is provided with apparatus for providing stereo sound

without spatial expansion when such secondary loudspeakers are

used.
15

Figure 2.
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swi tch-means. (46, .,48) connected in parallel with said third resistor (38)
4. Apparatus as recited in Caim3 wherein said. switch neans (46,48) is in
a selected one of two speaker jacks (40) for automatically changing the
attenuation of said variable attenuator fromsaid first value to said
second val ue upon insertion of an external speaker plug into said jack.

- 8-
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et | evi sion receiver conprising: neans (12,14) for receiving a signal
havi ng pi cture conponents including chroma and | um nance, and sound

* conponents, 5 means (16) for processing the picture
conponents, neans (16, 18, 20, 24,28) for processing the sound signal
conponents, said neans conprising a sound | F neans, a detector neans (18)
for providing an (L-R) signal and an (L+R) signal, decoder neans (20) for
produci ng L sound channel and R sound2¢Rannel 10 signals fromthe (L-R)

and (L+R) signals, neans (28) for driving respective |oudspeakers (30) for
each of the two stereo sound
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channel's, and a first pair of Ioudspeakers spaced apart
nmeans (20 24) for processing the (L-R) signal to expand.
first distance separation between the first pair of |ou
nmeans conprising neans for providing that-the (L-R) sig
matrix (24) at an anplitude greater than the (L+R) sign

a first dirghppaess
1.5 _the apparent
dspeakers sai d

Uﬂlﬂllﬂﬂfﬂﬂﬁmﬁm

decoder matrClaimsdz:reans (40) for providing the left and rf gt 4t efeo*

sound 20 to a second pair of |oudspeakers, and charac

teri zed by neans

(20, 24, 32, 4001 fOAnpfuledBﬂ@lﬂt Prege SOiHYd avt iftitlens Pedpdi sgxgansi on when the
stereu sound Slggwgodf%ep ?H) stereo difference {L=R) and sum {L+R)

_51gnals, the magnitude of said stereo difference 51gna1 (L-R)

being greater than that of said sum signal

(L+R) ¥ -

matrixing means (24) for generating left and right thannel
.audio signals from said stereo difference (L-R) and sum (L+R)

sxgnals,

amplitude equaliiihg means (32)'coupled between said source

{20) of said . stereo difference (L-R) and sum: (L+R) signals

.. and said matrixing means (24} for equalizing said magnitude

' of said stereo dlfference (L-R) and 'sum (L+R) signals;: ‘and

activation means {40) coupled to. said equalizing means for
selectively activatzng said equalizing means.

2. _Apparatus as'fecited in Claim 1 wﬁerein

said amplitude equalizing means_ (32) comprises: _
variable attenuator means {34, 36, 38) operative when Sald

equalization means is not activated for attenuating the

amplitude of said stereo difference signal (L-R) to a first

value;

said variable.attenuator means (34; 36).being operative when
said equalization means is activated for reducing said
amplltude of said stereo difference SLgnal (L-R) to a second

value less’ than said first value.

3. Apparatus as recited in Claim 2 wherein
said variable attenuator means comprises.

a first resistor (34) coupled.between an output of said
source providing said stereo difference signal (L-R) and an

input of Said,matrixing means (24);
a second resistor (36} coupled between said
matrixing means (24) and a circuit node;

input of said

a third resistor (38) coupled between said circuit node and a

point of reference potential:; and wherein
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second pair of |oudspeakers. 2 5 9. A television receiver
havi ng expanded stereo sound and a first pair of |oudspeakers whereiii the-

expansion of the .stereo sound is switched "of f" upon the pmg
stereo sound to a second pair of |oudspeakers. This Sheet , Hﬂﬁ' Hm Hﬂ

- _7 -

said actlvatlon means comprlses.- _
switch means . (46,. ,48) connected in parallel with sald third
re51stor (38}

4. Apparatus as rec&ted in Claim 3 wherein said. switch means
(46,48) 'is in a selected one. of two speaker jacks (40) for
automatlcally changlng the attenuation of said variable
attenuator from said first value to- “said second value upon
insertion of an external speaker plug into said Jack
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CONTROL CIRCUIT FOR A SPATIAL STEREQO EXPANDER

10

15

ABSTRACT

A stereophonic audio processing system (20,26,24,28)
tiaving left .and right stereophonic sound channels with respective
loudspeakers therefor is presented. The system is provided with
spatial expansion of the stereophonic sound so that a first pair of

spaced-apart loudspeakers (30) -will acoustically appear to be spaced

further apart then they actually are. The audio system is provided

- with provisions (40) for connecting a second pair of loudspeakers

which can be spatially located at a distance between the
loudspeakers which is larger than the first pair of loudspeakers. The
audio system is provided with apparatus for providing stereo sound

without spatial expansion ‘when such secondary loudspeakers are
used.

Figure 2.
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