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Description
BACKGROUND

[0001] Stereophonic enhancement audio systems
typically process sum 'L+R and difference L-R signal
components which, if not otherwise available, can be
generated from a pair of left L and right R signals. The
difference signal can be used to create a spatially broad-
ened stereo image when reproduced through a pair of
left and right loudspeakers or through a surround sys-
tem.

[0002] Boosting the level of the difference signal with
respect to the sum signal can widen such a perceived
sound image. Such processing of the difference signal
includes equalization comprising both bass and treble
boost. However, an increase in level in the difference
signal can have undesirable effects on a person's per-
ception of the sound. For example, boosting of the dif-
ference signal in the mid-range of audio frequencies can
cause a sound perception which is undesirably very
sensitive to the physical location of the listener with re-
spect to the left and right loudspeakers. Further, the spa-
tially broadened stereo image does not property localize
sounds which would normally emanate from the center,
such as speech from a person visually centered on a
display of television or motion picture programming.
This is the case whether or not the sound system in-
cludes a center loudspeaker or just left and right loud-
speakers.

[0003] It has been found that in a system having an
increase in the level of the L-R difference signal with re-
spect to the L+R sum signal to produce a spatially
broadened stereo image, that decreasing the bass re-
sponse of the L+R sum signal along with increasing the
treble response of the L+ R sum signal helps the listener
to better localize central audio material more towards
the center.

[0004] U.S.PatentNo. 4,229,716 discloses an ampli-
tude equalizer circuit utilizing active components in
which unidirectional functional tuning of the amplitude,
bandwidth and center frequency, may each be adjusted
by varying a single resistance for each parameter. U.S.
Patent No. 4,866,744 discloses a directivity servo for
controllably amplifying a stereo difference signal in re-
sponse to amplitude of an input signal from one side or
the other or from one channel or the other.

SUMMARY OF THE INVENTION

[0005] Foraconsumer productitis necessary to keep
costs low. It is herein recognized that the desired bass
reduction in the L + R sum signal of the audio system,
to help the listener to localize center audio material more
towards the center, can be accomplished by the use of
a gyrator to economically synthesize an inductance. A
gyrator generated inductance, in combination with a re-
sistance in the L + R sum signal path, economically pro-
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vides such a decreasing bass frequency response while
avoiding the deficiencies of a wound inductance which
would be more expensive, bulky, and subject to the pick-
ing-up of hum and other electromagnetic/electrostatic
extraneous noise and signals. Thus, the gyrator synthe-
sized inductance, as well as being more economical,
can be used in a lower signal level portion of the audio
system.

[0006] Additionally, the equalization(s) of the L+ R
sum signal to reduce the signal at bass frequencies and
to increase the signal at treble frequencies are switch-
able singly or in combination between "ON" and "OFF"
modes, and/or are variably adjustable singly or in com-
bination. This switchability/adjustability permits greater
flexibility to tailor the response of the system to the lis-
tener's satisfaction.

DESCRIPTION OF THE DRAWINGS

[0007] The drawings are now described wherein:

Fig. 1 is a graph of the desired frequency response
of the L+R sum signal for providing the desired cen-
tralizing locationalization effect for center audio ma-
terial.

Fig. 2 shows block diagrams of the equalization in
the L+R sum signal path and the spatial image
broadening equalization in the L-R difference signal
path.

Fig. 3 shows a schematic diagram of the block of
Fig. 2 which provides the equalization in the L+R
sum signal path.

Fig. 4 shows switching of the bass and treble equal-
ization circuits of Fig. 3.

Fig. 5 shows an alternate embodiment of the switch-
ing of Fig. 4.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0008] Referring to the drawings wherein like mem-
bers are given like numeral designations, Fig. 1 shows
a nominal graph of the desired frequency response 10
of the L+R sum signal for providing the desired central-
izing locationatization effect for center audio material.
This frequency response shows various levels of de-
creased bass response between the dashed lines of
minimum bass 12 and maximum base 14 starting at 580
Hz, with a minimum response between 250 and 300 Hz,
and then with an increasing bass response for a one dB
gain at 100 Hz. The nominal treble response increases
starting at 580 Hz up to a maximum gain of about 4 dB
at about 2,000 Hz and above, within minimum treble 16
and maximum treble 18 limits shown by dashed lines.

[0009] Fig. 2 shows inblock diagram form, the present
equalization 20 in the L + R sum signal path and the
spatial image broadening equalization 22 in the L-R dif-
ference signal path. Spatial image broadening equali-
zation 22 using the L-R difference signal is known in the
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prior art.

[0010] Fig. 2 shows the formation of the L+R and L-R
signals from L and R signals, but this need not be the
case for an FM or television stereophonic program in
the United States wherein the detected signals are al-
ready in L + R and L-R format, and have to be matrix
decoded to provide separate L and R signals. Thus, ma-
trixing encoders/decoders 24/26 are shown for the in-
stance when the difference L-R and sum L+R signals
have to be both encoded and decoded.

[0011] Fig. 3 shows schematic diagrams of the block
20 of Fig. 2 which provides the equalization in the L+R
sum signal path which helps the listener to localize cent-
er audio material more towards the center. LC network
30 is a divider with resistor 32 effectively realizing the
bass frequency response of Fig. 1. Simulated gyrator
inductance 34 has reduced impedance at lower fre-
quencies, thus reducing the bass response with divider
resistor 32 until the impedance of capacitor 36 in series
with inductance 34 takes over and raises the response
at lower frequencies. This divider can be placed at the
input of an op-amp stage 38 which buffers the signal and
allows a simple series RC network using feedback
around op-amp 40 to provide the high frequency boost
shown in Fig. 1.

[0012] More particularly, the gyrator 34 comprises a
general purpose transistor 42 having an emitter elec-
trode coupled to ground through resistor 44, and a base
electrode biased through resistor 46. Capacitor 48 cou-
pled to the base electrode, in combination with feedback
resistor 50 in an almost unity gain emitter follower am-
plifier configuration, provide the gyrator simulated effec-
tive inductance of about 1.5 Henries. There are other
circuit configurations for providing a gyrator circuit,
many of which can be used herein. The gyrator 34 con-
figuration shown is merely exemplary and is chosen to
provide the required operation with a minimum cost of
parts.

[0013] Capacitor 36 couples gyrator 34 to resistor 32
and provides the increasing impedance at low bass fre-
quencies in order to increase the gain at lower bass fre-
quencies, as discussed above, with a one dB gain at
100 Hz. The bias, provided through resistor 46, places
transistor 42 in a linear operating region.

[0014] High pass filter 38 comprises op-amp 40 with
feedback resistor 52 coupled to the negative terminal
and a series RC network of capacitor and resistor 54,
56 coupled from the negative terminal to a source of bias
which also provides an AC ground. For rising frequen-
cies, the impedance of capacitor 54 goes down and the
feedback is reduced, thus increasing the gain of op-amp
40. The bias is adjusted to place op-amp 40 in a linear
operating region.

[0015] Fig. 4 shows the switching of the bass and tre-
ble equalization(s) circuits of Fig. 3. The equalization
portions can be switched into an "ON" or an "OFF"
mode, singly or in combination. This permits greater
flexibility to tailor the response of the system to the lis-
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tener's satisfaction.

[0016] This switching can be provided in response to
respective control signals provided by a microprocessor
(not shown), with the switching being accomplished by
commonly available devices, e.g., arelay, a bipolar tran-
sistor, a MOS/CMOS FET or the like, which can be dis-
crete components or be provided in a monolithic inte-
grated circuit, as appropriate. The control signals are
applied to respective transistors to saturate or to cut-off
transistors 60, 62 of the respective gyrator and treble
boost circuits. Additionally, the control signals applied to
transistors 60, 62, and the bias provided by transistor
58, can each be variably adjustable, and for transistors
60, 62 be adjustable within the limits of the control sig-
nals necessary to switch the transistors between "ON"
and "OFF".

[0017] Fig. 5 shows an alternate embodiment of the
switching arrangement of Fig. 4 wherein the switch for
the gyrator 34 and LC network 30 is removed from
ground and is shown as a generic switch 64 responsive
to a respective control signal, and the high pass filter
circuit 38 is shown as being switched by a generic switch
66 responsive to its respective control signal.

[0018] The exemplary values of elements shown in
the various Figs. are: resistor 32 = 3.3 Kohms, capacitor
36 = 0.22 uf, resistor 46 = 68 Kohms, resistor 44 = 1
Kohm, resistor 50 = 2.2 Kohms, resistors 52/56 = 15 Ko-
hms and capacitor 54 = 0.01uf. The transistors 42, 58,
60, and 62 can be non-critical signal types, e.g.,
2N2222, and op-amp 40 is a non-critical general pur-
pose MC3404 op-amp.

Claims
1. A stereophonic audio system, comprising:

means (24) for providing a sum, L+R, and a dif-
ference, L-R, signals and respective signal
paths from a pair of left, L, and right, R, signals;
means (22) for providing a spatially expanded
stereophonic audio effect in the L-R signal, and
means (20) for processing the L+R signal for
concentrating the apparent location of central
sounds closer to the center between left and
right sound emanating loudspeakers, the
means (20) for processing comprising:

means (30) for reducing signal levels at bass
frequencies,

characterized in that the means for processing fur-
ther comprises

means (38) for increasing signal levels at treble
frequencies, and the means (30) for reducing
signal levels at bass frequencies comprises a
gyrator.
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2. The audio system of claim 1 wherein the reduction
of signal levels at bass frequencies and the in-
crease of signal levels at treble frequencies are
switchable singly or in combination between "ON"
and "OFF" modes.

3. The audio system of claim 1 wherein the gyrator
(34) is in shunt across the L + R signal path.

4. The audio system of claim 1 wherein the means (38)
for increasing signal levels at treble frequencies
comprises a high pass filter in series with the L + R
signal path.

5. The audio system of claim 1 wherein the bass fre-
quencies include frequencies within the band of 100
Hz to 580 Hz.

6. The audio system of claim 1 wherein the treble sig-
nal frequencies include frequencies above 580 Hz.

7. The audio system of claim 2 wherein the switching
is responsive to control signals.

8. The audio system of claim 7 wherein the control sig-
nals are provided by a microprocessor.

Patentanspriiche
1. Stereophonisches Audiosystem mit:

Mitteln (24) zur Bildung eines Summensignals
L+R und eines Differenzsignals L-R und ent-
sprechender Signalwege von einem Paar eines
linken Signals L und eines rechten Signals R,
Mitteln (22) zur Bildung einer rdumlich erwei-
terten stereophonischen Audiowirkung in dem
Signal L-R und

Mitteln (20) zur Verarbeitung des Signals L+R
zur Konzentration der wahrnehmbaren Lage
der mittleren Téne naher zu dem Mittelpunkt
zwischen dem von den Lautsprechern geliefer-
ten linken und rechten Ton, wobei die Verarbei-
tungsmittel (20) enthalten:

Mittel (30) zur Verringerung der Signalwerte bei
Bassfrequenzen,

dadurch gekennzeichnet, dass
die Verarbeitungsmittel (38) aulRerdem enthalten:

Mittel (38) zur Anhebung der Signalwerte bei
Hohenfrequenzen, wobei die Mittel (30) zur
Verringerung der Signalwerte bei Bassfrequen-
zen einen Gyrator enthalten.

2. Audiosystem nach Anspruch 1, wobei die Verringe-
rung der Signalwerte bei Bassfrequenzen und die
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Zunahme der Signalwerte bei Héhenfrequenzen
einzeln oder in Kombination zwischen den Modi
"EIN" und "AUS" umschaltbar sind.

Audiosystem nach Anspruch 1, wobei der Gyrator
(34) parallel zu dem Weg des Signals L+R liegt.

Audiosystem nach Anspruch 1, wobei die Mittel (38)
zur Erhéhung der Signalwerte bei Héhenfrequen-
zen ein Hochpassfilter in Reihe mit dem Signalweg
L+R enthalten.

Audiosystem nach Anspruch 1, wobei die Bassfre-
quenzen Frequenzen in dem Band von 100 Hz bis
580 Hz enthalten.

Audiosystem nach Anspruch 1, wobei die Hohen-
Signalfrequenzen Frequenzen oberhalb von 580
Hz enthalten.

Audiosystem nach Anspruch 2, wobei die Umschal-
tung durch Steuersignale gesteuert wird.

Audiosystem nach Anspruch 7, wobei die Steuersi-
gnale durch einen Mikroprozessor geliefert werden.

Revendications

Systéme audio stéréophonique comportant :

un moyen (24) de génération d'un signal som-
me L+R et d'un signal différence L-R et des tra-
jets respectifs de signal, a partir d'une paire de
signaux gauche, L, et droite, R.

un moyen (22) pour produire un effet audio sté-
réophonique d'élargissement dans I'espace
dans le signal L-R, et

un moyen (20) de traitement du signal L+R pour
concentrer I'emplacement apparent des sons
centraux plus prés du centre entre les sons
gauches et droites sortant des haut-parleurs, le
moyen (20) de traitement comportant :

un moyen (30) de réduction des niveaux des
signhaux pour les graves,

caractérisé en ce que le moyen de traitement com-
porte en outre :

un moyen (38) d'augmentation des niveaux des
signhaux pour les aigus, et

le moyen (30) de réduction des niveaux des si-
gnaux pour les graves comporte un gyrateur.

Systéme audio selon la revendication 1, dans le-
quel la réduction des niveaux des signaux pour les
graves et l'augmentation des niveaux pour les aigus
sont commutables de fagon indépendante ou en
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combinaison entre les modes « ACTIVE » et « NON
ACTIVE ».

Systéme audio selon la revendication 1, dans le-
quel le gyrateur (34) est en paralléle sur le trajetdu %
signal L+R.

Systéme audio selon la revendication 1, dans le-
quel le moyen (38) d'augmentation des niveaux des
signaux pour les aigus comporte un filtre passe- 10
haut en série avec le trajet du signal L+R.

Systéme audio selon la revendication 1, dans le-
quel les graves comprennent des fréquences com-
prises entre 100 Hz et 580 Hz. 15

Systéme audio selon la revendication 1, dans le-
quel les fréquences des signaux aigus sont supé-

rieures a 580 Hz.
20

Systéme audio selon la revendication 2, dans le-
quel la commutation se fait en réponse a des si-
gnaux de commande.

Systeme audio selon la revendication 7, dans le- 25
quel les signaux de commande sont générés par un
microprocesseur.
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