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VARIABLE MATRIX DECODER FOR USE IN 4- 2 4
‘ MATRIX PLAYBACK SYSTEM

This invention relates to a directional sound system
wherein at least four directional audio input signals are
encoded into two channel signals and the two channel
signals are decoded into at least four audio signals cor-
responding to the directional audio input signals.

Recently; so-called *‘4-2-4" matrix playback systems
have been used commercially. In such systems four
channel directional audio input signals produced in"an
original sound field are transformed by an encoder into
two channel signals to be recorded on such recording
media as stereo phonograph records, magnetic tapes
and the like, and the two channel signals reproduced
from the recording media are transformed by means of
a decoder into four channel audio signals approximat-
ing said four-directional audio inpuit signals which are
applied to four speakers disposed about listeners in the
reproduced sound field through suitable amplifiers. As
above described, in this type of the “4-2:4” ‘matrix
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playback system since the four directional audio input |

‘signals are transformed into two channel signals by the
encoder it is' impossible for the decoder to reproduce
signals perfectly identical to the original four direc-
tional audio input signals. As a result, the cross-talk be-
tween adjacent'channels in the reproduced sound sig-
nal increases greatly so that it is-impossible to obtaina
directional effect quite identical to that in the original
sound field-and an optimum listening area in a listening
room is restricted to a very small area. .

It is'an object of this invention to provide an im- . -

proved “*4-2-4" matrix playback system'decoder capa-
ble of greatly improving the separations: between re-
spective: reproduced signals, between front -and rear
«channels and between left and right channels in the for-
ward or rearward.

Another object of this invention is to provide an im-
proved decoder capable of eliminating. cross-talks be-
tween respective channels thereby improving the qual-
ity of the sound field and greatly.widenin’g the listening
area. -

According to this mvention there is provided.a de-
coder for use in a directional sound system wherein at
least four directional audio input signals are encoded
into two channel signals and the two channel signals are
decoded into at least four audio-signals corresponding
to the audio input signals, characterized in that the de-
coder comprises a control unit responsive to the phase
relationship between the two channel signals for pro-
ducing first and second control signals,. first matrix
means connected to receive the two channel signals for
producing at least two audio output signals correspond-
ing to at'least two directional audio input signals, said
matrix means having variable matrix coefficients which
are controlled by the first control signals, and second
matrix means connected to receive the two channel sig-
nals for prodiscing at least two audio output signals cor-
responding to two remaining audio input signals, the
second matrix means having variable matrix coeffici-
ents controlled by the second control signals. -

The present invention .can be more fully understood
from the following detailed description when taken in
connection . with reference to the accompanying draw-
ings, in'which: :

FIG. 1'is a block diagram useful to explain the prmcr-
ple of the “4-2-4” matrix system,;
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FIG 2 shows a connection dlagram of an encoder

FIG. 3 shows a block diagram of a decoder embody-
ing.the invention;

FIG. 4 shows a block diagram of a modrﬁed decoder;

FIG. 5 shows a crrcurt of a phase discriminator uti-
lized as a control unit;

FIG. 6 is a diagram showing output characteristics of
the phase discriminator shown in FIG. §;

FIG. 7 is a plot showinga phase relationship between
2-channel signals;

FIG. 8 is a circuit diagram of a comparator utilized
as-a control unit; .

FIG. 9 shows ‘a circuit diagram of a modiﬁed de-
coder;.

FIG. 10 shows a block diagrdm of another modifica-
tion of the decoder;

- FIG: 11 is-a circuit diagram of the modlﬁed decoder
shown in FIG. 10;

" FIG. 12 shows a modification of a portion of the de-

coder shown in FIG. 11;

FIG. 13 shows a block diagram of a modified decoder
capable of mdependently control]lmg the signals in the
front-left and right. channels and in the rear-left and
right channels;

'FIG. 14 shows the relationship between the phase
angle between signals and the location of the sound
source;

FIG. 15 is a graph showmg the manner of varylng the
gains of various variable gain ampliﬁers utilized in the
circuit shown in FIG. 13; " -

FIGS. 16 to 23 are diagrams showing the shifts of de-
modulation vector for a specified channel under vari-
ous operating conditions of the decoder shown in FIG.
13; : SR
FIGS. :24A and 24B show-a circuit diagram of the
variable matrix-circuit shown in FIG. 13; and

FIG. 25 shows a.modification of the decoder shown
in FIG. 13.

To have a better understandmg of the invention the
principles. of the ““4.2-4" matrix playback system and
an encoder will first be described with reference:to
FIGS: -1 and 2 of the accompanying drawings.

» In the system shown'in FIG. 1, four microphones
MFL, MFR; MRL and MRR are installed in an original
sound field 1 in order to produce four channel direc-
tional audio signals FL. (front-left), FR (front-right),
RL (rear-left)-and RR (rear-right).. These four channel
signals are supplied to an encoder 2 to be transformed
into two signals L and R. The outputs L and R from the

-encoder 2 are applied through two channel paths 3 and
4 to a decoder 5 to be transformed into reproduced

four channel signals FL', FR’, RR’' and RL' approxi-
mating -original four channel signals FL, FR, RR and
RL. The reproduced four channel signals are applied
through amplifiers (not shown) to four loud speakers
SFL, SFR, SRL and SRR located about a listener 6 in
a listening room 7 to. provide a stereo reproduction
with a greater sense of presence than the prior art two

_channel stereo reproducing system.

There are many types of two channel systems which
couple the outputs L. and R from the encoder 2 to the
decoder 5. According to one system the two outputs L

and R from the encoder 2 are recorded on a recording,

medium such as a stereo phonographic record or a
magnetic tape and the outputs from the recording me-
dium are applied to the decoder 5. According to the



-3 .
other system, the two outputs from the encoder 2 orthe
outputs reproduced from the recording ‘medium are
transmitted to the decoder 5 over an FM stereophonic
‘broadcasting system.

The encoder 2 shown in FIG. 1 has a construction il-
lustrated in FIG. 2. More particularly, directional audio
signals FL and FR produced by the microphones MFL
and MFR disposed at the front side of the original
sound field 1 are supplied to a first resistive matrix cir-
cuit 10 comprising serially connected resistors 11, 12
and 13. The directional audio signals RL and RR in the
rear side of the original sound field 1 are applied to. a
second resistive matrix circuit 14 comprising serially
connected resistors 15, 16 and 17. A signal from the
upper terminal of the center resistor 12 of the first ma-
trix circuit 10 and a signal derived out from the upper
terminal of the center resistor 16 of the second matrix
circuit 14 and phase shifted by a-+90° (4) phase shifter
18 are combined by an adder 19 to produce a first
channel or left signal L. A signal derived out from the
lower terminal of the center resistor.12 of the first ma-
trix circuit 10 and a signal derived out from the lower
terminal of the center resistor 16 of the second matrix
circuit 14 and phase shifted by a —90° (—j) phase shifter
20 are combined by an adder 21 to produce a second
channel or right signal R. It is to be understood that
phase shifters 18 and 20 are constructed to provide
substantially the same phase shift over the entire audi-
ble frequency band. ' :

Thus, the L and R signals are expressed as follows:"

L =FL + AFR +jRL + JARR -
R=FR + AFL — jRR — jARL
where A denotes a transformation constant or a matrix
constant generally having a value of approximately
0.414. The reproduced four channel signals FL', FR’,
RL’ and RR' are produced in the following manner by
an ordinary decoder having the same fixed matrix con-
stant A: ‘ '
FL’' =L + AR = FL(1+A?%) + FR(24A) + jRL(1—-A%)
FR’ =R + AL = FR(1+A?) + FL(24) — JRR(1-A?)
RL’ =—j(L—AR) =RL(1+A%) + RR(24) — JFL(1-A%)

RR’ = +j(R—AL) = RR(14+A%) + RL(2A) + jFR(1—A?)

Let us now consider the separation between respec-
tive channels in the reproduced sound field.

Let us assume that only the signal FL from the micro-
phone MFL is present in the original sound field 1.
Then, the reproduced four channel signals in the repro-
duced sound field will be expressed as follows:

FL’ = FL(1+A?%)

FR’ = FL(24)
RL’ = —jFL(1-A?y
RR’ =0

Since A = 0.414, the separations between channel FL’
and adjacent channels FR' and RL’ are respectively
equal to —~3dB and the separation between the channels
FL'and RR' in a diagonal direction equals —edB as can
be readily understood by those skilled in the art. As
above described, since the separation between adjacent
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channels equals —3dB it is impossible to enjoy the ste-

4.

-reo playback of four channels with a Sufficiently large

directional resolution.
" FIG. 3 shows a block diagram of an improved de-

coder embodying the invention including a" variable

matrix circuit having a matrix coefficient whose magni-
tude is controlled in accordance with the phase differ-
ence between two channel! signals L and R.

In the decoder shown in FIG. 3, the two channel sig-
nals L and R are applied to the input terminals 23 and
24 of the decoder through two-channel media and
hence to the input terminals 26-1 and 26-2 of the vari-
able matrix circuit 25 which operates to decode or
dematrix the two.channel signals L and R to produce
four channel signals on its output terminals 27-1, 27-2,
27-3 and 27-4. The output terminals 27-1 and 27-2 of
the variable matrix circuit 25 are coupled to the output
terminals 28-1 and 28-2 of the decoder, whereas output
terminals 27-3 and 27-4 of the variable matrix circuit
25 are coupled to the output terminals 28-3 and 28-4
of the decoder respectively through +90° phase shifters
29 and 30. Further, the variable matrix circuit 25 is
provided with control input terminals 31-1 and 31-2 to
which are applied the control outputs EC1 and EC2 of
a control unit 32. The control unit 32 provides these
control outputs EC1 and EC2 in accordance with the
phase difference between two-channel signals L and R.
The magnitudes of the first and second control-outputs
EC1 and EC2 from the control unit 32 vary in the op-
posite directions in proportion to the phase difference
between signals L and R. The first control output EC1
is used to control the matrix coefficient related to the
front channels, whereas the second control output EC2
is used to control the matrix coefficient related to the
rear channels. Where the phase difference between sig-
nals L and R is near zero, for instance, the first control
output EC1 operates to decrease the matrix coefficient
related to the front channels thus enhancing the separa-
tion between front channels. On the other hand, the
second control output EC2 operates to increase the
matrix coefficient related to the rear channels thus re-
ducing the separation between rear channels. Concur-
rently therewith the signal levels of the front channels
are increased and those of the rear channels are de-
creased thus. improving the separation between the
front and rear channels.

The control unit 32 may be constituted by a phase
discriminator which detects directly the phase differ-
ence between signals L and R or a comparator which
detects the phase relationship between signals L and R
in terms of the difference in the levels of a sum signal
(L+R) and a difference signal (L—R). In this invention,
the reason for controlling the matrix coefficient asso-
ciated with the front and rear channels by detecting the
phase relationship between signals L. and R is as fol-
lows: Although a man has a keen ability to detecting
the direction of a large sound but this sensitivity for a
small sound coexisting with the large sound is very
poor. For this reason, in the reproduction of four chan-
nel signals, where there is a large sound in the front side
and a small sound in the rear side it would be possible
to mroe efficiently enjoy the four channel playback by
enhancing the separation between the front channels
and lowering the separation between the rear channels.
On the contrary, where a small sound exists in the front
side and a large sound in the rear side the four channel
playback could be enjoyed more efficiently by enhanc-



ing the separation between the rear channels‘zan’dlow-
ering the separation between front channels.

 'Where a large sound is present in the front and a
small sound is presentin the rear, that is, where FL,FR
>> RL, RR, signals I. and ‘R have substantially the
same phase This means that the level of a sum signal
(L+R)is hrgher than that of a drfference signal (L —
R).
i Conversely, where a large sound is present in the rear
while a small sound is present in the front, that is,
where FL, FR << RL, RR, signals L. and R have oppo-
site phase. In such a case; the level of the sum signal (L
+ R) is lower than the level of the difference signal (L
= R). For this reason, it:is possible to detect the phase
relationship between signals L and R by either a phase
discriminator or a comparator.

FIG. 4 is. a connection diagram of one example of a
decoder embodying the invention. The variable matrix
. circuit 25-is connected between input terminals-26-1

and 26-2 and comprises, a first resistive matrix circuit

- 34 including serially connected resistors 35, 36 and 37
and a'second resistive matrix circuit 38 including seri-
ally connected resistors 39, 40-and 41 and an inverter
42. The first matrix circuit 34 is associated with the
front channels and. its center resistor 36 comprises a
photoconductive element such as a-CdS. element and
the opposite terminals thereof are connected to output
terminals 27-1 and 27-2. The second matrix circuit 38
is associated with the rear channels and its center resis-
tor 40 also comprises a photoconductive element such
as-a CdS.element. The upper terminal of resistor 40 is
connected 'to an output terminal 27-3 while the lower
terminal to an output terminal 27-4 through an inverter
43. Incandescent lamps 44 and 45 for illuminating re-
sistors 36 and 40, and lamp control circuits 46 and 47
for controlling the brightness of the lamps in accor-
dance with the control outputs EC1 and EC2 are con-
nected to control input terminals 31-1 and 31-2 of the
variable matrix circuit 25.° ‘

Before describing ‘the operation of the decoder
shown in FIG. 4, the construction of the control unit
32, an’'important component of this mvenuon, will be
described hereunder..

FIG. 5 shows a circuit diagram.. of a phase dlscnmma-
tor which comprises a first limiter 50 including transis-
tors §1 and 52 connected to receive the L signal and a

second limiter 53 including transistors 54 and 55 con-.

nected to receive the R signal. The first and second lim-
iters 50 and 53 have large amplification gains and oper-
ate to transform the signals L and R into rectangular
wave signals.. Two output signals of opposite polarities
produced by the second limiter 53 are amplified by first
- and second amplifiers 56 and 58 including transistors
57 and 59 respectively.. The outputs from the first.and
second amplifiers 56 and 58 are supplied to a first

switching circuit 60 and a second switching circuit 61,

respectively including bridge connected.diodes D, to
D, and diodes D; to Dy; thereby causing these switching

circuits ON and OFF alternately. The output from the

first limiter 50 is coupled to the common input of the
first and second switching circuits 60 .and 61, while the
output terminals of these switching circuits 60 and 61
are- grounded through capacitors 62 and 63 respec-
tively, and are connected to a point of reference volt-
-age (in this case, +B/2 volts) through potentrometers
64 and 65, respectively. The slidable arms of the poten-
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tiometers 64 and 65 supplies the first and second con-

trol outputs EC1 and EC2.

The phase discriminator constructed as above. de-
scribed operates to switch the left signal L by alter-
nately rendering ON and OFF the first and second
switching circuits 60 and 61 in response to the right sig-
nal R thereby discriminating the phase difference be-
tween the right and left signals R and L. FIG. 6 shows
the operating characteristic of the phase discriminator.
showing that the first and second control outputs EC1
and EC2 vary symmetrically but in opposite directions
about the reference level, which is equal to about +B/2
volts in the phase discriminator shown in FIG. 5. The
case wherein the phase difference between the left and

_right signals L'and R equals zero degree corresponds to

a case wherein the sound is present only in the front,
that is L ='FL + AFR and R = FR + AFL. The case
wherein the phase difference between the left and right
signals' L and R equals 180° corresponds to a case
wherein the sound is present only in the rear, that is L
=-+RL + jARR and R =—RR — jARL, and the case

" wherein the phase difference betwgen the signals L and

30

R equals 90° corresponds to a case wherein sounds of

_the same level are present on the left hand and right

hand sides in the front as well as on the left hand and
right hand sides in the rear, thatis L =1+ jand R =
1 —j. FIG: 7'shows the relationship between the left sig-
nal L and the right signal R. Solid lines show the case
wherein signals FL and FR alone are present and thus
the signals L and R are in phase. Dotted lines show the

- case wherein signals RL and RR alone are present and

35

thus the signals L and R are 180° out-of-phase. As the
signals RL, and RR are impressed the phase relationship
between two channel srgnals L'and R vary as shown by

arrows a and b,

¢ FIG. 8 shows a circuit dlagram of a comparator

1 which is a modified embodiment.of the control unit. In

40

45

50

this embodiment, the two channel signals L. and R are
added and subtracted before they enter the comparator
s0 as to form a sum signal (L +R) and a difference sig-
nal (L —R). The sum signal (L. + R) is:applied to a log-
arithmic amplifier 70 including a transistor 71 and di-
odes Dy and D, whereas the difference signal (L —R)
is applied to-a logarithmic amplifier 72 including a tran-
sistor 73 and diodes Dy, and D;,. The output from the
amplifier 70 proportional to log (L'+ R) is coupled to
a boot strap circuit 74 comprising a transistor 75, the
outputs thereof having opposite phases being applied
across a rectifier circuit 78. Similarly, the output from
the amplifier 72 which is proportional to log (L.— R)
is supplied to a second boot strap circuit 76 including
a transistor 77 and the outputs of the boot strap circuit
76 having opposite polarities are applied to a rectifier
circuit 79. The output of rectifier 78 which is propor-
tional to log | L+R | and the output of rectifier 79 which
is proportional to log |L—R | are -applied to the base
electrodes of transistors 80 and 81 constituting a differ-
ential amplifier 82. A transistor 83 is connected to the
emitter electrodes of transistors 80 and 81 to cause the
amplifier 82 to act properly. The differential amplifier
82 acts to operate values.log | L+R|/|L—R| and log

| 'L-RI/IL+R|. The first control output EC1 derived
out from the collector electrode of transistor 80 corre-

_sponds to log | L+R|/IL—R | whereas the second control
" output EC2 derived out from the collector electrode of

transistor 81 corresponds to log |L—R|/|L+R | and
these outputs EC1 and EC2 vary schematically with op-
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posite directions about the reference value in substan-
tially the same manner as the outputs of the phase dis-
criminator as shown in FIG. 6.

Returning back to FIG. 4, the operation of this de-
coder will now be described. Where the phase differ-
ence between left and right signals L and R is about
zero degree, that is where a large sound is present in the
front and a small sound in the rear, the first control out-
put EC1 from the control unit 32 is large, whereas the
second control output EC2 is small. As a result, the
lamp control circuits 46 and 47 operate to pass a large
current through the lamp 45 but a small current
throughi the lamp 44 with the result that photosensitive
element 40 manifests a small resistance value whereas
the photosensitive element 36 a large resistance value.
Accordingly, the level of the left signal L contained in
the decoder output FL' is increased but the level of the
right signal R contributing to the cross-talk is de-
creased. On the other hand, the level of the right signal
R contained in the output FR’ is increased whereas the
level of the left signal L contributing to the cross-talk
is decreased. This means an improvement of the sepa-
ration between the front channels. The level of the left
signal L contained in the decoder output RL' asso-
ciated with the rear channels is decreased whereas the
level of the right signal R contributing to the.cross-talk
is increased. On the other hand, the level of the right
signal R contained in the output RR’ is decreased while
the level of the left signal L contributing to the cross-
talk is increased. This means a degradation of the sepa-
ration between rear channels. Concurrently therewith,
as the level of the-signals of the front channels is in-
creased and the level of the signals of the rear channels
decreases, the separation between front and rear chan-
nels will also be improved.

Where the phase difference between the left and
Tight signals L and R is equal to approximately 180°,
the separation between the rear channels will be im-
proved and that between the front channels will be de-
graded which is just opposite to those described above.

Where the phase difference between the left and
right signals L. and R is nearly equal to 90° that is
where sounds of the same level present in the forward
as well as in the rearward the control outputs EC1 and
EC2 of the control unit will have the same level, it may

be considered that the variable matrix circuit operates

in the same manner as an ordinary fixed matrix cireuit.

As above described, the ‘decoder outputs FL' FR’,
RL’ and RR’ can be expressed as follows:
FL'=mL + nR

FR' = nL + mR
RL' =—j (pL. —gR)
RR'=+j (4L — pR)

where m, n, p and q represent the variable matrlx coef-
ficients which are controlled by the control -outputs
EC1 and EC2 from the control unit in such a manner
that the magnitudes of the coefficients m and » are con-
trolled in the opposite directions as well as the coeffici-
ents p and g.
- FIG. 9 illustrates a variable matrix circuit according
to another embodiment of the invention wherein a first
matrix circuit 90 associated with the front channels

comprises a first differential amplifier 91 including’

transistors 92 and 93, The left signal L is coupled to the
base electrode of transistor 92 while the right signal R
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‘is coupled to the base electrode of transistor 93

through an inverter 94 including a transistor 95. The
collector electrode of transistor 92 is connected to the
first output terminal 27-1 of the matrix circuit while the
collector electrode of transistor 93 is connected to the
second output terminal 27-2 of .the miatrix circuit
through an inverter 96 comprising a transistor 97. A
first control circuit 99 including a field effect transistor
109 is capacitively connected in parallel with a com-
mon emitter resistor 98 of transistors 92 and 93 which
constitute the differential amplifier 91. The gate elec-
trode of the field effect transistor 100 is connected to
a control input terminal 31-1 so that it acts as a variable
resistor. The first control circuit 99 operates to vary the
AC impedance of the emitter circuits of transistors 92
and 93 in accordance with the magmtude of the control
input EC1 so-as to control the gain of the differential
amplifier 91.

The second matrix circuit 105 associated with the
rear channels comprises a second differential amplifier
106 including transistors 107 and 108. The left signal
L is coupled to the base electrode of transistor 107,
whereas the right signal R is coupled to the base elec-
trode of transistor 108. The collector electrodes of
transistors 107 and 108 are connected to the third and
fourth output terminals 27-3 and 27-4, respectively, of
the matrix circuit. A second control circuit 110 includ-

.ing a field-effect transistor 111 is capacitively con-

nected in parallel with a common emitter resistor 109
for transistors 107 and 108. The gate electrode of field-
effect transistor 111 is connected to a control input ter-
minal 31-2. The second control circuit 110 operates in
the-same manner as the first control circuit 99 so as to
control the gain of the second differential amplifier in

accordance -with the magnitiude of the control input
EC2.

The operation of the variable matrix circuit shown in
FIG. 9 will be briefly described as follows: Where the
left and right signals I. and R are substantially in phase,
the control input EC1 is large and the control input
EC2 is small. Consequently, the AC impedance of the
emitter circuits of transistors 92 and 93 is decreased
whereby the gain of the first differential amplifier 90 is
increased, whereas that of the second differential am-
plifier 106'is decreased. Increase in the gain of the first
differential amplifier 91 results in the increase in the
level of the left signal L which is derived out from the
collector electrode of transistor 92 and in the decrease
in the level of the right signal R contributing to increas-
ing the cross-talk. On the other hand, the level of the
right signal R derived out from the collector electrode
of transistor 93 is increased and the level of the left sig-
nal L contributing to increasing the cross-talk is de-
creased. Accordingly; the separation between the front
channels is improved with the increase in the signal
level. In the rear channels, as the gain of the second dif-
ferential amplifier 106 decreases, the separation de-
grades with the decrease in the signal level.

The reproduced four channel outputs FL', FR’, RL'
and RR’ of this modified decoder can also be expressed
by substantially the same equations used in the first em-
bodiment of the decoder shown in FIG. 4.

FIG. 10 is a block diagram of a decoder according to
another embodiment of the invention. With reference
first to the front channels, there are provided a first ma-
trix circuit 120 adapted to produce sum signals (L +R)
and —(L+R) of opposite polarities, and a second matrix
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circuit 121 adapted to produce a difference sxgnal (L
—R). The difference signal (L —R) is applied to 4 third
matrix circuit 123-via a variable gain amplifier 122 to
be added therein to. the outputs from the first matrix
circuit 120. The first variable gain amplifier 122 is con-
trolled by the first control output EC1 from the control
unit 32 and has an amplification gain f which varies
from 0 to 2.41 with respect to the gain of the first ma-
trix circuit 120. The third matrix circuit 123 functions
to produce a first output expressed by (1+)L + (1-HR
which'is coupled to a terminal 27-1 and a sécond out-
put expressed by —(1—)L — (14-)R which'is coupled
to a terminal 27-2 through an inverter 124,

Associated with the rear channels there are provided
a fourth ‘matrix-circuit 125 adapted to produce" differ-
ence signals (L — R) and —(L —R) of the opposite po-
larities-and a fifth matrix circuit 126 adapted to pro-
" duce a sum signal (L + R). The sum signal (L +R) is
applied through asecond variable gain amplifier 127 to
a sixth matrix circuit 128 where it is added. to the out-
puts-(L — R) and:—(L R) from the fourth matrix 01rcu1t
125.

The second variable gam amphﬁer 127 has an amph-
fication gain b which varies from 0 to 2.41 with respect
to the gain of the: fourth matrix circuit 125. Accord-
ingly, the sixth matrix circuit 128 produces a third out-
put expressed by (1+b)L. — (1-b)R and a fourth output
expressed by (1+£)R — (1-b)L. The gains of the first
and second variable gain amplifiers 122 and 127 are
varied in the opposite directions by the control outputs
EC1 and EC2 from the control unit 32,

FIG. 11 shows a circuit diagram of the variable ma-
trix circuit shown.in FIG. 10. The left signal L is sup-
plied to a first phase splitter 130 including a transistor
131 and the right signal R is applied to a second phase
splitter 132 including a transistor 133. The output +L
from: the first phase splitter 131 and the output +R
from the second phase splitter 132 are added to each
other by resistors 133 and 134 whereas the output —L
from the first phase shifter 130 and the output —R from
the:second phase splitter 132 are added to each other
by resistors 135 and 136. Resistors 133,134, 135 and
136 are connected to form the first matrix circuit-120.
The outputs —L and +R from the first and second phase
splitters 130 and 132 are added to-each other by resis-
tors 137 and 138 which form the second matrix circuit
121. The output (R — L) from the matrix circuit 121
is coupled to the variable gain amplifier 122 including
a transistor 139 through a capacitor C1. In order to
vary the gain of transistor 139 there is provided a field-
effect transistor . 141, the conductivity between the
source and drain electrodes thereof is controlled by the
first control output EC1 from the control unit 32 which
is impressed upon the gate electrode thereof, the field-
effect transistor- 141 beéing capacitively connected with
an emitter resistor 140 of transistor. 139. The output
from the variable gain-amplifier 122 is added to the two
outputs from-the first matrix circuit 120 through the
third matrix circuit 123 including resistors 142 and
143. One output from the third matrix circuit 123 is‘ap-
plied to the first output terminal 27-1 and the other
output to the second output terminal 27-2 through the
inverter 124.

The output +L from the first phase splitter 130 and
the output —R from the second phase splitter 132 are
added to each other by resistors 144-and 145, and the
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output —L from the first splitter 130 and the output+R -

from the second phase splitter 132 are added to each
other by resistors 146 -and 147. These resistors 144,

145, 146 and- 147 are connécted to constitute the-
fourth matrix circuit 125, The outputs —L and —R from
the first and second phase splitters 130 and 132 are
added to each other by the fifth matrix circuit 126 in-
cluding resistors 148 and 149. The resulting sum output
is coupled to the base electrode of a transistor 150 con-
stituting the second variable gain amphﬁer 127 through
a capacitor C2. For the purpose of varying the gain of
transistor 150, a field-effect transistor 152 is capaci-
tively connected in parallel with an emitter resistor
151, the conductivity. between the source and drain
electrodes of the field-effect transistor being controlled

‘by the second control output EC2 of the control unit

32 which is impressed upon the gate electrode. The
output from the second variable gain amplifier 127 is
added to the two outputs from the fourth matrix circuit
125 by the action of the sixth matrix circuit 128 includ-
ing resistors 153 and 154. Two outputs from the sixth
matrix circuit 128 are-applied to:the third and fourth
output terminals 27-3 :and 27-4, respectively, of the
variable matrix circuit. The values for all the capacitors
shown in FIG. 11 are represented by microfarads.
The outputs FL', FR', FL’ and RR' appearing at the
output terminals: 28-1, 28-2, 28-3 and 28-4 of the de-
coder shown in FIG. 10 are respectively expressed by
the following equations. ,
FL! = (L4R) + AL—R) = (I+HL + (1-HR =
(1+A)FL + (1+A)FR + j(1—-A)RL — j(1—A)RR +
f((1—-A)FL — (1-A)FR + j(1H+A)FL + j(1+A)RR)

FR' = —(—(L+R) + {(L—R)) = (1=AL + (14/)R =
(14+A)FL + (1+A)FR + j(1~A)RL — j(1-A)RR +
f(—(1-A)FL + (1+A)FR —j(1+A)RL —j(1+A)RR)

RL'=—j((L—R) +b(L+R)) =—j((1+b)L — (1—-bH)R)
=—j(1-A)FL +j(1-A)FR + (1+A)RL + (1+A)RR
+ b(—j(1+A)FL — j(1+A)FR + (1-A)RL -
- (1-A)RR)
RR' = j(+(L—R) + b(L+R)) =j((14b)R — (1-b)L)
. =—j(1=A)FL +j(1-A)FR + (1+A)RL +(1+A)RR
S b(j(1+A)FR —~ (1-A)RL + (1-A)RR)

When the phase difference between left and right sig-
nals L and R equals zero degree, the first control output
EC1 from control unit 32 is at a maximum; whereas the
second control output EC2 at'a minimum. Under these
conditions, the gain f of the first variable amplifier 122
will havé a maximum value of about 2.41 and the gain
b of the second variable gain amplifier 127 will have a
minimum value of about zero. Accordingly, the above
described reproduced four channel signals are ex-
pressed as follows: -

FL' = (L+R) + 2.41(L-R) = 3.41L — 1.4IR

2.83FL +3.99RL + j2.82RR

FR' =—(—(L+R) +2.41(L-R)) =341R — 1.41L =
2.83FR — j2.82RL — j3.99RR

RL’ = —j(L—R) = —j0.58FL + jO.58FR + 1.41RL +
1.41RR

RR’ = j(—(L—R)) = —j0.58FL + jO.58FR + 1. 41RL
+ 1.41RR
Accordingly, where left and right signals L and R are
in phase the unwanted cross-talk between signals FL'
and FR' of the front channels is reduced to-substan-
tially zero and the signal level is increased. On the other
hand, the cross-talk between signals RL” and RR' of the
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rear channels is increased and the signal level is de-
creased. _ '

Where the phase difference between left and right
signals I and R is equal to 180° the first control ouput
EC1 of the control unit 32 is at a minimum and the sec-
ond control output EC2 is at a maximum. Under these
conditions, the gain f of the first variable gain amplifier
122 will have a minimum value of about zero and the
gain b of the second variable amplifier 127 will have a
maximum value of about 2.41. Accordingly, above de-
scribed reproduced four channel signals are expressed
as follows:

FL'=L+R=141FL+1 41FR +j0.58RL — jO.58RR

—(—(L+R)) = 1.41FL +1.41FR +jO.58RL —
JO.58RR: ,
RL' =j((L-R) +2.41(L+R)) = —j(3.41L+1.41R) =
—j(+j2.83RL + 3.99FL + 2.82FR)

RR’ = j(—(L—R) + 2:41 (L+R)) = j(3.41R+1. 41L)

=j(—j2.83RR + 2.82FL + 3.99FR)

Accordingly, when the phases of ‘the left and right
signals L and R are opposite, it is possible to reduce the
unwanted cross-talk btween signals RL’ and RR' of the
rear channels to substantially zero and to increase the
signal level. On the contrary, the cross-talk between the
signals FL’ and FR! of the front channels is increased
and the signal level is decreased.

- Where the first and second variable gain amplifiers
122 and 127 of the variable matrix circuits shown in
FIGS. 10 and 11 have a flat characteristic over the en-
-tire -audio frequency range there arises the following
problem. More particularly; the ears of a man have a

sharp sensitivity for the sound. directionality of higher

frequencies but have a poor sensitivity for the sound
directionality of lower frequencies. With the above de-
scribed variable matrix circuits, where the sound of
higher frequencies is located on the side of the rear
channels the sound of the higher frequencies may be
shifted to the side of the front channels by a sound of
intermediate frequencies which might be located on
the side of the front channels. Thus, for example, the
shifting of high frequen'cy noises between the front and
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capacitance value, 0.022 microfarad for example,
thereby mainfesting a relatively high impedance for low
frequency signals, are connected between first and sec-
ond variable gain amplifiers 122 and 127 and the sec-
ond and fifth matrix circuits 121 and 126, as shown in
FIG. 11. This decreases the gain of the variable gain
amplifiers 122 and 127 for the low frequency signals.
Further, for the purpose of increasing the gains of the

- variable gain amplifiers 122 and 127 for high frequency
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rear channels will give extremely uncomfortable feeling

to the listeners having' sound sensitivities described
above. In certain cases, low frequency sound which is

45

to be located on the side of the front channels might be

shifted to the side of the rear channels by the high fre-
quency sound appearing on the side of the rear chan-
nels. For example, the sounds of low frequency musical
instruments (for example, a bass or drum) which are to
be located in the front are caused to shift to the side of
the rear by the sounds of high frequency musical instru-
ments (for example, a trumpet) and vice versa. This
problem can be solved by giving to the variable gain
amplifiers 122 and 127 a frequency characteristic
which sets the low frequency signal components at the
center of the front or rear channels and sets the high
frequency signal components to the left and right of the
front or rear channels: To this end, the variable gain
amplifiers 122 and 127 are designed to have a low gain
for signals having frequencies lower than a predeter-
mined frequency, for-example 200 Hz, and a high gain
for signals having frequencies higher than a predeter-
mined frequency, for example 5 KHz, and to control
the gain for signals of an intermediate frequency band
ranging from 200Hz to. 5KHz. To accomplish this ob-
ject, the coupling capacitors.C1 and C2 each having a
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signals, impedance circuits 155 and 156 respectively
including a resistor R1 and a capacitor C3 and a resis-
tor R2 and a capacitor C4 and mainfesting low imped-
ances for high frequencies above 5 KHz are capaci-
tively connected in parallel with emitter resistors 140
and 151 respectively of transistors 139 and 150.

With the variable matrix circuit constructed as above
described, the low frequency blocking capacitors C1
and C2 decrease the low frequency outputs from the
variable gain amplifiers 122 and 127 to substantially

‘zero. Smce the low frequency signal is not controlled

by the control unit-32 the separation between the low
frequency signals in the front and rear channels will be
degraded. In other words, the low tone sounds are lo-
cated at the centers of the front or rear channels. On
the other hand, since the variable gain amplifiers 122
and 127 have a high gain for high frequency signals by
the impedance circuits: 155 and 156 the separations be-
tween the signals in the front channels and between the
signals'in the rear channels are improved for high fre-
quency signals. Accordingly, the high tone sounds are
located on the left and right sides of the front or rear
channels. Because the gains of the variable gain ampli-
fiers 122 and 127 for signals of intermediate frequen-
cies aré controlled -by the control outputs EC1 and
EC2, respectively, of the control unit 32, the separa-
tions for intermediate frequency signals are controlled
according to the phase relatlonshrp between the left
and right signals L. and R:

“FIG. 12 shows a modification of the variable gain am-
plifier shown in FIG. 11. With reference first to the
front channels, the variable gain amplifier 122 is con-
nected to receive-the signal from the third matrix cir-
cuit' 121 through a bandpass’ filter 160 which passes
only the signals in a predetermined intermediate fre- -
quernicy band whereby the variable gain amplifier 122
operates on only the intermediate frequency signals.
Further, a series circuit mcludmg a high- -pass filter 161
and 4 fixed gain amplifier 162 is connected in parallel
with the bandpass filter 160 and the variable gain am-
plifier 122. Similarly, associated with the rear channels
are bandpass filter 163, a high-pass filter 164 and a
fixed gain amplifier 165. It will be clear that this modifi-
cation can also attain the same object as the previous

-embodiment.

Although in the foregoing embodiments the front and
rear channels have been controlled, it is also possible
to independently control the front-left and right chan-
nels and the rear-left and right channels. FIG. 13 shows
a block diagram of a modified decoder for this purpose.
FIG. 13 is different from FIG. 10 in that it is incorpo-
rated with the following circuit components. More par-
ticularly, there are provided a 0° phase shifter 170 and
a 45° phase shifter 171 which introduce a phase differ-
ence of 45° between the left signal L and the right sig-
nal R..Responsive to the outputs from phase shifters
170 and 171 an adder 172 provides an output (L+R
< +45°), whereas a subtractor 173 provides an output
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(L—-R < +45°) A phase discriminator 174 for control-
ling the left and right channels operates.to detect the
phase difference between the output signals (L+R
<'+45% and (LR < +45°)'to prodtice control outputs
Erand El. A matrix circuit 175 is connected to receive
the left signal I and the right signal R through a vari-
able gain " amplifier 176" to ‘produce ' outputs
FL3(=L+R) and RL3(=L—/R). Similarly, a matrix cir-
cuit 177 is  connected to receive “the left signal L
through a variable gain amplifier 178, and the right sig-
nal R to produce outputs: FR3(=R-+rL)  and
RR3(=R—rL) where ! and r represent the gains of the
variable gain amplifiers 176 and 178 respectively.
These gains are controlled in the opposite directions in
a range of from'0.to 3.414 by the outputs Er and E!
from the phase discriminator 174. The gains of the vari-

able gain amplifiers 122 and 127 are controlled il the

opposite directions in a range of from 0 to 3.414 by the
outputs Ef and Eb of phase discriminator as the control
unit 32 for controlling rear and front channels by ‘de-
tecting the phase difference between the left and right
signals I. and R. The:output FL1 from the matrix circuit
123 is coupled-to one input of an adder 179 via a 1/
+ 2 attenuator 180 and the output FL3 from the matrix

circuit 175 is applied to the other input of adder 179.

Similarly, the output FR1 from the matrix circuit 123
is applied to one input of an adder 181 through a 1/
v 2 attenuator 182 whereas the output FR3 from the
matrix circuit 177 is coupled to the other input of adder
181. Likewise, the output RL1 of matrix circuit 128 is
applied to.one input of an adder 183 througha 1/ v2
attenuator 184 while the output RL3 of matrix circuit

175 is applied to the other input of adder 183. The out-

put RR1 of matrix circuit 128 is coupled to one input
of adder 185 through a 1/ /2 attenuator 186 and the
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S L R
- FL4=(1+ V2H L+ (1-f+ V2DR
Where all channels have equal inputs, respective coef-

ficients f, b, [ and r are set to be unity respectively. The
signal FL4 is thus expressed by the following equation:

FL4=3.414(L+0.414R)

FIG. 16 shows a demodulation vector diagram of the
matrix circuit.” Here it is assumed that the value

"3.414(L+0.414R) represents a referencé level of 0.dB.

~ Where the inputs are equal, the same consideration is
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apphed also to the other three channels. Accordingly,
in the case where all inputs are'equal, the demodulation
vectors for respective channels are directed to the Te-
spective channels.

. Where sngnal FRis impressed upon . the front—rlght

“channel FRO, the first phase discriminator 32 operates
“in phase whereas the second discriminator 174 oper-

ates in the opposite phase (180°).-That is to say, the sig-
nals L and R are in phase whereas the signals

- (L4R<+45°) and (L—R<+45°) are 180° out-of-phase.

Accordingly, respective variable coefficients are: f =
3.414,b=0,1=0and r =3.414: Thus, the signal FL4
is given by

FL4 = (1+ V2+3.414)L + (1-3. 414)R =
~ 5.828(L—0.414R)

. - Where the front-right signal FR is applied, the direc-
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output RR3 of the matrix circuit 177 is apphed to the

other input of adder 185.

As-shown by FIG. 14, the phase difference between
left -and right signals L. and R varies from 0*to 180° as
the sound source shifts from forward. to rearward,
whereas. the phase difference between the sum signal
(L+R < +45°) and the difference signal (L—R < 445°)

continuously varies from 0° to 180° as the sound source-

shifts from left to right. Consequently, the gains f, b, {
and r of the variable gain amplifiers 122, 127,176 and
178 vary as shown in FIG. 15;

“Turning back to FIG. 13 it will be clear that the four
channel signals FL4, FR4, RL4 and RR4 appearing at

* the output terminals 28-1, 28-2, 28-3 and 28-4 of the ._

decoder are expressed by the following equations.

FL4 = FL24FL3 =1/ +2((1+4 y2)L + (1-f+
://_—I)R) =1/ ¥3((1+ Y2)L +R +f(L—R) +

2IR)

FR4 =FR2 + FR3 =1/ v2((1+f+ v2)R +(1—f+
:/@)L) = ﬁ((1+ V2R + L — fAL-R) +

2rL)

RL4 = —(RL2+RL3) = —j1/_/Z((1+b+ \/—)L——

(1-b+ ¥2DR) = —j1/ +2((1+ +2)L — R +
b(L+R) V2IR)

RR4 = j(RR2+RR3) = j1/ \/—((H-lrh V2)R —
(1=b+ V2r)L) = jl/ VZ((1+ VZ)R — L +
b(R+L) — VZrL)

The variable matrix circuit shown in FIG. 13 operates
as follows: As an example, the operation of the front-
left channel FL will be described. To simplify the de-
scription, the output FL4 of the decoder is expressed
by the following equation:
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tion of the demodulation vector for signal FL4 in the
front-left channel FLO adjacent to channel FRO will be
shifted from the front-left channel FLO:to the side of
rear-left channel RLO which is displaced diagonally
from the channel FR0, and does not contain any FR

. signal component as cross-talk, as shown in FIG. 17.

Consequently, the signal component FR to be intro-
duced into the adajcent channel FLO as cross-talk com-
ponent is greatly decreased. The level of the front-left
channel signal FL4 is raised by about 4 4B in order to
prevent the signal level lowering (in this case, about —3
dB) of this channel due to shifting of direction of the
demodulation vector for front-left channel FLO.

In the presence of the rear-left signal RL the first
phase discriminator 32 operates in the opposite phase
whereas the second phage discriminator 174 operates
in phase. Accordingly, various variable coefficients are:
f=0,b=3414,1=3414and r=0:

Thus FL4 = 5.828(0.414L+R). Under these condi-
tions: as shown in FIG. 18, the direction of the demodu-
lation vector for the front-left signal FL4 is shifted to
the side of front-right channel FRO, and the gain for the
front-left channel FLO is raised.

In the presence of the front-left signal FL, both first
and second phase discriminators 32 and 174 operate in
phase: so that various’ variable coefficients are: f =
3414, b = 0, I'= 3414 and r = 0. Thus FL4 =
5.828(L+0.414R), '

As shown in FIG. 19, under these condmons, the de-
modulation vector of the signal FL4 does not vary but
the directions of the demodulation vectors of the sig-
nals in the adjacent channels FRO and RLO shift to the
side of the rear-right.channel RRO. Under these condi-
tions, the gains for adjacent channels as well as the gain
for the channel FLO are increased. _

In the case of the front-right signal FR and the rear-
right signal RR of the same level, that is where the

“right-center signal RC is applied, the first phase dis-
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criminator 32 operates in 90° out-of-phase; whereas the
second phase discriminator 174 operates in .180°
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out-of-phase. Accordingly, various coefficients become

f=1,b=1,1=0,r=3.414, and thus FL4 = 3.414L.

As shown in FIG. 20, the direction of the demodula-
tion vector for the front-left signal FL4 shifts to the di-
rection in which the right-center signal RC is not con-
tained as the cross-talk, that is to the side of the left-
center. Under these conditions, the gain for the front-

left signal FL4 is decreased by about —0.7 dB for per-

forming right-front and rear stereo reproduction.
Where the left center signal LC is applied, the first
phase discriminator 32 performs in 90° out-of-phase
operation whereas the second phase discriminator 174
performs in-phase operation. Accordingly, various
variable coefficients become: f=1,b=1,1=13.414, r
0 and the FL4 4.828 (0.707L4R) - =

5.914(Lsin35.gi+ch§35.2°). Under these conditions, .
as shown in FIG. 21, the gain for the signal FL4 is

_increased for performing the left-front and rear
stereo reproduction. : .
In the case where the rear-center signal CR is ap-
plied, the first discriminator 32. operates in phase
whereas the second descriminator 172 operates in 90°
out-of-phase. As a consequence, various variable coef-
ficients become: f=0, b=3.414,!=1'and r= 1 and
thus FL4 = 2.414(L+R) = 3.414(Lsin45°+Rcos45°).
Under these conditions, as shown in FIG. 22, the di-
rection of the demodulation vector of the signal FL4

shifts to the side of the front-center channel, and for ;

the purpose of performing the rear-left and right stereo
reproductions the gains for the rear channels RLO and
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amplifiers 122 and 127 are controlled respectively by
the outputs Ef and Eb from a comparator 4s the first
control unit 32 for the front-rear control which detects
the difference in the levels of the sum signal (L +R)
and the difference signal (L —R), and variable gain am-
plifiers 176 and 178 are controlled respectively by the
outputs E/ and Er from a comparator 190 as the second
control unit for-the left and right control which detects
the difference in the levels of the left signal L and the
right signal R. In this manner, it is possible to obtain the
same effect as the decoder shown in FIG. 13 by detect-
ing the difference in the signal levels.

As above described, according to this invention it is
possible to greatly improve the separation between re-
spective channels and to independently reproduce
sounds from respective channels without impairing the
necessary information contained therein. Moreover, as
it is impossible to substantially eliminate undesirable
cross-talk signals which in most cases have different
phases from the main signal, the quality of the repro-
duced sound field is greatly improved and the optimum
audible area is widened greatly. .

- Although the invention - has - been shown and de-
scribed in terms of some preferred embodiments
thereof, it will be clear that many changes and modifi-
cations will be obvious to one skilled in the art without

. departing from the true spirit and scope of the inven-
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RRO are increased whereas the gain for the signal FL4 »

is decreased.

Where the front-center signal CF is applied, the first
phase discriminator operates in phase whereas the sec-
ond phase discriminator operates in 90° out-of-phase.
Accordingly, various variable coefficients become: f=
3.414,b=0,!l=1, r=1 and thus FL4 = 5.838(L—R)
= 5.914(Lcos 9.7°-Rsin9.7°).

As.shown in FIG. 23, for the purpose of performing

- the front-left and right stereo reproduction, the gains
for front-channels FLO and FRO are increased.

Although above description was made with reference
to only the front-left channel FLO, the operations of the
other channels can be readily understood from the
foregoing description. ' .

FIGS. 24A and 24B show a circuit diagram of the
variable matrix circuit shown in FIG. 13. In FIG. 24A,
a first resistive matrix 200 acts as the matrices 120, 123
and 175, and the adder 179 shown in FIG. 13 and a sec-
ond resistive matrix.201 as the matrices 120, 123 and
177, and the adder 181, A third resistive matrix 202
acts as the matrices 125, 128 and 175, and the adder
183 and a fourth matrix 203 as the matrices 125, 128
and 177, and the adder 18S. For example, the matrix
200 combines the signals +L, 4R, {L—R) and /R with
a relative amplitude ratio (1+ v2):1:1: V3.

The signals +L. and +R are caused to have the rela-
tive amplitude ratio of 1+ VZ : 1 by resistors of 49.7
kiloohms and 120 kiloohms. On the other hand, the sig-
nals f{L—R) and IR are caused to have the relative am-
plitude ratio of 1 : V2 by input signal level settings of
the variable gain amplifiers 122 and 176. Since this cir-
cuit is similar to that shown in FIG. 10 it is believed un-
necessary to repeat similar description.

FIG. 25 shows a block diagram of a modification of
the decoder shown in FIG. 13. In FIG. 28, variable gain
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tion as defined in the appended claims. For example,
the two channel signals may be respectively divided
into a plurality of frequency bands, and thus control
signals ‘are produced for the -respective frequency

. bunds to-control variable matrices associated with-two

channel signals in the corresponding frequency bands.

What we claim is:

L. A decoder for use in a directional sound system
wherein at least four directional audio input signals are
encoded into two channel signals and the two channel
signals are decoded into at least four audio output sig-
nals corresponding to said audio input signals, said two
channel signals having an amplitude ratio and a phase
relationship, said decoder comprising:

at least one control unit responsive to the phase rela-

tionship between said two channel signals for pro-
ducing first and second control signals; -
first matrix means connected to receive said two
channel signals for combining said two channel sig-
nals to produce two audio output signals corre-
sponding to two directional audio input signals,
said first matrix means including means responsive
to said first control signal for varying at least the
amplitude ratio of said two channel signals con-
tained in each of said output signals;.and

second matrix means connected to receive said two
channel signals for combining said two channel sig-
nals to produce two audio output signals corre-
sponding to two remaining directional audio input
signals, said second matrix means including means
responsive to said second control signal for varying
at least the amplitude ratio of said two channel sig-
nals contained in each of said output signals.

2. A decoder according to claim'1 wherein each of
said first and second matrix means comprises a resistive
matrix circuit including &t least one variable resistor,

_ said two audio output signals are derived out from the

opposite terminals of said variable resistor and the vari-

‘able resistors of said first and second matrix means.are
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controlled by said first and second control signals to
vary the amplxtude ratios of said two channel sxgnals
contained in said output signals.

3. A decoder according to claim 2 wherein said vari-
. able resistors included in said first and second matrix
means comprise photoconductive elements and
wherein there are provided first and second light
sources for illuminating said photoconductive elements
and first and second control circuits responsive to said
first and “second control signals for controlling - the
brightness of said first and second light sources.

4. A decoder according to claim 1 wherein said first
matrix means comprises a first differential amplifier
having first and second input terminals, said first input
terminal being connected to receive one channel sig-
nal; means for reversing the phase of the other channel
. signal; means for coupling the output from said phase
reversing means to the second input terminal of said
_first differential amplifier; and means responsive to said
first-control signal for controlling the gain of said first
differential amplifier, and wherein' said second matrix
means comprises a second differential amplifier having
first'and second input terminals connected: to receive
said two channel signals respectively and means re-
sponswe to said second control signal for controlling
the gain of said second differential amplifier.

5. A decoder accordmg to claim 1 further compns-l

ing:
first- means for producmg a:sum output of said two
channel signals;
second means for producing a sumoutput of said two
channel:signals having the opposite polarlty to that
of the output of said first means;

“third means for producing a difference output of said

two channel signals; and -

fourth means for producing a difference output of
said two channel signals having the opposnte polar-
ity to that of said third means;

wherein said first matrix means includes first variable
gain amplifier means connected to receive the out-
put of said third means, said variable gain amplifier

~ . means being controlled in its gam in response to.

. said first control signal;

. fifth-means for combining the output from saxd ﬁrst
variable gain amplifier means and the output from
said first means; and

sixth means for combining the output from said first

variable gain amplifier means and the output fromv

+ said second means; and

wherein said second matrix means includes second
variable gain-amplifier means connected to receive
the output from said first means, said variable gain
amplifier, ineans being controlled in its gain in re-
sponse to said second control signal;

seventh ‘means for combining. the output from said

second variable gain amplifier means and the out-
put from said third means; and

eighth means for combining the output from said sec-

ond variable gain amplifier means and the output
from said fourth means.

6. A decoder according to claim 5 wherein said two
channel signals are expressed by L =FL + AFR + jRL
+ jARR and R = FR + AFL — jRR — jARL where FL,
FR, RL and RR represent directive audio input signals
and A represents-a constant equal to about 0.414; the
gain of said first variable gain amplifier means varies
between substantially 0 and 2.41 in response to said
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first control signal; and wherein the gain of said second
variable gain ampliﬁer means varies between substan-
tially 0 and 2.41 in the 0pposnte direction to said gain
of said first variable gain amplifier means in response
to said second control signal.

7. A decoder according to claim 1 wherem said con-
trol ‘unit includes a phase discriminator for detecting
the phase dlfference between said two channel signals.

8. A decoder accordmg to claim 7 wherein said phase
discriminator comprises first means connected to re-
ceive one channel signal for producing a rectangular
wave output; second means connected to receive the
other channel signal for producing a rectangular wave
output; third and fourth means which are connected to
receive the output from said first means for producing
outputs of opposite polarities; and first and second -
switching .means which are alternately renderéd ON
and OFF in response to the outputs from said third and
fourth means, the input sides of said first and second
switching means being connected to receive the output
of said second means to thereby produce first and sec-
ond control signals from the output.sides of said first
and second switching means, the magnitudes of said
first and second control signals varying in opposite di-
rections in accordance with the phase dlfference be-

_ tween said two channel signals.
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9. A decoder according to claim 1 wherein sald con-
trol unit includes a comparator for detecting the phase
relationship between said two channel signals in-accor-
dance with level difference between sum and differ-
ence signals of said two channel signals.

10.-A decoder as claimed in claim 9 wherein said
comparator comprises a first logarithmic amplifier con-
nected to receive a sum signal of said two channel sig-
nals; a second logarithmic amplifier connected to re-
ceive a difference signal of said two channel signals;
first means to rectify the output of said first logarithmic
amplifier; second means for rectifying the output of
said secord logarithmic amphﬁer and a differential
amplifier connected to receive the outputs from said
first and:second ‘means for producing first and second
outputs, the magnitudes of which vary in the opposite
directions in accordance with the’ phase relatlonshlp
between said two channel signals..

11. A decoder according to claim 5§ wherein each of
said first and second variable gain amplifier means has
a frequency characteristic such that it manifests a rela-

tively low gain for signals having frequencies less than

a first predetermined frequency and a relatively high
gain for signals having frequencies less than a second
predetermined frequency regardless of the magnitudes
of said first. and second control signals. :

12. A decoder according to claim 11 wherein said
first predetermined frequency is about 200 Hz and said -
second predetermined frequency is about-5000 Hz.

13. A decoder according to claim 5 wherein each of
said first and second variable gain amplifier means in-
cludes means for substantially preventing signals con-
tained in the input signal and having frequencies lower
than a first predetermined frequency from being ap-
plied to.said amplifier means and means for operating
said amplifier means at a high gain for signals contained
in the input signal and having frequencies higher than
a second predetermined frequency which is higher than
said first predetermined frequency regardless of the
magnitudes of said first and second control signals.
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14. A decoder accordmg to claim 5 wherein each of
said first and second variable gain amplifier means
comprises a variable gain amplifier connected to
mainly receive input signals having intermediate fre-
quencies in the entire audible frequency band and a
fixed gain amplifier connected to mainly receive input
signals having higher frequencies than said intermedi-
ate frequencies.

15. A decoder according to claim 14 which further
comprises a bandpass filter connected to the input of
said variable gain amplifier and a high-pass filter con-
nected to the input of said fixed gain amplifier.

16. A decoder dccordmg to claim § further compris-
ing

a second control unit for producing third and fourth

‘control signals in response to sald two channel sig-
nals;

third variable gain amplifier means connected to re-

ceive a first channel signal, said variable gain am-
plifier means being controlled in its gain by said
third control signal;

ninth means for producing a sum output of the output

of said- third variable gain amplifier means and a
second channel signal; :

10th means for producing a difference output of the

output said third variable gain amplifier and the
second channel signal;

fourth variable gain amplifier means connected to re-

ceive the second channel signal, said fourth vari-
able gain amplifier means being controlled in its
gain by said fourth control signal,

11th means for producing a sum output of the output

of said fourth variable gain amplifier end the first
channel signal;

12th means for producing a difference output of the

output of said fourth variable gain amplifier and
the first channel signal;

13th means for combining the output of said fifth

means and the output of said ninth means at a pre—
determined amplitude ratio;

14th means for combining the output of said sxxth
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channel signals is about 0°; said first and second control
signals having the identical level when the phase differ-
ence is about 90°, and said first control signal of the
minimum level and seeond control signal of the maxi-
mum level when the phase difference is about 180°.

20. A decoder adapted to decode two channel signals
L and R each containing at least three of four direc-
tional audio signals FR, FL, RL and RR, into repro-
duced four channe! signals FR’, FL', RL’ and RR’ re-
spectively corresponding to said directional audio sig-
nals FR, FL, RL and RR, said decoder comprising: a
control unit responsive to the phase relationship be-
tween said two channel signals L. and R for producing
first and second control outputs which vary in opposite
directions with reference to a predetermined reference
level; first matrix means connected to receive said two
channel signals L and R for producing said reproduced
signals FL' and FR’ which are expressed by mL + nR
and nL + mR, respectively, where m and n represent
variable matrix coefficients which vary in the opposite
directions in accordance with said first control output;
and second matrix means connected to receive said two
channel signals L. and R for producing reproduced sig-
nals RL' and RR’ which are expressed by pL —¢R and
qL — pR, respectively, where p and q represent variable
matrix coefficients which vary in the opposite direc-
tioris in accordance with said second control output
and said coefficients m and p vary in the opposite direc-
tions by said first and second control outputs.

21. A decoder adapted to decode two channel signals
L and R, each containing at least three of four direc-

* tional audio signals FR, FL, RL and RR into repro-
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means and the output of said eleventh means with

a predetermined amplitude ratio;

15th means for combining the output of said seventh
-means and the output of said tenth means at a pre-
determined amplitude ratio; and

16th means for combining the output of said eighth
means and the output of said twelfth means with a
predetermined amplitude ratio.

17. A decoder according to claim 16 further compris-

ing first and second phase shifters for introducing a pre-

determined phase difference between said two channel
signals; adder means for adding the outputs of said first
and second phase shifters; and subtractor means for
producing a difference output of the outputs of said
first and second phase shifters; and wherein said second
control unit includes a phase discriminator for detect-
ing the phase difference between the outputs of said
adder means and subtractor means.

18. A decoder according to claim 16 wherein said
second control unit includes a comparator for detect-
ing level difference between said first and second chan-
nel signals. ‘

19. A decoder according to-claim 1 wherein said con-
trol unit produces said first control signal of the maxi-
mum level and said second control signal of the mini-
" mum level when the phase difference between said two
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duced four channel signals FR', FL’, RL" and RR’ re-
spectively corresponding to said directional audio sig-
nals FR, FL, RL and RR, said decoder comprising: a
control unit responsive to the phase relationship be-
tween said two channel signals L and R for producing
first and second control outputs which vary in the op-
posite directions with reference to a predetermined ref-
erence level; first matrix means connected to receive
said two channel signals L and R for forming said re-
produced signals FL' and FR' which are expressed by
(1)L + (1—HR and (1+f)R + (1=f)L, respectively,
where f represents a variable matrix coefficient which
is controlled by said first control output; second matrix
means connected to receive said two channel signals L
and R for forming said reproduced signals RL’ and RR’
which are expressed by (14+b)L. — (1—b) R and (1+b)R
— (1-b)L, respectively, where b represents a variable
matrix coefficient which is controlled by said second
control output, said coefficients b and f varying in the
opposite directions.

22. A decoder according to claim 21 wherein said
two channel signals L. and R are expressed respectively
by FL + AFR + jRL + jARR and FR + AFL — jRR —
JARL where A equals substantially 0.414 and wherein
said variable matrix coefficients fand b vary in opposite
directions between substantially 0 and 2.41 in response
to said first and second control outputs. .

23, A decoder adapted to decode two channel signals
L and R, each containing at least three of four direc-
tional audio input signals FL and FR associated with
front left and right channels, RL and RR associated
with rear-left and right channels, into reproduced four
channel output signals, said decodér comprising:

a first control unit responsive to the level ratio- be-

tween the front and rear audio input signals con-
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 tained in the two channel Signals for producing first

and second control signals, the magnitudes of
which vary in opposite directions;

a second control unit résponsive to the level ratio be- -

~tween the. left and right audio input signals con-
tained in" the two channel signals- for producing
third and fourth control signals, the magnitudes of
which vary in opposite directions;

first means connected to receive said two channel
signals L and R for producing an‘output propor-
tional to a signal (I+f+ V2)L + (1—+ VIR,
where f and ! represent ‘coefficients which . vary
over.a predetermined range;,

second means connected to receive said two channel
signals'L ‘and R for producing an output’ propor-
tional to a signal (1+4 VZ)R + (1—f+ V2r)L,
where fand r represent coefficient which vary over
a predetermined range;

‘third means connected to receive said two channel

. signals L and R for producing an output propor-
tional to a signal (1+b+ V2)L - (1-b+ V2I)R,
where b and | represent coefficients Wthh vary
over a predetermmed range;

‘fourth means connected to receive: said two channel
signals-L. and R for producing an output pro or-
tional to a signal (1+b+ V2)R — (1-b+ VZr)L,
where b and . r represent coefficients which vary
over a predetermined range;

fifth means responsive to said first control signal for . .
.30

varying said coefficient f;
sixth means responsive to said second control signal
for varying said coefficient b;

seventh means responsive to said third control sxgnal

for varying said coefficient r; and

eigth-means responsive to. said fourth control sxgnal

for varying said coefficient /. .

24. A decoder according to claim 23 wherein said
two channel signals L and R are expressed respectively
by FL + AFR + jRL + jARR and FR + AFL — jRR —
JARL where A equals substantially 0.414 and said coef-
ficients f, b, r and / vary respectively between substan-
' tially 0°'and 3.414.

25, A decoder.adanted to decode first and second

‘channel signals, each-containing at least three of four
- audiosignals associated with front-left and right chan-
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seventh means responsive to said third control eignal
for varying the amplitude of the flrst channel sig-
nal;
eighth means responsive to said fourth control signal
~for varying the amplitude.of the second channel
signal; .
ninth means for combmmg the first and second chan-
nel signals, the output signal from said fourth
means, and the output signal from said eighth
means with the same polarities and a first predeter-
mmed relative amplitude ratio;
10th means for combining the first and second chan-
nel signals, ‘the output signal from said fourth
means, and the output from said seventh means
- with a relationship wherein the output signal from
said fourth. means is opposite in"polarity to the re-
maining three signals, and a second predetermined
relative amplitude ratio;
eleventh means for combining the first and second
. channel signals, the output signal from said sixth
" means, and the output signal from said eighth -
‘means with 2 relationship wherein the first channel
‘s1gnal and the output signal from said sixth means
. are opposite in polarity to the remaining two sig-
Unals and a third predetermmed relative amplitude
" ratio; and ‘
: 12th means for combining the first and second chan-
nel signals, the output signal from said sixth means
*and the output signal from said seventh means with
a relationship wherein the second channel signal
and the output signal from said sixth means are op-
posite in polarity to the remaining two signals, and -
a fourth predetermined relative amplitude ratio. ~
26. A decoder accordmg to claim 25 wherem sald
first amplitude ratio is substantially (1+ v2) .
V2, sald second amplitude ratio substantially 1 (1+

v2):l: \/_ said third amplitude ratio substantially
1+ V2): V2, and said fourth amplitude ratio .
substantlally 1 1 (1+ v2): V32

27."A decoder according to clalm 25 wherein said

- fourth'and sixth means vary in opposite directions the

45

nels and rear-left and right channels, into four channel -

signals, said decoder comprising;
first means responsive to the level ratio between the

‘front and rear audio input signals contained in the.
two channel signals for producing first and second °
control signals; the magnitudes of which vary in op-.

posite directions;

second .means responsive to the level ratio between
the left and right audio input signals contained in
the two channel signals for producing third and
fourth control signals the magnitudes of which vary
in opposite directions;

third means for producing a difference signal of the -

first and second channel signals;

fourth means responsive to said first control signal

~ for varying the amplitude of the output signal from
said third means;

fifth means for producing a sum signal of the first and
second channel signals ‘

sixth means responsive to said second: control signal
for varying the amplitude of the output signal from
said fifth means;

amplitudes of the input signals therefor over a range
between substantially 0 and 3.414, and said seventh
and eighth means vary in opposite directions the ampli-

-tudes of the input signals therefor over a range between

~ substantially O and 3.414.
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28. A decoder adapted to decode first and second
channel signals, each containing at least three of four
audio signals associated with front-left and right chan-

-nels and rear-left and right channels, into four channel

signals, said decoder comprising:

first means responsive to phase relationship between
the front and rear channels for producing first and
second control signals, the magnitudes of which

- vary in opposite directions;

second means for producing a difference signal of the
first and second channel signals;

third means responsive to said first control signal for
varying the amplitude of the output sxgnal from
said second means;

fourth'means for producing a sum sngnal of the first
and second channel signals;

fifth means responsive to said second control sngnal
for varying the amplitude of the output 51gnal from

* said fourth means;
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sixth means for combining the first and second chan-

nel signals, and the output signal from said third
means with the same polarities;

seventh means for combining the first and second

channel signals, and the output signal from said

- third means with a relationship wherein the first

and second channel signals are opposite in polarity
to the output signal from said third means;

eighth means for combining the first and second

channel signals and the output signal from said fifth
means with a relationship wherein the second
channel signal is opposite in polarity to the remain-
ing two signals; and

ninth means for combining the first and second chan-

nel signals and the output signal from said fifth
means with a relationship wherein the first channel
signal is opposite in polarity to the remaining two
signals.

29. A decoder according to claim 28 wherein said
third and fifth means vary in opposite directions the
amplitudes of the input s1gnals therefor over a range
from about 0 to 2.414.

30. A decoder accordmg to claim 16 wherein each of
said variable gain ampllfler means has a frequency
characteristic ‘such that is manifests a relatively low
gain for signals having frequencies less than a first pre-
determined frequency and a relatively high gain for sig-
nals have frequencnes less than a second predetermined
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frequency regardless of the magnitudes of said first and
second control signals.

31. A decoder according to claim 30 wherein said
first predetermined frequency is about 200 Hz and said
second predetermined frequency is about 5000 Hz.

32. A decoder according to claim 16 wherein each of
said variable gain amplifier means includes means for
substantially preventing signals contained in the input
signal and having frequencies lower than a first prede-
termined frequency from being applied to said ampli-
fier means and means for operating said amplifier
means at a high gain for signals contained in the input
signal and having frequencies higher than a second pre-
determined frequency which is higher than said first
predetermined frequency regardless of the magnitudes
of said first and second control signals,

33. A decoder according to claim 16 wherein each of
said variable gain amplifier means comprises a variable
gain amplifier connected to mainly receive input sig-
nals having intermediate frequencies in the entire audi-
ble frequency band and a fixed gain amplifier. con-
nected to mainly receive input signals having higher
frequencies than said intermediate frequencies.

34. A decoder according to claim 33 which further
comprises a bandpass filter connected to the input of
said variable gain amplifier and a high-pass filter con-

nected to the input of said fixed gain amplifier.
* ok ok ok k.

35

40

" 45

50

55

60

65



