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VARIABLE MATRIX.- DECODER FoRjfUsE IN 14-2-4 
‘ MATRIX PLAYBACK SYSTEM" 

This invention relates to a directional sound system 
whereinat least four directional audio input signals are 
encoded into two channel signals andthe 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 ?eld 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, fourldirectional audio input signals which are 
applied to four speakers disposed about listeners in the 
reproduced sound‘?eld through suitable ampli?ers. As 
above described, in this type of the 54-24” 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 obtain a 
directional effect quite identical to that in theoriginal 
sound ?eld 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 ?eld and greatlywidening the listening 
area. ' .. I 

According to this invention, 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 audiosignals 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 ?rst and . second control signals,. ?rst 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 coef?cients which 
are controlled by the ?rst control signals, and second 
matrix means connected to receive the two channel sig 
nals for producing 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 theaccompanying draw 
ings, in‘which: - . 

FIG. 1 is a block diagram useful 'to explain the 
ple of the “4.-_2-4”matrix»syste_m; 

princi 

25 

45 
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FIG. 2 ‘shows a connection diagram of an encoder; 
FIG. 3 shows a block diagram of a decoder embody 

ingthe invention; v y . r ' 

‘ FIG. 4 shows a block diagram of a modi?ed decoder; 

FIG. 5 shows a circuitof a phase discriminator uti 
lized as a control unit; ' 

FIG. 6 is a diagram showing output characteristics of 
the phase discriminator shown in FIG. 5; 
FIG. 7 is a plot showing a phase relationship between 

2-channel signals; ‘ 7 

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

FIG. 9 shows ‘a circuit diagram of a modi?ed de 
coder;_ ' 

FIG. 10 shows a block diagram of another modi?ca 
tion of the decoder; ‘ - 

' FIG. 11 is a circuit diagram of the modi?ed decoder 
shown in FIG. 10; ' 

' FIG. 12 shows a modi?cation of a portion of the de 
coder, shown in FIG. 11'; V ‘ 

‘ ' FIG. 13 shows a block diagram of a modi?ed decoder 
capable of independently controlling 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 showing the manner of varying the 
gains of various variable gain ampli?ers utilized in the 
circuit shown in FIG.‘ 13; __ > ' 
FIGS. 16 to 23 are diagrams showing the shifts of de 

modulation vector for a speci?ed channel under vari 
ous operating conditions of the decoder shown in FIG. 

FIGS. ‘24A and 248 show a circuit diagram of the 
variable‘ matrix‘circuit shown in FIG. 13; and 
FIG. 25 ‘shows amodi?cation of the decoder shown 

in FIG. 13. ' . - 

To have a better understanding of the invention the 
principles of the “4-2-4” matrix {playback system and 
an encoder‘will ?rst‘be described with reference to 
FIGS. 1 and 2 of the accompanying drawings. , 

- In' the system shown 7in vFIG. 1, four microphones 
MFL, MFR, MRL and MRR‘are installed in an original 
sound ?eld 1 in order to produce four channel direc 
tional audio signals FL (front-left), FR (front-right), 
RL (rear-left) and RR (rear-right).;T hese 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 ampli?ers (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 

I 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 av 
magnetic tape and the outputs from the recording me 
dium are applied to the decoder‘S.‘ According to the 
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other system, the two outputs from the encoder 2 or the 
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 ?eld 1 are supplied to a ?rst 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 ?eld l 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 ?rst 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.:l-90° (+j) 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 ?rst ma 
trix circuit 10 and a signal derived out from'the lower 
terminal of the center resistor 16 of the second matrix 
circuit l4and 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 ?xed matrix con 
stant 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 ?eld 1. 
Then, the reproduced four channel signals in the repro 
duced sound ?eld will be expressed as follows: 

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 —°°dB 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- _ 

.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 coef?cient 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 190° 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 ECl and EC2 of 
a control unit 32. The control unit 32 provides these 
control outputs ECl and EC2 in accordance with the 
phase difference between two-channel signals L and R. 
The magnitudes of the ?rst and second control outputs 
ECl 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 ?rst control output EC 1 
is used to control the matrix coef?cient 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 ?rst control 
output ECl operates to decrease the matrix coef?cient 
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 coef?cient related to the rear channels thus re 
ducing the separation between rear channels. Concur 
rently therewith the signal levels d 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 v 
in terms of the difference in the levels of a sum signal 
(L-l-R) and a difference signal (L-R). In this invention, 
the reason for controlling the matrix coef?cient asso 
ciated with the front andv 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 
andrlowering 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 channelsian‘d‘low 
ering the separation between front channels. ‘ 

it Where a large sound is present in the front and a 
small sound is present in the rear, that is, where FL,- FR 
>> RL, RR, signals L and R have substantially the 
same phase. This means that the level of a sum signal 
(L + R) is higher than that of a difference signal (L — 

Conversely, where alarge 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. - I 

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-264 
and 26-2 and comprisesa ?rst 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, 40iand .41 andan inverter 
42. The ?rst 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 274 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 CdSelement. 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 ECl 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 invention, will be 
described hereunder.‘ . - _ I > * " 

' FIG. 5 shows a circuit diagram of a phase discrimina 
tor which comprises a ?rst limiter 50 including transis 
tors 51 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 ?rst and second lim 
iters S0 and 53 have large ampli?cation 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 ampli?ers 56 and 58 including transistors 
57 and 59 respectively. The outputs from the first and 
second ampli?ers 56 and 58 are supplied to a first 
switching circuit 60 and a second switching circuit ‘61. 
respectively includingbridge connecteddiodes D,‘ to‘ 
D4 and diodes D5 to D8, thereby causing these switching 
circuits ON and OFF alternately. The output from the . 
first limiter 50is coupled to the common input of the 
?rst'and second switching circuits 60 and 61, while the 
output terminals of these switchingcircuits '60 and 61 
are-grounded through capacitors 62 and 63 respec 
tively, andare connected to a point of reference volt 
'age (in this case, +B/2 volts) through 'potentiometers 
64 and 65, respectively. The slidable arms of the poten 

‘ 3,825,684 

5 

.16: 
tiorneters 64 arid65 supplies the ?rst and second con 
trol outputs ECl and EC2. 
The phase discriminator constructed as above de 

scribed operates to switch the left signal L byvalter 
nately rendering ON and OFF the ?rst and second‘ 
switching circuits 60 and 61 in response to the right sig 
nal R thereby discriminatingthe 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 ECl 
and EC2 vary symmetrically but in opposite directions 
about the rcfcrence 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 

I right‘ signals Land R equals zero degree corresponds to 
a case wherein the sound is present only in the front, 
that is L =fFL + APR and R = FR + AFL. The case 
wherein the phase difference between the left and right 
signals L and Rvequals 180° corresponds to a case 
wherein the sound is present only inthe rear, that is‘ L 
= -+jRL + jARR and R = —jRR —- jA‘RL, and the case 

‘ wherein the phase difference between the signals L and 

25 

30 

R equals 90° corresponds to a case wherein sounds of 
the same level are‘ present on‘ the left hand and right 
hand sidesin’the front. as well as on the left hand and 
right hand sides in therear, that is L = 1 + j and R = 
l —'— j. FIG. 7 shows the‘relationshipfbetween 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 

1 case wherein signals RL and RR alone are present and 

35 

thus the signals Land R are 180° out-of-phase. As the 
signals RL and RR are impressed the'phase relationship 
between two channel signals‘L and R vary as shown by 
arrows a and b. a ' 

FIG. 8 shows a circuit diagram of a comparator 
I which is a modified embodiment of the control unit. In 

40 

45 

50 

this embodiment, the two channellsignals L and R are 
added and subtracted before they enter the comparator 
so 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 ampli?er 70 including‘ a transistor 71 and di 
odes D9 and D10, whereas the difference signal (L — R) 
is applied to a logarithmic ampli?er 72 including a tran 
sistor .73 and diodes D11 and D12. The output from the 
ampli?er 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, recti?er ‘circuit 78‘. Similarly, the output from 

a the ampli?er 72~which is proportional to log (L — R) 
is supplied to a second boot strap circuit 76 including 
atransistor 77 and the outputs of the boot strap circuit 
76 having opposite polarities are applied to a recti?er 
circuit 79. The output of recti?er‘ 78 which‘ is propor 
tional to log I L+Rl and the output. of recti?er 79 which 
is proportional to log |L—-R| are applied to the base 
electrodes of transistors 80 and 81 constituting a differ 
ential ‘ampli?er 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 ampli?er 
82 acts to operate values‘ log -[ L+Rl/ | L-Rl and log 

I L~R |/lL+Rl. The ?rst control output ECl derived 
out from the collector electrode of transistor 80 corre 
sponds to log lL+Rl / l L—Rl whereas the second control 

" output EC2 derived out from the collector electrode of 
transistor 81 corresponds‘ to log |,L—R l/l L+R l and 
these outputs EC 1‘ and EC2 vary schematically with'op 



>7 
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 

coderwill 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 ?rst control out 
put ECl 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 
through 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 0 f 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-crosstalk 
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. -' I 

Where the phase difference between the left and 
‘right 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 
wheresounds of thesame level presentin the forward 
as well as in the rearward the control output's'ECl 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 circuit. 

As above described, the vdecoder outputs FL’, FR’, 
RL’ and RR’ can be expressed as follows: . 
FL’ = mL + nR 
FR’ = nL + mR 

RR’ = +j (qL — pR) ' . 

where m, n, p and q represent the variable matrix coef 
?cients which are controlled by the control outputs 
ECl and EC2 from the control unit in such a manner 
that the magnitudes of the coefficients m and n are con 
trolled in theopposite directions as well as the coeffici 
ents p and q. 

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 ampli?er 91 including’ 
transistors 92 and 93. The left signal Lis 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 matrix circuit 
through an inverter 96 comprising a transistor 97. A 
first control circuit 99 including a ?eld effect transistor 
100 is capacitively connected in parallel with a com 
mon emitter resistor 98 of transistors 92 and 93 which 
constitute the differential ampli?er 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 ?rst control circuit 99 operates to vary the 
AC impedance of the emitter circuits of transistors 92 
and 93 in accordance with the magnitude of the control 
input ECl so 'as to control the gain of the differential 
ampli?er 91. 1 > 

The second matrix circuit 105 associated with the 
rear channels comprises a second differential ampli?er 
106 including transistors 107 and 108. The left signal 
L is coupled to the base electrode of transistor 107, 
whereas the rightsignal'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 ?eld-effect transistor 111 is capacitively con 
nected in parallel with a common emitter resistor 109 
for transistors 107 and 108. The gate electrode of ?eld 
effect transistor 1 1 1 is connected to a control input ter 
minal 31-2. The second control circuit 110 operates in 
thesame manner as the ?rst control circuit 99 so as to 
control the gain of the second differential ampli?er in 
accordance ‘with the magnitude of- the control input 
EC2. 
The operation of the variable matrix circuit shown in 

FIG. 9 will be brie?y described as follows: Where the 
left and right signals L and R are substantially in phase, 
the control input ECl 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 ?rst differential ampli?er 90 is 
increased, whereas that 'of the second differential'am 
pli?er 106'is decreased. Increase in the. gain of the first 
differential ampli?er 91 results in the increase in the 
level of the left signal L which is derived out from the 
collectorelectrode 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 ampli?er 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 modi?ed decoder can also be expressed 
by substantially the same equations used in the ?rst 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 ?rst ma 
trix circuit 120 adapted to produce sum signals (L + R) 
and ——(L+R) of opposite polarities, and a second matrix 


















