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[57] ABSTRACT 
A broadcasting system wherein a left front, a right 
front, a left rear, and a right rear signal are transmitted 
on a single radio frequency channel with no signi?cant 
increase in bandwidth. It should be compatible, that is, 
it should give satisfactory monophonic and two channel 
stereophonic reception on receivers presently in use by 
the public. 

7 Claims, 2 Drawing Figures 
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FOUR CHANNEL STEREOPHONIC 
BROADCASTING SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to systems for the transmission 

of multiplex signals and particularly to systems for the 
transmission of four channel stereophonic signals by 
means of frequency modulation broadcasting, and to 
transmitters and receivers for use in such systems. 

2. Description of the Prior Art 
The FM multiplex stereophonic broadcasting system, 

which has been adopted in Japan and is called the pilot 
tone system, transmits a left (or L) channel signal and 
a right (or R) channel signal on a single radio fre 
quency channel and converts the signals with a receiver 
into L and R signals to achieve two channel stereo 
phonic reproduction. On the other hand, there have 
been recently developed magnetic tapes and record 
discs having recorded thereon left front and right front 
signals in addition to left rear and right rear signals; 
consequently, a system for four channel stereophonic 
broadcasting is now demanded. 
The main factors which are desirable in such a four 

channel system can be summarized as follows: it should 
be compatible, that is, it should give'satisfactory mono 
phonic and two channel stereophonic reception on re 
ceivers presently in use by the public; it should give 
quality equal to present systems in frequency charac 
teristic, distortion factor, signal-to-noise ratio ' and 
other characteristics; and it should be capable of trans 
mission of a composite signal on about 100 KHZ or less 
with no signi?cant increase in bandwidth. 

SUMMARY OF THE INVENTION 

It is one object of the present invention to provide a 
novel and improved four channel stereophonic broad 
casting system which is compatible with the present FM 
broadcasting system. 

It is another object of the present invention to pro 
vide a four channel stereophonic broadcasting system 
which is equal in quality to the present system in fre 
quency characteristic, distortion factor, signal-to-noise 
ratio and other characteristics. 

It is a further object of the present invention to pro 
vide a four channel stereophonic broadcasting system 
in which a composite signal can be trans-mitted on 
about 100 KHZ or less with no signi?cant increase in 
bandwidth. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is an electrical block diagram of a preferred 
embodiment of a transmitter in accordance with the in 
vention, and also graphical represen-tations of fre 
quency relationships of signals used in carrying out the 
invention. 
FIG. 2 is an electrical block diagram of a preferred 

embodiment of a receiver in accordance with the in 
vention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The system of the invention will now be described 
with reference to the drawings. In FIG. 1, a signal 
source 1 1 produces a signal representing a left front (or 
LP) channel, a signal representing a right front (or RF) 
channel, a signal representing a left rear (or LR) chan 
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2 
nel and a signal representing a right rear (or RR) chan 
nel. As indicated schematically in FIG. 1, these signals 
are added or subtracted to obtain an (LF + LR) signal, 
an (RF + RR) signal, an (LF — LR) signal and an (RF 
— RR) signal. Further, these signals are added or sub 
tracted to obtain an (LF + LR) + (RF + RR) signal 
(hereinafter being called only “A" signal for simplic 
ity), an (LF + LR) — (RF + RR) signal (“3" signal), 
an (LF — LR) + (RF —- RR) signal (“C” signal) and an 
(LF — LR) — (RF — RR) signal (“D” signal). 
The “A” signal is positioned as a main channel signal 

corresponding to the main signal (L + R) of the present 
FM multiplex broadcasting system. The “8" signal, 
after being converted into a carrier suppressed AM sig 
nal wherein the frequency of the carrier is 38 KHZ or 
a doubled l9 KHZ pilot signal, is positioned as a ?rst 
subchannel signal corresponding to the subsignal (L — 
R) sin an of the present FM multiplex broadcasting sys 
tern. 
The “C” signal and the “D” signal are converted in 

the same manner, that is, the “C” signal is positioned 
as a main channel signal (30 Hz — 9 KHZ) correspond 
ing to the “A” signal, and the “D” signal is positioned 
as a subchannel signal (10 KHZ — 28 KHZ) correspond 
ing to the “B” signal after being converted into a car 
rier suppressed AM signal wherein the frequency of the 
carrier is 19 KHZ which is the same as that of the pilot 
signal. The “C” signal and the “D” signal which are po 
sitioned in a frequencyspectrum are positioned as a 
second sub-channel (57.5 KHZ ~ 113.5 KHZ) higher 
than the ?rst sub-channel (23 KHz — 53 KHZ), after 
being frequency modulated into 85.5 KHZ : 10 KHz. 
As is well known only one sideband of the 85.5Khz car 
rier need be transmitted. 
By the above converting process, the “A,” “B,” “C" 

and “D” signals are converted and positioned as shown 
in the lower part of FIG. 1, further modulated into a 
frequency modulated signal by the frequency being 
used in a present FM stereo broadcasting system at 
present, and then transmitted. 
Now, the receiving system of this invention will be 

described with reference to FIG. 2. A receiving an 
tenna 21, an FM tuner 22 and a stereo decoder 23 are 
shown in a dotted line 24 and are the same as those in 
FM stereo receivers presently in use by the public. 
Therefore, the (LF + LR) signal and the (RF + RR) 
signal are led out from the output terminals of the ste 
reo decoder 23. . 

One part of the output power of the FM tuner 22 is 
fed into an FM demodulator 25 for the second sub 

_ channel and is further frequency demodulated to pro 
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duce an output signal containing the “C” signal and the 
“D” signal. The output signal of the FM demodulator 
2-5 is fed into a stereo decoder 26 for the second sub 
channel to be converted into the (LF — LR) signal and 
the (RF —- RR) signal by the pilot signal which is sup 
plied from the stereo decoder 23 and then the two con 
verted signals are led out from output terminals of the 
decoder 26. 
The (LF + LR) signal and the (LF — LR) signal are 

fed into a matrix circuit 27 and are added and sub 
tracted to produce the LF signal and the LR signal on 
the two output terminals of the matrix circuit 27. The 
(RF + RR) signal and the (RF — RR) signal are fed into 
a matrix circuit 28 and are added and subtracted to 
produce the RF signal and the RR signal on the two 
output terminals of the matrix circuit 28. 
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The received signal may be discriminated whether it 
is a monaural signal or a stereophonic signal by using 
the pilot signal being led out from the FM tuner 22, as 
in a prior art receiver. Furthermore, the received signal 
may be discriminated whether it is a two channel ste 
reophonic signal or a four channel stereophonic signal 
by using the l9 KHz pilot signal being led out from the 
FM demodulator 25. Therefore, an automatic switch 
ing operation may be easily obtained so as to compose 
a reproduction circuit corresponding to either a mon 
aural, two channel stereophonic or four channel stereo 
phonic signal. 
The present invention has many improvements, as 

described hereinabove. First, compatibility can be ob 
tained, that is, the invention gives satisfactory mono 
phonic or two channel stereophonic reception on re 
ceivers presently in use by the public. in other words, 
if a monaural receiver receives the four channel stereo 
phonic signal of the present invention, the mixed signal 
(LF + LR + RF + RR) can be reproduced; and, if a two 
channel stereophonic receiver receives the four chan 
nel signal, the left signal (LF + LR) and the right signal 
(RF + RR) are reproduced. ' 
On the other hand, if the receiver of the invention re 

ceives a monaural signal, the monaural signal is repro 
duced by the front left and right and the rear left and 
right speakers; and, if the receiver of the invention re 
ceives a twochannel stereophonic signal, the left signal 
of the stereophonic signal is reproduced by the front 
and rear speakers of the left side, and the right signal 
is reproduced by the front and rear speakers of the 
right side. In these cases, it is, of course, unnatural that 
the same signal is heard from both front and rear speak 
ers; however, it is easy to cut off the rear signals so as 
to eliminate the unnatural sound by using the pilot sig 
nal, the second sub-carrier of other suitable signals. 
Second, the four signals, that is, the front and the rear 

signals of the left side and those of the right side are 
equal to each other in their qualities, and it is easy to 
get more than 30 db in channel separation between 
each channel. 

Third, if the modulation degree of the main channel 
and the-?rst sub-channel is set at less than 40‘ percent, 
and that of the pilot signal and the second sub-channel 
is set at less than 10 percent, the system of the inven 
tion is capable of transmission on a present signal ra 
die-frequency channel with no interference between 
neighboring radio-frequency channels. 
While the invention has been particularly shown and 

described with reference to preferred embodiments 
thereof, it will be understood by those skilled in the art 
that various changes in form and details may be made 
therein without departing from the spirit and scope of 
the invention. 

1 claim: 
1. A four channel stereophonic composite signal 

broadcasting system comprising a transmitter and at 
least one receiver, said transmitter comprising: 

a. sources of left front (LF), right front (RF), left 
rear (LR) and right rear (RR) stereophonically re 
lated audio frequency signals, 

b. means for adding the audio frequency signals to 
gether to obtain ?rst intermediate signals including 
an (LF + LR) signal and an (RF + RR) signal, 

0. means for subtracting said audio frequency signals 
one from the other to obtain second intermediate 
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4 
signals including an (LF — LR) signal and an (RF 
— RR) signal, 

d. means for adding said ?rst and second intermedi 
ate signals to obtain an [(LF + LR) + (RF + RR)] 
or “A” signal and an [(LF ~ LR) + (RF —~ RR)] or 

“C” signal, 
e. means for subtracting said ?rst and second inter 
mediate signals one from the other to obtain an 
[(LF + LR) — (RF + RR)] or “B” signal and an 
{(LF — LR) — (RF —- RR)]or “D" signal, 

f. means for supressed carrier amplitude modulating 
the 8 signal on a carrier of 38 R112 producing a 
bandwidth of 23Khz-5Khz, 

g. means for suppressed carrier amplitude modulat 
ing the D signal on a carrier of I9Khz producing a 
bandwidth of IOKhz-ZSKhz, 

h. means for combining the C signal and the modu 
lated D signal to produce a ?rst composite signal in 
which the C signal occupies a bandwidth of 
30hz-9Khz and the modulated D signal occupies a 
bandwidth of 10Khz~28Khz, 

i. means producing a pilot signal at l9Khz, 
j. means for-frequency modulating said ?rst compos 

ite signal on a carrier of 85.5Khz i lOKhz produc 
ing a bandwidth of 57.5Khz-1 13.5Khz, 

it. means for combining said A signal, said pilot sig 
nal, said modulated B signal, and said frequency 
modulated first composite signal to produce a sec 
ond composite signal in which said A signal occu~ 
pies the‘bandwidth 30hz-l5Khz, said modulated B 
signal occupies the bandwidth 23Khz-—53Khz, and 
said'modulated ?rst composite signal occupies the 
bandwidth 57.5Khz-l 13.5Khz, 

1. means for frequency modulating said second com 
posite signal, and 

m. means'for broadcasting said frequency modulated 
second composite signal. 

2. A broadcasting system as de?ned in claim 1 
wherein said one receiver comprises: 

a. a first FM demodulator circuit for demodulating 
the received FM second composite signal, 

b. a first stereo decoder for obtaining an (LF + LR) 
signal and an (RF + RR) signal by using the output 
signal of said ?rst FM demodulator circuit and a 
pilot signal, 1 - " 

c. a second FM demodulator circuit for further de 
modulating the signal coming from the ?rst FM de-' 
modulator circuit, ‘ 

d. a second stereo'decoder for obtaining an (LF — 
LR) signal and an (RF — RR) signal by using the 
output signal of the second FM demodulator cir 
cuit and the pilot signal, and ~ 

e. matrix circuit means for combining said (LF + 
LR), (RF + RR), (LF —— LR) and (RF — RR) signals 
to obtain LF, LR, RF and RR signals. 

3. A four channel st'ereophonic composite signal 
broadcasting system including a transmitter compris 
mg: 

a. sources of left front (LF), right front (RF), left 
rear (LR) and right rear (RR) stereophonically re 
lated audio frequency signals, 

b. means for adding the audio frequency signals to 
gether to obtain ?rst intermediate signals including 
‘an (LF + LR) signal and an (RF + RR) signal, 

0. means for subtracting said audio frequency signals 
one from the other to obtain second intermediate 

‘ma. “M”... ‘A. 
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signals including an (LF — LR) signal and an (RF 
— RR) signal, 

d. means for adding said ?rst and second intermedi‘ 
ate signals to obtain an [(LF + LR) + (RF + RR)] 
or “A” signal and an [(LF — LR) + (RF — RR)] or 

“C” signal, 
e. means for subtracting said first and second inter 
mediate signals one from the other to obtain an 
[(LF + LR) — (RF + RR)] or “B” signal and an 
[(LF — LR) — (RF — RR)] or “D" signal, 

. means for supressed carrier amplitude modulating 
the B signal on a carrier of 38 Khz producing a 
bandwidth of 23Khz~53Khz, 

g. means for suppressed carrier amplitude modulat 
ing the D signal on a carrier of 19Khz producing a 
bandwidth of lOKhz—28Khz, 

h. means for combining the C signal and the modu 
lated D signal to produce a ?rst composite signal in 
which the C signal occupies a bandwidth of 
30hz~9Khz and the modulated D signal occupies a 
bandwidth of lOKhz-28Khz, 

i. means for producing a pilot signal at 19Khz, 
j. means for frequency modulating said ?rst compos' 

ite signal on a carrier of 85.5KhzilOKhz producing 
a bandwidth of 57.5Khz—l 13.5Khz, 

k. means for combining said A signal, said pilot sig 
nal, said modulated B signal, and said frequency 
modulated ?rst composite signal to produce a sec 
ond composite signal in which said A signal occu 
pies the bandwidth 30hz-15Khz, said modulated B 
signal occupies the bandwidth 23Khz~53Khz, and 
said modulated ?rst composite signal occupies the 
bandwidth 57.5Khz-l 13.5Khz, 

1. means for frequency modulating said second com 
posite signal, and 

in. means for broadcasting said frequency modulated 
second composite signal. 

4. A receiver for receiving the broadcast frequency 
modulated signal formed in accordance with claim 3, 
said receiver comprising 

a. a ?rst FM demodulator circuit for demodulating 
the recieved FM second composite signal, 

b. a ?rst stereo decoder for obtaining an (LF + LR) 
signal and an (RF + RR) signal by using the output 
signal of said ?rst FM demodulator circuit and the 
pilot signal, 

c. a second FM demodulator circuit for’ further de 
modulating the signal coming from the ?rst FM de 
modulator circuit, 

d. a second stereo decoder for obtaining an (LF — 

LR) signal and an (RF — RR) signal by using the 
output signal of the second FM demodulator cir 
cuit and the pilot signal, and 

e. matrix circuit means for combining said (LF + 

LR), (RF+ RR), (LF — LR) and (RF —RR) signals 
to obtain LF, LR, RF and RR signals. 

5. A method of broadcasting a four channel stereo 
phonic composite signal comprising the steps of 

a. generating left front (LF), right front (RF), left 
rear (LR) and right rear (RR) stereophonically re 
lated audio frequency signals, 

b. adding the audio frequency signals together to ob 
tain ?rst intermediate signals including an (LF + 
LR) signal and an (RF + RR) signal, 

0. subtracting said audio frequency signals one from 
the other to obtain second intermediate signals in 
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6 
cluding an (LF — LR) signal and an (RF —— RR) sig 
nal, 

. adding said ?rst and second intermediate signals to 
obtain an [(LF + LR) + (RF + RR)] or “A” signal 
and an [(LF — LR) + (RF — RR)] or “C" signal, 

. subtracting said ?rst and second intermediate sig 
nals one from the other to obtain an [(LF + LR) 
— (RF + RR)] or “B“ signal and an [(LF — LR) — 

(RF —— RR)} or “13" signal, 
f. suppressed carrier amplitude modulating the B sig 

nal on a carrier of 38Khz producing a bandwidth of 

23Khz-53Khz, 
g. suppressed carrier amplitude modulating the D sig 

nal on a carrier of l9Khz producing a bandwidth of 

l0Kh2-28Khz, 
. combining the C signal and the modulated D signal 
to produce a ?rst composite signal in which the C 
signal occupies a bandwidth of 30hz-9Khz and the 
modulated D signal occupies a bandwidth of 
IOKhz-28Khz, 

. producing a pilot signal at 19Khz, 

. frequency modulating said ?rst composite signal on 
a carrier of 85.5Khz : lOKhz producing a band 
width of 57.5Khz—l13.5l(hz, 

k. combining said A signal, said pilot signal, said 
modulated B signal, and said modulated ?rst com 
posite signal to produce a second composite signal 
in which said A signal occupies the bandwidth 
30hz-l5Khz, said modulated B signal occupies the 
bandwidth 23Khz-53Khz, and said modulated ?rst 
composite signal occupies the bandwidth 
57.5Khz-l 13.5Khz, 

1. frequency modulating said second composite sig 
nal, and 

in. broadcasting said frequency modulated second 
composite signal. 

6. A method as de?ned in claim 5, further comprising 
receiving the broadcast FM composite signal by: 

a. frequency-demodulating the received FM second 
composite signal to obtain a ?rst output signal, 

b. decoding the ?rst output signal with the pilot signal 
to obtain an (LF + LR) signal and an (RF + RR) 
signal, 

c. further demodulating the ?rst output signal to pro 
duce a second output signal, 

(1. decoding the second output signal with the pilot 
signal to obtain an (LF — LR) signal and an (RF — 
RR) signal, and 

e. combining said (LF + LR), (RF + RR), (LF 4 LR) 
and (RF — RR) signals to reproduce the LF, LR, 
RF and RR signals. ' 

7. A method of receiving the broadcast FM compos 
ite signal formed in accordance with the method of 
claim 5 and comprising: 

a. frequency-demodulating the received FM second 
composite signal to obtain a ?rst output signal, 

b. decoding the ?rst output signal with the pilot signal 
to obtain an (LF + LR) signal and an (RF + RR) 
signal, 

c. further demodulating the ?rst output signal to pro 
duce a second output signal, 

d. decoding the second output signal with the pilot 
signal to obtain an (LF'— LR) signal and an (RF — 
RR) signal, and 

e. combining said (LF + LR), (RF + RR), (LF — LR) 
and (RF — RR) signals to reproduce the LF, LR, 
RF and RR signals. 

(b 

a. --. 


