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CARDIOID BEAMFORMER WITH NOISE 
REDUCTION 

STATEMENT OF GOVERNMENT INTEREST 

The invention described herein may be manufactured 
and used by or for the Government of the United States 
of America for governmental purposes without the 
payment of any royalties thereon or therefor. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to the ?eld of acoustic under 

water listening devices and in particular to an acoustic 
underwater water listening device having directional 
and omnidirectional hydrophones for detecting and 
localizing acoustic sources. 

2. Background Art Statement 
A sonobuoy is-a passive, directional device used for 

the purpose of detecting-and localizing a target in wa 
ter. A passive sonobuoy detects underwater sounds, 
converts them to electrical energy, and transmits to a 
receiving station a signal representative of the underwa 
ter sounds. 

SUMMARY OF THE INVENTION 

A method is provided for detecting and localizing 
acoustic sources. Acoustic signals transmitted in water 
are received by a sonobuoy. Electrical signals, corre 
sponding to the received return signals, are multiplexed 
and transmitted. The transmitted signals are received by 
a receiver which' is separated from the transmitter. The 
receiver applies the received signal to a demultiplexer 
which is separate from the the receiver. The demulti 
plexer demultiplexes the applied signals to provide elec 
trical signals representative of the sonar return signals 
to the cardioid beamformer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a block diagram representation of the 
cardioid‘ acoustic beamformer system of the present 
invention. _ 

FIGS. 2a-d show graphical representations of polar 
data measured by hydrophones of a hydrophone array 
associated with the cardioid acoustic beamformer sys 
tem of FIG. 1. 
FIG. 3 shows a schematic representation of the elec 

tronic circuitry of the cardioid system of FIG. 1. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring now to FIG. 1, there is shown a block 
representation of cardioid acoustic beamformer system 
36 of the present invention. Cardioid acoustic beam 
former system 36 uses data from a conventional three 
hydrophone array (not shown) which is arranged in a 
conventional manner which is well understood by those 
skilled in the art. One hydrophone of the three-hydro 
phone array is omnidirectional as shown in block 24 of 
system 10. The remaining two hydrophones of the 
three-hydrophone array of acoustic beamformer system 
36 are directional as shown in block 20. Cardioid acous 
tic beamformer system 36 produces an output that per 
mits computation of the bearing of an acoustic source 
relative to the position of the three-hydrophone array, 
in addition to conventional detection of the object 
which is the acoustic source. The bearing output of the 
object is provided by acoustic beamformer system 36 in 
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2 
combination with the three-hydrophones of the array 
and a magnetic compass as shown in block 26 to deter 
mine azimuth angle of the object with respect to mag 
netic north. 
Each hydrophone of the three-hydrophone array 

produces its own output which is transmitted by radio 
frequency to receiving station 38. This data is transmit 
ted by way of cable 16 and radio transmitter 14, having 
very high frequency antenna 12. The information from 
the three-hydrophone array is multiplexed onto single 
cable 16, as shown in block 18, and relayed in a multi 
plexed manner to receiving station 38. The received 
data is recorded and demultiplexed by demultiplexer 34 
for analysis at receiving station 38. 

Demultiplexer 34 and cardioid beamformer 36 are 
provided as two separate units in the system of the 
present invention. Thus the demultiplexed signals from 
demultiplexer 34 are applied to cardioid 36 by demulti 
plexer means 34 by way of three demultiplexed signal 
lines 35. The demultiplexed data of the sonobuoy ap 
plied to cardioid beamformer 36 is an electronic repre 
sentation of acoustic signals received by the three 
hydrophone array from all directions. Thethreedimen- " - 
sional information is spherical in shape with the omnidi 
rectional hydrophone at the center. The data from the 
two directional hydrophones enable the direction of 
arrival of acoustic signals to be determined using cardi 
oid acoustic beamformer system 36. 

Additionally, cardioid beamformer system. 36 uses 
this data from the directional hydrophones of system 10 
to reduce noise arriving from other directions relative 
to the signal direction. Demultiplexed data from the 
two directional hydrophones used in sonobuoy system 
36 are termed COS and SIN. The COS hydrophone 
data is an, electronic description of signals received from 
the north and south directions relative to sonobuoy 
system 10. It is representative of a dumbbell shaped 
volumetric ?gure eight shape whose axis is the north 
south axis and is centered around the COS hydrophone. 
The SIN data received from the other directional hy 
drophone represents acoustic signals received from east 
and west directions, also in a volumetric ?gure eight 
shape with its axis aligned with the east-west axis. 
A geometric cardioid is, in general, the graph of a 

polar equation of the forms shown in Equations (1) 
plotted in polar coordinates, where x is a real number. 
Plotted for 0 from zero to three hundred sixty degrees, 
the following polar Equations (I) produce heart-shaped 
or cardioid graphs. 

r1=a(l-cos 0) Equations (1) 

Setting x equal to unity and substituting OMNI for 
the number 1, COS for cos 0, and SIN for sin 0, polar 
Equations (2), of a form similar to the form of polar 
Equations (1), can be determined as follows: 

r1=OMNI—COS Equations (2) 

q=omw+cos 

r3 = OMNI- SIN 
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r4 = OMN1+ SIN. 

Referring now to FIGS. Za-d, there are shown polar 
plots of laboratory data measured at the outputs of the 
cardioid acoustic beamformer system 36 for a single 
frequency. The polar plots of data are illustrated as 
graphical representations 40, 42, 44, and 46. These 
graphical representations correspond to three-dimen 
sional heart shaped receiving patterns with a null in 
each of the cardinal headings. These shapes are mathe 
matically expressed by Equations (2). The forms of 
Equations (2) are representative of the forms of Equa 
tions (1). Furthermore, using addition and subtraction 
circuits, Equations (2) may be realized using the outputs 
of cardioid acoustic beamformer system 36. Thus cardi 
oid shaped curves may be obtained from the data pro 
vided by cardioid acoustic beamformer system 36. 
However, the data of cardioid acoustic beamformer 
system 36 is three-dimensional rather than two-dimen 
sional as represented by Equations (2). This permits 
eliminating or discriminating data reception from a 
speci?ed direction. 
For example, if anqobject is at an orientation south of 

receiving sonobuoy system 10, cardioid beamformer 
system 36 may null signals which are determined to be 
extraneous noise from the north direction by selective 
orienting of the null of the heart-shaped cardioid beam 
pattern toward the north. It is thus possible to obtain a 
representation upon which to base judgment compared 
to only an OMNI representation. Also, by eliminating 
data, or null steering, from the east or west directions, it 
is possible to determine that an object in a more south 
east or southwest direction with a higher degree of 
con?dence. 

Returning to Equations (2), the r1 cardioid is termed 
N, the r; cardioid is termed S, the r3 cardioid is termed 
E, and the r4 cardioid is termed W. For navigational 
acoustic work, zero degrees is referenced to magnetic 
north and the cardioids obtain their directional name for 
bearing from the direction of the null or absence of data 
associated with the cardioid shape. Degree determina 
tions, therefore, are as follows: N is zero degrees, E is 
ninety degrees, S is one hundred eighty degrees, and W 
is two hundred seventy degrees. Information from so 
nobuoy system 10 is demultiplexed and regenerated by 
electronically summing and differenciating the OMNI, 
COS and SIN signals to represent the analytical rela 
tionships of Equations (2) in acoustic beamformer sys 
tem 36. 

Referring now to FIG. 3, there is shown a schematic 
representation of the electronic circuitry of cardioid 36 
which processes data transmitted from sonobuoy sys 
tem 10. To electronically sum and di?'erence the 
OMNI, 00S and SIN signals, conventional operational 
ampli?ers connected to form a conventional summing 
ampli?er con?guration. The output of a conventional 
operational ampli?er connected as the ?rst of two oper 
ational ampli?ers forming the summing ampli?er eon~ 
?guration is mathematically represented as: 

where R; is a feedback resister value located between 
the output and the inverting input terminal of the opera 
tional ampli?er, R1 is the input resistor value. The resis 
tor is the same value between each voltage to be 
summed, V1 and V2, and the inverting input terminal of 
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4 
the ?rst operational ampli?er. The minus sign before the 
expression of Equation (3) indicates that the output of 
the ?rst operational ampli?er is one hundred eighty 
degrees out of phase with the input of the ?rst opera 
tional ampli?er. Such an operational ampli?er is thus an 
inverting ampli?er. 

Because the ?rst operational ampli?er of the sum 
ming ampli?er con?guration is an inventing ampli?er, 
the second operational ampli?er of the summing ampli 
?er con?guration is also an inverting ampli?er. The 
second operational ampli?er of the summing ampli?er 
has an output value of: ' 

Ra VIN. 

where VIN is the inverted output voltage of the ?rst 
summing operational ampli?er. The resistance of re 
sister R3 is equal to the resistance of resister R4 in order 
to provide unity gain in the second inventing ampli?er. 
The second inversion provided by the second opera 
tional ampli?er of the summing ampli?er pair creates an 

' output with the same phase as the summing ampli?er 
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con?guration input. Making the resistance of resister 
R1 equal to the resistances of resisters R2, R3, and R4 
permits an ideally achievable gain of unity using two 
operational ampli?ers for this operation. The values 
V1+V2 of the summing ampli?er con?guration, from 
Equation (3), represent OMNI+COS, S, and OMNI+ 
SIN, W, values from cardioid acoustic beamformer 
system 36. 

Similarly, two differences ampli?ers may be coupled 
wherein the outputs are represeted by 

R ' 4 
—,,f (V: — V1). mm“) 

where Vz-V] denotes OMNI-COS, N, and OMNI- 
SIN, E, values from cardioid acoustic beamformer sys 
tem 10. Only one operational ampli?er per difference 
ampli?er is needed since the voltage output phase is not 
changed from the input. From the difference ampli?er 
Equation (4), R2 assumes the feedback resister and the 
pulldon resister, located from the non-inverting input to 
ground, are the same value. R1 assumes that the input 
register between V] and the inverting input and the 
resister between V; and the non-inverting input are the 
same value. Thus, making R2 equal R1, unit gain may be 
achieved. All values of resisters used in the summing 
and differenciating circuits may be ten kiloohms. 

Therefore, Equation (2) are realized using the cir 
cuitry of FIG. 3. The SIN signal is applied to input 
terminal 120 of cardioid 36. Similarly, the OMNI input 
is applied to input terminal 122 and the 008 input is 
applied to input terminal 124. The SIN input, received 
by way of input terminal 120, is subtracted from the 
OMNI signal received by Way of input 122 in opera 
tional ampli?er 100. Thus, output terminal 102 of cardi 
oid 36 provides the OMNl-SlN of polar Equations (2). 
The 005 input, received by way of input terminal 

124, is subtracted from the OMNI signal, received by 
way of input terminal 122, by differential appli?er 104. 
Thus output terminal 106 of cardioid 36 provides the 
OMNI-COS term of polar Equations (2’). The OMNI 
and SIN inputs are added in differential appli?er 108. 
Thus output terminal 110 of cardioid 36 provides the 
OMNI-SIN term of polar Equation (2). The OMNI 
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and COS inputs are added in differencial ampli?er 112. 
Thus the OMNI+COS term of polar Equations (2) is 
provided at output terminal 114 of Cardioid 36. 
Many modi?cations and variations of present inven 

tion are possible in view of the above disclosure. It is 
therefore to be understood, that within the scope of the 
appended claims, the invention may be practiced other 
wise than as speci?cally described. 
We claim: 
1. A method for detecting and localizing acoustic 

sources, comprising the steps of: 
(a) providing a plurality of ?rst electrical signals 

representative of sonar signals; 
(b) receiving a plurality of second electrical signals 

representative of sonar return signals correspond 
ing to said ?rst electrical signals; 

(0) multiplexing said second electrical return signals; 
(d) transmitting said multiplexed electrical return 

signals; 
(e) receiving said transmitted multiplexed signals by 

multiplexed signal receiving means separate from 
said transmitting means; 

(1) applying, by said multiplexed signal receiving 
means, said received signals to demultiplexing 
means for demultiplexing of said signal to provide 
a demultiplexed signal; 

(g) applying a demultiplexed signal by signal line 
means, coupled to said demultiplexing means to 
cardioid means separated from said demultiplexing 
means; and, 

(h) processing said applied demultiplexed signal by 
said cardioid means to provide electrical signals 
representative of said sonar return signals. 

2. The method for detecting and localizing acoustic 
sources of claim 1, wherein step (b) comprises receiving 
said second electrical signals by means of hydrophone 
means. 

3. The method for detecting and localizing acoustic 
sources of claim 2, wherein step (b) comprises receiving 
said second electrical signals by means of a hydrophone 
array. 

4. The method for detecting and localizing acoustic 
sources of claim 3, wherein step (b) comprises receiving 
said second electrical signals by means of a three-dimen 
sional hydrophone array. 

5. The method for detecting and localizing acoustic 
sources of claim 3, wherein at least one hydrophone of 
said array is an omnidirectional hydrophone. 

6. The method for detecting and localizing acoustic 
sources of claim 5, wherein at least one hydrophone of 
said hydrophone array is directional. 

7. The method for detecting and localizing acoustic 
sources of claim 6, comprising the further step of deter 
mining the direction of at least one of said sonar return 
signals by means of said directional hydrophone. 

8. The method for detecting and localizing acoustic 
sources of claim 1, wherein step (i) comprises combin 
ing said demultiplexed signals. ‘ 
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9. The method for detecting and localizing acoustic 
sources of claim 8, wherein said combining of said de 
multiplexed signals comprises adding and substracting 
said demultiplexed signals. 

10. A system for detecting and localizing acoustic 
sources, comprising; 
means for providing a plurality of ?rst electrical sig 

nals representative of sonar signals; 
?rst means for receiving a plurality of second electri 

cal signals representative of sonarreturn signals 
corresponding to said ?rst electrical signals; 

means for multiplexing said second electrical return 
signals; 

means for transmitting said multiplexed electrical 
return signals; ' 

second means for receiving said transmitted multi 
plexed signals, said ?rst receiving means being 
separated from said transmitting means; 

means, coupled to said ?rst receiving means, for ap 
plying said received signals to demultiplexing 
means for demultiplexing of said signal to provide 
a demultiplexed signal; ‘ 

signal line means coupled to said demultiplexing 
means, for applying' said demultiplexed signal to ' 
cardioid means separated from said demultiplexing 
means; and 

means within said cardioid means for processing said 
applied demultiplexed signal by said cardioid 
means to provide electrical signals representative 
of said sonar return signals. 

11. The system for detecting and localizing acoustic 
sources of claim 10, wherein said ?rst means for receiv 
ing said ?rst electrical signals comprises hydrophone 
means. 

12. The system for detecting and localizing acoustic 
sources of claim 11, wherein said hydrophone means 
comprises a hydrophone array. 

13. The system for detecting and localizing acoustic 
sources of claim 12, wherein said hydrophone array 
comprises a three-dimensional hydrophone array. 

14. The system for detecting and localizing acoustic 
sources of claim 13, wherein at least one hydrophone of 
said hydrophone array comprises an omnidirectional 
hydrophone. 

15. The system for detecting and localizing acoustic 
sources of claim 14, wherein at least one hydrophone of 
said hydrophone array is directional. 

16. The system for detecting and localizing acoustic 
sources of claim 15, further comprising means for deter 
mining the direction of said sonar return signals by 
means of said directional hydrophone. 

17. The system for detecting and localizing acoustic 
sources of claim 10, wherein said means for processing 
said demultiplexed signal comprises means for combin 
ing said demultiplexed signals. 

18. The system for detecting and localizing acoustic 
sources of claim 17, wherein said means for combining 
said signal comprises means for adding and subtracting 
said signal. ' 


