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[57] ABSTRACI‘ 
A high gain, primary receiving antenna and a single 
scannable auxiliary linear antenna array are utilized. 
The auxiliary linear array is coupled to means for form 
ing multiple directive narrow receiving beams simulta 
neously on the auxiliary array, each of which are 

scanned over an assigned segment of space to locate and 
isolate a respective one of a plurality of interfering or 
jamming signals which are also contained in the signal 
received by the primary antenna. The interfering signals 
are cancelled by separately adjusting the phase and 
amplitude of each one of the interfering signals received 
and then feeding them to a respective signal subtractor 
coupled to the output of a receiver connected to the 
primary antenna. 

10 Claims, 2 Drawing Sheets 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or advertise 
ment or the like may use the term patent, or any term 
suggestive of a patent, when referring to a statutory in 
vention registration. For more speci?c information on the 
rights associated with a statutory invention registration 
see 35 U.S.C. 157. 
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AUXILIARY ANTENNA INTERFERENCE 
CANCELLER 

This is a Statutory Invention Registration (SIR) ap 
plication of an invention made by an employee of the 
US. Government, Department of the Army. 

CROSS REFERENCE TO RELATED 
APPLICATION 

This invention is related to the invention shown and 
described in US. SIR application Ser. No. 374,124 enti 
tled, “Antenna Sidelobe Interference Canceller”, ?led 
by the same assignee in the name of the subject inventor 
on June 13, 1989. 

FIELD OF THE INVENTION 

This invention relates generally to electrical antenna 
systems and more particularly to an adaptive antenna 
system which enables undesired interference to be can 
celled from incident radiation received by the antenna 
system. 

BACKGROUND OF THE INVENTION 

One of the major concerns of designers of antenna 
system communication links is the elimination or reduc 
tion of external interference sources such as jamming, 
self interference, atmospheric noise, man-made noise 
and acoustic noise. Generally, most approaches to re 
solve these problems do so in a relatively complex man 
ner. 

One known approach involves the use of an antenna 
con?guration comprised of an omnidirectional antenna 
and a notch antenna at the receiving end of a transmis 
sion link to cancel interference arriving from all direc 
tions except over the narrow beamwidth notch or null 
formed by the notch antenna. By orthogonally combin 
ing the two antenna signals, all of the undesired interfer 
ence is subtracted from the signal received by the omni 
directional antenna, leaving only the desired signal. 
Such a system is shown and described, for example, in 
U.S. Pat. No. 4,275,397, entitled, “Interference Cancel 
ling Random Access Discrete Address Multiple Access 
System”, which issued to Frank S. Gutleber, the present 
inventor, on June 23, 1981. A variation of this concept 

‘is further shown and described in US. Pat. No. 
4,431,999, entitled, “Interference Cancelling System 
Using A Notch And Omnidirectional Antenna”, which 
issued to Frank S. Gutleber on Feb. 14, 1984. Both of 
these patents are meant to be speci?cally incorporated 
herein by reference. 

Accordingly, it is an object of the present invention 
to provide an improvement in antenna systems having 
an interference cancelling capability. 

It is another object of the invention to provide an 
improvement in antenna systems having the capability 
of orthogonally separating and isolating a plurality of 
simultaneous interference sources and substantially can 
celling the signals emanating therefrom. 

It is a further object of the invention to provide an 
antenna system which can cancel or eliminate interfer 
ence from multiple sources that are offset from antenna 
boresight and arrive in the sidelobe region or mainlobe 
of a large high gain antenna. 

It is still another object of the invention to provide an 
antenna system which provides substantial anti-jam 
protection for transmission links that employ large high 
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2 
gain antennas such as used in tropospheric line of sight 
links and satellite ground terminals. 

SUMMARY OF THE INVENTION 

These and other objects are achieved by means of a 
high gain, primary receiving antenna and a single scan 
nable auxiliary receiving antenna array coupled to 
means for forming multiple directive narrow receiving 
beams simultaneously on the auxiliary array, each of 
which are scanned over an assigned segment of space to 
locate and isolate a respective one of a plurality of inter 
fering or jamming signals which are also contained in 
the signal received by the primary high gain antenna. 
The interfering signals are cancelled by separately ad 
justing the phase and amplitude of each one of the inter 
fering signals received and then feeding them to a re 
spective signal subtractor coupled to the output of a 
receiver connected to the primaryv antenna. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other features of the present invention will 
become readily apparent when the following detailed 
description of the invention is considered with the ac 
companying drawing in which: 
FIG. 1 is an electrical functional block diagram illus 

trative of the preferred embodiment of the invention; 
FIG. 2 is an electrical block diagram further illustra 

tive of the variable amplitude and phase adjustment 
block shown in FIG. 1; and 
FIG. 3 is a diagram illustrative of the antenna pat 

terns formed by the embodiment of the invention shown 
in FIG. 1. 

DETAILED DESCRIPTION OF INVENTION 

Referring now to the drawings and more particularly 
to FIG. 1, reference numeral 10 denotes a relatively 
large, high gain primary receiving antenna shown cou 
pled to a receiver 12 whose output is connected to a 
plurality of series coupled linear signal subtractors 141, 
142 . . . 14m. The signal subtractors are coupled to a 
respective number of ‘orthogonal signal cancelling loops 
161, 162 . . . 16",, which are commonly connected to a 
multi-element auxiliary antenna array 18 shown com 
prised of n elements 201, 202, 203 . . . 20,, arranged, for 
example, in a linear array. Each of the antenna elements 
201 . . . 20,, are further shown coupled to the respective 
operational signal blocks 221, 222, 223. . . 22”, which are 
utilized to establish a predetermined amplitude and 
space taper for the auxiliary array 18. 
The multiple element signal outputs from the auxil 

iary array 18, as shown by reference characters x1, x3, 
x3 . . . x,,, are commonly coupled to individual phasing 

networks 241, 242 . . . 24,,, of the m number of signal 
cancelling loops 161, 163. . . 16",. Each phasing network 
includes a number of signal isolation ampli?ers 251, 253, 
253 . . . 25,, and phase shifters 261, 263, 263 . . . 26”, equal 
in number to the n antenna elements and signals x1, x1, 
x3 . . . x" from the auxiliary array 18. 

Each of the phase shifters 261, 262, 263 . . . 26H in the 
phasing networks 241 . . . 24,, are individually adjusted 
by a respective beam scanning controller unit 281, 283 . 
. . 28m so that the auxiliary antenna array 18 is scanned 
in a plurality of individual narrow directionally con— 
trolled beam patterns equal in number to the number of 
orthogonal cancelling loops utilized, i.e., m separate 
beams. Using phase shift adjustment of the elements in a 
linear array to obtain directivity is a well known tech 
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nique and widely employed by practitioners in the art 
for space scanning an antenna array. 

Accordingly, each of the phasing networks 241, 242. 
. . 24m are utilized to locate and lock on to a speci?c 
single interference signal from any number of sources 
that are offset from boresight 30 of the primary antenna 
10 as shown in FIG. 3 and arrive in the sidelobe region 
32 or the mainlobe or beam 34- of the primary antenna 
10. While electronic scanning is shown in FIG. 1, me 
chanical scanning techniques can be utilized, when de 
sirable, as long as multiple directive narrow receiving 
beams are simultaneously formed and which can be 
scanned over an assigned space segment to locate and 
isolate a respective one of, for example, m interfering 
jamming signals. 

FIG. 3, for example, shows a single jamming signal J ,' 
of many, not shown, which is incident at the sidelobe 
region 32 of the primary antenna 10 and being offset 
from boresight where a desired signal 84 is being re 
ceived. Elimination or cancellation of the interfering 
signal such as J; shown in FIG. 3, will now be consid 
ered, it being noted that the remaining identical signal 
cancelling loops include like elements and operate in the 
same fashion to cancel the respective signals received 
from other separate and distinct interfering sources. 
Although not shown, means are employed to prevent 

the plurality of cancelling loops 161, 162. . . 16m from 
searching over the same angular space and tracking the 
same signal. Where, for example, the ith signal is 
tracked by the i=1 cancelling loop 161, the output of 
the phaseshifters 261, 261, 263 . . . 26,I are summed in a 
signal adder 361, whose output is fed to a threshold 
detector 381, whose output in turn is used to control the 
beam scanning control unit 281. 

In operation, the beam scanning control unit 28] var 
ies the phasing of the individual phase shifters 261, 262, 
263 . . . 26,, in the phasing network 241 until the signal 
adder outputs a level which equals or exceeds a prede' 
termined threshold level, indicating alignment with the 
desired inerfering signal source. At this point the scan 
ning of the received beam, implemented by the phase 
unit 241, stops but continues to track the beam position 
in the direction of the interference source should it be 
moving. The output of the adder 361 is coupled to the 
linear signal subtractor 141 through an amplitude and 
phase adjusting functional block 401 which is controlled 
by a null detector 421. The functional block 401 is fur 
ther shown in FIG. 2 comprised of a voltage variable 
ampli?er 441 and a voltage variable phase shifter 461. 
The amplitude and phase of the received interfering 
signal out of the adder 361 is adjusted and fed to the 
linear subtractor 141 until a null output is generated 
thereby and detected in the null detector 421. Thus, the 
interfering signal J i is removed from the composite 
output signal of the receiver 12. 
The other interfering signals sensed and tracked by 

the remaining cancelling loops 162. . . 16",, are removed 
by their respective linear subtractors 143 . . . 14m to 
provide an output signal on signal lead 48 which is 
substantially devoid of all the interfering signals which 
have been sensed and tracked by the cancelling loops 
161 . . . 16,,l coupled to the auxiliary antenna array 18. 
Thus m cancelling loops 161 . . . 16,,1 can cancel m inter 
fering sources with each loop independently locating, 
isolating and subtracting a particular one of the interfer 
ence signals. 
The interference cancelling concept shown and de 

scribed with respect to FIG. 1 is capable of providing a 
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4 
signi?cant degree of protection against multiple sources 
of interference and jamming signals where the patterns 
of the auxiliary antenna generated by the phase shifters 
241, 242 . . . 24,,, have sidelobes down by a predeter 
mined amount, such as 20 dB to 25 dB. The perfor 
mance can be enhanced even more by using an auxiliary 
array antenna 18 having a design with relatively lower 
sidelobes. Near zero sidelobes would result in obtaining 
substantially complete isolation of all the individual 
interference sources and thus enable complete cancella 
tion of all interference. 
The sidelobe levels of the auxiliary antenna 18 results 

in some residual interference that would not necessarily 
be subtracted out in the linear subtractors 141, 142 . . . 

14",. In the worse case, the residual interference level 
arriving in the sidelobes of the auxiliary antenna 18 
would be down by the sum of the sidelobe levels of the 
primary antenna 10 plus the auxiliary antenna 18 for the 
sidelobes in which the interference is entering the sys 
tem. Therefore, if the maximum sidelobe level of the 
primary and auxiliary antennas is 30 dB and 40 dB, 
respectively, then the maximum possible residual level 
from an interferror would be down by 70 dB from the 
level of the signal arriving in the main beam 34 of the ‘ 
primary antenna 10 as shown in FIG. 3. It should be 
noted, however, that the residual interference can be 
reduced still further by taking the output of any isolated 
interference and adjusting its amplitude and phase a 
second time by another functional block 40 to subtract 
the residual level of the same signal. An optimum design 
for a linear array such as realized with respect to the 
auxiliary antenna array 18, employs both a space and 
amplitude taper as provided by the circuit elements 221, 
222, 223. . . 22”. 

The implementation of the interference canceller as 
shown and described herein can be used to provide 
signi?cant ECCM protection in any communications 
link that employs a high gain, narrow beamwidth an 
tenna such as a LOS, Tropo, or Satellite link that oper 
ates in the SHF or EHF frequency band. The present 
invention can also be implemented as a modi?cation to 
existing systems that employ a large high gain antenna 
and have a need for a substantial amount of anti-jam 
protection. 
The invention is signi?cant in that it has the capabil 

ity of orthogonally separating and isolating the signals 
from many different interfering sources simultaneously 
and enabling them to be substantially completely can 
celled. In addition, the response or acquisition time for 
the system such as shown in FIG. 1 would be extremely 
fast since the various cancellation loops 161, 163 . . . 16m 
would be searching and processing various signal inputs 
to the system simultaneously. Furthermore, the process 
ing does not involve complex or time consuming adapt 
ive control algorithms such as the least mean square 
(LMS) or power inversion algorithms. 
Having thus shown and described what is at present 

considered to be the preferred embodiment of the in 
vention, it should be noted that the same has been made 
by way of illustration and not limitation. Accordingly, 
all modi?cations, alterations and changes coming 
within the spirit and scope of the invention as set forth 
in the appended claims are herein meant to be included. 

I claim: 
1. An interference cancelling system, comprising: 
primary receiving antenna means including an output 

for providing a first output signal including a de 
sired signal and all interfering signals; 
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steerable auxiliary receiving antenna means including 
means for simultaneously forming and scanning a 
plurality of relatively narrow receiving beams re 
spectively directed to a predetermined number of 
individual sources of interfering signals for provid 
ing a respective number of second output signals; 
and 

means connected to the output of said primary an 
tenna means and said auxiliary antenna means for 
subtracting said second output signals from said 
?rst output signal. 

2. The system of claim 1 wherein said subtracting 
means includes means for subtracting each of said sec 
ond output signals individually from said ?rst output 
signal and generating control output signal. 

3. The system of claim 2 and additionally including 
means for adjusting the amplitude and phase of said 
second output signals to match corresponding intefer 
ing signals in said ?rst output signal from said primary 
antenna means. 

4. The system of claim 3 and additionally including 
means for adjusting the amplitude and phase of said 
second output signals in response to the control output 
signal of said subtractor 

5. The system of claim 4 wherein said means for ad 
justing the amplitude and phase of said second output 
signals comprises null detector means. 
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6. The system of claim 5 wherein said subtracting 

means includes a respective number of linear subtractor 
means connected in series for subtracting each of said 
second output signals individually from said ?rst output ' 
signal. 

7. The system of claim 2 wherein said auxiliary re 
ceiving antenna means comprises a linear array includ 
ing a plurality of antenna elements. 

8. The system of claim 7 wherein said means for form 
ing and scanning a plurality of relatively narrow receiv 
ing beams includes a respective number of scanning 
control loops, each said control loop including: a phas 
ing network for adjusting the phases of each said an 
tenna element and providing intermediate output sig 
nals therefrom; signal adder means for summing said 
intermediate output signals; and beam scanning control 
means responsive to the summed intermediate output 
signals to control said phasing network to direct a re 
ceiving beam pattern to a selected source of interfering 
signals. _ 

9. The system of claim 8 and additionally including a 
threshold detector coupled between each said signal 
adder and each said beam scanning control circuit. 

10. The system of claim 9 and wherein each phasing 
network includes a respective phase shifter coupled to 
each antenna element of said auxiliary antenna means. 

ll! * * * * 


