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[57] ABSTRACT 
An interference cancellingiitransmitter is con?gured , 
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among different communications apparatus in the same 
area as well as providing a low probability of intercept 
(LPI) in a dense communications environment where 
secure communications is required between users. This 
is accomplished by means of a communications trans 
mitter coupled to a transmitting antenna con?guration 
comprised of an omnidirectional antenna and a notch 
antenna having a single deep null over a small angular 
beamwidth. RF power is fed equally thereto so that the 
radiated power from each antenna is the same but the 
phase is mutually inverted (180°) so that a cancellation 
of the radiated power occurs in all directions of space 
except over the angular region where the null of the 
notch antenna is located. The null can be varied in 
direction and results in a relatively narrow pencil-like 
radiation pattern being radiated to a predetermined 
receiver. 

18 Claims, 3 Drawing Figures 

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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INTERFERENCE CANCELLING TRANSMITTER 

The invention described herein may be manufac 
tured, used and licensed by or for the Government for_ 
governmental purposes without the payment to me of 
any royalties thereon or therefor. 

FIELD OF THE INVENTION 

This invention relates generally to communications 
systems and more particularly to communications sys 
tems in which simple, relatively inexpensive arrange 
ments are utilized to automatically eliminate or reduce 
external interference. 

BACKGROUND OF THE INVENTION 

As is well known and understood, one of the major 
concerns of designers of antenna system communica 
tions links is the elimination or reduction of external 
interference sources such as jamming, self-interference, 
atmospheric noise, and man-made noise. Also as is well 
known, most arrangements which attempt to resolve 
these problems of external interference do so in a rela 
tively complex manner, often utilizing very large direc 
tional antennas and/or with antennas having hundreds 
or even more elements. This problem of external inter 
ference is particularly prevalent in the area of mobile 
communications systems where omnidirectional anten 
nas are employed, because of the large number of users 
operating in the same frequency band and because of 
multipath. Use of very large directional antennas in 
mobile communications, moreover, is almost physically 
impossible and economically impractical. 
A new concept for eliminating interference in a com 

‘ munications system utilizing a plurality of transmission 
links is shown and described in US. Pat. No. 4,275,397, 
entitled, “Interference Cancelling Random Access Dis 
crete Address Multiple Access System”, which issued 
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to Frank S. Gutleber, the present inventor, on June 23, . 
1981. The system disclosed therein utilizes orthogonal 
multiplexing in conjunction with a receiver antenna 
con?guration comprised of an omnidirectional antenna 
and a notch antenna at the receiving end of the transmis 
sion link to cancel interference arriving from all direc 
tions except over the narrow beamwidth’s notch or null 
formed by the notch antenna. 

Accordingly, it is an object of the present invention 
to eliminate external interference at the transmitting end 
of a transmission link. 
Another object of the invention is to minimize the 

interference caused by radiating sources by effectively 
radiating only in the direction of the desired signal. 

Still a further object of the invention is to provide an 
interference cancelling transmitter operating in a dense 
communications environment. 
And yet another object of the invention is to provide 

electromagnetic compatability and low probability of 
intercept in a multiple user communications system. 

SUMMARY OF THE INVENTION 

These and other objects are achieved by means of a 
communications transmitter whose power output is fed 
to a power divider and equally coupled to an omnidirec 
tional antenna and a notch antenna having a single deep 
null over a small angular beamwidth. The phase of the 
power signal coupled to one of the antennas is shifted 
by 180° so that the radiated power from each of the 
antennas is substantially equal but the phase between 
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the two is mutually inverted, resulting in a cancellation 
of the radiated power in all directions of space except 
for the region of the null of the notch antenna and pro 
viding thereby a relatively narrow beam of radiation at 
the location of the null. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a functional block diagram illustrative of 
transmitter apparatus in accordance with the principles 
of this invention; 
FIG. 2 is a diagram illustrative of the antenna pattern 

generated by the antenna system of FIG. 1; and 
FIG. 3 is a diagram illustrative of utilization of the 

subject invention in a multiple access communications 
system. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to the drawings and more particularly 
to FIG. 1, shown therein is an interference cancelling 
transmitter particularly adapted for use in tactical, 
highly mobile systems such as a mobile subscriber ac 
cess communications system which operates in the HF, 
VHF or UHF frequency band and where it is desirable 
to minimize the interference caused by multiple radiat 
ing sources in the system by effectively radiating only a 
relatively narrow pencil-like beam in the direction of 
the desired signal. As shown in FIG. 1, reference nu 
meral 10 designates a signal modulator to which is cou 
pled a communications (data) signal source 12 and a 
carrier signal source 14. The output of the modulator 10 
comprises a carrier signal modulated with the commu 
nications signal and is fed to a mixer 16 which addition 
ally receives as an input a local oscillator signal from a 
local oscillator 18. The output of the mixer is coupled to 
and ampli?ed by a ?rst ampli?er 20 and then to an RF 
power ampli?er 22. . 
The output of the power ampli?er 22 is coupled to a 

radiating antenna con?guration comprised of a notch 
antenna 24 having a single deep null over a small angu 
lar beamwidth and an omnidirectional antenna 26. 
Power is coupled thereto by means of a power divider 
28 which may or may not inherently include means for 
coupling the same amount of power equally to both 
antennas while reversing the phase of one power signal 
by 180°. For purposes of illustration, however, FIG. 1 
depicts amplitude and phase adjusting circuits 30 and 32 
coupled in series in the branch connecting the power 
divider 28 to‘ the notch antenna 24. When desirable, 
other arrangements may be resorted to. 
The resulting radiation pattern from the notch an 

tenna 24 and the omnidirectional antenna 26 comprises 
a composite pattern in the form of a relatively narrow 
beam of radiation 34 as shown in FIG. 2, which results 
from the cancellation of the radiated power in all direc 
tions of space as indicated by circular broken line 36 
except in the region of the null of the notch antenna as 
indicated by the broken line 38. The notch antenna 24 
radiates a pattern indicated by the broken lines 36 and 
38 shown in FIG. 2, while the omnidirectional antenna 
26 radiates a pattern of equal amplitude in all directions. 
Furthermore, by rotating the notch antenna 24 or elec 
tronically scanning it, the notch can be selectively 
pointed in the direction of the desired signal transmis 
sion. The communications signal radiation is effectively 
provided only in the direction of the desired signal over 
the angular sector 0 since radiation in all of the other 
directions is cancelled or subtracted in space. This also 
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reduces considerably the possibility of being inter 
cepted. 

An application for the concept is for a mobile sub 
scriber access system which is illustrated in FIG. 3, 
where, for example, four participants 40, 42, 44 and 46 
are communicating and where the participants 40 and 
42, for example, comprise transmitters of the type 
shown in FIG. 1 while the participants 44 and 46 com 
prise receivers in accordance with the teachings of the 
above referenced US. Pat. No. 4,275,397. In such a 
system, each of the participants both for transmitting 
and receiving employ antenna‘ con?gurations com 
prised of both an omnidirectional antenna and a notch 
antenna. In the past, in order to reduce interference 
between these users, complex frequency coding, time 
coding and pseudo noise coding has been employed 
while operating with omnidirectional antennas. It will 
be apparent that as the numbers of participants increase, 
the interference problem increases as well and the in 
herent complexity of the system results in signi?cantly 
increased cost to maintain an acceptable degree of oper 
ation. Accordingly, use of narrow pencil beamwidth 
antennas not only at the receiving end of the transmis 
sion link, but also at the transmitting end of the link 
provides an improvement in communications hereto 
fore not realizable for mobile communications and par 
ticularly for small lightweight tactical communications 
equipment due to the fact that all interference which is 
outside of the notch beam is virtually eliminated with 
out requiring any complex adaptive processing or re 
quiring a large complex narrow beam antenna. 

' It is also readily apparent that the notch antenna 24, 
FIG. 1, comprises the main element in the interference 
cancelling transmitter shown and heretofore described. 
It moreover introduces requirements for operation that 
are not normally encountered in a typical antenna de 
sign. For example, instead of being concerned with a 
design which forms a direct beam having low sidelobes 
or designing an adaptive system having several movable 
nulls, the antenna design is here concerned with provid 
ing a ?xed pattern which contains uniform reception in 
all directions, except over a small angular sector where 
a deep null is desired. Additionally, to be effective, the 
antenna design needs a slope in the pattern developed at 
the point of the null to be as steep a slope as is practical. 
General design procedures for providing an array an 
tenna having the type of characteristic are described in 
the present inventor’s US. Pat. Nos. 3,130,410 and No. 
3,605,106 and invention disclosure docket No. 19599. 
As noted therein, such patterns are made up of products 
and/ or sums of [sin mx/sin x] functions and can be 
achieved by controlling both the amplitudes and spac 
ing of array antenna elements; as a result, the slope of a 
null in an antenna beam pattern can be made steep, 
either by providing one or more [sin mX/sin x}? terms or 
by appropriate amplitude and phase control when sum 
ming several [sin mx/sin x] functions using subarrays. 
Further explanation can be had by referring to these 
patents and invention disclosure as well as to an article 
entitled, “Coded Linear Array Antenna”, published in 
Volume 39, No. 2, of Electrical Communications Maga 
zine. 

Having thus shown and described what is considered 
at present to be the preferred embodiment of the present 
invention, it will be readily apparent that modi?cations 
may be resorted to by those skilled in the art without 
departing from the spirit and scope of the invention. 
Accordingly, all alterations, changes coming within the 
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4 
scope of the present invention as set forth in the ap 
pended claims are herein meant to be included. 

I claim: 
1. A multiple access signal communication system, 

comprising the combination of: 
means for generating an RF signal modulated with a 
communication signal; 

?rst antenna means, coupled to said RF signal gener 
ating means, for generating a ?rst substantially 
omnidirectional antenna beam pattern; 

second antenna means, coupled to said RF signal 
generating means, for generating a second substan 
tially omnidirectional antenna beam pattern having 
a single notch of narrow angular beamwidth; 

said ?rst and second antenna means for generating 
beam patterns which interact to generate a com 
posite antenna beam pattern of a relatively narrow 
angular beamwidth; 

at least two receiver means for receiving said RF 
signal; and 

means for selectively directing said single notch 
toward one of said at least two receiver means. 

2. The combination of claim 1 wherein said notch 
comprises a beam pattern null. 

3. The combination of claim 2 and additionally in 
cluding means for adjusting the amplitude of said RF 
signal coupled between said RF signal generating 
means and said ?rst and second antenna means. 

4. The combination of claim 2 and additionally in 
cluding means for adjusting the phase of said RF signal 
coupled between said RF signal generating means and 
at least one of said ?rst and second antenna means for 
providing a mutual 180° phase difference of RF signal 
coupled to said ?rst and second antenna means. 

5. The combination of claim 2 and additionally in 
cluding means for adjusting the amplitude and phase of 
said RF signal coupled between said means for generat 
ing an RF signal and at least one of said ?rst and second 
antenna means. 

6. The combination of claim 5 wherein said means for 
adjusting the amplitude and phase includes means for 
inverting the phase of said RF signal coupled to one of 
said antenna means relative to said RF signal power 
coupled to the other of antenna means whereby cancel 
lation of the radiated power results in substantially all 
directions of space except in the region of beam pattern 
null. . 

7. The combination of claim 6 wherein said means for 
coupling substantially equal amplitudes of RF signal 
includes a power divider circuit. 

8. The combination of claim 5 wherein said means for 
adjusting the amplitude and phase includes means for 
coupling substantially equal amplitudes of said RF sig 
nal from said means for generating an RF signal and 
said ?rst and second antenna means. 

9. The combination of claim 8 and wherein said 
means for adjusting the amplitude and phase addition 
ally includes means for varying the phase of the power 
coupled to one of said antenna means by substantially 
180° relative to the phase of the power coupled to the 
other said antenna means. 

10. A method of transmitting electromagnetic radia 
tion in a multiple access signal communications system, 
comprising the steps of: 

generating an RF signal modulated with a communi 
cation signal; 

coupling said RF signal to ?rst antenna means and 
generating a ?rst substantially omnidirectional an 
tenna beam pattern; 
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coupling said RF signal to second antenna means and 
generating a second substantially omnidirectional 
antenna beam pattern having a signal notch of 
narrow angular beamwidth; 

generating a composite antenna beam pattern of a 
relatively narrow angular beamwidth from said 
?rst and second beam patterns 

directing said single notch toward one of at least two 
spaced receivers; and 

receiving said RF signal with one of said at least two 
spaced receivers. 

11. The method of claim 10 wherein said notch com 
prises a beam pattern null. 

12. The method of claim 11 and additionally includ 
ing the step of adjusting the amplitude of said RF signal 
coupled to said ?rst and second antenna means. 

13. The method of claim 11 and additionally includ 
ing the step of adjusting the phase of said RF signal 
coupled to at least one of said antenna means for provid 
ing a 180° phase shift of said RF signal coupled to said 
one antenna. 

14. The method of claim 11 and additionally includ 
ing the step of adjusting the amplitude and phase of said 
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RF signal coupled to at least one of said ?rst and second 
antenna means. 

15. The method of claim 14 wherein said step of ad 
justing the amplitude and phase further includes invert 
ing the phase of said RF signal coupled to one of said 
antenna means relative to said RF signal power coupled 
to the other antenna of said antenna means whereby 
cancellation of radiated power results in substantially all 
directions of space except in the region of said beam 
pattern null. 

16. The method of claim 14 wherein said step of ad 
justing the amplitude and phase further includes cou 
pling substantially equal amplitudes of said RF signal to 
said ?rst and second antenna means. 

17. The method of claim 16 and wherein said step of 
adjusting the amplitude and phase ‘further includes 
varying the phase of the power coupled to one of said 
antenna means by substantially 180° relative to the 
phase of the power coupled to the other said antenna 
means. 

18. The combination of claim 1 wherein said notch 
comprises a relatively steep slope beam pattern null 
whereby said beam pattern null is of substantially equal 
amplitude over said notch. 

* * * * * 


