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A BERAM SHARPENED, LOW SIDELOBE ANTENNA SYSTEM
BACKGROUND OF THE INVENTION

.. Field of the Invention

The invention pertains to the field of antennas and more
particulariy to antenna configurations and signal processing of
antenna signals for beam narrowing.
Z. Description of the Prior Art _

Marine radar antennas are required by the International
Tlectrotecnnical Committee (IEC) specifications 936 and 872 to
votate at 20 RPM. Revisions of IEC 936 contain requirements for
antennas con High Speed Craft to rotate at 40 RPM while
maintaining the azimuth resolution requirements imposed on the
20 RPM antennas. The increased vessel speed and antenna rctation
rate requirement, significantly increases the wind loading on the
motors that rotationally drive the antenna. Mechanical solutions
o this problem have been to enclose the antenna in a radome,

" thereby shielding it from the wind so that the load on the drive

notor is that provided by the antenna alone, placing wings on the
antenna to provide better aerodynamic performance, or to provide
a more pbwerful drive motor. All these solutions add significant

cost to the radar system.

“Tt 1s well ‘known that the radiation beamwidth of an antenna,
wnlch determlnes the angular resolution of the raaar system, 1is
sz function cf its size. Consequently, reducing the Sall area of
-he antenna, while maintaining conventional antenna de51gn and

”fffglgnal proce551ng technlques, *ncreases the radiation beamwidth,
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-hereby aaversely erfectlng the’ angular resolution of the radar
system. '
One technlque in the prior art for decreasing the beam width

--of~an antenna of a given size, thereby increasing the angular

resolution, utilizes sum and difference signals such as those
provided in a monopulse antenna system. Two antennas of equal
size and configuration and having independent signal output
ports, are placed side-by-side. The signals at the oﬁtput ports
at each half of the antenna are summed and differenced to provide
sum and difference signals, the peak of the sum pattern being
andgular aligned with the null of the difference pattern, thus
defining the boresight of the antenna. The sum is divided by the
difference, which is a very low signal at boresight. Division
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by this low signal provides a spike at boresight.' As the antenna
is rotated from the target position the sum signal decreases
while the difference signal increases.. This respective decrease
and increase of the sum and difference signals causes the ratio
of the sum to difference signal pattern to decrease rapidly.
Thus, the radiation pattern of the antenna is narrowed and the
target position is more accurately determined.

Though processing the signal returns by dividing the sum
signal by the difference signal improves target position accuracy’

'in a single target environment, in a multiple target environment,

however, this type of processing may mask true targets and give
rise to ghost targets. For example, when two targets having
equal radar cross sections are with in the same range bin and are
positioned at equal angles on opposite sides of the boresight
line, the signal at the output of the sum channel will be that
of a target at the antenna's boresight having a radar cross
section that is twice that of each target weighted by the level
of the antenna sum pattern at the angular position of the
targets. Concomitantly, the signal at the output of the

difference channel will be a deep null. This results in a ratio

of the sum channel output to the'difference channel output that
is near infinite, a strong 1nd1cat10n of a target where there’
actually is no target, i.e. a ghost target indication.

Another monopulse technique utilized in the pr‘or art for
beam narrow1ng derives a sum and dlfference 31gnal, as described

‘above, and, instead of d1v1d1ng the sum 51gnal by the difference

signal, -subtracts the magnltude of dlfference 51gnal from the sum -
signal. Since the difference signal is at a null on boreSLght

__1t has little effect on the peak of the sum signal. At angles

off bore51ght, however, the dlfference 51gnal becomes 51gn1f1cant )

nand 1ts subtractlon from the sum smgnal appreolably reduces the

compo51te signal. If the difference pattern has levels at the
angular positions of the 3dB points of the sum pattern that are
equal to these 3dB levels, the composite signal is zero at these

‘angular positions. When these conditions are met the beam width .

of the composite antenna pattern is effectively one half that of
the sum pattern beam width.

Monopulse subtraction processihg provides a somewhat better
multi-target performance than monopulse division processing. In
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monopulse subtraction processing, two targets within the
difference beam, at equal angles on either side of the boresight
line, add to ptovide a signal that appears to be on the boresight
line. When this signal is subtracted from the sum beam signal,
wnich is the sum of the two target signals in the sum beam, a
null, which is a function of the angular position of the two
targets, appears on boresight at the composite signal output.
Thus, the ghost target at the boresight midway between the two
targets is eliminated. When the antenna is scanned from its

:target balanced position, the two targets become asymmetrically

positioned relative to the antenna boresight line, one providing
a greater return in the sum pattern than the other. When the
peak of the sum beam is at the one target position a deep null
appears in the difference pattern, thus permitting the resolution
of the two targets.

The composite signal output of monopulse subtraction
processing,'however, exhibits relatively high sidelobe levels.
This is due to the fact that the level of the difference pattern
lobes in the sidelobe region of the sum beam is appreciably
greater than the sidelobe level of the sum beam. Consequently,
subtractlng the much greater signal of the difference pattern

- from the sidelobe of the sum pattern creates an undesirable high

sidelobe level for the composite signal pattern, which may

~adversely effect target location determination.

SUMMARY OF THE INVENTION

it is an object of this invention to provide an antenna and

signal processor which has low sidelobes and improves the target

resolution and position determination accuracy over that

In accordance with the principles of the invention, an
antenna of ptedetermined length is divided into three sections,
two sections are combined as an interferometer and the third is
a continuous antenna which has a main lobe that is broader than
the lobes of the interferometer. The antenna has two modes of
operatlon, transmit and receive. In the transmit mode, the three
sections are combined to form a single antenna having a radiation
pattern that is determined by the illumination function, which
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is chosen to provide a desired sidelobe level for the transmit
beam. In the receive mode, the continuous anFenUa“§?Cti¢?r”Whi°h
is illuminated by a portien of the illumination function, forms
an antenna that is apart from the two sections that form the
interferometer. The sections forming the interferometer are
illuminated by the remainder of the illumination function.
Output signals of the interferometer are added to and subtracted
from the output signal of the center section. These sum and
difference signals are coupled to a video filter wherein they are
processed to provide a narrow beamwidth low sidelobe antenna
pattern.

The invention will be more clearly understood from the
following description of an embodiment thereof with reference to
the accompanying drawings. It should be understood that the

embodiment described is an example of the invention and other

embodiments may be implemented within the purview of the
invention.
B,RIEE" DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram of a preferred embodiment of the
invention.

Figure 2 a graph of- an amplitude distribution which may be'
applied to the elements of the antenna of Flgure 1.

Figure 3A is-a radiation pattern for the antenna of Figure
1 in the transmit mode when the ampiitude distribution shown"in_
Figure 2 is applied. ’

Figure 3B is a radlatlon pattern of a central section of theuluin4-~

antenna of Figure 1 when the central SeCtlon of the aleltude.
‘distribution of Figure 2 is applied.
Figure 3C is a radiation pattern of the mterferometer

formed by end sections of the antenna of Flgure 1 when the end '~

sections cf the amplitude distribution shown in Figure 2 is
applied. ' '
Figure 4 shows radiation patterns establlshed by addlng the

interferometer pattern of Flgure 3C to the central sectlon“ _"

pattern of Figure 3B and by subtractlng the interferometer
pattern from the central section pattern.

“Figure 5 is a functional block diagram of the video filter
of Figure 1.
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Figqures 6 - 9 are patterns at various stages in the video

filter of Figure 1.
~ Figure 10 is a radiation pattern of the antenna system

provided at the video filter output terminal.

Figure 11 is a two way radiation pattern of the central and
end sections of Figure 1 operating as a continuous antenna.

Figure 12 is a two way radiation pattern at the video filter
output terminals for a two target operating environment.

. Fiqure 13 is a- two way radiation pattern of a conventional
antenna for a two target operating environment.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Refer now to Figure 1. A segmented antenna system may
include an antenna 11 which is of length S. The antenna 11 may

_be divided into three sections, a center section 13 of length
S/2 and left 15a and right 15b edge sections, each of length S/4.
Left edge 15a and the right edge 15b are combined in a manner to
‘form an interferometer having a base line that is equal to 35/4.

Interferometer 15a,15b and the center section 13 may be coupled

'tO'a_magic Tee 17, or other hybrid device, which provides the sum
‘T and difference A of the interferometer and center section

signals. The sum signal output port 17a of the magic Tee 17 may
be coupled via a circulator 19 to a receiver 21. The difference

.signal output port 17b of the magic Tee 17 may be coupled

directly to the receiver 21. Since the interferometer 13a,13b

capability of the interferometer 15a,15b, in the description to

~ follow, its output signal will be designated H, high resolution,

and the central section 13 output signal will be designated L,
low resolution. Signals representative of the sum I and

. difference A signals are coupled from the receiver 21 to a power

divider and hybrid circuit 22 wherein signals representative of
the high H and the low L signals are derived from H = (I - A)/2
and L = (I + A)/2. These high H and low L representative

'S
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signaits are coupiéd to a video filter 24, to which signals
representative of the sum I and difference A signals are also
coupled. A transmitter 23, for providing radiation signals, may
be respectively coupled to the interferometer 15a,15b and the
central section 13 of the antenna 11 via the circulator 19 and
the sum signal port of the magic Tee 17. Since the transmitter
feeds both the central section 13 and the interferometer 15a,15b
simultaneously it provides the radiation signal for the entire
antenna 1l.

Figure 2 is an illustration of an antenna illumination
function 25 that may be applied over the entire aperture of the
antenna 11. The illustrative function 25 is a standard Taylor
taper having defining parameters n = 2 and sidelobe level {sl)
= 16dB. It should be understood that this distribution function
is not limiting and that other illumination functions may be
used. Since the distribution is over the entire aperture, the

left 15a and right 15b edge sections have distribution functions

25a and 25b, respectively, while the central portion 13 has the
distribution function 25c. For S equal to 22.54 (A is the
operating wavelength of the antenna}, the aperture distribution
function cf Figure 2 gives rlse to the antenna patterns shown in
Figures 34 - 3C. Figure 3A is the transmi < radiation pattern T

of the entire aperture cf antenna 11; Figure 3B is the receive -

pattern L for the central 'section 13; and Figure 3C is the
receive pattern H for the interferometer 15a,15b. The sum I =

L + H and difference A = L ~H patterns at the cutput of ‘the magic
Tee 17 are shown in Figure 4. '

The four signals (L, H, 2 and A} are counled to the videc ~ " TTU”C

filter 24 wherein the 51gna15 are coupied tnrough logarithmic
ampllrlers to a processcr such as that shown in Figure 5. =&

constant A; is added to log(A) in summer 27a. This sum is _

subtractec Zrom log(2®) in summer 27b and the difference is
multiplied by g4 in amplifier 29a. Substraction of logarithms
is the equivalent of dividing the antilecqg of the minuend by the
antilog ¢f the subtrahend. Though the constant A; is chosen tc
contrc. the sidelobe levei, this division may gives rise tc
spikes in regions where the A pattern approaches zerc. Spike

_levels may be controlled by coupl 1ng_the outrutf terminal of the
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amplifier 29a to a limiter 3la having an output terminal 32a at
wnich a signal representative of log[Z/(a; A)]9! is provided,
where a,; is the antilecg of A;. With A; = 0 (a; = %) and g4 = 1,
the pattern at the output terminal 32a of limiter 3la, as a
Zunction cf antenna azimuth angle from a fixed target, is given
in Figure 6.

Output terminal 32a of the limiter 3la is coupled to summer
27c, wherein the signal at the output terminal 32a is added to
a signal coupled tc the summer 27c from the output terminal 32b
of summer 27d. The signal coupled from the output terminal 32b
of summer 27d is the sum of log(Z) multiplied by g2 in amplifier
29b plus log(H) multiplied by g3 in amplifier 29c, the product
veing added to A, in summer 27e prior to being coupled to summer
27d. The signals at the cutput terminal 32b of summer Z27d and
zhe ocutput terminal 32c of summer 27¢c are respectively
representative of log(a,Z9%H93} and log {a,H93[292*94/(a,A)9%]},
where a, is the antilog of A,. Patterns at the terminals 32b
and 32c,.when A.,=-18, g2=0.5, and ¢3=0.5, are respectively shown
in Figures 7 and 8. '

Output terminal 32c of summer 27c¢ is coupled to summer 27f
wherein a constant A3 is added. The signal at .the output
zerminal cf summer 27f is multiplied by g5 in amplifier 29d and
coupled +tc summer 27g wherein Log(L), multiplied by gl in
ampliifier 29%e, is subtracted therefrom. The différence_signal
st the output terminal cI summer 27¢ is multiplied by g6 in

ampiifier 29f and coupled to limiter 231b having an output _
rerminal 32d at which a signal is provided..which . .is.. . :

representative of
Log{ [ (asas)9596/a,999506] [930506/1,9106] [ (9249419506 /7049546 )

A pattern for this signhal is given in Figure 9, when A,=0, A;=-
18, g2=g3=3.5, g4=g5=g6=1. o :

The output terminal 32d of limiter 31b is coupled to summer
27h to which the output terminal 32c of summer 27c and a constant
R, are alsc coupled. The three signals coupled to summer 27h are
added to provide a signal at the output terminal 32e which is
representative of
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log[C(HP/LR2) (En3/AR4) 1.
Thus the sharpened antenna pattern is given by:

C (Hnl/LnZ) (2n3/An4)

where:

c o= (a2a3)95g6a2a4/a194(1 + g5g6)
1 = g3(1 + g5g6)

n2 = glgb6

n3 = (g2 + g4) (1 + g5g6)

nd = g4(1 + g5gé6)

The output pattern of the video filter, the desired antenna
pattern, when A,=R,=0, A2=-18, A3=6, gl=g4=g5=g6=i, and g2=g3=0.5
is shown in Figure 10. The beamwidth of the antenna pattern is
approximately 1.40. ' '

All of the above patterns are two way patterns, i.e. they
are the result of transmitting the pattern shown in Figure 3A and
processing the received L and H patterns of Flgures 3B and 3C,
respectively. As stated above, the antenna has an overall length
of 22.52 and a Taylor distribution with n = 2 and sl = 16dB over
‘the entire antenna. A conventional antenna having a length of
22.5A and 2 Taylor distribution with n = 2 and sl = 16dB will
have an antenna pattern as shown in Figure 11l. It is épparent
“rom these Tigures that a sidnificanf reduction in the beamwidth’

and sideliobe levels has been achieved with the segmented antenna

and the video filter.
. The above discussion has considered but one target. 1In a
multiple target environment the beam narrowing realized with the

segmented antenna 11 and the signal processing performea by the

video filter 24 provides significant 1mprovements in target
resolution over that achievable with a conventional antenna of
equal size without generating ghost targets. A two way pattern
generated by the segmented antenna 11 and video filter 24

radar cross-section, are at equal ranges, and are in Rayleigh
distributed noise with an angular separation of 2.50. The video
filter processing parameters for the pattern of Figure 12 are:

combination is shown in Figure 12. The targets are of equal .
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2;=8; Ap=1; A3=R,=0; gl=g4=g5=g6=1; g2=g3=0.3. Two discernible
pattern peaks 35a and 35b, respectively representing target
detections, are clearly indicated in Figure 12. These pattern
veaks are separated by 2.50 and positioned 1.250 on either side
5f a deep null 37, no ghost targets are discernible. a
conventional antenna having a length equal to the length of the
segmented antenna 11 and a Taylor aperture taper with n=2 and
s1=16dB would have a beam width of approximately 2.80. This
-onventional antenna would not be able to resolve two targets
w#ith 2.50 of angular separation.

A comparison cf the two target pattern generated by the
segmented antenna 11 with the video filter 24 processor to a two
-arget pattern, shown ir Figure 13, generated by a conventional
antenna having a length twice that of the segmented antenna,
indicates the superior performance of the segmented antenna
system. The target indication peaks 35a and 35b in Figure 12 are
substantially at the same angular positions as the target
indication peaks 39a and 39b in Figure 13. The sidelobes 41 in
Figure 12 have substantially the same peak levels as the
sidelobes 43 in Figure 13. The null depth 37 between targets in

Figure 12, however, is substantially greater than the null depth . .

25 between targets for the conventional antenna pattern of Figure
23. | . L

While only certain embodiments of the invention have been
djescribed, it will be apparént,to those skilied in fhg art that

sarious changes and modifications may be made within the purview
of the appended claims without departing from the true scope and : .

spirit of the invention in its broader aspects.
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We claim:
1. An antenna system comprising:

PCT/US97/111387

an antenna (11) segmented and arranged to provide a first

received signal at a first port and a

second received signal at

a second port, said second port coupled to segments of said
antenna in a manner to establish an interferometer;

hybrid means {17) coupled to said

first and seccnd ports for

adding said first received signal to said second received signal
and for subtracting said first received signal from said second

received signal, thereby forming sum
respectively; and '

and difference signals,

‘processing means /21,22,24) coupled to receive said sum

signal and said difference signal Zfor processing said sum and

difference signals in a manner to provide antenna beam sharpened

signals.

2. An antenna system-in accordance with claim 1 wherein said

antenna is segmented in a manner to provide a central section
{13)and two end sections (15a,15b), said two end secticns coupled
" to said second port to form said interferometer. '

3. An antenna system in accordance claim 2 wherein said antenna

is of length S, said central section {13) is of lengzh $/2, and

" éach ‘end section (15a,15b) s of length S/4.

4. An antenna system in accordance claim 2 wherein said

processing means includes:

-means (22) for extracting said f£irst and second signals from

said sum and difference signals; and

filter means (24) coupled to receive said first and second

signals and said sum and difference s
antenna beam sharpened signals.

10

ignals for providing said

R



10

15

20

30

35

WO 98/01771 e PCT/US97/11387

5. An antenna system in accordance claim : wherein said
-llter means includes:

-ogar‘thmlc amplifier means coupled to receive said first
and second signals and said sum and difference signals for
providing Zirst and second log signals representative of
_ogarithms of said first and second signals, respectively, and
sum and difference log signals representative of logarithms of
said sum and difference signals, respectively;

first sum means {27a,27b,27c,27d,27e) coupied to receive
said sum and difference log signals and said second log signals
for providing first addition signals representative of additions
of said second log signals to signals representative of
subtractions of said difference log signals from said sum log
signalis; |

second sum means {(27f£,27g)coupled to receive said first
addition signals and said first log signals for providing second
addition signals representative' ¢f said <first log signals
subtracted from said first addition log signals; and

bhlra sum means (27h)coupled tc said first and second sum
"eans for prov1d1na signals representative of additions of said

First and second addition signals, thereby providing said antenna

beam sharpened signals. _ L mm e

‘8. An antenna system in accordance claim 5 wherein said first

sum means (27a,27b,27c,27d,27e)include first amplifier means
“{29a,29b,29¢c,29d} £cr respectively multiplying. said.second log

signals,; 'said sum log signals, said ‘difference lcg-signals, and-

said first addition signals and.wherein said second sum means
275, 27g)_ includes second amplifier means {29%e,29f) for

_ respectively, multiplying said flrs* log 51gnals aﬂd sald second_ N
addition signals. R

_—

AR o
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7. An antenna system in accordance claim 6 wherein said first
sum means (27a,27b,27c,27d,27e) includes means for respectively

 adding constants to said second log signals and <o said

difference log signals, said second sum means (27f,27g)includes

" means for adding a constant to said first addition signals, and

said third sum means {32) includes means for adding a constant
—o said additions of said first and second addition signals.

3. An antenna system in accordance claim 1 wherein said
processing means (21,22 ,24)includes:

means (22) for extracting said first and second 31gnals from
said sum and difference 51gnals, and

filter means (24) coupled to receive said first and second
signals and said sum and difference signals for providing said
antenna beam sharpened signals.

9. An antenna system in accordance claim 8 wherein said filter
means includes: ' '
logarithmic amplifier means coupled to receive said first
and second signalé and said sum and difference signals for
providing £first and second log signals representative of
1ogarltbms of said first and second signals, respectively; and
sum and difference log signals representative cof logar;thms of
said sum and difference signals, respectively;
, £first sum means (27a,27b,27c,47d,27e) coupled tc receiée
""said sum ard difference log- signals and said second log signals
'ror provxdlng first addition 51gnals representative of additions
of "'sdid 'second log “"signals to signals representahlve of
subtractions of said dlfference log signals from said sum log
~signals; .. ... .. .

. second sum means (27f;27g)coupled to receive said first
addition signals and said first log signals for providing second
addition signals representative of said first log signals
subtracted from said first addition log signals; and

third sum means  (27h)coupled to said first and second sum
means for providing signals representative of additions of said
first and second addition signals, thereby providing said antenna
beam sharpened signals.

12
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10. An antenna system in accordance claim 9 wherein said first
sum means (27a,27b,27c,27d,27e)include first amplifier means
1(29a,29b,29c,29d) for respectively multiplying said second log
signals, said sum log signals, said difference log signals, and
said first addition signals and wherein said second sum means
127£,27g) includes second amplifier means (2%e,29f) for
respectively, multiplying said first log signals and said second
addition signals.

il1. An antenna system in accordance claim 10 wherein said first
sum means (27a,27b,27¢,27d,27e) includes means for respectively
adding constants to said second log signals and to said
difference log signals, said second sum means (27f,27qg)includes
means for adding a constant to said first addition signals, and
said third sum means (32) includes means for adding a constant
to said additions of said first and second addition signals.

12. An antenna in accordance with claim 3 further including
means (19) coupled to said hybrid means and said processing means
for coupling a transmitter (23) to said first and second ports
in a manner to provide radiation from an antenna of length S.

3. A method for narrowing the beam of an antenna of

oredetermlned s1ze comnrlslng the steps of: '
segmentlng sald antenna to establish f*rsu and seccend sub-

antennas,  said - second--sub antenna arranged to Zorm an

'-nterferometer.

coupllng said f’rst and second sub-antennas to provide
signals representatlve of sum and difference of first and second
signals at output ports of sald first and second sub—antennas/
respectively; and ' _

processing said sum and difference representative signals
in a manner to provide a beam narrowed signal.

13
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4. A methcd in accordance with claim 13 wherein said processing
step includes the steps of: - .
' extracting said first and second signals from said sum and
difference representative signals:; | '

coupling said first and second signals and said sum and
difference representative signals to logarithmic amplifiers to
cbtain first and second log signals and sum and differénce log
signals; . |

subtracting said log difference signal from said sum log
signal to provide a subtraction log signal;

adding said second log signal to said sum log signal to
‘provide a sub-addition signal; '

adding said sub-addition signal to said subtraction log
signal to provide a first addition signal;

subtracting said first iog signal from said first addition
signal to provide a second addition signal; and

adding said first and second addition signals to provide
antenna beam narrowed signal.

5. A method in accordance with claim 14 further includes the
'steps of: ) _ N )
multiplying said - subtraction log signal by a first
‘predetermined multiplicative constant; '
multiplying said sum log signal and said second 1cg?signa1
oy second and third multiplicative coﬁstants,'réspectively:
"mu;tiplying said'£irSt 1dglsignal'and said first addition

"'Sighal”“by"'fbﬁrthm'and"'fifth"“predétermiﬁéd”"multipliCative

constants, respectively; and - | _
multiplying said second addition signal by a sixth
credetermined constant.... ...l .. .

16. A method in accordance with claim 15 further including the
steps of adding preselected constants to said log difference
signal, said second signal, said first addition signal, and to
said beam narrowed signal, respectively.

14
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:7. = method in accordance with claim 13 wherein said antenna
is of length S, said first sub-antenna is of length S$/2 and is
z centrail section ¢f said antenna and said second sub-antenna
comprises two end sections of said antenna,each of length S/4 .

i8. Z method in accordance with claim 17 further including the
step ¢f coupling said central and said two end sections in a
manner =5 provide an antenna with a radiating aperture of length

-~

S

19. A method in accordance with claim 13 wherein said processing
step includes the steps of:

adding said sum and difference representative signals to
cbtain said first signal; and

subtracting said difference signal from said sum signal to
obtain said second signal.

20. A method in accordance with claim 18 wherein said processing
step further includes the steps of

passing said first and second signals and said sum and
‘difference representative 51gnals through logarithmic amplifiers
. to respectively obtain first and second log signals and sum and
dif fe*ence log sxgnals, '

wtilizing said first and second log signals and said sum and

~lFfe'enve log 51gnais tc prov1de said beam narrowed.
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