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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,
15 ' 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 pewerful drive motor. All these solutions add significant
cost to the radar system.
20 _'Tt is well known that the radiation beamwidth of an antenna,
wnlch determlnes the angular resolution of the raaar system, 1is
functxon of its size. Consequently, reducing the Sall area of
<he antennc, "while malntatnlng conventional antenna de51gn and
7 signal processing techniques, increases the radiation beamwidth,
“ééfmthereby aaversely erfectlng the’ angular resolution of the radar
| system. '
One technlque in the prior art for decreasing the beam width
e g AN antenna of a given size, thereby increasing the angular
resolution, utilizes sum and difference signals such as those
30 provided in a monopulse antenna system. Two antennas of equal
. eiie ‘and configufation and having independent signal output
vorts, 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
‘35 andular 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



t he antenna, while maintaining conventional antenna design and signal

pr ocessi ngW@#HTHues, increases the radiation beamn dth, 25PCHURS/ERIBT
adversely effecting the angular resolution of the radar system. One :
technique in the prior art for decreasing the beamw dth of an antenna of a
gi ven size, .thereby_increasing the angular, resolution, utilizes sum and
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antenna is vae%d, Qﬂ‘ist Q?pe 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
15 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
20 difference channel will be a deep null. This results in a ratio
of the sum channel output to the difference channel cutput that
is near infinite, a strong indication of a ‘target where there"
actually is no target, i_.'e'.' a gho‘sj"cmta"rgét': indication.
Another monopulse technique utilized in the prior art for
25 Dbeam narrowing derives a sum and difference signal, as described
' _abové',. énd, instead of divid_iricj'_{:_'_l'_le' _s'_u_m_si'ijr'ia'l by the difference
signal,-subtracts the magnitude of difference signal from the sum -
signal. Since the difference signal is at a null on boresighf
it has little effect on the peak of the sum signal. At angles
30 off boresight, however, _1_:hé difference signal becomes significant
~ and its subtraction from the sum signal appreciably reduces the
compo_si'_te 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
35 angular positions. When t_:h_es_e_,conditidns__, _ar_e'_:m.e'_t 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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target position is nore accurately determ ned. Though processi na
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~ appears in the difference pattern, thus permitting the resolution
15 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

20 greater than the sidelobe level of the sum beam. Consequently,

subtract:.ng 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.

25
o 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
 30_ resolution and position determination accuracy over that
TR obtainable from a conventional antenna of equal size. '
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
35 - a CCntinuous_ antenna which has a main lobe that is broader than
' the lobes of the interferometer. The antenna has two modes of
operation, 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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conposite signal. If the di fference pattern has levels at the ar . ”
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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

15 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
20 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 Figﬁre 1. '
Figure 3A is-a radiation pattern for the'antenna of Figure
25 1 in the transmit mode when the ampiitude distribution shown in .
Figure 2 is applied. ’ '

Figure 3B is a radiation pattern of a central section of the ... -

antenna of Figure 1 when the central section of the amplitude_
‘distribution of Figure 2 is applied. o
30 Figure 3C is a radiation pattern of the interferometer
formed by end ‘sections of the antenna of Figure 1 when the end =
sections cf the amplitude distribution shown in Figure 2 is
applied. ' _ _ o
Figure 4 shows radiation patterns established by adding the
35 interferometer pattern of Figure 3C to the central section .
pattern of Figure 3B and by subtracting the interferometer
pattern from the central section pattern.
“Figure 5 is a functional block diagram of the video filter
of Figure 1.



peak of the gyoglge i s at the one target position a deep nul [PCT yssa/1$387N
the difference pattern, thus permtting the resolution 15 of the two
targets. The conposite signal output of nonopul se subtraction processing,
however, exhibits relatively high sidelobe levels. This is due to the fact
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receive. In the transmt node, the three sections are conbined to form a
single antenna having a r5gé@ki®¥XoN OF THE PREFERRED EMBODIMENT

Refer now to Figure 1. A segmented antenna system may

15 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 equai to 35/4.
20 Interferometer 15a,15b and the center section 13 may be coupled
' 'tO'a_magic Tee 17, or other hybrid device, which provides the sum
__Z;and_difference A of the interferometer and center section
signals. The sum signal output port 1l7a of the magic Tee 17 may

) bé_coupléd via a circulator 19 to a receiver 21. The diffgrénce
- 25f.signal output port 17b of the magic Tee 17 may be coupled
" directly to the receiver 21. Since the interferometer 13a,13b

11”has a base line that is longer than the length of the central =

j_sectlon 13, it produces an antenna pattern which is narrower than

the antenna pattern produced by the central section.. . -

30 Consequently, the interferometer 15a,15b has a higher resolution

. capability than the central section. Due the higher resolution — -

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,

35 1low 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



pattern that is determned by the illum nation function, mhlch‘3
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chosen to provide a desired sidelobe level for the transmt beam In the
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and ot her git@shdaerts nay be |nplenented mnthln the purview of the
i nvention. BRI EE DESCRLPTI ON EFM%W Figure 1 is a block
di agraf of a prefEitd er?'bsocﬁ’?re SftrpEion Sf an antemnd illumination
function 25 that may be applled 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
15 1is not limiting and that other illumination functions may be
used. Since the distributicn is over the entire aperture, the
left 15a and right 15b edge sections have distribution functions
25a and 25b, respectively, whlle the central portion 13 has the
dlstrlbptloﬁ function 25c. For S equal to 22,54 (A is the
20 operating wavelength of the antenna), the aperture distribution
function of Figure 2 gives rlse to the antenna patterns shown in
Figures 3& - 3C. Figure 3A is the transmiz radlatlon pa*tern T
of the entire aperture of antenna 11; Flgure 3B is the receive = -
pattern L for the central -section 13; ‘and: Figure 3C is the
25 receive pattern H for the interferometer 15a, 155 The sum % =
L + H and difference A = L ~H patterns at the cutput of ‘the magic

Tee 17 are shown in Figure 4. S S e
The four signals (L, H, 2 and A} are counled to the videc ~ " T

filter 24 wherein the 51gna15 are coupied tnrough logarithmic
30 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 differénéé is
multiplied by g4 in amplifier 29a. Substraction of logarithms
is the equivalent of dividing the antilecqg of the minuend by the

35 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 coupling the outrut terminal of the



i nvention. Fwpies0127B gr aph of an anplitude distribution whi chPERPSHE11387
applied to the elements of the antenna of Figure 1. Figure 3Ais a

radi ation pattern for the antenna of Figure 25 1 in the transmt node when
the anplitude distribution shown in Figure 2 is applied. Figure 3Bis a

radlt at : on p?t Eﬁl‘b‘ll@{lﬁ@' ¢eat ol askinl ver G1d hadnie ra‘iaamftp%tgltre&m.l.lnmerwaha..
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di stribution S«p WrbatrteFfrguw £€nks o@ﬁghte%zﬁuwle Fohees 11 adhat Oﬂa, as. a
patterns establi sHed mterfergmter pattern of Fig C

e 3
to the cenral %tlpﬁncpa?f‘%?ﬂnﬁfaﬁ%vé angle, FIRP SuHARES: it ﬁ&gﬁl"'re is given
i nteerferonet ernpatigaire Eromthe central section pattern. Figure 5is a
functional bl ock d|a am o fdlter.of.Figu L_4 WD 98/01771
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27c, wherein the signal at the output terminal 32a is added to
a signal coupled tc the summer 27c from the output terminal 32b

10 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

15 <he ocutput terminal 32c o¢f summer 27c¢c are respectively
representative of log(a,Z9%H93} and log {a,H93[292*94/(a,A)9%]},
wnere a, is the antileog 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. '

20 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

25 st the output terminal ¢f summer 27¢ is multiplied by g6 in

ampiifier 29f and coupled to  limit r___3_1b_.ha'ving:_ an output _

zerminal 32d at which a signal is provided. . which .is
representative of

30 1og { [ (é7a3) gSgS/alglqugG] [Hq3g59'6'/1"9166]' [2 (92+g'4}g'5é6_/'A<-;:495g6] }

A pattern for this signhal is given in Figure 9, when A,=0, A;=-
18, g2=g3=3.5, g4=g5=g6=1. .
The cutput terminal 32d of limiter 31b is coupled to summer
35 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



filter of Figure 1. Figure 10 is a radiation pattern of the stem
provi ded awa988197ideo filter output termnal. 5 Fi gurﬁ%ﬂé&%m

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 termnals for at tar rating environnent.
Figure 13 is a two way radi atid@%&t‘l“e@@%ﬂi%@&ééﬁti onal 10 antenna for a

two target operating environment. DESCRI PTI ON OF THE PREFERRED EMBCDI MENT

Refer now to Figure 1. A segmented antenna systemnmy,15 include an
antenna 11 WABEhtRE IR2FRERRH Atenfpg r)c§'r1‘r1i']%1¥Lfl‘3‘r:}’:31{§’%bgydiv_ided into three
sections, a center section 13 of length S/2 and left 15a and right 15b edge

section each of length S/4. Lef ) gaBgsddye right edge 15b are
conmbi ned”in a manner to forn1anitﬁéﬁﬂg%ﬁﬁgterﬂh;@ing a base line that is

equal to 3S/4. 20 Interferoneter 15a,15b and the center section 13 may be
coupled to ghgpgic Tee 17, or other hybrid device, which provides the sum

and difference [err] ¢lhe injqifeg ter and center section signals. The
sum si gnal aufp&?2$ﬂﬁﬁsf¢€46F?%he né%?g Tee 17 may be coupled via a

circulator %9 &og3(leeeg9gb)21. The difference 25 signal output port 17b

of the gig,Tee }5 may be coupled directly to the receiver 21. Since the
i nterferoneter 1ga,i3b has a base |ine that is |onger than the | ength of
the central ndect (@R 1394} {1pF0B2E8E an antenna pattern which is narrower

than nd = g4(l + g596)

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
15 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 Figures 3B and BC{

20 respectively. As stated above, the antenna has an overall length
" of 22.5A 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
25 “rom these Figures that a significant reduction in the beamwidth’
" and sidelobe levels has been achieved with the segmented antenna -
and the video filter. ' T '
' The above discussion has considered but one target. 1In a
multiple target environment the beam narrowing realized with the

--30 ségmented_antenna 11 and the signal processing perfprméduby.themm o

video filter 24 provides significant improvements 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
.35 .. .combination is shown in Figure 12. The targets are of equal .
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:



the antennawgussidierin produced by the central section. 3C0PCT/US97/11387
Consequently, the interferonmeter 15a, 15b has a higher resolution capability
than the central section. Due the higher resolution capability of the
interferoneter 15a, 15b, in the description to follow its output signal

21gLaFemfffigg@éggigér{ugﬁﬁ:@g&obuPueg4=gsﬁg6%B;cgﬂ#g&#Os&ctimwolaisdepmible
A al e , 0 s i i

of the sum [gﬁg?eﬁﬁd Qﬂafqﬁ‘seraﬁge g %g’l gﬁéf S'i-tae'rsgégg&v ? 9}&?4%%%2&?.21 e}[ g%#&%i
to a power d|dedecthodshyb;edC&eaCMYtlzgiqnée@iﬁnsgéﬁﬁI% }2pr cTheset paktexrn
the high H an?egng) %g&' Eeﬁ_ﬁEQ@é g{lez%'a&&ﬁ gdsiildned( 126D onl 8ithef 2s 2ddl

L =([err] + [err ese hi H and | ow L representat
98/01771 5 o2f a deep null 37, no ghost targé%§CT?€BS7#%%%&%“%5#@%;|s A

are, coupl ed teqaveheeenbl! a8tedda havidg b sl equalr ¢ésenhet Lergoh ofiethe

sum[err] and differe A si . ' ]

orovi di ng T adPSORERESAgARFeRfnd 1oaRhca Ay iRy aBErniey PAPPE b Etn ea ' B
i nter f er onet es1£36dB5woanid theves aeheaml widthi of EpRyoRigatedve 801 vIhis
the circul at 0Log,gegggﬁhtggeaﬂmhsp%u@ar thotl Bhapmgi €o Teesdifve StR6etabgets

transmtter fé&e central section 13 and the interferoneter
15a, 15b si@ul wakkodsPP PE BREVLIAESSERBTABYPRti on signal for the entire

antenna 11. 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,

15 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

20 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
25 described, it will be apparént,to those skilied in thg 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.



10 . Figure 2 is an illustration of an antenna illumnnation function
25 that mawmes/eiIPl i ed over the entire aperture of the ant entfcX/ V897383
illustrative function 25 is a standard Tayl or taper having defining
paranmeters n = 2 and sidel obe level (sl) = 16dB. It should be understood
that this distribution function 15 is not limting and that other

il lum nation functions may be used. SinGBAIM8 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
di stributi oWef ¢3@4M3n 25c. For S equal to 22.5[err] ([err] is the 20
operating wavel enpgt Angenhbesgstennedmptieimperture distribution function of
Figure 2_gives rise_to.t n tenn h LR R gur z 3Cczs
Figure 3A s theaPr5H§ﬁP?%rggﬁZtggﬁﬂgéfgér%né gﬁg?hgegn??rgfggg??g%ef%¥3t
antenna 11; deiapirved3Biignalhatracéivet matterand F Gleqomd egeiyedssignas 2as;
and Figure 3C {5 r egahMe Sednd Ok jneer fsygmEpirer JdHasada.
The sum [err%] é:éiédgl-ggﬁg'd???grence &eﬂf;: Lc?gpegiternsgat' t he out put of
the magi c TERTERNG dNsRoMADARIFEGuRETLaD ?%u&ngékﬁﬁﬁgyﬁﬁﬁr'H, [err], and
[err]) are coupl egirdd heans dED7 ¥ idoupled4toheriad fitse andnsdcord gorspted

t hrough_l.ogarjf.nmc_3 a 1 £ t LQCE]SQL . |

Fi gure %b A 3ﬁ99Afé?$# €%§%§§555?83F39(§g$% %&gﬁﬂgh%%3%1§%§wglbaﬁ%s
sum i s subt rexst ddrf suiptregtiagr paidnfbisereosiiesth ¢ ignaldifroay sade pscond

”U|Fip|iedl%éé&iééﬂE%E%ﬂéiﬁrtﬁgﬁebySEBEhiﬁgt@@m(Hndoﬂﬂffébéﬁcéssibﬁals,
equi val ent of dividin he %ntllog of the mnuend by the -
respectively; an :

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

15 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 ! wherein said

20 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
25" is cf length S, said central section {13) is of lengzh $/2, and
" dach end section (15a,15b) is of length §/4.
4. An antenna system in accordance claim 2 wherein said
processing means includes:
e 30 -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 signals for providing said
antenna beam sharpened signals.

- 35
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35 antilog gJ b -sbt rahend.  Though the constant Alerr] is ptnossyiies?
control the sidelobe level, this division may gives rise to spikes i-n
regions where the A pattern approaches zero. Spike |levels nmay be .
controlled by coupling the output termnal of the 6 WO 98/ 01771

PCT/ US97/ 11387 anpl fi efn29a+bAnd %yf%%f{iﬁlf7§§$%§§ﬁénféﬁﬁfﬁ%[%ﬁéfgfﬁ!égﬁé .

at which a signal répresenfative o err

provi ded, wheFélBEErREans iRELUARS1og of Alerr]. Wth Alerr] = 0 (aferr] =
1) and g4 = 1, theipghtethmdt &Ml PELEHIméLid cRlpBeRarof réceivers@ila, fapse
5 function of antenna azi nuth fngle froma fixed tar egf |%ﬂg|ven'|n Fi gure
6. Qutput terARAalSeseRds SIGRAET rigng: A | 8uPo ALt HERERREY S728NakTer E9h

t he signals at prbeidihgut Ziesti rend 32edandadded t signailgnakepuvepéntatbveheof
sumer 27c fro e p : 3 gal..32b, 40 . '
coupl ed fron1r§é£gﬁF§ﬁ% ?grég%g}?§QB§Q?néuﬁ§%?§§g%??%ggﬁb %%ﬁ?%¢9Fg%l¥t3and
mul tiplied bysy® BRdadpEEPrepcoohop| 63INaLE HCRTESPRIZ eV OCH3LPFABRENMS | @F
590, t he p;ggysi$E§uﬁ9aﬂdF@ﬂf§§mf§@ér&igﬂaxsvnﬂﬁsqéetﬁ?aﬁyt to beiggdcouglig
0 sunmer . g.signals at the o t e of ,_summer 27d_and.
the out put termnéF593§8m &eanéunwﬁ%’?c(i?gﬂg%drﬁﬁécﬁ%fdr «O recelve
representiydi veadli som énfledifférende loyl silgmals and said second log signals
[alerr]H err] ELerol4e8h a1 94A blibicion signals representative of additions
of said second log signals to signals representative of
subtractions of said difference log signals from said sum log
_ signais;
15 second sum means (27f,27g)coupled to receive said first

addition signals and said first log signals for providing second

addition signals representative c¢f said £first log signals
subtracted from said first addition log signals; and
+hird sum means (27h)coupled tc said first and second sum
20 meahs fof-providing signals representative of additions of said
first and second addition signals, thereby providing said antenna
beam sharpened signals. | T

~

25 sum means {27a,27b,27¢c,27d,27e)include first amplifier means

“{29a,29b,29c,29d} Zcr respectively multiplying said.second log

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

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

"said first ‘addition 'signals and wherein said second ‘sum means
127£,27g).. includes second amplifier means {29%e,29f) for

30 _ respeczively, multiplying said first log signals and said second

addition signals.

35
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where aferr] is the antilog of A2. Patterns at the termn 5%%
32c, . when WPOSBIHFL18  ¢2=0.5, and ¢g3=0.5, are respectively 3%%’ ?%ﬂ@?gures
7 and 8. 20 Qut put term nal 32c of sumrer 27c is coupled to sumer
27f wherein a constant.- A3 i s added. The signal at the output term nal of

sumrer 217f _is ltiplied b lifi 29d d | ed, t

Zgg wher ei n""l Log’(er i 1?1?{5}%(3 Ysg:@“byngg%Fhrg%rBFFf F%‘?BQQ L&?%g%’t}bt#)aaé{?dgs‘:

_there}‘ rpmI _sﬂ'ﬂtlenetﬁrfé g«ﬂmé?ﬂ,gﬂw, 2749, 23e)t macldmudpatmeamsnfmt rdspaotively7g
t 2 yiBre -

oot put 1o 9ty 9 drbala Tie! ggidange«f&r&w a.%gt sibRigr 238 hay! s

repr esent atqiuéf@reme mg[q*-@a{aém éPéﬂr FPrenfl] supcpresns t%”éﬁ'rqm[mlﬂdes

[[err]/ [ser‘r:l\éari’s %4 G&d&ifr%' d @o?zs%'a%&ah'ol sagdvenrst Ed@wiao& sﬂhhms, and

A = Th t t_t
Ao L5 hSaid cohefE P meindy (92 el ude s eaie 1o Aasng A faatas,

of summer 27¢ @dtthlaadmhsimﬁ ol Einei dlixstc ampl esecofide atiiietoni ghahalsoupl ed

to summer 27h are added to provide a signal at the output term nal 32e

which is representative of 7 WO 98/ 01771 . i
PCT/U897/11§87 An antenna system in accordance claim 1 wherein said

10 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
15 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

20 and second signalé and said sum and difference signals for
providing £first and second log signals representative of
1ogaritbms of said first and second signals, respectively; and
sum and difference log signals representative cof logar;thms of
said sum and difference signals, respectively;

25 -~ £irst sum means (“7a,27b,27c,4?d 27e) coupled tc *eceiée

“"said sum and" dlfference log-signals and said second log signals
- for provxdlng first addition 51gnals representative of additions
. of "'sdid 'second 1log “"signals to signals representahlve of

subtractions of said dlfference log signals from said sum log

=30 ..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

- 35 g 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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Iog[C(H[err]kg{gg,dl},-)l( [err] /[err] ) ] Thus the sharpened antpOf@seaiise N
1§ given by: C(Herr] /L[err]) ([err] /[err])
where: C :(a[err]a[err])[err]a[err]a[err]/a[err],n1 = g3(l + g5g6) 10 n2 =
glgé n3 = (g2 + g4)(1+ g5g6) n4 g4(1 + g5g6) The output pattern of the

video filter, 1phe ﬂﬁ%ﬁ@é‘nﬁé‘@i@eﬁ%ﬁ Yo it At Al ﬁh@l:e@g said first

Alerr]=-18, AB 6, gl I's_shown in
The beamwi dt hSBR t@?@%t ﬁ%%%}ﬁ’dﬂ%@y £irgy ampli lqrhemeans

above patterng(28e,290, 28y, Pod} efs rdspectiv@l o ltielvisg tadt second log

and 1 pat t or ne gPEEPE ooLid J80E 1 iUl 0 A0 RIFRETRARY 106 REGRRIEY v
‘ant enna ha% anaedeﬁarstledganlgn §295PéﬁrpnanH£rﬁgﬂ(ﬂaxﬂs§¢¢¢nd|sumwme¢nm

= 2. and sl = 1998, 0vg/ !BActnhbse 3gbenna ﬁw@t s ant §evi ngo
Iength of 22 5 err ayl or distri utlg = 2 and s 16dB

have an antenn&sﬁﬁ%'ﬁé?ﬂ-lés Iving §gad &rspt ‘P% m%tan%saﬁﬁomcond
t hese F|guresaaaatlanssg@milgant reduction in the beamwi dt h and si del obe
| evel s has been achieved with the segnented antenna and the video filter.

The above di scussion has considered but one target. 1In a
10 il. 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 signéls, and

15 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
20 for coupling a transmitter (23) to said first and second ports
in a manner to provide radiation from an antenna of length S.

13. A method for narrowing the beam of an antenna of
_ oredetermined size comprising the steps of: .
25 segmenting said antenna to establish first and second sub-

antennas,  said - second~-sub—antenna arranged to Zform an
interferometer; = - el |

coupllng said f’rst and second sub-antennas to provide
. signals representatlve of sum and difference of first and second
.30 __.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.

35
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mul tiple target environnment the beamnarrowi ng realized wt h

segnent ed Xﬂggﬂﬁa7ﬁl and the signal processing perforned bqu%ﬂ%§%%é3”
filter 24 provides significant inprovenments in target resolution over that
achievable with a conventional antenna of equal size w thout generating
ghost targets. A_two way pattern generated hy the_segnented antenna 11 and
video filter424 Aome i%{h@FGﬁrPg%ﬁo%th Flpigutd Whereir, saddr pEeceRFNdf
equal radar sgepsinggatiesnthar sta@psegfinl ranges, and are in Rayleigh -
di stributed noi se_yi p..an [ ratj on of 2. 50. The video.f.ilter
processi ng par arre?«’e‘}:%gf:g?nghgg:’b%t%%?sﬁ:agi%lg%%dﬁl%‘?ae;s. rem GalggpEt And
PCT/ US97/ 1138 Tfarencp=8eprpaentati ve3sigmals gl =g4=9g5=g6=1; ¢2=g3=0.5. Two
di scerni bl e pat t gRoReRKS s33d Aikstoband C30EGLA VELINALE' SABNTNG (AiPind
detections, are clearly”indicated, in Figure 12. _These pattern peaks are
separ at ed byiffsgensg F6PFresEREat1Ves81igRaLst her logasithnie amplebpiens to
37, no ghosbtatiar gerstaanddiseeendi Rbg. sigAalenyRAt 50fahn@NEERPEr &ivé NDod
| engt h equaLéhgﬁﬁ e length of the segnented antenna 11 and a Tayl or

aperture tap h i=2 and sl =16dB woul d have a beam wi dth of
approxi matel y 2. 8gbtragtingoseddt ilogaldififerensenwsilgnadotf dom adaiad t um ebog ve

two targgts si@nat &8 pra¥iGk &NSuberasePdr dddsignal;
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;
15 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.

20 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
25 vy second and third multiplicative coﬁStants,'réspectively:
:'mu;tiplying said'firSt log signal and said first addition
" signal by fourth and  fifth  predetermined “multipiicative
constants, respectively; and ° o R '
multipiying said second addition signal by a sixth
.30..._predetermined ‘constant.... ... ..

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
35 said beam narrowed signal, respectively. |

14
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A conpari songefesigifrit Wo target pattern generated by the segnmerRERUSATIAMRTa
11 with the video filter 24 processor to a two target pattern, shown in
Figure 13, generated by a conventional antenna having a |l ength tw ce that
of the segnented antenna, 15 indicates the superior performance of the

segnent ed antepna sysdened THe deéaRdanddliwiti WLaienks3 ite ratch ddid nadtantee
12 are substantially at

the sanme,apgul ar_positions as, t t dpdicatig
peaks 39a and:'-%%f_iﬂewgﬁrg' 121G LT BB AN NS, IH g{fef%ﬁéw aift 'Y
substanti al | yat benepst peakitevelfs saddt lrat2dnasiadel cedsl 48=¢ondi suip-caritanna
The null deptfo gl helgweap, | 510 fd , afOURNE! eath SEDPAAGLL /Y .
greater than M %‘uf% ep hémgl %tgtl\%?n%;f;r%gaétasa?gr thée%onventiol?lg'atlt' /
antenna pattern of Figure 13. Wile only certain enbodi nents of the

i nvention haveg beep pbrhslesial idasbrdancy hithecappar ent fuothépsenckuding tie
the art that various chag&es and..npdi fi.cat.i

ons, may. be d i thin.t .
purvi ew of thEC@PpendEQULLAPHEs s\ﬁi%&ﬁ“ﬁf@ﬂar?’?%gﬁ/ﬁ%n?ﬁespgugeﬁg&ﬁg%arﬁl a
spirit of thenamnentdi®mdoviides abhr aadennaspith 8 r&édiati@gogpetrzute of length
PCT/U897/1138g W claim 1. An antenna system conpri sing:

10
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

15 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:

20 passing said first and second signals and said sum and

‘difference representative signals through logarithmic amplifiers

-to respectively obtain first and second log signals and - sum and
difference log signals; '

 urilizing said first and second log signals and said sum and

25 | diffe:ence log signals tc provide said beam narrowed. '

15

A



5 . an a 1) segnmented and arranged to provide a fir |ved
signal at a fIr ﬁgﬁt and a second recelv%gﬁ5|gnal at a seconaiég%$g 87 4
t

second port coupled to segnents of said an na in a manner to establish an
interferoneter; hybrid neans (17) coupled to said first and second ports
for 10 adding said first received signal to said second received signa

and for. subtr ctln |d first receiv |gnal from sai d_second received
si gnal , thereEy‘Tb rveFj; and
Processing nehns (21, 22, 24) coupl ed_t to recelv 3315__ al and said

ai
di fference si naI for | proce55|ng sai d sum and d ff ce signa % i'n 3
S ' in

manner to pro i eam shar BE%C rgnals. 4.
rein sai ntenna i g

cnl

accordance wit a manner
to provide a peng rons sai d two
end sections pagf to said second po said int ter. 3.
An antenna syp % i ] accordanca claimp wherelf said ant is of

| ength S, salﬂ central sectlon Isjof Tength S/2, and each gnd section
(15a,15b) is pf_length S[4. 4. anf.enna_ systemdn accordancd claim 2
wherein said processing nmeans|includep: 30 means (22) for extracting
said first and second signa sum and di fference signals; and

filter means (24) co%))_e.nk_‘ rﬁ(A%imeregi d¥irst and second

174 ¢ |
24
17 . PWR. DIV,
| ROVR. AND | L
TRANSMITTER | HYBRID -3*.1—— VIDEO
: . 2| FILTER
23 19 2 -

-1 -0.5 0 0.5 1

FIG.2.




Si gnal s and swodbsmerand di fference signals for providing said mw@syamg@am
shar pened signals. 35 10 WO 98/ 01771

PCT/ US97/ 11387 5. An antenna systemin accoré%nce claim4 wherein said
filter means includes: logarithmc anplifier nmeans coupled to receive said
first and second signals and said sum and difference signals for 5
providing first and second | og signhals representative of Logarithnms of said
first and second signals, respectively, and sum and difference |og signals
representative of logarithnms of said sum and difference signals,
respectively; figs n._nean a_24h oV, WA< pupled to receive 10
said sum and dif arence | og signals and said seffond | og signals for
providing first addition signals representativgjéf additions of said second
| 0g. signals to. qunals representative of subtrgqti ons of said difference

| og signals fromdaid sumlog signals; 15 decond sun1neaf

(27f,279) coupl tfo receive said first additiop|dignals and gatd first |og
signals for prT Ehng second addition signals eoresentatﬂxﬁgof said first

| og signals

-15....

I

F16.3A.

T

| -
i

o
T

-40 -20 o 20 40

FI16.38.




subtracted fr?@;ﬁh%lfl rst addition log signals; and third Sum%masg

(27h) coupl ed. sardfirst and second sum 20, , nmeans for providi
representative of additions of said first an¥8econd addition si gnal s,

t her eby providing said antenna beam sharpened signals. 6. An ant enna
systemin accordance claim5 wherein said first 25 sum neans

(27a, 27b, 7c, 27d, 27e) include first anplifier neans 29a, 29b, 29c, 29d) for
respectively nultiplying said second | og signals, said suml og signals,

said difference Icg signals, and said first addition signals and. wherein------

i ncl means

, 279)

sai d second sunageans (27
(29e, 29f) for respectively,
said second additijon signals. 35
PCT/ US97/ 11387 7g } An antenna systemin accor
first sum neans Y¥2Ara, 27b, 27c, 27d, 27¢e) incl ud
adding constants Jto said second log
| og signals, saf@ second sum neans (27f, 27
constant to said fjrst addition signals,,a
I ncl udes neans-{gt-adding a const ant ai
second additi onSijgnal s.

i | "

srgnars

claim6 mhitein sai d
tively

i rgy sum nmeans (32)
ns said first and

]
(3]
N -]
1
¥

ns for re
nd n;gfzgaid di fference
5 ns for adding a T

>
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3. An anten §oiyAm i n accordance claim1l wherein said 10 ' ol
means (21, 22?%'& ncl udes: means (22) for extA#8ting said fi rstpéin g’:’lgg%b

signals fromsaid sumand difference signals; and filter means (24) coupled
to receive said first and second signals and said sum and difference
signals for providing said 15 antenna beam sharpened signalgs. 9. An
antenna systemin accordance claim8 whereig said fil ©gr_nadgans i#l udes:

| ogarithm c anplifier neans coupled to recdyve said f™Mst J0 arg: second
signals and said sum and difference signal§“for provi di mg r and
second log signals representative of |ogan thos—ef~sa\0 JiTst-and
second signals, respectively, and sum and diffference | og gijgnal s
representative of logarithns of said sum anddi fference sidgnals,

respectively; 25 first sumneans (2is b, 2%s, 27d, 27d) couftpkd to
receive said sumand difference |o0g-signa 208 s@td second | og stgnal s for
providng first addition signals represent &=ped of additiong of said

second |log signaks to signals representjative of subtrfactions of said

difference log sigdals fromsaid sum&og 3Q/\signals; secorfjd sum neans
(27f, 27g) coupl ed to\yeceive said firso.\,n signals anq said first |og
signals for providihﬁ\second addi tion si ghal® Xepresentati e of said first
| og signals subtracted fromsaid first addit}ion | og signalg; and

{
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o
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35 third sum neans (27h)coupled to said first and secon St
for provi di "WOIBYEFREs representative of additjons of said firgF§gﬁ%hE§@an

addition signals, thereby providing said anP®na beam shar pened signals. 12
W08/ 01171 PCT/ US97/ 11387 10. An
antenna systemin accordance claim9 wherein said first sumneans

(27a, 27b, 27c, 27d, 27e)include first anplifier means ((29a, 29b, 29c, 29d) for
respectively nultiplying said second | og signals, said suml og signals,
said difference log signals, and 5 said first. addition signals and

wher ei n saidqva ongd e ans. Q L0 de =Yalelala aonl i £ie Eeans
(29e, 29f) for rlespectively, multiplying saigd first log signals and said
second addition Jsignals. 10 11. An antenna systemin accordance clai mf0
wherein said fjrlst sumneans (27a,27b, 27c, 27d, 27e) includes neans for

respectively i ng const ant ‘Iog gl gnalgs and .to said
difference | og g gnalgs, i ok 7fl, 279l ncl ufles means fo
addi ng a consta toaid l‘ § it g als, and .k- An t hi ‘o‘ su
means (32) inq} dees—Ean d—fe e ok i " {saifs ..‘i‘: ofrs—h ar-¥)
first and second addit| gn #i -?w Fa 7‘ ?i .1”. qmm hlcLa) m
3 further includ ny
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means (19) cqygb@bissp said hybrid nmeans and said processing nepp§nids {384
coupling a transmtter (23) to said first a%g?second ports in a manner to

provi de radiation froman antenna of |ength 13. A nmethod for
narrowi ngo the beam of an antenna of predeterm ned size conprising the
steps of: 25 segnenting said antenna to establish first and second
subs; antennas, said second sub-antenna arranged to form an
interferoneter; coupling said first and second sub-antennas to provide
signals representative of sumand difference of first and second 30
signal s at o4, ' ' ' , i
respectively; fnd processing said sumand difgerence representative'signa1s
in a manner to} provide a beam narrowed signalfff 35 WO 98/ 01771

PCT/ US97/ 11387} 14. A nethod in accordance w claim 13 wherein said
processing s2@b ‘i ncl udes the steps of: extragjfing said first and second -
signals fromsgid sum and difference represe tive signals; 5
coupling said first and second signals and s sum and di fference

representativejsignals to logarithmc anplif s to
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obtain first an nd |l og signals and sum and difference |og_signals;
subt racting s‘ipwg'é?di fference signal fromsaid sumlog 10 sFGRASIVL387
provi de -a subtraction | og signal; addin &ai d second | og signal to said sum
| og signal to provide a sub-addition signal; adding said sub-addition

signal to said subtraction log signal to provide a first addition signal

15 subtracting said first log signal fromsaid first addition signa
to provide a second addition signal; and adding said first and second
addition signals to provi de antenna beam narrowed signal. 20 15. A nethod
I n accordance with claim14 further includes,the steps  ,of: nmultiplying
said subtract 00 S|gnal‘ﬂ5ﬁ'.a TIrs
constant; nultipjying said sumlog signal a
second and thirdf multiplicative constants, r
first log sigpg-and said first addition si
pr edet er m ned | tiplicative constants, re
said second addition signal by a sixt
16. A net hod iB paccordance with claim 15 fu
addi ng presel eBtfed@ constants 10 sald 1og di

|
said second | og signal 25
spectively; multiplying saﬁ
al by fourth and fifthy
ectively; and-nultiplying
30 predeterm ned constant
her including the steps of
€T ence
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signal, sai Qy§9g@iy@1signal, said first addition signal, and t®CIRISIFaLIET
beam narrowed signal, respectively. 14 g/gW0 98/ 01771

PCT/ US97/ 11387 17. met hod in accordance with claim213 wherein said
antenna is of length S, said first sub-antenna is of length S/2-and is a
central section of said antenna and said second sub-antenna conprises two
eng sections of said antenna, each of length S/4 5 18. nmethod in accordance
with claim17 further including the step of coupling said central and said
two end sections in a manner to rovi defdp~antenfiFgwi th a radiating aperture
of-length 10 19. A nmethod in accordance wi{h cI-|n113 mhereln sai d
processing st éf | C ' P Y =T el
representative sjgnals to obtain sald f|rst : X and 15
subtracting sai dydifference signal from sai ff Hum si gnal to obtai aid
second signal {52B. A nethod in accordance {1 cl ai m 18 wher ei ?ZS -
procesSsing step jurther includes the steps 20 passigg said first

and second si gaa”s and nsaiﬂSFmd I+ | .
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di fference representative signals through logarithnmic anplifier
respectively Obm Ay Gie ARELLEQ S ASIRBRRP oRIANIZRHON
signals; utilizi aid first and secdwmafoplBugaging| s and said suma

irst an

and di { g
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(57) Abstract

A beam sharpened, low sidelobe antenna is obtained by segmenting the antenna to provide two sub-antennas '(13. 15), one of which
is arranged as an interferometer (15a, 15b). The output signals of the two antennas are added and subtracted to provide sum mdd:ffeme
signals (17). The sum and difference signals and the output signals are then utilized to provide the desired beam sharpened, low sidelobe

antenna (22, 24).




