
AD-Ri42 719 NILLING IN ARRAY PRTTERNS WITH ORTHOGONAL ANALYTIC 1/j
CANCELLATION BERMS(U) ROME AIR DEVELOPMENT CENTER
GRIFFISS AFB NY M J 0 BRIEN FEB 84 RRDC-TR-84-38

UNCLASSIFIED F/G 9/5 NLIUNlll sllllllmoll
EE~llllllEliE



I

H~l1.0 W jw &5
1111=AmE Usii 122
1Uh1 M WA

MICROCOPY RESOLUTION TEST CHART
PTMUOA BUREAU OF STAN4OARS-1963-A



'4.7 7. 7, q: 11 7 7.

RADC-TR-84-38
In-House Report
February 1984

'" NULLING IN ARRA Y PATTERNS
- WITH ORTHOGONAL ANAL YTIC

" CANCELLATION BEAMS
J, **

Michael J. O'Brien, Major, USAF

' ,. APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED , DTIC

CD JU, 6

'L

PPROME AIR DEVELOPMENT CENTER

K Air Force Systems Command"
Griffin Air Force Base, NY 13441

-84 07 05 064

C-,
La A

m;+- +. v , v .1; ; ;:. . ,
-- + CROM IR DEVE %'11 + jLOPMENT ". CENTER .. ...........



%: This report has been reviewed by the RADC Public Affairs Office (PA) and

is releasable to the National Technical Information Service (NTIS). At NTIS

it will be releasable to the general public, including foreign nations.

RAI)C-TR-84-38 has been reviewed and is approved for publication.

APPROVED:

J. LEON POIRIER

Assistant Chief, EM Techniques Branch

Electromagnetic Sciences Division

APPROVED:

ALLAN C. SCHELL
Chief, Electromagnetic Sciences Division

FOR THE COMMANDER:q P w a ?4.

JOHN A. RITZ
Acting Chief, Plans Office

-"

If your address has changed or if you wish to be removed from th6 RADC

mailing list, or if the addressee is no longer employed by your organization,

* please notify RADC (FECS) Hanscom AFB MA 01731. This will assist us in

maintaining a current mailing list.

Do not return copies of this report unless contractual obligations or notices

on a specific document requires that it be returned.

S. ", ' + ' * - .. ," _ ._' _" ".. ". " -. . • • .' . • • . .. . . .. .



- -'---~1

'p

XI'ii -- .-. .-. r~ .-. - - - -.

4*

-~1~.
.4..

-. 4

'-4

-. 4.

* .4

'p

-. V

4qp;

AA
is
*1*

N
4..

:*

-.

Ii-.
4'.

4-.
N

4-',
0~s

s.d4-4-0is4-'is4..is
45
#4

is

5',,
.4 4

4

'aN

*44

'C

'p. ~tci
'p *.J.

is,
is,

4.
is.
'If.
is."
A

.4?.pis.P.

0

"'4

- * . .* - 4. * -. *** ., -' '* -'4--S **~.,'. -. t~&~t, t~sZt$tZ(C QZK'&-.A'K-t K' §'SPbt.xxd



U nc, Ia qsi ie
SECURITY CLASSIFICATION OF THIS PAGE (*%oen Vote Entered)REDISRC1N

REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM

IREPORT NUMBER 2 GOVT ACCESSION NO. IRECIPIENT'S CATA,.OG NUmOEft

4 RADC-TR-84-38 /U
414. TITLE 'nd SubtiIl) S TYPE OF REPORT A PERICO) COVERED

NULLING IN ARRAY PATTERNS WITH I-os
ORTHOGONAL ANALYTIC CANCELLATION I-os
73EAMS 6 PERFORMING ORG REPOP' NUMBER

7. AUTHOR(.) 8 CONTRACT OR GRAN' NUMk3ERI.,

% NMichael J. O'Brien, iAlaj, USAF

9 PERFORMING ORGANIZATION NAME AND ADDRESS 10 PROGRAM ELEMENT n; s
Rome Air Development Center (EECS) AREA & WORK UNIT NUMBERS

Hanscom AFB 61102F
Mlassachusetts 01731 230 5J 304

ti, CONTROLLING OFFICE NAME AND ADDRESS 12 REPORT DATE

Rome Air Development Center (EECS) Februairy 19184
Hanscom AFB 1-3 NUMBER OF PAGES%

MNassachusetts 01731 20
4 MONITORING AGENCY N4AME II ADDRESS(iI diflfeen le-i C-11-111-41 Off-c) IS SECURITY CLASS rot this pr

Unclassified

SCHEDULE

k.14. DISTRIBuTION STATEMENT 'of ihiiReport;

CApproved for public release; distribution unlimited.

I. b

IS SUPPLEMENTARY NarES

RADC Project Engineer: M.~ichael J. O'Brien

* ~ ~ ~ ~ ~ 1 I K EY WORDS 'ConInue. on 1-1e-s Side IfleeS And dentIt, bI block n-,b-,

Adaptive antenna
Phased arrays
Nulling
Orthogonal beams
Analytic beams

120 ABSTRACT 'Coninue on rove-s sid. It tneces*ary and idenrefc Nv block nuflbor,

.*. ~A method of reducing the coupling between the analytic beams formed to
place multiple nulls in the radiation patterns of phased array antennas is
developed using cancellation beams that are orthogonal in the sense that eacrh
beam has nulls in the directions where the other beams have maximums. A
formulation for these beams is presented for arrays in which the elenent
amplitude and phase aire adjusted ind for arrays in which only the phase is
adjus ted.$

DD 1473 ueasfe
SECURITY CLASSIFICATION OF THIS PAGE7; I _rIae, l Fe.;,riI

A.,

Woe

eel



D76

Accession For

NTIS GRA&I
DTIC TAB

t[lnannounced
Just I fcat io

G al s D i s t r ib u t i o n /

Availability Codes .
Avail and/or

Dist Seia

Contents

1. INTRODUCTION 5

2. BACKGROUND G

3. DECOUPLED BEAMS 10

4. RESULTS 11

5. CONCLUSION 20

Illustrations

1. Array Geometry 7
2. Quiescent Pattern for a 20 Element Array With Half Wavelength

Spacing and Element Excitations for a 30-dB T:tylor Dis-
tribution With " = 4 11

3. Orthogonal Cancellation Beams Using Amplitude and Phase
Control to Obtain a Uniform Taper, c n = 1 13 %

4. Quiescent Pattern and Cancellation Pattern Resulting From
Cancellation Beams Formed by" Amplitude and Phase
Control for a Uniform Taper, c = 1:3

5. Quiescent Pattern and Perturbed Pattern With the Desired
Nulls Imposed at 150 and 26. 50 by Amplitude and Phase
Control With the c 1 14

'n I

3"I

4.%"%%',% ='.*%%% -%1-'



Illustrations
'.46

6. Orthogonal Cancellation Beams I-sing Amplitude and Phase
Control to Obtain the T:avlor Taper. c 1 15

Canecelatna
7. Quiescent Pattern and Cancellation Pattern Resulting ra

CanelatonBeams Formed by Am~plitude and Phase
Control for the Taylor Taper, ' n - n 15

8. Quiescent Pattern and Perturbed Pattern With the Desired
Nulls Imposed at 150 and 2G. 50 by Amplitude ainI Ph.se
Control With the c an n

9. Orthogonal Cancellation Beams Using Phase-only Cont rol
to Obt. in a Uniform Taper, c = 1 1

n

10. Quiescent Pattern and Cancellation Pattern Resulting F:-ofm
Cancellation Beams Formed by Phase-only Control for
a .Tniform Taper, c = 1 17

n
11. Quiescent Pattern andoPerturbed Pattern With the Desired

Nulls Imposed at 15 and 26.50 by Phase-only Cont ,l
With the cn 1 17

12. Orthogonal Cancellation Beams Using Phase-only Control
to Obtain the Taylor Taper, cn = an 18

13. Quiescent Pattern and Cancellation Pattern Resulting Fromt-
Cancellation Beams Formed by Phase-only Control for,
the Taylor Taper, cn ann

14. Quiescent Pattern and Perturbed Pattern With the Desired
Nulls Imposed at 150 and 26. 5 by Phase-onl.v Control
With the c. a 19

--

.-.9

5-.'

9.

• . ," -- -. . f -''?"'' .-' - . " * , " * .' * ,* , ,,', , '



I .J

Nulling in Array Patterns With
Orthogonal Analytic Cancellation Beams

1. INTRODUCTION

The ever increasing capability of jammers is severely limiting the perform-

ance of both communication and radar systems. Because communication array

antennas typically have a relatively small number of elements, it is practical to

employ elaborate adaptive techniques to suppress the jamming interference. It is

neither practical nor economically feasible to apply these same techniques to

large phased array radar antennas.

It is possible to place nulls adaptively in large phased arrays by adjusting

either the amplitudes and phases or only the phases 1 of all the elements in the

2array or in subsets of the elements. Another approach is to adjust all the ele-

ments to form a cancellation beam in the direction of each jammer. 3 As a result,

changes in the array pattern are generally constrained to angular regions near the

null directions. There are, however, interactions between the cancellation beams

in the null directions.

(Received for publication 27 February 1984)

1. Schapov, Yu. M. (1983) Algorithms of random search for adaption of antenna
arrays with discrete phase shifters, Izvestiya VUZ. Radioelectronica,
Vol. U, No. 2:80-85.

2. Haupt, R. L., and Shore, R. A. (1984) Experimental Partially Adaptive Nulling
in a Low Sidelobe Phased Array. IEEE APS Symposium Proceedings.

3. Baird, C., and Rassweiller, G. (1976) Adaptive sidelobe nulling using digitally ",..

controlled phase-shifters, IEEE Trans. Antennas Propag. AP-24:638-649.
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This report presents a method of reducing the coupling btween the cancell.i-

ion beiis. 13eamis that a re orthogonal in the sense that eaich beaim zi~ null in

the directions where the other beams have ai maximum will be decoupled in those

directions. Consequently, in at adaptive antenna, the nulls can be placed sequen-

tially with each succeeding nulling operation having minimal effect on previous

nulls.

2. BACKGROUND

Analytical beams are a convenient means to view certain null synthesis tech-

niques as well as adaptive nulling techniques. An analytical beam differs from a

physical beam in that it is formed and controlled by adjusting the excitation of

each array element in a specified manner. A physical beam, on the other hand,

is hardware formed (by a Butler Matrix, for example) and is controlled by adjust-

ing the excitation at a single beam port. A review of the general method of form-

ing analytical beams to place nulls in the radiation pattern of a phased array Ike

antenna follows. *'

The antenna shown in Figure 1 is a linear array of N equispaced isotropic ele-

ments with the phase reference being the center of the array. The far field IX.

pattern, p(u), for the array is given by

N

p(u) = wn exp (jdn u)n n

where

u = kd sin 0;

d m element spacing;

k 27r/k, t being the wavelength;

d n n - (N + 0)/2. .O

0 = angle measured from broadside to the array;

and

W = element excitation.

We wish to perturb the element excitations to form nulls in the array pattern in

the directions; u = um , m = 1, 2, ... M.

6 "0.
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Fu 1

o . .o1

.'-."*I

w I a 3 I NI Nii Figure 1. Array Geometry

~In general, the array has an amplitude taper, an and is steered in the direr-

o' tion u =u s . Therefore, the unperturbed or quiescent element coefficients tire.-

Wqn a exp ( sJdnU)

The amplitude taper is assumed to have even symmetry about the array center

while the phase is known to have odd symmetry since

d n "dN+l -n

Let the perturbed weights be represented as

. w = w +Awn exp (-jdnus).,n qn nn

with

awn 6n + 6 n

Hence, the perturbed array pattern p(u).

N

p(u) lWqn expn(jdu) + Awn exp [Jdn(u - u s ) '

n=1

7
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consists of two separate patterns. The first is just the quiescent pattern. :Ind

with the proper AWn the second is the cancellation pattern. To determine the !w k

we require the perturbed pattern to have nulls in the desired um directions.

Imposing this requirement results in a set of Al equations with N variables.

-. Shore and Steyskal 4 derived solutions for the general problem where the num-

ber of elements, N. exceeds the number of desired nulls, M. Their report con-
siders null steering by perturbing both the amplitude and the phase or by perturb-

ing just the phase. The solution when both the amplitude and the phase are con-

trolled can be written in the form;
-o

~M
L ~c b cos [d (u -u

n n bm n m s
m=l

, .. M

6 ncn b sin [d (u -u 5
m~l

where the coefficients c n represent a taper function that specifies the form of the

cancellation pattern, and has the same symmetry as the an while the b repre-
m m

*sents the amplitude of the cancellation beam steered to the u = u mdirection.
When only the phase is controlled, the perturbed coefficients become

n = w exp (L n%

*Jqn

I Assuming small phase perturbations, which is a valid assumption for a low side-

lobe quiescent pattern,

exp (jA60 n )  1 + jA n

Therefore, the perturbed pattern becomes

N
p(u) =p(u) + j anA n exp [jdn(u u)]

q La n n n
n=I

4. Shore, R.A., and Steyskal, H. (1982) Nulling in Linear Array Patterns With

Minimization of Weight Perturbation, RADC-TR-82-32, AD A118695.
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The n that cause p(u) to have nulls in the desired directions are of the form

n

(c 'a bih sind n- n
n w' n 1 ~ ni- i)

inteu-~m+ 2u direction.,f
T Consequently, the perturbed pattern is

-'" p ~ ~ ~ ~P(u) pqU+ b Pm)

n m m

mm
where the cancellation beams Pr(u) for both amplitude and phase control are

q ~m

" . Pm(U)~ c n~ n exp [Jdn(U - Umrn) ;

and those for phase-only control are
N

P m(u) 02 en sin [dn(Um - us)] exp ) JdI(U - Us)]
ni

n L

The nulling requirement is now reduced to solving for the beam coefficients, bm,

such that

p(u ) pq(U) + b mPm(u ) 0, t 1,2, ... M (I)

S:.

9
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3. DiCOPLED BEAMS

In Section 2 xe sxw thot the -incell~tion pattern consiste I of . unl ,)r , l-

lotion bevins. P (u). In or er to pltce i null in i given direction the uri of ihes;e

ShellS must (-kl el the quiescent pittern in the given lire tion. In ),he! %%; it .

"ill be, ins contribute in ptoFtucing etch null. This beolm i ntertict ton in.:'v be un l e-

sir tble in in odo ptive .ntenn:t.

Suppose we wish to reduce the interoct ion between the beon]s. One :ipprotwh

,. is To fo tin low sidelobe concellntion be: ins so thot the cincellt ion beam in the

desi:-c I .ti :c t ion is the only one to contribute significaintly. Another oppro.i(,h is

to let oi new c~in elLition beoin in the uk direction for k - 1, 2 . '\I be cornpose -

of o \ eighted sum of the P (u). This composite cancellotion beot is thus p.

1 k(u) o1 k P1 (u)k I k

To reduce coupling between these cancellation beams we now require that

Bk(U, 0, for 1, 1 k
.k

to obtain the following sets of equations:

4' ::,., S k 0. k 1 . 2 ... I (2)
%k

", 4 Here S is the Htermitian matrix with elements

"- , Ski I P lk)

. •kth

S.A k is the k column vector of the coefficient matrix with diagonal elements
a 1 1. D is a (diagonal) matrix with elements dji (dij = 0, i ;d j) and diagonal
elements d.. 1 - 6 ik" where 6 *k is the Kroneker delta function

i k
(6 6ik 0 i k

and k is the column of A. With this added condition, Eq. (2) can now be solved.
The perturbed far-field pattern is the sum of the quiescent pattern and the com-

posite cancellation beams. Accordingly,

10

4-



p(u) pq(U) + bk13 k(u) 01
q k k

Since Bk(Ui) = 0 for I A k, the requirement to place a null in the uk Iiheci .on

is satisfied when

bk pq(Uk)/Bk(uk)

4. RESULTS J
The results presented in this section are typical of those obtained using the

formulation described in the previous section. All computations were performed

for an array consisting of twenty isotropic elements with a spacing of half a wave-

length. The quiescent weights are for a 30-dB Taylor distribution with n 4.
The corresponding quiescent pattern is shown in Figure 2. The desired nulling

directions are 150 and 26. 5.

R
E
L

%4 A
T
v
E-30

P
0
w

-R

-60 0 60

- (DEGREES) O

Figure 2. Quiescent Pattern for a 20 Element Array With
Half Wavelength Spacing and Element Excitations for a
30-dB Taylor Distribution With F r 4
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ryrr~~yin ~rj th se -cnd set. only the~r7 phs is perturbed*. ITn each -f ths -estodfe

%.4

,.

JL_ The cases are divided in two sets according to the type of element control

- applied. In the first set, both the amplitude and the phase are perturbed whileS

~~in the second set only the phase is perturbed. In each of these sets two different"'

taper functions are applied. The first taper is the uniform taper, c 1, andn
the second taper is the same as that for the quiescent weights, cn - an . The

nn
uniform taper results in a composite cancellation beam for which the P (u) are

sine patterns. Hence, §

B (u) P 1 (u) + a2 1 P 2 (u)

and

B 2 (u) a P(u) + P 2 (u)

where

Pl(u) sin [10(u - ir sin 15) /sin [(u - i sin 150)/2] b

and

P2 (u) = sin [10(u - 'r sin 26.5°)]/sin [(u - 7r sin 26.50)/21

Since the elements of S are = P (u and the P (u) are given above, S

becomes

-1.33 20

.The resulting coefficient matrix A is

S 1 0.06661

0.0666 1

Figure 3 shows both composite cancellation beams. Note that each beam has a

null in the direction in which the other beam is maximum. The sum of these

'composite beams forms the cancellation pattern in Figure 4 which also includes

the quiescent pattern for comparison. Finally, the perturbed pattern is shown

along with the quiescent pattern in Figure 5. The important feature of Figure 5
.'"
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tude and Phase Control for al Uniform Taper. cn
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SJANIIER NULL

_ j,,. R t6.6i -206
S 20.5 -257 -4

T PERTURBEDI PATTERN

I TTR OUIESCENT 1
E-30 

PATTERN

P
-30

w

-60 0 60

8 ( DEGREES)

Figure 5. Quiescent Pattern ang Perturbed Pattern With
the Desired Nulls Imposed at 15 and 26. 5 by Amplitude
and Phase Control Witi the c 1

is the small differen es between the two patterns everywhere except near the two

nulls.

Both amplitude and phase control are applied for Example 2, but here cn = an"
nn

For this taper the P (u) have the same form as the quicscent pattern. As with

the uniform taper above, each composite cancellation beam in Figure 6 has a null

in the direction of the other's maximum. The cancellation pattern of Figure 7

produces the perturbed pattern in Figure 8. Although the differences between the

quiescent pattern and the perturbed pattern are still small, they are greater than

those in Figure 5. Because of the taper, the cancellation beams in Figure 6 are

broader than those for the uniform taper in Figure 3. Consequently, the broader

beams disturb the pattern more in the null region.

The remaining set of examples demonstrates the cancellation beams formed

by phase-only control. Again the first example uses a uniform taper, and the

second uses the same taper as for the quiescent weights.

Figure 9 shows the composite cancellation beams for the two null directions

along with the concomitant beams in the 9 = -150 and 9 -26. 50 directions.

These beams combine to form the cancellation pattern in Figure 10. The per-

turbed pattern in Figure 11 differs from the quiescent pattern not only in the

regions near the nulls but also in the regions symmetric to the main-beam. In

14
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Figure 6. Orthogonal Cancellation Beams Using Amplitude
and Phase Control to Obtain the Taylor Taper, c a
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Figure 7. Quiescent Pattern and Cancellation Pattern
Resulting From Cancellation Beams Formed by Anpli-d
tude and Phase Control for the Taylor Taper. cn a%
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Figure 8. Quiescent Pattern ang Perturbed Pattern With
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Figure 9. Orthogonal Cancellation Beams Using Phase-
only Control to tain a Uniform Taper, n '
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fact, since the cancellation pattern adds in phase with the quiescent pattern in
these regions, the symmetric sidelobes have increased approximaitely 6 d3.

Figure 12 shows the cancellation beams for phase-only control with the same

taper function as that for the quiescent weights. As with the previous examples

the beams are decoupled in the null directions. The cancellation pattern in

Figure 13 combines with the quiescent pattern to form the perturbed pattern in

Figure 14. The perturbed pattern has the combined effects of the taper is sho.n

in Figure 8 and the phase-only control as shown in Figure 11.

Besides the increase in sidelobe levels at the symmetric locations in the

pattern, the use of phase-only nulling appears to limit the null depth that can be

-achieved. For the ideal, error-free antenna considered, the nulls are signifi-

cantly lower when both amplitude and phase are controlled than when only the

- .~. phase is controlled. However, this limit is not due to phase-only control. In-

stead, it is due to the finite accuracy of the linear approximation for small phase

perturbations. In practice, the nulls will be achieved adaptively rather than

deterministically. The adaptive technique can at least partially compensate for

this finite accuracy.
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Figure 12. Orthogonal Cancellation Beams Using Phase-
only Control to Obtain the Taylor Taper, c r an
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5. CONCLUSION

The method presented in this report forms the basis for the development of

additional adaptive techniques for large radar array antennas. The decoupled

analytic cancellation beams allow greater flexibility in the adaptive process, such

as selectively nulling in certain directions. The use of analytic beams, in gen-

eral. constrains the pattern perturbations to angular regions near the desired

null locations and near the symmetric regions for phase-only control. The use of

the decoupled beams further constrains the perturbations to a single null region

and (with phase-only control) the symmetric region for a given beam.
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