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Abstract — Method of synthesis a beam pattern with nulls in
specified directions is produced. In the synthesis of the beam
pattern used a solution of the system of equations. An expression
to calculate the beamformer complex weights is shown.
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I. INTRODUCTION

The principle of interference suppression in the adaptive
antenna array is based on a weighted summation of patterns.
With this summation side reception in directions of
interference disappears. The main lobe of the beam pattern
little varies, because side lobes of the additional pattern get in
this area.

II. BAEM PATTERN NULLLING IN SPECIFIED DIRECTIONS

As shown in [1, 2] expression for beam pattern with null in
specified direction (6,,¢,) has the form:

FAl(e,(P,eo,(Po) :F(e,(P,eo,(Po)_Fpl 'F(e,(l),ep(l)l),

where {-} — denote complex value, F (0,9,0,,0,) — radiation

pattern of array with main lobe direction (0,,9,),

_ F(epq’lremq’o)

"F(6,,9,.9,,9)
direction of the

FAI(ela(plaeoa(po) =0.

Also in [1] shown that beamformer complex weights for
forming this beam pattern is

=const — coefficient depending on the

null, with definition from

Iy=1,-F,-I,

where I — beamformer complex weights for undistorted beam
pattern, /; — beamformer complex weights for beam pattern
with main lobe direction (0,,¢;).

This method can be applied to cases with a lot of nulls. Let
us show it. To form the second null in the beam pattern we can
write:

FAz(O,(P,eo,(Po) =FA1(6’(p’90’(P0)_Fp2 Fy12(0,9,0,,0,),

FAI (925@25905@0)
Fr12(0,,0,,0,,9,) ’

FAIZ(ea(P’eZ’(pZ) = F(e’(p’GZ’(pZ)_FpIZ 'F(e,(Paela(Pl)
pattern with main lobe direction (6,,¢,) and null in direction

. F(6,,9,.0,,
R _F01,01,0,,0))
F(ezy(ngezj(pz)

And now if we want to create the third null:

where F,, =

beam

FA3(9»(P»90»(P0) =FA2(95(P590’(P0)_F173 'FAIZS(es(P:ez’(PZ) )

FAZ(GS’(PS’GO’(PO)
Fr123(05,95,05,05)

FA123(9,(Pa93s(P3) :FAls(es(Ps93s(P3)—Fp123 'Fmsz(ea(P’eza(Pz) >

where — F,3 =

_ FA13(925(P2’93’(P3)
123 =% )
v Fy132(0,,0,,0,,9,)

FA]}Z(G’(P’G?a’(P?a):F(e’(P’e3’(P3)_Fp12'F(eaq)’e]!q)])7

FA13(9>(P>93>(P3) =F(9a(P>93>(P3)_Fp13 'F(ea(Paep(Pl)-

_ F(915(91593’(P3)
BT %A A -
? F(637(P35935(p3)

Thus, using the considered method we can get the beam
pattern and the beamformer complex weights for any number
of nulls; also received expressions are valid for antenna arrays
with any geometry, and for continuous antennas. For
continuous antennas expression for current will have the form:
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Iy(@)=1y(2)-F, 1,(2).

III. COMPOSE A SYSTEM OF EQUATIONS

Let us consider the beam pattern of the antenna array with
M nulls in specified directions as the weighted sum of beam
patterns this array with the maximum of the main lobe in M
directions:

F(0,9)=26,F(6.9.,6,.9,). (1)

m=0

where F (0,9,6,,,0,) — beam patterns of the antenna array
with the maximum in direction (0,,9,,) . Let us suppose that

m =0 correspond to the direction of interest signal and
1 <m <M correspond to the direction of interference signal
(nulls of pattern in this directions will be formed).

We assume that coefficient o, is equal to some constant,
according to normalization condition (like a level of beam
pattern in direction of interest signal). Rest of coefficients o,
we find from this condition:

F(6,.9,)=0,1<m<M . ()

This condition will help to obtain linear system of
equations

M .
zde(el’q)l’em’(pm):O;

m=0

M
5, F(6,,0,,0 , =0
mZ:(:)am ( 2 (P2 m (Pm) (3)

M X
ZamF(eM ’(pM ’em’q)m ) = 0’

m=0

We can choose coefficient a, arbitrarily so that we can
rewrite received system of equations in the following form:

M

Zd‘mF(eU(Pl’ei’(Pi) =—F(91,q>1,90,q00);

m=1

M . .
deF(ez,(pz,em,QDm)=—F(92,(p2,60,q)0); @)
m=1

=

de(eM’(pM’em’q)m): _F(6M9(pMa90a(Po);

m=1

and this system must be supplemented by one more equation
which introduced constraint on level of main lobe in the
interest signal direction:

M

> 6,F(0,,9,.0,.9,)=C.

m=0

Since ay = 1:

. M .
F(eoﬂ(p05905(p0)+zde(eo7(P0’em’(pm) = C °
m=1

If we impose the requirement distortionless on level of
beam pattern in the interest signal direction then second term
in previous equation:

M

deF(eo,(PO,em,(pm) =0.

m=1

Actually this is not possible. And it is necessary to
minimize this sum:

M .
zd’mF(eOﬂ(PO’em’(pm):g *
m=1

where € << 1.

When the beam pattern of the antenna array using only as
an array factor:

FZ (6,,@,,6j,@j)=F; (ej7(Pjﬂe[7(Pi)a

where {*} — denote complex conjugate. This condition leads
to a specific type equations in matrix form (square matrix
composed of coefficients F (6[,@,.,6 o) j) will be a Hermitian

matrix). In common case we have:

F): (ei’(pi’ej’(pj)iF; (ej’(p.f’ei’(pf)'

After finding the coefficients o, expression (1) take a
form:

M

F(e7(P):F(e7(Pae()7(PO)+zde(ea(paem’(pm)' (5)

m=1

As F (6,(p,6,.,q>,.) we can use expression for discrete

antenna array beam pattern or expression for continuous
radiator beam pattern.

IV. SEARCH WEIGHTING COEFFICIENTS

In case of a linear antenna array expression for the beam
pattern has the form



N
F(6,6,)=>1,, exp(-jkz,sin0),

n=1

where N — number of elements, z, — coordinate of n-th
element, / _ — amplitude and phase of n-th element for

steering main bean to direction 0, (beamformer complex
weights).

For equal amplitude of array elements excitation:

F(0,0,)=1, ﬁ:exp[— jkz, (sin0-sin0,)]. (6)

n=l1

Accordance to previous expression we can control only
one parameter /,, (amplitude of elements) for a given 0, .

Rewrite the expression (5) for the linear antenna array:
M

F(0)=F(0,0,)+> ¢,F(0,0,).

m=1

And now the expression (6) has the form:
F(6,0,)=1,F(0.,6,).

N
where £ (0,0,) = exp[ —jkz, (sin0-sin0,,)].

n=1

So that system of equations (4) can be written as:

M . .
deImFZ (el’em): _[OFZ (61760);

m=1

M . .
delmFZ (GZ’Gm ) = _IOFE (62’60); (7)
m=1

M . .
de]mFZ (eM’em) = _IOFZ (eM’eo)’
m=1

The multiplication of a.,/, also contained in the right side
of this system of equations, because previously we choose
Qy = 1.

Suppose that after solving the system of equations (7) we
found the amplitude and phase of n-th element (/,). Then we
can write the expression for beam pattern of linear array:

N
F(0)=>"1,exp(-jkz,sin0).
n=l1

Rewrite previous expression taking into account the
expression (2)

N
D1, exp(—jkz,sin6,)=0, 1<m<M.

n=1

We obtain a system of linear equations, that equivalent
system of equations (3) or (4). This system has a solution only
if M <N.

Accordance with (6) we can write the beamformer
complex weights:

I, =1, exp(jkz,sin®@,).

nm

Therefore expression for the beamformer complex weights
with M nulls has the form:

M
I, =Y a,exp(jkz,sin0, ).

m=0

Now we can solve system of equation for uniform linear
array with number of elements N=7. We find coefficient a
for two cases: M =6 and M =17.

In Fig. 1 shown beam patterns for these cases:

e solid line M=6 (8,=0° 6;=-50°, 6,=-60°,
0; =-70°, 8, = 20°, 85 = 30°, 65 = 40°);

e dash line M=7 (8,=0° 6;,=-50°, 6,=-60°,
0; =-70°, 0, = 20°, 85 = 30°, 5 = 40°, 6; = 45°).
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Fig. 1. Beam pattern of linear 7-element array.

V. SUMMARY

It was shown that the principle of interference suppression
in the adaptive antenna array is based on a weighted
summation of beam patterns. For this representation we can
get the system of equations. Herewith the system has a
solution only if M < N (N — numbers of the array elements, M
— number of the created nulls).



Proposing method of synthesis beam pattern with nulls in
specified directions do not control a directivity of the antenna
array. LCMV beamformers provide some level of beam
pattern in the interest signal direction [3] but this level not
control by algorithm and depends on relative positions of the
interest signal and jammers.
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