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ABSTRACT This paper extends the semidefinite relaxation (SDR) method to be capable of synthesizing
linearly polarized shaped patterns with accurate control of sidelobe level (SLL), cross-polarization level
(XPL), and dynamic range ratio (DRR) of the excitation distribution for arbitrary antenna arrays. In addition,
by using the vectorial active element patterns, mutual coupling and platform effect can be also incorporated
into the proposed vectorial shaped pattern synthesis. Three examples for synthesizing linearly polarized pat-
terns with different pattern shape requirements and different antenna array geometries have been conducted
to check the effectiveness and robustness of the proposed method. Compared to the original vectorial shaped
pattern synthesis without DRR control, the proposed method with the DRR control can significantly reduce
the obtained DRR which is very useful in many antenna array applications.

INDEX TERMS Vectorial shaped pattern synthesis, semidefinite relaxation (SDR), cross-polarization

level (XPL), dynamic range ratio (DRR), mutual coupling.

I. INTRODUCTION

Antenna arrays capable of yielding shaped power patterns
have received intense attention in the antenna community.
In the past decades, researchers have explored many syn-
thesis methods concerning the problems of shaped power
patterns [1]-[12]. On account of the complexity of practi-
cal antenna array and nonlinearity of some synthesis con-
straints, many of shaped power pattern synthesis methods
assume isotropic element patterns and consequently handle
only array factors without considering mutual coupling effect.
Some techniques such as stochastic algorithms in [13]-[15]
and iterative convex optimization techniques in [16], [17],
adopt a more general array model by considering element pat-
tern diversity, and they can be potentially used to synthesize
shaped patterns for more practical arrays by using active ele-
ment patterns (AEPs) [18], [19]. Despite the success, most of
the existing shaped pattern synthesis methods consider only
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the shape of the total power distribution over a certain angular
region, and they lack controlling the power distributions for
the co-polarization (COP) and cross-polarization (XP) com-
ponents, respectively. Consequently, it sometimes happens
that even the synthesized pattern meets the desired shape
requirement in the total power, but the truly useful COP
pattern is not like what we expect.

As is well known, adjusting element structure and array
arrangement is a useful means to suppress the XP level (XPL).
However, when it comes to the pattern synthesis problem
for a given antenna array with a fixed structure, synthesizing
appropriate excitations to feed the antenna elements is also
a way to reduce the XPL to a certain degree. Although
there are not many papers talking about this issue, few
methods can be still found in the literature. They include,
for example, polarization-controllable pattern synthesis for
vector antenna arrays in [20], polarized focused and shaped
pattern synthesis for arbitrary antenna arrays in [21]-[23],
frequency-invariant polarized pattern synthesis for wide-
band conformal arrays [24], and circular-polarization (CP)
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pattern synthesis for spherical arrays [25]. However, all these
research assumed a fixed desired polarization state for all
angular space of interest. This is usually not the case for
practical linearly polarized shaped pattern antenna arrays.
As we know, for a linearly polarized antenna array, the real-
izable COP always changes with the propagation direction
and it may be different from a prescribed desired polarization
direction.

Another issue to be addressed is the large dynamic range
ratio (DRR) of excitation amplitude distribution which usu-
ally happens in the shaped pattern synthesis results due to
the complicated requirement on the pattern shapes. Reducing
the DRR is significant for simplifying the feeding network
design and also improving the aperture efficiency. Some
techniques have been presented to reduce the obtained DRRs
for shaped pattern synthesis problems [26]-[32]. However,
most of these techniques consider only scaled radiation pat-
tern synthesis problems without considering the polarization
control. Only a few methods such as the synthesis method
based on equivalent principle and trust region method in [31]
and the iterative synthesis technique by introducing two aux-
iliary phase patterns to simplify the power pattern synthesis
problem in [32] have considered both the XPL control and
DRR reduction. However, similar to other vectorial pattern
synthesis methods, both of them do not carefully consider the
variation of the realizable COP direction with the changing of
propagation direction.

Recently, we introduced a definition of the realizable COP
direction which is formulated as the projection of the pre-
scribed desired polarization direction onto the wavefront
plane, as well as the definition of the realizable XP direc-
tion which is given by vector cross-product of the realizable
COP and the propagation direction [33]. With these defi-
nitions, the realizable COP and XP patterns can be easily
expressed. In [33], the semidefinite relaxation (SDR) method
was extended to synthesize linearly polarized shaped patterns
with XPL suppression for practical antenna arrays including
mutual coupling and platform effect. The SDR method has
been recognized as an effective method to place both upper
and lower bounds for pattern shape control [34]. However,
in [33], the DRR control has not been considered, and con-
sequently the obtained DRR is usually considerably large
due to complicated vectorial shaped pattern requirements.
In this work, we will further extend the SDR method to
be capable of synthesizing linearly polarized shaped pat-
terns for arbitrary antenna arrays integrated with the ability
of SLL, XPL and DRR control. Three examples includ-
ing sectorial, cylindrical and conical conformal arrays are
conducted to validate the effectiveness and advantages of
the proposed method. Synthesis results show that the pro-
posed further extended SDR method can effectively control
the DRR of obtained excitation amplitude distribution while
maintaining almost the same vectorial shaped pattern syn-
thesis performance as the previous SDR method without the
DRR control.
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Il. LINEARLY POLARIZED SHAPED POWER PATTERN
SYNTHESIS WITH DRR CONTROL

A. VECTORIAL ARRAY PATTERN EXPRESSION

Consider an arbitrary antenna array consisting of N elements
that locate at positions 7, = (Xp, Yu,20) @ = 1,2,--- ,N)
of the Cartesian system. The far-field radiation pattern can be
formulated as

N
Eo1 (0.9) = wa[eo Eng (0.9) + 2y Enp (0.9) ]

n=1

X e]'ﬂzﬁ (0,9) Tn (])

where w, denotes complex excitation of the nth element, § =
27 /A is wavenumber in the free space, and

€9 = cos B cos pe, + cos f sinpéy, — sinfe; (2)
éy = —singe, + cos péy 3)
eg(0, ¢) = sinf cos pe, + sinf sinpe, + cosfe, (4)

In the above, E,9 (6, ¢) and E,, (0, ¢) denote the ég- and é,,-
polarization components of vectorial AEP (VAEP) radiated
by the nth element, respectively. The VAEP is adopted to
consider element mutual coupling and platform effect [19].
For convenience, (1) can be concisely expressed in the matrix
form given by

Ep (0.9) =255 W+ ¢y st w 5)

where
so = [ Egelfs @911 .. Engelfes ©0) ] T (6)
Sp = [E1,ef @011 By efes @) v ] T (7)
w=[wiw, - owy ]’ ®)

and the superscript ‘H’ denotes Hermitian transposition of a
matrix.

To formulate the linearly polarized shaped pattern synthe-
sis problem, the realizable COP and XP directions should
be defined at first. Such definitions have been thoroughly
discussed in [33]. Assume that the user-desired polarization
direction py is prescribed and it is usually fixed in appli-
cations. However, since the realizable COP direction of an
antenna array is always perpendicular to the propagation
direction ég(0, @), it is generally different from the fixed
user-defined desired polarization direction if it is observed
in a wide angular space. In [33], the realizable COP direction
is defined as the projection of the p; on the wavefront plane
shown in Fig 1. It is given by [33]

Beo = Pd— [Pa-ep (6, 9)]ep (0, 9)
7 pa — [pa - ép B, )l ¢ (0, @)

&)

Accordingly, the realizable XP direction px which is per-
pendicular to both p., and ég(6, @), can be expressed by [33]

ﬁX = ]_500 X 2/3 @, 9) (10)
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FIGURE 1. Illustration of the definitions of realizable COP and XP
directions.

Then the COP and XP components of the radiation pattern
can be respectively expressed by

Eco @,0) = I:Etol @, ) ‘ﬁco] ﬁco = ﬁco SZ) w (11)
Ex(8.9) = [Ewi (0.¢) -px1px =pxsgw  (12)
where

Sco = (€p 'ﬁco) So + (E(ﬂ “ Deo) Sy (13)
sx = (&9 - Px) o + (¢ - Px) Sy (14)
Consequently, (1) can be reformulated by

Erol 0, 9) = Peo s w+ pxsil w (15)

B. DEFINITION OF DYNAMIC RANGE RATIO

Dynamic range ratio is defined as the ratio of the maximum
of excitation amplitude to the minimum one. Thus, the DRR
of the excitation vector w is given by

max_{|wyl}
DRR (w) = I;HL (16)

For the shaped pattern synthesis without DRR control,
the excitation distribution with large DRR is usually obtained
due to complicated pattern shape requirement. Large DRR
is usually not preferable which increase the difficulty of
the feeding network design. Thus, incorporating the DRR
control into the shaped pattern synthesis is very significant
for practical applications.

C. SHAPED PATTERN SYNTHESIS WITH SLL,

XPL AND DRR CONTROL

The proposed synthesis is to find appropriate array excita-
tions which yield a desired linearly polarized shaped power
pattern by satisfying multiple constraints given as follows:
1) the COP component of the pattern is constrained by the
upper bound Uy, (9, ¢) and the lower bound Ly, (0, ¢) in the
mainlobe region 2,7 ; 2) the XP component of the pattern is
controlled to be less than 'y in the region of interest Q2x;
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3) the total power pattern should be less than I'g;, in the side-
lobe region 257 ; and 4) the DRR of the excitation distribution
is not larger than a preset DRR threshold pmax. All these
constraints can be formulated as follows:

Ly (0, 9) <|Eco 60, 9)| 2<Unmr 6, 9), (0, 9)eQurL

Ex (0, ¢)| 2 < Tx, 0. 9) €
|Ero1 (6, 9)| ><Tsz., 6, 9) Q1
|IDRR (W) | < pmax-

(17)

To be consistent with other constraint forms, we rewrite the
DRR constraint as
max { lwn|? }

1<n<N

1 <

B = Pmax? (18)
min_{|w,|*}

1<n<N
where pmax 1S a preset DRR threshold. Here we introduce an
auxiliary parameter § which is used to transform the DRR
constraint to be lower and upper bound constraints on each

excitation energy. That is,
2 2 2 2
E E |Wl1| E pmax ° E ’

To express notations simply, the arguement (6, ¢) is
dropped in the following. Then, by defining

n=12---,N. (19)

_ Re (SCDT) —Im (SCOT) 0
Seo = [Im (Seo”) Re (s07) 0} (20)
Re (w)
W= | Im(w) 2D
&

we obtain that
|E00|2 = i’VVT(QC() W» with Q¢ = SZO Sco- (22)
Similarly, we have
|Ex|*> = W QxW, with Qx = S% Sy. (23)
Ewot | = W QuotW, with Quor = ST, Sy (24)
where
[Re(sxy”) —Im(sx”) 0
SX - T
| Im(sx) Re(sx’) O
[ Re(sg”) —Im(sgT) 0
Im(sp”) Re(sp?) 0
Re(s,”) —Im(s,7) 0
| Im(s,7) Re(s,”) 0
For the DRR constraint, it is

2 ~T N
|W}’l| =W Qn (lvl) w,

Stol =

n=1,---,N. (25)

£2 = WQg (i)W (26)
Prax  E2 =W Qe (i, 1) W 27
where
1, i=n
Q. Gi=1{1, i=n+N (28)

0, otherwise
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1, i=2N+1
1) = 29
Q1 (@) {O, otherwise 29
2 .
.. Phaxs 1=2N+1
,) = 30
Q2 (@) {O, otherwise (30)

It is well-known that for any real symmetric matrix Q and real
vector w, we have

W QW = Tr (W QW) = Tr (QW) (31)

where W = WW! is a rank-one and symmetric positive

semidefinite matrix. It means that W > 0 and rank (W) = 1.
Now, the synthesis problem can reformulated as finding W
such that

ITr (QcoW) = Lyr, 0,9) € Qyr

Tr (QeoW) < Ui, 0, 9) € QL

Tr (QxW) < I'y, 0, 9) € Qx

Tr (QsLW) < sz, 0, 9) € Q1 (32)
Tr (Q,W) > Tr (Qe1W), n=1,--- ,N

Tr (Q,W) <Tr (Qe2W), n=1,.---,N

W >0, rank (W) = 1.

In the above, rank(W) = 1 is a typical non-convex
constraint. Through dropping this rank-one constraint,
the reweighted minimization method is adopted to iteratively
minimize the trace of W that is equivalent to the sum of the
eigenvalues of W until a low-rank W can be obtained [35].
Such a method is called the semi-definite relaxation (SDR)
which is given by

W® = argmin Tr (W=D 4 sT)~'W® Const.
WeC

UTr (QeoeW®) > Ly, 0, 9) € QuL

Tr (Qeoe W) < Uy, 0, 9) € QL

Tr (QxW®) < Ty, 0, 9) € Qx
x 1 Tr (Qst W) < Ty, 0, 9) € Q1

Tr (QW®) > Tr (Qs1W®), n=1,--- N
Tr (Q,W®) < Tr (Q2W®), n=1,--- N
W& =0,

(33)

where § > 0 is a small regularization parameter. Now, (33) is
a convex optimization problem and can be efficiently solved
by convex optimization toolboxes, such as the CVX [36].

In each iteration, we perform an eigenvalue decomposition
of W as follows

wW=vVizv (34)

where ¥ is a diagonal eigenvalue matrix, and V is the cor-
responding eigenvector matrix. The eigenvalues is sorted in
descending order, i.e., o1 > 02 > ...0,. If the rank of W is
close to 1, the corresponding largest eigenvalue will be sev-
eral orders of magnitude larger than the second eigenvalue.
In this situation, we have

W ~ oyvv! (35)
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Hence, if oo < noy where 1 is a very small positive number,
eg, n = 103, we can obtain the excitation vector as W =
J/o1v, and then the iterative procedure can be terminated.
Otherwise, the iterative procedure should continue, and the
parameter § can be updated as o1/10 which was obtained in
the previous iteration.

D. THE PROPOSED SYNTHESIS PROCEDURE

The overall procedure for synthesizing linearly polarized
shaped pattern with SLL, XPL and DRR control is described
in Algorithm 1.

Algorithm 1 The SDR Optimization Procedure

1: Set upper bound Uy and lower bound Ly of COP
component in shaped region 2,47, upper bound I'y of XP
component in certain region 2y, and upper bound I'g;, of
total power pattern in sidelobe region Q2gy..
2: Set pmax as the DRR constraint of array excitation ampli-
tudes.
3: Set user-desired polarization direction py.
4: Obtain the normalized realizable COP direction pe,
through (9) and XP direction px through (10), respec-
tively.
5: Obtain steering vector sg along ¢y through (6) and steer-
ing vector s, along ¢, through (7), respectively, where
active element patterns of Eu (0, ¢) and E,,,(0, @) (n =
1,2,---,N) are exported from the simulation of array
antenna model.
6: Compute the COP steering vector s, through (13) and
the XP steering vector sy through (14), respectively.
7: Set initial regularization parameter 8§ = 0.02 and
WO = I where I is the indentity matrix.
8: Set the maximum iteration number P.
9: fork=1:1:Pdo
(i) Solve the convex optimization problem (33) and get
w®,
(i1) Get the largest eigenvalue or(,{ca)x of W) through (34)
and corresponding eigenvector v(K),
(iii) Update the regularization parameter §®) =
o) /10.
max

(iv) If the largest eigenvalue ar(fa)x of W) is several
orders than the second large eigenvalue, jump out of the
loop.
end for

10: Output the excitation W = /Omax V.

IIl. NUMERICAL EXAMPLES

In this section, three numerical examples of synthesizing
linearly polarized shaped patterns with constrained XPL,
SLL and DRR for sectorial array, cylindrical array and coni-
cal array are introduced. The mutual coupling and platform
effects are taken into account in all the three examples by
exploiting the AEPs which are acquired by using High Fre-
quency Structure Simulator (HFSS) software.
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A. FLAP-TOP PATTERN WITH XPL CONTROL AND DRR
CONTROL FOR A SECTORIAL ARRAY

The first example is synthesizing a linearly polarized flap-top
power pattern for a sectorial conformal array which is com-
posed of 16 elements with a uniform spacing of 31.78 mm
on an arc with a radius of 242.75 mm. The array element is
designed as a curved E-type microstrip antenna working at
central frequency of 5 GHz, which is inspired by the planar
E-type microstrip antenna designed in [37]. This antenna
element consists of an E-type radiating patch, a dielectric
layer with thickness of 0.254 mm and relative permittivity
of 2.2 as well as an air gap layer with thickness of 4.746 mm.
At 5 GHz, the element spacing is 0.53A. The antenna array
geometry is shown in Fig. 2. Our synthesis goal is to generate
a linearly polarized flap-top power pattern in XOZ plane.
Assume that the user-defined desired polarization pg = éy.
It can be observed that the realizable COP and XP directions
coincide with ¢, and ¢y on the XOZ plane, respectively. The
desired shaped pattern is set as a flat-top shape with a ripple
of 0.5 dB in the region of |6 < 25°. The SLL of the total
power pattern is set to be less than —22 dB in the region of
|6] > 40°, and the XPL is set to be less than —20 dB in the
whole region.

0.25 E-patch
Bolt
wn Substrate
Ground
Feed

unit: mm

FIGURE 2. Geometry of a 16-element sectorial array (with view of the
E-type antenna element on planar surface).

0 ]
COP, w/o DRR const.

o
= -10 XP, w/o DRR const.
c COP, with DRR const.
g — = = XP, with DRR const.
© _
a 20 A
o} U
g i,
o -30 ’f f

( I (M - M

| A I I 5

I-l' 1 \ I III il ]

1h]

-40
-180 -120 -60 0 60 120 180
6 ()

FIGURE 3. The COP and XP patterns synthesized with/without DRR
control for the sectorial array.

To show the effectiveness of the proposed method, we per-
form the synthesis procedure twice: one is without the
DRR control and the other has the DRR control with
DRR = 2. Fig. 3 shows the synthesized COP and XP patterns
with/without DRR control. It can be seen that although the
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o
<3

Excit. Amplitude
o o
ES o

o
S

0

0 2 4 6 8 10 12 14 16
Elem. Index

FIGURE 4. The excitation amplitude distributions synthesized
with/without DRR control.

synthesized two patterns with/without the DRR control are
different in the sidelobe region and XP distribution, both of
them meet all the pattern requirements including the COP
mainlobe ripple, SLL and XPL. Fig. 4 shows the normalized
excitation amplitude distributions obtained in the synthesis
with/without DRR constraint. As can be seen, the synthesized
excitation distribution without DRR control has a large DRR
of 15.22 while the synthesis with DRR control obtains a
much smaller DRR which is only equal to 2. This shows that
control of DRR is very effective for the proposed vectorial
shaped pattern synthesis to reduce the obtained DRR of the
synthesized excitations.

B. CIRCULAR FLAP-TOP PATTERN WITH XPL AND

DRR CONTROL FOR A CYLINDRICAL ARRAY

To further explore the feasibility of the presented method,
synthesizing linearly polarized circular flat-top pattern for a
12 x 6 cylindrical conformal array is considered. The element
antenna and array arrangement are shown in Fig. 5. The array
element is used as a planar E-type patch antenna working at
2.4 GHz [37], and all the elements are uniformly distributed
on a multifaceted cylinder with the radius of 380 mm. The
element spacings along the circumference and the cylin-
der height directions are 66.25 mm (0.531 at 2.4 GHz)
and 62.5 mm, respectively. Assume the user-defined desired
polarization direction is still Ey. Howeyver, different from the
sectorial array case where p., = €, and px = ¢y, the real-
izable COP and XP directions in this case change as the

E-patch
Feed
===~ Ground

unit:mm

FIGURE 5. Geometry of a cylindrical array with 12 x 6 E-type patch
antennas.
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propagation direction ég varies according to the definitions
of (9) and (10). Pattern constraints are set as follows: the
mainlobe shape is set as —2dB < |Z?c0(6, go)|2 <0dB in
a circular-shape region of {|#| < 16°and ¢ € (0°,360°)},
the SLL is set as |1§,01(9, ©)|> < —20dB in the region of
{LQI > 32°and ¢ € (0°,360°)}, and the XPL is set as
|Ex (6, ¢)|*> < —20 dB in the whole space.

sing sino
sing sino

-1 0 1
sin0 cos¢

(b)

sing sino
sing sino

-1 0 1
sin0 cos¢ sin0 cos¢
(©) (d)

FIGURE 6. Top views of the synthesized linearly polarized circular flat-top
patterns for the 12 x 6-element cylindrical array by the proposed method
with/without DRR control. (a) COP pattern without DRR control,

(b) XP pattern without DRR control, (c) COP pattern with DRR control,

and (d) XP pattern with DRR control.

First, the DRR constraint is not taken into consideration.
Fig. 6(a) and (b) show the top views of the synthesized
COP and XP patterns, respectively, by the proposed method
without DRR control. As can be seen, the synthesized COP
and XP patterns meet their requirements. The normalized
excitation amplitude distribution is shown in Fig. 7(a), and the
corresponding DRR is 19.6 (i.e., —25.85 dB). Then, we add
a constraint of DRR = 6 (i.e., —15.56 dB) into the pattern
synthesis. The synthesized COP and XP patterns are now
shown in Fig. 6(c) and (d), respectively. As can be seen,
the obtained two component patterns are slightly different
from the corresponding ones, but they still satisfy the require-
ments. Fig. 7(b) shows the current synthesized excitation
amplitude distribution. The obtained DRR is now reduced
to 6 which is much smaller than the DRR of 19.6 obtained
without the DRR control. This validates the effectiveness
of the proposed method for synthesizing two-dimensional
vectorial shaped pattern with DRR control for an arbitrary
conformal array.

C. TRIANGLE-SHAPED FLAP-TOP PATTERN WITH XPL
AND DRR CONTROL FOR A CONICAL ARRAY

In the last example, we consider a more complicated case
of synthesizing a linearly polarized triangle-shaped flat-top
pattern for a conical conformal array. This array consists
of 12 arc arrays with a total of 142 conformal circular patch

53626

0dB 400 0dB

-5dB g 300 -5dB
N

-10dB 200 -10dB
-200

-15dB -15dB

-20 dB -20 dB

Y (mm) -25dB Y (mm) -25dB
200 -400 O 400 200 -400 _ O 400
X (mm) X (mm)
(a) (b)

FIGURE 7. The excitation amplitude distributions for the 12 x 6-element
cylindrical array synthesized by the proposed method. (a) without DRR
control and (b) with DRR control.

Circular-patch
Dielectric layer
Ground
Coaxial feed
unit:mm

FIGURE 8. Geometry of a conical array with 142 circular patch antennas.

TABLE 1. Some parameters for the conical array configuration.

Ringindex | Elem.No | Radius (mm) | Arc Spacing
1 8 76 12°
2 8 84 12°
3 10 92 10°
4 10 100 10°
5 10 108 10°
6 12 116 8°
7 12 124 8°
8 12 132 8°
9 12 140 8°
10 16 148 6°
11 16 156 6°
12 16 164 6°

dB(rETheta)

2. 48E+001

. 1. TTE+001
1. 05E+001

3. 34E+000

-3. 81E+000

-1. 10E+001

-1. 81E+001

—2. 53E+001

-3. 24E+001
I 3. 96E+001
—4. 67E+001

(a) (b)
FIGURE 9. The vectorial active element pattern radiated by the element

antenna in Fig. (8). (a) &;- polarization component and (b) &-
polarization component.

dB (rEPhi)
2. 39E+001
1. 725+001
1. 05E+001
3. 86E+000
-2, 81E+000
-9, 48E+000
-1 62E+001
-2, 28E+001
-2. 95E+001
-3, 62E+001
-4, 28E+001

elements working at 10 GHz. In this conical array, adjacent
rings have an equal distance of 15 mm (0.5A at 10 GHz)
along the generatrix as shown in Fig. 8. Some parame-
ters for the array configuration are summarized in Table 1.
The ég- and é,-polarization components of VAEP radiated
by the element in Fig. 8 are shown in Fig. 11, respec-
tively. The user-defined desired direction p; is set as éy.
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sing sino
sing sino

21 0 ' 21 0 1
sin0 cos¢ sin0 cos¢

(b)

sing sino
sing sino

-1 0 1
sin0 cos¢

sin0 cos¢

(© (d)

FIGURE 10. Top views of the synthesized linearly polarized
triangle-shaped flat-top patterns for the 142-element conical array by the
proposed method with/without DRR control. (a) COP pattern without DRR
control, (b) XP pattern without DRR control, (c) COP pattern with DRR
control, and (d) XP pattern with DRR control.

200 0dB 200 0dB
€ €
£ 100 -5dB £ 100 -5dB
N0 -10 dB N0 -10 dB
100 100
-15dB -15dB
-20 dB -20dB
200 -25dB 200 ~25dB
-30dB -30dB
Y (mm) 598 T (MM 35 dB
200 200
300 500 x flum) 300 200 flum)
(@) (b)

FIGURE 11. The excitation amplitude distributions for the 142-element
conical array synthesized by the proposed method. (a) without DRR
control and (b) with DRR control.

The constraints are listed as follows: 1) the mainlobe shape is
set as —2dB < |ECO(9, ©)|> <0dB in a triangular region
of {(u,v);(u+v) < 04&01 <u <05& —0.1 <
v < 0.3} where u = sinfcos¢ and v = sinf sing;
2) the SLL of the total power pattern is set to be less than
—20 dB in the region of {(u,v);(u + v) > 0.6oru <
—0.1orv < —0.3}; and 3) the XP component is set to be
less than —20 dB in the whole space. Fig. 10(a) and (b) show
the obtained COP and XP patterns without the DRR con-
straint, respectively. It can be seen that both of the COP and
XP patterns meet the requirements. However, the obtained
DRR in this case is up to 45.2 (i.e., —33.10 dB). Fig. 10(a)
shows the excitation amplitude distribution. Implementing
the excitation distribution with so large DRR is somehow
difficult. This problem can be mitigated by adding a DRR
constraint into the synthesis procedure. Fig. 10(c) and (d)
show the obtained COP and XP pattern with a constraint of
DRR = 6 (i.e., —15.56 dB), respectively. It can be seen that
the obtained pattern results still satisfy the prescribed COP
and XP constraints. The corresponding excitation amplitude
distribution is shown in Fig. 10(b). In contrast to the result
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in Fig. 10(a), the excitation distribution in Fig. 10(b) appears
more evenly.

IV. CONCLUSION

In this paper, the semidefinite relaxation method has been
further extended to synthesize linearly polarized shaped pat-
terns with SLL, XPL and DRR control for arbitrary antenna
arrays. In addition, by using the vectorial active element
patterns, the proposed method can include both mutual cou-
pling and platform effect of practical antenna array structure
into the vectorial pattern synthesis. Three synthesis examples
for synthesizing sectorial, cylindrical and conical conformal
arrays with different pattern shape requirements have been
conducted. Synthesis results show that the proposed vecto-
rial shaped pattern synthesis method with the DRR control
is very effective and robustness. Compared to the vectorial
pattern synthesis without DRR control, the proposed method
with the DRR control can significantly reduce the DRR of
the obtained excitation amplitude distribution, which is very
useful for simplifying the feeding network design as well as
improving the array aperture efficiency.
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