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Phase Synthesis of Antennas for a Given

Radiation Pattern

In One Plane Using

Piecewise Linear Aperture Phase Distribution

Felix K. Povolotsky and Tatiana P. Sydorova

Abstract—A phase-only method for the synthesis of planar
aperture antennas for a given complex radiation pattern in one
plane is reported. The problem is reduced to determining an
appropriate aperture phase distribution in the form of a ruled
function and solved for apertures with rectangular shape and an
arbitrary amplitude distribution and for apertures of arbitrary
shape and amplitude distribution. This method can be used
for controlling the pattern of phased-array antennas. Results of
computer modeling are presented.

Index Terms—Aperture antenna, phase synthesis.

I. INTRODUCTION

wherew = (27a/\)sin 6, g(nn) is the amplitude of the:th
partial pattern, anck is the wavelength.
The APD on the ELAX due to the initial distributiafi(z, )

is
b
Tinit(2) = /
b

where Fy(z,y) is the integral ofF'(x,y) with respect toy.
The ratio of the required APO(x) on the ELAXx to the
initial one can be represented as

F('Tvy)dy:Fl(va)_Fl(xv_b) (2)

N our previous paper [1], we proposed a method for f(x) = I(x)/Lini(z)

the phase synthesis and phase control of radiation pat- N
terns of aperture antennas in one plane based on works = Z g(nm)e?™ ™/ J[Fy (z,b) — Fi(x, =b)].  (3)
[2]-[4]. The phase distribution was searched for in the class n=—N
of two-dimensional ruled functions. Only uniform amplitude ) ) ) ) )
distributions on rectangular apertures were considered. In tRi% €xpandingf(x) in the Fourier series we obtain
method, the aperture is represented as a combination of parallel N
strips wij[h linear phase distribut?ons specific for each strip. flz) = Z g1(nm)eln T (4)
Each strip corresponds to a particular term of the Woodward P

expansion of the pattern with the amplitude proportional to
the strip width. where ¢, (n) are the Fourier coefficients.

In this paper, we extend this method to apertures of arbitraryEquation (4) shows that the required APD on the ELAx
shape and arbitrary amplitude distribution. As a result, the stGgn be implemented by representing the antenna aperture as a
boundaries can become curvilinear. combination of2NV + 1 strips with linear phase distributions.

The amplitude distribution on the strips is identical to the
Il. THE RECTANGULAR APERTURE WITH initial aperture distribution. The widthh(xz,n) of the nth
A NONUNIFORM AMPLITUDE DISTRIBUTION (n = —N,---,N) strip is determined from the coefficients

Consider &a x 2b rectangular aperture with an amplitudeg:(n7) by solving the following integral equations for its
distribution F'(x, ). It is necessary to find a phase distributiotower and upper boundaries, and y,.1
providing a given complex pattel#(6, ) in the planep = 0, _—

Where_9 andy are the polar and azimuth angles of the spherical, (n7) = / F(z,y)dy.
coordinate system.

Let us represent the unknown amplitude-phase distribution N
(APD) I(z) on the equivalent linear antenna parallel to the h(n, ) = g1(nm)(Fi(z,b) — Fi(z, b)) / > gi(mm).
axis (ELAX) providing the given patter&(#, 0) with the help
of the Woodward method [3] as

N
G(6,0) = Z g(nm)[sin(u — nm)]/(u — nr), This can be done as follows.
e N 1) Determine the functionFy(x,y) from the amplitude

N distribution F'(z, y) (Fig. 1).

Z glnm)edne/e 1) 2) For eachr, divide the intervalFy (z, —b), Fi(x, b)] into
N— 2N + 1 segments with lengths determined by formula
(6), i.e., the upper boundary of the lowest strip is
Fi(xz,—b) + h(—N, z), the upper boundary of the next
strip is Fy(x,b) + h(—=N,z) + h(—N + 1, z), etc.
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Fig. 1. Determination of the strip boundaries with the help of the integral function.

3) Draw lines parallel to they axis through the points andk(1,z) = (b/«) cos(wz/2a). If the distance is measured
of division. The corresponding coordinates of points from the lower boundary of the antenna apertuye= —b),
of intersection of these lines and the curve of theie obtain that the upper boundaries of the lower region is
function F} (z, y) yield the required positions of the stripy = 1 = —b/nw cos(wx/2a) and the upper boundary of the
boundaries for a particular. As a result, we determine central region isy = y2 = b/7 cos(nz/2a). Thus,
the curvilinear boundaries of the regions of the antenna ]
aperture with linear phase distributiopgz) = nrz/a (2b/7) cos(mx /2a) sin(myn,2/2b) = Fb/m cos(wz/2a).  (8)

[we designate the upper boundary of thth region as Therefore, Ly (z) — y1 = —b/3 and Lo(z) = yo = b/3;

L,(2)]. This piecewise linear phase distribution pro- : : 4 .
vides the required pattex(é, 0) for the given aperture that is, the widths of the regions are equal. This property

. S remains valid for allz; therefore,L(x) are the straight lines
amplitude d|§tr|but|onF(x, v)- parallel to ther axis. They divide the aperture into three equal
Let us consider an example. LetF(z,y) = parts. Throughout the central region the phase is zero. In the
cos(mx/2a) cos(my/20). It is necessary to synthesize aryyier regions, the phase distribution is described by the linear
antenna with a less thanr40-dB sidelobe level in one p|a“e-function5m:/a and —rz/a.
In particular, such sidelobe level has an antenna with thengie that the order of the regions can be changed. For
following amplitude-phase distribution on the ELAX [S]  example, if we assume that the equiphase region with the width
I(z) = cos®(nz/2a). @) (2b/7) cos(wz/2a) starts at the lower aperture boundary, (8)
takes the form
In this case, (3)—(6) for the strip boundaries can be solved(%/ﬂ) cos(nz/2a) sin(ny, /2b) = 0

explicitly. From (2) and (3), we obtain (2b/) cos(ma/2a) sin(myn/20) = (b/) cos(rz /2a)
7) cos(rx /2a) sin(myo = (b/7) cos(wx /2a).
Fi(z,y) = (2b/7) cos(max [2a) sin(ny/20),
Linit(z) = (4b/7) cos(mx [2a),
fz) =

(9)

From (9), we obtain thay; = 0 andy, = b/3. Therefore,
) the equiphase region occupies the lower half of the aperture,
7 /4b) cos”(wx/2a) while the regions with the linear phase distributions occupy
= (7/16b) (7™ 4 2 4 I/, 1/6 part of the aperture adjacent to its center line ard
rt of the aperture adjacent to its upper aperture boundary.

. pa
Thereforg, the.aperture can t_>e r(_apresented asa combmag% phase distributions provide the same given pattern.
of three strips with phase distributions:/a, 0, and —7wz/a,

and relative widthsg;(—w) = =w/16b, ¢1(0) = 2w/16b,
and ¢g;(n) = w/16b, respectively. The lower boundary is
LFi(x,-b) = (—2b/7) cos(wz/2a), and the upper boundary
is Fi(x,b) = (2b/7) cos(mz/2a). Consider an aperture of an arbitrary shape with overall
The widths of the strips can be found from (6)dimensions2a x 2b. Between the points = —a anda, the
h(=1,z) = (b/n) cos(wz/2a), h(0,2) = 2(b/w) cos(wz/2a), upper and lower boundaries of the aperture are described by

I1l. ARBITRARY APERTURE WITH
NONUNIFORM AMPLITUDE DISTRIBUTION
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the functionsY,(x) and Y_(x), respectively. The aperture
amplitude distribution is given by the functiofi(z,y). It is
necessary to determine the phase distribution providing the
given complex patterd7(8, ¢) in the planey = 0.

The required amplitude-phase distributibfx) on the ELAX
is given by (1). The initial distribution on the ELAX is

Y (2) X
loice) = [ Plo)dy = () - Feao). (10
Y_(x)
The additional multiplier f(z), which is necessary for
obtaining the distribution/ () on the ELAX, is
f(@) = I(2)/ Lni(x) Fig. 2. Antenna aperture divided into curvilinear strips with the phase
N ) distributions —2a(x), 0, and 2a(z) across the lower, middle, and upper
= Z g(nﬁ)eﬂnmf/a/(pl(x’y_’_) — Fl(a:,y,)). strips, respectively.
n=—N
(11)

The widths of these strips and the lingg(x) are calculated
by (10)—(12). As in (11), in order to find the phase distribu-
tion yielding the desired distributiofi() on the ELAx, we

N introduce the functiorf(x) = I(x)/ ().
f@) = > alnm)e e, In particular, atN = 1

n= f(2) = cos(ay (@) = 0.5(c7*1 () 4 i)

Expandingf(z) in the Fourier series, we obtain

In order to divide the aperture into regions with linear phase
distributions with account of the amplitude distribution, we usdnd: aty = 2
a procedure similar to the one used above for the rectangular¢( ;) = cos?(qs(z)) = 0.25(ei202(@) 4 2 4 gi2e2(@))
aperture. As a result, we calculate the widths of the regions

That is, in the first casef(x) can be realized exactly by
N constructing the phase distributiong(x) on the upper strip
h(n,z) = g (n)(Fi(2,y4) = Fa(w,y-)) /Y gi(n) and—a; () on the lower strip. In the second case, one should
n==N provide distributions2az (), 0, and —2az(z) on the upper,
(12) central, and lower strips, respectively.

wheren = —N,.... N, i.e., the upper boundary of the lowest _CIearIy, it is more convenient to divide the aperture into two

strip is Fy (2, y_ )+ h(—N, ), the upper boundary of the nethtrlps (N = 1) since when the aperture shape and amplitude
Strip ie Fl(a:’ L h(—]\’f x) +h(—N +1,2), etc distribution are symmetric with respect to theaxis, i.e.,

yi(z) = —y—(z) and F(z,y) = F(z, —y)

the upper half of the aperture plays the part of the upper
. _ strip and the lower half represents the lower ¢hér) = 0].

The method for synthesizing a given patte®if,0) (pro- Therefore, there is no need in a rather complex searching for
posed above) includes two levels of approximation. The firgie lines L(x).
level is the representation of the given pattern as a truncatedNote that in this way we obtain identical patterns in the
series. The second level is the representation of the multiplitane ¢ = 0 for different N, but in other directions, the
f(z) inthe form of the truncated series. In both cases, the exgetiterns may differ substantially. Therefore, the shape of the
solution is possible only for a limited class of functiafi§f,0) pattern for angles different fronp = 0 can be used as a
and f(x) that can be represented as a finite exponential seriggterion for the best number of strip¥ + 1.

However, this method provides a possibility of obtaining Consider an example. Let the antenna aperture (Fig. 2) be
an exact formula forf(z) and, therefore, the exact fieldbounded by two arcg,(z) andy (z) of radius3.2b (with

IV. POSSIBILITY OF OBTAINING AN EXACT REQUIRED
AMPLITUDE-PHASE DISTRIBUTION ON THE ELAX

distribution on the ELAX. centers symmetrically displaced from the originBy = 2.2b)

Let us consider this possibility. Assume that and by two linear segments abautb in length. The shape

N of this aperture is close to 2z x 2b ellipse witha = 2b
f(z) = cos™ (a(x)). (13)
yi(z)=vVR*—z2—-Ry and

That is, in order to implemenf(z), we should divide the _ R
aperture intoN + 1 strips whose phase distributions are v-(2) = ~(VR —a? — o).
proportional toa(z), where Assume that the amplitude distribution on the aperture is

a(x) = arccos ¥/ f(x). (14) F(z,y) = (1 — kiz?/a®)(1 — kot /b?). (15)
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(@) ¢ = 0°. (b) 30°. (c) 45°. (d) 60°. (e) 90°, u

2mwasin ¥ /.

Initial (solid line) and synthesized patterns for the aperture divided into two (dash line) and three (dotted lines) redions=féan = 0.8.

It is necessary to provide the Hamming amplitude distribu- 2) The aperture is divided into three strips, i.¢(x) =

tion [6]
I () = 0.54 + 0.46 cos(rz/a). (16)
on the ELAX. Then,
f(@) = Lp () /ni ()
= (0.54 + 0.46 cos(nz/a))/(F1(z,y3) — Fi(z,y-)).

Consider two particular cases.

1) The aperture is divided into two strips, i.€i(z) =
cos{(ai(x)). In this case,L(z) = y(0) and the phase
distributions over the upper and lower halves of the
aperture area;(x) and —aq(z), respectively, where
aq(x) = arccos[f(z)]. Then

Fo(z,y) = F(x,y)ed (@) sienly)

cos?[ae(x)]. In this case, the phase distributions
2a0(x), 0, and —2az(x) are imposed on the upper,
middle, and lower strips, respectively, whetg(z) =
arccosy/[f(z)]. The widths of the strips are determined
from (10), (12), (15), and (16)

=1, z) = (F1(z,y4)
h(0,2) = 2h(1,x),
Fl(x,y)|zf = /J+(1 — kle/QQ)(]_ — k‘2y2/l)2) d

- Fl(xvy—

))/4 = h(+1,2)

(18)

(19)
Lo (7) = 2(1 — k12? o) {/(R2 — 22) —
— ko[/(R2 — 22) — Ro]?/3b°}.  (20)

The upper boundary of the lowest strip 5 (z,y_ ) +

17) h(-1,z).

The upper boundary of the middle strip is
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Fi(x,y_)+ h(—1,2) + h(0,z). Equations (18)—(20) yield amplitude distribution along the equivalent linear antenna is

developed.

3 2 e /

2= kal:Q/b = F05{V(R* —a?) — This method provides a simple algorithm for controlling the
— ko[ (R2 — 22) — RO] 3 /36%} shape of the phased array pattern.
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V. CONCLUSION
The method for the phase synthesis of antenna patte

in one plane proposed in [1] is extended to antennas w /
arbitrary apertures and amplitude distributions. On the basis" h
y

this method, a procedure of exact implementation of a giv




