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Abstract. The paper studies fabrication errors influence on
the radiation pattern of a spherical antennas array. The
developed Moment Method (MoM) program analyzes
a particular influence of an azimuth and elevation position
and local angle errors of antenna elements as well as
model dimension errors on the radiation pattern. The
spectral domain approach to the analysis of the spherical
antenna arrays is applied here. Finally, results obtained
from the theoretical investigation are verified by compari-
son with measured results.
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1. Introduction

New generations of wireless communication systems,
such as broadband wireless access networks and four
generation (4G) mobile systems should provide different
broadband services by using high data rates. Usage of the
increasing bandwidths on higher frequencies, as well as
smart antenna arrays can provide an efficient way to
increase the data rate in future wireless systems. Smart an-
tennas combine the antenna array with signal processing to
optimize automatically the beam-pattern in response to the
received signal. Array antennas can be designed to offer
fast electronic beam-steering capabilities, reconfigurability,
conformal characteristics, multi-beam capabilities and
adaptive pattern reshaping. Some of the applications where
these characteristics are desired also require that one or
more beams can be steered in a wide angle in both azimuth
and elevation. It is hard to achieve that with planar array
antennas, because they suffer from pattern deterioration as
the desired scan angle becomes wider. Spherical array
antennas combine the capabilities of array antennas with
the optimal geometry to achieve omni-directional coverage
(Fig. 1). Spherical antennas are much more difficult to
model and design than planar antennas and after early

theoretical and experimental works [1-6] spherical arrays
have received much less attention than other types of array
antennas. Recently, there has been a growing interest in
designing spherical antenna arrays and different aspects of
design challenges have been analyzed [7-11].

Radiation pattern of the antenna array is defined by
geometrical distribution of antennas and characteristics of
antenna feeding. Achievement of the desired pattern shape
depends on the geometric precision and accuracy of the
feeders phase distribution. Precise distribution of the
feeders phase is the topic of interest in different articles
(see for example [10, 12]). Only few of the research
articles deal with positional errors (e.g. [13]), but none for
spherical arrays.

In the fabrication of spherical arrays positional errors
are possible due to inconvenient geometry. This work gives
a systematic analysis of different positional errors of the
individual antenna in a spherical array and its influence on
the radiation pattern.

Fig. 1. Geometrical representation of the antenna element

distribution on spherical surface [19].
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2. Far Field Calculation of Spherical
Arrays

For the purpose of a far field calculation a rigorous
analysis of the spherical aperture array (Fig. 1) is per-
formed using the spectral-domain approach. The starting
point for the analysis is the electric field integral equation
(EFIE) and the moment method (MoM). The spectral-do-
main technique transforms a three-dimensional problem
into a spectrum of one-dimensional problems, which is
much easier to solve [14], [15]. Since the radiating struc-
ture is spherical, the problem is defined in the spherical
coordinate system and this spectrum is obtained by apply-
ing the vector-Legendre transformation to the equivalent
current at waveguide aperture [16], [17]. An electrical field
radiated by the current shell on the spherical surface in
homogeneous media is:

E(r.0.¢) = i if(n,m,ﬁ)ﬁ(n,m,r | 1)C(r,n,m)e™® (1)

m=—w0 lzz‘m‘

where m and n are the variables in the spectral domain,
G(n,m,r|r,) is a spectral domain dyadic Green’s
function for a grounded spherical surface, L(n,m,0) is
the kernel of the vector - Legendre transformation and
C(r,n,m) is a spectral domain current placed at each
antenna element (for example: in the case of a spherical
waveguide-feed aperture array C(r,n,m) = 1\~/[(r, n,m) -
equivalent magnetic current at the open of each
waveguide):

C(r,n,m) = _

278 (n, m)
j j L(n,m,0)C(r,0,d)sin O ™ d0 dg, )
-0

C(r,0,¢)= i if(n,m,e)ff(r,n,m)ej’w. (3)

m=—w n=|m|

The kernel of the integral operator is Green’s
function, which is different for different structures.

The appropriate spectral-domain Green’s function of
a multilayer spherical structure is calculated using the
GIDMULT algorithm [15].

The far field radiation patterns of a spherical array are
obtained as follows. If we consider for example the ¢-com-
ponent of the electric field in the outermost region, we
have only outward-traveling waves described by
al HY (kor) . Therefore, the ¢-component of the electric
field can be related to different 7-coordinates as:

E = H? (k
E;zﬁ(rlﬂmn)=E¢(r2,n,m)r_2Mz
N AP (kory)

r jVH’le*Jkol’l

E (r29”9m) ~ i~
’ n HP (kory)

“

where 7, and r, represent the r-component of the far field
pattern [18]. The final solution is obtained by superposing
the spectral solutions.

When calculating the far field of a spherical array it is
convenient to introduce local coordinate systems with the
origin located at the center of each antenna element. The
coordinates in the local coordinate system are determined
by using the following equations (see [4] and [19]):

cosf'=sing, sinfcos(@— f,,)+cosa,cosd,  (5)

m

cosa, sinfcos(¢p— B, )—sina, cosd (6)

Sin 9 Sin(¢ - ﬂnm)

where ¢, and f,, are the 0 and ¢ coordinates of each
antenna element in the global coordinate system. The
geometry of the problem is shown in Fig. 1 and Fig. 2.

cot(¢=p,,) =

The radiation pattern of the array is obtained as a su-
perposition of fields excited by each antenna element
(placed on a spherical surface at the point with coordinate

(s Bums) (see [4]):

cos@sina, cos(p—f,. ) —sinfcosa,

E@,a”,ﬂ” (97 ¢) == sin &'

EH(HV, ¢V) _ sin a, Ziiz(zv_ﬂnm) E¢(9', ¢|) , (7)

sin ¢, sin(¢ —
E 0,9)= 2
.0, (09 sin &'

cosdsina, cos(¢p— fS,,) —sinfcosa

ﬂnm) Eg(9v5¢v) _

n \l 1 . 8
sin &' E,0.9)- ®)

z

Waveguide aperture

position P(r0, 9"

P(r,6, )

\/

Fig. 2. Spherical array geometry with a global and local
coordinate system used.

The complete pattern expression of the field produced
by the array is given as:

E0.¢)=2E, 5, (0.9). ©)



380 S. RUPCIC, V. MANDRIC, S. RIMAC-DRLJE, FABRICATION ERRORS INFLUENCE ON THE SPHERICAL ARRAY RADIATION ...

In this analysis, antenna elements are excited with
uniform amplitude, but they are not phased.

3. Spherical Array Fabrication Errors

In order to investigate spherical array fabrication
errors we have developed a MoM based computer program
and built a laboratory model of a spherical waveguide
array.

The effect of three groups of fabrication errors on the
far field radiation pattern is investigated:

a) dimension errors — errors of the spherical surface ra-
dius and functional important dimension of elemen-
tary antenna (for example: waveguide radius (7

rwer‘r)) ;

b) errors of elevational and azimuthal position of each
antenna element (y,,, frerr) (see Fig. 3 and Fig. 4);

c¢) errors of local angles (65,1, @) (Fig. 5 and Fig. 6).

3.1 Experimental Model Errors

The fabricated model consists of 6 waveguide ele-
ments on the spherical surface and it is chosen for experi-
mental investigation (see antenna distribution in Fig. 1).
The model was built from an aluminium sphere on which
waveguides were mounted at position with: elevation
angles o = 0°, & = 56° and azimuthal angles £;= 0°,
1=36°, By=108°, [r3=180°, [ry=252°, fr5=324°.

Antenna elements are placed at equidistant position
on the surface of icosahedrons [1]. All the array elements
(waveguides) are excited in the same phase and amplitude.

<
~

X

Fig. 3. Elevational position of the second waveguide o, and
elevational position error .

All three groups of model errors are included in the
moment method program by adding errors to their default
values:

rse = rS + rSEI‘V; rwe = rW+ rWEI‘V! (10)
Che = +0-’2&7; ﬂle = ﬂl +ﬂ2€’"r’ (1 1)
O.=0 4020 §c= ¢+ 20rr (12)

where 6" and ¢" are coordinates in the local coordinate
system (see equations (5) and (6)) [20].

X

Fig. 4. Azimuthal position of the second waveguide £, and
azimuthal position error S

I\

Fig. 5. Elevational position of the second waveguide o, and
local angle error €5,

X

Fig. 6. Azimuthal position of the second waveguide f and
local angle error ¢,
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The influence of these errors of a spherical model was
rigorously analyzed for two waveguides of the spherical
arrays: the first (central) with coordinates (¢4, £;) and the
second waveguide with coordinates (o,, /). Because of
that, for azimuthal position of the second waveguide we
used only one index (5, = f»3).

We have also analyzed six waveguide-feed aperture
antenna spherical array.

4. Numerical and Measured Results

An appropriate experimental antenna is designed with
circular waveguides used as antenna elements placed on
(into) the spherical structure.
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Fig. 7. Radiation pattern of two waveguides of the spherical

array with elevational position error ., as a para-
meter: a) E-plane; b) H-plane.

Two waveguide spherical array design specifications
(default values — values without errors) of the analyzed
parameter are:

o first waveguide position: ¢ =0°, £, = 0°;

e second waveguide position: o, = 56°, 3 = 180°;
o radius of the spherical surface: ;=30 cm and

e waveguide radius: r, =6 cm.

In a case of spherical array of six circular waveguide
fed apertures spacing of the adjacent waveguides along the
circumference of the 56 degree circular ring is 1.82 o, and

spacing of the north pole waveguides and ring waveguides
is 1.71 Ao.

Further, normalized radiation patterns and differential
radiation patterns were calculated and measured at the
frequency f=1.75 GHz for E and H plane. Antenna arrays
were oriented in a fixed position and both E- and H- plane
patterns were recorded.

Radiation patterns produced by the experimental
model were measured over the azimuthal angle ranging
between -90° and 90°.

When the influence of a particular parameter on the
radiation pattern is calculated, other parameters have their
default values.

The far field radiation patterns of the theoretical
model without positional errors (solid line) and with
included errors are shown in Figs 7 — 10.
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Fig. 8. Radiation pattern of two waveguides of the spherical
array with azimuthal position error S, as a parameter:

a) E-plane; b) H-plane.
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array with local angle error 6%, as a parameter:
a) E-plane; b) H-plane.

As we expected, the main beam peak of the radiation
pattern (for E-plane) is (without errors) on a half value of
the second waveguide position angle:

0 (13)

o o
 ips = Z2 —28° (E-plane)
2
where 0,,,, is the angle of the main beam peak position
and index 7 means a theoretical model.

By comparing the results computed for elevation po-
sition errors ., (Fig. 7) and local elevation angle errors
03¢ (Fig. 9) it can be concluded that this type of errors
has a similar effect on the radiation pattern. For positive
values of this type of errors in E-plane, the pattern is
shifted in negative angle direction and the side lobe levels
are also increased. For negative error values the influence
is reversed. In H-plane, positive angle errors decrease and
negative increase the side lobe levels (Figs 7b and 9b).

Azimuthal position errors ., and local azimuthal
angle errors ¢5., have similar effects on the radiation
pattern (Figs 8 and 10).

0.0
Py Ll AN == o
g TTITI =
- = ¢\, =+
< 25 /\ f\ ¢2€N -
) N VA0 L I O Y O R IR IR R
ke
TN AT T
S 50 IR S N VY SR ‘
E B B B B B B
o U0 RS 0 O . VOO (S P e [ DS SO 1O
s I/ LWL |
N VT T T T :
s VL TA NG
E 100 M N
= S O R | Sl LN
25—t PV L I S, W
90 -75 60 -45 -30 -15 0 15 30 45 60 75 90
Angle (deg)
a)
0.0 T T T T i : \ T "
° NN ERERr AR e
o T T T T T
g} O I A N O
S i
= :
a :
€ :
© :
gl i
(0] it
N iy
N o~ a0
% -10.0 ol Rt 00
Z - V'VZerr: 10 I T O A
; : : : ”“¢’v2en:'100
_125 i i - I - I - ‘| - I - i H i =
90 -75 -60 45 -30 -15 0 15 30 45 60 75 90
Angle (deg)
b)

Fig. 10. Radiation pattern of two waveguides of the spherical
array with local angle error ¢, as a parameter:
a) E-plane; b) H-plane.

In the case of H-plane azimuthal position errors S,
the radiation pattern becomes asymmetric when azimuthal
position errors become different from zero.

It is observed that the radiation pattern may not
change significantly with respect to the change of dimen-
sion errors (¥ Fyerr) €Xcept in the case of H-plane wave-
guide radius errors where the side lobe levels increase with
negative values of waveguide radius errors and decrease
with positive values (Figs. 11 and 12).

| B (deg) | auw(deg) | Gon(deg) | Bun(deg) | dor (deg)
36 0 2.0 2.5 +9
108 1.0 435 -1.0 -13
180 +2.0 +5.0 0 0
252 0 +6.0 2.0 +13
324 0 2.0 -1 -8

Tab 1. Errors in the fabrication of the six waveguide antenna
arrays.

Theoretical and measured free—space normalized ra-
diation patterns of two waveguide antennas on the spheri-
cal surface are shown in Fig. 13. Included fabrication
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errors are: o= 2°, [renr= 0% 6% = 5° @2e= 0°,
7eerr=0cm and 7., = 0 cm. With included fabrication
errors the radiation pattern shifted in negative angle
direction and approached the measured pattern.
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Fig. 11. Radiation pattern of two waveguides of the spherical
array with radius of the sphere ry, as a parameter:
a) E-plane; b) H-plane.

Experimental model errors of the six waveguide
spherical models that have significant influence on the
radiation pattern were intentionally inserted and calcu-
lations were performed using these values of errors. The
values of these errors are shown in Tab. 1.

The dimension errors 7y, 7. do not have significant
values.

The comparison between the measured and calculated
(with and without inserted errors) far field radiation pattern
of six waveguide spherical arrays is given in Fig.14.

It can be seen that with inserted measured errors it is
possible to achieve a good convergence of theoretical and
measured results. For a real system (antenna array) it is
important to find model errors as good as possible.

This analysis was performed with an assumption that
mathematical model errors and measurement errors are

negligible in comparison with experimental model errors.

However, by including model errors in the theoretical
model a very good agreement is achieved between the
theoretical and the measured normalized radiation pattern.
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Fig. 12. Radiation pattern of two waveguides of the spherical
array with waveguide radius r,., as a parameter:
a) E-plane; b) H-plane.
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Fig. 14. Measured and calculated radiation pattern of six
waveguide spherical array with included fabrication
error corrections: a) E-plane, b) H-plane.

5. Conclusion

This paper presents the influence of specified errors
on a far field radiation pattern of the spherical antenna
array. Error analysis was made with the developed moment
method program that analyzes the influence of an azimuth
and elevation position and local angle errors of an elemen-
tary antenna as well as model dimension errors on the
radiation pattern.

We achieve a very good agreement between the theo-
retical and the measured radiation patterns.

The phasing (incident phase shift) of the array to ob-
tain the orientation of the main beam in favorite direction
was not performed.

Measurement was performed in a chamber with neg-
ligible electromagnetic echoe.

Other possible fabrication errors like probe length,
distance probe-last waveguide wall, non—ideal shape of
spherical surface, etc. are not included in this study.
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