Radiation Pattern of Waveguide Antenna Arrays
on Spherical Surface - Experimental Results
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Abstract - In this paper, the radiation pattern of two experimental models of circular waveguide antenna arrays on spherical surface

is obtained experimentally and compared with theoretical patterns. We have omitted the phase delay of feed system signals because

we have only compared measured and theoretical results in order to verify theoretical results, without trying to improve the best

radiation characteristics of developed experimental models. Analysis was made with a developed moment method (MoM) program.

The spectral-domain approach to the analysis of the spherical antenna arrays is briefly presented in the paper. Measurements were

not performed in a well-defined anechoic environment.
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1. INTRODUCTION

An array of antennas disposed on the surface of a
sphere is of importance because such an array provides
wide hemispherical scan coverage with low grating
lobe levels. Spherical array antennas combine the ca-
pabilities of array antennas with the optimal geometry
to achieve omni-directional coverage.

Thus, spherical arrays are an attractive solution and
an optimal choice for satellite tracking, telemetry and
command applications.

At the present time little information is available on
the radiation characteristics of spherical antenna arrays.

The array was modeled using a previously presented
computer program based on the method of moments
in spectral domain [8].

In the process of verifying theoretical results we built
two experimental models and validated theoretical
results by comparing the results to the measurements
performed on the developed laboratory models.

We also discuss the results of an experimental inves-
tigation of two spherical arrays consisting of circular
waveguide elements with apertures on a hemispheri-
cal ground plane.

2. FARFIELD CALCULATION

Conformal antennas and periodic structures are fre-
quently analyzed by means of the electric field integral
equation and the moment method. The kernel of the
integral operator is Green’s function, which is different
for different structures.

An electrical field radiated by the current shell on the
spherical surface in homogeneous media is:
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where G@mrlr) is a spectral domain dyadic_ Green'’s
function for a grounded spherical surfaceand L(n,m,6)
is the kernel of the vector-Legendre transformation.
M(r,n,m) is a spectral domain equivalent magnetic
current placed at the open of each waveguide [5], [6].

The appropriate spectral-domain Green’s function of
a multilayer spherical structure is calculated using the
G1DMULT algorithm [1], [2].

The radiation pattern of the array is obtained as a
superposition of fields excited by each waveguide ap-
erture (placed on a spherical surface at the point with
coordinate (an,Bn)) :
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where o, and 3 are the 6 and ¢ coordinate of each an-
tenna element in the global coordinate system [3], [4].
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We introduced local coordinate systems with the
origin located at the center of each antenna element
(shown in Fig.1).

Waveguide aperture
position

P(r,a,, fom)

P(10, 9

P(r,,6,9)

Fig. 1. Global and local coordinate system.

The complete pattern expression of the field pro-
duced by the array is given as:

E(.9)=) E_,; (6.¢) 3)

3. EXPERIMENTAL MODELS OF A SPHERICAL ARRAY

The considered antennas are designed with circular
waveguides used as antenna elements placed on the
spherical structure. The antenna elements are placed at
equidistant position on the (grounded) surface of the
icosahedron.

The first array (MODEL | - shown in Fig. 2.) design
specifications are:

- first waveguide position: a,=0, B, =0;
- second waveguide position: a,=18°, 3,,=90°;

+ radii:r=69 cm and r, =6 cm.

The second array (MODEL Il - shown in Fig. 3.) design
specifications are:

- first waveguide position: a,=0, 3,,=0;

-+ second ring waveguide position: a,=56°, 3,,=36°,
B,,=108° B,,=180° B,,=252°, B,.=324°

« radii:r=30cmandr =6 cm.
Further, normalized free-space radiation patterns

were calculated and measured at the frequency
f=175GHz.
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Fig. 2. Spherical experimental model (MODEL I)
with two waveguides
(@,=0°B,,=0° a,=18°3,=90°).

Fig. 3. Spherical experimental model (MODEL II)
with six waveguides (a,=0° B,,=0° a,=56°, B3,,=36°,
B,,=108° B,,=180° B,,=252° B,.=324°).

4. THEORETICAL AND MEASURED RESULTS

Consider an antenna arrays transmitting a wave into
the far field region where strength of its field is to be
measured. All the array elements (waveguides) are excit-
ed in same phase with uniform amplitude. The antenna
arrays were oriented in a fixed position and both E- and
H- plane patterns have been recorded. The radiation pat-
terns produced by two experimental models were mea-
sured over the azimuthal angle ranging from -90° to 90°.
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Fig. 4. Normalized radiation pattern of two wave- Fig. 5. Normalized differential radiation pattern of
guide - fed aperture arrays on a spherical surface two waveguide - fed aperture arrays on a spherical
— MODEL I: surface - MODEL II:
a) H - plane; a) E -plane;
b)E - plane; (a1=0°, [3”=0°, a2=18°, [321=90°) [8]. b)H - plane. (a1=0°, BH=0°, 012=56°, B21=180°) [71.

As expected, the main beam peak of the radiation pat- calculated
tern is on a half value of the second waveguide position 0 = measured
angle 0, = % =9° (or precisely -99).

-10 4
) . -20
Theoretical and measured free-space normalized ra- 30 ]
diation patterns of two waveguide antennas (MODEL ) 40
on the spherical surface are shown in Fig. 4. 50 ]
-60
Figures 5., 6. and 7. show free-space normalized ra- 50
diation patterns of antenna arrays (MODEL Il) with a 0]
different number of elements (waveguides) which are
activated (two, three and six waveguides, respectively). 20
As can be seen in Figure 5., the notch-peak of the dif- -10 |
ferential radiation pattern is on a half value of the sec- 0
ond waveguide position angle ¢ —%2—2g (or pre-
cisely -28°). 2 (a)
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Fig. 6. Radiation pattern of a spherical array
consisting of three waveguide-fed aperture arrays
on a spherical surface - MODEL Il
a) E - plane;

b) H - plane(excited waveguides on positions:
a,=0° B,,=0° a,=56° P,,=108° B,,=180°) [8].

Moreover, we achieve a very good agreement be-
tween the theoretical and the measured normalized
radiation pattern regarding the main beam and side
lobes. What has to be mentioned here is that the grat-
ing lobe amplitude is lower than the main beam but
not enough. The reason is that the antenna elements
are not phased such that the pattern produced by an
array has maximum along the direction 6 _ and ¢
and the inter-element distances are not optimal.

max

Prior to the statistical analysis the measurement in-
terval (-90 £6<90) is dissected into two intervals:

1. main beam (notch-peak) interval: maximum ra-
diation direction angle (main beam)%30° (Figures
4.,6.,and 7.) and notch peak angle£30° (Fig. 5.);

2. otherinterval: outside of the main beam interval.

Tables 1, 2, 3 and 4 show descriptive statistics for the
average difference of theoretical and measured results.
As can be seen, the maximal absolute average differ-
ence in the main beam intervals ranges between 0.65
and 1.99 dB, except for Fig.6a where the difference is
3.81 dB. The average difference in other intervals rang-
es between 2.0 and 7.0 dB.

The results indicate that the amount of errors (mea-
surement errors, method errors and laboratory model
errors), defined as the absolute difference of theoreti-
cal and measured results and analyzed by statistic pa-
rameters, does not have important effects on radiation
of these spherical arrays. Furthermore, the measured
results suggest that the developed theoretical model
and computer program are performed very well.
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Fig. 7. Radiation pattern of six waveguide-fed
aperture arrays on a spherical surface - MODEL II:
a) E - plane;

b)H - plane (a,=0° B,,=0° a,=56° ,,=36°,
B,,=108°B,,=180° B,,=252° 3,,=324°).

5. CONCLUSION

In this paper, we have shown the radiation pattern of
two spherical antenna arrays. Analysis of the arrays was
made with the developed moment method program.

The results obtained from the theoretical investiga-
tion are verified by comparison with measured results.

The errors in the measured results appear due to ex-
perimental model errors, diffraction from the edges of
the semi-spherical surface and reflections inside the
measurement room which is not a well-defined an-
echoic chamber.

Descriptive statistic parameters confirmed a very
good agreement between theoretical and measured
normalized radiation patterns.
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Tab. 1. Descriptive statistics for the absolute difference of theoretical and measured results of a spherical ar-
ray consisting of two waveguide-fed apertures — MODEL I.

Fig.4a)

INTERVALS (deg) MEAN (dB)
-90<6<+90 5.14954
-39<0<+27 1.99663

-90<6<-39 and +27<6<+90 7.0687
Fig.4b)
-90<6<+90 2.29205
-30<0<+30 0.65217
-90<6<-30 and +30<6<+90 3.0792

STD (dB)

4.95528

2.36085

5.16822

2.55099
0.45205

2.77085

MEDIAN (dB) P25 (dB) P75 (dB)
4.11 134 7.39
1.04 0.35 3.24
6.16 3 8.79
141 0.51 3.18
0.46 0.47 1.055
2.14 1.96 4.34

Tab. 2. Descriptive statistics for the absolute difference of theoretical and measured results of a spherical array

consisting of two waveguide-fed apertures - MODEL II.

Fig.5a)
INTERVALS (deg) MEAN (dB)

-90<6<+90 1.81386
-58<0<+2 1.37337
-90<6<-58 and +2<6<+90 2.02742

Fig.5b)
-90<60<+90 4.16662
-30<0<+30 1.07933
-90<6<-30 and +30<6<+90 5.90322
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STD (dB)
2.02812
249723

1.76143

5.05019
0.94081

5.60351

MEDIAN (dB) P25 (dB) P75 (dB)
0.97 0.4 2.27
0.525 0.21 0.82
1.55 0.82 3.1
297 0.91 4.47
0.91 0.597 1.24
4.08 1.7 6.7058
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Tab. 3. Descriptive statistics for the absolute difference of theoretical and measured results of a
spherical array consisting of three waveguide-fed apertures - MODEL .

Fig.6a)
INTERVALS (deg) MEAN (dB) STD (dB) MEDIAN (dB) P25 (dB) P75 (dB)
-90<0<+90 3.41388 3.48686 2.14 1.02 53
-58<0<+2 3.81063 3.43463 2.12 1.1 5.94
-90<0<-58 and +2<6<+90 3.22152 3.54834 244 0.76 4.99
Fig.6b)
-90<6<+90 1.71 3.26349 1.71 0.99 5
-2<0<+58 1.53875 1.60089 1.115 0.5 1.5
-90<6<-2 and +58<6<+90 4.16548 3.52857 233 1.42 6.88

Tab. 4. Descriptive statistics for the absolute difference of theoretical and measured results of a spherical
array consisting of six waveguide-fed apertures —- MODEL II.

Fig.7a)

INTERVALS (deg) MEAN (dB) STD (dB) MEDIAN (dB) P25 (dB) P75 (dB)
-90<60<+90 1.86159 1.77157 1.65 0.77 2.17
-30<0<+30 1.50029 1.79233 1.03 0.77 1.65

-90<6<-30 and +30<6<+90 2.05353 1.75838 1.785 0.76 25
Fig.7b)
-90<6<+90 3.29388 2.79373 292 0.88 5.1
-30<6<+30 1.25118 1.30449 0.88 0.05 23
-90<6<-30 and +30<6<+90 4.37906 2.77541 4.365 1.63 6.65
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