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Abstract — Arrays of circular waveguide and microstrip antenoa
spherical surface are measured. The radiatiorermpatf a two
experimental models of antenna arrays on spheiscaface is
obtained experimentally and is compared with thézakpatterns in
order to verify theoretical results, without intiemt to improving the
best radiation characteristics of a developed koy models.
Arrays are analyzed using the spectral-domain ambrand moment
method. Measurements were not performed in a vedihed
anechoic environment.
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. INTRODUCTION

An array of antennas disposed on the surface phars is
of
hemispherical scan coverage with low grating lobeels.
Spherical array antennas combine the capabilitesrmy

antennas with the optimal geometry to achieve omni- cosfsina, cosg—-f,)—sindcosa

directional coverage.

The array was modeled using a previously presented

computer programs based on the method of moments
spectral domain [1], [2].

In the process of verifying theoretical results lglt two
experimental models and validated theoretical tesilly
comparing the results to the measurements perfounethe
developed laboratory models.

importance because such an array provides wide

function for a grounded spherical surfagf{n,m,e) is the
kernel of the vector - Legendre transformation and
C(r,n,m) is a spectral domain current placed at each

antenna element.

The kernel of the integral operator is Green’'s fiomg
which is different for different structures.

The appropriate spectral-domain Green’s functionaof
multilayer spherical structure is calculated usirthe
G1DMULT algorithm [1], [3].

The radiation pattern of the array is obtained as a
superposition  of fields excited by each eguide
aperture (placed on spherical surface at the paiith

coordinate @,,, £3,)) :
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We also discuss the results of an experimentavherea, andf, are thed and ¢ coordinates of each antenna

investigation of a two spherical arrays. First greansisting
of circular
hemispherical ground surface and second consistihg
circular microstrip antennas on hemispherical gcbsurface.

Il.  FAR FIELD CALCULATION

Since the radiating structure is spherical, theblam is
defined in the spherical coordinate system andgpéstrum is
obtained by applying the vector-Legendre transfdionato
the equivalent current at waveguide aperture. Aactatal
field radiated by the current shell on the sphérzaface in
homogeneous media is:

E(r.0,¢) = i if(n,mﬂ)%(n,m,r [r)C(r,n,me™

m=—co n=Jm}

(1)

I

whereG (n,m,r [rg) is a spectral domain dyadic Green'’s

element in the global coordinate system [4],[5].
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Figure 1. Global and local coordinate system [2].



We introduced local coordinate systems with thegiori
located at the center of each antenna element (shofig.1).

The complete pattern expression of the field predury
the array given as:

E@.9) =2 E, . 6.9 (4)
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Figure 2. Geometrical representation of the anteteraent distribution on
spherical surfacg?].

Ill.  EXPERIMENTAL MODELS OF A SPHERICAL ARRAY

A fabricated hemispherical array antenna MODEL | i

shown in Fig.3, and its design specification astell in Tab.1.

TABLE II. DESIGN SPECIFICATIONS OF HEMISPHERICAL ARRAY

— MODELII (FIG.4.)

Parameter Values / Description

Antenna Element Circular Microstrip

Diameter of Element 53 0.5 mm

Arangement of Elements IcosahedraHR)

Number of Elements 31
Polar: ae=00, ﬁ51=00

First I'ing: 0!5=150, ﬁ51=00, ﬁ52=72),
Ps=1448, ps=216,
ﬁ55=288)

Second ring: a4=3C, B41=0°, f4=36",
=72, pas=108,
ﬁ45=144), ﬁ4b:180),
ﬁ47=216), ﬁ48=252),
Pas=288, fu=324,

Third ring: a3=450, ﬁ31=00, ﬁ32=240,
ﬁ33=48D ) ﬁ34=72),
Ps=96°, Ba=120,
Bar=144, pos=168,
Ba=192, 21216,
P11=240, 21264,
2157288, 21312,

Element Positions

ﬁ315=336)
Element Spacing Minimum 0%
Thickness  of the
Substrate 1.06 £ 0.02 mm
Relative Dielectric 4.48
Constant of the Substrate '
Diameter of Sphere 600 £5 mm

The considered antennas are designed with circular

waveguides used as antenna elements placed ophbéacsl
structure. The second array (MODEL ll) is showrFig.4.,
and its design specifications are listed in Tab.2.

The antenna elements are placed at equidistartiqposn
the (grounded) surface of the icosahedron (Fig.2.).

Circular waveguides and patches used as antenme eie
are fed by the coaxial lines at one point to geeetimear
polarization.

TABLE I. DESIGN SPECIFICATIONS OF HEMISPHERICAL ARRAY
— MODELI (FIG.3.)
Parameter Values / Description

Antenna Element Circular Waveguide

Diameter of Element 120+ 2 mm

Arangement of Elements IcosahedraHR)

Number of Elements 6
Polar: (16:00, ﬁe]_:OO

First I'ing: (15=56), ﬁ51=36), ﬁ52=108),

Element Positions B=180, fs,=252,

=324
Element Spacing Minimum 1%
Diameter of Sphere 600 +5 mm

Frequency Range for

Single Mod — T 1.47 - 1.91 GHz

Figure 3. Spherical experimental model (MODEL [jhwé antenna elements
— circular waveguides [2] , [6].

Further, normalized free - space radiation pattemse
calculated and measured at the frequendies1.75 GHz —
MODEL I; f=1.54 GHz — MODEL II.



Figure 4. Spherical experimental model (MODEL W)th 31 antenna
elements - circular microstrip antennas.
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Figure 5. Normalized radiation pattern of six clesuwaveguide array on a
spherical surface — MODEL I: a) E - plane; b) Hiane; @=0 0,5:=0 0,

The first antenna subarray (MODEL Il) consisting of a:=155:=36", 5=108, 5=18C, 5,=252, F=324); max radiation angle:

three circular microstrip antennas on the positioms=0°,
L=, as=15", 35,=0°, Bs=72.

The second antenna subarrays (MODEL Il) consistihg
three circular microstrip antenna on the positiomg=0°,
Bor=0°, =15, SBs:=0°, a,=3CF, £3,,:=0 °. We forms a beam by
exciting a 3 — element subarray and changes dreabf
maximum radiation by phase compensation. The ipputer
was distributed to each element of the subarrags, fwith
equal phase and amplitude, and second, with phdsky
compensation and constant (uniform) amplitude.

IV. THEORETICALAND MEASUREDRESULTS

In these experiments we excited a particular seatiothe
spherical surface centered around the maximum tadireof

the beam .. and @), and move the activated portion on
the surface for beam steering purposes.

normalized amplitude (dB)
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: : B measured ! :
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-120

' 120
angle (deg)

a)

Oma=0", pma=0’; non-phased.

The considered an antenna arrays transmitting a W&o
the far field region where strength of its field ie be
measured. Excitation of antenna elements (waveguadel
microstrip antennas) is constant and uniform aethehts are
progressively phased.

The antenna arrays were oriented in a fixed positind
both E- and H- plane patterns have been recordidariay
configurations are excited with and without phdsiét.s

Further, the radiation pattern of microstrip antennwere
measured with two different direction of maximatdlietion
(first direction: Oma=0’, @a=0°, and second direction:
direction of the excited subarray center).

Normalized radiation pattern were measured with and
without the necessary phasing for the orientatioth® beam.

The radiation patterns produced by two experimental
mO%deIs were measured over the azimuthal angle ré@@§eo
90".

Theoretical and measured free-space normalizedtradi
patterns in two orthogonal planes of circular waudg
antenna array (MODEL I) on the spherical surfaae sirown
in Fig. 5 and 6. The direction of maximum radiatis the
north pole direction. In order to obtain in-phashliion of
antenna elements, a feed network with appropriassipg is
provided. The side lobes appears around £ 30ey are
significant high (Fig.5), but the side lobe ampl¢udropped
by phase delay (Fig.6). We can see that matching
theoretical and experimental results is very goorbss the
region of main beam (angles <%®ut in area close to the
edges of the experimental model (angles 9 6teoretical and
experimental results are not in a good agreement.

of
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Figure 6. Normalized radiation pattern of six clesuwaveguide array on a
spherical surface — MODEL I: a) E - plane; b) H lang; @=0° Gu=0",
a5=15,51=36", =108, (=180, LS, B=324); max radiation angle:
Oma=0’, pma=0"; phased.
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Figure 7. Normalized radiation pattern of threewliar microstrip subarray on
a spherical surface — MODEL II: & - planep) H — plane; &=0°, B=0°,
a5=1%, B5=0°, Bs=72); max radiation anglém.=0°, pma=0"; non-phased.

Figures 7, 9 and 11 show free-space normalizedhtiadi
patterns of the first antenna subarrays (Fig.8)sisting of
three circular microstrip antenna with two differ@maximum
radiation angle.

Figure 8. First subarray of the spherical experitalemodel. (MODEL 1)
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Figures 12, 13, 14 and 15 show normalized radiation g / .
patterns of the second antenna subarrays (FigraOjwo % Vi . .\\
orthogonal planes. As we can see the sidelobeseledtrease gz A .
for all phased subarrays. g -12 / \
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theoretical and the measured normalized radiatiattem
regarding the main beam and side lobes.
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Figure 11. Normalized radiation pattern of threewar microstrip subarray
on a spherical surface — MODEL I: B)- plane; b) H — planeg§=0°,
Goi=0°, a5=15", 351=0°, Bs=72); max radiation angl@ma=7.5, pma=36"

non-phased.
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V. CONCLUSION

0
PO 0 S O 0 A O S 0 O In this paper, we have shown the normalized fremsp
. radiation pattern of two spherical antenna arrays.

Analysis of the arrays was made with the developed
""" moment method programs.
A computer programs were developed to calculatdaihe
,,,,, field radiation patterns of the phase/non-phase peorsated
spherical arrays with two types of antenna elemagitsular
waveguides and microstrip patches. The resultsrwatafrom
the theoretical investigation are verified by congan with

/ E—————— \ measured results..
27 ; i m measured : The errors in the measured results appear due to
; ; —— ; ; experimental model errors, diffraction from the eslgf the
120 - 60 30 0 30 60 90 120 semi-spherical surface and reflections inside tleasarement
angle (deg) room which is not a well-defined anechoic chamber.

normalized amplitude (dB)
&

a)

o REFERENCES

""" [1] Z. Sipus, P.-S. Kildal, R. Leijon and M. Johansstm algorithm for
,,,,, - - K] calculating Green’s functions for planar, circulaylindrical and
" spherical multilayer substrates,” Applied Computational
Electromagnetics Society Journal, Vol. 13, pp. 243-254,1998.

- - [2] S. Rupcic, "Circular Waveguide Antenna Arrays on h&jcal
PP I ; Structures”, PhD ThesidUniversity of Zagreb, Faculty of Electrical

B 3 g Engineering and Computing, Zagreb, 2009.

-21 [3] P.-S. Kildal and J. Sanford, "Analysis of confornaaitennas by using
oald T L N B T A spectral domain techniques for curved structur@sdccedings of COST
. i calculated 245 - ESA workshop on active antennas, Noordwijk, pp. 17-26, 1996.

m  measured | [4] D. L. Sengupta, T. M. Smith, and R. W. Larson, “Réidn

" : : Characteristics of Spherical Array of Circularly l&tzed Elements”,
120 -90 60  -30 0 30 60 90 120 |EEE Trans. on Antennas and Propagation, Vol. 16, pp. 2-7, Jan. 1968.

angle (deg) [5] Z. Sipus, S. Rupcic, M. Lanne and L. Josefsson alysis of Circular
and Spherical Array of Waveguide Elements Coverath \Radome”,
b) Proceedings of IEEE International Symposium on Antennas and

Figure 15. Normalized radiation pattern of threewlar microstrip subarray Propagat'lon, Boston, L,JSA’ pp- I 3_,50_3?3’ 290_1' .
on a spherical surface — MODEL II: a) E - planeHb) plane; &=0°, =0, [6] S. Rupcic, V. Mandric and D. Vinko, “Radiation Ratt of Waveguide

_ — o= —P).- ot _ — - Antenna Arrays on Spherical Surface — Experimerfasults”,
=15, fi=0', =30, fur=0); Eﬂ;gezadlanon anglelna=15’, pma=0’, International Journal of Electricaland Computer Engineering Systems,,
P : Vol. 1, No. 1, pp. 31-36, 2010.

normalized amplitude (dB)




