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Abstract—The theoretical foundations of testing antenna parameters and characteristics in the far
radiation field are presented. A two-beam model of radio wave propagation was used, including a direct
wave and a wave reflected from the earth's surface. This model meets the conditions for carrying out
measurements on a signals training areas or in an anechoic chamber. It is shown that for a given
distance between the antennas, it is necessary to control the dimensions of the aperture transmitting and
receiving antennas for the compliance with the maximum permissible values. Formulas for determining
the permissible dimensions of the antenna aperture are obtained. The influence of the antenna hanging
heights on the measurement accuracy was also investigated. Recommendations for reducing the level of
electromagnetic waves reflected from the earth's surface are given.

Index Terms—Antenna; signals training areas; aperture dimension; wave interference.

A B"
I. INTRODUCTION & a

The rapid development of electronics and h
telecommunications has led to the emergence of
many antenna devices and systems, which largely Al
determine the efficiency of the communication,
navigation and surveillance systems.

The test of antennas in the signals training areas
makes it possible to define the parameters and A"/
characteristics of antennas with sufficient accuracy
upon condition of the correct organization of
experiments [1], [2]. The article discusses questions
that affect the accuracy of research results. A

ALA h.

II. PROBLEM STATEMENT hs Al A h.

Signals training areas are free from any c
buildings, tall shrubs, trees and other possible
reflectors of radio waves. Research on radio A" ,
equipment, including antenna devices, reflective
surfaces, etc., is carried out at radio training area. b)
Under these conditions, it is necessary to take into B
account the possibility of radio waves propagation & )
by two trajectories: direct beam and reflected from b h.
the earth's surface. There are three possible cases of Ala
radio wave propagation schemes, which differ only A B

in the mutual hanging heights of the antennas /‘C

(Fig. 1). r
Suppose that at point 4 (Fig. 1) is a radiating 2 /

antenna, and at point B is the studied antenna. The

installation height of radiator in point 4 is denoted as c)

h, and the height of the antenna at point B as 4, . Fig. 1. Two rays interference model
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Mirror image at point A" of transmitting antenna
places on the distance A'A"=h,. At point C, the

beam is reflected from the earth's surface and
propagates to the test antenna. It is obvious that the
reflected beam interferences with direct beam causes
undesirably changes in the field intensity at the
receiving point.

The most radical way to get rid of this beam is to
use an absorbent material with an area equals to the
first few Fresnel zones. This method is costly but
effective.

The second method is based on the guiding
properties of the antennas. Let assume that the
electromagnetic wave radiator is directed so that the
pattern maximum coincides with the direction to the
phase center of the studied antenna, that is with the
beam 4B (Fig. 1). Under this condition, at point B,
error due to multipath can be avoided. The
realization of second method is considered in article.

III. THEORETICAL BASIS

The intensity of the reflected wave depends on
the pattern and angle 6, in Fig. 1. Let consider cases
of antenna mutual arrangement: #,>h,; h,=h, and
h,<h,. The distance between the antennas r at
points 4 and B must meet the requirements for the
formation of the antenna radiation field. At a given
value 7, can be found a limit to the maximum
dimension of the transmitting antenna aperture.

Dependence of maximum aperture dimension
from distance between antenna and reference point
is found using known method [3] of antenna theory
according to which aperture is represented as
aggregate of elementary radiators. Each elementary
radiator creates in reference point the field with

density dE , which phase factor is ¢, where 7, is
a distance from aperture element to reference point;
k=2m/\ is a wave number; A is a wavelength.

Figure 2 shows the aperture AA4" of the radiator
and two rays 4C and OC. The ray AC is formed by
elementary radiator, placed on the aperture edge
(distance L/2 from aperture center). The second ray
represent radiation of the elementary radiator at
point O. Let assume that all elementary radiators are
fed in phase and amplitude distribution is uniform.
At this the total field intensity vector in reference
point is defined by phase relations, which is defined

by rays lengths » and r,.
Phase shift is equal to

w:k(rA—r)=k,/%2+r2—kr. (1)

Fig. 2. To determine the maximum permissible size of the
transmitting antenna aperture
Let assume that when the phase shift v is less or

equal to a small value &, the phase shifts can be
neglected and the amplitude of the field intensity
vector at point C is equal to the algebraic sum of the
elementary intensities

E=YdE,.

Substitution the selected small value & in the
equation (1) instead the phase shift y gives

8+kr=§\/L2 +4r%, )

The square of the right and left parts of the
equation (2)

272
2krd + &* _kL )

From the last equation, the maximum allowable
dimension of the antenna aperture

2
L sz,/z%+% 3)

where n is a number that characterizes the maximum
allowable phase shift.
Entering the number #z in (3) gives

A2
L. <2 /7+ e @)

In determining the Fraunhofer zone is often
chosen n =8 [3]. If the second term under the root
of formula (4) can be neglected, then at n =8 the
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known restriction of the minimum radius 7, of the

n
Fraunhofer zone is obtained
2
- 2L—,
A
here A is a wavelength.

Since the receiving antenna at point B may have a
significant aperture size, in this case it is necessary
to make correction in the aperture dimension
determined by formula (4).

If during antenna measurements the distance
between antennas » is small, another effect occurs,
which also influences on choice of the aperture
dimension. In Figure 3 the relative position of the
phase center of the transmitting antenna and the
aperture of the receiving antenna L, is shown.

r

<« >
< >
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A 26g
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Fig. 3. To the choice of the size the receiving
antenna aperture.

The limit points B'and B" of the receiving
antenna aperture are irradiated with rays at an angle
0, to the direction of the pattern maximum. The
field intensity at these points will be slightly lower
compared to the aperture center L,, that causes
errors. Nonuniformity of irradiation is determined by
the shape of the radiation pattern. Therefore, in the
general case, the antenna pattern is written in the
form of three factors

F,(0) = F(0)F,(0)F(9), )

where F(0)is a pattern of array element; F,(0) is
an array factor (interference factor); F(6) is a

factor, which takes into account influence of a
screen.

Since all the multipliers in (5) are normalized, the
field intensity in point B is maximal and it’s relative
value is equal to one. Field intensity in points B’ and
B" is calculated at 6=0,. The nonuniformity of

irradiation is defined as

8y =1-F,(0;).

If &, is less than the allowable value 9§, the

aperture dimension determined by the formulas (3),
(4) does not need to be adjusted. If 6,>9,,it is
necessary to reduce value F,(0) using in the pattern
product (5) the angle 0=6,. This reduction is
achieved by choosing the aperture dimension L, less
than permissible value L_, . If transmitting antenna
is a single radiator, than exist opportunity to use the
radiator with wider pattern.

This conclusion can be formalized as another

requirement for the dimension of the radiator
aperture

I_E(eB)FA(eB)FS(eB)SStol’ (6)

L
where 0, =arctg—=2.
2r

In the engineering of antenna measurements [3],
if there are no special requirements for accuracy, is
chosen &, =0.01.

Conditions (3), (4), (6) indirectly affect the
possibility of reducing the intensity of the beam ACB
reflected from the ground. Indeed, the smaller the
distance » at constant heights /4 and 4., the greater

deviation of the ray AC from the ray 4B (Fig. 1).

If the ray AB coincides with the direction of
maximum radiation, the ray 4C will have, in any
case, a lower power density than the direct ray 4B.
Therefore, the greater angle 0, the easier it is to
ensure a low level of radiation in the direction of the
reflection point C on the earth's surface.

In the first case /#,> h, the angle 0 is defined as

T
0=—-A-aq, 7
5 (7)
where
A =arctg
1 2
and
ho—
o = arctg— hz.
r

In the second case h =h,
b
0=—-A. 8
: ®)
And in the third case 7 <h,

oL
0=—-A+o. 9
5 ©)
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Comparing formulas (7), (8) and (9), it can be
concluded that the third case of the antennas location
is the most advantageous, because the angle 6 at 4 <

h, obtains the greater values.

If the transmitting antenna is a low-clement
antenna array, its pattern is defined as the product of
the radiation pattern of the array element and the
array factor. When using near-omnidirectional
elements of the antenna array, the intensity of the
reflected wave depends to a greater extent on the
array factor and the presence of the screen.

If in accordance with the formula (6) the three-
element array can be used, then in the meridional
plane, which coincides with the vertical plane, it is
advisable to use the binomial distribution of a feed
current and obtain array factor in the form

F,(0)=cos’ (%cos 6),

where d is the distance between adjacent array
elements.

At d =% the pattern of array factor has form of

one major lobe without side lobes.

In a case when using conditions (3), (4), (6) the
number of array elements is limited to only two
elements, then as the elements of the array must be
chosen radiators with a gain greater than that of a
dipole. There may be Log-Periodic antenna or Yagi-
Uda antenna.

The pattern factor of reflected beam in direction
of reference point B (Fig. 1) is defined by the pattern
of transmitting antenna and Fresnel reflection factor
in point C

Fy (ec) =F, (ec)R(Aa €),

Ludvig Ilnitskyi. Doctor of Engineering Science. Professor.

where A is incident angle of wave on the earth
surface; 0. is angle between direct and reflected

rays; & is the complex dielectric permittivity of the
ground in the first Fresnel zone with center in
point C.

The relative value of reflected wave field
intensity in point B with respect to direct wave can
be found as

N7+ (= hy)
Erip :FB(eC)2—122'
NP+ hy)

IV. CONCLUSIONS

Using interference model the main questions on
conducting antennas far-field test in conditions of
signals training area is considered.

It is shown that at given distance between
antennas in order to minimize amplitude and phase
errors of measurements it is necessary to compare
the real apertures dimensions transmitting and
receiving antennas with permissible values, which
are determined by obtained formulas.

The correct choice of antenna hanging heights
permits to decrease influence of direct and reflected
waves interference.
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JI. A. Ineaunekuii, JI. B. Ciopyk, 1. 1. Muxaabuyk. MipkyBaHHSl 1040 NPOBeJeHHS JOCHIIUKEHHSI AHTEH B
JaJIeKOMY M0JIi BUIIPOMiHIOBAHHS

[IpencraBneHi TeopeTUYHI OCHOBU IPOBENEHHS JOCITIDKEHb MapaMeTpiB 1 XapaKTepPUCTUK AaHTCHHHX IPUCTPOIB B
JTAJIEKOMY T10JIi BUIIPOMiHIOBaHHS. BUKOpHCTOBYBasacst ABONPOMEHEBA MOJIENb MOIIUPEHHS PaliOXBIJIb, 110 BKIIOYAE
MIPSIMY XBHUITIO 1 XBHJTIO, BiIOOpaskeHy Bijl 3eMHOI MOBEepXHi. JlaHa MO/eNb BiIOBia€ yMOBaM MPOBEACHHS BUMiPIOBaHb
Ha pajionojiroHi abo B Oe3nyHHiM kamepi. [loka3aHo, IO MpH 3adaHiii BiACTaHI MK aHTCHAMU HEOOXIIHO
KOHTPOJIIOBATH PO3MIpH arepTypu NepenaBajbHOl 1 MpUiiMaibHI aHTE€H Ha BiJIIOBITHICTH MaKCUMAaJIbHO NOMYCTUMHX
3HavyeHb. OTpuMaHo (HOPMYSIH Uil BU3HAYEHHS IOITYCTHMHX PO3MIpIB amepTypu aHTeH. TakoX AOCIIIKEHO BILIHB
BHCOT MiJ[BICY aHTEH Ha TOYHICTb BUMipIOBaHb. JlaHO peKOMeHaliT 1010 3MEHIIEHHS PiBHS €IEKTPOMAarHiTHOI XBUIII,
B1IOMTOI BiJl 3¢€MHOI TIOBEPXHI.

Koaro4ogi ciioBa: aHTeHa; paionosiroH; po3Mip anepTypH; iHTepQepeHLIIist palioXBHIIb.
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JI. d. Wneannkwmii, JI. B. Cuopyk, . . Muxanbuyyk. Pa3mblnuieHusi 0 NpoBeieHUH MCCJIEeI0BAHUS AHTEHH B
JAJIEKOM I10JIe M3JTy9eHHs

[IpencraBneHbl TeOpeTHYECKHE OCHOBBI TNPOBEAEHHS HCCIEIOBAHUN IapaMeTpPOB M XapaKTEPUCTHK aHTEHHBIX
YCTpOWCTB B JajbHEM IOJIe WU3IydeHus. lcmomp3oBajmach OBYXJIydeBas MOJEIb PAacCIpOCTPAHEHUS PaJHOBOIH,
BKJIFOYAIOINAs MPSIMYIO BOJHY U BOJIHY, OTPaKEHHYIO OT 3€MHOM IOBEPXHOCTH. JlaHHas MOJEIh OTBEUAET YCIOBUSAM
NPOBEJCHUS U3MEPEHUH Ha paJuonoiIuroHe jubo B 06e339xoBoi kamepe. [lokazaHo, YTO NpH 3aJaHHOM PACcCTOSHUU
MEXIy aHTeHHaMH HEOOXOIMMO KOHTPOJHMPOBAaTh pa3Mephbl amepTypbl Iepeiarolieil W NPHEMHOH aHTEHH Ha
COOTBETCTBHE MAaKCHMaJIBHO JOIMYCTUMBIM 3HaYeHUsIM. [lomydeHsl GopMyIibl JUIst ONpe/ieieH s JOMYCTUMBIX pa3MepoB
amepTypbl aHTeHH. Taike MHCCIeIOBaHO BIMSHUE BBICOT IIO/BECA AHTEHH HAa TOYHOCTh H3MepeHui. JlaHbl
PEKOMEHAALUH 110 YMEHBIIIEHUIO YPOBHS 3JIEKTPOMATHUTHON BOJIHBI, OTPaXKEHHON OT 3€MHOI MOBEPXHOCTH.
KirodeBble ci10Ba: aHTEHHA; PaIHOIIOIUIOH; Pa3Mep alepTyphl; HHTEp(hEPEHINs paJlioBOIIH.
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