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Application of horn antennas in non-destructive testing by multifrequency reflectivity measurements has
several advantages in comparison with simple antennas such as open-ended waveguide, in particular, higher gain
and narrower directional characteristic. However, having two reference discontinuities hinders from using them
for the purpose because of superposition of echoing characteristics being retrieved. General solution lies in ex-
tracting single echoing characteristic whether by mathematical post-processing measurement results or by strong
reducing one of reference discontinuity reflectivity levels by altering discontinuity's geometry, that is the subject

of this paper.

1. Introduction

Wide-band multifrequency measurements of reflec-
tivity in free space allow testing the internal structure
of complex multi-layered materials containing dis-
continuities of different kinds (both inter-layer bor-
ders and defects of different kinds). Due to applying
the method of synthesising radio-pulse envelope [1]
spatial distribution of insertion reflectivity may be
obtained, which then is used to locate the defects
and/or derive dependency of dielectric constant and
other parameters of structure under test on the dis-
tance along the measurement axis.

Existing real-time measurement systems [2] use
waveguide reflectometric circuit for acquiring reflec-
tivity data. Reflectivity is obtained as ratio of re-
flected to incident wave power, correspondingly re-
ceived and radiated by a probe. The most frequently
used probes are open-ended waveguide (OEW) and
different types of horn antennas.

Every probe represents one or more discontinui-
ties serving as references, thus spatial echoing char-
acteristic appears a superposition of similar reflectiv-
ity characteristics, corresponding to cross-correlation
of reflection signals of structure under test with that
of each reference discontinuity. Superposing hinders
clear interpreting reflectivity signals and estimating
structure's parameters, so only characteristics derived
with OEW may be used directly for this purpose.
Horns, though of higher gain and narrower direc-
tional diagram than OEW, have two discontinuities
(throat and aperture), so the superposition may be
avoided whether by mathematical filtering raw echo-

ing data, or/and by strong reducing the minor discon-
tinuity (i. e. having lower reflectivity, typically, aper-
ture) by special designing its geometry.

2. Alternative Aperture Design

Modified horn may be derived from usual horn by
framing its aperture in cylindrical metal surface, as it
is shown in Fig. 1. Outer diameter ( D ) of the cylin-
der lies in range 0.5-1 wavelength at minimum fre-
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Fig. 1. Alternative design of horn antenna
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Fig. 2. Spatial oscillations of reflectivity character-
istics of metal plate moving along probe axis, derive
with horn’s throat (a) and aperture (b)

quency [3]. We have tested such a design with three
pyramidal-shaped horns having square aperture (one
for 8-12.5GHz band with aperture of size
a = b = 93 mm, and two for 17-26 GHz band with
same parameters of 42 and 82 mm respectively).

3. Using Modified Horns

Studying alternative geometry horns as probes
showed that some of their properties, essential for
wide-band testing, differ from that of their conven-
tional analogues.

First, insertion reflectivity of any discontinuity
obtained with an alternative geometry horn decreases
non-monotonously with the distance along the prob-
ing axis (further — distance). In particular, the de-
pendence suffers oscillations with period of 1/2 aver-
age wavelength (Fig. 2), taking place as (mainly) in
the near-field, so (insignificantly) in the far-field re-
gion. Maximum amplitude of oscillations depends on
own value of discontinuity's reflectivity, so their na-
ture may be supposed to be an interaction of reflect-
ing surface with aperture of the horn, which influ-
ences the EM field distribution in the system probe-
structure under the test. Thus the system should be
considered (especially for near-field measurements)
as the whole. For example, when finding out dielec-
tric constant for single layer structure by calculating
the ratio of insertion reflectivity of the structure and
that of metal surface, correct result may be obtained
only if oscillations' “spatial phases” for both surfaces'
reflectivities are equal.

It must be said that for usual horns and even
open-ended waveguide probes the dependency r 2>
has similar oscillations at very low amplitude. They
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Fig. 3. Aperture-to-throat reflectivity module ratio
Jfor usual horn (a) and the same horn with altered
aperture geometry (b)
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Fig. 4. Locality of testing z = 0 at the aperture

can hardly be detected on the noise background and
are anyway incomparable with common levels of
informative signals.

Second, inter-influence of the probe and struc-
ture under the test leads to strong non-linear depend-
ency of ratio of insertion reflectivities, corresponding
to cross-correlation with signals of aperture and
throat of the horn (for conventional horns it is linear
at least in whole far-field and usually in the most part
of the near field region, see Fig. 3). At farther dis-
tances the ratio stabilises at considerably low level
(typically 0.12-0.14). Thus modifying a horn reduces
aperture-referenced reflectivity by 2-3 times. Phase
difference and distance between mentioned insertion
reflectivity peaks are also constant, so estimating
parameters of multi-layered structures having electric
lengths equal to or greater than that of the horn used
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Fig. 5. Fragment of raw echoing characteristic of
two-layer organic glass: a — layer 1 front surface
signal, ¢ — layer 2 rear surface signal, b — signal of
thin gap due to loose contact between layers

as probe becomes possible, especially in combination
with special mathematical filter deleting aperture
constituent of structure's reflectivity characteristic
(high quality of filtering is possible only at low and
constant aperture-throat reflectivity ratios).

Finally, some words may be said about locality
of testing. Locality is the characteristic that shows
minimal distance (across the probe axis) between two
discontinuities, which allows their clear discrimina-
tion. Up to the present this question could not be
completely solved due to enormous amount of meas-
urements in the scanning mode, needed to learn how
reflectivity dependency, measured along the cross
axis, and thus the locality, changes along the probe
axis. Now it is observed that locality is a linear direct
ratio dependency from the distance along probe axis
tending to a zero at aperture, though near the aperture
it takes a super-linear character, taking at aperture the
value of half its size (see Fig.4). Linear behaviour
may be explained by existence of concrete directional
diagram, which at considerably large distances does
not depend on structure under test, so there is certain
sector, within which the reflectivity changes between
its maximum and half the maximum values. Angle
2¢ , determining size of the sector, binds the locality

(L) with distance (d) to the discontinuity:
L = dsing . For example, the horn used for study-

ing the locality has sector width 2 = 14.8°, so

L=0.129d,or L = 0.134 z, where z is the dis-
tance along probe axis.

Next, the non-linear locality dependency near
the aperture is due to non-zero size of the aperture, so
the locality value anyway cannot be lower than half
the size of the aperture.

As for resolution, or minimal size of discontinu-
ity, which can be discovered by measurements within
certain frequency range, it is, in general, not re-
stricted by anything save sensitivity of measurement
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Fig. 6. Normalized reflection signal of a defect
(small metal plate) within dielectric layer moving
across the probe axis. x = 0 corresponds to edge of
the dielectric crossing the probe axis

system and other like factors, but strongly depends
on its spatial orientation and electric properties. For
example, testing in 17-26 GHz band allows sure de-
tecting cavities in the dielectric structures having size
of about 0.5 mm (see Fig. 5 for example) along the
probe axis (average wavelength makes about
15 mm). Existing measurement system allows deter-
mining position of a small local discontinuity with
error less than 20 % average wavelength in all direc-
tions (see Fig. 6 for example).

4. Conclusion

Described properties of modified horn antennas al-
low recommending their use in relatively remote part
of far-field region for measuring echoing characteris-
tics of thick multi-layered dielectric structures and
estimating their parameters, such as dielectric con-
stants and widths provided that remaining minor ap-
erture reflection constituent is removed by additional
digital filtering. Using modified antennas for meas-
urements in the near-field and adjacent part of the
far-field region is undesirable because of high non-
linearity of probe-structure system's parameters:
usual horns with or without (for thin structures) addi-
tional filtering or the open-ended waveguide (for the
shortest distances) should be used instead.
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HNCIIOJIB30BAHHUE PYITOPHBIX
AHTEHH C AJTbTEPHATUBHOM
TEOMETPHUEN ANIEPTYPBI 114
HMAPOKOIIOJIOCHBIX
MHOI'OYACTOTHBIX U3MEPEHUI

0.0. /lpobaxun, E.B. Konopamoves

IIpyMeHeHre PYNOPHBIX aHTEHH Ul Hepaspyliaro-
LIEr0 KOHTPOJIS MOCPEACTBOM H3MEPCHHS MHOI0YacToT-
HBIX XapaKTEePHCTUK OTPAXKCHHS MMEET Psi PEUMYIICCTB
[0 CPaBHEHHIO C MPOCTHIMH aHTCHHaMU (TaKMMH Kak OT-
KPBITBIIl KOHELl BOJHOBOJAA), @ MMEHHO: Ooyiee BBICOKHUI
K03 duIeHT ycuaeHus U Ooljiee y3KHe XapaKTePUCTHUKU
HamnpapieHHOCTH. OJHaKO, HAJIM4YHE JABYX CTaHIAPTHBIX
HEOJJHOPOJHOCTEH MPUBOJUT K MHOTOKPATHBIM IE€peoTpa-

JKEHUSM M TPENATCTBYET HCIONb30BAaHMIO 3THX AHTEHH.
OCHOBHOE pEIIEHUE COCTOMT B BBIAENCHUH OTAENBHBIX
XapaKTePHCTHK OTPAXEHHS JTHOO ITyTeM MaTeMaTHYECKOH
00pabOTKH pe3yIbTaTOB M3MEPEHUH, IH00 3a CYeT 3HAYU-
TENIBHOTO CHIDKCHUSI YPOBHS OTPaKEHHWH OT OJNHOH u3
CTaHJIapTHBIX HEOJHOPOTHOCTEH N3MEHSSI TEOMETPHIO STOI
HEOJTHOPOJIHOCTH, YTO M SIBISIETCS IPEIMETOM HCCIIeI0Ba-
HUSL B HacToALIEH cTaThe.

3ACTOCYBAHHA PYIIOPHUX AHTEH 3
AJIBTEPHATUBHOIO 'EOMETPI€IO
AIEPTYPU JJISA LINPOKOCMYI'OBUX
BA'ATOYACTOTHHMX BUMIPIOBAHb

0.0. /lpobaxin, €.B. Konopamwvce

3acTocyBaHHS PYHNOPHHMX aHTEH Ul HEpyHHIBHOrO
KOHTPOJIIO 33 JOIOMOT'OF0 BUMIpIOBaHHS 0araTo4acTOTHHX
XapaKTePUCTHK BiIOUTTSI Ma€ HU3KY IepeBar y MOpiBHSH-
Hi 3 IPOCTHMH aHTeHaMH (TaKMMH SIK BIAKPUTHH KiHEIb
XBHJICBOJY), 30KpeMa: BHIIMN KOeQili€HT MiJCHICHHS Ta
BYKYl XapaKTepUCTHKH cIpssMoBaHocTi. OIHAK, HasBHICTh
JIBOX CTaHJAPTHHUX HEOJHOPiITHOCTEH MPUBOIHUTH 10 Oara-
TOPA30BOr0 MEPEBIAOUTTS 1 MEPELIKO/KAE 3aCTOCYBAHHIO
uux anTeH. OCHOBHE pillIeHHS IOJSIrae y BUALICHHI OKpe-
MHX XapaKTePHUCTHK BiOMTTS abo 3a JOIMOMOIrOI0 MaTeMa-
THUYHOI 00pOoOKM pe3ynbTaTiB BHMIpIOBaHb, ab0o 3a paxy-
HOK 3HAYHOIO 3HW)KEHHs PIBHS BiIOUTTS Bix oxHiel 3i
CTaHJAapPTHUX HEOTHOPIAHOCTEH 3MIHIOIOUH TI€OMETpiro
1iei HEOTHOPIAHOCTI, IO 1 € MPEAMETOM IOCTIIKECHHS Y
JaHiif cTaTTi.
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