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1 Introduction other uncertainty in the system gets omitted: the distance be-
tween wall and antennaMang et al. 2006. By the place-

Th h-th I radar ina (TWRI has b bi ment of the antenna directly on the wall and the decrease of
rough-the-wall radar imaging ( ) has become su J€Clhe distance between antenna and target into the near field

of growing interest in the recent decade..lt is supppsed to b%istance jointly with the use of large imaging apertures, the
used for law-enforcement purposes during surveillance, reiasolution of the imaging system can be optimiz8tiden et

connaissance and rescue missidrarfjs et al. 1999 Bara-
ki 2008 Amin, 2011). Rad i | are 22000
noski 8 Amin, 9. Radar systems in general are This work analyzed the distortion of the radiation pattern

based on the detection of reflected waves caused by sCafy,qp, the antennais placed on wall. Sensitivity analysis were

tering objects. According to shape and amplitude of the re-made to investigate the impact of imprecise knowledge of

flect|o.n,.the measurement .data are proces;ed IO & 10MQp 4 rarig| parameters on the radiation pattern. The principle
graphic image. When the signal is propagating through'the'setup is explained in Sec. The used components includ-

W‘Z” (TTWI)’ thz rliflecaed S|gnal§ or_|g|nafl ihapﬁfl an(_j amf_l" ing antenna and the examined walls are presented in $ect.
tude are altered. For the reconstitution of the reflection of In-y,"ge ¢t 4 the simulation techniques are explained, whereas

terest Thajudeen et al201), thg dlStOI‘.tIOn causing signal Sect.5 shows the measurement setup. The results are pre-
path needs to be known regarding to its structure and elec;

. . ; ; ) .~ “~sented and discussed in Seg;tfollowed by the conclusions

tromagnetic material properties. Otherwise the image will bein Sect7.
degraded and defocusdd ét al., 2010 Chang et al.2010.

In many studies the properties of different kinds of con-
struction material have been investigat&tugaibel 2003
Stavrou et a].2003. Due to the natural origin of some mate- 2 Principle setup
rials (e.g. wood and brick), natural conditions (e.g. moisture)
and not standardized material mixtures (e.g. concrete), pubThe radiation pattern is a characteristic parameter of an an-
lished material values can differ significantly. To overcome tenna. It describes the radiated electromagnetic wave proper-
this uncertainty in material parameters, on-site material exties (e.g. signal strength, phase, polarization) in dependence
traction methods have been proposétirhad et al. 2007, of the radiation direction. For obtaining the radiation pattern,
Jia et al, 2011). These methods are based on the single layer relative rotation between the antenna under test (AUT) and
homogeneous wall model and have a limitation in accuracythe monitoring system is required. In a simulational environ-
In a realistic inhomogeneous multilayer wall, however, mul- ment field monitors can spot the field strength on a sphere
tipath propagation and anisotropic wall characteristics influ-around the AUT. In measurements, the AUT and the probe
ence the detected value of material properties. antenna need to be rotated relatively against each other as

Reduction of clutter caused by ceiling, floor and the backdrafted in Fig.1. There are two technical implementations of
wall can be achieved by placement of the antenna close othis principle Balanis 2005. The first one is based on the
even directly on the walls themselve#ig et al, 2011). At rotation of the AUT around its own axis in azimuth plane.
the same time the wall penetrating electromagnetic wave’dn the second method, the probe antenna is moved circularly
power density will be higher, resulting in a more sensitive around the AUT. Both methods are suitable for determining
sensing of reflectiong=arwell et al, 2008. In addition, an-  the radiation pattern of the antenna when put directly on the
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38 B. Cetin et al.: Near-field radiation pattern distortion

Field Table 1. Material parameters gt = 1.75GHz derived from rectan-
monitoring gular waveguide measurements and used for the simulations. The
: sensitivity analysis was carried out aO%Hz.
Material er tans
Wood 181 0077
: Sensitivity analysis 5 17 1.8 0.06 007 008
\ Wall - \ Brick 3.49 0005
Antenna Sensitivity analysis  Spacing between brigkdd cm 2cm
under test Sand lime brick 52 0035

Insulating foam ~1 ~0

Fig. 1. Principle of obtaining the radiation pattern in simulations
and measurements. It is based on the relative rotatiostween the
antenna under test (AUT) and the monitoring system (field moni-3 2 \wall materials

tor in simulations, probe antenna in measurements). Here, the setup

shows the antenna put directly on a wall. The first class of material investigated is the homogeneous
dielectric slab. Representatively for this class of material,
. . glued laminated timber made of wood with the size of Thick-
wall. The method was chosen in dependence of the CiIrcums oss (T) 20cm x Length (L) 200cmx Width (W) 60cm is

ste_lrncesdats defcr]lbed n ﬁ?‘:t imulati d th chosen. Putting three specimens together yield in a 180cm
Wo datasets for each the simulations and theé Measur&z;qq \5oden slab. The second class of material is inhomo-

ments arf reql’Jlredd'fotr' detertr:nnlr.lgt]hth? |r1th(;J(atncetqf ? Wgngeneous brick. The size of the used bricks is LOZ9n x W
on an antennas radiation pattier: the Iirst dataset IS 1or 0€3 7 5 oy . Height (H) 190 cm (Swiss Modul 030419, Fig).

termining the non-distorted rgdiation pattern of the_ A_UT N The third wall is a typical Swiss multilayer inhomogeneous
free-space. The second one is for the distorted radiation pal, e ior wall with a total thickness of 60cm. It consists of

tern that results from the placement of the antenna directly Ot ree layers, namely sand lime brick (Creabeton 510604, L
the wall. By comparison of both datasets, the distortion of the25 Ocm x W 145cm x H 19.0cm), insulating foam (T '

radiation pattern and the damping through-the-wall (TTW) 15.0cm) and brick (Swissbrick, L 29cm W 17.5¢cm x H

Asz1 caused by the wall can be quantified 19cm). A comparison of Fig2 and Fig.3 shows that the
internal structure of the used bricks are almost identical. Be-
fore measuring the material parametersfat 1.75GHz as
listed in Tablel, the stones and bricks were dehumidified in
3 Components an oven. In dependence of the permittivitythe wavelength

of the electromagnetic wave reduces to
The distortion of an antenna’s radiation pattern is being an-

Aso1 = §21,withwall — 521 freespace [d B]. (1)

alyzed when the antenna is placed directly on a wall. The X0 2o | Viotal
investigations include simulations and measurements in thé = N = ﬁ Vinaterial @)

frequency range 0.7-10.0 GHz as proposed for TWRI.

when propagating through material. The effective permittiv-
ity of an inhomogeneous material distribution can be calcu-

The used antenna is the ETS-Lindgren 3164-08, a non[ated by the material’s permittivity and the ratio of the ma-

resonant ultra-wideband (UWB) antenna based on the quac}—erie.ll. volume to total volume (see Fig), provided that the

) . . N cavities are much smaller than the wavelength.

ridged horn design. It is dual-polarization capable and oper-

ational in the frequency range of interest. This antenna’s re-

active part within the near-field (NF) region is situated inthe 4 Simulation technique

coupling region between the coaxial input and the ridges. As

it vanishes within one wavelength, no reactive NF is presentSimulations were carried out to cross-check with the mea-

at the antenna’s mouth and therefore only very limited mu-surements. As simulations are virtual, geometries and ma-

tual coupling between antenna and wall is possiSkypold terial parameters can be changed in the setup for sensitivity

2009. analysis purposes. Scenarios that cannot be measured experi-
mentally still can be simulated, enabling investigations of ex-
treme scenarios. The simulations were carried out using the
Finite-Element-Method (FEM) field simulator HFSS (High

3.1 Antenna
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B. Cetin et al.: Near-field radiation pattern distortion 39

Fig. 2. Cross-section of the brick used in these investigations. Ge-
ometry is almost identical to brick used in the multilayer wall (see
Fig. 3). The cavities cause the decrease of the effective permittivity.

Frequency Structure Simulator). For this, the antenna’s ge-
ometry and the different kinds of wall were implemented Fig. 3. Cross-section of the multilayer wall on the open-air test site

in the programme. The use of the FEBI (Finite EIememWitaumatte (Thun, CH). The used materials are sand lime brick

Boundary Int_egration) boundary condition helped requcmg(leﬂ), brick (right) and insulating foam in between (not visible in
the computational volumeEdgar 201]) for the simulation  his picture).

of the single antenna. For overcoming memory shortcomings
for the simulation of the whole structure including antenna

and wall, the FEBI and Datalink (a technique for separat-tion patterns were recorded in the four possible polarization
ing the computational space into parts) functions were usedjirections (co-polarizations HH and VV, cross-polarizations
jointly, facilitating the computational separation of antenna iy, 5ng VH; the letters denote the polarization of the AUT
and wall and reta!ning the distance between them close tqq probe antenna, respectively).

zero at the same time. The measurements were carried out in the frequency do-
main, using an Agilent 8510C Vector Network Analyzer
(VNA). The calibration was applied to the connection inter-
To evaluate the effects of differing material parameters in thef@ce between coaxial cable and antenna. Therefore, the mea-
case of wooden slab, a sensitivity analysis was carried out atUrements include all effects due to frequency dependency of
f = 2.0GHz with three different values for the permittivity the antennas. However, they are cancelled by the subtraction
¢r and three different values for the loss tangenstaaspec-  ©Of Poth datasets as described in Séct.

tively (see Tablel). For this, the damping\s21 TTW de-
fined in Eq. () was determined for all nine material proper-
ties combinations and compared with the refereage-(1.7,

Sensitivity analysis

5.1 Free-standing antenna in anechoic chamber

The radiation pattern of the AUT in free-space configuration

tans = 0.07). In the case of brick wall, a sensitivity analy- ded in th hoic chamber. It f
sis was performed on the horizontal and vertical spacings was recorged In the anechoic chamber. 1L Serves as a ret-
erence for evaluating the distorted radiation patterns of the

between the bricks. Two different values (see Tab)ldave
oS, TWo values (s djlaav AUT when put directly on different kinds of wall. The rel-

been used to evaluate the impact of brick spacing on the ra-"; .
diation pattern P P g ative rotation between the AUT and the probe antenna was

achieved by rotating the AUT around its own axis in azimuth
plane. Due to the use of a robotic device, the adjusted az-

5 Measurement setup imuth angleg is very precise.

The radiation pattern of the AUT was measured in differ- 5.2 Antenna on homogeneous wooden slab and

ent antenna configurations. These are described in this sec-  inhomogeneous brick wall in anechoic chamber

tion and the specific setup parameters are summarized in Ta-

ble 2. The probe antenna for recording the electromagneticThe distorted radiation patterns of the AUT when put on ho-
field strength on a circle around the AUT in azimuth plane mogeneous wooden slab and inhomogeneous brick wall (see
is of the same model as the AUT itself (Sextl). All radia- Fig. 4) was recorded in the anechoic chamber. For this, the

www.adv-radio-sci.net/11/37/2013/ Adv. Radio Sci., 11, 345, 2013



40 B. Cetin et al.: Near-field radiation pattern distortion

Table 2. Geometrical setup parameters for both the simulations and the measurements. The simulations provide data for all required distances
and forg = [—180°, 180°] with A¢ = 1°.

Antenna Distance AUT Recorded azimuth Increment in Recorded frequency
configuration < probe antenna  angle intervgl  azimuth angleA¢ spectrumf
Free-standing dy=150m [-178°, 180°] 2° 0.7—10.0GHz
(indoor) dp=2.70m [—178°, 180°| 2° 0.7—10.0GHz
d3=4.14m ° - 0.7—10.0GHz
On wooden slab d1=150m [0°, 70°] 5° 0.7—10.0GHz
(indoor) dp=2.70m [—35°, 70°] 5° 0.7—100GHz
On brick wall d1=150m [—25°, 60°] 5° 0.7—10.0GHz
(indoor, Fig4)
On multilayer wall ~ dj =1.50m [—60°, 60°] 10° 0.7—43GHz
(outdoor, Figb) dgq=3.00m (0 - 0.7—4.3GHz

Probe antenna

Brick wall
on turntable

Antenna
under test

Distance keeping cord

!

- ]

Antenna under
est behind wall

Fig. 4. Measurement setup of antenna placed on brick wall in po-Fig. 6. Measurement setup of antenna on multilayer wall on the
sition A (see Fig5). The structure comprising of wall and AUT is open-air test site Witaumatte (Thun, CH). The AUT is being placed
being rotated around its axis and the radiation pattern is recordedirectly on the wall. The radiation pattern is recorded with a probe
with the probe antenna. Measurements were carried out inside aantenna that is moved on a circle around the wall (distance keeping
anechoic chamber. The setup for the wooden slab is accordant.  cord).

walls were erected on a table standing on a turntable inside
the anechoic chamber. The AUT was fixed on the walls. By
rotating this structure around its own axis, the distorted radi-
ation pattern was recorded with the probe antenna being on a
C. fixed spot. The use of an angle metre in connection with the

A special construction of the table helped keeping the step sizes
B

A¢ very precise. Due to a mistake in the referegggset,

the data are recorded with an offset in angle that is constant
for all ¢. This mistake was corrected in Se6tlin case of

the homogeneous wooden slab. Due to the brick’s inhomo-
geneous profile (FigR), transmissions TTW are sensitive to
Fig. 5. Measurement positions for AUT on the brick wall. Two rows the location of measurement which makes corrections sense-
are omitted at the bottom and one row at the top. less as other effects are very much dominating the measure-
ments. For quantification of the sensitivity, radiation pattern
measurements have been carried out at the three differing po-
sitions on the brick wall as indicated in Fig.
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5.3 Antenna on inhomogeneous multilayer wall acts with the edges of the slab, causing wave interference
at open-air test site in the observation point. The damping is almost constant for
¢ < 40°. The wave propagating TTW gets attenuated only in
In the case of the inhomogeneous multilayer wall at the openthe normal direction of the slab. Therefore, the longer propa-
air test site in Thun (CH), the probe antenna was moved cirgation path of the electromagnetic wave described by Snell’s
cularly around the AUT as shown in Fi6. Even though the  |aw does not lead to bigger damping valugs;. Simula-
same angle metre was used here as well, a less precise adjugibns and measurements are in good agreement fod5°.
ment of the azimuth anglg¢ is being expected. A deviation |f the angle increases further, disturbing effects caused by the
of a few degrees for each position is realistic. Due to beings|ab’s edges dominate the results. Minimizing these effects
in a realistic environment, parasitic effects and disturbanceare only possible by using a bigger wooden slab in simula-
sources can interfere with the measurements. An attenuatqions and measurements.
was used for suppressing these interferences (and parasiti- The results of the accomplished sensitivity analysis are
cally the signal). A 10-Watt amplifier was used to raise the plotted in Fig.8. The deviation in damping\s1 is shown
signal. This limited the frequency range ta6- 4.3 GHz. in dependence of, (x axis) and tad (coloured bars). The
valuesg; = 1.7 and tard = 0.07 are considered as reference.
The maximum deviation for the values under study is ap-
proximately 025dB, this means the relative uncertainty is

For the calculation of the net dampintgsp; caused by the ~aoout 3%. If the assumed is correct, the maximum devi-
multilayer wall, free-space measurements and measuremengdion caused by a wrong tans about 02dB (relative un-
on the wall at corresponding distances and the same VNACEainty 2%), in case the tans known andk; is unknown,
setting were executed. In this case the only change in th&1€ maximum deviation is aboutIuB (relative uncertainty
configuration is the presence of the wall andy; can be 1%). The deviation due to an overestimatedets partially

calculated by subtracting the results of both measurementSPMpensated with an underestimatediand vice versa ac-
from each other as shown in Ed)( cordingly. In this case the deviation is limited td.@B (rel-

ative uncertainty 1%).
6.1 Homogeneous wooden slab As a recapitulation it can be said that the distortion of the
antenna’s radiation pattern is limited to dampingz; for
In contrary to the perfectly symmetrical simulational setup, measurement anglés< 45°. Due to the symmetry and ho-
inaccuracies lead to an offset azimuth anglgset in the mogeneous character of the material, this does not only ap-
measurement setup. This offset was quantified by the idenply to the azimuth plane but also to the inclination plane:
tification of the symmetry centre of the radiation pattern HH simulations and measurements in the azimuth plane can
recorded at the distande = 2.70m. Its value igoffset ~ 2°, also be interpreted as VV in the inclination plane. The good
and the results were corrected accordingly. Simulated anégreement of simulations and measurement show that trans-
measured dampingsp1 in the azimuth plane is plotted in mission through a homogeneous slab is predictable. The sen-
Fig.7for f = 1.0GHz and the distane® = 2.70m between  sitivity analysis shows that the quantified deviations in the
AUT and observation point. Due to the perfect symmetry inresult are smaller than the deviation in the material param-
the field simulator, the simulation results for both polariza- eter. While the relative uncertainty of the permittivity is
tions are symmetric. In the case of an infinite slab, perpen-about 6% and that of the loss tangent&da about 14 %,
dicular (VV) and parallel (HH) polarization directions within the combined maximum consequenceisp; is just 3%. If
the plane of incidence fall together at normal incidence andone of the two material parametees &nd tard) is overesti-
show the same transmission characteristics. As the simulamated and the other one is underestimated, this leads to a par-
tion results intercept at = 0°, the effects of the slab edges tial compensation. At the same time the deviations are quite
are negligible at this angle. In contrary, for the measurementsmall and do not affect the radiation pattern dramatically. If
there is a difference of 0.15dB between both polarizations the importance of the signal amplitude is of minor interest,
at normal incidence, resulting from positioning imprecise- the deviation due to wrong material parameters within the
nesses like inclination of the slab, adjustment and torsiorrange of this investigation can be neglected.
of the antenna. For these reasons the recorded radiation pat-
tern is affected irreversibly. With increasing azimuth angle 6.2 Inhomogeneous brick wall
both simulation and measurement data for the VV polariza-
tion show corrugation behaviour, in contrast to the HH po- In the first step, the measured data at all three positions on
larization data that stays smooth. This results from the anthe wall as shown in Figh were compared regarding to the
tenna’s radiation pattern that is broader in the cut perpenmain radiation directiop = 0°. The dampingAs21 over the
dicular to the excitationETS-Lindgren 2010: as the data  whole frequency range ®— 10.0GHz in VV polarization is
was recorded in azimuth plane, this complies with the VV shown in Fig.9. All curves show very similar transmission
data. Due to broader main lobe, the propagating wave intereharacteristics at frequencies below 1 GHz. Beginning at this

6 Results and discussion
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2 T T 0.3
--=VV=Polarization, Simulation
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Fig. 7.DampingAs»1 caused by the wooden slabfat 1 GHz and Fig. 8. Simulation of the transmission through the wooden slab with

the distancel, = 2.70m between slab and observing point. Com- different material parameters (Taldle Comparison of the deviation

parison of simulations and measurements in VV and HH polariza-in dampingAs», at ¢ = 0°, 6 = 0° with the reference deviation

tion. er = 1.7, tans = 0.07. The bars represent tae- 0.06, 0.07, 0.08
(blue, red and green respectively).

frequency the curves start deviating from each other. At this
frequency, the free-space wavelengthis in the range of two different spacing values between the bricks=(1cm
30cm. During its propagation through the material it reducesand 2cm). The curves are normalized in such a way that
to approximately 23cm due to E®)( At the same time the  straight radiation loss is coded in tige= 0° value of each
brick’s biggest cavity has a diagonal length~efL1cm: this  curve. Big differences between the simulation and measure-
length is in the same range as the wavelength in the matement curves can be observed. In the simulations, against pre-
rial. Thereby the cavity is now visible to the wave, causing diction, transmission for the bigger gap between the bricks
electromagnetic interaction and causing scattering. The difg = 2cm lead to bigger dampings»1, even though the an-
ferences between the curves show the sensitivity of the trangenna is directly in front of the gap. Assumptions based on
mission TTW regarding the positioning of the antenna on theFig. 9 and the highly sensitive transmission depending on ge-
wall. The results for the three positions differ among eachometry and frequency would require the radiation pattern to
other. At f = 2.5GHz, transmission TTW at antenna posi- be similarly turbulent. As the simulations were carried out for
tion B increases t®1 5 ~ +4dB, whereas the transmission a dense angular stefg = 1°, the smoothness of the curves
at position C decreases drasticalyy c ~ —30dB. These are truthful. This is a result of the perfect periodicity and
deviations are due to the interference of wave fractions regeometry of the simulation setup. In contrast, the measure-
flected on the cavities: at the observed point the total electrianents were recorded in sparse angular steps= 10°. The
field is measured and therefore the in-phase sum of all wavesmoothness of the curves here can be a result of numerical in-
might sum up to almost zero. By changing the position of terpolation, hiding local drops in field strength. In spite, the
the antenna, the distances to the cavities change accordingiyain radiation beam of the antenna is preserved.
and with them the phases of the partial waves. As the conse- As a result, making conclusions from measured reflections
quence, the transmission shows different results for differento the original objects are not possible as the damping caused
antenna positions. In the case of antenna position B and (hy the wall is unpredictable as a high grade of determination
As»1 can reach values greater than zero. So even focusing efs demanded. This includes the exact positions of the bricks
fects at certain positions and certain frequencies are possibl@nd their detailed characteristics, which is practically im-
It can also be observed that one of the curves always has gmossible. Floquet mode analysis and measuremeraom-
amplitudeAs,1 > —10dB. This is a hint that many antenna charenko et al.1994 on concrete cinder blocks that have a
positions can complement each other and the probability okimpler cross-section and periodicity than brick showed the
higher As»; increases with the growing number of used an- difficulties of accurate prediction of TTW transmission, re-
tennas. As the transmission is very much dominated by othevealing the strong dependence of diffraction on frequency
effects,pofrset IS negligible. and periodicity. Here, the manifold periodicity of the brick
In the second step, measured data are compared at one siwall further increases the difficulty of analysis. The addi-
gle frequencyf = 2GHz in dependence of the azimuth an- tional dependence on the positioning of the transmitting an-
gle ¢. Both simulation and measurement data are shown irtenna makes the uniform illumination of the room impossi-
Fig.10. As stated in Tabl&, simulations were carried out for ble. This can cause problems in detection and classification
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Fig. 9. Damping through brick wall at three different measurement Fig. 10. Radiation pattern of brick wall fof =2GHz in VV po-
points A, B, C (Fig5) with rotation anglep = 0° for the frequency larization: comparison of measurement results in positions A, B, C
spectrum 07 — 10.0 GHz in VV polarization. and simulation results for different H and V brick spaciggs

of scatterers. In the worst case the radar system will be blind The radiation patterns in VV polarization for different
to several spots and will not be able detecting anything lo-frequencies up to a maximum of = 3.3GHz are shown
cated there. Together with ultra-wideband (UWB) systems,in Fig. 12. For comparison, measurement data of the free-
multi-view approaches are most suitable for solving the prob-standing antenna are shown as well. To demonstrate the rel-
lem of incalculable transmission: as the antennas are placedtive amplitude difference in dependence of the frequency,
or shifted at different locations, diversities in signal strengththe curves are normalized equally as in Figliethe central

get balanced through statistical variation. In the later imageradiation directionp = 0° indicates the net losasy; due
fusion process, superposition of the multiple view data will to the wall's presence. In the case of the free-standing an-
lead to a balance for all scatterers inside the room. The meaenna, net loss is 0dB. In theory, these values for the damping
surements have shown that the unreliable transmission at thehould agree with the data presented in Higy. Practically,
different measurement positions is compensated by the inthe discrepancies show that the recorded transmission at two
creasing probability that one of the measurement positionglifferent distancesdy = 3.00m andd; = 1.50m) can be dif-

will cause sufficient transmission. Here with three different ferent, an indication that wave interference plays an impor-
measurement positions, there is always ane; > —10dB. tant role. The radiation patterns of the antenna in free-space
With an increasing number of used antennas it is being exeonfiguration and the antenna on the wall at®Hz show
pected that the probability of higher signal strength TTW in- symmetry. The curves for the antenna on wall at higher fre-

creases as well. guencies do not show symmetry anymore. The transmission
values seem to be randomly distributed within specific tol-
6.3 Inhomogeneous multilayer wall erances that increase with higher frequency, forming an ap-

proximately 12dB band in the case ¢f= 3.3GHz. Prefer-
The result of the damping measurement through the inhoence in radiation direction as shown for the antenna on brick
mogeneous multilayer wall over the frequency-04.3GHz wall vanishes. This and higher sensitivity with increasing fre-
in VV polarization is shown in Figll For the calcula- quency show that wave interference of the diffracted waves
tion of the net damping\s21, free-space measurements in on the cavities dominates transmission TTW. In addition, the
the anechoic chamber were used as the reference rather thaigh dampingAs»; of the walls codetermine the transmission
those in the open test site. As free-space measurements in tlas visible from the amplitude distances between the individ-
anechoic chamber at the required distasige- 3.00m were  ual curves.
not available, a quadratic interpolation between the avail- Very similar to the sole brick wall, the field distribution
able data for the distances4¥m, 267m and 414m was  behind the wall cannot be analyzed analytically nor by simu-
executed. The mistake committed with this procedure is belations as a high degree of determination for the wall is nec-
low 1dB, which is insignificant to the result. The blue graph essary. Sensitivity increases together with the frequency, de-
represents the measured net loss, the red graph is a linepending on too many parameters at the relevant frequencies.
fit. It indicates that the loss increases approximately withWave interference as well as spatial dispersion is even more
16dB/GHz. For frequenciey > 3.35GHz the signal falls dominant for the multilayer wall than for the brick wall as
below the noise level and data are not usable anymore. the main radiation direction of the wave vanishes. The high
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Fig. 11. Damping through multilayer wall in VV polarization for  Fig. 12. Distorted radiation pattern of antenna on inhomogeneous

frequency spectrum®—4.3GHz. The linear fitindicates thats;;  multilayer wall in comparison to radiation pattern of free-standing
increases with 16 dB5Hz. Measurement in anechoic chamber used antenna at different frequencies in VV polarization. Distance be-
as reference. Distance between anteras 3.00m. tween antennag; = 1.50m.

damping value of the wall also plays a very important role. made of inhomogeneous material depends on many variables
As the signal needs to travel back and forth, high dynamiclike frequency, position of the AUT, direction of radiation
range of the imaging system is required. and the position of investigation. Simulations are not reliable
because the determination of the whole wall is essential. As
) similar characteristics were reported for reinforced concrete
7 Conclusions walls (Dalke et al, 200Q Antonini et al, 2003, this problem

In thi K simulati d tor the d .spans the vast majority of wall structures.
n this work, simulations and measurements for the determi- * ¢y, appearances of unpredictable signal nulls in the fre-

nation of near-field radiation patterns and their distortion byquency spectrum make the use of narrowband single-view

thre(:]dlffs rent k%nds ofhwall'havle peen prgsented. systems inadequate. Multi-view approaches (e.g. multi-static
It has been shown that simulations and measurements ar dar, MIMO, SAR) based on UWB architecture can solve

in very 909d agreem_en'; in case of the homogeneous WOOdewae problem of unreliable transmission by statistically bal-
slab, making transmission through a homogeneous slab prea'ncing the field distribution behind the wall

dictable. Sensitivity analysis for different material properties

have shown that the error range due to imprecise material

knowledge is much smaller than the error range of the mateAcknowledgementsThis work was supported under grant number
rial properties taken as a basis in this work. Additionally they Aramis 041-19 byArmasuisse W+Tadministrational agency of the
are within measurement inaccuracies and therefore could b&wiss Federal Department of Defense, Civil Protection and Sports.
neglected. This shows that simulations are reliable and can

be used in the prediction of transmission TTW. In the case
of the inhomogeneous brick wall, three different measure-
ment positions lead to different near-field patterns. The re-anmad, F., Amin, M. G., and Mandapati, G.: Autofocusing
sults for the TTW transmission in normal incidence show of Through-the-Wall Radar Imagery Under Unknown Wall
the sensitivity of the brick wall both on the positioning of  Characteristics, IEEE T. Image. Process., 16, 1785-1795,
the AUT and on frequency: depending on these variables it doi:10.1109/TIP.2007.899030, 2007.

is possible that the potential TWRI system is blind to certainAmin, M. G.: Through-the-Wall Radar Imaging, CRC Press, Boca
spots. This is caused by interference of waves scattered at the Raton (FL), USA, 2011. , o

cavities. Nevertheless, the main lobe of the radiation patterd*ntonini, G., Orlandi, A., and D'elia, S.: Shielding Effects of Re-
is conserved qualitatively. This does not apply for the inho- inforced Concrete Structures to Electromagnetic Fields due to

. . . GSM and UMTS Systems, IEEE T. Magn. , 39, 1582-1585,
mogeneous multilayer wall: wave interference caused by the doi:10.1109/TMAG.2003.810327 2003

cavities garbles the radiation pattern in such a way that ﬁeldBalanis, C. A Antenna theory: analysis and design, 3 Edn, John
distribution seems to be randomly distributed within certain \yjjey & Sons, Hoboken (NJ), USA, 2005.

aberrations, even destructing the symmetry of the radiatiorBaranoski, Edward J.: Through-wall imaging: Historical perspec-
pattern. In addition, transmission is dominated by the high tive and future directions, J. Frankl. Inst., 345, 556-569,
damping values. The field strength measured behind walls doi:10.1016/j.jfranklin.2008.01.005, 2008.
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