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Abstract — In the paper the new approach of movable metal—
backing method for layered slab’s complex dielectd permittivity
and thickness estimation is suggested. This methaallows to
identify considered environment as slab of homogens layers, as
environment with definable effective complex dieldcic
permittivity and as inhomogeneous environment withindefinable
effective complex dielectric permittivity.
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I. INTRODUCTION

Nowadays the use of microwaves is getting increggin
more: in communications, in radar applicationsmadicine,
in civil engineering, hence the study of materiadglectric
properties as yet is claimed. In spite of the thett detailed
surveys of measurement techniques for
characterization are available [3-5], the necessiy
nondestructive, fast and precise techniques sist®

In this paper authors suggest new application e §pace
movable metal-backing method for layered slab’saipeters
identification. In contrast to [2] the unique artalysolution
for this problem is obtained. As well, solution fanknown
slab’s thickness is found.

II. DIRECT PROPAGATION PROBLEM

Wave propagation depends on objects’ electromagaeti
spatial parameters. Environments’ changes,
discontinuous, lead to wave reflection, refractiand
scattering. In this paper the interference of ianid and
reflected waves is considered.

The most convenient model for reflected power ddpane
on object parameters analysis is homogenous laystau
structure in case of normal wave incidence.

A. Model

Model consists of two slabs with dielectric paraenety,
g2 (slab under investigation) and,, &5 (filling slab) with
thicknessed andd respectively, two semi-infinite mediums

with dielectric parameters;, ¢/ and ¢, ¢, and perfect

conducting layer between filling slab and semi+iité

Technical University

Fig. 1. One layer dielectric slab’s structure witbvable metal-backing.

The mathematical model of suggested structuresigstem

materiafd €quations, which can be easy obtained from bamnd

conditions for electrical and magnetic field
continuities on layers’ boundaries [6].

Composed system of equations for structure exterior
reflection coefficient p, can be solved analytically or

intitys

numerically. Also, p, can be found using recursive

multiplication algorithm or using infinite recurgvsum [1].
Generally,/_yl is a complex function of following arguments:

p,=py(@ &1 & & s 8h.5,0,d)

especial

Analysis of,z_yl (henceforward in this article ) is selected,

because measurement of reflected power is propaitito
square of structure’s exterior reflection coeffitie
Measurement of reflected power can be realizedpegtsum
analyzer FSP-30 (manufactured by Rhode&Schwarz).

lll.  INVERSEPROPAGATION PROBLEM

The solution of this problem is reconstruction dfjexts’
spatial and electromagnetic parameters, which ceasaled
changes in field distributions.

It is discovered, that for unambiguous numericab's
parameters identification the number of different
circumstances must be greater than unknown paresnete

medium in+ z direction. Every medium can be characterizedumber [6]. Commonly, to satisfy this necessitatidifferent

by complex wave impedancg,,Z.,Z;,Z, and complex
wave numberk, k. ,ks,k, respectively.

21

incident wave signal frequencies are chosen. Insnially it
is useful, but such approach is undesirable, becaafs
causality (Kramers—Kronig relation).

Various circumstances can be realized by diffenecitient
wave angles, different slab thickness, and diffeeatditional
conditions before or after slab.
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~ Movable metal-backing method is considered as @uick(jndex . Mmeans free space, that agrees with realizable
implemented method, because of extra device minimead
and additionally measurable data simple estimation.

measurement conditions).

Usually, solution of inverse scattering problerfifed by In this case o becomes a function of following variables:
two—dimensional simplex minimization routine  for
coincidence between the calculated and the measaleés p:p(g's,gg,l,d)

of reflection coefficients for different obstacleshind the slab

[2]:

whered is an known directly measurable argument.
2 For computation obviousness an additional interatedi

2(5) = Zn:(/ﬁm(di )_Bc(dj )) ) variables are needed:
j=1

In [2] it is suggested to detect such— variable distance
between the sample and the screen, which satigfsmance
conditions of p(d) dependence.

where ?, is a wave phase incursion in medium between

sample and screem,_ is a wave phase incursion in sample.

0.36]

Using recursive formula for slab input impedancggasted
in [1] and taking into consideration backing madgsi perfect

conductivity it is possible to obtain compa;fns) expression;

0.34]

g 0.32

VAN _i'(;a'tgﬁ’eﬁ”;s'tgﬁ’s).zS @
= ;5_;atggatg£5 =

0.28

Structure’s general reflection coefficient can bpresented
in the following simple way:

Fig. 2. p(d) resonance formd is an incident wave’s length. Zi(ns) -Z, @)
Lt p=
- zl+z,

Fig.2. shows example gf(d) dependence, the dashed line

corresponds to structure’s general reflection c¢oiefit in case from whence;i(ns) also can be obtained as:
of model without metal-backing.

For the first time it is find that one layer slalrameters can 1+
be recognized analytically. In comparison with2h proposed ;i(ns) =2, —= )
method no additional measurements and coincidenda§s 1-p
are needed.

Taking into consideration (4) and (2, can be expressed

A. Slab’s parameters identification algorithm . .
via recursive formula (5):

For calculation simplification and without degradat of
accuracy, it is considered that environment charestics 1tp Z.-Z,-tgp_-tgo
before and after investigated slab are known aedter equal: 2. =F 8 "fa os

Z,-2, 5 —
S=s T Z~a 1—£ _|'za'tgga+zs'tggs)

®)

Z1=23=2,
For unique slab’s parameters identification itésessary to
solve system of equations, see formula (6), whel@nslex
ki =ks =K, dj means different distances between sample andrscree
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Zs _Za .tggadl tggs 1+£d2

Zs _Za tggadz tggs

1—pdl Z, .tggadl +Z, 9o, - 1—,1_)d2

;s_;a'tggadz tggs 1+£d3

;a 'tggadz +;s 'tggs ©)
Zs_Za 'tg(ﬂ 'tg(p

ag, Ls

1_’0d2 Za .tggadz *Zs .tggs ) 1_£d3

B. Identification algorithm’s Matlab code fragment
% Z s ->x1, tg(fi_s) -> x2
%Z a->a, tg(fi_a) ->b, ro->c¢

syms a bl b2 b3 cl c2 ¢c3 x1 x2

yl=(a*bl+x1*x2)/ (x1-a*bl*x2); % 2)
[nl, d1] = nunden(yl);
y2=(a*b2+x1*x2)/ (x1-a*bh2*x2); % 2)

[n2, d2] = nunden(y2);

clp=(1+cl1l)/(1l-cl); % 4)
c2p=(1+c2)/(1-c2); % 4)
c3p=(1+c3)/(1-c3); % 4)
y1l =sinplify(clp*dl*n2-c2p*d2*nl); % 6)

yl=col l ect (y1l_, x1);
Xx_1=sol ve(yl, x1);

for n=1:1ength(x_1)

x1=x_1(n);

y2=(a*b2+x1*x2)/ (x1-a*b2*x2); % 2)
[n2, d2] = nunden(y2);

y3=(a*b3+x1*x2)/ (x1-a*b3*x2); % 2)

[n3, d3] = nunden(y3);
y2_=sinplify(c2p*d2*n3-c3p*d3*n2); % 6)
y2=col | ect (y2_, x2);

x_2=sol ve(y2, x2); %ug(fi_s)
end
x11_=[];
x12_=[1;
for n=1:1ength(x2))
x2=x_2(n);
x11 =[x11 , eval (x_1(1))]; %_s
x12_=[x12_, eval (x_1(2))]; %_s
end
IV. RESULTS

Acquired system of equations (6) has set of tridad
nontrivial solutions one of which is proper to dediZ, and

9p. .
The contribution of possible measurement errorsthi@
results of slab recognition and of distance choatso is
inspected.
Suggested solution numerical results are stableig&tance

between sample and screen.

23

Za 'tgﬂada +;s tgfs

A. Numerical result examples for different distanceswben
sample and screen

Sel ected di stances d/A: 0.00, 0.24, 0.48
Expected Zs val ue 1.9684e+002+2. 4635e+001i
Expected ¢s val ue 0.1222-1. 0855i

bt ai ned Zs val ue 1.9684e+002+2. 4635e+001i
ot ai ned ¢s val ue 0.1222-1. 0855i

Sel ected distancesd/A: 0.11, 0.21, 0.31
Expected Zs val ue 1.9684e+002+2. 4635e+001i
Expected ¢s val ue 0.1222-1. 0855i
bt ai ned Zs val ue 1.9684e+002+2. 4635e+001i
ot ai ned ¢s val ue 0.1222-1. 0855i

Suggested solution numerical results are stabléiftarent
distance measurement errors.

B. Numerical result examples for different distancasueement
errors

Measurenment error 0%

Expected Zs value 1.4927e+002+2. 8981e+001i
Expected ¢s val ue -0.0003-1. 0006i

bt ai ned Zs val ue 1.4927e+002+2. 8981e+001i
bt ai ned ¢s val ue -0.0003-1. 0006i

Measurenment error 5%
Expected Zs val ue 1.4927e+002+2. 8981e+001i
Expected ¢s val ue -0.0003-1. 0006i
bt ai ned Zs val ue 1.5194e+002+2. 6797e+001i
bt ai ned ¢s val ue -0.0003-1. 0006i

For the moment, suggesteagi(gS solution numerical results

are stable for different reflected power measurdnggrors,
but Z_ aren't.

C. Numerical result examples for different reflectedwer
measurement errors

Measurenent error 0%

Expected Zs val ue 2. 3198e+002+3. 1425e+001i
Expected ¢s val ue 0.1987-1.2103i

bt ai ned Zs val ue 2.3198e+002+3. 1425e+001i
ot ai ned ¢s val ue 0.1987-1.2103i

Measurenment error 1%

Expected Zs val ue 2. 3198e+002+3. 1425e+001i
Expected ¢s val ue 0.1987-1.2103i

bt ai ned Zs val ue 2.2866e+002+3. 0121e+001i
ot ai ned ¢s val ue 0.1953-1. 2156i
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Tatjana Solovjova, Jnis Semaako, Dmitrijs PuriSevs. Shnpainas plaksnes parametru noteikS8ana ar idama mefaliska ekrana metodi.

Publikacija ir piedavats jauns dama meiliska ekiana metodes pielietojumsashino pbk&u komplekas dielektrislés caurlaidbas un biezuma noteikdan
Metodes priekSraba ir raksturojama ar to, ka ®hlinajuma ar standarta metodi papildussmekartas un rarijumu nosagumi nav nepiecieSami. Metodes
fundamenila at&iriba no ziamiem kdzigiem pielietojumiem irada, ka, kareér tiek mekéts ids atilums starp matisko ek@nu un gtamo objektu, pie kura
izpildas rezonanses nogpmms sistmas atstaroSanas koeficientam, visiddtie atstaroSanas koeficienti un atbilstoSiélathi var tikt nemti \era veicot [gtama
objekta strukiras un sasva atpa’anu, neizmantojot simplekso minimigas rutnu algoritmu agEkinato un iznerito atstaroSanas koeficientu saknit
mekkSanai. Saska ar autoru viedokli, pietvata metodelauj aprakst petamo vidi ki homogno sknu plaksni, ka vidi ar defirgjamo efekivo komplekso
dielektrisko caurlaitbu un ki nehomogno vidi, kurai efelkivo komplekso dielektrisko caurlaimi defiret nav iespjams. Uz 3o hdi, ir nowrots, ka vina fazes
uzskgjiena vict risinajuma skaitliskais rezuits ir stabils attiexba pret atstaras jaudas @rijumu Kadu, bet vides Viu pretesbas skaitliskais rezaits nav
stabils. Hipottiski tas ir saisits ar anatiska atrisirgjuma formulu, kura uz So fali sasiv no 15000 simboliem.

Tarbsina CoJsioBbéBa, SIuuc Cemensiko, Jmutpuii Ilypsimes. OnpeaejieHne napaMeTpoB CJIOMCTOH NJIACTHHBI MPH MOMOINM MeTOJa TOJBHKHOIO
MeTAIMYeCKOro JKPaHa.

B myOnmukamuu TpeUIOKEHO HOBOEC HPHMEHEHHE METOAA IOJBMKHOTO METaJUIMYECKOTO 3KpaHa I ONpEJENeHHs KOMIUIGKCHOH JIMAICeKTPHYECKOit
IIPOHMIIAEMOCTU M TOJIIMHBI CIOHCTOH IUIACTHHBIL IIperMymecTBo MeToja 3aK/II0oYaeTcsi B TOM, UTO JUIS PacliO3HABaHUS HE TPeOYIOTCS IONONHHUTEIbHEIC
H3MEpUTENbHBIC CPECTBA U YCIOBUS M3MepeHui. OyHnaMeHTaIbHOe OTIMYHE METOZa OT YK€ CYIIECTBYIONIMX IIOXOXKHX METOIOB 3aKIIIOYaeTcsl B TOM, 4TO,
IOKa TIPOUCXOMHUT MOMCK TAKOTO PACCTOSHUS MEXKIY METALIMYECKHM SKPAaHOM U HCCIICAYeMbIM OOBEKTOM, KOTOPOE YIOBICTBOPSIET PE3OHAHCHBIM YCIOBHAM
Ut Kod(hHIenTa oTpaskeHus, Bce 3HaUeHHs Kod(hHIMenTa oTpaKeHHsI H COOTBETCTBYIOIINE PACCTOSHHS MOTYT OBITh YUTEHHI IIPU PACHO3HABAHUN OOBEKTA.
He ncnons3yst mpu 3TOM alrOPHTM PYTHHHOH MUHUMU3ALUU IS H3MEPEHHBIX U BHIUHCIICHHBIX 3Ha4eHUH Koo dunueHToB orpaxenus. [lo MEHEHHIO aBTOPOB,
paccMaTpUBaeMBblil METOJ TO3BOJISICT PAclO3HaBaTh HCCIELYEMYI CpPely KaK IUIACTHHY, COCTOSIIYIO M3 OIHOPOAHBIX CIIOEB, KaK Cpey, ONpenciseMyro
3((EKTUBHOH KOMIUIEKCHON IM3JICKTPUYECKOH IPOHMULIACMOCTBIO M KaK Cpey, JUIs KOTOpOil omnpezneneHue 3(PGEKTUBHON KOMIUIEKCHOH JMAIEKTPHYECKOi
IIPOHHIIAEMOCTU HEBO3MOXKHO. Ha maHHBIII MOMEHT HPOBEPEHO, YTO YHCICHHOE 3HAUCHUE PELICHUS M1 TaHreHca HaOera (hasbl BOIHBL B CPeAe CTaOMIBHO II0
OTHOILICHHIO K OIIMOKE M3MEPEHHil OTpaKEHHOW MOIIHOCTH, B CBOIO OYEPE[b YHCICHHOE 3HAYCHUE PEIICHMS JUIS CONPOTHBICHHS CPEAbl HECTAOWIIBHO IO
OTHOILICHHUIO K 3TOMY BXOAHOMY napametpy. [IpeanonokuTenbHo 3T0 MOKET ObITh 00BSCHEHO HEONTUMU3UPOBAHHOCTEIO (hOPMYIIBI AHAIMTHYECKOTO PELICHH,
KOTOpast Ha AaHHbIH MOMEHT coniepXuT 15000cuMBOIIOB.

24



