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IDENTIFICATION OF LIQUIDS IN DIFFERENT CONTAINERS A USING MICROWAVE
PLANAR METAMATERIAL

At present, the fast contactless identification of liquids enclosed into a container has a practical importance. The identification of liquids
can be required, for example, at airports, in order to prevent the transport of illicit liquids in bottles. However, the complexity of applying
contactless methods lies in the difficulties to take into account the influence of container characteristics. In this paper, a metamaterial based
on two planar photonic crystals (PPC) has been applied for the experimental analysis of liquids in different containers. It was shown
experimentally how the transmission coefficient spectrum of PPC varied with changing the characteristics of a container with a liquid.
Namely, the influence of thickness and material of the container walls and the inclination angle of its axis relative to the metamaterial plane
on the transmission coefficient has been studied. The reliable differing of concentration increments of edible salt and sugar in water was
determined as 10 %. It is shown that an increase of the container walls thickness leads to a decrease of the reliability of the liquid
identification in it. Thus, the influence of some container characteristics on the reliability of contactless identification of liquids by using PPC

has been taken into account. Fig.: 6. Ref.: 6 titles.
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Today, the fast contactless identification of
liquids enclosed into a container is an actual task for
safety systems and quality control of products. It can
be applied, for example, at airports for filtering illicit
liquids in bottles. Thus prototypes of devices for
identification of liquids based on small perturbation
theory [1] are known now. One of these devices was
successfully implemented in practice [2], where the
cylindrically shaped dielectric resonator was applied
at frequencies less than 2 GHz for this purpose. But
the device designed using this idea has relatively
large size and complexity of construction. This
prevents its introduction everywhere. A prospective
alternative to this design is a metamaterial based on
planar photonic crystals (PPC) [3-5]. It possesses the
simplicity of fabrication, low cost, quite small
dimensions, while maintaining sensitivity to the
liquids identification. A distinctive feature is that the
device based on PPC can be designed as a pocket
size version. To realize it the operating frequency of
the PPC should be of about 10 GHz. However, at this
frequency it is necessary to take into account the
parameters of the container where the liquid is
placed. Therefore, the aim of this work is to find the
influence of the container walls (both their material
and thickness) and the inclination angle of container
axis relative to the metamaterial plane on the
reliability of contactless identification of liquids.

1. Experimental technique. As it was shown
earlier [3-5], the metamaterial formed by two serially
connected planar photonic crystals with some certain
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parameters possess a set of passhbands and stopbands
in the spectrum of transmission coefficient. The
narrow resonance transmission peak, identified as
electrodynamic analog of known "Tamm state",
appears in one of stopbands of the transmittance
spectrum of the metamaterial. For the formation of
this peak the effective impedances of the two
photonic crystals at a certain frequency must be
equal, and this frequency must belong to the
stopbands of both photonic crystals. At the frequency
of the peak the electromagnetic energy concentration
occurs in the vicinity of the interface of two photonic
crystals [3]. The resonance field is partially
illuminated to the ambient space.

The experimental setup for the liquids
identification using PPC metamaterial is shown in
Fig.1 [5]. It consists of the metamaterial in
microstrip design, fitted to the Vector network
analyzer N5230A for measuring the transmission
coefficient of electromagnetic waves in the frequency
range 9-10 GHz. To improve the accuracy of
measurements [6], a two-coordinate scanning module
has been applied. This scanner allowed to make
precise positioning of the measured liquid enclosed
into the container relative to the interface of two
PPC.

The parameters of the resonance peak are
determined on the basis of the measured frequency
dependence of the transmission coefficient as
follows. At first, the least-squares method of
approximation of the transmission coefficient T
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spectrum by Lorenz curve shape is carried out. This
spectrum is described by the formula:

a

T=C+———, (1)
1+b(f — fr)?

where a, b, ¢, f. are adjustable parameters. These

parameters of the resonance peak are determined

using the approximation dependence (1). Namely, we

can determine the resonant frequency f. and

the Q-factor as Q:freS,/b(1+\/§)/2. Here we

determine the linewidth on the height-level |, IN2.
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Fig. 1. The photo of the experimental setup

2. Experiment and data analysis. During the
experiment the resonance frequency f.s of the peak
and the inverse quality factor 1/Q are determined [5].
It was shown experimentally that when the liquid in
container is placed into the resonance area at the
interface of two PPCs the parameters of resonance
peak start to vary. For some fixed distance 6h,, from
the interface of the PPCs to the container with the
liquid, we have only one point on the graph with
coordinates of fs and 1/Q [2] (Fig. 2). When this
distance ¢6hy, is changed, we obtain a set of these
parameters (fs and 1/Q). It is suitable to present
them as some certain curve on the graph (Fig. 2).
Certainly, we can measure the parameters 1/Q u fs at
one optimal value of ohy,. However, the curves
obtained for the set of 6hy,, increase the reliability of
the liquid identifying.
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Fig. 2. The inverse Q-factor and the resonance frequency for
various distances between the interface of the photonic crystals to
the thin plastic container with different liquids

The different character of dependence of 1/Q and
fes ON the distance ohy, for different liquids in a thin
polystyrene container at room temperature was
shown experimentally (Fig. 2). Note that large losses
in the liquid lead to a decrease of peak Q-factor, and
the above-described curve is shifted up. Thus, rapid
express analysis of the liquid may consist in the
selection of such previously measured curve for the
known liquid which most closely approaches the
measured unknown liquid, which leads to its
identification [5].

The influence of the wall thickness of the
container with water on the shape of the dependence
1/Q and f.s on the distance ohy,, is given on Fig. 3.
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Fig. 3. The inverse Q-factor and the resonance frequency for
various distances from the interface of the photonic crystals to the
container with water and different container wall thicknesses

The polystyrene cups are used as containers,
which, if necessary, were inserted one into another.
Thus, the increase of the container walls thickness
was simulated. It was found that the thickness of the
container walls with the liquid has a great impact on
the shape of the dependence of the inverse Q-factor
and the resonance frequency on the distance dhy,.
Starting at a thickness of 1.0 mm, a decrease in the
sensitivity of the setup to the container content is
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observed by reason of a small depth of the field
penetration (Fig. 3).

The influence of the edible salt
concentration in water on the shape of the
dependence 1/Q and f,.s on the distance ohy (Fig. 4, a)
was investigated in a thin polystyrene container at
room temperature.

0.022 ; ; : —— o water
——30%
0.018 + ——50%
S i —o—80%
g oo o 100%
o 0.014f .
—
0.012 - 1
0.010 - .
0008 L L L L L L
9.492 9.504 9.516 9.528 9.540 9.552
Resonance frequency f_, GHz
a)
0022t —=— Water
' ——7.5%
0.020 ——20%
« 0.018r .
e
& 0016 _
Q 0.0141 1
—
0.012 - _
0.010 1
0.008

950 951 952 953 954 955
Resonance frequency f_, GHz
b)

Fig. 4. The inverse Q-factor and the resonance frequency for
various distances from the interface of the photonic crystals to the
container with liquids: a) for various concentrations of edible salt
in water (relative to the saturated solution concentration);
b) for various concentrations of sugar in water

In Fig. 4, a the mass concentration of salt in a
saturated solution is assumed as 100%. An increase
in salt concentration leads to a decrease of the 1/Q
parameter. It can be seen that the dependences are
clearly distinguishable when the salt concentration in
water changes by about 10% relative to the saturated
solution concentration. The influence of sugar mass
concentration in water on the shape of the same
dependence is shown in Fig.4,b. An obvious
difference in the dependence of 1/Q and f.s on the
distance ohy, can be obtained by changing the sugar
concentration in water by more than 7.5%.

The influence of the material of various plastic
containers with water on the shape of the dependence
of the inverse Q-factor and the resonant frequency of
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the peak on the distance of oh,, was investigated
(Fig. 5). Note that the high pressure polyethylene
(PEHD) container had a wall thickness greater than a
series of polyethylene terephthalate containers (PET-
bottles) that were approximately equal in thickness. It
can be seen that PET-containers have the similar
shapes of dependence 1/Q and f.s on the distance
Shvar, @and numerical differences can be explained by
small differences in the form of the container walls.
For example, the similar variations in the shape of
dependences give an increase in the alcohol
concentration in water of about 5-10% [5]. At our
frequency of the peak, the thickness of the container
walls and its material have a significant effect on the
shape of the dependences. It can be seen from the
curve for the PEHD container (Fig.5), which is
significantly different from the curves for PET
containers. This confirms the measurement results of
one liquid in containers with different wall
thicknesses (Fig. 3). In this case, the similar changes
in the curves can give an increase in the alcohol
concentration in water of about 30-40% [5].
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Fig. 5. The inverse Q-factor and the resonance frequency for
various distances from the interface of the photonic crystals to the
different plastic containers with water

In addition, the influence of the vertical slope of
the container with water on the shape of the
dependence of the inverse Q-factor and the resonance
frequency on the distance oh, for two cases was
investigated (Fig. 6). In the first case, the slope of the
symmetry axis of the PET container was in the plane
normal to the metamaterial plane (Fig. 6, a). In the
second case, the slope of the symmetry axis of the
PET container was in the plane parallel to the
metamaterial plane (Fig. 6, b).

In both cases, as the inclination angle of the
container increases, the resonant frequency fi shifts
on higher frequencies by the wvalue of about

6-1029% per 1° of the inclination for the first case,

and by the value of about 3-10°2% per 1° for the
second one. Note that these resonance frequency
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shifts are insignificant and do not affect the reliability
of the liquid identification. However, the changes in
the thickness of the container walls introduce a much
greater error (Fig. 3), which may affect the reliability
of the liquid identification.
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Fig. 6. The inverse Q-factor and the resonance frequency for
various distances from the interface of the photonic crystals to the
container with water and for different values of the vertical
inclination angle of the symmetry axis of the PET container in the
plane: a) normal to the metamaterial plane; b) parallel to the
metamaterial plane

Conclusions. In this work we have applied the
technique of liquids identification using a
metamaterial based on two planar photonic crystals at
frequency of about 9.5 GHz for various types of
containers. The possibility to find differences (to
make identification) for various liquids in containers
with comparable wall thicknesses and fabricated
from the same material has been shown
experimentally.

It has been demonstrated that the reliability of the
determination of concentration increments for edible
salt and sugar in water is better than 10%. It is shown
that the thickness of the container walls leads to the
sufficient error in liquids identification. Thus, in
contactless  identification of liquids, some
characteristics of the container must be taken into
account.
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C. B. Henyx, C. IO. IToneso#i, C. . Tapamnos,
A. C. Bakymna

WUJEHTUOUKALINS XUAKOCTEN
B PA3JIMYHBIX COCYIAX
C TIOMOILLIO MUKPOBOJIHOBOT'O
IJIAHAPHOT'O METAMATEPHAJIA

bricTpas GeckOHTaKTHasi HOCHTU(DUKAIMU >KUIKOCTeH, HaXo-
JSIIIUXCS B COCyJIe, MIPEICTaBIsIeT OOMbIION MPaKTHYECKUI UHTe-
pec. JlauHbli crmoco® wnAeHTHHUKAMM MOXKET TPUMEHSTHCS,
HampuMep, B adpOIopTax, C IEeNbI0 MPEAOTBPALICHUS] IPOBO3a B
Oaraxke 3ampenIeHHbIX KUIKocTed. OfHAKO MpUMEHeHHe OECKOH-
TaKTHBIX METOOB OCJIOXKHSIETCS] HEOOXOMMOCTBIO yUeTa BIHSHUS
XapaKTEepPUCTUK cocyla. B Hacrosmieil pabote meramarepuan Ha
OCHOBE JBYX IUIaHapHbIX (OoTOHHBIX KpucTawioB (I[IDK) Obun
TIPUMEHEH I SKCIIEPUMEHTAIbHOTO aHajin3a XHUIKOCTEH, Haxo-
JSIIIAXCST B PA3IMYHBIX COCYHaX. DKCIEPUMEHTAIbHO IIOKA3aHO,
KaKkuM 00pa3oM M3MEHSUICS CIEKTp Kod(QuIMeHTa MporycKaHus
IIOK ¢ n3MeHeHHeM XapaKTEpPUCTHK cOCyja € XHMAKocThio. Mc-
CJICOBAHO BIMSHUE TONIIMHEI M MaTepHana CTEHOK COCy/a, yria
HAKJIOHA €r0 OCU OTHOCUTEIBHO IUIOCKOCTU MeTaMaTepraa Ha ero
ko3¢ dunnent npoxoxaenus. [Ipupaienne KOHIECHTPALUHA TTHIIE-
BOH COIM U caxapa B BOZE IPH HAJEKHOM Pa3IHICHUH PaCTBOPOB
obu10 onpeneneno kak 10 %. [TokazaHo, YTO yBEIUUEHUE TOJIIIN-
HBI CTGHKH COCYyZa TPUBOAUT K CHIDKCHUIO HAJEGKHOCTH HJICHTH-
(ukanmu KuaKocTu B HeM. Takum 00pa3om, OBUIO YYTEHO BIIHS-
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HHE HEKOTOPBIX XapaKTEPHCTHK COCyJa Ha HaJeKHOCTh OECKOH-
TaKTHOH HICHTU(DUKALIMHU KUAKOCTEH ¢ ucnonb3oBaHueM [1OK.

KaroueBble ciioBa: Meramarepuai, (OTOHHBIH KPUCTAILI,
UICHTH(GHKALNS, MUKPOBOJHOBBIN [IHANAa30H.

C. B. Henyx, C. 1O. ITonesoii, C. 1. Taparnos,
A. C. Bakyna

IEHTUGIKALIIS PLAVH Y PIBHUX ITOCYIMHAX
3A JJOIIOMOI'0I0 MIKPOXBUJILOBOI'O
[UIAHAPHOI'O METAMATEPIAJTY

IlIBunka Oe3kOHTaKTHA ifeHTH(IKALS PiJHH, IO 3Ha-
XOJATHCS B IIOCY/IMHAX, CTAHOBHTh BEIUKUI NIPAKTUYHUN iHTEpec.
Takwuii crioci6 izeHTH(IKALIT MOXKE 3aCTOCOBYBATUCS, HAIIPHKIIAJ,
B aepoIopTax, 3 METOIO 3ar00iraHHs IPOBE3eHHs y Oaraxi 3a6opo-
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HeHuX piguH. OfHAaK 3aCTOCYBaHHS OC3KOHTAKTHHX METOIIB
YCKJITHIOEThCSL HEOOXIAHICTIO ypaXyBaHHsI BIUIMBY XapaKTepHC-
TUK TOCYIUHHU. Y 1iii poboTi MeTaMarepial Ha OCHOBI JJBOX IUIa-
HapHux ¢otonnux kpucranis (IIOK) Oy 3acrocoBaHuil AIs eKc-
MEPUMEHTAIBHOTrO aHaNi3y PIAMH, IO 3HAXOIATHCS B PI3HHUX IO-
cyauHax. ExcriepiMeHTa bHO I0Ka3aHO, SKMM YHHOM 3MiHIOBABCS
crekTp koediuienty npomyckanus [IOK 3i 3MiHOI0 XapakTepHc-
THK TOCYANHU 3 PiAUHOI0. JIOCTiIKEHO BIUIMB TOBIIMHH i MaTepi-
aly CTIHOK IIOCYIMHHM, KyTa Haxuiay ii oci BIJHOCHO ILIOLIMHA
Meramarepiany Ha Horo koediuieHT npoxomkeHHs. [Ipupict KoH-
LEHTpALi Xap4oBOi Coi i IYKPY Y BOJi 32 YMOB HaJiifHOTO po3pi-
3HEHHs PO34uHiB Oys10 Bu3Ha4yeHo sk 10 %. [TokaszaHo, 110 30i16-
IICHHS TOBIIMHU CTiHKM IIOCYJIMHU IPH3BOAUTH 10 3HIKCHHS
HagiitHocTi ieHTH(IKaLil piguay B Hiil. TakuM 4yuHOM, Oyio Bpa-
XOBAaHO BIUIMB IESKMX XapaKTEPUCTHK IOCYAMHH Ha HauiiiHICTh
0e3xoHTaKTHOI ineHTHiKaLil pianH 3 BukopucTaHuam [TOK.

KarouoBi cioBa: meramarepiai, (OTOHHHUIT KpHCTa,
ineHTH(iKallis, MiKpOXBHJIbOBHH Jliana3oH.
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